
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



E FFECTS OF MATERNAL BROMOCRIPTINE 

AND MELATONIN TREATMENTS ON FETAL 

DEVELOPMENT 

A thesis presented in partial fulfilment 

of the requirements for the degree of 

Master of Agricultural Science 

in Animal Science 

at Massey University 

Palmerston North 

New Zealand 

SRIWIGATI 

1996 

MASSEY UNIVERSITY 

11111 11111111 111111 111.1111111 . 
1061 157284 

-



11 

ACKNOWLEDGEMENTS 

I am extremely gratefu l to my supervisors, DR. S .W. Peterson and Professor S . N .  

McCutcheon, for thei r  guidance and he lp during the experimental work and the 

preparation of th is  manuscri pt. The adv ice and encouragement they offered me were 

i nvaluable. 

My special thanks  are due to the large team of  staff, graduate students and volun teers 

who helped at  various times with s laughtering, b lood sampl ing. wool sampl ing and 

weighing of the animals: Sam Peterson, Catriona Jenkinson . Yvette Cottam. Barry 

Parlane, Duncan Mackenzie, Penny B ack, Barbara Kuhn, Chandana Herath , Min B .R., 

Hamsun Husein ,  Nini Widjaja, Irvan Adrian, Vitri Suhattant i .  Len)' Wongsonegoro. 

Aderina, Heru Wardana, Arturo, Pau l Charte ris ,  Cesar Pinares ,  Jiai Chen .  �igel .\leads 

and John Wi l i amson.  

I am equal ly  g ratefu l  to my team of dedicated placentome dissectors : Yu l i  I ndrawat i ,  

F i l l ipe, Yohanes Usboko, Sandra Atkinson and  Lynn Berry . Thank you  also to  

Margaret Scott,  Kathy Morton and Kate Fleming for vour  excel lent technical 

assistance with l aboratory analyses. 

I gratefu l ly  acknowledge the New Zealand Ministry of Foreign Affairs and Trade 

(MFAT) for prov iding me a scholarship and the Massey Universi ty Agricultural 

Research Foundation for financial support for the research program. 

Finally, but most importantly, my very special thanks to my husband Eko Wiyanto. my 

parents Rihana and Chamim S ugiarto, my brothers and my sisters for the i r  prayer and 

moral support. 



Ill 

TABLE OF C ONTENTS 

Page 

A C KNOWLEDGElVIENTS .............................................................................. 11 

TABLE OF C ONTENTS ................................................................................ 111 

LIST OF T ABLES ........................................................................................ iv 

LIST OF FIGURES ........................................................................................ V 

LIST OF ABBREVIATIONS ............................................................................. vi  

C HAPTER ONE INTRODUCTION ......................................................... 1 

I. PREAM B L E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

2 .  AUTUMN-LAMBING S YSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

2 . 1 .  B ac kground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
2 . 2 .  Autum n-born l ambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2 . 3 .  Perin atal  and neonatal mortal i t ies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
2 .4 .  Growth rate to weani n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
2 . 5 .  M i l k  production and udder s ize . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
2 . 6 .  Wool g rowth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

3 .  S EASONAL EFFECTS ON PROLACTIN SECRETION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

3 . 1 .  Seasona l  pro lact in  secret ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
3 . 2 .  Contro l  of seasonal pro lact in  secret ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

3 . 2 . 1 .  M e l atoni n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
3 . 2 . 2 .  Dopamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  
3 . 2 . 3 .  Other factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2  

4 .  REGULATION OF FETAL GROWTH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

4 . 1 .  Plac e nta l  development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  
4 . 1 .  l .  P l acental s ize . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
4. 1 .2 .  Regul ation of p lacental metabol i sm by g lucose supply . . . . . . . . . . . . . . . . . . .  1 7  
4. 1 . 3 .  E ndocrine contro l  of p lacental growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

4 .2 .  Fetal deve lopment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
4 .2 .  I. Fetal growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
4 .2 .2 .  P l acen tal contro l  of fetal growth and development . . . . . . . . . . . . . . . . . . . . . . . . .  22 

4 . 3 .  Hormona l  regu lat ion of fetal growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
4 .3 . 1 .  Growth hormone (GH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
4.3 . 2 .  Insu l i n - l i ke growth factors (IGFs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  
4.3 . 3 .  Pro lact in  ( PRL) and PRLIGH gene fam i ly  . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  30 



-L3.4. Other hormones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
4 .3 .4 . 1 .  Insu l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
4 .3 .4 .2 .  Thyroid hormones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
4.3 .4.3. Glucocort icoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

5 .  PURPOS E  AND SCOPE OF STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

CHAPTER TWO EFFECTS OF MATERNAL BROMOCRIPTINE 

AND MELATONIN TREATMENTS ON 

FETAL DEVELOPMENT ... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  36 

1. AB STRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

2. I TRODUCTION . . . . . . . . . . . . . . . . . . . . .. .  :-: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

3. M ATERIALS AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

3.1. Animals and treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  40 
3.2 .  Grazing m anagement  and weighing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  42 
3.3. B l ood sampl ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4:2 
3.4.  Wool sampl ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . .  43 
3.5. Slaughteri n g  procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
3 .6 .  Assays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..+..+ 
3.7. Srar is r ica l  analys i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. .. . . .  45 

4. RESULTS . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  46 

4 . 1 .  l\tlarernal  traits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
4 . 2 .  Feral  trai ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  
4 .3. Lamb tra i ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . .  53 

5.  DISCUSSI01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . .  5-+ 

CHAPTER THREE GENERAL DISCUSSION . . . . . .. . .... . . . . . . . . . . . . .. . .. .. . . . . . .  6 1  

1 .  EVALUATION OF THE PRESENT STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  

2 .  FUTURE RESE ARCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

3. APPLICATIONS TO THE ANIMAL INDUSTRY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 

4. CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

A PPENDIX CALENDAR OF EVENTS .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  69 

iv 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

LIST OF TABLES 

page 

Mean birth weight (± SE) data for lambs born i n  
autumn or  sprin g  . . . . . . . . . . . . . . . .. . . . .. . . . . .. . .. . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . .. . 3 

Live  weights (kg) of Control ,  Parlodel - and Regu l i n-treated 
ewes from 3 d prior to, unt i l  200 d after, conception 
( Lsmeans ± s .e .m.) .  Data inc lude means for both 
the "slaughter" and the " l ive birth" groups up to and inc luding 
day 1 40, and subsequent ly  for only the "l ive birth  group" . . . . . . . . . . . . . .  .47 

Maternal p lasma concen trations (ng/ml)  of prolactin from 
day -3 to day 1 40 of gestation and through to 60 days 
postpartum in Control,  Parlodel-and Regul in-treated e wes 

(Lsmeans ± s .e .m.)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Effect of Parlodel and Regul in treatments on l i ve weights, 
carcass and pelt weights, organ and lower digest ive 
tract segment  weights of treated ewes compared to control 
ewes at day 1 40 of gestation (Lsmeans ± s .e .m.) . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Effect of Parlodel and Regul in  treatments on mammary 
g land weights and dimensions of treated ewes compared 
to control ewes at day 1 40 of gestation (Lsmeans ± s .e .m . )  . . . . . . . . . . .  50 

Uterine components of Contro l ,  Parlodel - and Regul i n -treated 
ewes at day 1 40 of gestation (Lsmean ± s.e .m. ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

C lean wool growth rate (mg/mm2/d) and fibre diameter (�m) 
of Control .  Par! ode!- and Regulin-treated ewes 

( Lsmean ± s .e .m.)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  

Effect  of maternal Par lodel and Regul i n  treatments on 
CRL, g irth, body and organ weights of sheep fetuses 
compared to fetuses of control ewes at day 1 40 of 
gestation ( Lsmeans ± s .e .m . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

Circu lating concentration  of prolactin in fetuses from Contro l ,  
Parlodel - and Regu l in-treated ewes a t  day 1 40 of 
gestation ( Lsmean ± s .e .m . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

Effect of maternal Parlodel and Regul i n  treatments on b i rth 

weights of autumn-born lambs (Lsmeans ± s .e .m. )  . . . . . . . . . . . . . . . . . . . . .  53  



Figure 1 

Figure 2 

Figure 3 

F igure 4 

VI 

LIST OF FIGURES 

page 

Schemat ic  d iagram to show the endocr ine control of fetal 
grow th and development: known pathways(- );  poss ible 

pathway(---); s timulatory effects(+); inh ib i tory effects(-) . 

GH, growth hormone; ACTH, adrenocorticotroph ic  
hormone; PGE, prostaglandin E; IGFs,  insul in-l ike 
gro w th factors (Fowden ,  1995) . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . ....... .. . . . . . . . . . ... 28 

L ive  w eights of Contr ol (n= 2 1 ), Parlodel-(n= :?.0) and 
Regul i n-(n= 20) treated ewes in the "slaughter" 

(un t il day 1 40)  and the "l ive b ir th" groups . . . . . . . . . . . . . . . . . ...... .. . .. . . . . . .. -+6 

Maternal plasma prolact in concen trat ions in Control (n=:?.l ) .  
Parlodel-(n=20) and Regul in- (n= 20) treated ewes 
of b o th the "slaughter"' and the ··J ive b ir th" groups from 
day -3 to day 1 40 of ges tat ion, and through to 60 days 
pospartum of the '·] i ve birth·· ewes ( n= I I ,  I 0 and I 0 for control .  
Parlodel and Regul in groups. respect ively) . . . . .. . . . . . . . . . . . . . . . . . . . . ... . . ... -+8 

L ive  w e ights of lambs from contr ol (n= 1 5 ),  Parlodel (n= 1 3 ) 
and R egul in (n= 1 1 ) groups from b ir th un til 60 
days p ospartum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 



ACT H  
B N  
oc 
CIDR 
CRL 
cm 
d 
DNA 
EGF 
er 
0 

G H  
bGH 
hGH 
GH-V 
GnRH 
h 
IU 
IGF 
IGF-I 
IGF-II 
IGFs 
IGFBPs 
kg 
LWT 
M FD 
mg 
m! 
mm 
J..Lm 
m RNA 
NaCI 
n g  
NZ 

02 
PGE 
PIF 
PL 
h P L  
o P L  
PMSG 
PRF 
PRL 
oPRL 
PRP 

LIST OF ABBREVIATION 

adenocorticotrophic hormone 
binuc leate 
degree Cels ius 
contro lled internal  drug re leaser 
crown rump l ength 
centimetre 
day 

deoxyribonucle ic  aci d  
epidermal growth.Jactor 
gram 
growth hormone 
bovi ne growth hormone 
human growth hormone 
p lacental growth hormone 
gonadotrophin  re leasing hormone 
hour 
i nternational un i ts 
insu l in- l i ke growth factor 
insu l i n- l ike growth factor-! 
insu l in- l ike growth factor-2 
insu l i n- l i ke growth factors 
i nsu l in- l i ke growth factor-binding proteins 
k i logram 
l ive weight 
mean fibre diameter 
m i l l igram 
mi l l i l i tre 
mi l l i metre 
micro metre 
messenger ribonucleic acid  
natrium chloride 
nanogram 
New Zealand 
Oxygen 
prostagl andin E 

pro lact in inhibi tory factor 
p lacental l actogen 
human placental lac togen 
ovine p lacenta l  l actogen 
pregnant mare serum gonadotropin  
pro lact in releasing factor 
pro lact in 
ovine pro lact in 
pro lact in-re lated prote in  

vii 



SIE 
SBC RU 
T:; 
T_. 
TSH 
VS 

Statistical: 

GLM 
LSM 
SAS 
s .e .m .  
n 

.. 

s tarvation/exposure 
sheep and beef cattle research unit 

tri iodothyronine 
thyroxine 
thyroid stimulating hormone 
versus 

general linear model 
leastsquare mean 
s tatistical analysis system 
s tandard error of the mean 
number of experimental uni ts 
P<O.OS 
P<O .Ol 
P<O .OO I 

VIII 



1. PREAMBLE 

CHAPTER ONE 

INTRODUCTION 

A pre vi ous study (Jenkinson et al., 1 994) has proposed that lowered birth weights of 

autumn (May )-born lambs compared wi th those of spring (August)-born lambs are due 

to  a d irect seasonal effect  on placental size, which in  turn mediates a slower fetal 

growth . The effect  of season on placental and fetal development is establ ished early in 

pregnancy (by day 84 of gestat ion) ,  and is suggested to be mediated by seasonal  

d ifferences in  c i rculat ing prolactin concentrations in the dams and/or fetuses 

( Jenkinson et al., 1 994; McCoard et al., 1 996). 

Plasma pro lact in  concentrations are l ikely to be very high in autumn-lambing ewes 

(December-mated ewes) during the early- to mid-gestation period December-February 

due to a seasonal (primari ly day length) effect (Pearson et al., 1 99 3 ;  Pearson et al. , 

1 996) .  The study described herein was carried out in an attempt to increase birth  

weights of  autumn-born lambs by improving placental deve lopment and hence fetal 

growth via manipu lation of maternal pro lactin concentrations .  Treatments w ith 

bromocripti ne (a dopami nergic agon ist) and melatonin early in gestation were tested 

for thei r  abi l i ty to reduce maternal and/or the i r  fetal c i rculat ing prolactin 

concentrations,  improve p lacental deve lopment and hence increase fetal growth and 

bi rth weights. 

2. AUTUMN-LAMBING SYSTEMS 

2.1. Background 

Rely ing only on a tradit ional lambing system ( March - May mati ng) has created a 

highly seasonal ki l l ing pattern and marketing difficul ties for the New Zealand sheep 



industry . Extending the normal lambing pattern may overcome the problems. The use 

of hormones to induce oestrus in anoestrous ewes ("out-of- season breeding") has 

enabled fanners to extend the normal breeding season and permitted mating of ewes 

earl ier than normal (Robinson, 1 954; Welch and Terv i t, 1 970; Welch, 1 985) .  This has 

been pract ised for many years in New Zealand, and been driven by the development of 

new technology for storing chi l led lamb cuts and by the market opportuni t ies that have 

developed for chi l led lamb (Morris , 1 990) .  Thus, the appl ication of both normal 

season and out-of-season lamb production has given opportun i ties to provide a year­

round� supply of chi l led lamb, especial l y  for overseas supermarkets.  However, the 

system of out-of-season lamb production sti l l  has a problem re lating to birth weights. 

Most experi mental resu l ts  have shown that lambs born to autumn-lambing ewes are up 

to 25-307c l ighter at b irth than those born to spring- lambing ewes (Reid et ell . . 1 988: 

Peterson e r  u/ . .  1 990: Morris .  1 993 ) .  

2.2. Autumn-born lambs 

B i rth weight in all species is a function of fetal growth rate (Robinson et al., 1 979; 

Melior. 1 9 83), which in turn is, in part, determined by the plane of maternal nutrit ion 

and placental size (Me lior. 1983). In practice they act s imultaneous ly .  and their effects 

may be confounded because a high plane of maternal nutri tion cJn partly offset the 

growth-retarding effects of a small placenta. wh i le a large placenw can partly offset  the 

growth- retarding effects of maternal under-nutrition (Melior, 1 983  ) . Howe,·er. a 

variety of d ifferent fetal g rO\vth patterns could lead to  simi lar weights in late gestat ion .  

I t  seems that there is  a period of accelerated 'catch-up· growth that is involved in  the 

attai nment  of the same final size, implying that b irth weight, regardless of i ts ease of 

measurement, is at best a poor surrogate measure of fetal growth ( Harding and 

Johnston, 1 995) .  In the fetal sheep, i t  i s  poss ible to measure growth in terms of fetal 

c rown-rump length (CRL) or fetal thorac ic circumference (girth) on a day-to-day basis 

using a simple chronical l y  implanted measuring device (Mel ior and Matheson. 1 979) .  

The CRL or  g i rth measurements of individual fetal sheep produce a more accurate 

measure ment of fetal gro wth than does birth weight (Melior, 1 98 3 ) .  
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Even though there is compensatory fetal growth. which may be. in part, due to the 

abi l i ty of the dams to buffer fetuses against changes in nutri t ion , i t  appears that there 

is a variation of  birth weights between season of lambing and between years (Table I ) . 

Autum n-born lambs have tended to  have lower birth weights than spring-born lambs, 

a lthough th is  effect is not always observed ( Rumbal l ,  1 980; McQueen ,  1 986).  

Table 1. Mean birth weight (±SE)  data for lambs born in autumn or spring 

B i rth weight  (kg)  

Autu m n-born lambs 

3.9t 

3.6 ± 0.9 

4 .6  ± 0.8 

4 .0 ± 0.9 

4 .3 ± 0.2 

3 . 8  ± 0.3 

3 .9  ± 0. 1 

4 .2  ± 0.2-.l-

4 . 8  ± O.Y 

Spring-born l ambs 

3.7t 

4.3 ± 1 . 1  

4.4 ± 1 . 1  

4 .4 ± 0.9  

4 .8  ± 0. 1 

4 .5  ± 0.2  

4 .9  ± 0 . 1 

5 . 1 ± 0.2·:.-

5 . 6  ± 0.3·:.-

t No standard errors g iven  
-.)- Fetal  wet weights near term (day 1 40 of gestation) 
Source :  Table I ,  p .  4, Jenkinson ( 1 994). 

Reference 

Rumbal l ( 1 980) 

McQuee n  ( 1 986) 

McQueen ( 1 986) 
Reid et al .  ( 1 988) 
Cruickshank & Smith ( 1 989)  

Peterson et al .  ( 1 990) 

Morris ( 1 992) 
Jenkinson et al. ( 1 994) 

McCoard et al. ( 1 996) 

A pre vious study (Jenkinson et al . ,  1 994) suggested that the l ower birth weight of 

autumn-born lambs was due to a d i rect seasonal effect, especial ly the photoperiodic 

e ffect,  on p lacental formation rather than to differences in maternal nutri t ion. It  was 

found that there was a marked decrease in placentome number and total p lacental  

weight o f  autumn-lambing ewes compared with those of spring- lambing ewes (89.4 ± 

4.2  vs I 06.9 ± 4.3 and 564.7 ± 34 .0 g vs 679.0 ± 34.9 g,  respectively) .  The reduced 

p lacental s ize was apparently due to a reduction in maternal caruncle occupancy by 

fetal cotyledon (79 vs 8 8%).  A subsequent study found that the seasonal differences in 

p lacental formation and fetal growth of autumn-lambing e wes/fetuses can be 

recogn ised as early as day 84 of gestat ion ( McCoard et al., 1 996) ,  implying that 

season i s  l i ke ly  to exert its effects dur i ng early pregnancy. 
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B irth wei ght in sheep is a critical factor that wi l l  be subsequently corre l ated wi th lamb 

viabil ity (survival) and post-natal growth (Robinson et al . ,  1 979; Mel ior, 1 983) .  H igh 

birth wei ghts are associated with dystocia, especial ly i n  single male l ambs, and low 

b i rth weights wi th starvation/exposure (S/E) (Dalton et al. , 1 980) . Dystocia accounted 

for 50.4% of all single deaths and S/E for 45 .0% of al l  multiple deaths (Scales et al. , 

1 986).  The highly susceptible birth weight groups for most breeds are those below 3 . 0  

and those above 5 .0 kg. These groups usual ly include only a smal l proport ion of 

lambs born, but account for a much higher proportion of the total mortal i ty (Scales et 

al., 1 986) .  

2.3. Per inatal and neo natal mortalities 

B oth per inatal and neonatal mortal it ies in sheep are recognised as the major form of 

reproduct ive wastage (Me lior, 1 988).  The mortal ity rate is h ighest at birth weight 

extremes,  particularly at the lower extreme (Robinson et al. ,  1 979).  Numerous factors 

which jeopardise the newborn have been identified (Alexander, 1 984), and it is evident 

that lamb survival depends on the integration and success of physiological activ ities in 

fou r  crucia l  areas, i .e . ,  in itiation and completion of the birth process, prenatal 

preparat ion  of the lamb to face the challenges of a free-l i v ing ex istence, preparation of 

the ewe for her postnatal nutri t ive role,  and establ ishment of a good ewe- lamb bond 

(Me lior, 1 988) .  

