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c a l v i n g ,  and  w e ig h t  c h a n g e s  i n  t h e  cow an d  c a l f

55 Cow 9* P e r i p h e r a l  p la s m a  p r o g e s t e r o n e  l e v e l s ,  and  220

t h e  p r e s e n c e  o f  c o r p o r a  l u t e a  and c y s t s  o v e r  t h e  

c o m p le te  p e r i o d  o f  s tu d y

56 Cow 9* L e v e ls  o f  p e r i p h e r a l  p la s m a  o e s t r o g e n s ,  221
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b e h a v io u r  o v e r  t h e  c o m p le te  p e r i o d  o f  s tu d y

57 Cow 9 . P e r i p h e r a l  p la s m a  a n d ro g e n  l e v e l s  o v e r  t h e  223

c o m p le te  p e r i o d  o f  s t u d y ,  t h e  t im e  when a  c o n s t a n t  

u t e r i n e  h o rn  d i a m e te r  was f i r s t  r e c o r d e d  a f t e r  

c a l v i n g ,  an d  w e ig h t  c h a n g e s  i n  t h e  cow and  c a l f

58 Cow 1 0 .  P e r i p h e r a l  p la s m a  p r o g e s t e r o n e  l e v e l s ,  and  226

t h e  p r e s e n c e  o f  c o r p o r a  l u t e a  and  c y s t s  o v e r  t h e  

c o m p le te  p e r i o d  o f  s tu d y



FIG. TITLE Page

59 Cow 1 0 .  L e v e ls  o f  p e r i p h e r a l  p la sm a  o e s t r o g e n s ,  228

p r e s e n c e  o f  f o l l i c l e s ,  u t e r i n e  t o n e ,  and  t h e  

o c c u r r e n c e  o f  o e s t r o u s  and  p e r i o e s t r o u s  

b e h a v io u r  o v e r  t h e  c o m p le te  p e r i o d  o f  s tu d y

60 Cow 1 0 .  P e r i p h e r a l  p la sm a  a n d ro g e n  l e v e l s  o v e r  t h e  229

c o m p le te  p e r i o d  o f  s t u d y ,  t h e  t im e  when a  c o n s t a n t  

u t e r i n e  h o rn  d i a m e te r  was f i r s t  r e c o r d e d  a f t e r  

c a l v i n g ,  and  w e ig h t  c h a n g es  i n  t h e  cow an d  c a l f

61 Cow 1 1 .  P e r i p h e r a l  p la s m a  p r o g e s t e r o n e  l e v e l s ,  an d  232

t h e  p r e s e n c e  o f  c o r p o r a  l u t e a  and  c y s t s  o v e r  t h e  

c o m p le te  p e r i o d  o f  s tu d y

62 Cow 1 1 .  L e v e ls  o f  p e r i p h e r a l  p la sm a  o e s t r o g e n s ,  234
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SUMMARY



T h is  t h e s i s  d e s c r i b e s  a  s tu d y  o f  some h o rm o n a l ,  b e h a v i o u r a l  

a n d  g o n a d a l  c h a n g e s  d u r i n g  t h e  p e r i -  and  p o s t - p a r t u r i e n t  p e r i o d  o f  a  

g ro u p  o f  s u c k le d  cows. The i n v e s t i g a t i o n  was commenced j u s t  p r i o r  t o  

c a l v i n g ,  c o n t i n u e d  t h r o u g h  t h e  p o s t - p a r t u m  a n o e s t r u s  p e r i o d ,  and  

t e r m i n a t e d  when p re g n a n c y  was e s t a b l i s h e d .

To e n a b le  o v a r i a n  f u n c t i o n a l  c h a n g e s  t o  be  m o n i to re d  

r a d io im m u n o a s s a y s  w ere  d e v e lo p e d  f o r  p r o g e s t e r o n e ,  o e s t r o g e n s  and 

a n d r o g e n s .  V a l i d a t i o n  o f  t h e s e  a s s a y s  f o r  m easu rem en t  o f  t h e  s t e r o i d s  

i n  p e r i p h e r a l  p la s m a  sa m p le s  was b y  r e c o g n i s e d  r e l i a b i l i t y  c r i t e r i a .

I n  a d d i t i o n ,  by  a p p l y i n g  t h e  m ethods  t o  sam p les  f rom  cows d u r in g  t h e  

o e s t r o u s  c y c l e  c o m p a r is o n  o f  t h e  r e s u l t s  w i t h  o v a r i a n  s t r u c t u r a l  

c h a n g e s ,  an d  w i t h  t h e  l e v e l s  r e p o r t e d  by  o t h e r  w o r k e rs  was p o s s i b l e .

At c a l v i n g  o b s e r v a t i o n s  on t h e  i n t e r - r e l a t i o n s h i p  o f  

p r o g e s t e r o n e ,  o e s t r o g e n s ,  a n d ro g e n s  and  c o r t i s o l  r e v e a l e d  a l t e r a t i o n s  

i n  t h e  p e r i p h e r a l  p la s m a  l e v e l s  o f  t h e s e  horm ones w h ich  gave i n f o r m a t i o n  

on p o s s i b l e  s o u r c e s  o f  s e c r e t i o n ,  and  s u g g e s t e d  f u n c t i o n a l  r o l e s  f o r  

t h e s e  s t e r o i d s  i n  t h e  p r o c e s s  o f  b i r t h .

P o s t - p a r t u m  t h e  p e r i p h e r a l  p la sm a  l e v e l s  o f  p r o g e s t e r o n e ,  

o e s t r o g e n s ,  an d  a n d ro g e n s  w ere  r e l a t e d  t o  t h e  p r e s e n c e  o f  f o l l i c l e s  

an d  c o r p o r a  l u t e a  i n  t h e  o v a r i e s ,  t o  t h e  s i z e  an d  d e g r e e  .o f  t u r g i d i t y  

o f  t h e  u t e r i n e  h o r n s ,  an d  t o  b e h a v i o u r a l  c h a n g e s  t y p i f y i n g  p r o o e s t r u s  

and  o e s t r u s .  S u b d i v i s i o n  o f  t h e  a n o e s t r u s  p e r i o d  on t h e  b a s i s  o f  

e n d o c r i n o l o g i c a l  an d  g o n a d a l  s t r u c t u r e  c h a n g e s ,  a n d  c o m p a r is o n  o f  

s i l e n t ,  o v e r t  an d  f a l s e  h e a t s  d u r in g  t h e  p e r i o d  o f  s tu d y  e l u c i d a t e d  

some a s p e c t s  o f  t h e  a e t i o l o g y  o f  t h i s  p e r i o d  o f  a l t e r e d  r e p r o d u c t i v e  

f u n c t i o n .



I n  a n im a ls  i n  w h ich  p r e g n a n c y  was e s t a b l i s h e d  l u t e a l  f u n c t i o n  

was com pared  t o  t h a t  o b s e r v e d  e a r l i e r  i n  t h e  p o s t - p a r t u m  p e r i o d  an d  t o  

d i o e s t r u s  p r o g e s t e r o n e  l e v e l s  i n  c y c l i n g  cows. The c l i n i c a l  

s i g n i f i c a n c e  o f  c y s t i c  o v a r i a n  s t r u c t u r e s  r e c o r d e d  m a in ly  d u r in g  e a r l y  

p re g n a n c y  was s t u d i e d .

The r e s u l t s  o f  t h e  t h e s i s  r a i s e d  t h e  q u e s t i o n  o f  t h e  v a lu e  

o f  some o f  t h e  a c c e p t e d  p a r a m e t e r s  t o  d e te r m in e  i f  o e s t r o u s  c y c l e s  

w ere  o c c u r r i n g  i n  cows. I n  a d d i t i o n  t h e  a c c u r a c y  o f  e n d o c r i n o l o g i c a l ,  

b e h a v i o u r a l  and  s t r u c t u r a l  c h a n g es  i n  t h e  r e p r o d u c t i v e  t r a c t  a s  a  

means o f  a s s e s s i n g  t h e  s t a g e  o f  t h e  o e s t r o u s  c y c l e  w ere  d i s c u s s e d .



CHAPTER ONE 

GENERAL INTRODUCTION



I t  i s  now w e l l  r e c o g n i s e d  t h a t  i n  mamtnals r e p r o d u c t i o n  demands 

t h e  a b i l i t y  n o t  s im p ly  t o  p ro d u c e  gam etes  b u t  n e c e s s i t a t e s  t h e  

o c c u r r e n c e  o f  num erous e v e n t s  i n  d i f f e r e n t  p a r t s  o f  t h e  b o d y . Not o n ly  

m ust t h e s e  many s t r u c t u r a l  and  f u n c t i o n a l  c h a n g e s  t a k e  p l a c e ,  b u t  t h e y  

m ust be s y n c h r o n i s e d  i n  many i n s t a n c e s ,  b o th  w i t h i n  and be tw een  

i n d i v i d u a l s .  A l th o u g h  t h e  g am e to g en ic  a s p e c t s  o f  r e p r o d u c t i o n  had  b een  

e l u c i d a t e d  by l 8 2 T , when Dumas showed t h a t  u n io n  o f  sperm  and  ovum l e d  

t o  t h e  f o r m a t i o n  o f  a  new i n d i v i d u a l ,  n e i t h e r  t h e  r e g u l a t i o n  o f  e v e n t s  

w i t h i n  t h e  o v a r i e s  n o r  t h e  i n f l u e n c e  o f  t h e s e  o r g a n s  on o t h e r  p a r t s  o f  

t h e  body was a p p r e c i a t e d .

F o l lo w in g  s t u d i e s  su c h  a s  t h o s e  o f  L a t a s t e  ( 1 8 8 ? ) ,  Khauer ( I 8 9 6 ) ,  

M a r s h a l l  (1903)  and  B o u in ,  A nce l  and  V i l l e m i n  (1 9 0 6 ) a  f u n c t i o n a l  

r e l a t i o n s h i p  b e tw e en  t h e  o v a r i e s  and t h e  s e r i e s  o f  r e g u l a r  r e c u r r e n t  

c h a n g e s  c o m p r i s in g  t h e  o e s t r o u s  c y c l e  had  b een  p r o p o s e d .  F u r t h e r  w o rk ,  

n o t a b l y  by S to c k a r d  and  P a p a n ic o l a o u  (19IT )  and  Long and  Evans ( 1 9 2 2 ) ,  

c o n f i rm e d  t h e  a s s o c i a t i o n  b e tw een  on t h e  one h a n d ,  f o l l i c u l a r  d e v e lo p m en t  

and  t h e  b e h a v i o u r a l  s t a t e  o f  o e s t r u s ,  and  on t h e  o t h e r ,  t h e  p r e s e n c e  o f  

c o r p o r a  l u t e a  and p r o l i f e r a t i o n  o f  t h e  u t e r i n e  e n d o m e tr iu m . P r i o r  t o  

t h i s  Loeb ( l 9 l 4 )  had  p r o v id e d  t h e  f i r s t  m a jo r  i n d i c a t i o n  o f  a  means by 

w hich  t h e  d e v e lo p m en t  o f  o v a r i a n  s t r u c t u r e s ,  a n d ,  t h e r e f o r e ,  i n  t h e  

l i g h t  o f  l a t e r  s t u d i e s  a l l  t h e  o t h e r  ch an g es  o f  t h e  o e s t r o u s  c y c l e ,  

c o u ld  be r e g u l a t e d .  By e x c i s i n g  c o r p o r a  l u t e a  he was a b l e  t o  s h o r t e n  

t h e  i n t e r v a l  f rom  one o v u l a t i o n  t o  t h e  n e x t  t h u s  r e i n f o r c i n g  t h e  c o n c e p t  

o f  M a r s h a l l  and  J o l l y  ( 1 9 0 5 ) t h a t  t h e  c y c l i c a l  d e v e lo p m e n t  o f  f o l l i c l e s  

and  c o r p o r a  l u t e a  b a s i c a l l y  d e pended  on t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  

l a t t e r  t i s s u e .  Wlien p r e s e n t  i n  t h e  o v a r i e s ,  t h e  c o r p u s  lu te u m  was .



c o n s id e r e d  t o  e x e r t  a  dom inan t  e f f e c t  w h ich  p e r s i s t e d  u n t i l  su c h  t im e  

as  t h e  l u t e a l  t i s s u e  r e g r e s s e d  a t  t h e  end o f  i t s  i n h e r e n t  l i f e  span  

when f o l l i c u l a r  d e v e lo p m en t  was r e - i n i t i a t e d .

Heape (1 9 O5 ) q u e s t i o n e d  t h e  c o n c e p t  o f  t h e  o v a r i e s  th e m s e lv e s  

c o n t r o l l i n g  t h e  d e v e lo p m en t  o f  f o l l i c l e s  and  c o r p o r a  l u t e a .  A l th o u g h  

c i r c u m s t a n t i a l  e v id e n c e  o f  an e x t r a  g o n a d a l  i n f l u e n c e  on o v a r i a n  

f u n c t i o n  had  b e e n  s u g g e s t e d  by t h e  c l i n i c a l  o b s e r v a t i o n s  o f  L o ra in  

(1 8 7 1 } an.d t h e  hypophysectom y e x p e r im e n t s  o f  Crowe, C ush ing  and Homaris 

(1909)5  i t  was n o t  u n t i l  1921 t h a t  Evans and  Long p r o v id e d  p r o o f  t h a t  

t h e r e  was in d e e d  e x t r a  g o n a d a l  c o n t r o l  o f  o v a r i a n  f u n c t i o n .  These  

e a r l y  e x p e r im e n t s  o f  Evans and  Long (1921) on a n t e r i o r  p i t u i t a r y  

e x t r a c t s  were f o l l o w e d  by t h e  d e m o n s t r a t i o n s  by  Zondek and  A schheim  

(1 9 2 6 ) and  Sm ith  an d  E n g le  (1927) t h a t  i n j e c t i o n s  o f  p i t u i t a r y  e x t r a c t s  

t o  im m atu re  a n i m a l s ,  o r  i m p l a n t a t i o n  o f  p i t u i t a r y  t i s s u e  t o  h y p o -  

p h y s e c to m is e d  h o s t s ,  c o u ld  in d u c e  b o th  f o l l i c u l a r  and  l u t e a l  t i s s u e  

d e v e lo p m en t  i n  t h e  o v a r i e s .  Based on t h e s e  o b s e r v a t i o n s  t h e s e  a u t h o r s  

p ro p o s e d  t h a t  t h e  p i t u i t a r y ,  by  r e l e a s e  o f  s p e c i f i c  s u b s t a n c e s ,  

d e te r m in e d  w hich  s t r u c t u r e s  d e v e lo p e d  i n  t h e  o v a r i e s .

F o l lo w in g  t h e  a p p r e c i a t i o n  t h a t  o v a r i a n  s t r u c t u r e s  had  an  

e n d o c r in e  r o l e  i n  c o n t r o l  o f  e v e n t s  w i t h i n  t h e  o e s t r o u s  c y c l e ,  s t u d i e s  

w ere  d i r e c t e d  to w a rd s  i d e n t i f i c a t i o n  o f  compounds t h a t  c o u ld  f u l f i l  

t h e  r e g u l a t o r y  r o l e  o f  f o l l i c l e s  and c o r p o r a  l u t e a .  These i n v e s t i g a t i o n s  

l e d  t o  t h e  i s o l a t i o n  o f  t h e  f i r s t  c r y s t a l l i n e  o e s t r o g e n ,  o e s t r o n e ,  by 

D o isy  and  T haye r  (1929) and  o f  p r o g e s t e r o n e  (C o rn e r  and A l l e n ,  1 9 2 9 ) .  

E f f o r t s  t o  c o n f i r m  t h e  c o n c e p t  o f  d i f f e r i n g  t r o p h i c  s u b s t a n c e s  from  

t h e  p i t u i t a r y  c o n t r o l l i n g  t h e  deve lopm en t o f  o v a r i a n  s t r u c t u r e s  l e d  t o



F e v o ld ,  H isaw  and  L eonard  (1931) i s o l a t i n g  two b i o l o g i c a l l y  d i s t i n c t  

f r a c t i o n s  f rom  c ru d e  a n t e r i o r  p i t u i t a r y  e x t r a c t s .  I n  t e s t  a n i m a l s ,  

one o f  t h e s e  was fo u n d  t o  p ro d u c e  f o l l i c u l a r  g ro w th ;  t h e  o t h e r  i f  

i n j e c t e d  i n t o  a n im a ls  w i t h  d e v e lo p e d  f o l l i c l e s  l e d  t o  o v u l a t i o n  and 

s u b s e q u e n t  l u t é i n i s a t i o n .

A f u n c t i o n a l  r e l a t i o n s h i p  b e tw een  t h e  e n d o c r i n e  p r o d u c t s  o f  

t h e  a n t e r i o r  p i t u i t a r y  and  t h e  o v a r i e s  was p r o p o s e d  by  Moore and  P r i c e  

(1 9 3 2 ) .  They s u g g e s t e d  t h a t  n o t  o n l y  d i d  t h e  p i t u i t a r y  g o n a d o t r o p h ic  

hormones r e g u l a t e  f o l l i c l e s  an d  c o r p o r a  l u t e a  b u t  t h a t  t h e y  th e m s e lv e s  

were i n  t u r n  c o n t r o l l e d  by t h e  s e c r e t i o n s  o f  t h e  o v a r i a n  s t r u c t u r e .  

R e tu r n in g  t o  t h e  p r e v i o u s l y  p ro p o s e d  c o n c e p t  o f  Loeb ( I 9 l 4 )  on t h e  

d om inan t e f f e c t  o f  t h e  c o rp u s  lu te u m  d u r in g  t h e  o e s t r o u s  c y c l e  t h i s  

was i n t e r p r e t e d  as  b e i n g  due t o  t h e  s e c r e t i o n  o f  a  p r o g e s t i n  i n h i b i t i n g  

t h e  r e l e a s e  o f  t h e  p i t u i t a r y  hormone r e q u i r e d  f o r  o v u l a t i o n .  On t h e  

o t h e r  han d  a  r e l a t i o n s h i p  b e tw e e n  f o l l i c u l a r  d e v e lo p m e n t  and  t h e  

r e l e a s e  o f  t h e  h y p o p h y s e a l  o v u l a t o r y  hormone was d e m o n s t r a t e d  by Lane 

( 1 9 3 5 ) who showed a  m arked  r e d u c t i o n  i n  p i t u i t a r y  o v u l a t i n g  a c t i v i t y  

f o l l o w i n g  i n j e c t i o n s  o f  o e s t r o g e n s .  By t h e  mid 1 9 3 0 ’ s t h e r e f o r e  t h e  

o u t l i n e  o f  a  s y s te m  l i n k i n g  t h e  t r a n s i t i o n  from  t h e  f o l l i c u l a r  t o  t h e  

l u t e a l  p h a s e  was p r o p o s e d .  P in c u s  (1936) d e m o n s t r a t e d  t h a t  g o n a d o t r o p h in s  

were r e q u i r e d  f o r  t h e  m e i o t i c  d i v i s i o n  o f  t h e  o o c y t e .

W ith  t h e  r e c o g n i t i o n  t h a t  t h e  p i t u i t a r y  was i n v o l v e d  i n  t h e  

r e g u l a t i o n  o f  o v a r i a n  f u n c t i o n  a t t e n t i o n  t u r n e d  to w a rd s  p o s s i b l e  

m echanism s o f  c o n t r o l  o f  t h e  p i t u i t a r y .  As e a r l y  a s  1 9OI F r o h l i c h  

had  n o t i c e d  t h a t  i n  some c a s e s  o f  d e f e c t i v e  m o r p h o l o g ic a l  dev e lo p m en t 

o f  t h e  g e n i t a l  t r a c t  l e s i o n s  w ere  p r e s e n t  i n  t h e  h y p o th a la m ic  r e g i o n



o f  t h e  b r a i n .  The d e m o n s t r a t i o n  by G reep (1936)  t h a t  t h e  r e l a t i v e  

a n a to m ic a l  p o s i t i o n s  o f  t h e  h y p o th a la m u s  an d  a n t e r i o r  p i t u i t a r y  were 

e s s e n t i a l  t o  n o rm a l  f u n c t i o n i n g  o f  t h e  l a t t e r  t i s s u e  s t i m u l a t e d  

s t u d i e s  i n t o  t h e  r e g u l a t o r y  i n f l u e n c e  o f  t h e  h y p o th a la m u s .  H a r r i s  

(1 9 3 7 ) showed t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  h y p o th a la m u s  c o u ld  

l e a d  t o  o v u l a t i o n  o f  t h e  o e s t r o u s  r a b b i t .  I t  h a d  p r e v i o u s l y  b een  

shown t h a t  o v u l a t i o n  i n  t h i s  s p e c i e s  c o u ld  be in d u c e d  e i t h e r  by  

i n j e c t i o n s  o f  g o n a d o t r o p h in s  o r  o f  o e s t r o g e n s .  Taken t o g e t h e r ,  

t h e r e f o r e ,  t h e s e  o b s e r v a t i o n s  d e m o n s t r a t e d  t h e  p o s s i b i l i t y  o f  a  

f u n c t i o n a l  c o n n e c t io n  b e tw e en  o v a r i a n  and h y p o p h y s e a l  a c t i v i t y ,  by  

way o f  t h e  h y p o th a la m u s .  F u r t h e r  e v id e n c e  o f  t h e  e x i s t e n c e  o f  t h e  

h y p o th a la m ic  c o n t r o l  c o n c e p t  was p r o v id e d  by t h e  e x p e r im e n t s  o f  Dey, 

F i s h e r ,  B e r ry  and  Ranson ( l9 ^ 0 )  who r e p o r t e d  t h a t  i f  l e s i o n s  w ere  

p ro d u c e d  i n  t h e  b r a i n  j u s t  c a u d a l  t o  t h e  o p t i c  c h ia s m a  f o l l i c u l a r  

g ro w th  o c c u r r e d  b u t  o v u l a t i o n  d i d  n o t  t a k e  p l a c e .

B e s id e s  i t s  p r o b a b l e  in v o lv e m e n t  i n  t h e  r e l e a s e  o f  p i t u i t a r y  

g o n a d o t r o p h in s  t h e  im p o r ta n c e  o f  t h e  h y p o th a la m ic  r e g i o n  t o  o t h e r  

a s p e c t s  o f  t h e  o e s t r o u s  c y c l e  became e v i d e n t  f o l l o w i n g  t h e  e x p e r im e n t s  

o f  Dempsey and  R io c h  (.1939) and  H a r r i s ,  M ic h a e l  and S c o t t  (1958) •

By s e c t i o n i n g  t h e  b r a i n  s tem  a t  d i f f e r e n t  l e v e l s  and  by  i m p l a n t a t i o n  

o f  o e s t r o g e n s  t o  s p e c i f i c  a r e a s  o f  t h e  b r a i n  t h e  im p o r ta n c e  o f  t h e  

u p p e r  m id b r a i n  and  h y p o th a la m u s  i n  b r i n g i n g  a b o u t  t h e  b e h a v i o u r a l  

c h a n g e s ,  r e f e r r e d  t o  a s  o e s t r u s ,  was r e v e a l e d .  Much o f  t h e  work o f  

t h e  above  a u t h o r s  an d  o t h e r  c o n te m p o ra ry  s t u d i e s  h a s  b e e n  r e v ie w e d  by  

Savryer ( 1 9 6 0 ) . I t  t h e r e f o r e  a p p e a r e d  t h a t  t h e  s m a l l  h y p o th a la m ic  

r e g i o n  o f  t h e  b r a i n  was i n v o lv e d  n o t  o n ly  i n  r e g u l a t i o n  o f  t h e



g a m e to g en ic  a s p e c t s  o f  r e p r o d u c t i o n ,  by v i r t u e  o f  t h e  c o n t r o l  e x e r t e d  

v i a  t h e  p i t u i t a r y  g l a n d ,  b u t  t h a t  i t  was a l s o  e s s e n t i a l  t o  t h e  

b e h a v i o u r a l  a s p e c t s .

A l th o u g h  t h e  s u g g e s t e d  s e q u e n t i a l  r e l e a s e  o f  p i t u i t a r y  

g o n a d o t r o p h in s  a s  r e g u l a t o r s  o f  t h e  f o r m a t i o n  o f  f o l l i c l e s  and  c o r p o r a  

l u t e a  p r o v id e d  a  p o s s i b l e  e x p l a n a t i o n  o f  t h e  c o n t r o l  o f  t h e  o e s t r o u s  

c y c l e ,  d o u b t s  a r o s e  a s  t o  t h e  v a l i d i t y  o f  t h i s  c o n c e p t .  E x p e r im e n ts  

w i th  i n c r e a s i n g l y  p u r i f i e d  p i t u i t a r y  e x t r a c t s  ( l i i s a w ,  F e v o ld  and 

G re e p ,  1936) showed t h a t  a l t h o u g h  t h e  p i t u i t a r y  f o l l i c l e  s t i m u l a t i n g  

f r a c t i o n  c o u ld  in d u c e  f o l l i c u l a r  g ro w th  a  c e r t a i n  amount o f  l u t e i n i s i n g  

f r a c t i o n  had  t o  be a d m i n i s t e r e d  a t  t h e  same t im e  i f  t h e s e  f o l l i c l e s  

w ere  t o  be c a p a b l e  o f  o v u l a t i n g .  F o l lo w in g  f u r t h e r  e x p e r im e n t s  w i t h  

even  p u r e r  p r e p a r a t i o n s  o f  f o l l i c l e  s t i m u l a t i n g  hormone (FSH) G re e p ,  

VanDyke and  Chow (19 H2 ) p o s t u l a t e d  t h a t  n o rm a l  f o l l i c u l a r  d e v e lo p m en t  

r e q u i r e d  n o t  o n l y  FSH b u t  a l s o  l u t e i n i s i n g  hormone (LH) -  t h e  l a t t e r  

b e in g  a  p r e - r e q u i s i t e  f o r  o e s t r o g e n  s e c r e t i o n .  T h e r e f o r e  i t  a p p e a r e d  

t h a t  t h e  f o l l i c u l a r  p h a s e  o f  t h e  c y c l e  was n o t  c o n t r o l l e d  e x c l u s i v e l y  

by  t h e  r e l e a s e  o f  a  s i n g l e  g o n a d o t r o p h in  f r a c t i o n .

Around t h e  t im e  t h e  c o n c e p t  o f  a  s i n g l e  hormone b e in g  

r e s p o n s i b l e  f o r  f o l l i c u l a r  d e v e lo p m en t  was b e in g  q u e s t i o n e d ,  t h e  c o n t r o l  

o f  l u t e a l  f u n c t i o n  had  become c o m p l ic a t e d  by t h e  p o s s i b l e  in v o lv e m e n t  

o f  a  hormone c a l l e d  P r o l a c t i n .  T h is  s u b s t a n c e ,  w h ich  had  b e e n  

p a r t i a l l y  p u r i f i e d  from  c ru d e  a n t e r i o r  p i t u i t a r y  e x t r a c t s  by  R id d le  

and  B a te s  i n  1 9 3 3 ,  was c l e a r l y  d e m o n s t r a t e d  t o  h av e  l u t e o t r o p h i c  

p r o p e r t i e s  i n  t h e  r a t  by  Astwood (19^1 ) and Cutu3.y ( 19U2 ) ,  The 

i d e n t i f i c a t i o n  o f  p r o l a c t i n  i n  t h e  p i t u i t a r i e s  o f  a  r a n g e  o f  a n im a ls



l e d  t o  a  g e n e r a l  a c c e p t a n c e  o f  i t s  in v o lv e m e n t  i n  t h e  r e g u l a t i o n  o f  

l u t e a l  f u n c t i o n .  H ow ever, s u b s e q u e n t  s t u d i e s  c a s t  d o u b t  on t h i s  

s u g g e s t i o n  i n  s p e c i e s  o t h e r  t h a n  r o d e n t s .  I n  t h e  cow, f o r  e x a m p le .  

S m ith ,  Me Shan and  C a s id a  (1957) fou n d  t h a t  d a i l y  i n j e c t i o n s  o f  

p r o l a c t i n  were i n e f f e c t i v e  i n  p r o lo n g i n g  t h e  l i f e  o f  t h e  c o rp u s  lu te u m .  

LH, b u t  n o t  p r o l a c t i n ,  i n c u b a t e d  w i t h  b o v in e  c o r p o r a  l u t e a  s l i c e s  l e d  

t o  s i g n i f i c a n t  p r o g e s t e r o n e  p r o d u c t i o n  ( S a v a r d ,  M arsh and  R i c e ,  I 9 6 3 ) .  

A rm strong  and H a n se l  ( l9 5 9 )  and  S t a p l e s  an d  H a n s e l  ( 196I )  showed t h a t  

o x y to c in  i n h i b i t e d  b o t h  l u t e a l  g row th  and f u n c t i o n  i n  t h e  cow. T h is  

i n h i b i t i o n  c o u ld  be overcom e by LH b u t  n o t  by p r o l a c t i n  (D o n a ld s o n ,  

H an se l  and  Van V l e k ,  I 9 6 5 ) .  In  v iew  o f  t h e  p o s s i b l e  s y n e r g i s t i c  

e f f e c t  o f  FSH and LH i n  p r o d u c in g  n o rm a l f o l l i c u l a r  d e v e lo p m e n t ,  FSH 

was i n v e s t i g a t e d  a s  t o  i t s  r o l e  i n  r e g u l a t i o n  o f  l u t e a l  f u n c t i o n  i n  

t h e  cow, L ike  p r o l a c t i n ,  h o w e v e r ,  b o t h  by i t s e l f  and  i n  c o m b in a t io n  

w i t h  o t h e r  horm ones FSH f a i l e d  t o  d e m o n s t r a te  any  l u t e o t r o p h i c  a c t i v i t y .

T h e r e f o r e ,  a l t h o u g h  much o f  t h e  e a r l i e r  work on r e g u l a t i o n  o f  

t h e  o e s t r o u s  c y c l e  was a p p l i c a b l e  t o  a  w ide  r a n g e  o f  a n im a l  s p e c i e s  

s u b s e q u e n t  s t u d i e s  s e r v e d  t o  h i g h l i g h t  s p e c i e s  v a r i a b i l i t y  o f  t h e  

common p a t t e r n .  A f u r t h e r  exam ple o f  t h i s  v a r i a n c e  i n  r e l a t i o n  t o  

c o n t r o l  o f  l u t e a l  f u n c t i o n  a r o s e  i n  t h e  mid 1 9 6 0 ' s .  S h o r t  ( 196U) 

d e m o n s t r a t e d  t h a t  i n  t h e  sh e e p  p r o g e s t e r o n e  c o n t i n u e d  t o  be  s e c r e t e d  

i n  n o rm a l  am ounts f o l l o w i n g  h y p o p h y se c to m y . I n  c o n t r a s t  t h e  s t u d i e s  

o f  D ona ld son  e t  a l . (1 9 6 5 ) an d  H a n se l  and S e i f e r t  (1 9 6 7 ) s u g g e s t e d  

t h a t  i n  t h e  cow t h e  c o rp u s  lu te u m  r e q u i r e d  e i t h e r  s e v e r a l ,  o r  c o n t i n u e d ,  

LH s t i m u l i  f o r  n o rm a l  f u n c t i o n .  I n  t h e  cow t h e r e f o r e  LH a lo n e  

a p p e a r e d  t o  r e g u l a t e  b o t h  g row th  o f ,  and  s t e r o i d o g e n e s i s  by t h e  c o rp u s  

l u te u m .



J u s t  a s  t h e  c o n c e p t  o f  t h e  c o n s e c u t i v e  in d e p e n d e n t  r e l e a s e  

o f  two g o n a d o t r o p h in s  i n  r e g u l a t i n g  t h e  o e s t r o u s  c y c l e  was b e in g  

q u e s t i o n e d  i n  t h e  1 9 3 0 ' s ,  so  a l s o  was t h e  i d e a  t h a t  t h e  o v a r i a n  s t e r o i d s  

were s e c r e t e d  i n d e p e n d e n t l y  an d  p ro d u c e d  s p e c i f i c  u n r e l a t e d  e f f e c t s .

The s u g g e s t i o n  t h a t  some o f  t h e  c h a n g e s  a s c r i b e d  s o l e l y  t o  p r o g e s t e r o n e  

c o u ld  n o t  be p r o d u c e d  w i th o u t  t h e  p r i o r  a c t i o n s  o f  e o s t r o g e n s  was f i r s t  

made by  A l le n  (1 9 3 0 ) .  The v a l i d i t y  o f  t h i s  h y p o t h e s i s  i n  r e l a t i o n  

t o  p r o l i f e r a t i v e  change  i n  t h e  u t e r i n e  endom etrium  was d e m o n s t r a t e d .

The c o n c e p t  o f  o e s t r u s  a s  a  f u n c t i o n  s o l e l y  o f  t h e  e f f e c t  o f  o e s t r o g e n  

s e c r e t i o n  was a l s o  q u e s t i o n e d .  In  t h e  o v a r i e c t o m i s e d  g u in e a  p i g  a 

more n o rm a l  e x p r e s s i o n  o f  o e s t r u s  r e s u l t e d  from  t h e  i n j e c t i o n  o f  

o e s t r o g e n s  f o l l o w e d  by p r o g e s t e r o n e  t h a n  from  o e s t r o g e n s  a lo n e  

(Dempsey, H e r tz  and Young, 1 9 3 6 ) .  A l th o u g h  t h i s  o b s e r v a t i o n  was 

c o n f i r m e d  i n  s e v e r a l  o t h e r  l a b o r a t o r y  a n im a ls  ( E v e r e t t ,  19^8) i n  t h e  

cow Hammond and  Day (194^)  fo u n d  t h a t  o e s t r o g e n s  a lo n e  c o u ld  l e a d  t o  

a  f u l l  m a t in g  r e s p o n s e .  How ever, Melampy, Emmerson, R a k e s ,  Hanka and  

E ness  (1957) c o n s i d e r e d  t h a t  i n  t h i s  s p e c i e s  s m a l l  am ounts  o f  

p r o g e s t e r o n e  w ere  a l s o  e s s e n t i a l .  T h is  l a t e r  s u g g e s t i o n  was s u p p o r t e d  

by  t h e  p r e v i o u s  o b s e r v a t i o n  o f  Edger (1953) t h a t  p r e - o v u l a t o r y  

f o l l i c u l a r  f l u i d  i n  t h e  cow c o n t a i n e d  p r o g e s t e r o n e .

In  a d d i t i o n  t o  t h e  b e h a v i o u r a l  e f f e c t s  o f  o e s t r o g e n s  b e in g  

c o m p l ic a t e d  by  t h e  above  s t u d i e s  t h e  r o l e  o f  t h i s  hormone a s  a  means 

o f  i n d u c i n g  o v u l a t i o n  t h r o u g h  r e l e a s e  o f  p i t u i t a r y  g o n a d o t r o p h in s  was 

b e in g  q u e s t i o n e d .  I n  t h e  r a t  S e ly e  , Brown and  C o l l i p  (1936) showed 

t h a t  i n j e c t i o n s  o f  v e r y  s m a l l  am ounts o f  p r o g e s t e r o n e  c o u ld  f a c i l i t a t e  

o v u l a t i o n  and c o rp u s  lu te u m  f o r m a t i o n .  S i m i l a r  f i n d i n g s  were r e p o r t e d



i n  t h e  cow hy  A l l e g r a  and  Pace  ( l9 5 0 )  and  H a n se l  and  T r im h e rg e r  ( 1 9 5 2 ) .  

A long w i t h  t h e  e v id e n c e  on l u t é i n i s a t i o n  o f  t h e  t h e c a  i n t e r n a  and  t h e  

p r o g e s t e r o n e  c o n t e n t  o f  p r e - o v u l a t o r y  f o l l i c l e s  (H a n s e l  e t  a l . ,  1 9 5 2 ;  

E d g a r ,  1 9 5 3 ) ,  t h e s e  s t u d i e s  s u g g e s t e d  t h a t  i n  t h e  cow , a s  i n  r o d e n t s ,  

p r o g e s t e r o n e  may p l a y  a  r o l e  i n  t h e  n o rm a l p r o c e s s  o f  o v u l a t i o n  and 

c o rp u s  lu te u m  f o r m a t i o n .  However, i n  b o t h  t h e  r a t  and  cow, i n c r e a s i n g  

t h e  amount o f  p r o g e s t e r o n e  i n j e c t e d  was fo u n d  t o  b l o c k  o v u l a t i o n  i n  

a g re e m e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  o v u l a t i o n  d i d  n o t  o c c u r  i n  t h e  

p r e s e n c e  o f  a  c o r p u s  lu te u m  i n  t h e  o v a r i e s  (T r im b e r g e r  and  H a n s e l ,

1 9 5 5 )- A s itu a t io n  had th erefo re  been reached where progesterone  

appeared capable o f  both f a c i l i t a t in g  or in h ib it in g  the r e le a se  o f  LH 

depending on the dosage used , and th a t th is  hormone appeared in  some 

in stan ces to  b lo ck , and in  others to  f a c i l i t a t e ,  the e f f e c t s  o f  

oestrogen s. In an attempt, to  exp la in  the dual e f f e c t  o f progesterone  

in  r e la t io n  to  LH r e le a se  Kamakami and Sawyer (1959) and Sawyer,

Kamakami and  K anem atsu  (1964 )  h av e  p r o p o s e d  t h e  e x i s t e n c e  o f  a  h y p o 

t h a l a m i c  t h r e s h o l d  t o  g o n a d o t r o p h in  r e l e a s e  w h ich  c o u l d  be d i m i n i s h e d  

by p r o g e s t e r o n e  a c t i n g  i n  t h e  p r e s e n c e  o f  o e s t r o g e n s .  W ithou t  

o e s t r o g e n s  b e i n g  p r e s e n t  i t  was s u g g e s t e d  t h a t  t h e  e f f e c t  o f  

p r o g e s t e r o n e  was t o  r a i s e  t h i s  a r o u s a l  t h r e s h o l d  and t h e r e f o r e  i n h i b i t  

LH r e l e a s e .

W ith  t h e  r e c o g n i t i o n  o f  t h e  r e g u l a t o r y  i n f l u e n c e  o f  t h e  

h y p o th a la m u s  on t h e  p i t u i t a r y  e f f o r t s  were d i r e c t e d  to w a rd s  i s o l a t i o n  

o f  s u b s t a n c e s  from  t h e  fo rm e r  t i s s u e  t h a t  c o u ld  i n f l u e n c e  h y p o p h y s e a l  

f u n c t i o n .  F o l lo w in g  t h e  i d e n t i f i c a t i o n  o f  a  c o r t i c o - t r o p h i n - r e l e a s i n g  

f a c t o r  by  S a f f r o n  an d  S c h a l l y  (.1955) a  s u b s t a n c e  w h ich  c o u ld  b r i n g  a b o u t
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a  d e c l i n e  i n  p i t u i t a r y  LH was i s o l a t e d  (McCann, T a l e i s n i k  and  F r ie d m a n ,  

I 96O; McCann, 19 6 2 ;  Chowers and  McCann, I 9 6 5 ; R a im i re z  and  S aw yer ,  

1 9 6 5 ) .  I n  a d d i t i o n  an  F S H ~ re le a s in g  s u b s ta n c e  i n  h y p o th a la m ic  e x t r a c t s  

has  b e e n  d e s c r i b e d  ( i g a r a s h i  and  McCann, 1 9 6 4 ) .  T hese  s u b s t a n c e s  were 

c o n s i d e r e d  t o  be  p r e s e n t  i n  t h e  n e rv e  e n d in g s  i n  t h e  r e g i o n  o f  t h e  

h y p o p h y s e a l  p o r t a l  b lo o d  v e s s e l s  and  t o  p a s s  i n  t h e  b lo o d  s t r e a m  t o  t h e  

p i t u i t a r y .

W ith  t h e  i d e n t i f i c a t i o n  o f  t h e  h y p o th a la m ic  r e l e a s i n g  f a c t o r s  

f u r t h e r  d e t a i l s  o f  t h e  sy s te m  by  w hich  t h e  r e c o g n i s e d  e f f e c t s  o f  g o n a d a l  

s t e r o i d s  w ere  l i n k e d  t o  t h e i r  r e g u l a t o r y  i n f l u e n c e  on g o n a d o t r o p h in  

r e l e a s e  c o u ld  be e l u c i d a t e d .  P r o g e s t e r o n e  was fo u n d  t o  d e c r e a s e  t h e  

L H - r e l e a s in g  f a c t o r  (LHRF) c o n t e n t  i n  t h e  h y p o th a la m u s  o f  t h e  fem a le  

r a t  (M inaguch i and  M e i t e s , I 9 6 6 ) .  T h is  o b s e r v a t i o n  e x p l a i n e d  a  means 

by  w h ich  p r o g e s t e r o n e  c o u ld  e x e r t  i t s  by now w e l l  r e c o g n i s e d  e f f e c t  i n  

b l o c k i n g  o v u l a t i o n ,  O e s t ro g e n s  were found  t o  d e c r e a s e  t h e  h y p o th a la m ic  

c o n t e n t  o f  F S H - r e l e a s in g  f a c t o r  (FSHRF) and p ro d u c e d  o v a r i a n  a t r o p h y  

( M i t t l e r  and  M e i t e s ,  I 9 6 6 ) .  T h is  o b s e r v a t i o n  s u g g e s t e d  t h e  e x i s t e n c e  

o f  a  n e g a t i v e  f e e d b a c k  s y s te m  p o s s i b l y  o p e r a t i n g  t o  r e g u l a t e  f o l l i c u l a r  

d e v e lo p m e n t .  O e s t ro g e n s  w ere  a l s o  shown t o  be a b l e  t o  s u p p r e s s  p la sm a  

LH i n  o v a r i e c t o m i s e d  r a t s  -  t h e  d e c r e a s e  b e in g  p r e v e n t e d  by  

a d m i n i s t r a t i o n  o f  LHRF (McCann, I 9 6 2 ) .  As n o rm a l f o l l i c u l a r  

deve lopm en t had  p r e v i o u s l y  b e e n  shown t o  r e q u i r e  b o t h  FSH and  LH t h e  

d u a l  e f f e c t i v e n e s s  o f  o e s t r o g e n s  i n  s u p p r e s s i n g  b o t h  o f  t h e  r e l e a s i n g  

f a c t o r s  was i n  ag re e m e n t  w i th  t h e  f e e d b a c k  c o n c e p t  a s  a  means o f  

c o n t r o l l i n g  f o l l i c u l a r  g ro w th .  However t h e s e  l a t t e r  r e s u l t s  d i d  n o t  

e x p l a i n  t h e  m echanism  w hereby  o e s t r o g e n  a d m i n i s t r a t i o n  c o u l d ,  i n  some
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c i r c u m s t a n c e s ,  b r i n g  a b o u t  a  d i s c h a r g e  o f  p i t u i t a r y  LH l e a d i n g  t o  

o v u l a t i o n .  One p o s s i b l e  m ethod by  w hich  t h i s  p o s i t i v e  f e e d b a c k  

c o u ld  be  a c h i e v e d  was p r o p o s e d  by Locke and  Dormer ( I 9 6 5 ) and  P i a c s e k  

and M e i te s  (1 9 6 6 ) .  These w o rk e rs  showed t h a t  a  d i r e c t  e f f e c t  o f  

o e s t r o g e n s  on t h e  p i t u i t a r y ,  n o t  m e d ia te d  t h r o u g h  t h e  h y p o th a la m u s ,  

was p o s s i b l e  and  s u g g e s t e d  t h a t  a  p i t u i t a r y  s e n s i t i s a t i o n  e f f e c t  t o  

LHRF m ust be  i n v o l v e d  i n  b r i n g i n g  a b o u t  t h e  p r e - o v u l a t o r y  LH r e l e a s e .

Com bining t h e  r e s u l t s  o f  t h e  above  work w i t h  o b s e r v a t i o n s  on 

t h e  e f f e c t s  o f  e x p e r i m e n t a l  l e s i o n s  i n  d i f f e r e n t  p a r t s  o f  t h e  hypo

t h a la m u s  F l e r k o  ( I 9 6 6 ) p r o p o s e d  a scheme t o  a c c o u n t  f o r  t h e  o b s e rv e d  

d e v e lo p m en t  o f  f o l l i c l e s  and c o r p o r a  l u t e a  d u r i n g  t h e  o e s t r o u s  c y c l e .  

He s u g g e s t e d  t h e  e x i s t e n c e  o f  two c e n t r e s  r e g u l a t i n g  g o n a d o t r o p h i c -  

h o r m o n e - r e l e a s i n g  f a c t o r  (GNRF) r e l e a s e  i n  t h e  h y p o th a la m u s .  He 

p ro p o s e d  t h e  e x i s t e n c e  o f  an  a r e a  r e s p o n s i b l e  f o r  t h e  b a s a l  r e l e a s e  

o f  low  l e v e l s  o f  FSH and LH and a  s e p a r a t e  so  c a l l e d  c y c l i c  a r e a  w hich  

g o v e rn e d  t h e  r e l e a s e  o f  t h e  r e l a t i v e l y  l a r g e  amount o f  LH r e q u i r e d  f o r  

o v u l a t i o n .  G onadal s t e r o i d s  such  a s  p r o g e s t e r o n e  i n h i b i t e d  t h i s  

c y c l i c  c e n t r e  t h u s  b l o c k i n g  o v u l a t i o n  d u r in g  d i o e s t r o u s ;  h o w e v e r ,  

b a s a l  LH and  FSH s e c r e t i o n  c o n t i n u e d  t o  o c c u r . T h u s ,  a l t h o u g h  

o v u l a t i o n  was p r e v e n t e d ,  f o l l i c u l a r  d e v e lo p m en t  c o u ld  t a k e  p l a c e  and  

s e c r e t i o n  o f  LH, i f  r e q u i r e d  a s  a  l u t e o t r o p h i n , c o u ld  c o n t i n u e .  The 

p r e - o v u l a t o r y  p o s i t i v e  f e e d b a c k  e f f e c t  o f  o e s t r o g e n s  i n  t r i g g e r i n g  an  

LH d i s c h a r g e  was a c h i e v e d  t h r o u g h  s t i m u l a t i o n  o f  t h e  c y c l i c  c e n t r e  by 

a  c r i t i c a l  c o n c e n t r a t i o n  o f  t h e s e  s t e r o i d s .