The inc idence of fetal death during late pregnancy i s  greater when fetal growth 

retardation  i s  caused by a small p lacenta than when i t  i s  due mainly to maternal 

underfeeding (Mel ior et al., 1 977; Mel ior and Matheson, 1 979; Melior and Murray , 

1 98 1  ) . Even though both types of fetus become hypoglycaemic, those with smal l  

p lacentae a lso become hypoxaemic, suggesting that  fetal survival is jeopardised more 

by the combined effects of oxygen and nutrient deficiencies than by a nutrient  

deficiency a lone (Mel ior and Murray, 1 982).  Fetal hypoxaemia can occur chronical ly ,  

or acute l y  during partur i t ion.  The effects of both types of hypoxaemia persist after 

b irth (Me l ior, 1 983). 
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E ither hypoxic  l ambs, or  small l ambs, regardless of which season of birth they belong 

to, are at a greater thermal disadvantage because of their high surface area to weight 

rat io and (sometimes) retarded coat development. The increased heat production 

requi red to maintain body temperature causes affected animals to rapidly uti l i se the i r  

body energy stores,  which may a lready be reduced i n  a smal l  lamb. If  these energy 

resources are not rep laced by suck l ing, the animal wi l l  eventually starve to death, 

usua l l y  wi thin about three days of b irth (McCutcheon et al., 1 98 1 ;  Mel ior, 1 983) .  

_5o far, there is no conclusive report of differences in  mortal i ty rates between autumn­

and spring-born lambs (McQueen, 1 986; McNeal , 1 978; Reid et al . ,  1 988). However, 

autumn-born lambs, which have lowered birth weights, would more l ikely be 

susceptib le to fatal hypothermia than spring-born lambs, either because the i r  shivering 

and n on-shivering thermogenic (brown fat) mechanisms have not matured ful ly  or are 

part ly  i nhibited (Alexander et al., 1 973) ,  or because the fetal nutrient deficiency has so 

depleted their  energy reserves that a high rate of heat production cannot be sustained 

after b irth (Eales et al . ,  1 982). 

2.4. Growth rate to weaning 

I t  i s  well establ i shed that postnatal growth rate of l ambs during the first few weeks is 

corre l ated positively with b irth weight (Melior, 1 983) .  Pre-wean ing growth rates of 

autu m n  lambs have been reported to be similar to, or slightly lower than, those of 

spring l ambs. They were : 230 and 235 g/day (Andrewes and Taylor, 1 986); 1 67 and 

1 79 g/day (McQueen,  1 986); 2 3 3  and 276 g/day (Cruickshank and Smith, 1 989);  and 

1 84 and 227g/d (Peterson et al. , 1 990), for autumn and spring Jambs respectively .  

The lower  growth rates i n  autumn-born lambs are l ikely to  be  influenced by many 

other factors, such as changes i n  photoperiod, changes in ambient temperature and the 

avai l ab i l i ty of superior qual i ty herbage (Cruickshank and Smith, 1 989), in addition to  

the effect of thei r  low b irth weights. However, it i s  found that mi lk  intake and qual i ty 

are the main determinants of lamb growth rates (Lawlor and Hopkins, 1 98 1  ). 
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With regard to  photoper i od ic effects. lamb growth rates have been s ignificantly 

influenced by seasonal changes in photoper iod and it is thought tha t prolactin may be 

involved in regula t ing th is effect (Forbes er al . .  1 979) s ince alterat ion in photoper i od 

also affects maternal plasma prolactin concentra t ions . Prolactin. and also growth 

h ormone and placental lactogens , exhib it the propert ies of homeorhetic hormones . 

They d irect  the flow of nutrients to the process of highest pr i or i ty, partly by 

coord inat ing nutr ien t ut il isa t ion by compet ing tissues (Bauman er al., 1 982 ) .  In 

contrast, a later study (Eisemann et al., 1 984) showed that there was no defini tive 

support for a role for prolactin in growth or in med iating the photoper iod- induced 

g rowth response in sheep . Nor was there any effect of long photoper iod dur ing late 

pregnancy on e i ther b irth we ight or subsequent post-natal growth (Ebl ing er ul . . 

1 9 89). How ever ,  most  of those la ter studies are rela ted to effects of prolact in on fetal 

grow th dur ing late pregnancy, or on lamb growth posr portwn. Thus , seasonal 

prolact in effects on fetal or subsequent lamb growth dur ing early pregnancy m ight be 

d ifferent from those reported in prev ious s tud ies .  

2.5. iVIilk production and udder size 

As wi th fetal growth and b i rth weight ,  there is confl ict ing ev idence as to the effect of 

a long-day photoperiod on mammary gland develop ment in the ewe.  Long 

photoper i od may increase the ra te of udder development in the ewe .  However. the 

magni tude of the effect  on udder s ize was less than that due to increased fetal number 

( Bassett .  1 99 2 ). Mammary gland weights were recently repor ted t o  be h igher in 

spring-la mb ing ewes than i n  au tumn-lambing ewes , desp i te the two groups having 

s i m ilar mam mary gland d i mens ions (Jenk inson, 1 994). 

M ilk p roduct i on from ewes k ept in a long day photoper i od ,  from 6 weeks before to 8 

weeks after lambing, may b e  30-50% h igher dur ing early lac tat ion than in ewes 

exper iencing a short-day pho toper iod (Bocqu ier et al., 1 986) .  Milk product ion in 

autumn-lamb ing ewes was also 33-42% lower dur ing the f irst 7 days of lacta t ion than 

that of spr ing-lamb ing ewes fed on a d iet of e ither pasture or meadow hay and sheep 

nuts (Peterson et al., 1 990).  This lowered milk product i on has been assoc iated w i th 
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:;�asonal  effects of day length duration and of maternal plasma prolactin concentrations 

Juring pregnancy and l actat ion (Ortavant et al., 1 988; Peterson et al., 1 990) .  In 

cont rast to those results, B assett ( 1 992) reported that long photoperiod seems unl ikely 

to h:n·e effects in  increasing mi lk  production. 

S tudies in the goat (Forsyth et al., 1 98 5 )  showed that suppression of prolacti n release 

th roughout much of pregnancy led to some delay in mammary development in does 

with a si ngle fetus, but the ul t imate mammary size and mi lk  production were not 

reduced. I t  was suggested that during such periods, the loss of prolactin secretion was 

compensated by the production of  p lacental lactogens. A later study (Peterson et al., 

1 994) also showed that administration of ovine prolactin ( oPRL) by the intramammary 

or  subcutaneous routes in autumn- lambing ewes around the t ime of parturi tion did not 

i ncrease mi lk yie lds, or change the compos ition of milk, compared to controls ,  

ind icating that the c i rculating and intramammary concen trations of pro lactin in 

autumn- lambing ewes are not l imiting lactogenesis.  Hence it is not clear that large 

changes in p lasma prolact in  concen tration,  due to photoperiod effects during 

pregnancy ,  would necessari ly a l ter  udder deve lopment and subsequent milk 

production. 

However, i t  is l ike ly that udder deve lopment cannot be sole ly  measured by using the 

changes in mammary size since there is an increase m mammary weight w i thout a 

change in mammary size in spring- lambing ewes (Jenkinson, 1 994),  and milk 

product ion is h igher in spring- lambing ewes with natural ly h igher plasma prolactin 

concentrations during the t ime around parturition compared with that of  autumn­

lambing e wes ( Peterson et al., 1 990) .  Thus, it may be true that the udder development 

that w i l l  determine subsequent milk production has been determined since early 

pregnancy. This udder deve lopment, dur i ng early to mid gestation, may involve 

pro l act in  and placental lactogen,  whereas high prolactin concentrations during late 

pregnancy wi l l  have an additional effect, to that of the prevai l ing capaci ty of milk 

production of the udder, in increas ing mi lk  production in spring- lambing ewes. 
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2.6. Wool growth 

Wool g rowth ra te is a funct ion of mean fibre length growth ra te, mean fibre cross­

sect ional a rea. dens ity of act ive foll icles wi th in the skin and the specif ic  grav i ty of the 

f ib re produced (Sumner et al., 1994). I t  has l ong been known tha t sheep possess an 

inherent seasonal cycle of wool growth which is entra ined by annual photoperiod 

( rev iewed by Su mner and B igham,  1 993). The cycle has a max imum growth rate in the 

w inter w i th the ampl itude vary ing between b reed (ferguson, 1954; B igham er al., 

1978). Wool growth in sheep is also d i rectly intluenced by the d ieta ry supply of 

nut rients (Wynn, 1982) and indi rectly by seasonal cl imatic effects on pastu re quan tity 

and qual i ty (Sumner er al., 1994 ). 

Seasonal changes in plasma prolactin concentration have also been closely associated 

w i th the seasonal cycle of wool. horn and ha ir  growth in sheep (Linco ln. 1 990). H igh 

plasma prolactin concentrations are necessary for reactivation of ha i r  follicles in 

Khasm ir  g oa ts and ad min is tra t ion of prolactin can adv�mce the on set of moul t ing, 

wh i le b lockade of its secret ion \V ith b romoc ript ine delays it (Lynch and Russel. 1990) . 

In contras t w ith those previous studies, i t  has been recently f ound tha t  high seasonal 

prolactin concen t rat ion s supp ress both pri ma ry and secondary \vool growth (Cra\en er 

([/., 199-J.; Pearson er ul .. 1 996). : atu ral and experimental increases in day length have 

been reported to have a short-term inh ib i tory effect on growing wool fol l icles \vh ich 

c ould be med iated through ris ing plasma concentrat ions of p rolact in ( Pearson er al .. 

1 996) .  Exposur e  of NZ W iltsh i re sheep to e i ther l. 2 o r  3 months of long-day 

photoperiod decreased pri mary and secondary foll icle ac tiv i t ies. These decreased 

pr i mary and seconda ry follicle ac tiv i ties occu rred following the increase of prolac t in 

c oncentrat ions induced by increas ing day length period (Craven er al., 1 994 ). The 

optimal t ime f ra me to ach ieve an effect ive synchron ised follicle regresston was 

b e tween 2 and 3 months of long-day treatment (Craven et al., 1 994 ) .  
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3. SEASONAL E FFECT S  ON PROLACTIN SE CRETION 

3.1. Seasonal prolactin secretion 

Maternal c i rculat ing p lasma pro lactin concentrations m the majori ty of seasonal ly 

breeding mammals, i nc luding ewes, are strongly i nfluenced by season ( Ravau l t  et al., 

1 982; B assett, 1 992; Curlewis ,  1 992) ,  being hi2her in spring or  summer than in 

autumn o r  w inter. L ike prolact in concentrations in ewes,  plasma prolactin 

concentrations in  fetuses also depend almost tota l ly  on season ( Ravau lt  et al., 1 982) .  

Over  80% of  the variation i n  pro lacti n concentrations between fetuses was assoc iated 

with variation in the natural dai ly  photoperiod to which the ewes were exposed during 

pregnancy ( Ravau l t  et al., 1 982) .  In the anoestrous season, pro lactin concentrat ions 

were higher than in  the breeding season in sheep ( Buys et al., 1 990) .  A study by 

Jenkinson et al. ( 1 994) also showed that there i s  a different pattern of plasma prolactin 

concentrations between autumn- and spri ng-lambing ewes. Plasma prolactin 

concentrations were h igher in  autumn- lambing ewes at day 70 of gestat ion and in 

spring-lambing ewes at day I 00 of gestation,  but did not differ significantly between 

autu mn- and spri ng-lambing ewes at day 140 of gestation ,  showing there was a 

s ignificant stage of gestat ion by season interaction . Placental formation i n  autumn­

lambing ewes occurs in  summer when plasma prolactin concentrations are l ikely to be 

at the highest level .  

3.2. Co ntrol of seaso nal prolacti n secretion 

3.2. 1 .  Melatonin 

Photoperiod is the maJor env i ronmental factor controlling the seasonal pattern of 

pro l act in secret ion,  w ith long days increasing pro lactin concen trat ions and short days 

having the oppos i te effect  ( Pe l let ier 1 973; Lincoln et al., 1 978 ) .  As with the seasonal 

control of gonadotroph i n  secret ion,  photoperiod inlluences pro lact in secretion via i ts 

e ffec ts on the secretion o f  melaton in ,  which acts as a transducer to convert the neural 
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i n formation i n to an endocri ne signal (Cu rlewis,  1 992). Melato n i n  i s  the pi neal 

hormone deri v i ng from t ryptophan via a route which i n vol ves the neurotransmi tter 

su bstance seroto n i n  as an i n termediary (Wurtman.  1 976), 

The ro le  of me latonin  in pro l act i n  secretion has been shown in several experimen ts. 

Den e rvation o f  the pineal d isrup ted the abi l i ty of day length to  i ntluence prolact i n  

secret ion ( L i ncol n  et  al. , 1 989) ,  and con t i nuous treat m e n t  w i t h  me l atoni n  o r  

adm i n i strat ion of a short-day me l atoni n  pattern i n h i bited pro lact i n  secret ion 

( Ke n naway e r  of., 1-982: Pou l ton e t  al . .  1987 ) .  The si te at  which melato n i n  acts to 

cau se these effects on prolact i n  secret ion has not been ide n t i fied. Al though d i rect  

con fi rmation is sti l l  req u i red, i t  appears poss i ble that  melaton i n  i n fl uences prolact in  

secret ion by act i ng within the anterior hypothalamus or another  site wh ich projects to 

t h i s  region, and the differences in  response to photoperiod may be due to di ffe rences in 

the  p rocess i ng and/or in terpretat i o n  of the mel atonin s ignal . (Cur lewis .  1992). 

3.2.2. Dopamine 

Un l i ke the photoperiodic con tro l of gonadotrophin ,  which is m ediated, in part . by the 

e ffect of  a change in  sen s i t iv i ty to oestradiol  l ong-loop negat i v e  feedback on pulsat i le 

g o n adotrop h i n  re l easi n g  hormone (GnRH) secretion in  the h y pothal amus ( Karsch er 

al., 1985 ) . the seasonal changes i n  pro l act in  secret ion are n o t  due to changes in the 

sen s i t i v i ty of  a feedback loop.  si nce such a l oop does nor exist ( Cu rlewis. 1992). 

Thus. they are most l ikely to be due to d i rect effects o f  photope riod on the 

hypothalamic pathways that co n tro l prolact in  secretio n .  These pathways inYolve 

a l t e ration of p ro l acti n  inh ib i tory factor ( PI F) and pro l actin re leas i n g  factor (PRF) 

re l ease, w h i ch, in turn ,  mod u l ate prolact i n  secret ion from the p i tu i tary l actotroph 

( La m be rts and MacLeod, 1 990). The maj or PIF is  general ly con s ide red to be 

dopam i ne,  and, i n  seasonal ly breeding species,  dopamine antagon ists i n crease prolact in  

con centrat ions dur ing both summer and w i n ter, indicat ing that  there i s  dopaminergic 

tone at each ti me of year. There is  cu rrent ly  no evidence for an invol vement of  PRFs 

i n  the  seasonal  c hange i n  pro l act i n  concentrat ions (Curlew is. 1 992) .  
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H igh prolact in concentrations increase dopamine turnover in the mediobasal 

hypothal amus, resu l t ing in increased concentrations of dopami ne in the hypophyseal 

porta l b lood which then suppress prolactin secretion ( Moore. 1 987) .  This prolacti n 

short - loop feedback also operates in seasonal ly breeding sheep (Curlewis and 

McNei l l y, 1 99 1  ) . Removal of the PIF by hypothalamo-pitui tary disconnection in 

w i nter resu l ts in a ten-fo ld  increase in prolactin concentration,  whereas in summer a 

much smal ler  i ncrease ( twofo l d) occurs (Thomas et al. , 1 986) . Hence, i t  is unl ikely 

that the decrease in  p rolac t in  concentration in winter is due to the effects of increased 

concentrations of dopami ne in the portal vesse ls .  Other experimental resul ts also 

showed that dopamine turnover in the arcuate nucleus and median eminence of the 

hypothalamus decreases or remains unchanged under short day length (S teger et  al. , 

1 982; Glass et al . ,  1 988 ;  Thiery, 1 99 1 :  Zinn et al.,  1 99 1 ) , and measurements of 

secre t ion of dopamine in hypophyseal portal b lood during  this t ime also have led to 

some controvers ia l  results .  A study by Thomas et al. ( 1 989) ,  in sheep and rats, has 

reported that the dopamine concentrations in the long portal vessels are below the 

l imit  of detection during short days. There is, however, evidence for increased 

pitui tary sensit iv ity to dopamine under short days, so increased dopamine 

concentrations may not be requ i red for suppression of prolactin secretion at th is time. 

In addit ion to the diminished secretion of prolactin under short days, the rate of 

prol act in synthesis and p i tu i tary content  of prolactin also dec l ine, al though the 

mechani sms that regu l ate these changes are poorly understood (Curlewis,  1 992).  

However,  the dopaminergic con trol of prolactin secretion in adu l t  mammals, including 

sheep, is we l l  establ ished ( Lowe er al., 1 979; Levy and Lightman, 1 988 :  Curlewis  et 

al . ,  1 99 1  ) . Several experi ments have shown that admin istration of dopaminergic 

agon i sts, such as the e rgot alkaloid 2-cx- bromoergocrypt ine (CB I 54) and 

apomorph ine, were fol lowed by a rapid and pronounced dec l ine in fetal and maternal 

p l asma prolactin concentrations with in 24 hours of the commencement of infusion 

( Lowe et al. , 1 979 ;  Buys, 1 990) .  In the ovine fetus, short term administration of the 

dopaminergic agon ist apomorph ine leads to suppression of prolact in ,  whereas 

admin istration of a dopaminergic blocking agent (dopaminergic antagonis t )  such as 

haloperidol e levates ovine fetal prolactin secretion ( Lowe et ul . ,  1 979) .  It is suggested 
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t h at the pn mary act ion of dopami nergic agoni sts,  including CB 1 5-t. in i n h i bit ion of 

prol act in  re lease i s  by d irect st im u l at ion of dopami ne receptors on the p i t u i tary . Th is 

mechanism w as a lso exhibi ted in  in vitro experi ments (Fluckige r. 1 978) .  However,  the 

dopaminergic  agon ist  may a l so act  at the level of the hypothalamus (Fiuckiger, 1 97 8 ) .  

Prol act in  conc e n t rations were persistent ly  suppressed throughou t  the i nfusion of 

CB ! 54 with no evidence of a compensatory mechan ism th:.n comes i n to act ion to 

ove rcome the dopam i ne-i nduced i nhib i t ion of  prolact in  secret ion ( Lowe et al. ,  1 979) .  

I n  addi t ion ,  t h e  con t inuous i n fus ion of CB 1 54 i n to e i ther sheep fetuses (days I 1 6- 1 29 

of gestat i on ) or pregnant ewes (days 1 1 8 - 1 3 7 of gestat i on )  was fol l owed by 

p ronounced u l trastructural changes in the b inuc leate ( B N) cel l s  of the ov ine c horion ic 

epithe l i u m  ( Lowe et of. , 1 979) .  which are the source of p lacen tal l actogens ( PL )  and 

p l:.!cental  pro l ac t i n -re l ated prote i n  ( Lowe er al., 1 979 :  A n thony er al., 1 995 ) .  

A l though i nfus i on of C B  1 54 i n  the ewes significantly depressed matern a l  pl asma PL 

concentrati on s ,  the infusion of CB 1 54 to t he fetus did not l ower fetal p l asma PL 

concen trat i on or affect the duration of gestat i on ( Lowe et al . .  1 979) .  

3.2.3 Other factors 

I n  sheep. prol ac t i n  secre t ion  i s  a l so i n fl uenced by an underl y i ng c i rcan nua l  rhythm 

which.  under n atural  photoperiod .  i s  probab l y  entrai ned by the annual  change in  

day length .  Expre s s i on of th is  rhythm has been demonstrated i n  both pi neal - i n tact and 

p i nealectomised a n i mals u nder constant  short . equatorial  and l ong daylength ( How les 

et al . ,  1 982 ;  Karsch et al. ,  1 989; Jackson and J ansen,  1 99 1  ) .  The c i rcannual  rhythms 

of p l asma prol act i n  concentrations persist  u nder both fl uctuat ing  and constant  

e n v i ron mental  te mperatures ( Karsch et al . ,  1 989). As wou l d  be expected for a 

c i rcannual  rhy t hm ,  exposure to constant photoperiod leads to changes i n  the  pe riod 

and phase of the p rolact in  rhythm ( How les et al. ,  1 982; Karsch et al. , 1 989:  Jackson 

and Janse n ,  1 99 1  ) . Unde r constant photoperiod and temperatu re, the rhythm is of 

l ower ampl i tu de than under natura l  e n v i ronmental con d i t ions,  becomes less 

p ronounced w i th t i me and, is  even completely absent from some i ndiv iduals .  It  seems.  
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there fore ,  that i n  addit ion to entra in ing th i s  c i rcannual rhythm, changing photoperiod is 

essent ia l  for fu l l  expression of the seasonal prolactin profi le (Curlewis,  1 992). 