S u b se q u e n t  t o  t h e  o b s e r v a t i o n s  o f  I g a r a s h i  an d  McCann (1964) 

and M i t t l e r  and  M e i te s  ( 1 9 6 6 ) d o u b t s  have  b e e n  e x p r e s s e d  a s  t o  t h e
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e x i s t e n c e  o f  s e p a r a t e  r e l e a s i n g  f a c t o r s  f o r  FSH and  LH. The 

i n f o r m a t i o n  a v a i l a b l e  a l l o w s  a t  l e a s t  a  p o s s i b l e  s e r i e s  o f  e v e n t s  t o  

be p u t  t o g e t h e r  t o  e x p l a i n  t h e  m o r p h o lo g ic a l  and  b e h a v i o u r a l  c h a n g es  

t h a t  t a k e  p l a c e  d u r i n g ,  and  t h e  m echanism s r e g u l a t i n g ,  t h e  o e s t r o u s  

c y c l e .  T h is  p ro p o s e d  p a t t e r n  i s  sum m arised  i n  d ia g ra m s  1 - 6 .

1 .  Commencing w i t h  a  s i t u a t i o n  where no c o rp u s  lu te u m  i s  

p r e s e n t  i n  t h e  o v a r i e s .  Due t o  t h e  a c t i v i t y  o f  t h e  r e g i o n  o f  t h e  

h y p o th a la m u s ,  r e f e r r e d  t o  a s  t h e  b a s a l  c e n t r e ,  low  l e v e l s  o f  

g o n a d o t r o p h ic  hormone r e l e a s i n g  f a c t o r s  a r e  p a s s e d ,  v i a  t h e  p o r t a l  

v e s s e l s ,  t o  t h e  a n t e r i o r  p i t u i t a r y  and  b r i n g  a b o u t  t h e  r e l e a s e  o f  low 

l e v e l s  o f  g o n a d o t r o p h in s  t o  t h e  c i r c u l a t i o n .  These  low  l e v e l s  o f  

FSH a c t  t o  in d u c e  f o l l i c u l a r  g ro w th  i n  t h e  o v a r i e s  and  t o g e t h e r  w i t h  

LH, t h e s e  f o l l i c l e s  s t a r t  s e c r e t i o n  o f  o e s t r o g e n s .  O e s t ro g e n s  b r i n g  

a b o u t  c h a n g e s  i n  t h e  t u b u l a r  g e n i t a l  t r a c t  and s t i m u l a t e  n u c l e i  i n  

t h e  h y p o th a la m ic  and r e t i c u l a r  a r e a s  o f  t h e  b r a i n  t o  b r i n g  a b o u t  t h e  

b e h a v i o u r a l  p a t t e r n  r e f e r r e d  t o  a s  p r o - o e s t r u s .  In  a d d i t i o n ,  by 

a c t i n g  on t h e  h y p o th a la m u s  t h e y  s e r v e ,  by n e g a t i v e  f e e d b a c k ,  t o  

d i m i n i s h  t h e  a v a i l a b i l i t y  o f  l a r g e  am ounts o f  g o n a d o t r o p h ic  hormone 

r e l e a s i n g  f a c t o r s .

2 . W ith  c o n t i n u e d  g ro w th  o f  t h e  f o l l i c l e s  t h e  p e r i p h e r a l  

p la sm a  o e s t r o g e n  l e v e l  r i s e s  u n t i l  su ch  t im e  a s  a  c o n c e n t r a t i o n  o c c u r s  

i n  t h e  h y p o th a la m ic  r e c e p t o r s  w h ich  i s  s u f f i c i e n t  t o  s t i m u l a t e  t h e  

c y c l i c  c e n t r e .  I n  t h i s  r e s p e c t  i n  s p e c i e s  w here  p r e - o v u l a t o r y  

l u t é i n i s a t i o n  o f  f o l l i c l e s  o c c u r s  p r o g e s t e r o n e  may a l s o  s e r v e  t o  

s t i m u l a t e  t h e s e  h y p o th a la m ic  n u c l e i .  S t i m u l a t i o n  o f  t h e  c y c l i c  c e n t r e  

l e a d s  t o  t h e  r e l e a s e  o f  a  l a r g e  amount o f  g o n a d o t r o p h ic  hormone
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r e l e a s i n g  f a c t o r s  t o  t h e  p i t u i t a r y .  C oupled  w i t h  t h e  p o s s i b l e  

s e n s i t i s a t i o n  o f  t h e  h y p o p h y s e a l  t i s s u e  t o  t h e  r e l e a s i n g  f a c t o r s  a 

l a r g e  d i s c h a r g e  o f  g o n a d o t r o p h in s  o c c u r s .  Around t h e  same t im e  t h e  

l e v e l  o f  o e s t r o g e n s  h a s  a l s o  become s u f f i c i e n t  t o  b r i n g  a b o u t  t h e  

t r a n s f o r m a t i o n  from  a  b e h a v i o u r a l  p a t t e r n  w here  t h e  m ale  i s  a t t r a c t e d  

t o  t h e  fe m a le  t o  one w here  su p e r im p o s e d  on t h i s  sh e  a c c e p t s  h i s  

a t t e n t i o n s .  P r e - o v u l a t o r y  p r o g e s t e r o n e  s e c r e t i o n  may a l s o  a s s i s t  

i n  b r i n g i n g  a b o u t  t h i s  c h a n g e .  By e m p loy ing  a t h r e s h o l d  t o  t h e  

p o s i t i v e  f e e d b a c k  e f f e c t s  o f  o e s t r o g e n s  i n  b o t h  b r i n g i n g  a b o u t  a  l a r g e  

d i s c h a r g e  o f  g o n a d o t r o p h in s  and  s t i m u l a t i n g  o e s t r u s , s y n c h r o n i s a t i o n  

o f  t h e  g a m e to g e n ic  and  b e h a v i o u r a l  a s p e c t s  o f  r e p r o d u c t i o n  i s  a c h i e v e d .

3 .  F o l lo w in g  t h e  l a r g e  d i s c h a r g e  o f  p i t u i t a r y  g o n a d o t r o p h in s  

t h e  p r o c e s s  o f  o v u l a t i o n  o f  o n e ,  o r  s e v e r a l  f o l l i c l e s ,  i s  i n i t i a t e d  

and f i n a l  m a t u r a t i o n  o f  t h e  o o c y te  o c c u r s .  Due t o  t h e  change  in d u c e d  

i n  t h e  f o l l i c l e  t h e  s e c r e t i o n  o f  o e s t r o g e n s  i s  d i m i n i s h e d  and o e s t r o u s  

b e h a v io u r  t e r m i n a t e d .  In  a d d i t i o n ,  t h e  r e l e a s e  o f  p i t u i t a r y  

g o n a d o t r o p h in s  a t  t h i s  t im e  i s  lo w ,  p o s s i b l y  due t o  t h e  c o n c e n t r a t i o n  

o f  o e s t r o g e n s  p r e s e n t  i n  t h e  c i r c u l a t i o n  e x e r t i n g  a n e g a t i v e  f e e d b a c k  

on t h e i r  r e l e a s e  , b u t  more p r o b a b l y  due t o  t h e  l a c k  o f  a v a i l a b l e  s t o r e d  

p i t u i t a r y  g o n a d o t r o p h in s  f o l l o w i n g  t h e  m a s s iv e  p r e - o v u l a t o r y  d i s c h a r g e ,

4 ,  F o l lo w in g  o v u l a t i o n  f o r m a t i o n  o f  a  c o rp u s  lu te u m  o c c u r s .  

P r o g e s t e r o n e  from  t h e  c o rp u s  lu te u m  a c t i n g  on t h e  o e s t r o g e n  p r im e d  

r e p r o d u c t i v e  t r a c t  b r i n g s  a b o u t  t h e  many c h a n g es  c h a r a c t e r i s t i c  o f  

d i o e s t r u s .  A l th o u g h ,  i n  r o d e n t s ,  p r o l a c t i n  i s  r e q u i r e d  f o r  

s t e r o i d o g e n e s i s  by  t h e  c o rp u s  l u t e u m ,  i n  g e n e r a l ,  LH a c t s  a s  t h e  

l u t e o t r o p h i n .  In  some s p e c i e s  a f t e r  an  i n i t i a l  LH s t i m u l u s  p r o g e s t e r o n e
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p r o d u c t i o n  c o n t i n u e s  f o r  t h e  l i f e  span  o f  t h e  c o r p u s  lu te u m  h u t  i n  

o t h e r s  many o r  c o n t i n u a l  r e l e a s e s  o f  LH a r e  r e q u i r e d .  T h is  s i t u a t i o n  

i s  e n s u re d  i n  t h e  l a t t e r  g ro u p  due t o  t h e  f a c t  t h a t  p r o g e s t e r o n e  

i n h i b i t s  o n ly  t h e  c y c l i c  c e n t r e  i n  t h e  h y p o th a la m u s .  Due t o  t h e  

c o n t i n u a l  a c t i v i t y  o f  t h e  u n a f f e c t e d  b a s a l  c e n t r e  g o n a d o t r o p h i n s  a r e  

r e l e a s e d  d u r in g  d i o e s t r u s .

5 . B e s id e s  a f f e c t i n g  l u t e a l  f u n c t i o n  t h e s e  lo w  l e v e l s  o f  

g o n a d o t r o p h in s  a r e  a l s o  a b l e  t o  b r i n g  a b o u t  a  d e g r e e  o f  f o l l i c u l a r  

d e v e lo p m en t  and  o e s t r o g e n  s e c r e t i o n  d u r in g  d i o e s t r u s .  Due, h o w e v e r ,  

t o  t h e  s e c r e t i o n  o f  p r o g e s t e r o n e  t h e s e  o e s t r o g e n s  a r e  n o t  c a p a b l e  o f  

a r o u s i n g  t h e  t h r e s h o l d s  e i t h e r  t o  a c t i v a t e  t h e  c y c l i c  c e n t r e  o r  t o  

i n i t i a t e  o e s t r o u s  b e h a v i o u r .  F i n a l  f o l l i c u l a r  m a t u r a t i o n  and  o e s t r o u s  

b e h a v io u r  a r e  t h e r e f o r e  r e s t r i c t e d  t o  t h e  p e r i o d  when a  f u n c t i o n a l  

c o rp u s  lu te u m  i s  a b s e n t  from  t h e  o v a r i e s .  T h ro u g h o u t  t h e  p e r i o d  o f  

d i o e s t r u s ,  due  t o  t h e  i n h i b i t o r y  e f f e c t  o f  p r o g e s t e r o n e  on t h e  r e l e a s e  

o f  l a r g e  q u a n t i t i e s  o f  g o n a d o t r o p h i n s ,  p i t u i t a r y  s t o r e s  o f  t h e s e  

hormones c a n  be r e p l e n i s h e d .

The above  d e s c r i p t i o n  i s  a l l  t h a t  i s  r e q u i r e d  t o  b r i n g  a b o u t  

one o e s t r o u s  c y c l e .  However, t o  a c c o u n t  f o r  t h e  f a c t  t h a t  t h e  m a j o r i t y  

o f  a n im a ls  a r e  p o l y o e s t r u s ,  an  a d d i t i o n a l  m echanism  t o  a l l o w  t h e  

t e r m i n a t i o n  o f  one o e s t r o u s  c y c l e  and  t h e  commencement o f  t h e  n e x t  i s  

r e q u i r e d .  O b v io u s ly ,  due  t o  t h e  dom inan t e f f e c t  o f  t h e  c o rp u s  lu te u m  

i n  t h e  c y c l e ,  t e r m i n a t i o n  o f  p r o g e s t e r o n e  s e c r e t i o n  by  t h i s  s t r u c t u r e  

i s  e s s e n t i a l  i f  f o l l i c u l a r  d e v e lo p m en t  l e a d i n g  t o  o v u l a t i o n  i s  t o  t a k e  

p l a c e .  A l th o u g h  i t  had  b een  e s t a b l i s h e d  t h a t  t h e  c o r p u s  lu te u m  i n  

many s p e c i e s ,  su c h  a s  t h e  cow, d o e s  n o t  f u n c t i o n  a u to n o m o u s ly ,  i t  was
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n o t  known w h e th e r  i t  was s im p ly  w i th d ra w a l  o f  t r o p h i c  s u p p o r t ,  

i n t e r v e n t i o n  o f  a  l y t i c  m echan ism , o r  a  c o m b in a t io n  o f  b o t h ,  t h a t  

n a t u r a l l y  t e r m i n a t e d  d i o e s t r u s .

In  1923  L oeb , w o rk in g  w i t h  g u in e a  p i g s ,  n o t e d  t h a t  h y s te r e c to m y ,  

d u r in g  d i o e s t r u s  r e s u l t e d  i n  m o r p h o lo g ic a l  an d  f u n c t i o n a l  p e r s i s t e n c e  

o f  t h e  c o r p o r a  l u t e a  beyond t h e  e x p e c te d  t im e  o f  r e g r e s s i o n .  F u r t h e r  

e x p e r im e n t s  d e m o n s t r a t e d  t h a t  t h i s  e f f e c t  was r e l a t e d  t o  t h e  amount 

o f  u t e r i n e  t i s s u e  rem oved r a t h e r  t h a n  t o  any  s p e c i f i c  a r e a  o f  t h e  

u t e r u s  (L oeb , 192%). In  t h e  cow a l s o ,  r e m o v a l  o f  t h e  u t e r u s  was 

a s s o c i a t e d  w i t h  p r o l o n g a t i o n  o f  d i o e s t r u s  (W il tb a n k  and  C a s id a ,  1 9 ^ 6 ) .  

These e x p e r i m e n t s ,  s u g g e s t i n g  t h e  e x i s t e n c e  o f  some s u b s ta n c e  o f  

u t e r i n e  o r i g i n  w h ich  i n f l u e n c e d  t h e  l u t e a l  l i f e  s p a n ,  w ere  e x te n d e d  t o  

c o v e r  some o f  t h e  p r e v i o u s l y  p ro p o s e d  m echanism s i n f l u e n c i n g  t h e  c o rp u s  

lu te u m .  In  cows t h e  a d m i n i s t r a t i o n  o f  e i t h e r  o e s t r o g e n s ,  o x y to c in  

o r  a n t i “ LH se ru m , shown t o  be  e f f e c t i v e  i n  i n t a c t  a n im a ls  a s  a  means 

o f  b r i n g i n g  a b o u t  l u t e a l  r e g r e s s i o n ,  were o n ly  p a r t l y  e f f e c t i v e  i n  

h y s t e r e c t o m i s e d  a n im a ls  ( K a l t e n b a c h ,  W isw ender, Zimmerman and W i l tb a n k , 

I 96U; W il tb a n k ,  I 9 6 6 ; B r u n n e r ,  D onaldson  and H a n s e l ,  I 9 6 9 ) .

C o n v e r s e ly ,  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  LH c o u ld  a t  l e a s t  p a r t l y  

overcom e o e s t r o g e n  in d u c e d  l u t e o l y s i s  i n  t h e  h y s t e r e c t o m i s e d  cow, b u t  

was i n e f f e c t i v e  i n  t h e  i n t a c t  a n im a l  ( W i l tb a n k ,  I 9 6 6 ) .  F u r t h e r  

e v id e n c e  t h a t  a t  l e a s t  i n  t h e  cow l u t e a l  r e g r e s s i o n  o c c u r r e d  due t o  some 

s u b s ta n c e  o t h e r  t h a n  t h e  g o n a d o t r o p h in s  was p r o v id e d  by  t h e  i n  v i t r o  

s t u d i e s  o f  A rm stro n g  and B la c k  (1 9 6 6 ) .  They showed t h a t  l u t e a l  t i s s u e  

rem oved I 8 d a y s  a f t e r  o e s t r u s  had  l o s t  i t s  a b i l i t y  t o  r e s p o n d  t o  LH 

s t i m u l a t i o n .  T h is  s u g g e s t e d  t h a t  t h e  c o rp u s  lu te u m  had  been  a c t e d  on
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by some f a c t o r  p r i o r  t o  t h i s  t i m e .  A l th o u g h  e v id e n c e  was a c c u m u la t in g  

t o  s u g g e s t  t h e  e x i s t e n c e  o f  a  l u t e o l y t i c  s u b s t a n c e  o f  u t e r i n e  o r i g i n ,  

e a r l y  a t t e m p t s  t o  i s o l a t e  su c h  a  compound w ere  u n s u c c e s s f u l  (Malven and 

H a n s e l ,  I 9 6 5 ) .

I n  s p i t e  o f  t h i s ,  a d d i t i o n a l  e v id e n c e  i m p l i c a t i n g  t h e  u t e r u s  

a s  t h e  r e g u l a t o r  o f  t h e  d u r a t i o n  o f  d i o e s t r u s  was b e in g  p r e s e n t e d .  I t  

was fo u n d  t h a t  t h e  u t e r u s  e x e r t e d  a l o c a l ,  d i r e c t  e f f e c t  on t h e  o v a ry  

o f  t h e  same s i d e  and  v a r i o u s  r o u t e s  by  w hich  t h e  u n i d e n t i f i e d  l y t i c  

s u b s ta n c e  a c t e d  w ere  s u g g e s t e d  ( F i s h e r ,  I 9 6 5 }. The i n c r e a s i n g  w e ig h t  

o f  e v id e n c e  s u g g e s t i n g  t h e  e x i s t e n c e  o f  a  l u t e o l y s i n  o f  u t e r i n e  o r i g i n  

h a s  been  r e v ie w e d  by G in th e r  (1 9 6 8 ) ,  and A n d e rs o n ,  B land  and Melampy

(1 9 6 9 ) .  In  t h e  l i g h t  o f  t h e  p ro p o s e d  u t e r i n e  l u t e o l y s i n  c o n c e p t  t h e  

c o n t in u a n c e  o f  l u t e a l  f u n c t i o n  i n  p r e g n a n t  a n im a ls  h a s  been  s u g g e s t e d  

a s  b e in g  due n o t  t o  t h e  r e l e a s e  o f  an em bryonic  l u t e o t r o p h i n ,  a s  

s u g g e s t e d  by N albandov  (1 9 6 1 ) ,  b u t  due  t o  t h e  p r e s e n c e  o f  t h e  embryo 

i n h i b i t i n g  u t e r i n e  l u t e o l y s i n  r e l e a s e  (Moor and  Rowson, I 9 6 6 ; Moor, 

1 9 6 8 ) .  I n  s h e e p ,  t h e  s u b s t a n c e  p r o s t a g l a n d i n  F2a was found  t o  f u l f i l  

many o f  t h e  f u n c t i o n s  e x p e c te d  by t h e  p ro p o s e d  u t e r i n e  l u t e o l y s i n  

(M cCracken, Glew and S c a r a m u z z i , 1970)» E v id e n ce  s u g g e s t i n g  t h e  

p o s s i b i l i t y  t h a t  t h i s  s u b s t a n c e  c o u ld  r e a c h  t h e  c o r p u s  lu te u m  from  t h e  

u t e r u s  by m eans o f  a  c o u n te r  c u r r e n t  m echanism  b e tw e en  t h e  u t e r i n e  v e i n  

and ^ r é m a n  a r t e r y . w a s  p r e s e n t e d  ( B a i r d  and L and , 1 9 7 3 ) .  E x p e r im e n ta l  

l u t e a l  r e g r e s s i o n  h a s  been  shown t o  be p o s s i b l e  i n  a  r a n g e  o f  s p e c i e s  , 

i n c l u d i n g  t h e  cow ( L o u i s ,  H afs and  Morrow, 1 9 7 2 j Rowson, T e r v i t  and  

B ra n d ,  1972) u s i n g  t h i s  compound.
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In summary, the necessary term ination o f d io estru s  to  allow  

a non-pregnant animal to  return to  oestru s was at le a s t  te n ta t iv e ly  

shown to  be achieved, through r e le a se  o f a u ter in e  lu te o ly s in  in  

response to  absence o f  an embryo (see  Diagram 6 ) ,

A lth o u g h  t h e  c o n c e p t  o f  a  r e c i p r o c a l  p i t u i t a r y - g o n a d a l  

r e l a t i o n s h i p  m e d ia te d  t h r o u g h  t h e  h y p o th a la m u s  p r o v i d e d ,  a lo n g  w i t h  

t h e  u t e r i n e  l u t e o l y s i n ,  a  m echanism  f o r  r e g u l a t i o n  o f  t h e  o e s t r u s  

c y c l e ,  i t  had  l o n g  b e e n  a p p r e c i a t e d  t h a t  a d d i t i o n a l  f a c t o r s  w ere  

i n v o l v e d .  S t u d i e s  s u c h  a s  t h o s e  o f  W a llac e  (1 9 0 7 ) and  Loeb ( 1 9 1 7 ) ,  

who d e m o n s t r a t e d  t h a t  s t e r i l i t y  i n  n o n - s e a s o n a l  b r e e d e r s  c o u ld  be 

a t t r i b u t e d  t o  a d v e r s e  c l i m a t i c  c o n d i t i o n s  and  s u b n u t r i t i o n ,  and  

M a r s h a l l  ( I 9O8 ) who showed t h e  e f f e c t  o f  fo o d  i n t a k e  o f  f o e t a l  n u m b e rs ,  

h i g h l i g h t e d  t h e  o v e r r i d i n g  i n f l u e n c e  o f  t h e  e n v i ro n m e n t  on 

r e p r o d u c t i o n .

The r o l e  o f  t h e  e n v iro n m e n t  i n  r e l a t i o n  t o  t h e  o c c u r r e n c e  o f  

o e s t r o u s  c y c l e s  i n  s e a s o n a l  b r e e d e r s  a l s o  d e m o n s t r a t e d  t h a t  a d d i t i o n a l  

c o n t r o l  c o u ld  be s u p e r im p o s e d  on t h e  m echanism s r e g u l a t i n g  e v e n t s  

w i t h i n  t h e  c y c l e .  M a r s h a l l  (1937) drew  a t t e n t i o n  t o  t h i s  and  s u g g e s t e d  

t h a t  t h e s e  f a c t o r s  c o u ld  e x e r t  t h e i r  i n f l u e n c e  by  way o f  t h e  c e n t r a l  

n e rv o u s  s y s te m .  N e u r a l ,  a s  op p o sed  t o  e n d o c r i n e ,  r e g u l a t i o n  o f  e v e n t s  

w i t h i n  t h e  o e s t r o u s  c y c l e  had  p r e v i o u s l y  b e e n  d i s m i s s e d  a t  an  e a r l y  

s t a g e  o f  s t u d i e s  i n t o  t h e  c o n t r o l  m echanism s i n v o l v e d ,  e . g .  (K n a u e r ,  

1 8 9 6 ) .  However, a s  h a s  b e e n  p r e v i o u s l y  n o t e d ,  d u r i n g  t h e  1 9 5 0 ' s  and  

’6 0 ' s  t h e  im p o r ta n c e  o f  t h e  h y p o th a la m ic  r e g i o n  o f  t h e  b r a i n  i n  

r e g u l a t i n g  b o t h  m o r p h o l o g ic a l  d e v e lo p m en t  i n  t h e  o v a r i e s  and  t h e  

a n i m a l ' s  r e p r o d u c t i v e  b e h a v io u r  had  become a p p a r e n t .  T h is  r e g i o n  o f
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the brain was found to  rece iv e  numerous e ffe re n t pathways from other 

parts o f the b ra in , the sense organs and the ex tern a l g e n ita l ia .

The convergence o f th ese  pathways, coupled w ith the p rev iou sly  noted  

con tro l exerted  by th e hypothalamus on the oestrou s c y c le ,  provided  

a p o ss ib le  route whereby events in  both the in ter n a l and extern a l 

environment could in flu en ce  reproduction. In many r e s p e c ts ,  

th e r e fo r e , as pointed out by Ganong ( 1 9 6 6 ) who reviewed much o f th is  

work, the endocrine system in  r e la t io n  to  reproduction can be regarded 

as an e ffe c to r  arm o f the nervous system.

I t  i s  th ere fo re  apparent th at although the systems reg u la tin g  

events w ith in  th e  oestrou s cy c le  may be p o te n t ia lly  capable o f  

fu n ctio n in g , p h y sio lo g ica l and p a th o lo g ica l fa c to rs  can act to  both 

t o t a l ly  a b o lish , or modify the e f f ic ie n c y  o f ,  reproductive p ro d u ctiv ity . 

P h y sio lo g ica l absence o f  oestrou s c y c le s ,  and th ere fo re  the a b i l i t y  to  

reproduce, occurs prior to  puberty, during sen escen ce, outwith the  

breeding season in  some an im als, and for a v a r ia b le  period o f time 

fo llow in g  p a r tu r it io n . Many fa c to rs  such as genotype (Cole and 

Casiday, 1 9 4 ? ) ,  age and bodyweight (Reynolds, De Royen and High, I 9 6 3 ) 

and the tim e o f  year (McDonald, I 9 6 9 ) have been found to  in flu en ce  the  

occurrence o f  puberty. In s p ite  o f  ex ten sive  s tu d ies  in to  th is  aspect 

of anoestrous and o f the e f f e c t s  o f a sim ilar  range o f parameters on 

the onset o f the breeding season the means by which oestrou s cy c le s  

are in i t ia t e d  at a s p e c if ic  time are not known. By in je c t io n s  o f  

gonadotrophins th e ovaries o f pre-pubertal anim als, such as c a lv e s ,  

have been shown to  be capable o f  responding by developing f o l l i c l e s  

(Marden, 1 9 5 3 ) .  Studies in  lambs have demonstrated the capacity  o f
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t h e  p r e p u b e r t a l  h y p o p h y s is  t o  s y n t h e s i s e  LH, and t h e  p o t e n t i a l  

f u n c t i o n a l  a b i l i t y  o f  h y p o th a la m ic  GnRF r e l e a s e  t o  be  a c t i v a t e d  (L and , 

T h im o n ie r  and  P e l l e t i e r ,  1 9 T 0 ) .  These  and  s i m i l a r  s t u d i e s  i n  

s e a s o n a l  b r e e d e r s ,  h a v e ,  i n  g e n e r a l ,  f a i l e d  t o  i m p l i c a t e  a  d e f i c i e n c y  

o f  any  o f  t h e  horm ones known t o  be i n v o lv e d  i n  r e g u l a t i o n  o f  t h e  

o e s t r o u s  c y c l e  a s  t h e  r e a s o n  f o r  t h e  s t a t e  o f  a n o e s t r u s .

Even i n  a d u l t  n o n - s e a s o n a l  b r e e d e r s  a  r e c u r r e n t  s t a t e  o f  

p h y s i o l o g i c a l  a n o e s t r o u s  o c c u r s , a s  m e n t io n e d  a b o v e ,  a f t e r  p a r t u r i t i o n .  

In  t h e  cow, due t o  t h e  econom ic  n e c e s s i t y  o f  e n s u i ' i n g  a r e t u r n  t o  t h e  

p r e g n a n t  s t a t e  w i t h i n  a  s p e c i f i c  p e r i o d  o f  t i m e ,  a  g r e a t  d e a l  o f  

e f f o r t  h a s  b e e n  expended  i n t o  o b s e r v a t i o n s  on s t r u c t u r a l  c h a n g e s  i n  

t h e  r e p r o d u c t i v e  t r a c t , e n v i r o n m e n ta l  f a c t o r s  i n f l u e n c i n g  t h e  d u r a t i o n  

o f  t h i s  p h a s e ,  and  i t s  p r o l o n g a t i o n  when v a r i o u s  p a t h o l o g i c a l  

c o n d i t i o n s  a r e  p r e s e n t .  How ever, i n  s p i t e  o f  t h i s  a c c u m u la t io n  o f  

i n f o r m a t i o n  on t h e  p o s t - p a r t u m  p e r i o d  t h e  u n d e r l y i n g  f a c t o r s  g o v e rn in g  

t h e  o b s e r v e d  d e v i a t i o n s  from  n o rm a l  c y c l i c a l  o v a r i a n  a c t i v i t y  and 

r e p r o d u c t i v e  b e h a v io u r  have  n o t  b e e n  e l u c i d a t e d .

I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  p r e s e n c e  o f  a  hormone g i v e s  no 

g u a r a n t e e  t h a t  i t  w i l l  p r o d u c e  an e f f e c t  a t  a  t a r g e t  o r g a n .  S t u d ie s  

o f  e n d o c r i n e  m echan ism s t h e r e f o r e  i n v o lv e d  t h e  d e t e r m i n a t i o n  o f  t h e  

o c c u r r e n c e  o f  horm ones r e a c h i n g  t h e  s i t e  o f  a c t i o n  on t h e  one h a n d ,  

and on t h e  o t h e r  t h e  r e s p o n s i v e n e s s  o f  t h e  t a r g e t  o r g a n s  t o  t h e  p r e s e n c e  

o f  t h e  t r o p h i c  ho rm o n es .  W ith t h e  p r e v i o u s l y  r e f e r r e d  t o  o b s e r v a t i o n s  

on t h e  c o n t r o l  m echan ism s r e g u l a t i n g  t h e  n o rm a l  o e s t r o u s  c y c l e  a  b a s i s  

e x i s t s  f o r  e x a m in in g  t h e  p o s t - p a r t u m  p e r i o d  when t h e s e  m echanism s 

a p p a r e n t l y  a r e  n o n - o p e r a t i o n a l . An o b v io u s  i n t e g r a l  p a r t  o f  a  s tu d y
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o f  t h i s  n a t u r e  i s  t h e  d e t e r m i n a t i o n ,  n o t  o n ly  o f  t h e  d e v e lo p m en t  o f  

o v a r i a n  s t r u c t u r e s ,  b u t  a l s o  o f  more r e l e v a n c e ,  t h e  horm ones t h e y  

a r e  s e c r e t i n g  and  t h e  am ounts r e a c h i n g  t h e  t a r g e t  o r g a n s .  O b v io u s ly ,  

o n ly  when t h i s  i n f o r m a t i o n  i s  a v a i l a b l e  and  t h e  r e s u l t s ,  f o r  t h e  

p e r i o d  o f  d e f e c t i v e  r e p r o d u c t i v e  f u n c t i o n i n g ,  com pared  w i t h  t h o s e  from  

n o rm a l c y c l i n g  a n i m a l s ,  w i l l  e l u c i d a t i o n  o f  a t  l e a s t  p a r t  o f  t h e  

a e t i o l o g y  o f  t h e  s t a t e  o f  p o s t - p a r t u m  a n o e s t r u s  be p o s s i b l e .

The work i n  t h i s  t h e s i s  i n v o l v e s  an  i n t e n s i v e  i n v e s t i g a t i o n  

i n t o  some e n d o c r i n o l o g i c a l  a s p e c t s  o f  r e p r o d u c t i v e  f u n c t i o n  i n  

p e r i p a r t u r i e n t  cows. By t e r m i n a t i n g  t h e  s t u d y  o n ly  a f t e r  p re g n a n c y  

had b een  r e - e s t a b l i s h e d  t h e  c o m p le te  p e r i o d  e n c o m p a ss in g  n o t  o n ly  t h e  

r e - i n i t i a t i o n  o f  o e s t r o u s  c y c l e s  b u t  t h e  r e t u r n  o f  t h e  c o m p le te  

r e p r o d u c t i v e  sy s te m  t o  n o r m a l i t y  w i l l  be  c o n s i d e r e d .
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CHAPTER TWO

THE ESTIMATION OF PERIPHERAL PLASMA LEVELS OF PROGESTERONE, 

OESTROGEÏÏS, ANDROGENS AND CORTISOL IN THE COW
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2 . 1 .  I n t r o d u c t i o n

The r e l a t i v e l y  r e c e n t  deve lopm en t o f  im m unoassay t e c h n i q u e s  

u s in g  r a d i o a c t i v e  t r a c e r s  and  e i t h e r  n a t u r a l l y  o c c u r r i n g  b i n d in g  

p r o t e i n s  o r  s p e c i f i c  a n t i s e r a  h a s  e n a b le d  i n v e s t i g a t i o n s  t o  be c a r r i e d  

o u t  i n t o  t h e  l e v e l s  o f  c e r t a i n  g o n a d a l  s t e r o i d s  i n  t h e  p e r i p h e r a l  

b lo o d  o f  a  r a n g e  o f  a n im a l  s p e c i e s .  U s ing  t h e s e  m ethods  t h e  

p e r i p h e r a l  p la s m a  p r o g e s t e r o n e  and  o e s t r o g e n  l e v e l s  have  b e e n  

r e p o r t e d  i n  t h e  cow (D o n a ld s o n ,  B a s s e t t  and  T h o r b u rn ,  19T0; S m ith ,  

E d g e r to n ,  H afs  and  Convey, 1 973 ;  G l e n c r o s s , M unro, S e n io r  and  P o p e ,  

1 9 7 3 ) .  G e n e r a l  a g re e m e n t  e x i s t s  a s  t o  t h e  o v e r a l l  p a t t e r n  o f  

p r o g e s t e r o n e  and  o e s t r o g e n  l e v e l s  d u r in g  t h e  o e s t r o u s  c y c l e  o f  t h e  cow. 

D i f f e r e n c e s  a r e  a p p a r e n t  how ever be tw een  s t u d i e s ,  i n  t h e  a c t u a l  l e v e l s  

f o u n d ,  and  i n  t h e  t i m i n g  o f  t r a n s i e n t  p e a k s  and  d e c l i n e s  w i t h i n  t h e  

c y c l e .  The p e r i p h e r a l  p la sm a  l e v e l s  o f  e i t h e r  t o t a l  o r  s p e c i f i c  

a n d ro g e n s  d u r in g  t h e  o e s t r o u s  c y c l e  i n  t h e  cow h a v e  n o t  b e e n  r e p o r t e d  

a l t h o u g h  rad io im m u n o a ssa y  t e c h n i q u e s  f o r  e s t i m a t i o n  o f  t h e s e  horm ones 

i n  t h e  f e m a le s  o f  o t h e r  s p e c i e s  have  been  d e s c r i b e d  ( e . g .  N isw ender 

and  M id g le y ,  1 9 7 0 )•

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  any a s s a y  a p p l i e d  t o  t h e  

e s t i m a t i o n  o f  hormone l e v e l s  m ust s a t i s f y  c e r t a i n  r e l i a b i l i t y  c r i t e r i a .  

B o r th  (1 9 5 7 ) d e f i n e d  r e l i a b i l i t y  a s  e n co m p ass in g  e s t i m a t e s  o f  t h e  

s p e c i f i c i t y ,  s e n s i t i v i t y ,  a c c u r a c y  and  p r e c i s i o n  o f  t h e  m ethod .

Abraham ( l 9 7 ^ )  h a s  r e v ie w e d  t h e  a p p l i c a t i o n  o f  t h e s e  r e l i a b i l i t y  

c r i t e r i a  t o  r a d io im m u n o a s s a y s  o f  s t e r o i d  horm ones i n  b i o l o g i c a l  f l u i d s  

and  th r o u g h o u t  t h i s  t h e s i s  t h e s e  reco m m en d a tio n s  f o r  c a l c u l a t i n g
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r e l i a b i l i t y  have been adopted. The various components o f  assay

r e l i a b i l i t y  have been defined  as fo llow s;

S p e c if ic it y  im p lies the determ ination o f one chem ical e n t ity  

in  the assay to  the ex clu sion  o f o th ers. In a s te ro id  immunoassay i t  

rep resen ts the n o n -sp ec if ic  in ter feren ce  from other s te ro id s  extracted  

from plasma along w ith the required hormone, the concen trations o f  

th ese  other s te ro id s  p resen t, and th e ir  a f f i n i t i e s  for the antibody.

S e n s it iv i ty  i s  taken as the sm allest s in g le  r e s u lt  which w ith  

some assurance can be d istin g u ish ed  from zero . I t  d e fin es  the  

d etec tio n  l im it  o f  a s te ro id  immunoassay when t h is  i s  app lied  to  the  

measurement o f s te ro id  le v e l s  in  b io lo g ic a l  f lu id s .

Accuracy expresses the nearness by which a given a n a ly t ic a l  

r e su lt  approaches the true r e s u lt .

P rec is io n  d escr ib es the w ith in  and between assay v a r iab les  

when a plasma sample i s  rep eated ly  estim ated in  the system . In 

add ition  to  th ese  con sideration s p r a c t ic a b il ity  must be taken in to  

account.

P r a c t ic a b il ity  i s  judged by the speed , c o s t ,  and s k i l l  

required to  perform the assay and i s  su b je c tiv e .

In t h is  th e s is  radioimmunoassay techniques for the estim ation  

of p erip h eral plasma le v e ls  o f progesterone, oestrogens and androgens 

in  the cow w i l l  be d escribed . In a d d itio n , as the s tu d ies  in to  

reproductive fu n ction  in  the cow n e c ess ita te d  an in d ica tio n  o f
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a d r e n o c o r t i c a l  f u n c t i o n ,  an  e x i s t i n g  t e c h n i q u e ,  v a l i d a t e d  f o r  

c o r t i s o l  e s t i m a t i o n  i n  t h e  human ( M a t t i n g l y ,  I 9 6 2 ) ,  w i l l  he  d e s c r i b e d  

i n  r e l a t i o n  t o  t h e  cow. B e s id e s  p r e s e n t i n g  i n f o r m a t i o n  on t h e  

s p e c i f i c i t y ,  a c c u r a c y ,  p r e c i s i o n  and  s e n s i t i v i t y  o f  t h e  a s s a y s ,  t h e  

t e c h n i q u e s  w i l l  be com pared  w i t h  t h e  c u r r e n t l y  u s e d  m ethods  o f  o t h e r  

w o r k e r s .  F i n a l l y  by m e a s u r in g  t h e  c i r c u l a t i n g  l e v e l s  o f  hormones i n  

a  g ro u p  o f  cows d u r in g  t h e  o e s t r o u s  c y c l e  t h e  r e l a t i o n s h i p  b e tw een  

t h e  r e s u l t s  i n  t h i s  t h e s i s  and  t h o s e  r e p o r t e d  i n  s i m i l a r  s t u d i e s  w i l l  

be  e s t a b l i s h e d .

2 . 2 .  D e t e r m in a t io n  o f  p la s m a  p r o g e s t e r o n e  l e v e l s  i n  t h e  cow

F o l lo w in g  t h e  d e m o n s t r a t i o n  by  Murphy ( 1 9 6 7 ) t h a t  c o r t i s o l  

b i n d i n g  g l o b u l i n  c o u ld  be u s e d  a s  t h e  b a s i s  o f  a  p r o g e s t e r o n e  a s s a y ,  

m o d i f i c a t i o n s  o f  t h i s  t e c h n i q u e  have  been  a p p l i e d  t o  t h e  e s t i m a t i o n  o f  

p r o g e s t e r o n e  i n  t h e  p e r i p h e r a l  b lo o d  o f  t h e  cow. Both  dog (Sw anson, 

H afs  and  Morrow, 1972) and human (Shem esh , L in d n e r  and  A y a lo n ,  1971) 

g l o b u l i n s  h av e  b e e n  u s e d  i n  t h e s e  c o m p e t i t i v e  p r o t e i n  b i n d i n g  (CPB) 

a s s a y s .  The l e v e l s  o f  p r o g e s t e r o n e  i n  t h e  p e r i p h e r a l  b lo o d  o f  cows 

b e f o r e  p u b e r t y  (D o n a ld so n  e t  a l . ,  1970 ;  Swanson e t  a l . ,  I 9 7 2 ) ,  d u r in g  

t h e  o e s t r o u s  c y c l e  (D ona ld son  e t  a l . ,  1970 ;  Shemesh e t  a l . ,  19 7 1 ;  

H e n r i c k s , D ic k e y ,  H i l l  and  J o h n s t o n ,  1972 ;  G a r v e r i c k ,  E r b , H isw ender  

and C a l l a h a n ,  1 9 7 1 ;  C h r i s t e n s e n ,  Hopwaod and  W i l t h a n k , 197^)  and  

d u r in g  p r e g n a n c y  (D ona ld son  e t  a l . ,  19 7 0 ;  H u n t e r , E r b ,  H a n d e l ,  

G a r v e r i c k ,  C a l l a h a n  and H a r r i n g t o n ,  19 7 0 ;  H e n r ic k s  e t  a l . , 1972 ; 

Shem esh, A yalon  and L in d n e r ,  1 973 ;  A r i j e ,  W il tb a n k  and  Hopwood, 197^)  

have  b e e n  d e s c r i b e d .
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To a  c e r t a i n  e x t e n t  t h e  more r e c e n t  a v a i l a b i l i t y  o f  a n t i s e r a  

d i r e c te d ,  to w a rd s  p r o g e s t e r o n e  d e r i v a t i v e s  c o u p le d  t o  c a r r i e r  p r o t e i n s , 

and  t h e  a d v a n ta g e s  o f  s p e c i f i c i t y  and s e n s i t i v i t y  c o n f e r r e d  by t h e s e ,  

has  r e s u l t e d  i n  t h e  CPB m ethods  b e in g  s u p e r s e d e d  by rad io im m u n o a ssa y  

(RIA) s y s te m s .  The c i r c u l a t i n g  l e v e l s  o f  p r o g e s t e r o n e  d u r i n g  t h e  

o e s t r o u s  c y c l e  and p r e g n a n c y  i n  t h e  cow have  b e e n  r e p o r t e d  u s i n g  RIA 

t e c h n i q u e s  ( G le n c r o s s  e t  a l . , 1 9 7 3 ;  Dobson and D ean ,  1 9 7 ^ ) .

2 . 2 . 1 .  M a t e r i a l s

G la s s  d i s t i l l e d  w a t e r  and  e t h a n o l  (B u r ro u g h s )  was u s e d  

t h r o u g h o u t .

1 .  P h o s p h a te  b u f f e r e d  s a l i n e  pH 7 •0  (PBS)

Sodium c h l o r i d e  AR (B .D .H . ,  P o o l e ,  E n g la n d )  1+0 g

T h io m e r s a l  ( S ig m a , London) 0 .5  g

HaHgPO^ 2HgO ( B .D .H . ,  P o o le )  0 .5  M 3^ ml

Ha^HPOj^ (B .D .H . ,  P o o l e ,  E n g lan d )  0 .5  M 68 ml

W ater t o  5000 ml

2. P h o s p h a te  b u f f e r e d  s a l i n e  0.1% g e l a t i n  (PBS g e l )

G e l a t i n  ( B .D .H . ,  P o o l e ,  E n g la n d )  1 g

PBS 1 1

3 . P r o g e s t e r o n e  ( S igm a, London)

1 0  n g /m l  and  1 . 0  n g /m l  s o l u t i o n s  i n  e t h a n o l  w ere  p r e p a r e d .

The r e q u i r e d  amount o f  s t e r o i d  was o b t a i n e d ,  u n l e s s
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o t h e r w i s e  s t a t e d ,  by e v a p o r a t i o n  o f  t h e  e t h a n o l  u n d e r  a  

s t r e a m  o f  a i r  a t  40^C.

k,  ( l ,  2 ,  6 , 7 ( n ) - ^ H ) P r o g e s t e r o n e  (R a d io c h e m ic a l  C e n t r e ,

Amersham 5 E n g la n d )

T h is  had  a s p e c i f i c  a c t i v i t y  o f  80 -  110 C i /m m ol.

A s t o c k  s o l u t i o n  was p r e p a r e d  by d i l u t i n g  250 yCi i n  100 ml 

e t h a n o l .  The r e q u i r e d  amount o f  t r i t i a t e d  s t e r o i d  was 

o b t a i n e d ,  u n l e s s  o t h e r w i s e  s t a t e d ,  by  e v a p o r a t i n g  o f f  t h e  

e t h a n o l  a s  above  and r e c o n s t i t u t i n g  i n  PBS.

5. D i e t h y l  e t h e r  P r o n a ly s  (May & Baker L t d . ,  Dagenham, E n g land )

6 . C h a r c o a l  N o r i t  A ( S igm a, London)

B e fo re  u s e  t h i s  was w ashed  s e v e r a l  t im e s  i n  m e th a n o l  t o  

rem ove i m p u r i t i e s  and f i n e s .  E xcess  m e th a n o l  was rem oved 

by  r o t a r y  e v a p o r a t i o n ,

7 .  D e x t ra n  T- 7 0  (P h a rm a c ia ,  U p p s a la ,  Sweden)

S to c k  s o l u t i o n s  o f  p r o g e s t e r o n e  and  t r i t i a t e d  p r o g e s t e r o n e  

w ere  s t o r e d  a t  -1 5 °C . A l l  o t h e r  l i q u i d  r e a g e n t s  w ere  k e p t  

a t  l+'^C.

8 . S c i n t i l l a t i o n  f l u i d  ELS 93 (K o c h -L ig h t  L a b o r a t o r i e s  L t d . ,

C o ln b ro o k ,  E n g la n d )

9 . E x t r a c t i o n  t u b e s  Q u i c k f i t  1 0 /1 9  t u b e s  ( J o b l i n g ,  S to n e ,  E ng land )

I "
m o d i f i e d  t o  have  p o i n t e d  b a s e s  w ere  u s e d  f o r  t h e  e x t r a c t i o n  

o f  s a m p le s .
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1 0 .  A ssay  t u b e s .  D i s p o s a b le  1 3 ,5  % 100 mm r i m l e s s  g l a s s  t e s t  

t u b e s  (.Beckton and  D i c k in s o n ,  Wembley, L ondon ) .

2 . 2 . 2 .  M ethods

a .  P r e p a r a t i o n  o f  a n t i - p r o g e s t e r o n e  serum

I m m u n is a t io n .  U s in g  t h e  m ethod o f  N isw ende r  and  M idg ley

(1 9 7 0 ) a  h e m i s u c c i n y l  d e r i v a t i v e  o f  l l a - h y d r o x y p r o g e s t e r o n e  was 

p r e p a r e d  t h r o u g h  p o s i t i o n  C -11 . By em p lo y in g  t h e  m ixed  a n h y d r id e  

r e a c t i o n  o f  L ie b e rm a n ,  E r l a n g e r ,  B e i s e r  and A ga te  (1959) t h e  h y d ro x y -  

p r o g e s t e r o n e  1 1 - h e m i s u c c in a t e  was l i n k e d  t o  b o v in e  se rum  a lb u m in .