The leve l of nutrit ion also changes on a seasonal basi s  and can influence plasma 

pro lact in  concentrations ( Rhind et al. , 1 985 ) .  However, feeding ad libitum or 

restr icted food did not show any effects on the seasonal pattern of prolact in  (Loudon 

et al . .  1 989;  S utt ie and Kay ,  1 985) ,  suggesting that the seasonal changes in  level of 

nutri t ion are unl ikely to be the cause of seasonal changes in  plasma prolactin 

concentrations .  

H igh ambient temperature has been shown to i ncrease plasma prolactin concentrat ions 

(Sch i l lo et al . ,  1 97 8 )  and could therefore be involved in the increase in prolactin 

concentration which occurs during summer. Indeed, in  animals maintained under 

natural environmental conditions, ambient temperature and day length corre late equal ly 

well  w i th pro l act in  concentrations ( Schams and Reinhardt, 1 974). However, i t  is l ikely 

that photoperiod can overr ide the effects of temperature on prolact in secret ion ( B rown 

et al. , 1 979;  Lincoln,  1 979) ,  although i t  remains possible that, u nder natural 

environmental condit ions, temperature might in teract with photoperiod to influence 

plasma prolac t in  concentrat ion (Curlewis, 1 992) .  

Prolact in  secret ion is also influenced by steroid hormones and, in part icular, the abi l i ty 

o f  oestradio l  to  cause prolact in  release is we l l  known (Lamberts and Macleod, 1 990).  

A recent  study ( Hu and Lawson , 1 996) in  rats also showed that stero ids modulate 

responses of the hypophyseal lac rotrophs to dopamine in stimulating or w ithdrawing 

prolac t in  secret ion .  However, gonadectomy or adrenalectomy has no effect  on the 

overal l seasonal pattern of plasma prolactin concentrat ion, indicating that changes in 

stero id  hormones are not mediators of the seasonal prolactin pattern (Sch i l lo et al . ,  

1 98 8 ) .  
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4. RE G ULATION O F  FETAL GROWTH 

It h as been we l l  e stab l i shed that n u tr i t ional supply to the fetus is the maj o r  reg u l ator of 

fetal gro w t h .  However, the d i rect  supply of  nutrients to pro v i de bui ld ing b locks for 

t issue growth is l i kely to be on ly  a m i nor component of this  regu l at ion .  I t  has been 

suggested that  i n d i rect effects o f  nutr i t ion  may have a more i m porta n t  ro le in the 

reg u lat ion of fetal  growth .  The i nd i rect effects of  nutr i t ion on fetal growth are l i kely to 

be exerted through its eftects on fetal endocrine and metabol ic status ,  and on the 

i n teract ion between the fetus .  p l acenta and mother, all of  which must be coordi nated 

to a l low n o rm a l  fetal growth ( Ha rding and Johnston. 1 995 ) .  

The i n traute ri n e  removal of  t h e  key hormones known t o  intl uence postnatal growth 

has i ndicated that  some o f  these hormones are also cri t ical  for normal fetal 

de velopme n t  ( Fowde n ,  1 989) .  Therefore , i t  seems that hormones have an i m portant 

ro le  i n  reg u l at i on o f  fe tal growth . 

The placenta is respons ib le  for d irectly mediat ing o r  modu l at i n g  the maternal  

e n v i ronment req u i red for mai n tenance of  normal fetal growth and de ve lopment .  

Bes ides be i ng the s i te of  nutr ient  and waste transfer between the mother  and fetus .  i t  

a l so serves a s  a barrier against  pathogens a n d  t h e  matern�ll immune system. as we l l  as 

fu nct ion i n g  as an act ive endocr ine  organ ( A nthony er ul . . 1 995 ) .  

H e nce, i t  i s  l i ke ly that e.ndoc r ine  and/or paracr ine/autocr ine  regulat ion of  fetal gro w t h  

wi l l  involve the endocri ne and/or paracri ne/autocrine regu l at ion w h i c h  original l y  

comes from t he placental e ndocrine system a s  wel l  a s  from maternal  a n d  fetal 

e n docrine systems.  

4.1. Placental development 

The placenta is formed by the appos i t ion and fusion of t issues derived from the mother 

a n d  the conceptus,  pa11 icular ly the extra-embryonic t i ssue .  This  usua l l y  takes place 

i n s ide the uterus  and, in  some s pecies, is  confi ned to speci a l ised s truct u res such as the 
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�ndometrial caruncles of the sheep or the mesometria l  endometrium m the mouse 

lRobinson er al. , 1 995 ) .  

In general, p lacental development involves three stages :  implantation , ·  growth and 

maturat ion ( B attag l ia  and Meschia, 1 986) .  Implantation is a critical step in the 

progress of pregnancy, during which the conceptus acquires a fixed posi tion within the 

uterine lumen, and leads to the establ ishment of the placental structures .  This process 

impl ies some cel l u lar modifications of both the uterine epithe l ium and the trophoblast 

to ensure cel l  adhesion between the two tissues (Gu i l lomot, 1 995) .  In-mminants. the 

implantation process is characterised by three main steps : a long pre-attachment period 

lasti ng 2-3 weeks,  during which the conceptus e longates considerably; an apposition 

stage when cel l u lar contacts are establ ished between the trophoblast and the uterine 

�pithel ium; and an adhesion stage which ends the process and gives rise to the cel lu lar 

structure of an epithe l io-chorial p lacenta. In sheep, trophoblast apposition begins in 

the vic in i ty of the embryo by day 1 5 , and is fol lowed by di fferentiation of the 

b inuc leate cel l s  ( adhesion) at day 1 6  (Gui l lomot, 1 995) .  

Based on studies of  different species, it is apparent that the potential implantation sites 

or "caruncles" can be ide ntified prior to implantation .  These caruncles are , for 

example, present in the sheep uterus but less obvious in non-ruminant species (e .g . ,  

p igs) .  

4 . 1 . 1 .  Placental size 

As described by Alexander ( 1 974), the non-pregnant uterus contains about 60 to I SO 

caruncles (endometrial th icke n ings) . The number varies between breeds and strains of 

sheep. and there i s  even a wide range in number within an apparently homogeneous 

g roup of ewes. The events occurri ng at the t ime of implantation have been reported to 

p lay a role in determining the ul t imate size attai ned by the placenta and hence the 

fetus, and may also alter the length of gestation ( B attagl ia  and Meschia, 1 986;  Wal ker 

et al. , 1 992) .  
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The c horionic  attac hment to carunc l es ( the fus ion of the fetal  coty ledons and the 

mate rn a l  caru ncles)  beg i ns at  abou t  1 5  days after conception . and usual ly 70-80% of 

caru n c l e s  are avai l able  for chori on ic  attachment.  depending on l i tter s ize and other 

factors ( Robi nson,  1 982 ) .  The poi n t  of attachment  deve lops i n to a b u tton-shaped 

structure cal led t h e  · 'placentome". The lower the number of caruncles  that are 

avai l a b l e  for the formation of p lacental  coty ledons, the smaller the  p l acental weight at  

term ( A l ex ander, 1 964 ; Alexander, 1 974) . However,  there i s  an i n verse re l at ionship 

between the average coty ledonary weight  and the number o f  i m plantation s i tes 

(caru n c l e s ) .  ind icat i n g  that there i s  some compensatory g ro w t h  of  indi vidual 

coty l edons when the ir  total number is reduced ( A l exander. I 964: Ale xander. I 97-+) .  

This i m p l ies that  the total weight  o f  placentomes may be a be t ter  i ndex of  placental 

s ize t h a n  p l acentome number ( Me l ior  et al., I 977) .  The proport ion of  caru ncle 

occ u pancy is  a lso w ide l y  variable but tends to dec l i ne with increas i n g  age of  the ewe 

and to  be about I 0% g reater in p l acen tae of male than female fetuses .  Indiv idual twin 

fetuses tend to have considerably fewer placen tomes than most  s i ngle fetuses 

( Al e x a n de r, I 974 ). 

The i m p l antation ph ase in sheep is complete by appro x imate ly day 50 of gestat ion and 

the t o t a l  coty ledonary number has reached its max imum by that t ime.  The placenta 

then e n ters a rapi d  growth phase . wh ich is compl eted at  appro x i mate l y  day 90 of 

gestat i o n .  Thereafter u n t i l  term (day I -+5 of gestation ) .  the placental  wei ght and 0:\A. 

conte n t  do not  i ncrease and . the  p l acental weight actual l y  decreases. whi le  the  fetal 

we i g h t  cont i n ues i ts exponent ia l  i ncrease.  Thus,  the fetal : pl acental  wei ght rat io 

i ncreases as gestat i o n  progresses ( Battag l ia  and Meschia.  I 986 ) .  However. the 

progre s s i ve decreas e  of the placen tal  weight after day 90 of gestat ion does not me�m 

that the  ab i l i ty or the function of the p lacenta i n  support i ng fetal  g rowth dec l i nes.  I t  is 

suggested that d u ri n g  the late r p hase, the p lacenta is maturi n g .  This maturat ion 

process  consi sts o f  the con t i n ued growth of the su rface area o f  the p l acental  v i l l i ,  

which i s  concom itant  w i th t h e  decre ase of  the thickness of the p l acental barrier .  I t  

appea rs that t h e  mat u ration proce s s  fac i l itates a n  i ncrease i n  maternal and fetal 

p lacenta l  b l ood tlows,  thus satisfy i ng the i ncreased fetal metabol ic demands ( B attag l i a  

and Meschia ,  I 986).  
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Qyera l l .  it i s  l i ke ly  that there is a re lationship and an interdependence between fetal and 

placental weight .  A small p lacenta, which cause s  e i ther a deficiency of placental 

function (e .g . ,  by carunculectomy, by perturbat ion of the implantation process) or an 

imbalance between placental function and fetal metabol ic demand (e .g . . by 

perturbation of  p lacental growth process), can restrain fetal growth (Alexander, 1 964; 

Alexander, 1 974) .  In a fetus with a small p lacenta, the area of maternal-fetal exchange 

is small in re l at ion to fetal metabol ic demands. Thus, it is hypothesised that fetal 

growth retardat ion can be secondary to stunted p lacental growth ( Robinson et al. , 

1 995 ) .  

4. 1 .2.  Regulation of placental metabolism b y  glucose supply 

The placenta i s  an organ with a high metabol ic demand. It normal ly consumes 

approx imate l y  two-thi rds of  the oxygen and half o f  the glucose del i vered from the 

uteri ne c i rcu lat ion (Gu et al. , 1 987;  Owens et al. , 1 989) .  Glucose is supplied to the 

placenta and fetus from the maternal plasma according to concentration-dependent 

mechanisms (S imon et al. , 1 979) .  This g lucose uptake and transport by the placenta 

are mediated by fac i l i tative transporte r prote i ns on  both the maternal-fac ing 

microv i l lus and fetal-facing basal trophoblast membranes ( Hay, 1 995 ) .  Placental 

g lucose transport to the fetus requires a net maternal-to-fetal plasma glucose 

concentrat ion gradient that is determined by placental as we l l  as fetal glucose 

consumption. Fetal plasma glucose concentrat ion,  independent of maternal glucose 

concen trat ion ,  regu lates the partit ion of placental g lucose uptake into the fetus and 

consumption by the p lacenta. This placental transport capacity increases wi th  

advancing gestation .  P lacental gl ucose consumption contributes to most or a l l  of 

placental l actate and fructose production and to other less wel l  defined non-oxidat ive 

pathways of carbon metabol ism. Placental g lucose consumption accounts for at least 

50% of  placental oxygen consumption which remains independent of short-term or  

long-term changes in  placental glucose supply, thus requ i ring varying amounts of other 

carbon substrates .  Hence, placen tal g l ucose supply plays a key ro le in regu lat ing 
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p l acental  g l ucose metabo l i s m  and placental carbon balance, and i n te racts reciproc a l l y  

w i th other carbon substrates t o  maintain p lace n ta l  oxidat ive metabo l i s m  ( Ha y ,  1 995) .  

4. 1 .3 Endocrine control of  placental growth 

Even though the p lacenta is known to funct ion as an act ive endocr ine o rgan which 

produces several  hormones regulat i ng fetal g rowth and deve lopment,  i ts g rowth and 

developme n t  are a lso regu l ated by a number o f  systemic and local hormones o r  growth 

fac tors . The cr i t ical  phases of  placental g ro w th and deve lopment  are l ike ly  to  take 

pl ace duri n g  the i mplantat ion  and growth p h ases (early gestat ion u p  to day 90 of 

gestat ion ) .  T h e re fore . the  endoc ri n e  contro l  o f  p l acental growth may be e xe rted main ly  

dur ing these peri ods . 

It was report e d  that  adm i n i strat ion of exoge n o u s  progesterone i n  preg n a n t  ewes for 

the fi rst s i x  days of pregnancy resu l ted in e n h ance ment  of fetal and p l acental  growth 

( K i eeman e r  al. . 199-+ ) . E x ogenous oestroge n  has a l so been re ported t o  i ncrease 

embryonic  s u r v i v al and lead to the b i rth of l arger piglets ( Robi n son er al. ,  199 5 ) .  Thus,  

i t  i s  l ikely t h a t  p rogeste rone has an important role i n  both fetal  and p l acenta l  growth , 

espec i a l l y  dur i n g  the earl y stage of pregnancy . I n  addi t ion ,  progeste rone and oestrogen 

are suggested t o  play a ro l e  in  modu lat ing the ex press ion of a number of  pept ide 

growth factors a n d  cytoki nes i n  uterine t i ssues ( Sc h u l tz e r  ul . . 199 3 .  Roberr son e r  ul . . 

1994). 

G rowth factors and cytokines  have been reported to  act loca l ly  to reg u l ate  placental 

and fetal g ro w t h  and d i fferentiation ( Han and Fowden,  1 994 ) .  They seem a l so to play 

a major rol e  i n  p l acental and fetal deve lopment by provid i ng a signal l i ng system 

exc hange bet w e e n  the mother and the conceptus.  These hormones orig ina l ly  come 

fro m  the ute r i n e  ep i the l i u m ,  and the i r  express i on and product i o n  are modul ated by the 

ovarian hormones, progesterone and oestroge n ( Sch u l tz et al. , 1993 , Robertson et al. , 

1 994). 
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The most l ike ly growth factors predominantly involved in placental and fetal growth 

and deve l opment are IGF-I and IGF- I I .  B oth IGF-I and IGF-I I  and thei r  mRNA are 

presen t  in  most fetal and placental t issues as early as the pre implantation stages of 

embryonic development (De Groat and Hochberg, 1 993 ;  Schu ltz et al., 1 993 ) .  They 

seem to act  e ither local ly, or in an endocrine manner, on placental and fetal tissues 

(De Groat and Hochberg, 1 993 ;  Schu l tz et al. ,  1 993). However, i t  i s  suggested that 

IGF-I corre lates bette r with fetal growth and acts via the type I IGF receptor, whereas 

p lacental growth appears to be dependent only on IGF-I I ,  the influence of which is 

mediated by un ident ified receptors ( Baker et al. ,  1 993 ). 

Recently it was found that the expression of IGF-I I  genes also plays a key role in the 

i nteraction between the fetus, p lacenta and mother. IGF- I I  is normal ly  e xpressed from 

the paternal ly- inherited chromosome and the maternal ly-inherited gene is repressed 

( i mprinted) .  On the other hand, the IGF type li receptor is paternal ly imprinted and 

only the maternal ly-i nherited gene is expressed. The absence of the IGF type I I  

receptor gene leads to early death of the mouse embryo on day 1 7  of pregnancy un less 

the IGF-II  gene is also absent ( Li et al. , 1 993 ) .  I t  has been suggested that the IGF type 

I I  receptor gene is necessary to prevent over abundance of the IGF-II gene. This 

reciprocal balance between the expression  of the IGF-II gene and IGF type I I  receptor 

gene is necessary for normal placental development (Haig and Graham. 1 99 1 :  

Wil l ison, 1 99 1  ) . Errors of this process may account for part of the overgrowth of the 

human fetus and its p lacenta in the Beckwith-Weideman syndrome. a condition that is 

assoc iated with abnormal placental deve lopment (Henry et al., 1 99 1  ) .  

S ince p lacental growth i s  also affected by  nutritional status ,  i t  is l ikely that the 

restriction on placental growth is caused by the restriction of substrate supply.  The 

reduced concentrat ions of the substrate in placental and fetal blood largely account 

for the endoc ri ne changes that reduce the trophic dri ve to growth in the placenta and 

fetus (Owens and Robinson. 1 988) . 
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4.2. Fetal development 

4.2. 1 .  Fetal growth 

Fetal growth involves both the accretion and diffe rent iation of t issues and requ r res 

tight coordination between these two processes if development is to proceed normal ly .  

Abnormal i t ies in e i ther p rocess or in thei r  coordi nat ion wil l  alter the pattern of 

in traute r ine growth and may have adverse effects on neonatal v iabi l i ty as a 

consequence ( S i l ver. 1 992 ) .  Poo r prenatal growth has also been assoc iated w i th a 

fai l ure to thrive after b i rth in domestic animals. and vv ith an increased ri sk  of 

cardiovascu lar and other diseases in  later l i fe in humans (Barker. 1 992 ) .  

Fetal we ight .  which represents an  ach ievement of fetal growth, is reported to  increase 

exponen t ial l y  for at last part of gestat ion.  In sheep, a semi logari thmic plot of fetal 

weights versus gestat ional  age yie lds a curve wi th convexity toward the weight axis ,  

indicat ing that the fract ional rate of weight gain i s  greater in early pregnancy. 

However,  such equat ions derived from the fetal growth cun·e do not seem to have a 

prec ise.  theoretical mean ing  because of the complex changes in fetal body composi t ion 

during pregnancy ( Koong er of., 1 975: Battagl ia  and Meschia. 1 986 ) .  At the end of 

gestat ion .  fetal mass varies considerably,  reflect ing di fferer1ces in  both fetal growth 

rate and gestat ion length ( B attag l ia  and Mesch ia. 1 986) .  

I t  W ;.t S  a l so reported th ;.tt postembryonic fet;.tl growth through mid-pregn;.tncy proceeds 

at a rap id but s lowly dimin ishing re lative rate,  which in sheep v;.tries from about 

I 5%/day at 40 days to about 6%/day at I 00 days gestation . Unti l  that t ime ,  fetal 

growth appears to be largely insensitive to variat ions in maternal nutri tion or  other  

potent ia l  constraints, suggesting that i t  occurs at  a rate c lose to genetic potential  (Be l l ,  

1 992) .  Th i s  early fetal growth ch;.tracteristic may provide the reason why the 

restr ict ion of post- i mpl antation embryonic growth in sheep by severe maternal 

undernutri tion in early pregnancy had no residual e ffect  on lamb birth we ight if ewes 

were l ater fed normal ly  ( Parr et  cl! . ,  1 986) .  However, even though fetal growth dur i n g  

early to  mid pregnancy may not b e  affected by nutrient supply. fetuses of ewes 
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undernourished before pregnancy and in early pregnancy grew more slowly in late 

pregnancy and showed much less change in their growth rate when ewes were exposed 

to further undernutrit ion. Thus it is l ikely that, in early pregnancy, nutri tion has an 

i mportant role in the 'programming'  of fetal response to l ate r insu lts (Harding and 

Johnston, 1 995) .  

I n  addit ion, i t  was also reported that  weight-specific rates of umbil ical uptake of 

o xy gen ,  g lucose and amino acids, and of whole-body protei n  synthesis, in fetal sheep 

were much greater in mid than-i n  l ate gestation (Bel l  et al. , 1 986; Bel l  et al. , 1 989; 

Ken naugh er al. ,  1 987) .  Similar gestational dec l ines in fetal metabol ic rates also occur  

in  catt le ( Reynold er al. , 1 986) .  Therefore ,  this physiological characteri stic of nutrient 

supply may also explain that in normal conditions fetal metabol i sm and growth in mid­

pregnancy is not restricted by nutrient supply, and that fetal metabol ism and growth 

are normal ly constrained during l ate pregnancy (Be l l ,  1 992) .  Thus, it is l ike ly that fetal 

g rowth retardation during early to mid pregnancy may be j ust as a consequence of a 

p l acenta l  retardation caused by maternal undernutrition o r  other factors such as 

maternal heat stress ( E veritt, 1 968 ;  Alexander et al. ,  1 987) .  The retarded placenta 

causes the reduction in functional capacity of the placenta, which in turn mediates a 

s l owing  fetal growth ( Be l l ,  1 992) .  