A 1 . 0  mg/ml s o l u t i o n  o f  t h e  s t e r o i d - p r o t e i n  c o n j u g a t e  was d i s s o l v e d  

i n  n o rm a l  s a l i n e  and  2 .5  ml o f  t h i s  s o l u t i o n  ho m o g en ised  w i th  an  

e q u a l  volum e o f  F re u n d s  c o m p le te  a d ju v a n t  ( D i f c o ,  D e t r o i t ,  M ic h ig a n ,  

U .S .A . ) .  The m ix t u r e  was t h e n  i n j e c t e d  i n t o  an  a d u l t  ewe d i s t r i b u t i n g  

t h e  t o t a l  volum e b e tw e en  two i n t r a m u s c u l a r  s i t e s  ( i n  t h e  r e g i o n  o f  t h e  

p o p l i t e a l  lym ph n o d e s )  and  s i x  s u b c u ta n e o u s  s i t e s  a lo n g  t h e  b a c k .

The i n j e c t i o n s  w ere  r e p e a t e d  a t  2 -  3 week i n t e r v a l s .  The serum  u s e d  

i n  t h e  a s s a y  s y s te m  was o b t a i n e d  a f t e r  a  t o t a l  o f  6 s e t s  o f  i n j e c t i o n s  

had  b e e n  g i v e n .

C h a r a c t e r i s a t i o n  o f  t h e  a n t i s e r u m

C h a r a c t e r i s a t i o n  o f  t h e  a n t i s e r u m  i n v o lv e d  a  s e r i e s  o f  

e x p e r im e n t s  d e s ig n e d  t o  e s t a b l i s h  t h e  s u i t a b i l i t y  o f  t h e  p o t e n t i a l  

a n t i b o d i e s  i n  t h e  p r o p o s e d  ra d io im m u n o a s s a y ,  and  t h e  o p t im a l  c o n d i t i o n s  

f o r  t h e i r  u s e .  I n  t h e s e  i n v e s t i g a t i o n s  t h e  b e h a v io u r  o f  t h e  a n t i b o d i e s
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was s t u d i e d  by i n c o r p o r a t i n g  t h e  r e l e v a n t  s t e r o i d  c a r r y i n g  a 

r a d i o a c t i v e  l a b e l  t o  t h e  s y s te m .  To m o n i to r  t h e  r e a c t i o n s  t h e r e f o r e  

n e c e s s i t a t e d  t h e  a v a i l a b i l i t y  o f  a  means w hereby  t h e  a n t i b o d y  bound 

s t e r o i d  c o u ld  be s e p a r a t e d ,  and d i s t i n g u i s h e d  by  v i r t u e  o f  i t s  l a b e l ,  

from  t h e  e x c e s s  f r e e  s t e r o i d .  F o l lo w in g  t h e  rec o m m e n d a tio n s  o f  

J i a n g  and  Ryan ( I 9 6 9 ) ,  d e x t r a n  c o a t e d  c h a r c o a l  was em ployed  t o  a d s o r b  

t h e  f r e e  s t e r o i d ,  t h u s  l e a v i n g  t h e  a n t i b o d y  bound f r a c t i o n  i n  s o l u t i o n .

D e t e r m in a t io n  o f  t h e  c o n c e n t r a t i o n  o f  d e x t r a n  c o a t e d  c h a r c o a l .

The c o n c e n t r a t i o n  o f  d e x t r a n  c o a t e d  c h a r c o a l  w h ich  w o u ld ,  i f  

r e q u i r e d ,  be  c a p a b l e  o f  a d s o r b i n g  t h e  t o t a l  q u a n t i t y  o f  l a b e l l e d  

s t e r o i d  was e s t a b l i s h e d  a s  f o l l o w s :

To a r a n g e  o f  a s s a y  t u b e s ,  e a ch  c o n t a i n i n g  a p p r o x i m a t e ly  

1 0 ,0 0 0  c .p .m .  t r i t i a t e d  p r o g e s t e r o n e  i n  200 y l  PBS g e l a t i n  s u s p e n s io n s  

o f  c h a r c o a l  r a n g i n g  from  0 .5  g t o  0 .0 3125  g/lOO ml PBS, w i t h  d e x t r a n  

T-7 0  p r e s e n t  a t  10% o f  t h e  c h a r c o a l  c o n c e n t r a t i o n ,  w ere  added  i n  1 ml 

a l i q u o t s  a t  A f t e r  a  b r i e f  th o r o u g h  m ix in g  t h e  t u b e s  w ere  l e f t

a t  f o r  10 m i n u t e s .  F o l lo w in g  t h i s  t h e  t u b e s  w ere  c e n t r i f u g e d  

(10  m in u te s  a t  4'^C, 2 ,5 0 0  g )  and  t h e  s u p e r n a t a n t s  d e c a n t e d  t o  p l a s t i c  

s c i n t i l l a t i o n  v i a l s .  10  ml s c i n t i l l a t o r  f l u i d  w ere  a d d ed  t o  e a c h  v i a l  

and  a f t e r  m ix in g  t h e  c . p .m .  d e t e r m i n e d .  The t o t a l  q u a n t i t y  o f  

t r i t i a t e d  s t e r o i d  i n  e a c h  t u b e  p r i o r  t o  c h a r c o a l  a d d i t i o n  was 

e s t a b l i s h e d  by s u b s t i t u t i n g  1 ml PBS f o r  t h e  c h a r e o a l ~ d e x t r a n  s o l u t i o n  

and t r e a t i n g  t h e s e  t u b e s  a s  a b o v e .
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R e s u l t s

The r e s u l t s  a r e  i l l u s t r a t e d  i n  T a b le  1 .  I t  i s  a p p a r e n t  t h a t

0 .1 2 5  g c h a r c o a l / lO O  ml PBS c o n t a i n i n g  0 .0 1 2 5  g d e x t r a n  T -70  was c a p a b le  

o f  a d s o r b i n g  i n  e x c e s s  o f  90% o f  t h e  t r i t i a t e d  p r o g e s t e r o n e  p r e s e n t .

No m arked  i n c r e a s e  i n  a b s o r p t i o n  o c c u r r e d  w i t h  h i g h e r  c o n c e n t r a t i o n s  - 

o f  c h a r c o a l .  The 0 .1 2 5  g s u s p e n s i o n  was t h e r e f o r e  em ployed  i n  s u b s e q u e n t  

e x p e r i m e n t s .

A n t ib o d y  t i t r e

The a n t i p r o g e s t e r o n e  t i t r e  o f  t h e  a n t i s e r u m  was d e te r m in e d  by 

t h e  m ethod  o f  Abraham (1 9 6 9 ) .  V a r io u s  d i l u t i o n s  o f  t h e  se rum  w ere  

i n c u b a t e d  w i t h  a  f i x e d  mass o f  t r i t i a t e d  p r o g e s t e r o n e ,  an d  t h e  

a n t i b o d y  d i l u t i o n  t h a t  bound  50% o f  t h e  a d d ed  s t e r o i d  d e te r m in e d .

S e r i a l  d i l u t i o n s  o f  a n t i s e r u m  r a n g i n g  f rom  1 :5 0 0  t o  l : l 6 , 0 0 0

w ere  p r e p a r e d  i n  PBS g e l a t i n .  100 y l  o f  e a c h  d i l u t i o n  w ere  p i p e t t e d

i n t o  a s s a y  t u b e s  i n  d u p l i c a t e .  To g iv e  an  i n d i c a t i o n  o f  t h e  amount o f

t r i t i a t e d  p r o g e s t e r o n e  u s e d  i n  t h e  t e s t , a  f u r t h e r  two t u b e s  c o n t a i n i n g

100 y l  PBS g e l a t i n  i n  p l a c e  o f  a n t i b o d y  w ere  i n c l u d e d .  100 y l  o f  

3p r o g e s t e r o n e - H  i n  PBS, c o n t a i n i n g  a p p r o x im a te ly  1 2 ,0 0 0  c .p .m .  w ere  

added  t o  e a c h  t u b e  and  t h e  c o n t e n t s  t h o r o u g h l y  a g i t a t e d .  I n c u b a t i o n  

o f  t h e  t u b e s  was c a r r i e d  o u t  a t  k^C f o r  I 8 h o u r s .  At t h e  en d  o f  t h i s  

t im e  t h e  a n t i b o d y  bound  s t e r o i d  was s e p a r a t e d  f rom  t h e  f r e e  s t e r o i d  by  

t h e  a d d i t i o n  o f  d e x t r a n  c o a t e d  c h a r c o a l  s o l u t i o n .  1 . 0  ml o f  t h e  

c h a r c o a l  s u s p e n s i o n  a t  4^0 was added  t o  a l l  t u b e s ,  w i t h  t h e  e x c e p t i o n  

o f  t h e  two t u b e s  w i t h  no a n t i b o d y  w hich  r e c e i v e d  1 . 0  ml PBS. A d d i t i o n
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TABLE 1 ADSORPTION OF TRITIATED PROGESTERONE BY DEXTRAN 

COATED CHARCOAL

C h a r c o a l  c o n c e n t r a t i o n  

G/lOO ml

A verage  
i n i t i a l  
c .p .m .

A verage  
f i n a l  

c .p .m .

A verage  
% c . p .m .  
a d s o rb e d

0 .5

0 .1 2 6

0 .0 6 2 5

0 .0 3 1 2 5

7692 59

56

66

101

9 9 .2

99 .3  

99 .1

9 8 .7
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o f  c h a r c o a l  was c a r r i e d  o u t  w i t h i n  a t o t a l  t im e  o f  5 m in . A f t e r  

m ix in g ,  t h e  t u b e s  were l e f t  a t  f o r  10 m in .  S e p a r a t i o n  o f  t h e

s u p e r n a t a n t  was a s  d e s c r i b e d  ab o v e .

R e s u l t s

The a n t i b o d y  bound r a d i o a c t i v i t y  i n  t h e  p r e s e n c e  o f  i n c r e a s i n g  

d i l u t i o n s  o f  t h e  a n t i s e r u m  i s  p r e s e n t e d  i n  F ig  1 . I t  was a p p a r e n t  

from  t h e s e  r e s u l t s  t h a t  t h e  d i l u t i o n  o f  a n t i b o d y  b i n d i n g  50% o f  t h e  

c .p .m .  t r i t i a t e d  p r o g e s t e r o n e  was 1 : 6 ,0 0 0 .

D is p la c e m e n t  o f  l a b e l l e d  p r o g e s t e r o n e  from  t h e  a n t i b o d y

The a n t i b o d y  d i l u t i o n  a t  w hich  maximum d i s p l a c e m e n t  o f  l a b e l l e d  

p r o g e s t e r o n e  o c c u r r e d ,  when a f i x e d  mass o f  p r o g e s t e r o n e  was p r e s e n t ,  

was d e te r m i n e d .  The amount o f  p r o g e s t e r o n e  u s e d  was c h o s e n  as  

r e p r e s e n t i n g  t h e  a p p ro x im a te  mid p o i n t  o f  t h e  a n t i c i p a t e d  w o rk in g  r a n g e  

o f  t h e  a s s a y .

At t h e  same t im e  a s  t h e  a n t i b o d y  t i t r e  t u b e s  w ere  s e t  u p ,  an  

i d e n t i c a l  s e r i e s  o f  a n t i s e r u m  d i l u t i o n s  w ere  a d d ed  t o  d u p l i c a t e  t u b e s  

e a c h  c o n t a i n i n g  0 .5  ng  p r o g e s t e r o n e .  The a d d i t i o n  o f  l a b e l l e d  ho rm one , 

t h e  p e r i o d  o f  i n c u b a t i o n ,  an d  t h e  c h a r c o a l  s e p a r a t i o n  were c a r r i e d  o u t  

a t  t h e  same t i m e ,  and  i n  t h e  same m an n e r ,  a s  t h e  a n t i b o d y  t i t r e  t u b e s .

R e s u l t s

The a n t i b o d y  bound c .p .m .  f o r  e a ch  a n t i s e r u m  d i l u t i o n  a r e  

p r e s e n t e d  i n  F i g  2 .  I t  was a p p a r e n t  from  t h e s e  r e s u l t s  t h a t  maximum
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d i s p l a c e m e n t  o f  t h e  l a b e l l e d  hormone b e tw e e n  t h e  t u b e s  w i t h  no added  

p r o g e s t e r o n e  ( a n t i b o d y  t i t r e  t u b e s )  and t h o s e  w i t h  0 .5  ng p r o g e s t e r o n e  

o c c u r r e d  a t  an a n t i b o d y  d i l u t i o n  o f  1 :U ,T 0 0 .  B e s id e s  i n d i c a t i n g  

t h a t  t h e  l a b e l l e d  s t e r o i d  c o u ld  be  d i s p l a c e d  from  t h e  a n t ib o d y  by 

p r o g e s t e r o n e  3 due  t o  t h e  m a g n i tu d e  o f  t h e  d i s p l a c e m e n t  t h e  r e s u l t s  

s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  t h e  above a n t i s e r u m  i n  a d i l u t i o n  o f  . 

1:^ 700  -  1 :6 0 0 0  c o u ld  be u s e d  i n  an a s s a y  w here  t h e  0 ,5  ng p r o g e s t e r o n e  

l e v e l  l a y  a ro u n d  t h e  mid p o i n t  o f  t h e  v a l u e s  t o  be m e a s u re d .

The e f f e c t  o f  t im e  on t h e  b in d in g  o f  t r i t i a t e d  s t e r o i d  by t h e  c h a r c o a l

The s t a b i l i t y  o f  t h e  c h a r c o a l  a b s o r p t i o n  s t e p  was d e te r m in e d  

by a d d in g  c h a r c o a l  s u s p e n s i o n s  t o  a s e r i e s  o f  t u b e s  c o n t a i n i n g  a n t i -
3

p r o g e s t e r o n e  serum  and  p r o g e s t e r o n e - I I  . Twenty a s s a y  t u b e s  c o n t a i n i n g  

100 \ i l  1 :6 0 0 0  d i l u t i o n  o f  a n t i b o d i e s  i n  PBS g e l a t i n  and  100 y l
3

p r o g e s t e r o n e - H  i n  PBS had  lOOOyl c h a r e o a l “ d e x t r a n  T-7 0  added  t o  e a c h .  

S e p a r a t i o n  o f  t h e  s u p e r n a t a n t s  was c a r r i e d  o u t  im m e d ia te ly  -  0 t im e  -  

and a t  5s 10* 15 and 20 m in u te s  a f t e r  c h a r c o a l  a d d i t i o n .  A f u r t h e r  

t h r e e  a s s a y  t u b e s  c o n t a i n i n g  100 y l  PBS i n  p l a c e  o f  t h e  a n t i b o d y  had  

lOOOyl PBS added  t o  them  a t  t h e  s e p a r a t i o n  s t a g e .  These  t u b e s  gave 

an e s t i m a t e  o f  t h e  t o t a l  amount o f  t r i t i a t e d  s t e r o i d  u s e d .

R e s u l t s

The r e s u l t s  a r e  p r e s e n t e d  i n  F ig  3 . Based  on t h e s e  

o b s e r v a t i o n s  on t h e  c h a n g e  i n  s u p e r n a t a n t  c o u n t s  w i t h  t i m e ,  10 min was 

a l l o w e d  t o  e l a p s e  i n  a l l  subseq .uen t e x p e r im e n t s  b e tw e e n  c h a r c o a l  

a d d i t i o n  and  s e p a r a t i o n  o f  t h e  s u p e r n a t a n t .
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(b )  D e t e r m in a t io n  o f  t h e  s t a n d a r d  c u rv e

The p o t e n t i a l  r a n g e  o f  t h e  a s s a y  was e s t a b l i s h e d  by  

d e t e r m i n i n g  t h e  d i s p l a c e m e n t  o f  t r i t i a t e d  s t e r o i d  by  i n c r e a s i n g  

am ounts o f  p r o g e s t e r o n e .  The a n t i s e r u m  d i l u t i o n  t h a t  bound 

a p p r o x i m a t e ly  ^Q% o f  t h e  l a b e l l e d  s t e r o i d , an d  w h ic h  gave  maximum 

d i s p l a c e m e n t  w i t h  0 .5  ng p r o g e s t e r o n e  was u s e d .

From t h e  1 . 0  n g /m l  and  1 0 .0  n g /m l  p r o g e s t e r o n e  s o l u t i o n s  i n  

e t h a n o l  0 . 0 5 ,  0 . 1 ,  0 . 2 ,  0 . 5 ,  1 . 0 ,  2 . 0  and  5*0 ng  o f  hormone w ere  

p i p e t t e d  t o  a s s a y  t u b e s , i n  d u p l i c a t e , and  t h e  a l c o h o l  rem oved by  

e v a p o r a t i o n  u n d e r  a  s t r e a m  o f  a i r  a t  HO°C. 100 y l  o f  a  1 : 6 ,0 0 0  

d i l u t i o n  o f  t h e  a n t i b o d y  w ere  t h e n  added  t o  e a c h  tu b e  an d  t h o r o u g h l y  

a g i t a t e d .  100 y l  d i l u t e  a n t i s e r u m  were a l s o  d i s p e n s e d  t o  t h r e e  empty 

t u b e s  w h ic h  were u s e d  t o  d e te r m in e  t h e  amount o f  t r i t i a t e d  s t e r o i d  

bound i n  t h e  a b s e n c e  o f  an y  c o m p e t in g  ho rm one-bound  c o u n t  t u b e s  (BC).
3

To a l l  t u b e s  100 y l  p r o g e s t e r o n e - H  , c o n t a i n i n g  a p p r o x i m a t e ly  1 2 ,0 0 0

c .p .m .  w ere  a d d e d .  An e q u a l  volum e o f  t r i t i a t e d  s t e r o i d  was p i p e t t e d

t o  a f u r t h e r  two t u b e s  w here  t h e  a n t ib o d y  s o l u t i o n  had  b e e n  s u b s t i t u t e d

by  100 y l  PBS g e l a t i n .  These  tw o t u b e s  w ere  i n c o r p o r a t e d  t o  g iv e  an

e s t i m a t e  o f  t h e  t o t a l  amount o f  t r i t i a t e d  s t e r o i d  u s e d  -  t o t a l  c o u n t

t u b e s  -  TC. A l l  t u b e s  were t h o r o u g h l y  a g i t a t e d  and  t h e n  i n c u b a t e d  a t

4°C f o r  l 8  h o u r s . S e p a r a t i o n  o f  bound and f r e e  hormone was a s

d e s c r i b e d  a b o v e .  The d e g re e  o f  d i s p l a c e m e n t  o f  t h e  t r i t i a t e d  s t e r o i d

was d e te r m in e d  by e x p r e s s i n g  t h e  c o u n t s  o b t a i n e d  a t  e a c h  p o i n t  o f  t h e

BTs t a n d a r d  c u rv e  a s  a  p e r c e n t a g e  o f  t h e  c o u n t s  i n  t h e  BC t u b e s  ( ~  % ) .
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R e s u l t s

F i g  4 i l l u s t r a t e s  a  t y p i c a l  s t a n d a r d  c u r v e .  The w ide r a n g e

o f  p r o g e s t e r o n e  t h a t  p ro d u c e d  a  d i s p l a c e m e n t  o f  a p p r o x i m a t e ly  80%

BT ^( —  % ) c o n f i r m e d  t h e  s u i t a b i l i t y  o f  t h e  a n t i s e r u m ,  i n  a  d i l u t i o n  o f  

1 : 6 ,0 0 0  a s  t h e  b a s i s  o f  a  rad io im m u n o a ssa y  f o r  t h i s  s t e r o i d .

( c )  S p e c i f i c i t y  o f  t h e  a n t i s e r u m

The s p e c i f i c i t y  o f  t h e  a n t i s e r u m  was t e s t e d  by  c r o s s  r e a c t i o n  

s t u d i e s .  U s in g  an a n t i b o d y  d i l u t i o n  o f  1 : 6 ,0 0 0  t h e  p e r c e n t a g e  c r o s s  

r e a c t i o n s ,  com pared  t o  100% f o r  p r o g e s t e r o n e ,  o f  a  r a n g e  o f  s t e r o i d s  

was d e te r m i n e d .  The c r o s s  r e a c t i o n  o f  p o t e n t i a l  i n t e r f e r i n g  s t e r o i d s  

was a s s e s s e d  by  c o m p a r iso n  o f  t h e  d i s p l a c e m e n t  o f  t r i t i a t e d  p r o g e s t e r o n e  

f rom  t h e  a n t i b o d y  by  t h e  v a r i o u s  s t e r o i d s .  The d i s p l a c e m e n t  r e l a t i v e  

t o  p r o g e s t e r o n e ,  w h ic h  was a s s i g n e d  a v a lu e  o f  100%, was r e c o r d e d .

The c r o s s  r e a c t i v i t y  d a t a  o f  t h e  a n t i s e r u m  Y 2 9 /6  was p r o v i d e d  by 

Dr. I .  C o u t t s .

R e s u l t s

The c r o s s  r e a c t i v i t i e s  o f  t h e  r a n g e  o f  s t e r o i d s  t e s t e d  a r e  

p r e s e n t e d  i n  T a b le  2. I t  was a p p a r e n t  t h a t  s i g n i f i c a n t  c r o s s  r e a c t i o n  

e x i s t e d  w i t h  1 1 a  h y d r o x y p r o g e s t e r o n e . However t h e  l a c k  o f  s i g n i f i c a n t  

c r o s s  r e a c t i o n  w i t h  t h e  m a j o r i t y  o f  o t h e r  s t e r o i d s  t e s t e d  s u g g e s t e d  

t h e  s u i t a b i l i t y  o f  t h e  a n t i s e r u m  i n  a s p e c i f i c  p r o g e s t e r o n e  r a d i o 

im m unoassay s y s te m  p r o v i d e d  c e r t a i n  s t e r o i d s ,  s u c h  a s  d e o x y c o r t i c o s t e r o n e ,  

c o u ld  be e x c lu d e d  from  c o m p e t in g  i n  t h e  a n t i b o d y  i n c u b a t i o n  r e a c t i o n .
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TABLE 2 CROSS REACTION OE VARIOUS STEROIDS WITH ANTI- 

PROGESTERONE SERUM Y29/6

S t e r o i d  % C ro ss  R e a c t io n

P r o g e s t e r o n e  100

11a h y d r o x y p r o g e s te r o n e  7 1 , U

ITot " 0 .1 5

20a " 1 . 8

203 " < 0 .2

53 p r e g n a n e ,  3 ,2 0 - d io n e  8 .8

T e s t o s t e r o n e  0 .2

A n d r o s te n e d io n e  0 .2

113 h y d r o x y a n d r o s te n e d io n e  0 .2

17~0e s t r a d i o l  < 0 .2

O e s t ro n e  0 .2

O e s t r i o l  < 0 .2

D e o x y c o r t i c o s t e r o n e  1 1 .1

C o r t i s o l  < 0 ,2
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(d )  E x t r a c t i o n  o f  p r o g e s t e r o n e  from  p la sm a

The e f f i c i e n c y  o f  d i e t h y l  e t h e r  a s  a  means o f  e x t r a c t i n g  

p r o g e s t e r o n e  from  cow p la s m a  was a s s e s s e d .

3100 y l  p r o g e s t e r o n e  H i n  e t h a n o l ,  c o n t a i n i n g  a p p r o x i m a t e ly

1 5 ,0 0 0  c . p . m . ,  w ere  d r i e d  i n  e x t r a c t i o n  t u b e s  ( m o d i f i e d  Q & Q 1 0 /1 9 )*

The a c t u a l  c . p .m .  u s e d  w ere  d e te r m in e d  b y  a d d in g  IQO y l  o f  p r o g e s t e r o n e

3 . .II t o  tw o c o u n t e r  v i a l s ,  a d d in g  1 . 0  ml PBS and  10 ml s c i n t i l l a t o r  t o

e a ch  and  c o u n t i n g .  500 y l  p l a s m a ,  from  an  o v a r i e c t o m i s e d  cow, w ere  

a dded  t o  e a c h  e x t r a c t i o n  t u b e  an d  a f t e r  m ix in g  t h e  t u b e s  w ere  a l lo w e d  

t o  s t a n d  a t  room t e m p e r a t u r e  f o r  30 m i n u t e s .  2 . 5  ml d i e t h y l  e t h e r  a t  

0 w ere  t h e n  a d d ed  and  t h e  t u b e s  r o t a t e d  end  o v e r  end f o r  10 m in u t e s .

At t h e  end  o f  t h i s  t im e  t h e  t u b e s  w ere  c e n t r i f u g e d  t o  s e p a r a t e  t h e  

p h a s e s .  F o l lo w in g  f r e e z i n g  o f  t h e  lo w e r  (p la s m a )  l a y e r  a t  -1 5 ^0  t h e  

e t h e r  l a y e r  was d e c a n t e d  t o  c o u n t e r  v i a l s .  A f t e r  e v a p o r a t i n g  t h e  

e t h e r  t o  d r y n e s s  t h e  v i a l s  w ere  c o u n te d  f o l l o w i n g  t h e  a d d i t i o n  o f  1 . 0  ml 

PBS and  10 ml s c i n t i l l a t o r .  The c o n t e n t s  o f  f u r t h e r  t u b e s  were 

r e - e x t r a c t e d  b y  r e p e a t i n g  t h e  m ix in g  and  s e p a r a t i n g  s t e p  w i t h  an  

a d d i t i o n a l  2 . 5  nil e t h e r ,  f o l l o w i n g  re m o v a l  o f  t h e  f i r s t  a l i q u o t .  I n  

t h i s  c a s e  b o t h  e t h e r  e x t r a c t s  w ere  d r i e d  i n  t h e  same c o u n t e r  v i a l .  By 

c o m p a r is o n  o f  t h e  r e c o v e r e d  c o u n t s  w i t h  t h e  t o t a l  c o u n t s  p r e s e n t  a t  t h e  

s t a r t ,  t h e  e x t r a c t i o n  e f f i c i e n c y  was d e t e r m i n e d .

R e s u l t s

The r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  3 .  I t  was a p p a r e n t  t h a t  

2 .5  ml d i e t h y l  e t h e r  e f f i c i e n t l y  e x t r a c t e d  p r o g e s t e r o n e  from  cow p la s m a .  

Only a s l i g h t  e x t r a c t i o n  e f f i c i e n c y  a d v a n ta g e  a g a i n s t  a  m arked  i n c r e a s e  

i n  e f f o r t  c o u ld  be a c h i e v e d  by  d o u b le  e x t r a c t i o n .
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TABLE 3 EXTRACTION OF PROGESTERONE FROM PLASMA WITH 

DIETHYL ETHER

A verage
I n i t i a l
c .p .m .

15311

R e c o v e re d  
c .p .m .

1 e x t r a c t i o n

11885

11466

11800

11569

E x t r a c t i o n
e f f i c i e n c y

%

78 .

75 

77

76

R e c o v e re d  c . p .m .  

2 e x t r a c t i o n s

12612

12173

12688

12556

E x t r a c t i o n
e f f i c i e n c y

%

82 

80

83 

82

A verage  e x t r a c t i o n  e f f i c i e n c y  -  s i n g l e  77^

-  d o u b le
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( e )  A ssay  t e c h n i q u e

Based  i n  p a r t  on t h e  p r e v i o u s  e x p e r i m e n t s , t h e  f o l l o w i n g  

r e a g e n t s  were u s e d  f o r  t h e  r o u t i n e  a s s a y  o f  p la sm a  p r o g e s t e r o n e . 

U n le s s  o t h e r w i s e  s t a t e d ,  t h e  r e a g e n t s  w ere  a s  d e s c r i b e d  b e f o r e .

1 .  P h o s p h a te  b u f f e r e d  s a l i n e  pH 7 , 0  (PBS).

2 . P h o s p h a te  b u f f e r e d  s a l i n e  0*1% g e l a t i n .

3 . P r o g e s t e r o n e

5 0 ,  2 0 ,  1 0 ,  5 ,  2 ,  1 an d  0 .5  n g /m l  s o l u t i o n s  w ere  p r e p a r e d  i n  

e t h a n o l .  R o u t i n e l y  100 y l  o f  t h e s e  s o l u t i o n s  w ere  d r i e d  i n  

t u b e s  t o  g i v e  t h e  r e q u i r e d  amount o f  horm one. The s o l u t i o n s  

w ere  s t o r e d  a t  -1 5 ^ 0 .

k.  ( l ,  2 ,  6 ,  7 (n )^ H )  P r o g e s t e r o n e

600  y l  o f  t h e  s t o c k  s o l u t i o n  w ere  d r i e d  i n  a  t u b e . 7*5 ml o f

PBS w ere  t h e n  a d d ed  and t h e  c o n t e n t s  t h o r o u g h l y  m ixed . The 

s t o c k  s o l u t i o n  was s t o r e d  a t  - 15^ 0 , and t h e  w o rk in g  d i l u t i o n

p r e p a r e d  f r e s h  f o r  e a c h  a s s a y .

5. A n t i p r o g e s t e r o n e  serum

A 1 :1 0 0  d i l u t i o n  o f  t h e  a n t i s e r u m  i n  PBS 0.1% g e l a t i n  was s t o r e d  

i n  s m a l l  a l i q u o t s  a t  - 1 5 ^ 0 .  The w o rk in g  a n t i b o d y  d i l u t i o n  o f  

1 : 6 ,0 0 0  was p r e p a r e d ,  i n  PBS 0.1% g e l a t i n ,  f ro m  t h e  s to c k  f o r  

e a c h  a s s a y .

6 . D i e t h y l  e t h e r .
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7 . D e x t ra n  c o a t e d  c h a r c o a l

C h a r c o a l  0 .1 2 5  g

D e x t ra n  T~70 0 .0 1 2 5  g

PBS t o  100 ml

8 . L iq u id  s c i n t i l l a t o r .

9 . B lan k  p la sm a

P lasm a  from  an o v a r i e c t o m i s e d  cow was a l i q u o t e d  and  s t o r e d  

a t  -1 5 °C .

A ssa y  p r i n c i p l e

The a s s a y  c o n s i s t e d  o f :

i .  E x t r a c t i o n  o f  p r o g e s t e r o n e  from  p la s m a .

i i .  I n c u b a t i o n  o f  t h e  e x t r a c t e d  hormone from  sa m p le s  w i th

a n t i b o d y  and  t r i t i a t e d  p r o g e s t e r o n e .  S im u l ta n e o u s  

i n c u b a t i o n  o f  known q u a n t i t i e s  o f  p r o g e s t e r o n e  w i th  t h e  

a n t i b o d y  and  l a b e l l e d  horm one.

i i i .  S e p a r a t i o n  o f  a n t ib o d y  'b o u n d '  f rom  ' f r e e '  p r o g e s t e r o n e .

i v .  C om parison  o f  t h e  d i s p l a c e m e n t  o f  l a b e l l e d  p r o g e s t e r o n e  from

t h e  a n t i b o d y  by  t h e  unknown q u a n t i t i e s  o f  p r o g e s t e r o n e  w i th

t h e  d i s p l a c e m e n t  p ro d u c e d  by s t a n d a r d  q u a n t i t i e s  o f  t h e  hormone, 

T h is  gave  t h e  c o n c e n t r a t i o n  o f  hormone i n  t h e  unknown sam ple  

t u b e s .
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V .  P lasm a  w i t h  known q u a n t i t i e s  o f  p r o g e s t e r o n e  p r e s e n t  were 

t r e a t e d  a s  unknown sa m p le s  i n  t h e  a s s a y .  The a p p a r e n t  

q u a n t i t i e s  o f  p r o g e s t e r o n e  i n  t h e s e  t u b e s  gave  an  e s t i m a t e  

o f  t h e  r e c o v e r y  o f  p r o g e s t e r o n e  i n  t h e  a s s a y .

v i .  The hormone c o n t e n t  o f  t h e  unknown sam ple  t u b e s  w ere

c o r r e c t e d  f o r  t h e  r e c o v e r y  o f  p r o g e s t e r o n e  i n  t h e  a s s a y ,  

and  t h e  r e s u l t s  e x p r e s s e d  a s  n g /m l .

The a s s a y  was c a r r i e d  o u t  a s  shown i n  t h e  f lo w  d ia g ra m  -  

D iagram  J .  I n  a l l  c a s e s  w here p r o g e s t e r o n e  was ad d e d  t o  t u b e s  i t  was 

t h e  f i r s t  r e a g e n t  t o  be d i s p e n s e d .  No o t h e r  r e a g e n t s  w ere  a dded  u n t i l

t h e  s o l v e n t  a l c o h o l  h a d  b e e n  rem oved by e v a p o r a t i o n .  A f t e r  a d d in g  t h e  

p la sm a  t o  t h e  e x t r a c t e d  s t a n d a r d  t u b e s  (S8 -  SIO) t h e y  w ere  a l lo w e d  t o  

s t a n d  a t  room t e m p e r a t u r e  f o r  a p p r o x i m a t e ly  30 m in u te s  t o  a l l o w  t h e  

added  hormone t o  be bound t o  p la sm a  p r o t e i n s .

R o u t i n e l y  500 y l  p la sm a  sam p les  w ere  a s s a y e d  b u t  t h i s  volume 

was r e d u c e d  i f  a  p r i o r  a s s a y  h a d  shown t h i s  t o  be  n e c e s s a r y  t o  a l l o w  

t h e  e x p e c t e d  v a l u e  t o  f a l l  w i t h i n  t h e  w o rk in g  r a n g e  o f  t h e  s t a n d a r d  

c u r v e .  In  t h e  e v e n t  o f  m o d i f i c a t i o n  o f  t h e  sam ple  volum e t h e  BL PBS 

g e l a t i n ,  BID p l a s m a ,  and  88 ~ 810 p la sm a  vo lum es  w ere  s i m i l a r l y  a l t e r e d .  

W ith in  an  a s s a y  t h e s e  vo lum es  were k e p t  c o n s t a n t .

C a l c u l a t i o n  o f  r e s u l t s

The c o n c e n t r a t i o n  o f  p r o g e s t e r o n e  i n  p la s m a  sa m p le s  was 

d e te r m in e d  e i t h e r  b y  a  com pu te r  programme o r  m a n u a l ly .  The co m p u te r  

program m e, d e v e lo p e d  b y  R odbard  and  Lewald (19T0) p r e s e n t e d  r e s u l t s
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f o r  a l l  e x t r a c t e d  s t a n d a r d s ,  b l a n k s ,  and sam p les  a s  n g /m l  'u n c o r r e c te d

f o r  r e c o v e r y .  The m anual m ethod  was a s  f o l l o w s :  The a v e ra g e  c o u n t

f o r  t h e  BC t u b e s  was d e te r m in e d  and  d e s i g n a t e d  100%. A l l  o t h e r  t u b e s ,

BT nte x c e p t  t h e  TO t u b e s ,  w ere  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h i s  (—  %),

The p e r c e n t a g e  b i n d in g s  o f  t h e  s t a n d a r d s  were t h e n  p l o t t e d  on a semi 

l o g  s c a l e  and t h e  am ounts  o f  p r o g e s t e r o n e  i n  a l l  o t h e r  t u b e s  were r e a d  

from  t h i s  c u r v e .  The r e c o v e r y  o f  p r o g e s t e r o n e  i n  t h e  a s s a y  was 

c a l c u l a t e d  from  t h e  a p p a r e n t  am ounts o f  p r o g e s t e r o n e  i n  t h e  e x t r a c t e d  

s t a n d a r d  t u b e s  (S8 -  S I O ) , l e s s  t h e  v a lu e  o f  t h e  b l a n k  p lasm a  i f  t h i s  

p r o v e d  above t h e  s e n s i t i v i t y  o f  t h e  a s s a y ,  a s  a  p e r c e n t a g e  o f  t h e  

a c t u a l  amount o f  hormone i n  t h e s e  t u b e s .  Sample r e s u l t s  from  t h e  

s t a n d a r d  c u rv e  w ere  c o r r e c t e d  f o r  r e c o v e r y  and  e x p r e s s e d  a s  n g /m l .

( f )  R e l i a b i l i t y  o f  t h e  a s s a y  

S p e c i f i c i t y

The t r e a t m e n t  o f  p la sm a  by  d i e t h y l  e t h e r  i s  known t o  e x t r a c t  a 

v a r i e t y  o f  s t e r o i d s  i n c l u d i n g  p r o g e s t e r o n e ,  o e s t r a d i o l ,  o e s t r o n e ,  

o e s t r i o l , t e s t o s t e r o n e  ( S h o r t ,  1 9 5 8 ) .  Due t o  t h e  f a c t  t h a t  am ongst 

an e x t e n s i v e  r a n g e  o f  s t e r o i d s  t e s t e d  o n ly  11a  h y d r o x y p r o g e s te r o n e  

showed s i g n i f i c a n t  c r o s s  r e a c t i o n  w i th  t h e  a n t i p r o g e s t e r o n e  serum  

(T a b le  2 ) ,  i t  was c o n s i d e r e d  t h a t  t h e  l a c k  o f  s p e c i f i c i t y  o f  t h e  

e x t r a c t i o n  t e c h n i q u e  w ould  be c o m p en sa ted  f o r  by  t h e  s p e c i f i c i t y  o f  t h e  

a n t i b o d y .

S e n s i t i v i t y

S ta n d a r d  cu i’v e .  The s e n s i t i v i t y  o f  t h e  s t a n d a r d  c u r v e  was d e te r m in e d
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BTby  c o m p a r is o n  i n  20 a s s a y s  o f  t h e  —  % r e s u l t s  f o r  e a c h  p o i n t  on t h e  

c u r v e .  The mean and  s t a n d a r d  d e v i a t i o n  were c a l c u l a t e d  f o r  e a c h  

p o i n t  and  S t u d e n t ' s  ' T ' was a p p l i e d  t o  c o n s e c u t i v e  p o i n t s .

R e s u l t s

A s i g n i f i c a n t  d i f f e r e n c e  was found  (p  < 0 .0 5 )  b e tw e en  a l l  p o i n t s  

on t h e  s t a n d a r d  c u rv e  (T a b le  k ) . Due t o  t h e  f a c t  t h a t  i n  a l l  c a s e s  

t h e  BC t u b e s ,  r e p r e s e n t i n g  0 n g ,  w ere  a s s i g n e d  a  v a l u e  o f  100%, i t  was 

n o t  p o s s i b l e  t o  d e te r m in e  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  b e tw e en  

t h e  0 and  0 .0 5  ng  l e v e l s  o f  t h e  s t a n d a r d  c u r v e . T hese  r e s u l t s  

i n d i c a t e  t h a t  t h e  s e n s i t i v i t y  o f  t h e  s t a n d a r d  c u rv e  l i e s ,  a t  w o r s t ,  

b e tw e en  0 .0 5  an d  0 .1  n g .

U s in g  p la sm a  sa m p le s

To g i v e  an  e s t i m a t e  o f  t h e  s m a l l e s t  amount o f  p r o g e s t e r o n e  t h a t  

c o u ld  be  m ea su red  i n  p la sm a  t h e  fo rm u la  -  S e n s i t i v i t y  (s) ~ 2 x SD 

(Abraham, 1969 )  was a p p l i e d .

SD -  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean o f  b l a n k  p la sm a  v a lu e s  

i n  t h e  a s s a y  was d e te r m in e d  by  e s t i m a t i n g  t h e  a p p a r e n t  p r o g e s t e r o n e  

c o n c e n t r a t i o n  i n  500 p i  a l i q u o t s  o f  o v a r i e c t o m i s e d  cow p la s m a .  In  

f i v e  a s s a y s  w here  d u p l i c a t e  d e t e r m i n a t i o n s  w ere  p e r f o r m e d  t h e  l e v e l  was 

0 .0 7  ± 0 .0 2  n g .

R -  t h e  r e c o v e r y  o f  p r o g e s t e r o n e  i n  t h e  a s s a y .  A l th o u g h  

Abraham ( 1 9 6 9 ) e s t i m a t e d  r e c o v e r y  by  c a l c u l a t i n g  t h e  e f f i c i e n c y  by  w h ich  

t r i t i a t e d  hormone was e x t r a c t e d  from  p la sm a  i n  t h i s  t h e s i s  by  i n c o r p o r a t i n g



56

TABLE 1+ PROGESTERONE ASSAY. STANDARD CURVE SENSITIVITY

AND ACCURACY

P r o g e s t e r o n e I +. 1 S i g n i f i c a n c et

ng X 8 .D . C o e f f i c i e n t
P

- 1 + 0 V a r i a t i o n

0 .0 5 8 9 .8 6 .6 7 .3
3 .7 6 5 < 0 .0 5

0 .1 8 3 .9 7 . 3 8 .7
5 .k l 7 II

0 .2 7 5 .0 7 .3 9 .7
1 2 .3 0 1 II

0 .5 ' 5 6 .9 5 .7 1 0 .0
1 U.893 11

1 . 0 3 8 .3 5.Î+ l 4 . 1
1 2 .6 1 9 It

2 .0 2 5 .3 3 .6 lU .2
1 U.603 It

5 .0 13.hr 2 .3 lU .9
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b l a n k  p la sm a  c o n t a i n i n g  known am ounts  o f  p r o g e s t e r o n e  i n  t h e  a s s a y  

and  p r o c e s s i n g  t h e s e  a s  s a m p le s ,  t h e  o v e r a l l  l o s s  o f  hormone i n  t h e  

m ethod was d e t e r m i n e d .  The mean r e c o v e r y  a t  t h e  0 .5  ng l e v e l  i n  t h e  

f i v e  a s s a y s  above  was Qk%.

F ~ t h e  f r a c t i o n  o f  r e c o v e r e d  s t e r o i d  u s e d  i n  t h e  a s s a y .

When t h e  e x t r a c t i o n  o f  t r i t i a t e d  s t e r o i d  i s  u s e d  t o  e s t i m a t e  r e c o v e r y ,  

a  f r a c t i o n  o f  t h e  e x t r a c t  i s  u s e d  f o r  t h i s  c a l c u l a t i o n  and  t h e  r e m a in d e r  

a s s a y e d .  In  t h e  t e c h n i q u e  i n  t h i s  t h e s i s  t h e  t o t a l  e x t r a c t i o n  volume 

was a s s a y e d  an d  t h e r e f o r e  F -  1 .

A p p ly in g  t h e s e  f i g u r e s  S e n s i t i v i t y  (S )  = 0 .0 5  n g .  When 500 p i  

a l i q u o t s  o f  p la s m a  w ere  u s e d ,  t h e  minimum amount o f  hormone t h a t  c o u ld  

t h e r e f o r e  be  d i s t i n g u i s h e d  from  0 was 0 .1  n g /m l .

A c c u rac y

To e s t i m a t e  a c c u r a c y  t h e  f o l l o w i n g  e x p e r im e n t  was p e r f o r m e d :

0 . 2 ,  0 . 5 j and  1 . 0  ng p r o g e s t e r o n e  were d r i e d  down i n  d u p l i c a t e  i n  

e x t r a c t i o n  t u b e s .  500 p i  a l i q u o t s  o f  o v a r i e c t o m i s e d  cow p la sm a  w ere  

t h e n  a dded  t o  e a c h  t u b e , and  t o  3 empty t u b e s  t o  g iv e  an  e s t i m a t e  o f  t h e  

a p p a r e n t  p r o g e s t e r o n e  l e v e l  i n  t h e  b l a n k  p la s m a .  A f t e r  m ix in g ,  t h e  

t u b e s  w ere  l e f t  f o r  30 m i n u t e s ,  a t  room t e m p e r a t u r e ,  t o  a l l o w  p r o t e i n  

b i n d i n g  o f  s t e r o i d s  t o  t a k e  p l a c e .  The hormone c o n t e n t  was t h e n  

e s t i m a t e d .

A f t e r  s u b t r a c t i o n  o f  t h e  p lasm a  b l a n k ,  t h e  a p p a r e n t  p r o g e s t e r o n e  

l e v e l ,  i f  above  t h e  s e n s i t i v i t y  o f  t h e  a s s a y ,  i n  10 a s s a y s  was o b t a i n e d .  

Com parison  o f  t h e  e s t i m a t e d  v .  t h e  a c t u a l  p r o g e s t e r o n e  l e v e l s  i s  g iv e n
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i n  F ig  5* I t  c an  be  s e e n  t h a t  a  l i n e a r  r e l a t i o n s h i p  e x i s t s  be tw een  

t h e  p r o g e s t e r o n e  added  and  t h a t  q u a n t i f i e d .  The d e v i a t i o n  from  t h e  

t h e o r e t i c a l  c o r r e l a t i o n  c o e f f i c i e n t  o f  1 , 0  g i v e s  an e s t i m a t e  o f  t h e  

e r r o r  o f  t h e  m eth o d .  T a b le  5 g i v e s  d e t a i l s  o f  b l a n k  p la sm a  a p p a r e n t

p r o g e s t e r o n e  l e v e l s  and  t h e  r e c o v e r y  o f  s t e r o i d  a t  t h e  0 . 2 ,  0 .5  and

1 . 0  ng l e v e l s .

P r e c i s i o n

I t  i s  a p p a r e n t  from  t h e  r e s u l t s  o f  t h e  r e p l i c a t e  s t a n d a r d  

c u r v e s ,  g iv e n  i n  T a b le  U, t h a t  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  b e tw een  

a s s a y s  v a r i e s  from  a t  t h e  0 .0 5  ng l e v e l  t o  I k . 2% w here  a

c o n c e n t r a t i o n  o f  2 . 0  ng was d e te r m in e d .

Due t o  t h e  f a c t  t h a t  e x t r a c t e d  s t a n d a r d s  w ere  i n c o r p o r a t e d  i n  

t r i p l i c a t e  i n  e a c h  a s s a y  a n a l y s i s  o f  t h e  d i f f e r e n c e s  i n  e s t i m a t e s  o f  

t h e s e  s t a n d a r d s  gave  a  m ea su re  o f  t h e  p r e c i s i o n  o f  t h e  a s s a y .  T a b le  6 

g i v e s  d e t a i l s  o f  t h e  p r e c i s i o n .

2 .2 .3 *  A p p l i c a t i o n  o f  a s s a y  -  P la sm a  p r o g e s t e r o n e  l e v e l s  i n  

c y c l i n g  cows

E x p e r im e n ta l  d e s ig n

A n im als .  The s tu d y  was c a r r i e d  o u t  u s in g  6 n o n - l a c t a t i n g  cows o f  

d i f f e r e n t  b r e e d s .