O n  the other hand, fetal growth retardation in late gestation seems to be predominantly 

affected by placental restriction of fetal nutrient supply, even in very wel l -fed dams 

( G luckman, 1 986: Bel l  et al. , 1 987 ) .  It was suggested that the aspects of p lacental 

functional capac ity which may be l imiting for fetal growth are associated with reduced 

p lacental transport of oxygen and gl ucose. Thus, fetal hypoxaemia and hypoglycaemia 

are we l l  corre lated with reduction in placental weight (Be l l ,  1 992) .  However, in 

normal p lacentae, it is suggested that placental capacity of g lucose transport is a more 

l i ke ly  l i miting factor of  fetal growth ( Be l l ,  1 992).  

In vivo experiments in pregnant ewes have shown that glucose transport capacity is 

g reater on the fetal ( cotyledonary )  than on the maternal ( caru ncular) surface o f  the 

p lacenta (Hay et al. , 1 990 ) .  There fore ,  it is suggested that the maternal capacity for 
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uter ine  uptake and p l acental  transport o f  g lucose ts a component  of place n tal  

i n s u ffic iency during late pregnancy ( B e l l ,  1 992).  

I t  is  then suggested that  the dec l in i ng rate o f  fetal growth duri ng l ate pregnancy must 

i n vo l ve in terp l ay between n ut ri e n t  supply and both extrace l l u l ar (e ndocrine)  and l ocal  

( a u roc ri ne/paracr ine)  t rophic fac tors ( B e l l ,  1 992 ) .  However, th is  does not  mean that 

ear ly fetal growth is u n regul ated by extracel lu lar factors, even though the mechani s m  

b y  which these factors may regu l ate or  coordi nate the extremely dynamic phase of  this  

fet a l  growth rem a i n  to be fu l l y  u nderstood. 

-L2.2 Placental control of fetal growth and development 

The ro le of the p l acenta in contro l l ing fetal growth is  exe rted t h rough i ts effects on the 

g r o w th o f  the fetus from the beginning of pregnancy v ia  metabo l ic and endoc rine 

mechan isms.  To achieve th is .  the placenta exchanges a w i de Jrray of nutr ients ,  

e n docrine s i g n a l s .  cytoki nes a n d  growth factors w i t h  t h e  mother and t he fetus .  These 

e x changes. in turn ,  w i l l  modu late or programme fetal growth and deve lopment  

( Ro b i n son er a/ . . 1 995 ) .  

M aternal n utr i t io nal  and hormonal state . from as early as the fi rst fe w days after  

fert i l isatio n ,  can i n fl ue nce the g rowth rate of  the p lacenta and fetus.  and a l so the length 

o f  gestat i o n .  I n fl uences on p l acental development and the i r  consequences w i l l  c learly 

have an i mpact on the p l acen tal control of  fetal growth ( Robinson er  al., 1 995 ) .  

4.3. Hormonal regulation of fetal growth 

E n docrine reg u l at ion of fetal g rowth,  part i c u l ar l y  at a t i ssue or ce l l u l ar leve l ,  is less 

we l l  u nderstood than the e ndocri ne regu lat ion of postnatal gro w t h .  A study invo l v i ng 

i n t rauteri ne re moval of the key hormones known to con tro l postnatal growth showed 

t h at these hormones a l so have a critical role in normal fetal development ( Fowden ,  

1 989) .  In vivo studies sum marised by Fowden ( 1 995) ,  showed t h a t  t h e  ablation o f  the 

fetal  pancreas, thyroid,  pitu i tary and adrenal  a l l  affec t  fetal development,  a l though the 
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e x tent  and prect se nature of  the abnormali ties tn growth depend on the part icu l ar 

e ndocrine defic iency. its sever i ty and duration.  

Hence,  i t  is apparent  that hormones have an important role in the control of fetal 

g rowth throughout gestat ion ,  part icularly duri ng the last trimester of gestat ion .  They 

seem to act on both tissue accretion and differentiat ion (Fowden, I 995) .  Several 

hormones, such as insu l i n ,  thyroid hormones, g lucocorticoids, some growth factors 

and perhaps pitui tary growth hormone and prolactin,  and also placental hormones ,  

have been found to  have an i mportant role in  fetal growth.  

4.3. 1 .  Growth hormone (GH) 

There is a marked i ncrease in plasma GH concentrat ion during fetal l i fe, and a 

subsequent dec l ine duri ng the postnatal period (Gluckman et al. , 1 987 ;  Breier et al . .  

1 994 ) . However, i t  has been wel l  establ ished that growth during the fetal and early 

postnatal periods is largely i ndependent of pitui tary GH (Gluckman et al. , 1 983 ) .  This 

GH- i ndependent  growth is suggested to be related to the appearance of GH receptors ,  

in wh ich  the number of G H  receptors is re lat ively low duri ng the fetal and early 

neonatal periods, but begins  to i ncrease soon after birth (G luckman et al. ,  1 98 3 ) .  

I n  contrast, GH has been reported to have a role i n  adipocyte di fferentiation and islet 

ce l l  repl ication. and has also been shown to be l ipolytic and diabetogenic in fetuses of 

several species (G luckman and B reier, 1 989) .  Thus, i t  seems that the ontogenesis of 

GH receptors maybe not necessari ly be paral lel  in all t issues. However, several recent 

studies appear to confi rm the re lat ive independence of fetal growth from GH 

regu latory effects . 

I t  w as reported that congen i tal absence of GH in the human infant and specific 

man ipu lation of fetal GH concentrations in experimental animals ( rat, sheep, monkey, 

p ig )  are not assoc iated with major changes in fetal growth (G luckman , 1 986;  Milner, 

1 98 8 ) .  GH treatment  of the hypophysectomized sheep fetus was also reported to have 

l i tt le ,  i f  any,  effect  on body weight at term ( S tevens and Alexander, 1 986) .  
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Based on studies summarised by Fow·den ( 1 995) .  it was found that the pattern of  body 

growth observed after hypophysectomy of the sheep fetus is assymetrical and close ly 

resembles that seen in thyrodectomised fetuses with d isproport ionate shortening of the 

long bones and a greater reduction in body weight than in CRL (Fowden,  1 995) .  The 

maturati o n  of indiv idual fetal t issues is also adversely affected by fetal 

hypophysectomy in a manner s imi lar to that seen in thyro idectomised and 

adrenalectomised sheep fetuses. Treatment with T.� ( thyroxine), ACTH or cort isol  in 

hypophysectomised sheep fetuses was reported to be able to correct most of the 

abnormal i t ies in t issue development caused by hypophysectomy (Barnes er al . ,  1 97 8 ;  

Mesiano e r  al . ,  1 98 7 :  S i l ver, 1 990 ) .  I t  was also reported that treatment w i th  T4 

restored n ormal body weight but not CRL or l imb lengths in the hypophysectomized 

sheep fetus at term (Steven and Alexander, 1 986 ;  Mesiano er al. , 1 98 7 :  Fowden and 

S i l ver. 1 99 5 ) .  

Hence.  i t  was sugges ted that the i n trauterine growth re tardat ion d u e  to  the total 

deficiency of all pitui tary hormones i s  caused primari ly by the lack of thy ro id­

stimu lat i ng  hormone (TS H )  and adrenocort icotroph ic hormone (ACTH).  but not by 

GH defic iency per se ( Fowden. 1 995) .  

However. fetal hypophysectomy has a l so  been reported to  have spec i fic  effects on fetal 

body composit ion . I t  leads to i nc reased subcutaneous fat depos i t s .  \\·h ich are not fou nd 

in e i ther thyroidectomized or adrenalectomized fetuses ( Hopki ns and Thornbu rn ,  

1 972 ;  Barnes e t  a l . .  1 978 :  Steven and Alexander, 1 986) .  Simi lar increases in 

l ipogenes i s  were also reported to be observed in fetal pigs after hypophysectomy 

(Latimer  et al . ,  1 993 ) .  Furthermore ,  the increase in fat accumu lat ion of fetal sheep 

after hypophysectomy is  preven ted by GH treatment but not by T:; or ACTH 

treatments (S teven and Alexander, 1 986) .  These stud ies suggest that GH may be 

involved i n  fetal l ipid metabol ism. This fi nding may also support the study report i ng 

that G H  c an exert its l ipolytic and diabetogen ic effects in fetuses of d i fferent species 

(Gluckman and Breier, 1 989).  Howeve r, i t  has recently been well establ ished that 

nei ther l i po lyt ic or d iabetogenic effects o f  GH are an intrinsic property of  GH, and that 

GH has been known to antagonise the action of insul in in urero ( Parkes and Bassett, 
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1 98 5 ) .  Thus,  i t  is more l ikely that the role of GH in fetal l ipid metabol ism may not be 

d i rect,  but indirect, and mediated through changes i n  the effective i nsu l in  concentration 

( Fowden, 1 995 ) .  

Overa l l ,  G H  does n o t  seem to have a major role in  fetal growth,  except perhaps in  its 

i ndirect effects on fetal l ipid metabol i sm. In addit ion, even though the lack of p i tu i tary 

hormones has resu l ted i n  a reduction in IGF-I (but  not IGF- I I )  concentrat ions in fetal 

sheep and pigs (Thorburn et al.,  1 988 :  Mesiano et al. , 1 989; Latimer et al. ,  1 993 ) ,  GH 

does not also seem to modulate endocrine or autocrine/paracrine actions o f  IGFs on 

fetal growth (Lat imer  er al. ,  1 993 ) .  

I n  addi t ion,  recent ly i t  i s  reported that bGH receptor transcripts have been shown to 

be w i despread in fetal and placental t issues at mid pregnancy (Scott er al . ,  1 992) .  

However ,  despite h igh c i rcu lat ing concentrat ions of GH, there is  no speci fic  bGH-GH 

receptor binding found dur ing  that period. S ince it was known that p lacental 

l ac togens have the abi l i ty to bind GH receptors with a higher affinity of binding than 

GH i tse l f, the presence of  GH receptor transcripts, which is l ikely to be trans lated i nto 

a certa in  type of G H  receptors, w i l l  enable PL to bind to these receptors (Scott  et al. , 

1 992) .  Therefore ,  the role of GH during fetal l i fe may be represented by a part of the 

paracr ine/autocrine role  of p lacental l actogen on fetal growth and deve lopment .  

4.3.2. I nsul in-like growth factors ( I G Fs) 

Insu l i n-l i ke growth factors ( IGFs) have been reported to have metabol ic,  mitogenic 

and di fferent iative act iv i t ies, all of which play a major role in promoting growth before 

and after b i rth (Sara and Hal l ,  1 990). However, IGFs ' production and thei r  controls 

seem to  be different in  pre- and postnatal an imals. I n  contrast to adu lt an imals, the 

IGF-I I gene is expressed in a wide variety of tissues in  the fetus (G i lmour et al . ,  1 99:?.) .  

Tissue abundance of  IGF- I I  mRl"JA is therefore high in the fetus compared with 

postnatal values, a l though downregu lation of the gene does occur in certa in fetal 

t issues in the period immediately before bi rth (Delhanty and Han, 1 993;  Li et al. , 

1 993 ) .  This  down regu lat ion of  the IGF-11  gene expression is l ikely under the c ontrol 
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o f  the negat i ve feedback mechanism regu lated by IGF- I,  IGF-U and high 

concentrat ions of i nsul i n v ia IGF type I receptors (Magri et al. , 1 994) .  

C i rc u l at i n g  IGF-li  concen t rat ions in  the fetu s are 5-6 fo l d  greater than postnatal values 

in most spec ies.  There is also a prepartum decrease in plasma IGF- I I  concentration in 

the sheep fetus which close ly paral lels the decrease in t issue IGF- I I  abundance 

observed in the fetal l iver and adrenal ( De lhanty and Han, 1 993 ;  Li et al . ,  1 993 ) .  I n  

c o n t rast.  c i rcu l at i ng concent rat ions o f  IGF-I  and i ts t issue ex press ion are l o w  in utero 

bur rise rap id ly a fter birth (S ara and Hall , 1 990). Thus , as discussed previously,  it is 

IGF- I l  that  is more we l l  k nown to have a ro le  i n  fetal  de ve l opmen t than I G F - I .  

However  recen t  s tudies s h o w  t h a t  I G F- 1 i s  a l s o  recogn i sed t o  have a n  i mp o rtant ro l e  

i n  fetal deve l opment . perhaps more impo rt an t than that  of IGF- I L  part ic u l ar l y  in 

domest ic an imals .  

B o t h  fetal  I G F - I  and I G F- I I  product i o n  a re contro l led by hormonal  and n utri t i o n a l  

fac tors .  I t  w as reported t h a t  b o t h  IGF- I a n d  I G F- I I  act ions in fetal g r o w t h  a r e  l ikely t o  

b e  regu l ated by h ormones s u c h  a s  insu l i n .  T.� and cort isol  (g lucocort ic o i d ) ,  b u t  do n o t  

appear to i nvolve G H  a s  occu rs i n  postnata l  g rowth ( Fovvden . 1 995) .  T h u s ,  t h e  act ions 

o f  I G Fs i n  the fetus may be more parac r i n e  than endocrine.  a l though c h anges in 

c i rc ulat i ng I G F s  c oncentrati o n s  do occ u r  i n  response to physiolog ical  s t imu l i  and w i t h  

i nc reas i n g  gestat i ona l age ( Han 11nd Fowden , 1 994 ) .  

I t  w as repo rted that  c i rcu l a t i n g  concen trat i o n s  o f  IGF-I and IGF- I I  close ly  paral le l  the  

fetal g l ucose c o n centrat ion dur ing man ipu lations o f  the maternal  n u tr i t i o n a l  state 

(Gi uckman , 1 98 6 ;  Oliver er al . ,  1 993) .  In sheep, mean fetal IGF- I concentrations are 

reduced by maternal fast ing and are restored to normal values by fetal or maternal 

g lucose infusion but not by fetal amino ac id  admin istrat ion (Oi iver et  al. , 1 993 ) . I t  

was also reported that IGF-I concentrat ions can be altered by insu l in  independently o f  

the fetal g lucose concentration ( Fowden ,  1 989) .  Thus, i t  i s  l ike ly that changes i n  IGF-I  

concentrat ions may be due,  in part, to the concomitant changes in fetal plasma insu l in  

concentrat ions ( Fowden,  1 995) ,  and that fetal IG F-I concentrat ions are therefore 

d i rectly re l ated to  plasma insul in concentrat ions over the range o f  concentrat ions 
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observed in ute ro (Gluckman er al. , 1 98 7 ) .  Hence, it has been suggested that it is the 

ce l lu lar avai lab i l i ty of g lucose. which is control led by insu l in ,  which is the critical 

factor in reg u l at ing fetal IGF-I production ( Fowden, 1 995 ) .  

On the  other  hand, fetal IGF- I I  concentrat ions have been reported to be  more closely 

corre lated with the concentration of fetal g lucose than fetal insul in  throughout the 

various endocrine and nutri t ional manipu lations (Fowden, 1 989).  Since i t  was ·Known 

that cort iso l has effects on IGF-II  gene expression in several fetal tissues, and that 

cortisol concentration rises in response to  fetal hypoglycaemia during l ate gestation, i t  

was suggested that changes in fetal cort isol may account, in part, for the re lationship 

between plasma IGF-I I  concentrations and glucose concentrations ( S i l ver, 1 990; Li et 

al . , 1 99 3 ;  Lu et al. , 1 994).  

Other hormones such as T-1 are also known to affect fetal IGF-I product ion and may 

i n fl uence fetal I GF-I I  gene expression i n  certain species (Mesiano et al. , 1 989;  Latimer 

et al. , 1 99 3 ) . It was suggested that cortisol and T-1 act by alteri ng  IGFs gene 

transcript ion, but the mechanisms whereby nutrients such as g lucose regu late the IGF 

gene remain u n known (Fowden,  I 995 ) .  

Hence, i t  i s  apparent that both IGF-I and IGF-I I  production are regulated by the same 

nutrit ional factor. g lucose, but by sl ightly different hormonal factors . IGF-I  production 

is governed by insul in  and T-+ , whereas IGF- I I  product ion is governed by cort isol and 

perhaps T-+ . These regulatory factors are interdependent in affecti ng IGFs production 

and in  turn,  they stimulate IGFs act ions on fetal growth and deve lopment ( Figure I ) . 

The IGFs are known to be anabolic and st imulate fetal growth by both metabol ic and 

non-metabo l ic mechanisms. B oth IGFs have been reported to i ncrease protein  and 

g lycogen synthesis in fetal ti ssues and cel l  l ines maintained in cu l tu re (Sara and 

Car lson-Skwirut ,  1 98 8 ) .  They were also reported to act as progress ion factors in the 

ce l l  cycle,  and increase DNA synthesis and cel l  di fferentiation in a variety of di fferent 

fetal ce l l s  in vitro (H i l l  et al . ,  1 987) .  



' 
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Figure 1 .  Schematic d iagram to show the endocri ne contro l of fetal growth and 
development ;  known pathways (-) ; possible pathway ( --- ); st imulatory effects ( + ) :  

inhibitory effects (-).  GH,  growth hormone; ACTH. adrenocorticotrophic hormone ; 

PGE,  prostaglandin E; IGFs, insu l i n- l ike growth factors (Fowden.  1 995) .  

Hence. the  effect of the  c lass ical hormones (pitui tary hormones ) on fetal growth may 

be mediated, in part, v i a  the IGFs or the i r  receptors as out l ined in Figure I .  Insu l in ,  T_.,  

and cort isol  have all been shown to affect circu lat ing or tissue IGF concentrations and 

the ir  effects on tissue accretion and differentiation are simi lar to those of IGFs . I n  

addit ion,  s i nce insul in,  and  T.j enhance fetal IGF-I production, these effects may a l l  be 

mediated via the type I IGF receptor which preferentially binds IGF-I ( Han and 

Fowden,  1 994) . However, the act ions of insu l i n  and IGF-I on fetal g lucose metabol ism 

appear to be more dist inct .  In  the sheep fetus, infusion of IGF-I i ncreases placental in 

preference to fetal glucose consumption, whereas insu l in infusion i ncreases fetal , but 

not p lacental ,  g lucose uti l i sation ( Hay , 1 99 1 ;  Owens, 1 99 1  ) .  
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The e ffects and the re lative importance of the two IGFs in st imulating ce l l  growth in 

vivo remain unclear. I n  rodents,  IGF-II is essential for ce l l  pro l iferation. Delet ion of 

the IGF-II gene i n  fetal mice retards fetal growth by 40% whereas IGF-II 

admi n istration to l 0-day-old rat embryos accelerates their growth (Liu et al., 1 989; De 

Chiara et  al. ,  1 990) .  I n  other species (human, sheep, guinea-pig, pig),  fetal body 

weight  i s  more c losely  correlated with the serum concentrations of IGF-I than IGF-II 

(Hi l l  et al. , 1 987;  S ara and Hal l ,  1 990) . In addition, conditions which lead to fetal 

growth  retardation, such as fasting, hypoxia and placental i nsufficiency, have more 

pronounced effects on  t issue IGF-I mRNA abundance than on IGF-I I  mRNA 

abundance, even i n  the rat (Owens, 1 99 1 ;  Han and Fowden ,  1 994 ). Thus, it was 

suggested that fetal IGF-I has a more prominent role than fetal IGF-I I  in modulating 

ce l l  pro l iferation in  rel ation to  the specific endocrine and nutritional conditions 

pre vai l ing in utero. Fetal IGF-I I  is  suggested to provide a general stimulus for cel l  

growth in utero and may also be responsible for developmental  and tissue-speci fic 

changes in cel l  differentiation (Fowden, 1 995) .  I t  has also been reported that IGF-II 

potent iates and enhances the effect of IGF-I on cel l  growth regul ation i ndependent of 

d i rect  IGF-II i nteraction with IGF type I or II  receptors. This enhanced cell 

respons iveness to IGF-I appears to be due to IGF-II-induced changes in perice l lu lar 

IGF binding prote in-3  ( IGFBP-3) and IGFBP-4. These IGFBPs barriers at the cell 

surface are disrupted by IGF-II, so i nc reasing IGF-I avai labi l ity for IGF type I receptor 

interaction (Conover et al., 1 994 ) .  