Management. The a n im a ls  w ere  k e p t  i n  a  cowshed i n  i n d i v i d u a l  s t a l l s  

b u t  w ere  t u r n e d  o u t  f o r  1 h o u r  t o  a  c o u r t  f o r  b e h a v i o u r a l  o b s e r v a t i o n s



59

w i

CO

o

o

MO

lO

z
m
i/>
U J
QC
a .

UJ
Zo
m

( / )
U J
Üg

ë
tHo

o

pH
0  cng:
1
o  S

lA

CJH
pH

aaivwiisa aNoaaisaooiid



6o

TABLE 5 PROGESTERONE ASSAY. EXTRACTED STANDARDS.

BLANK 

PLASMA 

500 P i

A p p a re n t  P r o g e s t e r o n e  

ng

0 .096  ± 0.035

X

R e c o v e ry  %

± 1 S.D.

0 ,2  e x t r a c t e d  

s t a n d a r d  (S8) 500 p i  BLD t  0 . 2  ng 9 1 .2  ± 16

0 .5  e x t r a c t e d  

s t a n d a r d  (89 ) 500  p i  BLD + 0 .5  ng 8 9 .4  ± 1 -̂

1 , 0  e x t r a c t e d  

s t a n d a r d  (SIO)

O v e r a l l  (S8 -  810)

500  p i  BLD + 1 . 0  ng 87

88.9

± 11.

1 3 .6
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TABLE 6 PROGESTERONE ASSAY. PRECISION

E x t r a c t e d  s t a n d a r d  

com puted  from

0 .103T

1 . 0  ng

0 .0 0 3 6 8

No. d u p l i c a t e  p a i r s  o f  d e t e r m i n a t i o n s  (n )

P r e c i s i o n
E(x^  -  Xg}'

2n

20 20

0 .0 5 0 9  O.O6OT

O v e r a l l  P r e c i s i o n 0 . 0 5 9 4
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e a ch  d a y .  O e s t r u s  was ju d g e d  on t h e  b a s i s  o f  t h e  a n im a l  s t a n d i n g  

t o  be  r i d d e n  by o t h e r  cows. Hay and  w a te r  were a v a i l a b l e  ad  l i b .

B lood s a m p l in g  was c a r r i e d  o u t  from  t h e  j u g u l a r  v e i n  i n t o  h e p a r i n i s e d  

e v a c u a t e d  g l a s s  t u b e s  ( V a c u t a i n e r , B ec ton  & D ic k in s o n  L t d . )  a t  t h e  

same t im e  e a c h  d a y .  P lasm a  was s e p a r a t e d  by c e n t r i f u g a t i o n  a t  4^C 

and s t o r e d  a t  - 15^0 t i l l  a s s a y e d .

Hormone l e v e l s .  The c o n c e n t r a t i o n  o f  p r o g e s t e r o n e  i n  t h e  p la sm a  

sam p les  was d e te r m in e d  by r a d io im m u n o a s s a y .

R e s u l t s

D e t a i l s  o f  t h e  a n im a ls  u s e d  and  t h e  d u r a t i o n  o f  t h e i r  

o e s t r o u s - o e s t r o u s  i n t e r v a l s  a r e  g iv e n  i n  T a b le  7* The i n t e r - o e s t r o u s  

i n t e r v a l  was t a k e n  a s  t h e  p e r i o d  from  one o e s t r u s  t o  t h e  n e x t  i n c l u d i n g  

t h e  d a y s  o f  h e a t .  In  no c a s e  d i d  o e s t r u s  l a s t  l o n g e r  t h a n  1 d a y .

The p la s m a  p r o g e s t e r o n e  l e v e l s  from  t h e  i n d i v i d u a l  cows d u r in g  t h e  

o e s t r o u s  c y c l e  a r e  shown i n  F i g  6 . I t  i s  a p p a r e n t  t h a t  i n  a l l  a n im a ls  

t h e  l e v e l  o f  t h i s  hormone i n c r e a s e d  a f t e r  o e s t r u s , r e m a in e d  e l e v a t e d  

f o r  a  p e r i o d  and  t h e n  f e l l  b e f o r e  t h e  n e x t  h e a t .  F o r  c o m p a r iso n  a t h e  

f i n d i n g s  o f  o t h e r  w o rk e rs  u s i n g  e i t h e r  c o m p e t i t i v e  p r o t e i n  b i n d i n g  o r  

ra d io im m u n o a s s a y  t e c h n i q u e s  i n  c y c l i n g  cows a r e  g iv e n  i n  T a b le  8 .

2 . 2 . 4 .  D i s c u s s i o n

Murphy (1 9 6 7 ) and  N e i l l ,  J o h a n s s o n ,  D a t t a  an d  K h o b i l  ( 1 9 6 7 ) 

d e m o n s t r a t e d  t h a t  p r o g e s t e r o n e  c o u ld  be e s t i m a t e d  i n  p la sm a  sam p les



63

TABLE 7 DETAILS OF THE ANIMALS AND THEIR OESTROUS- 

OESTROUS INTERVALS

Animal

A

B

C

D

E

F

B reed

S h o r th o r n

A y r s h i r e

S h o r th o r n

A y r s h i r e

F r i e s i a n

M aine Anjou

Heprod.. h i s t o r y

H e i f e r

Cow

Cow

Cow

Cow

H e i f e r

I n t  e r - o e s t r u s  
i n t e r v a l  -  d.ays

21

19 

23

20 

23 

22
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'12-, COW  A 21 DAY CYCLE COW  D 20 DAY CYCLE

10-O)

LÜ

] 2 - h COW  B 19 day  c y c l e  c o w  E 23 day c y c l e

LU

_ c o w  C 23 DAY CYCLE COW  F 22 DAY CYCLE

T  I 1 I I T I r r T n — n '" f  ' ' ' - r - r T T - r i  rTTT i p “ i i : i i r r r |

0 5 10 15 20 0 5 10 15 20
D A Y S  DAYS

FIG 6 PLASMA PROGESTERONE LEVELS IN COWS DURING THE 
OESTROUS CYCLE
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u s in g  n a t u r a l l y  o c c u r r i n g  a o r t i s q l b i n d i n g  g l o b u l i n .  U s ing  e i t h e r  

t h e s e  t e c h n i q u e s  o r  t h e  m o d i f i c a t i o n s  s u g g e s t e d  by J o h a n s s o n  ( 1 9 6 8 ) 

t h e  p e r i p h e r a l  p la sm a  l e v e l s  o f  p r o g e s t e r o n e  i n  t h e  cow have  b een  

d e te r m i n e d .  Due t o  t h e  r e l a t i v e  l a c k  o f  s p e c i f i c i t y  o f  t h e  b i n d in g  

g l o b u l i n  u s e d  (M urphy, 1967"), p u r i f i c a t i o n  o f  t h e  p la sm a  e x t r a c t s  was 

r e q u i r e d  t o  g iv e  a d e q u a te  s p e c i f i c i t y  and  s e n s i t i v i t y  i n  t h e  m ethod . 

A t te m p ts  t o  s i m p l i f y  t h e  e x t r a c t i o n / p u r i f i c a t i o n  sy s te m  d i d  n o t  l e a d  

t o  a  m arked  v a r i a t i o n  i n  h ig h  l e v e l s  o f  t h e  hormone b u t  t o  e l e v a t e d  

b l a n k  v a l u e s  and  r e s u l t e d  i n  an o v e r e s t i m â t io n  o f  low  c o n c e n t r a t i o n s .  

A l th o u g h  u s in g  colum n c h ro m a to g ra p h y  em p loy ing  Sephadex  LH-20 

s e n s i t i v i t i e s  o f  0 .2  ng  w ere  o b t a i n e d  (Sw anson , H afs  and  Morrow, 1972) 

i n  many i n s t a n c e s  o n ly  c o n c e n t r a t i o n s  i n  e x c e s s  o f  t h i s  f i g u r e  c o u ld  

be a c c u r a t e l y  d i s t i n g u i s h e d  f rom  0 ng (H e n r ic k s  e t  a l . , 1971>

C h r i s t e n s e n  e t  a l . ,  1 9 7 ^ ) .  B e s id e s  t h e  r e l i a b i l i t y  c r i t e r i a  u s e d  t o  

d e s c r i b e  an  im m unoassay t h e  v a lu e  o f  any t e c h n i q u e  m ust a l s o  be 

c o n s i d e r e d  i n  t e r m s  o f  i t s  p r a c t i c a b i l i t y  ( B o r t h ,  1 9 6 2 ;  Abraham, 1 9 6 9 ) .  

T h is  i s  d e f i n e d  as  e n c o m p a ss in g  e s t i m a t e s  o f  t h e  s p e e d ,  c o s t ,  and s k i l l  

r e q u i r e d  t o  p e r f o r m  t h e  m ethod . O b v io u s ly  i n  e a c h  i n s t a n c e  

m o d i f i c a t i o n s  t o  make an a s s a y  more p r a c t i c a l  m ust  be  r e c o n c i l e d  w i t h  

any  s im u l ta n e o u s  c h a n g e s  i n  i t s  r e l i a b i l i t y .  A l th o u g h  r e l i a b l e  a s s a y s  

u s i n g  CPB m ethods  have  b e e n  d e s c r i b e d  f o r  u s e  i n  t h e  cow, su c h  a s  t h a t  

o f  E d g e r to n  and  H afs (1973) t h e i r  p r a c t i c a b i l i t y  t o  h a n d l i n g  l a r g e  

num bers o f  sa m p le s  i s  p o o r  r e l a t i v e  t o  t h e  l a t e r  rad io im m u n o a ssa y  m ethods

A l th o u g h  a rad io im m u n o a ssa y  t e c h n i q u e  f o r  d e t e r m i n in g  p la s m a  

i n s u l i n  l e v e l s  was d e s c r i b e d  by  Yalow and  Beinson ( I 9 6 0 ) ,  i t  was n o t  

u n t i l  1969  t h a t  a  t e c h n i q u e  o f  t h i s  t y p e  was a p p l i e d  t o  t h e  m easurem ent
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o f  s t e r o i d s  (Abraham , I 9 6 9 ) .  The b a s i s  o f  any ra d io im m u n o a ssa y  i s  

t h e  a v a i l a b i l i t y  o f  a  s p e c i f i c  a n t i s e r u m  o f  a d e q u a te  t i t r e  ( E k in s ,  

Newman and  O 'R io r d e n ,  I 968  ; Yalow and B e nson , I 966 ; T h o r n e y c r o f t , 

T i l l s o n ,  Abraham, S c a ra m u zz i  and  C a l d w e l l ,  19T0)* The r e l a t i v e  

a f f i n i t i e s  o f  o t h e r  s t e r o i d s  t o  t h e  a n t i p r o g e s t e r o n e  serum  r a i s e d  i n  

t h i s  s t u d y  com pared  w e l l  t o  t h o s e  r e p o r t e d  by o t h e r  w o rk e rs  a s s a y i n g  

p r o g e s t e r o n e  by r a d io im m u n o a s s a y .  In  c o n t r a s t  t o  t h e  a n t i b o d y  u s e d  

by  T i l l s o n ,  T h o r n e y c r o f t ,  Abraham, S ca ram u zz i  and  C a ld w e l l  ( 197O ), 

w hich  was c o n j u g a t e d  th r o u g h  p o s i t i o n  C20 u s i n g  an  oxime d e r i v a t i v e ,  

m in im a l  c r o s s  r e a c t i v i t y  was o b s e rv e d  a g a i n s t  t h e  C l9 s t e r o i d s  t e s t e d  

w i th  t h e  a n t i s e r u m  i n  t h i s  t h e s i s .  The r e l a t i v e  a f f i n i t i e s  o f  o t h e r  

s t e r o i d s  r e p o r t e d  i n  t h i s  t h e s i s  a r e  s i m i l a r  t o  t h o s e  fou n d  by 

N isw ender  an d  M id g ley  ( l9 T 0 )  who a l s o  em ployed c o n j u g a t i o n  o f  a  

h e m i-su c c in y l  t h r o u g h  C l l  t o  t h e  s t e r o i d ,  and b o v in e  serum  a lb u m in  a s  

t h e  c a r r i e r  p r o t e i n ,  l e a v i n g  b o t h  ends  o f .  t h e  s t e r o i d  m o le c u le  f r e e  

t o  a c t  a s  a n t i g e n  d e t e r m i n a n t s .  In  a d d i t i o n  t h e  t i t r e  o f  1 : 6 ,0 0 0  

u s e d  i n  t h e  p r e s e n t  s tu d y  e n a b le d  e x t e n s i v e  u s e  o f  t h e  se rum  from  one 

b l e e d i n g  o f  t h e  a n im a l .

U s in g  t h i s  a n t i s e r u m  an  a s s a y  w i t h  good a c c u r a c y ,  p r e c i s i o n  

and  s e n s i t i v i t y  was d e v e lo p e d  b a s e d  on t h e  t e c h n i q u e s  d e s c r i b e d  by 

Abraham (1 9 6 8 ) ,  T i l l s o n  e t  a l . ( l 9 T 0 ) ,  and A braham , S w e r d l o f f ,

T u lc h in s k y  and  O d e l l  (1 9 7 0 ) . T h is  t e c h n i q u e  u s e d  a  p h o s p h a te  b u f f e r  

c o n t a i n i n g  g e l a t i n  t o  m in im ise  n o n - s p e c i f i c  b i n d i n g  t o  t h e  a n t i b o d y  

and  t o  e n s u r e  i t s  s t a b i l i t y  a t  low c o n c e n t r a t i o n .  D exbran  c o a t e d  

c h a r c o a l  was em ployed  t o  s e p a r a t e  a n t ib o d y - b o u n d  from  f r e e  s t e r o i d .  

Due t o  t h e  s p e c i f i c i t y  o f  t h e  a n t i b o d y ,  e x t r a c t i o n  w i t h  f u r t h e r
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p u r i f i c a t i o n  o f  t h e  d i e t h y l  e t h e r  e x t r a c t  o f  p la sm a  p r o v e d  u n n e c e s s a r y .

In  p r a c t i c a l  t e r m s  t h i s  r e p r e s e n t e d  a  s i g n i f i c a n t  a d v a n ta g e  o v e r  t h e  

u s e  o f  c e l i t e  m ic ro co lu m n s  and  Sephadex  LH-20 c h ro m a to g ra p h y  em ployed 

by o t h e r  w o rk e rs  (Abraham e t  a l . ,  1 9 7 1 i Y o u s s e f n e j a d d ia n  e t  a l . ,  1971) 

f o r  r a d io im m u n o a s s a y  o f  p r o g e s t e r o n e .  A ssay  r e l i a b i l i t y  was a s  good 

a s  t h a t  d e s c r i b e d  i n  c o m p e t i t i v e  p r o t e i n  b i n d i n g  t e c h n i q u e s  (Sw anson ,

Hafs an d  M orrow, 1 9 7 1 ;  Shem esh , A yalon  and  L i n d t ,  1 9 7 1 ;  E d g e r to n  and 

H a f s ,  1 9 7 3 ) '  When t h e  a s s a y  was a p p l i e d  t o  p la s m a  sa m p le s  f ro m  c y c l i n g  

c o w s ,  i t  was a p p a r e n t  t h a t  t h e  r e s u l t s  were i n  a g re e m e n t  w i th  t h e  

o b s e r v a t i o n s  by  D o n a ld so n  e t  a l . ( l 9 7 0 ) > Swanson e t  a l . ( I 9 7 2 ) and  

E d g e r to n  and H afs  (1973) who u s e d  CPB m e th o d s ,  and  w i t h  G le n c ro s s  

e t  a l . (1 9 7 3 ) a n d  Dobson e t  a l . (1973) who u s e d  RIA t e c h n i q u e s .  The 

v a r i a b i l i t y  i n  t h e  t im e  p r o g e s t e r o n e  s t a r t e d  t o  i n c r e a s e  a f t e r  o e s t r u s  

r e c o r d e d  by  o t h e r  w o rk e rs  {2 -  k d a y s )  was i l l u s t r a t e d  w i t h i n  t h e  

s m a l l  g ro u p  o f  a n im a ls  i n  t h i s  s t u d y .  I t  was a p p a r e n t  from  t h e  

i n d i v i d u a l  cow r e s u l t s  t h a t  m arked  v a r i a t i o n  c o u ld  o c c u r  be tw een  cows 

d u r in g  d i o e s t r u s  an d  w i t h i n  cows on d i f f e r i n g  d a y s  o f  d i o e s t r u s .  T h i s  

o b s e r v a t i o n  i s  i n  a g re e m e n t  w i t h  t h e  f i n d i n g  o f  G a r v e r i c k ,  E rb ,

N isw ender and C a l la h a n  ( l 9 7 l )  who r e p o r t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  

be tw een  a n im a ls  i n  t h e  o v e r a l l  amount o f  p r o g e s t e r o n e  s e c r e t e d  d u r i n g  

t h e  c y c l e .  In  g e n e r a l ,  h o w e v e r ,  t h e  l e v e l s  fo u n d  w i t h i n  a n im a ls  i n  

t h i s  t h e s i s  f ro m  d a y s  6 -  lU o f  t h e  c y c l e ,  w h ich  c o v e r e d  t h e  r a n g e

2 .0  -  7 '7  n g /m l ,  w ere  s i m i l a r  t o  t h o s e  r e p o r t e d  i n  o t h e r  s t u d i e s  u s i n g  

CPB and RIA t e c h n i q u e s .  I n  a g re e m e n t  w i t h  t h e  r e s u l t s  o f  o t h e r  w o r k e r s ,  

maximum l e v e l s  o f  t h e  hormone were fou n d  d u r i n g  t h e  l a t t e r  p a r t  o f  

d i o e s t r u s  -  r a n g i n g  from  12 -  15 d ays  a f t e r  o e s t r u s .  W ith  t h e
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e x c e p t i o n  o f  one a n im a l  -  Cow E -  t h e  end o f  d i o e s t r u s  when p lasm a  

p r o g e s t e r o n e  f e l l  was f o l l o w e d  w i t h i n  s i x  days  hy  t h e  f o l l o w i n g  o e s t r u s .  

I t  was t h e r e f o r e  a p p a r e n t  from  t h e  r e s u l t s  o f  t h e s e  s i x  a n im a ls  t h a t  

v a r i a b i l i t y  e x i s t s  i n  t h e  p e r i o d  be tw een  l u t e a l  r e g r e s s i o n  and t h e  n e x t  

o e s t r u s  and  t h a t  t h i s  c o n t r i b u t e d ,  a lo n g  w i t h  t h e  p e r i o d  o f  p r o g e s t e r o n e  

s e c r e t i o n  t o  t h e  o v e r a l l  o e s t r o u s - o e s t r o u s  i n t e r v a l .  W ith in  t h e  

c y c l e ,  b o t h  p l a t e a u x  and  a  s e r i e s  o f  p e a k s  and  d e c l i n e s  have  b e e n  

r e c o r d e d  i n  t h e  p r o g e s t e r o n e  l e v e l s  (D onaldson  e t  a l . , 1 9 7 0 ;  H e n r ic k s  

e t  a l . ,  19 7 1 ;  Shemesh e t  a l . , 1 971 ;  G a r v e r i c k  e t  a l .» 1 9 7 2 ) .  The 

v a r i a b i l i t y  i n  t h e  o c c u r r e n c e  o f  p e a k s  o f  s e c r e t i o n  r e c o r d e d  by t h e s e  

w o rk e rs  was r e f l e c t e d  i n  t h e  d i f f e r e n c e s  i n  t h e  p a t t e r n s  fo u n d  i n  t h e  

s i x  cows i n  t h i s  s tu d y  r a n g i n g  from  Cow A w here t h r e e  w e l l  d e f i n e d  

p e a k s  were r e c o r d e d  t o  Cow C w here a  g r a d u a l  i n c r e a s e  o v e r  t h e  c o m p le te  

p e r i o d  o f  d i o e s t r u s  was o b s e r v e d .

I t  t h e r e f o r e  a p p e a r e d  t h a t  t h e  a s s a y  d e v e lo p e d  i n  t h i s  t h e s i s  

gave an e s t i m a t e  o f  t h e  p r o g e s t e r o n e  l e v e l  i n  p la sm a  d u r i n g  t h e  o e s t r o u s  

c y c l e  i n  t h e  cow w h ich  a g re e d  w i t h  o b s e r v a t i o n s  o f  t h e  p r e s e n c e  o f  

c o r p o r a  l u t e a  (E rb  e t  a l . ,  1 9 6 1 ) ,  o v a r i a n  venous  p r o g e s t e r o n e  

c o n c e n t r a t i o n s  (D o b r o w o ls k i , S tu p n ic k a  and D om ansk i , I 9 6 8 ) and t h e  

r e s u l t s  o f  o t h e r  w o rk e rs  u s i n g  CPB and RIA t e c h n i q u e s  on p e r i p h e r a l  

p lasm a  s a m p le s .
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2 .3 .  D e t e r m in a t io n  o f  t o t a l  o e s t r o g e n s  i n  t h e  p e r i p h e r a l  p la sm a
I

o f  t h e  cow

P r i o r  t o  t h e  d e v e lo p m en t  o f  c o m p e t i t i v e  p r o t e i n  b i n d i n g  and  

rad io im m u n o a ssa y  t e c h n i q u e s ,  s e v e r a l  s t u d i e s  had  b e e n  c a r r i e d  o u t  i n t o  

t h e  p e r i p h e r a l  p la s m a  l e v e l s  o f  o e s t r o g e n s  i n  t h e  cow. F o l lo w in g  t h e  

d e m o n s t r a t i o n  by Szego and  R o b e r t s  (1946)  t h a t  o e s t r o g e n s  c o u ld  be 

d e t e c t e d  i n  t h e  b lo o d  o f  p r e g n a n t  c o w s , o t h e r  w o rk e rs  c o n f i r m e d  t h e  

p r e s e n c e  o f  t h e s e  hormones d u r i n g  l a t e  g e s t a t i o n  (B i tm a n ,  Wren and 

S y k e s ,  1 9 5 8 ;  H i g a k i ,  Suga and F u j i s a k i ,  1 9 5 9 ;  S a b a ,  1 9 6 4 ;  P o p e ,

J o n e s  and  W a y n fo r th , I 9 6 5 ) .  The r e s u l t s  o f  t h e s e  s t u d i e s  were how ever 

v a r i a b l e  i n  t h a t  o e s t r o g e n s  w ere  n o t  c o n s i s t e n t l y  d e m o n s t r a t e d  i n  a l l  

cows a t  c o m p a ra b le  s t a g e s  o f  g e s t a t i o n  and  w here t h e y  w ere  d e t e c t e d ,

t h e  am ounts  r e p o r t e d  r a n g e d  from  8 . 0  ng o e s t r a d i o l / l .  t o  l e s s  t h a n
/

1 . 0  y g / l .  The l a c k  o f  s p e c i f i c i t y  i n  t h e s e  e a r l y  s t u d i e s  and  t h e  

i n f l u e n c e  o f  t h e  t y p e  o f  b i o l o g i c a l  o r  c h e m ic a l  a s s a y  em ployed  f o r  

d e t e c t i o n  o f  t h e  hormone h a s  b e e n  r e v ie w e d  b y  L o r r a i n e  an d  B e l l  (1 9 6 6 ) .  