Thus,  d ifferential effects o f  the t w o  IGFs o n  fetal growth observed between species 

and during different  i ntrauterine  conditions may be due, in part, to changes in the 

production of the IGF-binding prote ins (IGFBPs) (Fowden ,  1 995) .  It has been 

establ ished that IGFBPs are a major determinant of IGFs concentrations in the blood 

and substantial ly  modify the biological activities of IGFs (Sara and Carlsson-Skwirut. 

1 98 8 ) .  Among the s ix  IGFB Ps that are present in  blood circ u l ation or extravascular 

fluid, IGF B P- 1 ,  IGF BP-2 and IGFB P-5 are IGFBPs that are more l ikely to be 

i n vo lved in normal fetal growth and development, whereas IGFB P-3 is re lated to fetal 

growth retardation ( Barrett  et al . ,  1 994; Lassarre and Binoux, 1 994; Bean land et al . . 

1 99 5 ) .  
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4.3.3. Prolactin (PRL) and PRL/GH gene family 

S o  far there are no conclus ive studies that support the possible role of pituitary 

pro lactin in regu l ation of growth or in mediating the photoperiod-induced growth 

response in  both fetal and postnatal ruminants (Eisemann er al., I 984: Bauman and 

McCutcheon, I 986). However, a high concen tration of pro lactin , up  to I 00-fold 

h igher than in  maternal serum, was found in  amniotic tluid duri ng human pregnancy 

( Ri ddick, 1 985 ;  Wu et al . ,  1 993 ) .  It was previously presumed that amniotic prolact in 

orig inated from e i ther the _IIlaternal or the fetal p i tuitary g land (R iddick, 1 985 ) .  Final ly 

i t  w as found that the prolact in  was produced specifical ly  by the decidual ised stromal 

ce l l s  in the endometrium of the utero-placental un i t  (Wu et al . . 1 993) .  It has also been 

recent ly reported that mRNA for prolact in has been produced in dec idual stromal ce l ls  

o f  human utero-placental t i ssues. Prolact in gene expression increases throughout 

gestation and is corre lated with an increase in  dec idual prolacti n secret ion as we l l  as in 

dec idual ce l l  size. This decidual prolact in has been suggested to be direct ly re lated to 

the process of decidual ization that continues throughout human pregnancy (Wu e r  al . ,  

1 99 5 ) .  

Recently i t  has also been recogn ised that hormones re lated t o  the p i tu i tary hormones 

PRL and GH are produced by the utero-placental uni t  of many species (Kessler er al . ,  

1 99 1 :  Wu et al . , 1 993 ; Anthony er al. , 1 995 ) .  These hormones are suggested to  be 

i nvolved in  the process of commun ication between embryo and mother in  order to 

develop and maintain an appropriate environment for deve lopment. They play various 

roles  in  th is  process, including modulating the uterine environment ( Kess ler er al . ,  

1 99 1  ) .  

Hormones such as placental lactogens ( PLs), prolact in-related prote ins  ( PRPs) and 

p lacental growth hormone (GH- V) are hormones that are members of the GHIPRL 

gene fami ly  and are produced by the placenta ( Robert and Anthony, 1 994) particularly 

the chorionic b inucleate cel l s  o f  the placentome (Anthony et  al. , 1 995) .  Ruminant 

p lacenta has been reported to produce at least two dist inct subclasses of  the GHIPRL 

gene fami ly,  PLs and PRPs (Mi losavijevic et al., 1 992;  Anthony et al., 1 995) .  

3 0  



Furthermore ,  bovine and ovme placental lactogens are structural ly  more simi lar to 

PRL than they are to G H ,  and they have abi l i ty to bind to both PRL and GH receptors 

( Kess ler et al. ,  1 99 1  ) . The binding affinity of PLs to PRL and GH receptors are higher 

than for PRL and GH themselves, and yet, in many ways, PL behaves l ike a powerfu l 

somatogen (Emane et al . ,  1 986) .  PRPs appear also to have the abi l ity to bind PRL 

receptors as wel l  as thei r  own receptors (Scott et al. ,  1 992 ) .  

In  the  p ig and rabbit, PRL receptors have been identified in the uterine endometrium,  

and PRL has  been reported to  cause hypertrophy and glandu l ar differentiation and to  

a l ter uterine secretions ( Young and B azer, 1 989; Young et al. , 1 989;  Randal l  et al . .  

1 99 1  ) .  I n  cattle ,  PRL and GH receptor transcripts are widespread in  fetal and placental 

t issues at mid-pregnancy ( Scott et al. , 1 992) .  It was suggested that PLs exert their 

action v ia PRL and GH receptors as wel l  as via their own receptors. Thus, 

physiological ly ,  p lacental  l actogens wil l  compete with other avai l able l igands. 

I n  addit ion, fetal GH secretion begins relatively early,  and circu lating bPL and bGH 

concentrat ions are relat ively equal in the bovine fetus during the second trimester 

( Oxender, 1 97 1  ) . On the other hand, PRL secretion begins l ater, positioning bPL as 

the primary l igand for the PRL receptors in the fetus at mid pregnancy.  However, in 

the sheep fetuses the abi li ty of oPL to compete for binding to PRL receptors on ly 

occurs when the oPL concentration is 5-fold higher than oPRL concentrations (Sc ott 

et al., 1 992) .  

Hence,  i t  i s  l i kely that the role of PRL in fetal or  placental development may be 

mediated by PL or P R P  actions via the ir interactions to PRL receptors, and that 

pro lact in concentrations can modify the affinity of the PLIPRP binding to PRL 

receptors. 

Ruminant p lacental l actogens,  particularly ovine PLs, are suggested to play a role in 

modify ing maternal  and fetal intermediary metabol ism to provide energy substrates to  

the  fetus, repartit ioning maternal nutrition to  the fetus . I t  has been proposed that the 
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possib le effects of ovine PL on regu lation of fetal metabolism are exerted, in part, via 

its effects  o n  upregulat ing IGFs. especia l ly  IGF-I ,  production (Anthony et al., 1 995) .  

Prolact i n  h as been reported to cause a dimin ished flux of water from the amn iotic side 

of fetal membranes which is proport ionate to the amount of pro lac t in  present in the 

bathing media and is not reproducib le by hPL or hGH. This effect  is inhibited by 

ant ipro lac t in  in  the bathing medium in vitro (Riddick, 1 985) .  Therefo re, besides PRL 

act ing via PRL receptors binding PL, and hence its actions being  mediated by PL 

act ions,  PRL or PRPs are also suggested to be involved directly in  the regu lat ion-of 

electro lyte and fluid balance between the maternal and fetus systems (Riddick, 1 985) .  

The act ion of PRL via PL actions is l ike ly to be exerted in  differen t  stages of gestation 

from that of i ts d i rect actions.  

4.3.4. Other hormones 

As outl i ned in  Figure I ,  there are several other hom1ones, apart from GH.  that seem to 

have an important ro le in  regu lation of fetal growth. These hormones are i nsu l i n, 

thyroid hormones and glucocort icoids.  They act directly at the cel lu lar level to  

promote fetal growth :.md development, and indirectly through the i r  regulatory effects 

on paracrine/autocrine actions of IGFs,  which in turn promote fetal growth and 

deve lopment.  

4.3.4. 1. Insulin 

Insu l in  has been recognised to primari ly  promote tissue accretion and cel l  pro l i feration 

of the fetus ,  but to  have l ittle effect on  t issue differentiation and prepartum maturation 

of the fetal tissues (Fowden, 1 995) .  I nsul in promotes fetal growth main ly through its 

anabol ic act ions on fetal metabol ism ( Hay, 1 99 1  ) . Insul in  stimulates no t  only a general 

increase in tissue acc retion but also a specific accumulation of adipose tissue in the 

fetus (Fowden et al., 1 986) .  In  addition to increasing fat deposit ion,  exogenous 

infusion of insulin i n to the fetus i nc reases the uptake, uti l isation and oxidation of 

g lucose by fetal t issues ( Hay, 1 99 1  ) .  In sheep fetuses, i t  was suggested that insu l i n  acts 
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i n  the fetus to depress amino acid catabol ism. thus altering amino acid extract ion and 

uptake. Depressed prote in  catabol ism with or w ithout enhanced amino aci d  uptake 

would h ave the theoretical effect of stimulat ing net protein  synthesis with a shift 

toward use of nonprotei n  substrates for energy purposes (Phi l ipps et al. , 1 990) .  

Insu l i n  i s  also requi red throughout late gestation for normal fetal growth. Its defic iency 

in utero leads to fetal growth retardation,  whereas excessive insul in  secretion c an lead 

to enhanced body weight at term (Fowden,  1 989) .  Both in experimental conditions 

w ith manipulated insul in concentrations in the sheep fetus, and in  normal condi tions in 

fetuses of some species (sheep, rat, rabbits, and human infant), it is apparent that fetal 

growth rate, measured as CRL increment or fetal body weight, is positively correl ated 

wi th  the insu l i n  concentrations in utero (Fowden, 1 989).  

4.3.4.2. Thyroid hormones 

Thyroid hormones, particularly T �- have been reported to have an important role in 

both t issue accretio n  and differentiation in the fetus (Fowden ,  1 995 ; Polk ,  1 995) .  

However, thei r  specific  actions in  u tero seem to differ between species and with 

gestat ional  age. Deficiency of thyroid hormones is associated with growth retardation 

in  certain t issues ( B rowne and Thorburn, 1 989) .  The specific effects that thyroid 

hormones have on c e l l  d ifferentiation appear to depend on the stage of development of 

the fetus. In sheep fetuses. thyroidectomy only prevents wool growth when i t  is 

performed before 90 days of gestation (Thorn burn, 1 974 ) . Thereafter, it has l i ttle 

effect on the primary wool fol l icles although body s ize and bodyweight a re sti l l  

reduced at  term (Fowden, 1 995).  Thyroid hormones stimulate fetal growth b y  both 

metabol ic and non-metabolic mechanisms. The main metabol ic action of T� that is 

important in  contro l l ing  fetal growth is  the stimulation of 02 uti l isation by the fetal 

t issues.  As a consequence of a low 02 uptake, the fetus wil l  be less able to use energy 

for growth (Fowden , 1 995) .  
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I n  addit ion.  thyroid hormones probably affect fetal growth by a l teri ng  t issue 

production and c i rculat ing concentrations of various fetal growth factors (e .g .  IGFs, 

EGF) and the ir  b inding prote ins  (Thorburn et al. ,  1 98 1 ;  Sara and Hal l ,  1 990; Han and 

Fowden, 1 994) .  

4.3.4.3. Glucocorticoids 

G lucocort icoids are known to i nhibit postnatal growth but are recogni sed to have a 

role in fetal t issue accretion in utero (Fowden .  1 995 ) .  They have been also reported 

to have major  effects on the differentiation and prepartum maturat ion of many fetal 

t i ssues in the period immediate ly  before birth (S i l ver, 1 990 ) .  In fetal sheep. cort isol  is 

mainly of maternal origin and its concentrations are low for most of gestat ion.  ::md 

then rise gradual l y  from I 0 to 1 5  days before term with final rapid  increase in the l ast 

3-5  days before birth (S i lver and Fowden,  1 988) .  This later i ncreased cort isol 

concentration is  derived main ly  from the fetal adrenal (Wintour et al. , 1 985 ) .  Hence. i t  

may suggest that  effects on fetal t i ssue accretion and differentiation are exerted 

dominantly in the late period of gestation. 

However, i t  i s  l ike ly that normal ,  in vivo fetal g rowth and development w i l l  be affected 

by a number of different hormones and/or growth factors acti ng s imul taneous ly  and 

i nteract ing wi th  each other at both the metabol ic and molecular leve l to ensure that the 

rate and the pattern of growth is  appropriate for the specific condit ions prevai l ing in 

urero ( Fowden ,  1 995) .  

5. PURPO S E  AND SCOPE OF STUDY 

The substant ia l ly lower birth  weights in  l ambs born i n  autumn or winter compared with 

those born in  spring were previously proposed to be due to a direct seasonal  effect on 

impaired placental development rather than to effects of maternal nutri t ion .  This 

seasonal effect  i s  l ikely to be exhibited during the early to mid gestat ional  period (by 
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days 8�- 1 00 of gestat ion) ,  which is during the summer period for ewes due to lamb in 

the autumn, and is suggested to be mediated by increased seasonal prolactin 

concentrat ions during that period. 

Plasma pro l act in concentrations are very high in autumn-lambing ewes (December­

mated ewes) during the early to mid gestation period due to a seasona l  (primaari ly 

day length) effect (December-February period) . Although, there is no concl usive 

evidence of rol e  for prolact in in regulation of seasonal-induced placental and/or fetal 

development, and hence of b irth weight, i t  is apparent that there is  _a negative 

re lationship between birth weights of autumn-born lambs and seasonal plasma 

prolactin concentrations in the ewes and in the conceptus (utero-placenta plus fetus) 

during the early to mid gestation .  Hence, there may be an endocrine mechanism that 

direct ly or i ndi rectly involves the seasonal  prolactin patterns in  the regu lation of 

p lacental and fetal growth and development, particularly during the early to mid 

gestat ional  period. 

If the seasonal pro lact in pattern is important i n  the regulation of placental and fetal 

growth and development, reducing prolact in  concentrations at that t ime could  be 

expected to i mprove p lacental and fetal growth and development, and hence increase 

birth weight .  The objective of this study was therefore to determine whether reducing 

seasonal pro l act in concentrations in the dams and/or in the fetuses, by bromocriptine 

and me laton i n  treatments during early to mid gestation, wou ld improve placental and 

fetal growth near term, or i ncrease b irth we ights, of autumn-born lambs. 
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CHAPTER TWO 

EFFECTS OF lVIA TERNAL BROlVIOCRIPTI"NE AND 

MELATONIN TREATMENTS ON FETAL 

DEVELOPMENT 

1. A B STRACT 

Lowered b i rth weights of  autumn ( May)-born lambs compared with those of spri n g  

(August)-born l ambs have been suggested t o  be due t o  a direct seasonal effect o n  

impaired p lacental development, which i n  turn mediates a slower fetal growth . The 

effect of  season on pbcental and fetal development i s  establ ished early in pregnancy 

( by day 84 of gestat ion) ,  and is suggested to be mediated by h igher summer c ircu la t ing 

prolact in  concentrations in  the dams and/or fetuses .  This  study attempted to determ i ne 

whether reduc ing c i rcu lat ing prolact in concentrations i n  the dams and/or in the fetuses .  

by bromocripti ne (a  dopaminergic agonist) and melatonin  treatments, dur ing early to  

mid gestat ion,  would improve placental and fetal growth near term, and/or increase 

b irth weights of autumn-born lambs. 

Pregnant Romney ewes (aged 3-6 years) were randomly al located to .3 treatmen t  

groups,  balanced for age, l i ve weight and source flocks,  a t  day 1 5  of mat ing.  Ewes in 

the first group (n=20 with  mean LWT of 58 .3  ± 6 .7  kg) were injected with Parlodel 

( B romocriptine mesi l ate) ,  the second group (n=20 with mean LWT of 5 8 .6 ± 6 .6  kg) 

were admi n istered Regul in  implants containing mel atoni n  and the third group (n=2 1 

with mean LWT of 5 8 . 5  ± 5 . 8  kg) were injected with physiological sal ine (0 .9% 

NaC1)  and used as the control group. On day 1 39 o f  gestation, ewes were balanced 

first for treatment g roup ,  source fa1m, l ive weight, age and l i tter size, and were then 

randomly a l located in to two subgroups: a "Sl aughter group'' ( n=30 with mean LWT 

of 6 1 .2 ± 5 . 6  kg) and a "Live birth group" (n=3 1 w ith mean LWT of 60.0 ± 7 . 1 kg) .  
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Maternal p lasma pro lact in concentrations were significantly reduced by both Parlodel 

(control vs Parlodel ) :  48.28 ± 9 .24 vs 0.69 ± 9.92 ng/ml ( P<O.OO l )  at day 1 9  of 

gestat ion ,  and 82 .64 ± 8 .46 vs 4 .5 1 ± 9.08 ng/ml (P<O.OO 1 )  at day 40 of gestation .  and 

Regu l i n  treatments (control vs Regul in ) :  82 .64 ± 8.46 vs 1 8 .39 ± 9.47 ng/ml 

( P<O.OO 1 )  at day 40 of gestation ,  and 1 6.84 ± 3 .74 vs 2.93 ± 4 . 1 9  ng/ml ( P<0.05)  at 

day 60 of gestat ion . Fetal p lasma pro lact in concentrations were not affected by 

Parlodel or  Regul i n  treatments (control vs Parlodel vs Regul i n, respectively ) :  3 2 .4 ± 

1 8 . 3  vs 32 .4 ± 1 9 . 1  vs  59 .8  ± 1 6 .4 ng /ml .  

A t  day 1 40 of gestat ion ,  measures o f  fetal growth and placental development, adj usted 

for sex and l i tter size, were (contro l  vs Parlodel vs Regul in  groups) :  indiv idual fetal 

weight  ( 5 . 1 ± 0.2 vs 5 .0 ± 0.2 vs 4.9 ± 0.2 kg) ; fetal CRL (59.0 ± 0.7 vs 57.8 ± 0 .8  vs 

5 7 .4 ± 0.7 cm); individual occupied caruncle weight (2.6 ± 0 .3  vs 2 .5  ± 0.3 vs 2 .0 ± 

0 .3  g ) ;  individual cotyledon wei ght  ( 3 . 3  ± 0.4 vs 3 . 1 ± 0.4 vs 3 .0 ± 0.4 g) ;  total 

carunc le  number ( 1 2 1 .0 ± 7.7 vs 1 1 4. 1 ± 7.7 vs 1 23 . 1 ± 7 .7 ) ;  p lacentome number 

(92 .4 ± 7 . 1 vs 92.0 ± 7 . 1 vs 99 . 2  ± 7 . 1 ) ;  caruncle occupancy, i .e . ,  number of 

p l acentomes/number of caruncles (76.9 ± 4. 1 vs 80.4 ± 4. 1 vs 8 1 .3 ± 4. 1 %) ;  and total 

p lacen tome weight  (447 .7 ± 28 .9  vs 473 . 6  ± 25 .5  vs 434.0 ± 27 .2 g) .  Lamb birth 

weights were simil ar i n  both control and treated groups (4.3 ± 0 .2 ;  4.4 ± 0.2 ; and 4.2 

± 0 .2  kg for contro l ,  Parlodel and Regul i n  groups, respective ly) .  

Despi te both Parlodel and Regul i n  treatments having successful ly reduced maternal 

p l asma prolactin concentrations i n  the autumn-l ambing ewes, these results indicate that 

neither Parlodel nor Regu l in  affects placental  and fetal growth,  suggesting that h igh 

pro lact in concentrat ions in early pregnancy are not responsible for the depressed 

p l acental and fetal growth observed in autumn-lambing ewes. 

Keywords Parlodel ;  Regu l in ;  pro lactin ;  birth weight; pl<"icental development; fetal 
growth; autumn-lambing ewes 
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2.  INTROD U CTION 

Re ly ing only on a tradit ional lambing system (March - May mating) has created a 

h ighly seasonal k i l l ing pattern and consequent marketing difficulties for the New 

Zealand sheep i ndustry . Extending the normal lambing pattern may overcome these 

problems. The use of hormones to induce oestrus in anoestrous ewes ("out-of-season 

breeding' ' )  has  enabled farmers to  extend the normal breeding season and permitted 

mati ng of ewes ear l ier than normal (Robinso11, 1 954;  Welch and Tervi t ,  1 970; Welch, 

1 98 5 ) .  The app l ication of both normal season and out-of-season lamb product ion has 

g i ven opport u n i ties to provide a year-round supply of ch i l led lamb, especial ly for 

overseas supermarkets. However, the system of out-of-season lamb product ion sti l l  

has a problem re lating to  b i rth  weights. Most experimental resu l ts have shown that 

l ambs born t o  autumn-lambi n g  ewes were up to 25 -30% l i ghter at b irth than those 

born to spri ng-lambing ewes ( Re id et al. . 1 988 :  Peterson et al. , 1 990: Morri s .  1 993 ) . 

G i ven that l ow lamb birth weight has an important i mpact. both on the neonatal 

survival of l ambs (Dalton et al., 1 980: McCutcheon et al. , 1 98 1  ) , and on the i r  

subsequent growth to  wean i n g  (Sch inckel and Short, 1 96 1  ) , finding a possib le way of  

contro l l ing feta l  growth is i mportant in  the  context of  sheep production .  

A prev1ous study (Jenkinson et al. , 1 994) proposed that lowered birth weights of  

autumn (May )-born lambs compared with those of  spri ng ( August) -born lambs are due 

to a direct seasonal effect on impai red placental development, rather than to effects of 

maternal nutri t ion ,  which in tu rn mediates a s lower fetal growth. The effect of season 

on placental and fetal development is establ ished early in pregnancy (by day 84 of 

gestation) ,  and is suggested to be mediated by seasonal  differences in c irculat ing 

pro lactin concentrations in  the dams and/or fetuses (Jenkinson et al. ,  1 994; McCoard 

er al. ,  1 996) . 

Plasma pro lact in  concentrat ions are likely to be very high in autumn-lambing ewes 

( December-mated ewes) during the early- to mid-gestation period (December­

February) due to a seasonal (primari ly  day length) effect ( Bassett, 1 992 ; Pearson et al. , 
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1 993 ; Pearson et al. ,  1 996). Al though there is lack  of evidence that leads to a 

conclusive role for pro lact in i n  regulation of seasonal ly-induced placental and/or fetal 

development, and hence of birth weight, it is apparent that there is a negative 

re l ationship between birth weights of autumn-born lambs and seasonal .plasma 

pro lact in  concentrat ions in the ewes and in the conceptus (utero-placenta plus fetus) 

during  early to mid gestat ion .  Hence, there may be an endocrine mechanism that 

d i rect ly  or i ndirectly involves the changes in seasonal pro lactin concentrations in  the 

regu lation of p lacental and fetal growth and development, particularly during  the early 

to mid gestational period. If the seasonal prolactin concen tration is important in the 

regu lation of p lacental and fetal growth and development, reducing prolactin 

concentrations at the appropriate time might be expected to improve placental and 

feta l  growth and devel opment, and hence increase birth weight. 

In  addi tion, decl in ing circu lat ing prolactin levels around the time of the summer 

sol stice are though to be involved in the regu lat ion of seasonal changes in wool 

growth (Lincoln,  1 990) .  Changes in maternal plasma prolactin concentrations due to 

seasonal (primaril y  day length)  effects have also been associated with udder 

development and milk production in sheep (Ortavant et al . ,  1 988 ;  Peterson et al. , 

1 990; B assett, 1 992). 

The pnmary objective of this study was therefore to determine whether reduced 

seasonal pro lactin concentrations in the dams and/or in the fetuses, induced by 

bromocriptine ( a  dopaminergic agon ist) and melatonin treatments during early to mid 

gestat ion ,  would improve p lacental and fetal growth near term, and/or increase birth 

weights and weaning weights, of autumn-born lambs. A secondary objective was to 

determine whether the treatments affected wool growth or mammary development in 

the  ewes.  
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3. MATERIALS AND JYIETHODS 

3.1. A nimals and treatments 

This study involved l 1 7  Romney ewes aged 3-6 years, obtained from two commercial  

flocks  on  the Sheep and Beef Cattl e  Research Unit  (SBCRU), Massey University. The 

trial was conducted on the Terrace B lock,  SBCRU. All ewes had lambed in the 

previous spring, and were weaned in early December. The ewes were shorn on 27-28 

November 1 994 ( i . e . ,  a few weeks prior to mati ng)  

Matin g  was accompl i shed usmg a combination of progesterone-impregnated 

contro l led internal drug re leasers ( EAZI-breed CIDR Type G, Carter Holt  Harvey 

Plastic Products, Ham i l ton , New Zealand) and pregnant mare seru m gonadotroph in  

(PMSG Fol l igon. I n tervet, Chemavet Division Pharmaco (NZ)  L td. Auckland) to  

induce ovulation outside the normal breeding season. and a h igh ram to  ewe rat io 

(Kn ight e r  al . . 1 989 ) .  The CIDRs,  each contain ing 0.3  g progesterone,  were inserted 

intravag inaly for I 0 days. PMSG (400 IU/ewe) was i njected intramuscularly on the 

day befo re CIDR removal . Border Leicester rams, at a ratio of I ram to I 0 ewes, 

were i nt roduced about 24 hours after C IDR removal . 

Rams were harnessed with mating crayons (Radford er al . . 1960 ) .  and crayon marks 

were rec orded on a dai ly bas is (between 0900 and 1 800 h ) .  Mat ing was for one cycle 

only .  Crayon colour was changed on day 7 and the rams were removed on day 1 5  of 

the matin g  period. The second day after CIDR removal (the day after the rams were 

jo ined) w as the mean mating date ( 1 8 December=day 0 of gestat ion) .  

At day 1 5  of mating, I 05 ewes had been mated. Thei r  average l ive weight (LWT) was 

58 .5  ± 6.4 kg. On this  day, the ewes were randomly al located to 3 treatment groups 

balanced for age, previous l ive weight and source flock: group I w ith mean LWT of 

58 .3  ± 6 . 7  kg, group I I  with mean LWT of 58 .6  ± 6.6 kg, and group I I I  with mean 

LWT of 5 8 .5 ± 5 . 8  kg.  
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Parlodel LA ID ( B romocriptine mesi late) and Regu l in� implants were administered to  

modu late p lasma prolactin and melatonin concentrations during early gestat ion .  To 

avoid any effects of treatments on the  endogenous signal of  a viable embryo ( 1 3  days 

after conception)  for the maintenance of the corpus luteum and establ ishment of 

pregnancy (Smith, 1 982) ,  treatments commenced at day 1 5  of gestation (about 1 8  

days after ovulat i on or about 1 3  days after the embryo passes into the 

uterus)(Wimsatt, 1 975) .  

Each ewe in  group I (Parlodel group) was i njected i ntramuscularly with Par lodel LA® 

(Sandoz Pharma Ltd, B as le,  Switzerland) , a long-acting inhibitor of prol act in 

secretion, contain ing 50 mg bromocriptine mesi late in 2 ml vehicle (dextran 70 i n  0 .9% 

NaCI) .  

Each ewe in group I I  ( Regul in  group) was implan ted with Regul in® (Regul in  Limi ted, 

South Melbourne, Vie . ,  Austral ia) ,  a s low-release implant of melatonin.  The implants 

were biodegradabl e  (approx .  length 4 mm, diameter 2 mm) and contained 1 8  mg 

mel aton in .  They were inserted subcutaneously at the base of the ear and were designed 

to re lease melatoni n  at a constant rate for about 30 to 40 days ( Handbook, Regul in  

Limited).  

Eac h  ewe in group I ll (Control group) was injected intramuscular ly in  the neck area 

with 2 m l  physiologic al sal i ne (0.9% NaCI). 

To assist i n  balanc ing t reatment  groups for l i tter size, pregnancy was diagnosed using 

u l trasound pregnancy detection at day 80 of gestation .  Pregnancy diagnosis revealed 

39 dry ewes and 66  ewes pregnant to  the first oestrus after CIDR removal . Non­

pregnant ewes were then removed from the tria l .  

On day 1 39 of gestation ,  the 6 1  pregnant ewes remaining were balanced first for 

treatment group, source flock, l ive weight, age and expected l i tter s ize, and then were 

randomly a l located i n to two subgroups: a "S laughter group" (n = 30 with mean LWT 

= 6 1 .2 ± 5 . 6  kg) and a "Live birth group" (n  = 3 1  w ith mean LWT = 60.0 + 7 . I  kg) . 
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The "Slaughte r  g roup" was then divided i nto 3 groups ( balanced for treatment and 

l i tter size) to be s laughtered on days 1 40, 1 4 1  and 1 42 of gestation, whereas the · 'Live 

b i rth group" was maintained in one group and monitored for any changes in l ive 

weight  unt i l  t he i r  lambs were of weani ng age (about 8 weeks of age) .  

3.2.  Grazing management and weighing 

Ewes of al l  groups were grazed together at pasture unti l  day 1 39 of gestat ion.  on the 

Massey Univers i ty Sheep and Beef Catt le Research Unit (SBCRU) ,  and managed to 

maintain simj lar l ive weights. Ewes were we ighed on e lectronic scales straight off 

pasture at twenty-day intervals to monitor any changes in l ive weight.  Lambs from 

ewes of the "Live birth group"' were weighed on the day they were born (using a 

s imple spri ng  balance) and thereafter on the same day as their dams were weighed 

(us ing electron ic  laboratory bench scales ) .  

3.3. Blood san1pling 

B l ood samples were col lected by jugular ven ipuncture ,  to determine c i rcu lat ing 

concentrat ions of prolactin .  immediately off pasture ( between I 000 h and 1 600 h) at 

regular i nterval s of abou t  20 days. The fi rst b lood sample  was taken 3 days before 

expected conception (just before PMSG injection) and samples fo l lowed at  days 1 9 , 

40, 60, 80, 1 00, 1 20, 1 40 of  gestation for both "Slaughter·· and "Live b i rth" groups, 

and continued every 20 days for the "Live birth" group unti l  their lambs were of 

weaning age (5 6-70 days after parturit ion) .  At day 1 40, 1 4 1  and 1 42 of  gestat ion ,  

ewes of the  "S laughter group" were blood sampled immediately prior to s laughter. and 

foetuses were b lood sampled by cardiac puncture immediately prior to euthanas ia 

us ing an overdose of pentobarbi tone sodium. Samples (about 8 ml) were wi thdrawn 

in to vacutainers ( Becton Dickinson Vacutainer Systems, Rutherford, New Jersey) 

contain i ng sodium heparin as the anticoagu lant and immediate ly placed on ice. Within 

I to 3 hours the samples were centri fuged at 3000 g and 4" C for 20 minutes. P lasma 

was pi petted i nto dupl icate v ials  and stored at -20° C until assayed. 
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3.4. Wool sampling 

Wool growth during pregnancy was monitored every forty days up to day 1 20 of 

gestat ion,  by c l ipping midside wool samples taken from the right rnids ide of the ewes 

( B igham, 1 974).  An in itial patch measuring 20 cm x 20 cm was c leared of wool using 

Oster or Sunbeam c l ippers on day -3 of gestation, and subsequently an area of about 

I 00 cm2 ( 1 0  cm x I 0 cm) was sampled w ithin this  patch.  The dimensions of the patch 

were measured and the area calcu lated at each sampling t ime .  The midside samples 

were then condit ioned and scoured to obtain the c lean sample weights and the clean 

wool growth rates calculated for each 40-day period. Scoured, conditioned fibres, cut 

to lengths between 0.4 and 0.8 mm, were spread on a sl ide in  a circle and placed on 

the movable s tage of a projection microscope (Teasdale, 1 988),  and then mean fibre 

diameter  ( MFD) of the samples was measured using an optical fibre diameter analyser 

(OFDA) ( IWT0-47-95 ) .  

3.5. Slau gh tering procedures 

Thi rty ewes were s laughtered immediate ly  off pasture, commencing at 0930 h on day 

1 40 ( 1 0  ewes) , 1 4 1  ( 1 0  ewes) and 1 42 ( 1 0 ewes) of gestat ion, by s tunning with a 

captive bolt p istol and exsanguinat ion.  

Immediately prior to s laughter, the dime nsions of the mammary gland of  each ewe 

were measured as described by Mel i or and MUITaY ( 1 985) .  Three dupl icate 

measurements were taken .  One measurement was made from the posterior margin to 

the anterior margin of the udder ( i .e . ,  along the midl ine), and one on eac h  s ide of the 

midl ine, para l le l  to the first measurement and immediately medial to each teat. The 

measurements were then summed and the mean taken .  Immediately after s laughter, the 

mammary g land was removed and trimmed of skin, fat, and connective tissue before 

bei ng weighed. 
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Next,  the abdominal cavity was opened and the uterus removed. A l igature was tied at  

the j unction of the cervix and uterus, and the cerv i x ,  vagina and associated tissue 

removed. The uterus was then weighed (total gravid  uterus weight) .  The foetuses 

were removed from the uterus, through an incision made along the greater curvature 

of the pregnant horn, and the umbi l ical cord l igated at the abdomen before bei ng c u t. 

Foetuses were then blood sampled by cardiac puncture .  Foetal number, weight and sex 

were recorded. The a l lantoic and amniotic flu ids were removed wi thout bei ng 

weighed, and placentomes were dissected from the uterus, separated into the i r  

maternal (camncle)  and  foetal (cotyledon )  components,  counted. and the ir  individual 

weights recorded. The myoendometrium was then weighed. 

The l i ver, spleen ,  heart ,  kidneys, lungs and thyroid g lands of the ewes were dissected 

out, b lotted dry and their fresh weights recorded (combined weights of b i lateral 

organs ) .  Sections of the alimentary tract,  compris ing rumino-reticu lum, omasum, 

abomasum, small intesti ne, caecum and large intest ine were removed, fl ushed of  their  

contents,  blotted dry and the ir  fresh weights recorded. 

Foetal crown-rump length and foetal gi rths were measured (Mel ior and M atheson 

1 979) .  Foetal l i ver, spleen, heart, kidneys, lungs, brain, thyroid and thymus were 

removed, b lotted dry and weighed (combined weights of bi lateral organs) .  

3.6. Assays 

The prolactin assay was a standard (homologous) double-antibody competi t ive binding 

radioimmunoassay (RIA) based upon the method of  van Landeghem and van de Weil 

( 1 97 8 ) .  S tandard ovine prolactin, NIADDK-oPRL- 1 8  (AFP-8277E, 30 IU/mg) from 

National Institute o f  Arthritis, Diabetes, Digest ive and Kidney Diseases. National 

I nst itu tes of Health, Bethesda, Maryland, USA, and suppl ied through Nat ional 

Hormone and Pi tuitary Program, University of Maryland School of Medic i ne,  was 

used at working concentrations of I ,  I 0, 2 5 ,  50, I 00, I 50, 200, 400, 600, 800 and 

1 200 ng/ml with a l i near range of approx imately I 0-800 ng/ml .  The first antibody, 
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NIADDK-anti-oPRL-2 (AFP-C35 8 1  06) rabbit-anti-ovine pro lact in ,  donated by the 

Nationa l  Hormone and Pituitary Program, University of Maryland School of Medicine, 

was u sed at a working dilution of  I :  30,000 (final di lution I :  5 50,000) .  The second 

antibody, donkey anti-rabbit-seru m  (Lot No. 2476 1 ,  IDS.  Washington, Tyne and 

Wear, Eng land), was used at working di lution of I :40. Assay binding was typical ly 

50-6 5 %  and the mean assay sensit iv ity was 0.4 1 ng/ml . Ovine plasma samples, 

assayed neat or at stepwise serial d i l utions up to final di lution of I :  1 28 ,  I :  256 and I :  

5 1 2 , exhibited paral le l ism with the standards. Plasma samples were assayed in 

trip l icate . The mean intra-assay coeffic ient of variation (CV) calc u l ated over 6 assays 

was 8 . 3 %  and the mean inter-assay CV was 1 2 .8% for 5 reference plasma samples 

corresponding with the l inear port ion of the standard curve. 

3 .7. S tatistical analysis 

Analysis of variance for a 3x2x2 factorial design was carried out to compare the 

effects of the three treatments (contro l ,  Parlodel and Regul in  treatments) ,  l i tter size 

(s ingle and twin)  and sex (male and female) on maternal and foetal factors . Al l  data 

were analysed using the GLM procedures of the Statistical Analysis System computer 

package (SAS,  1 988 ) .  Maternal organ weights, uterine components, foetal weights . 

foetal organ weights, foetal plasma prolactin concentrations and lamb birth weights 

were analysed using analysis of c ovariance or variance. Any significant differences 

between treatments were then tested us ing the LSM-test (SAS, 1 98 8 ) .  

C lean w o o l  growth rates, mean fibre diameters, sequential weights o f  l ambs and ewes. 

and maternal plasma prolactin concentrations were analysed using multivariate 

( repeated measures) analysis of covariance or variance (SAS, 1 988 ) ,  to determi ne any 

effects of treatments on those parameters (adjusted to a common l i tter size and sex for 

lamb weigh ts ) .  Data are expressed in terms of least square means and standard errors 

( Lsmeans ± s .e .m. ) .  

45 



4. RESULTS 

4.1. Maternal traits 

Figure 2 shows the changes in ewe l i ve weight from day -3 of gestation (around  

mating day) through to  day 1 40 of  gestation of  both the "slaughter'' and the "l ive 

b i rth'' ewes, and to day 60 pospartum of the "l ive birth" ewes. The mean l ive weights 

of  Parlode l - and Regul in-treated ewes did not di ffer sign ificantly from that of contro l  

e wes a t  mati ng,  a t  the in i tia l  commencement of treatment, or a t  s l aughter. The 

maximum difference in  l i ve weight occured between Regu l i n  and control groups (2 .92  

kg or 4 .93  %) at  day 1 00 of gestation (Table 2 ) .  However. this difference was not  

s ignificant. 
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Figure 2. Live weights of Control (n=2 1 ), Parlodel -(n= 20) and Regul i n ­
( n=20) treated ewes i n  the "slaughter" (unti l  day 1 40) and the " l i ve birth" 
groups.  
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Table 2. Live weights (kg)  of Contro l ,  Parlodel- and Regul in-treated ewes 
from 3 d prior to, unt i l  200 d after, conception (Lsmeans ± s .e .m.) .  Data 
inc lude means for both the "slaughter" and the " l ive b irth" groups up to and 
i nc luding day 1 40, and subsequently for only the " l ive birth group". 

DAY n CONTROL PARLODEL REGULIN 

-3  6 1  59 . 1 8  ± 1 .26 60.00 ± 1 .3 2  56.39 ± 1 .39  
1 2  6 1  5 8 .48 ± 1 . 28  59. 1 8  ± 1 .3 5  56.66 ± 1 .38  
1 9  6 1  5 5 .86  ± 0 .5 1 56.3 1 ± 0.56 55 .97 ± 0.56 
40- 6 1  55 .8 1 ± 0 .59 55 .84 ± 0 .59 55 .8 1 ± 0 .59 
60 6 1  5 5 .68 ± 0.69 55 . 1 8  ± 0.76 54.86 ± 0.76 
80 6 1  56 .26 ± 0 .60 55 .8 1 ± 0.65 55 .59 ± 0.65 
1 00 6 1  59 .26 ± 1 .03 58.83 ± 1 . 1 2  56.34 ± 1 . 1 3  
1 20 6 1  6 1 .44 ± 0.74 60.4 1 ± 0.8 1 60.56 ± 0.8 1 
1 40 6 1  64.00 ± 0.76 62.68 ± 0.83 63 .37 ± 0.84 
1 60 3 1  56 .55  ± 1 .74 58 . 1 9  ± 2 .2 1 60. 1 8  ± 2 . 1 7  
1 80 3 1  6 1 .48  ± 1 .76  6 1 .28 ± 2.24 62. 1 4  ± 2 .20 
200 3 1  56 .36  ± 1 .6 1  55 .90 ± 2 .05 59 . 1 6 ± 2 .02 

F igure 3 shows the changes in mean maternal c irculating concentrations of prolactin in 

contro l ,  Parlodel - and Regu l i n-treated ewes from day -3 to 1 40 of gestation, and 

through to 60 days postpartum .  Parlodel treatment significantly lowered circulating 

concentrations of prolact in a lmost immediately after the treatment commenced, i .e  . .  

from day 1 5  of gestat ion,  unt i l  about day 5 0  o f  gestation ( P  < 0.00 I ) . whereas 

Regu l in  treatment  lowered pro lact in  concentrations from about day 30 unt i l  day 60 of 

gestation .  The maximum difference occured at day 40 of gestation (P < 0.00 I ) . 
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Figure 3. M aternal plasma prolactin concentrations in Contro l ( n=2 l ) .  
Parlode l - (n=20) and Regu l i n - ( n=20) treated ewes of  both the ' ·s l aughter' '  and 
the " l ive birth'"  groups from day -3 to day 1 40 of gestation, and through to 
60 days pospartum of the " l i ve birth"' ewes ( n= ! I . I 0 and I 0 for control . 
Parlodel and Regul in  groups, respect ive ly ) .  

Table 3. Maternal plasma concentrat ions (ng/ml )  of  prolact in from day 
-3 to day 1 40 of gestation and through to 60 days postpartum in  
Cont ro l ,  Parlode l -and Regu l i n-treated ewes (Lsmeans ± s .e . m . ) .  

DAY n CONTROL PARLODEL REGULIN 

-3  6 1  1 1 9 .78 ± 1 2 .40 1 1 8 .85 ± 1 3 .45 77 .8 1 ± 1 3 .86 
3 6 1  1 32.93 ± 1 5 . 1 7  1 1 5 .90 ± 1 6 .46 98 .22  ± 1 6 .96 
1 9  6 1  48.28 ± 9 .24 0 .69 ± 9.92 ... 

43.63 ± 1 0.35  
40 6 1  82 .64 ± 8 .46 4 .5 1 ± 9.o8··· 1 8 .39 ± 9.47

'** 

60 6 1  1 6.84 ± 3 .74 29 .72 ± 4.0 1 . 2 .93 ± 4. 1 9. 

80 6 1  1 9 .29 ± 5 .50  1 5 .87 ± 5 .90 1 0 .89 ± 6. 1 5  
1 00 6 1  1 0.66 ± 2 . 5 1 8 . 74 ± 2 .70 6.47 ± 2 . 8 1 
1 20 6 1  1 3 .95 ± 6.44 26 .90 ± 6.9 1 27 . 1 8 ± 7 .2 1 
1 40 6 1  3 .66 ± 6 .94 2 2 . 3 1 ± 7 .45 26.25 ± 7 .77. 

1 60 3 1  37 . 1 1 ± 1 5 . 83  2 2.05 ± 1 9 .38 1 5 .90 ± 2 1 . 23 
1 80 3 1  34.73 ± 1 4 . 1 3  37 .58  ± 1 7 .3 1 26 .58  ± 1 8 .96 
200 3 1  1 0.9 1 ± 8 .02 1 9 .95 ± 9 .82  26 .42 ± I 0.76 

• p < 0.05 •• p < 0.0 1 ... P < 0.00 I (comparison w i th control g roup) 
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L i ve weights, carcass and pe l t  weights. organ weights, and lower digestive tract 

segment weights of control ,  Parlodel- and Regul in-treated ewes are presented in 

Table 4. None of these parameters was significantly affected by e i ther Parlodel or  

Regul i n  treatments. 

Table 4. Effect of  Parlodel and Regul i n  treatments on l ive weights, 
carcass and pel t  we ights, organ and lower digestive tract segment weights of 
treated ewes compared to control ewes at day 1 40 of gestation (Lsmeans ± 
s.e . m . ) .  

CONTROL PARLODEL REGU L IN -

n 1 0  1 0  1 0  
F ina l  l ive weight ( kg)  64.0 ± 0 .8  62 .7 ± 0.8 63 .4 ± 0 .8  
C arcass weigh t  ( kg)  24.4 ± 0 .8  2 3 .9 ± 0.8 24.2 ± 0 .8  
Pe l t  weight ( kg)  6.2 ± 0.6 5 . 5  ± 0.6 5 .6 ± 0 .6  

Organ weights (g) : 
L i ver 923 .6 ± 39.0 9 3 8 . 8  ± 37.6 94 1 .2 ± 40.2  

Heart 250.5 ± 7 .2  2 65 . 3  ± 6.9 264.9 ± 7 .4  

Sp leen 8 1 .6 ± 6.7 84.0 ± 6.4 9 1 .8 ± 6 .9  
Kidneys 1 53 .7 ± 4.7 1 53 . 0  ± 4.5 1 50.5 ± 4 . 8  

Lungs 479.5 ± 1 5 .6  457 .8  ± 1 5 .0 47 1 . 3 ± 1 6 . 1 
Thyroid 7 .3  ± 0.8 8 .4 ± 0.7 6.3 ± 0. 8  

Lower digest ive tract (g) : 
Reticulo-rumen 1 1 29 .3  ± 48.3 1 1 37 .4 ± 47 .9 1 1 50.5 ± 48 .6  

Omasum 1 08 . 1 ± 7.8 1 22 .9  ± 7.8 1 20.4 ± 7 . 9  

Abomasum 498 .4 ± 40.6 549.0 ± 40.3  455 .0  ± 40.9 

Smal l  i ntest ine I 089.5 ± 54.3  1 1 34 . 3  ± 53 .8 1 1 73 .4 ± 54 .6  

Caecum 1 03 .7  ± 1 7 . 6  1 1 4 .6 ± 1 7 .4 1 1 2 .6  ± 1 7 .7 

Large i ntest ine 963 .3  ± 48 .0 94 1 .9 ± 47 .5 897 .8  ± 48 .3  

Neither weight nor  d imension of the mammaty g land was s igni ficantly different 

between the treatmen t  g roups (Table 5 ) .  
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Table 5. Effect of Parlodel and Regul in treatments on mammary g l and 
weights and dimensions of treated ewes compared to control ewes at  day 1 40 
of gestation ( Lsmeans ± s.e .m. ) .  

Mammary Gland : 

Weight (g) 

Dimension (cm) 

CONTROL 

709.6 ± 68.9 
45.6 ± 2.0 

PARLODEL 

696.9 ± 68.9 
43.4 ± 2.0 

R EG U L IN 

8 1 1 .9 ± 68.9 
46.8 ± 2 . 1 

Table 6 presents the mean weights of the uterus and uterine components of contro l ,  

Parlodel - and Regul i n-treated ewes. There were n o  significant diffe rences i n  these 

parameters between contro l  and treated groups. However, it was noticed that there 

was a l arge var iation in  the s ize of p lacental components (e .g . ,  2 .78 ± l .OS g and 2 .68 

± 1 .06 g for caruncle and coty ledone weights, respectively) within individual placenta, 

sugesst ing that there were some undeveloped placentomes as wel l  as very large 

p lacentomes w i thin a placenta. 

Table 6. Uterine components of Contro l ,  Parlode l - and Regu l in-treated 
ewes at day 1 40 of gestation ( Lsmean ± s .e .m.)  

n 

We ight (kg) of: 

Gravid uteru s  

Foetus ( in d i v i dual )  

Weight (g) of: 

Myoendometrium 

Foetal membranes 

Occ . caruncle ( i ndiv idual) 

Cotyledon ( i n d i v idual) 

P lacentome ( in d i vidual) 

Total p lacentome 

Number of 

Placentomes 

U.O. caru ncles 

Total caruncles 

Caruncle occupancy (%) 

Occ. : occup ied  

CONTROL 

1 0  

1 1 .4 ± 0.4 
5 . 1 ± 0 .2  

704.6 ± 2 1 .9 
275.0 ± 1 1 .6 

2.6 ± 0.3 
3.3 ± 0.4 
5 .9 ± 0.5 

447.7 ± 28.9 

92.4 ± 7 . 1  
27.6 ± 5 . 3  

1 2 1 .0 ± 7 .7 
76.9 ± 4. 1 

U.O. : unoccupied 
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PA RLODEL REGULIN 

1 0  1 0  

1 0 .8 ± 0.4 1 0 .9  ± 0..+ 
5 .0 ± 0.2 4.9 ± 0.2 

674.8 ± 2 1 .9 672 .0  ± 22 . 1 
276.7 ± 1 1 .6  277 .6  ± 1 1 .7  

2 .5  ± 0.3 2 .0  ± 0.3  
3 . 1 ± 0.4 3 .0 ± 0.4 
5.8 ± 0 .5 4 .6  ± 0.5  

473 .6  ± 25.  434.0 ± 27.2 

92.0 ± 7 . 1 99.2 ± 7 . 1  
1 9 . 1 ± 5 .3 23 .9  ± 5.3 

1 1 4 . 1 ± 7 .7  1 23 . 1 ± 7 .7 
80.4 ± 4 . 1 8 1 . 3 ± 4. 1  



Clean wool growth rate and fibre diameter were not significantly affected by ei ther 

Parlode l or Regul i n  treatments (Table 7 ) .  

Table 7. C lean wool growth rate (mg/mm2/d) and fibre diameter (J.l.m) of 
Control ,  Parlodel - and Regul in-treated ewes (Lsmean ± s .e .m. ) .  

S tage of  Gestatio n  CONTROL PARLODEL REGULIN 
(days) 

n 2 1  20 20 

Wool growth rate (.mg/mm2/d1: 

-3 - 40 0.0 1 1 7  ± 0.0007 0.0 1 20 ± 0.0007 0.0 1 23 ± 0.0007 
40 - 80 0.0 1 02 ± 0.0007 0.0097 ± 0.0007 0.0097 ± 0.0007 
80 - 1 20 0.0090 ± 0.0005 0.0085 ± 0.0005 0.008 1 ± 0.0006 

Fibre diameter(.IJ.m1: 

-3 - 40 4 1 .68 ± 0.64 4 1 .4 1  ± 0.67 42.25 ± 0.68 
40 - 80 39.07 ± 0.66 37 .82  ± 0.70 38 .56 ± 0.7 1 
80 - 1 20 37 .52 ± 0.67 37 . 1 9 ± 0.70 37 .30 ± 0.72 

4.2. F etal traits 

Fetuses from Parlodel - and Regu l in-treated ewes had a simi lar body weight to those of 

contro l ewes (Table 8 ) .  Heart and thyroid weights were s ignificantly ( P<0.05) h igher 

in fetuses from Parlodel treated-ewes than in those from Control ewes,  w hereas the 

thymus weight i n  fetuses from the Regul in  group was sign i ficantly (P<0.05) lower than 

that of the contro l  group. Crown-rump length (CRL) and weights of other fetal organs 

were not s ign i ficant ly d ifferent  between fetuses from control and treated ewes.  
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Table 8. Effec t  of maternal Parlode l and Regul in  treatments on CRL, g irth ,  
body and organ weights of sheep fetuses compared to fetuses of control ewes 
at day 1 40 of gestation (Lsmeans ± s .e .m. ) .  

CONTROL PARLODEL REGULI1 

n 1 3  1 1  1 5  

CRL ( cm)  59 .0  ± 0 .7  57 .8  ± 0.8 5 7 .4 ± 0 . 7  
Girth  ( c m )  3 6 . 8  ± 0 .5 3 7 . 3  ± 0.6 3 6 . 2  ± 0 .5  
Body weight (kg)  Se !  ± 0.2 5 .0  ± 0.2 4 .9  ± 0.2 

Wei !!hts (g} of : 
Bra in  44.9 ± 1 .0 45 .8 ± 1 .0 45 .4  ± 0 .9  
Liver  1 1 2 . 8  ± 3 .6 I 05 .9 ± 3 .8  1 1 0 . 3  ± 3 . 3  
Heart 34. 1 ± 1 . 1  3 7 . 7 ± 1 . 2. 3 3 . 8  ± 1 .0 

Spleen 5.5 ± 0.5  6 .0 ± 0.5 5 . 7  ± 0.4 
Kidneys 22.8 ± 0.9 2 3 .9 ± 0.9 2 2 . 3  ± 0 . 8  

Lungs 1 44 .7  ± 7 . 2  1 39 .4 ± 7 . 5  1 3 3 . 7  = 6 . 5  
Thyroid 2 .0 ± 0 .3  3 .0 ± 0.3. 2 . 3  ± 0.0  
Thymus 20.7 ± 1 . 2 20.7 ± 1 . 2 1 6 . 5 ± 1 . 1  

P < 0.05 (compared wi th  control group) 

Fetuses from both Parlode l - and Regu l in-treated ewes had simi lar c i rcu lat ing 

concen trations of pro lactin to those of fetuses from control ewes (Table 9 ) .  Hovvever, 

the mean fetal pro lact in  concentration in the Regul in  group tended to be higher th ::m 

those of the control and Parlode l groups. 

Table 9. C i rcu lat ing concentration of pro lactin in fetuses from Contro l ,  
Parlodel - and  Regul i n-treated ewes a t  day 1 40 of  gestation (Lsmean ± s . e .m . ) .  

CONTROL PARLODEL REGULIN 

n 1 3  1 1  1 5  

Pro l actin (ng/ml )  32.4 ± 1 8 . 3  32.4 ± 1 9 . 1  5 9 . 8 ± 1 6 .4 
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4.3. Lamb traits 

There w as no significant difference in b irth weights of lambs from contro l  and treated 

ewes (Table 1 0) . 

Table 1 0. Effect of maternal Parlodel and Regul in treatmen ts on birth weights 
of autum n-born l ambs (Lsmeans ± s .e .m.) .  

CONTROL PARLODEL REGULIN 

n 1 5  1 3  1 1  

B i rth weight  (kg) 4.3 ± 0.2 4.4 ± 0.2 4.2 ± 0.2 

Figure 4 shows the changes in  lamb l ive weight from birth unti l day 60 postpartum. 

Lambs from Parlodel - and Regul in-treated ewes had a similar l ive we ights (P > 0. 1 0) 

to those of control ewes. 
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Figure 4. Live weights of lambs from control (n= 1 5) ,  Parlodel (n= 1 3) and 
Regu l in  (n= 1 1 ) groups from birth unt i l  60 days pospartum. 
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5. DISCUSSION 

There were no significant d ifferences in the i ive weights of contro l ,  Parlode l - and 

Regu l i n-tre ated ewes during  the trial period (December-July period ) ,  suggest ing that 

maternal l i ve weights were not affected e i ther by treatment effects, or by poss ib le 

stress effects due to the appl ication of Parlodel i njection or of Regul in implantat ion.  

Although Regu l in treatment did not seem to affect maternal l ive weights, i t  appeared 

to de lay the l ate gestat ion i ncrease in  l ive weight compared with that of contro l  ewes 

(though d ifferences in l i ve weight were not significant). 

Both Parlodel and Regu l i n  administration signi ficantly reduced maternal plasma 

prolact in  concentrations,  for a period of about 30 days, but did not affect fetal plasma 

prolact in  concentrations .  Al though both treatments commenced on the same day ( i .e . .  

day I 5 o f  gestat ion) .  Parlodel reduced maternal p lasma prolact in concentrat ions to  

almost zero by day 19  of gestation, and concentrations remained very low unti l about 

day 50 of gestation, whereas Regu l in  reduced maternal plasm::t prolact in 

concentrat ions more gradua l ly .  not reaching minimal levels unt i l  day 60 of gestation .  

The diffe rent onset in the  reduction of  maternal p lasma prolact in concentrat ions 

induced by these treatments seems to have a similar pattern to the late gestat ion 

increase in  l ive we ights i n  the treated ewes,  i .e . ,  later suppression of maternal plasma 

prolact in  concentrations by Regul in treatment ::tlso resu l ted in a trend towards a del:ly 

in the inc rease in maternal l ive weights ( Figure 2 )  compared with that in the Parlode l 

group. 

Maternal organ, carcass and pel t  weights, wool g rowth, wool fibre d iameter, 

mammary g land dimensions and mammary gland weights were not affected by Parlode l 

o r  Regul i n  treatments, suggesting that there were no effects of e i ther treatment on 

body composit ion of treated ewes. However, whi le increased wool growth rates were 

observed in ewes, under natural daylength from early summer  to late autumn, in the 

study of Pearson et al. ( 1 996), Parlodel - and Regu l i n-treated ewes in th is  study had 

decl in ing wool growth rates as wel l  as tibre diameters from early pregnancy unti l  the 

second half of pregnancy .  The average wool growth rate observed in this study was 
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h igher ( 1 .002 vs 0.27 mg/cm2/d) than that of Pearson et al. ( 1 996) .  The differences are 

probably  due to breed and n utri t ion differences. The reduction in maternal plasma 

prolac t in  concentrat ions apparent ly did not affect the pattern of wool growth rates in 

the  treated ewes, since the same patterns of wool growth rates were also found in the 

control  group (Tabl e  7) .  

S u ppress ion of maternal plasma prolactin concentrations during early pregnancy by 

both treatments did not  have significant effects on mammary g land weights and 

dimensions, indicat ing that-prolactin may not be essential for promoting mammary 

g land development during ear ly pregnancy. In contrast, a study by Forsysth et al. 

( 1 98 5 )  showed that suppression of pro lactin re lease th roughou t  much of pregnancy led 

to some delay in mammary development in does. withou t  affecting the u lt imate 

m ammary size and m i l k  production . It was suggested that durin g  such periods, the loss 

of pro lact in  secret ion was compensated for by the production of placental l actogen .  

I t  i s  a l so possible that since the treatments were commenced when the prolactin 

concentrations m the contro l  group was dec l ining, so the reduced prolactin 

concentrations, induced by the treatments, might not have effects on both wool 

growth rates and mammary gland development in  the treated ewes. 

Individual fetal weights, fetal c rown-rump lengths (CRLs), fetal girths and lamb birth 

weights (adjusted for l i tter s ize and sex) were not significantly affected by ei ther 

Parlodel or Regul in  treatments . The lower birth weight of the lambs compared with 

the  weight  of the fetuses from both Parlodel and Regulin groups, may be due to the 

wet  condit ion of the fetuses soon after being removed from the uterus ,  or the 

discrepancy may be due to different cal ibration of the simple spring scales used to 

weigh newborn l ambs in the fie ld, compared to the e lectronic l aboratory scales used to 

weigh the fetuses.  

Treatment with Parlodel resu l ted  i n  signiticantly greater weig hts of the fetal hearts and 

thy ro ids (Table 8 ) .  An increase in an organ weight is usual ly associated wi th an 

increased activity of the organ , hence it is l ikely that increased weights of the fetal 
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hearts and thyroids in  Parlode l - treated ewes indicated i ncreased acti v i ties of those 

organs in the regulation of fetal g rowth and metabol ism. An i ncreased fetal heart 

weight may indicate an increase in  b lood flow in  the fetus, which is very important for 

fac i l itating transport of nutrients and 02 from the placenta to the fetus, and also 

transport of the metabol ic waste from the fetus to the placen ta (Robinson et al . . 

1 995 ) .  S ince thyroids are the sites of thyroid hormone productio n ,  the h igher weight 

of the thyroids may be an indicator of greater thyroid hormone production . Thyroid 

hormone is very i mportant in upregulating the production of various fetal growth 

factors , i nc luding IGFs (Sara and Hal l ,  1 990; Han and Fowden ,  1 994 ) , as wel l  as in 

stimu lating 02 uti l isation by the fetal  tissues (Fowden, 1 995). 

Parlodel and Regul i n  treatments had no significant effects on uterine components. 

Jenkinson et al. ( 1 994) suggested that impaired p lacental growth in autumn-lambing 

ewes had a strong re lationship with very high summer plasma pro lactin concentrations 

dur ing early to mid pregnancy.  However in this study , reduced plasma prolactin 

concentrations during early pregnancy in autumn- lambing ewes. caused either by 

Parlodel or Regul in  treatment,  did not improve placental deve lopment assessed in 

terms of placentome format ion, including total placentome weight, number of 

placentomes and percentage of caruncles occupied. This result  leads to the conc lusion 

that seasonal differences in pro lactin concentrations are not responsible for the 

seasonal difference in placental and fetal deve lopment, and hence lamb b irth weights. 

in  autumn- and spring-lambing ewes. 

The efficiency of the placenta, in terms of fetal weight per gram of cotyledons,  

decreases as p lacental weight i ncreases (Alexander, 1 974; Mel ior, 1 983) ,  and there is  a 

compensatory increase in  cotyledon weights as caruncle number dec l ines (Alexander, 

1 964 ) . Also, cotyledons appear to be nourished by glucose from the fetal c i rcu lation 

rather than by glucose in  transi t  from the mother, and th is  ut i l i sation of the glucose 

accounts for v irtual ly al l of the glucose consumed by the uteroplacental tissues (Hay, 

1 99 1 ;  B assett, 1 992).  Furthermore, a reduction in birth weights of human infants has 

been wel l  associated with a reduction in the functional surface area for exchange 

with in  the p lacenta (Robinson et al. ,  1 995) .  Hence, it is l ike ly that the proportional 
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weight of cotyledons in  the placentome formation is essential for fac i l i tating effic ient 

nutrient and oxygen transport from the mother to the fetus as wel l  as nutrit ion 

part i t ioning between fetus and the placenta. The use of parameters such as total weight  

of  the p lacentomes, the number of placentomes and the percentage of canmc les 

occupied, seems i nsufficient for explaining the importance of placental size in 

determining the fetal growth or birth weight. The percentage of  cotyledons and 

p lacentomes with in  the p l acenta that are of optimal size may be an important 

parameter, s ince the cotyledonary proportion may have important effects associ ated 

w i th p lacental effic iency .  

The  reduction of maternal plasma prolactin concentrations during a period of about 30  

days was the  only marked effect induced by  admin istration of  Parlodel and Regul in .  

However, Parlodel and  Regul in  treatments d id  not  affect fetal p lasma prolactin 

concentrat ions .  

Data from the control group, i .e . ,  December-mated contro l  ewes, indicate that the 

profile of pro lactin re lease observed in this study was consistent with the profi le  of 

pro lact in rel ease u nder natural photoperiod, observed in  studies by Craven et al. 

( 1 994) and Pearson et al. ( 1 993 ;  1 996), i .e . ,  p lasma prolact in concentrations were high 

during early to  mid December. then decl ined sl ightly during the end of the month, and 

rose again during the period of January-February, reaching its summer peak in l ate 

January. Thereafter, p lasma prolactin concentrations decl ined to levels similar to 

prev ious spring  levels.  This  profi le of prolact in secretion in New Zealand ewes seems 

s l ightly differen t  w i th the c lassic profi le observed in the northern hemisphere (Ravau lt  

et  al. ,  1 982;  B assett, 1 992) .  Using the c lassic profi le of seasonal plasma prolactin 

c oncentrat ions presented by Ravaul t  et al.  ( 1 982)  and B assett ( 1 992) ,  i t  can be seen 

that p lasma pro lact in  concentrations in pregnant ewes are low during the w inter period 

and begi n  to  i ncrease during the spring period. Hence, i t  is l ikely that there i s  an 

inverse profi le of materna l ,  and maybe also fetal ,  plasma prolacti n concentrat ions in 

summer and w i nter periods of gestat ion,  and only sl ight differences in variation of 

maternal ,  and perhaps fetal ,  plasma prolactin concentrat ions during the autumn and 

spring  period of gestation in ewes. The inverse profile in maternal plasma prolactin 
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concentrat ions i s ,  in part, also observed in December- and March-mated ewes by day 

I 00 of gestat ion ,  during wh ich thei r  gestat ion periods are in summer and winter, 

respectively (Jenkinson, 1 994 ) . In that study, there were no significant differences 

found between p lasma prolact in  concentrations of those autumn- and spring- lambing 

ewes at day 1 40 of gestat ion.  This may be because, at day 1 40 of gestat ion, both 

spring- and autumn-lambing ewes were in early spring and autumn respectively,  during 

which there were no marked differences in daylength periods. Later, from I or 2 days 

prior to lambing  unt i l  the first week of l actation, there are markedly h igher seasonal 

plasma prolact i n concentrations in spring-lambing ewes than in autumn- lambing ewes, 

as observed by Peterson et al. ( 1 990) . However, th is  cannot account  for differences in 

fetal weights observed at day 1 40 of gestat ion.  

During early to  mid pregnancy, higher summer maternal and fetal plasma prolacti n 

concentrat ions in autumn-lambing ewes, appear to be detrimental to feral growth. and 

may lead to lower birth weights of their lambs compared those of spring- lambing ewes 

which, when they are i n  the same period of gestation. are l ikely to have lower maternal 

and fetal plasma prolact in concentrations. Prolactin seems to have a negat ive effect on 

feral growth,  when i t  has been actual ly ,  but also controvers ia l ly ,  proposed as a 

somatogenic  and homeorhetic hormone both in prenatal and postnatal l i fe (Bauman er 

al. . 1 982) .  The resu lts of the present study cou ld not confi1m the role of seasonal 

prolact in in  reg ulating fetal growth ei ther. Al though the apparent inverse rebt ionsh ips 

suggest a poss ible role of pro lactin as proposed previously, the role of pro lactin dur ing  

feral l ife may be  mediated by  a different mechanism, and might involve an  interplay 

between prolactin and other hormones such as placental lactogen. 

The prolact in/GH gene family produced by the utero-placental t issues, particularly 

placental l actogen (PL) and prolact in  re lated protei n  ( PRP), have been recogn ised to 

have major effects in  regu lat ion of fetal g rowth and metabolism (Anthony, 1 995 ) .  

These placental  hormones have a stronger affinity to bind prolact in  and GH receprors 

than prolac t in  and GH themsel ves (Emane et al. ,  1 986; Kessler et al. , 1 99 1  ) . 

However, the abi l i ty of placental lactogens  to bind prolactin receptors in the ovine 

fetal t issues i s  exerted only when their  concentrations are at least 5-fol d  h igher than 
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plasma concentrat ions of fetal pro lactin (Scott  et al., 1 992) .  Furthermore, it was 

reported that u tero-p lacental pro lactin is normal ly secreted later than PL secretion, 

pos it ioning PL as the main l igand for prolact in receptors in  the fetal t issues during 

early to mid gestation (Scott et al . ,  1 992) .  Hence, i t  is strong ly  suggested that the 

somatogenic as wel l as homeorhetic effects of  prolactin during early, and perhaps mid­

' pregnancy are taken over by placental l actogen effects. The effects o f  placental 

l actogen in promoting  growth and regulating fetal metabolism may be coupled by its 

abi l ity to recognise more than one receptor, including i ts abi l ity to bind to GH 

receptors. Measuring  fetal plasma placental l actogen concentrations woul d  have been 

valuable in this tria l .  

The orig inal purpose of th is  study was to  attempt to mimic the nanu·al ly  low winter 

p lasma prolact in concentrations in spring-lambing ewes. Although the reduced 

maternal p lasma pro lact in concentrations caused by Parlodel and Regul in treatments in 

this study did not significantly affect placental and fetal growth, and hence lamb birth 

weight ,  of autumn- lambing ewes, perhaps it is too early to conclude that seasonal 

prolact in  chan ge does not have any roles in  regulation of fetal growth. I t  is possible 

that the period of reduced plasma pro lactin concentration produced by both Parlodel 

and Regu l in  treatment carried out in  this study was inadequate to mimic the period of 

low w inter p lasma concentrations of pro lact in i n  spring-lambing ewes. 

In conclus ion, further studies are requ i red to determine a su itable timing and length of 

treatment period using Parlodel and/or Regul in  administration , which can mimic the 

length period of low winter maternal ,  and perhaps fetal, plasma prolactin 

concentrations.  As the 30-day treatments carried out in this study appear insufficient 

to i mi tate the period of natural l y  low winter plasma concentrations of pro lactin in 

spring- lambing ewes, perhaps it is necessary to prolong the period of treatment used to 

reduce materna l  p lasma prolact in concentrations for a period of 60 to 80 d ays .  

W ith the possibi l ity that placental l actogen may be involved in  the regu lation of 

p lacental  and fetal growth during early to mid pregnancy, it may be usefu l  to measure 

fetal plasma concentrations of placental lactogen. in addition to prolactin 
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concentration.  to obtain prolactin-placental lactogen ratios during early to mid 

gestation .  

For further studies, i t  is important to consider the c oty ledon-caruncle ratio, or opt imal 

s ize of placentomes. in addit ion to those of tota l  placentome weight, number of 

placentomes and caruncle occupancy for assessing the importance of p lacental s ize in 

determining fetal growth and lamb birth weights. What size of these rat ios might be 

considered as being optimal , perhaps, can be obtai ned by calcu lat ing the COITe l ation 

between the coty ledon-caruncle ratio and the fetal weLght from al l  avai l able raw data 

of these placental - feral  components. 
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CHAPTER THREE 

GENERAL DISCUSSION 

1. EVALUATION OF THE PRESENT STUDY 

B oth Parlodel and Regul in treatments successfully reduced plasma prolactin 

concentrations of autumn-lambing ewes during early pregnancy to approximately basal 

p lasma concentrations of prolactin for periods of about 30 days. However, this study 

has not been able to confirm any role  of prolactin in regulating seasonal differences in 

p l acental  and fetal growth. 

Considering  the natural profi le of seasonal pro lactin secretion in pregnant ewes mated 

in the breeding season or out-of-season ( Ravau l t  et al. ,  1 982 ;  B assett, 1 992;  Pearson 

et al. , 1 99 3 ;  Craven et al. ,  1 994; Jenk inson et al. , 1 994; Pearson et al . ,  1 996), it is 

apparen t  that there is an inverse relationship between the profi le of prolactin secretions 

duri n g  e arly to mid pregnancy and the fetal weight or the lamb b irth weight in  both 

M arch-mated (season breeding) and December-mated (out-of season breeding) ewes . 

Significantly lower winter plasma concentrations of prolactin in March-mated ewes, 

compared wi th summer plasma concentrations of prolactin in December-mated ewes 

( Ravau l t  et al. , 1 98 8 ;  B assett, 1 992),  have been associated with 25-30 % heavier 

l ambs than those born to autumn-lambing ewes (Reid et al. , 1 98 8 :  Peterson et al. , 

1 990; Morris  et al. , 1 993) .  This marked inverse relationship suggests that seasonal 

pro lact in secretions are important in directly or indirectly contro l l ing fetal growth and 

lamb birth weight.  S uch a negative effect produced by high plasma prolactin 

concentrat ions on fetal growth of autumn-born lambs, positions prolactin as an anti 

somatogenic  and/or anti homeorheti c  hormone, when in fact,  it is proposed as a 

somatogenic  and homeorhetic h01mone (Bauman et al. , 1 982) .  A recent development 

in  hormonal assay techniques, has revealed an understanding of the ontogeny of 
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prolact in  receptors (Scott et a/ . . 1 992 ) and i ts re lat ionship with utero-placental 

hormones from the prolactin/GH gene family ( Kessler et  al. , 1 99 1 ;  Wu er al. , 1 993 : 

Anthony et al . ,  1 995) .  This new understanding has recognised the possibi l i ty of 

placental l actogen,  a feto-placental hormone which has a higher affin ity to bind 

prolact in or GH receptors than that of prolactin or GH themselves ( Emane et al . ,  

1 986;  Kessler et al. , 1 99 1 ;  Scott et al. ,  1 992),  bei ng nominated as a mediator of 

prolacti n ' s  role during the period of placental and fetal growth.  However, this 

assumption needs to be e luc i dated in  further studies. 

This study suggests that reduced plasma prolact in concentrations induced by e i ther 

Parlodel or Regul in  treatment for approximately a period of 30 days duri ng the early 

gestat ion,  were insufficient to produce a s imi lar effect to that produced by a longer 

period of low winter plasma concentrations of prolact in  in regulat ing placental and 

fetal growth in  spring- lambing ewes. I t  was also noticed that the treatments were 

commenced when prolact in  concentrat ions in the contro l  group were decl in ing. Based 

on the profi le of prolact in release observed in the control group in this study . i t  is 

l ikely that the treatments were carried ou t in the period dur ing wh ich the prolact in  

concentrat ions were not  at the highest level .  Thus, unt i l  the man ipulation of prolact in 

concentrat ions in  autumn-lambing ewes can mimic those of spring-lambing ewes. a 

conclusion regarding the role of changing seasonal prolact in concentrat ions might not 

be able to be drawn correct l y .  

A prev ious study has assoc iated lower b i rth weight of  autumn-born lamb. than those 

born to spring lambing e wes with retarded growth of the placenta due to higher 

summer p lasma prolact in  concentrations from the early to mid pregnancy in autumn­

lambing ewes compared w i th those of spring-lambing e wes. The present study could 

not find any significant re lationship between reduced maternal plasma prolact in  

concentrations,  due to e i ther Parlodel or Regu l in treatment,  wi th the uteri ne 

components of autumn-lambing ewes. 

Classic fetal physiology holds that placentome number is fixed at i mplantation 

(Alexander, 1 964 ) . However, Jenkinson et al. ( 1 994) could not confinn whether the 
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seasonal difference in p lacentome number occurred at implantation, or whether there 

w as a differential loss/gain of p lacentomes as the pregnancy progressed in  ewes of 

each seasonal group.  Most of the previous studies associated the importance of 

p l acental  size in  determining fetal growth in terms of parameters such as total 

placentome weight, number of  placentomes or percentage of caruncles occupied, 

parameters that are l ikely to be insufficient to describe placenta l  efficiency in terms of 

i t s  capaci ty for both transport i ng  nutrient and oxygen as wel l  as in  producing p lacental 

hormones. 

In  fact ,  this study found that there was a l arge variation i n  placentome s izes within 

u te ro-pl acental t issues, implying that there were some placentomes that might not be 

deve loped wel l  and might therefore be unable to function, and some placentomes that 

become very l arge, e ither to compensate for other undeveloped p lacentomes, or  as a 

response of their  own growth capacity.  Both undeveloped p lacentomes and very large 

p lacentomes are l ikely to reduce the placental efficiency. Thus, total number or total 

weight  of p lacentomes might not be able to explain the whole s i tuation associated with 

the  role of the p lacenta i n  contro l l ing fetal growth . Therefore, it seems i mportant to 

cons ider  the number  of optimal  s ize placentomes within  the total number of 

p l acentomes as a critical parameter for assoc iat ing placental s ize with fetal growth. 

The corre lation between the n umber of certain p lacentome s izes and fetal weight from 

a l l  avai lable raw data of these p lacentomes could  indicate the size of the p lacentomes 

that m ight be optimal . 

2. F UTURE RESEARCH 

It  is possible that the period of lowered plasma prolactin concentrations carried out in 

th is  study was inadequate to  imitate the period of natural ly  low winter  plasma 

p ro l act in  concentrations in spring-lambing ewes. Perhaps it is necessary to pro long the 

period of lowered pro lact in concentration using Parlodel or Regul in,  or a combination 

of Parlode l and Regu l i n treatments, for a period of 60 to 80 days. 

63 



Since i t  is found that the profi le of prolactin secretion in New Zealand ewes appears 

differen t  with that of the c lassic profi le, hence prolonging the period of lowered 

pro lac t in  concentrations in autumn-lambing ewes, for 60 to 80 days, is necessary to be 

carried out only when the ewes are also mated, at least, 30 days earl ier than 

Dece mber. 

Reduc ing p lasma prolactin concentrations for a period of 60 to 80 days, can be carried 

out us ing two inj ections of Parlodel with a 30-day interval between treatments, o r  two 

Reg u l i n  implants wi th a 30-day interval , or using a combination of Parlodel injection 

and Regu l in  implantation . All types of treatmen ts shou ld be commenced at day 1 5  of 

gestat ion or later, but not before day 1 5  of gestat ion. This t iming of trial 

commencement i s  important to ensure that the maternal recogn ition of estab l ished 

pregnancy is not i nte rrupted. 

With the possib i l ity that placental lactogen may be involved in the regu lation of 

p lacental and fetal growth during early to mid pregnancy. it may be usefu l  to measure 

fetal plasma concentrations of placental lactogen .  in addition to prolact in 

measurement,  to obtain prolact in-placental lac togen rat ios dur ing  early to mid 

gestat ion.  

For further studies,  i t  is important to consider the cotyledon-caruncle ratio ,  or optimal 

size of placentomes, in addition to those of total placentome weight, number of 

p lacentomes and carunc le occupancy for assessing the importance of placental s ize in 

determin ing  fetal growth and lamb birth weights. The proportion of optimal coty ledon­

caruncle ratios within the feto-placental tissues may have an important role in 

determin ing the efficiency of the placenta in fac i l itating nutrient and oxygen transport 

from the dam to the fetus, and hence it is important in determining fetal growth. 
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3. APPLICATIONS TO THE ANilVIAL INDUSTRY 

The New Zealand sheep i ndustry loses about 6 m i l l ion lambs per annum, or  about 1 5 % 

of al l l ambs born (McCutcheon et al. , 1 98 1  ) . Mortal ity rates of lambs are greates t  at 

b i rth weight extremes, part icularly at the lower extreme, and lowest at intermediate 

b i rth weights ( (Robinson et al. ,  1 979) ,  so that some reduction i n  l osses coul d  be 

ach ieved by compress ing  the birth weight range . S ince fetal growth is a very complex 

mechanism contributed by many factors ,  therefore, i t  is very difficu l t  to control fetal 

g rowth and hence l amb birth  weight. 

I t  has been we l l  estab l ished that nutritional supply to the fetus is the major regu lator of 

fetal growth.  However, the direct supply of nutrients to provide bui lding blocks for 

t issue growth is l ikely to  be only a minor component of this regulation ( Harding and 

Johnston, 1 995) .  Besides, i t  is also wel l  establ ished that there is the mother' s abi l ity to 

buffer the fetus agains t  changes in nutri tion (Bell ,  1 992).  Hence, to control b inh 

weight through management i s  difficu l t. 

It is wel l  known that hormones have an important role in the regu lation of fetal 

growth, coord inat ing the nutrient supply from the mother to the fetus, and modul at ing 

fetal growth and hence lamb birth weight ( Fowden,  1 989; Fowden .  1 995) .  

Manipul ation of hormones that are suspected to  be potential ly  involved in  regulation 

of p lacental and fetal growth have been carried out in several studies but have not 

produced significant effects in  increasing birth weight of lambs. These hormonal 

treatments i nc l ude the use of recombi nant growth hormone preparations (Ste lwagen et 

al. , 1 994; Min et al. , 1 996). An attempt to  manipulate maternal prolactin 

concentrat ions,  us ing e ither Parlodel or Regul in carried out  in th i s  study, cou ld  not 

i ncrease birth weight of l ambs e i ther. 

However, considering  a possibi l ity that the effect of prolactin in regu lat ing placental 

and fetal growth i s  mediated by placental  lactogen ,  and a possibi l ity that the recent 
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study was des igned inadequate ly to produce a longer period of reduced maternal 

plasma pro lact in  concentrations, compared to that of the natural l y  low winter plasma 

prolact in  concentrations, a future study is necessary to be carried out to justify the 

assumption . 

If a future study cou ld  demonstrate that prolonging either Parlodel or Regul i n  

treatment,  for about 60 t o  80 days. wou ld  improve placental and fetal  gowth,  and 

increase bi rth weight of autumn-born l ambs, the finding would be very i mportant. The 

use of a dopamine .agonist. an inhib itor of prolactin secretion (such as bromocryptine) 

for reduc i n g  plasma prolactin concentrations. impl icating the poss ib le  use of  the 

dopami ne antagon ist for producing the opposi te effect. may give a control for both 

increas ing and reducing b i rth weight of l ambs. which cou ld be used to reduce mortal i ty 

rates due to b i rth weight extremes. 

4. C O N C L USION 

[ t  is tentat ive ly  conc luded that d ifferences in maternal c i rcu lat ing prolact i n  

concentrati o ns cannot be  assoc iated w i th the difference i n  p lacental formation.  and 

hence, seasonal prolact in  secretions might not have d i rect effects on regulation of fetal 

growth and birth weight of autumn-born lambs. 

A future study needs to be carried out  to confim1 a more conclus i ve role of seasonal 

pro lact in  secretions in association with seasonal differences in b irth weights between 

spring- and autumn-born lambs. 

Establ ish i n g  an optimal size of the placentomes, or an optimal rat io of the caruncle and 

cotyledon weights, is  necessary , si nce this parameter would be very important for 

describ ing the importance of the p lacental s ize, in terms of placen tal capaci ty and 

effic iency,  in determin ing fetal growth, and hence birth weights. 
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APPENDIX 

CALENDAR OF EVENTS FOR AUTUl\IIN-LAMBING EWES 

(CONTROL, PARLODEL & REGULIN GROUPS) 

Event Autumn-lambing ewes 

Shearing  • 27 - 28  Novembe r  1 994 

CID Rs i n  • 6 December 1 994 

Day -3 blood sample & weigh ewes • 1 5  December 1 994 
Midside c lear 
PMSG i njected 

CIDRs out • 1 6  December 1 994 

Rams i n  • 1 7  December 1 994 

Expected mean m at ing date • 1 8  December 1 994 
(Day 0 of gestat ion) .  

Day 3 blood sample & weigh ewes • 2 1  December 1 994 

Day of the commencement of treatments • 2 January 1 995 
( Parlode l ,  Regul i n  & control groups) 

Day 1 9  blood sample  & weigh ewes • 6 January 1 995 

Day 40 blood sample, weigh ewes & wool sample • 27 January 1 995 

Day 60 blood sample & weigh ewes • 1 6  February 1 995 
Pregnancy diagnosis 

Day 80 blood sample, weigh ewes & wool s ample • 8 March 1 995 

Day I 00 blood sample & weigh ewes • 28 March 1 995 

Day 1 20 blood sample, weigh & wool sample • 1 7  Apri l 1 995 

Day 1 40 b lood sample & weigh ewes • 8 - 1 0  May 1 995 
Days of s laughter 

Lambing • 8 - 1 7 May 1 995 
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• Day 1 60 b lood sample & weigh ewes 
Day I 0 weigh l ambs 

• Day 1 80 blood sample & weigh ewes 
Day 20 weigh l ambs 

• Day 200 b lood sample & weigh ewes 
Day 40 weigh l ambs 
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• 1 6  June 1 995 

• 6 July 1 995 
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