The c o n f l i c t i n g  o b s e r v a t i o n s  fo u n d  i n  p r e g n a n t  a n im a ls  were a l s o  fo u n d  

when a t t e m p t s  w ere  made t o  a p p ly  t h e s e  c h e m ic a l  and  b i o l o g i c a l  a s s a y s  

t o  s t u d i e s  i n  c y c l i n g  a n im a ls .  A l th o u g h  D uncan , C a s a s ,  Emmerson and  

Melarapy (1953)  f a i l e d  t o  d e t e c t  o e s t r o g e n s  i n  t h e  b lo o d  o f  cows d u r in g  

t h e  o e s t r o u s  c y c l e ,  H ig a k i  e t  a l . (1959)  showed a  f l u c t u a t i o n  i n  t h e  

o e s t r o g e n  l e v e l s  d u r in g  t h e  c y c l e  w i t h  maximum c o n c e n t r a t i o n s  a t  o e s t r u s  

and a t  d a y s  9 "  10 o f  t h e  c y c l e .  How ever, A yalon  and Lewis ( 1 9 6 1 ) 

fo u n d  t h e  p la sm a  o e s t r o g e n  l e v e l s  t o  be lo w e r  a t  o e s t r u s  t h a n  a t  a l l  

o t h e r  p a r t s  o f  t h e  c y c l e .  In  c o n t r a s t  Pope e t  a l . (1 9 6 5 ) and
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R o b e r ts o n  (.1 9 6 9 ) c o n f i r m e d  t h e  p a t t e r n  o f  e l e v a t e d  l e v e l s  a ro u n d  

o e s t r u s  th o u g h  i n  b o t h  s t u d i e s  a c c u r a t e  q u a n t i t a t i o n  o f  t h e  am ounts 

was i n h i b i t e d  due t o  t h e  e x t r e m e l y  low  c o n c e n t r a t i o n s  i n v o l v e d .

F u r t h e r  work on c i r c u l a t i n g  o e s t r o g e n s  i n  c y c l i n g  a n im a ls  n e c e s s i t a t e d  

t e c h n i q u e s  o f  i n c r e a s e d  s e n s i t i v i t y  w hich  became a v a i l a b l e  w i t h  t h e  

d ev e lo p m en t o f  p r o t e i n  b i n d i n g  and im m unoassays .  From t h e  r a n g e  o f  

a s s a y s  o f  t h e s e  t y p e s  t h a t  have  been  d e v e lo p e d  s i n c e  1 9 6 7 , p r o t e i n  

b i n d i n g  u s i n g  p la s m a  p r o t e i n  f r a c t i o n s  (Shem esh , A yalon  and L in d n e r ,  

1 9 7 2 ) and  ra d io im m u n o a s s a y s  u s i n g  s p e c i f i c  a n t i b o d i e s  ( H e n r ic k s  e t  a l . ,  

1 9 7 1 ; E d q v i s t  e t  a l . , 1 9 7 2 ;  W ette rm ann , H a f s ,  E d g e r to n  and  Sw anson, 

1 9 7 2 ; G le n c r o s s  e t  a l . , 1 9 7 3 ;  Sm ith  e t  a l . , 1 9 7 3 ;  A r i j i e  e t  a l . ,  

1974 ;  A gathe  an d  Kolm, 1 9 7 5 ) ,  have  been  a p p l i e d  t o  s t u d i e s  i n  c a t t l e .

I n  t h i s  t h e s i s  a  s im p le  r e l i a b l e  a s s a y  f o r  t o t a l  p lasm a  

o e s t r o g e n s ,  b a s e d  on a  w id e ly  u s e d  a n t i - o e s t r a d i o l  s e ru m , w i l l  be  

d e s c r i b e d .  V a l i d a t i o n  o f  t h e  m ethod w i l l  i n  p a r t  be  b a s e d  on a 

c o m p a r is o n  o f  t h e  r e s u l t s  o b t a i n e d  when i t  was a p p l i e d  t o  s t u d i e s  i n  

c y c l i n g  cows w i t h  s t u d i e s  by o t h e r  a u t h o r s  i n  s i m i l a r  a n im a l s .

2 . 3 . 1 . M a t e r i a l s

E t h a n o l ,  p h o s p h a te  b u f f e r e d  s a l i n e ,  PBS g e l a t i n ,  d i e t h y l  e t h e r ,  

c h a r c o a l ,  d e x t r a n  T -7 0 , and  s c i n t i l l a t i o n  f l u i d  w ere  a s  d e s c r i b e d  f o r  

t h e  p r o g e s t e r o n e  a s s a y .

1 .  O e s t r a d i o l  (S ig m a , London)

1 . 0  n g /m l  and  0 .1  n g /m l  s o l u t i o n s  w ere  p r e p a r e d  i n  e t h a n o l ,

and  s t o r e d  a t  - 1 5 ^C .
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2. ( 2 ,  4 ,  6 , 7 ( n ) -  H) o e s t r a d i o l  (R a d io c h e m ic a l  C e n t r e ,  Amersham,

E n g la n d )

250 y C i , w i t h  a  s p e c i f i c  a c t i v i t y  o f  40 -  60 C i/m m ol, w ere  

d i s s o l v e d  i n  e t h a n o l  and  s t o r e d  a t  - 15^C.

U n le s s  o t h e r w i s e  s t a t e d  t h e  r e q u i r e d  am ounts o f  l a b e l l e d  an d  u n l a b e l l e d  

hormone w ere  o b t a i n e d  by e v a p o r a t i o n  o f  t h e  e t h a n o l , a s  p r e v i o u s l y  

d e s c r i b e d ,  and r e c o n s t i t u t i o n  i n  PBS o r  o t h e r  PBS b a s e d  r e a g e n t s .

D i s p o s a b le  t e s t  t u b e s  a s  p r e v i o u s l y  d e s c r i b e d  w ere  u s e d  a s  a s s a y  t u b e s .

3. E x t r a c t i o n  t u b e s  Q u i c k f i t  ( J o b b in g ,  S to n e )  M F24/15.

2 . 3 . 2 ,  M ethods

(a )  C h a r a c t e r i s a t i o n  o f  a n t i - o e s t r a d i o l  serum

I n  t h e  c a s e  o f  t h e  p ro p o s e d  a s s a y  f o r  p la sm a  o e s t r o g e n s ,  

a n t i s e r u m  a g a i n s t  o e s t r a d i o l  was o b t a i n e d  f rom  D r, B. V, C a ld w e l l  

(Code AS/029 / 1 8 ) .  A s e r i e s  o f  e x p e r im e n t s  s i m i l a r  t o  t h o s e  d e s c r i b e d  

f o r  t h e  p r o g e s t e r o n e  a s s a y  was p e r fo rm e d  t o  e s t a b l i s h  t h e  o p t im a l  

c o n d i t i o n s  f o r  t h e  u s e  o f  t h i s  a n t i s e r u m .

D e t e r m in a t io n  o f  t h e  c o n c e n t r a t i o n  o f  d e x t r a n  c o a t e d  c h a r c o a l

To a  s e r i e s  o f  a s s a y  t u b e s  c o n t a i n i n g  a p p r o x i m a t e ly  4 ,5 0 0  c .p .m ,  

t r i t i a t e d  o e s t r a d i o l ,  i n  500 p i  PBS g e l a t i n ,  s u s p e n s i o n s  o f  c h a r c o a l  

r a n g i n g  f rom  0 .5  “ 0 .0 3 2 5  g/lOO m l ,  w i t h  d e x t r a n  T-7 0  p r e s e n t  a t  10^ o f  

t h e  c h a r c o a l  c o n c e n t r a t i o n ,  w ere  added  i n  500 y l  a l i q u o t s  a t  4^C.

A f t e r  m ix in g  t h e  t u b e s  were l e f t  a t  4^C f o r  10 m in u te s  a f t e r  w h ich  t h e
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s u p e r n a t a n t s  were rem oved by  c e n t r i f u g a t i o n  ( 4 ° ,  10  m i n u t e s ,  2 ,5 0 0  g )  

and t h e  c .p .m .  d e te r m in e d  h y  a d d in g  them  t o  10  ml s c i n t i l l a t o r  i n  

p l a s t i c  v i a l s .

R e s u l t s

The r e s u l t s  p r e s e n t e d  i n  T a b le  9 showed t h a t  0 .5  o f  c h a r c o a l /  

100 ml PBS were c a p a b le  o f  a b s o r b i n g  t h e  b u l k  o f  t h e  t r i t i a t e d  s t e r o i d  

u s e d .  Ho s i g n i f i c a n t  a d v a n ta g e  was g a in e d  by  i n c r e a s i n g  t h e  

c o n c e n t r a t i o n  o f  c h a r c o a l .

A n t ib o d y  t i t r e

The a n t i b o d y  t i t r e  was d e te r m in e d  i n  a  s i m i l a r  m anner t o  t h a t  

d e s c r i b e d  f o r  t h e  a n t i p r o g e s t e r o n e  serum  e x c e p t  t h a t  t h e  d i l u t i o n s  

r a n g e d  from  1 : 3 5 ,0 0 0  t o  1 :1 , 1 2 0 ,0 0 0  and  500 y l  a l i q u o t s  were u s e d / t u b e  

T r i t i a t e d  o e s t r a d i o l  c o n t a i n i n g  O.OOI66 yCi and  r e p r e s e n t i n g  4 pg o f  

t h e  ho rm one , w ere  added  t o  e a c h  tu b e  i n  a  volume o f  100  y l .

R e s u l t s

I t  c a n  be se en  f rom  t h e  r e s u l t s  i n  F i g  J t h a t  t h e  a n t i b o d y  

d i l u t i o n  b i n d i n g  50^ o f  t h e  t r i t i a t e d  o e s t r a d i o l  added  was 1 :2 3 0 ,0 0 0  

u s i n g  500 y l  a l i q u o t s  o f  d i l u t e d  a n t i s e r u m .

D is p la c e m e n t  o f  l a b e l l e d  o e s t r a d i o l  from  t h e  a n t i b o d y

At t h e  same t im e  a s  t h e  a n t ib o d y  t i t r e  was a s s e s s e d ,  t h e  

d i s p l a c e m e n t  o f  t h e  l a b e l l e d  s t e r o i d  i n  t h e  p r e s e n c e  o f  a  f i x e d  mass 

o f  o e s t r a d i o l  was d e te r m in e d .  50 pg o f  o e s t r a d i o l ,  r e p r e s e n t i n g  t h e
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TABLE 9 ABSORPTION OP TRITIATED OESTRADIOL BY DEXTRAN 

COATED CHARCOAL

C h a r c o a l  c o n c e n t r a t i o n  

G/100 ml

1.0

0 .5

0 .1 2 5

0 .0 3 2 5

A verage
I n i t i a l
c .p .m .

5035

F i n a l
c .p .m .

3 9 ;  4 1 ;  36 

5 6 ;  6 7 ;  56 

2 T 4 ;2 7 1 ;2 8 0  

1 5 3 0 ;1 3 5 1 ;1 4 o6

A verage  
% c .p .m . 
a d s o rb e d

9 9 .2  

98.8 

9 k . 3 

T I .6
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mid p o i n t  o f  t h e  r a n g e  o f  c o n c e n t r a t i o n s  r e q u i r e d  t o  he  m ea su red  i n  

t h e  p r o p o s e d  a s s a y ,  w ere  added  t o  d u p l i c a t e  t u b e s  a t  e a c h  a n t i b o d y  

d i l u t i o n .  F u r t h e r  t r e a t m e n t  o f  t h e  t u b e s  was a s  d e s c r i b e d  f o r  t h e  

a n t i b o d y  t i t r e .

R e s u l t s

I t  c a n  be  s e e n  from  t h e  r e s u l t s  i n  F i g  8 t h a t  maximum 

d i s p l a c e m e n t  o f  t h e  l a b e l l e d  s t e r o i d  was o b t a i n e d  a t  an  a n t i b o d y  

d i l u t i o n  o f  1 :1 7 $ ,0 0 0 ,  A l th o u g h  $0% b i n d i n g  o f  t h e  amount o f  t r i t i a t e d  

o e s t r a d i o l  u s e d  o c c u r r e d  a t  an  a n t i b o d y  d i l u t i o n  o f  1 :2 3 0 ,0 0 0  t o  g iv e  

maximum s e n s i t i v i t y  b e tw e en  0 pg and  50 pg  i n  t h e  e v e n t u a l  a s s a y ,  

1 :1 7 5 ,0 0 0  was u s e d  a s  t h e  a n t i b o d y  d i l u t i o n  i n  s u b s e q u e n t  e x p e r i m e n t s .

E f f e c t  o f  t im e  on t h e  b i n d i n g  o f  t r i t i a t e d  s t e r o i d  t o  c h a r c o a l

To e s t a b l i s h  t h e  s t a b i l i t y  o f  t h e  c h a r c o a l  a b s o r p t i o n  s t e p  i n  

b i n d i n g  f r e e  s t e r o i d ,  t h e  f o l l o w i n g  e x p e r im e n t  was p e r f o r m e d .

Twenty a s s a y  t u b e s  c o n t a i n i n g  500 u l  a n t i - o e s t r a d i o l  s e ru m , a t  

a  d i l u t i o n  o f  1 :1 7 5 ,0 0 0  i n  PBS g e l a t i n  and  100 y l  o e s t r a d i o l - H ^  i n  

PBS ( a p p r o x i m a te l y  4 ,5 0 0  c . p . m . )  were s e t  u p .  T h ree  a d d i t i o n a l  t u b e s  

w i t h  t h e  a n t i b o d y  r e p l a c e d  by PBS g e l a t i n  gave  an  e s t i m a t e  o f  t h e  t o t a l  

amount o f  t r i t i a t e d  s t e r o i d  u s e d  (TO t u b e s ) .  A f t e r  i n c u b a t i n g  a l l  

t u b e s  a t  4^0 f o r  2 h o u r s ,  500 y l  PBS g e l a t i n  w ere  ad d ed  t o  t h e  TO t u b e s .  

At t h e  same t im e  500 y l  a l i q u o t s  o f  d e x t r a n  c o a t e d  c h a r c o a l ,  c o n t a i n i n g

0 .5  g c h a r c o a l  w i t h  0 .0 5  g d e x t r a n  T“ 7 0 /1 0 0  ml PBS, w ere  a d d ed  t o  t h e  

r e m a in in g  t u b e s .  The a d d i t i o n  o f  PBS g e l a t i n  o r  c h a r c o a l  and  a l l
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VARIOUS ANTIBODY DILUTIONS BY THE PRESENCE 

OF UNLABELLED OESTRADIOL



T9

s u b s e q u e n t  s t e p s  v e r e  p e r f o r m e d  a t  . Im m e d ia te ly  a f t e r  m ix in g ,  

t h e  s u p e r n a t a n t s  v e r e  rem oved from  t h e  t h r e e  TC t u b e s  and  f o u r  o f  t h e  

c h a r c o a l  t u b e s  by  c e n t r i f u g a t i o n  and v e r e  t r a n s f e r r e d  t o  c o u n t e r  v i a l s  -  

0 t i m e .  T h e r e a f t e r  a t  9s 1 0 ,  15 and  20 m in u te s  a f t e r  t h e  a d d i t i o n  o f  

t h e  c h a r c o a l ,  a  f u r t h e r  f o u r  c h a r c o a l  t u b e s  had  t h e i r  s u p e r n a t a n t  

rem oved . 10 ml s c i n t i l l a t o r  v e r e  added  t o  a l l  c o u n t e r  v i a l s  a n d ,  

a f t e r  s h a k i n g ,  t h e  c . p .m .  d e te r m i n e d .

R e s u l t s

The s u p e r n a t a n t s  r e p r e s e n t i n g  t h e  a n t i b o d y  bound c o u n t s  a r e  

shovn f o r  e a c h  t im e  i n  F ig  9* These  r e s u l t s  i n d i c a t e d  t h a t  a l t h o u g h  

a  l a r g e  p e r c e n t a g e  o f  t h e  f r e e  t r i t i a t e d  s t e r o i d  v a s  a d s o r b e d  t o  t h e  

c h a r c o a l  im m e d ia te ly  a f t e r  i t s  a d d i t i o n ,  o v e r  t h e  f o l l o v i n g  5 m in u te s  

a  f u r t h e r  s i g n i f i c a n t  amount o f  hormone v a s  t a k e n  u p .  Hovever 

b e tv e e n  5 and  10 m in u te s  , t h e  amount o f  hormone a d s o rb e d  re m a in e d  

s t e a d y .  A c c o r d in g ly  i n  a l l  o t h e r  e x p e r im e n t s  a n d  i n  t h e  e v e n t u a l  

a s s a y  1 0 -1 5  m in u te s  v e r e  a l l o v e d  t o  e l a p s e  b e t v e e n  c h a r c o a l  a d d i t i o n  

and s e p a r a t i o n  o f  t h e  s u p e r n a t a n t .

(b )  D e t e r m in a t io n  o f  t h e  s t a n d a r d  c u rv e

U s in g  t h e  s t o c k  s o l u t i o n s  o f  o e s t r a d i o l  i n  e t h a n o l  2 ,  5 ,  1 0 ,

2 0 ,  5 0 ,  100 and 200 pg o f  t h e  hormone v e r e  d i s p e n s e d  t o  a s s a y  t u b e s  i n  

d u p l i c a t e  and  t h e  a l c o h o l  rem oved by e v a p o r a t i o n .  As i n  t h e  

e s t a b l i s h m e n t  o f  t h e  p r o g e s t e r o n e  s t a n d a r d  c u rv e  t h r e e  t u b e s  v e r e  

i n c l u d e d  t o  g iv e  an  i n d i c a t i o n  o f  t h e  amount o f  hormone bound t o  t h e  

a n t i b o d y  vhen  no c o m p e t in g  c o l d  s t e r o i d  v a s  p r e s e n t  (BC). Tvo t o t a l  

c o u n t  (TC) t u b e s  v e r e  a l s o  i n c o r p o r a t e d .  500 p i  1 :1 7 5 * 0 0 0  d i l u t i o n  o f
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FIG 9 EFFECT OF TIME ON THE BINDING OF LABELLED 
OESTRADIOL BY DEXTRAN COATED CHARCOAL
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t h e  a n t i b o d y  w ere  added  t o  a l l  e x c e p t  t h e  TC t u b e s  w h ich  r e c e i v e d  

500 p i  PBS g e l a t i n .  100 p i  t r i t i a t e d  s t e r o i d  i n  PBS w ere  t h e n  added  

t o  a l l  t u b e s .  I n c u b a t i o n  and s e p a r a t i o n  o f  t h e  bound from  t h e  f r e e  

hormone w ere  a s  d e s c r i b e d  f o r  p r o g e s t e r o n e  e x c e p t  t h a t  500 p i  o f  

c h a r c o a l  d e x t r a n  s o l u t i o n  w ere  a d d e d .

R e s u l t s

I t  i s  a p p a r e n t  f rom  t h e  r e s u l t s  o f  a  t y p i c a l  s t a n d a r d  c u rv e

p r e s e n t e d  i n  F ig  1 0  t h a t  a  40 f o l d  i n c r e a s e  i n  o e s t r a d i o l  was

BTa s s o c i a t e d  w i th  a  r e d u c t i o n  i n  t h e  %. More e s p e c i a l l y  t h e  

s t e e p  d e c l i n e  i n  t h e  amount o f  a n t i b o d y  bound s t e r o i d  t h a t  o c c u r r e d  

o v e r  t h e  5 -  50 pg  r a n g e  was im p o r t a n t  i n  t h e  e s t a b l i s h m e n t  o f  a  

s e n s i t i v e  i i im u n o a s s a y .

The e f f e c t  o f  m o d i f y in g  t h e  i n c u b a t i o n  c o n d i t i o n s  on t h e  s t a n d a r d  

c u rv e

An a t t e m p t  was made t o  im prove  t h e  s e n s i t i v i t y  o f  t h e  a s s a y  by  

f a v o u r i n g  t h e  b i n d i n g  o f  c o l d  s t e r o i d  t o  t h e  a n t i b o d y .  Two s t a n d a r d  

c u r v e s  r a n g i n g ,  from  2 -  200 pg o e s t r a d i o l / t u b e , w ere  a s s a y e d  

i d e n t i c a l l y  e x c e p t  t h a t  i n  one o f  th em  a f t e r  a d d i t i o n  o f  t h e  a n t i b o d y  

s o l u t i o n  t h e  r e a c t i o n  was a l lo w e d  t o  p r o c e e d  f o r  30 m in u te s  a t  room 

t e m p e r a t u r e  b e f o r e  t r i t i a t e d  o e s t r a d i o l  was a d d e d .  B oth  a s s a y s  w ere  

t h e n  i n c u b a t e d  f o r  2 h o u r s  a t  b e f o r e  b e in g  s e p a r a t e d .

At t h e  same t im e  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  p e r f o r m i n g

t h e  i n c u b a t i o n  s t e p  o v e r n i g h t ,  a  f u r t h e r  s t a n d a r d  c u rv e  was l e f t  a t  C

f o r  18 h o u r s  b e f o r e  s e p a r a t i o n .
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R e s u l t s

BTF i g  11 g i v e s  t h e  hound c o u n t s ,  e x p r e s s e d  a s  ~  % f o r  e a c h  o f  

t h e  t h r e e  s t a n d a r d  c u r v e s  i n c u b a t e d  u n d e r  t h e  d i f f e r e n t  c o n d i t i o n s .

I t  was a p p a r e n t  t h a t  a l t h o u g h  t h e  a d d i t i o n  o f  a  h a l f  h o u r  p r e - i n c u b a t i o n  

s t e p  s l i g h t l y  i n c r e a s e d  t h e  g r a d i e n t  o f  t h e  l i n e  b e tw e en  5 and  10 p g ,  

no d i f f e r e n c e  was o b s e rv e d  from  t h e  10 -  50 pg l e v e l s .  S i m i l a r  

f i n d i n g s  w ere  o b s e r v e d  b e tw e en  t h e  2 h o u r  and  o v e r n i g h t  i n c u b a t i o n  

c u r v e s .  As t h e  g r a d i e n t  o f  a l l  l i n e s  was s i m i l a r  b e tw e en  2 and  5 Pg» 

i t  was f e l t  t h a t  no  a d v a n t a g e ,  i n  t e r m s  o f  i n c r e a s e d  s e n s i t i v i t y ,  

c o u ld  be o b t a i n e d  by em p loy ing  a h a l f  h o u r  p r e - i n c u b a t i o n .  A l l  

s u b s e q u e n t  a s s a y s  w ere  i n c u b a t e d  t h e r e f o r e  f o r  2 o r  l 6  h o u r s  a t

( c )  A n t ib o d y  s p e c i f i t y

D e t a i l s  o f  t h e  c r o s s  r e a c t i v i t y  o f  a  r a n g e  o f  s t e r o i d s  w i th  

t h e  a n t i b o d y ,  g iv e n  i n  T a b le  1 0 ,  w ere  s u p p l i e d  by  D r .  B. V. C a ld w e l l .

F o r  a l l  s t e r o i d s  e x c e p t  t h e  o e s t r o g e n s  t h e  d i s p l a c e m e n t  o f  t r i t i a t e d  

o e s t r a d i o l  r e s u l t i n g  from  t h e  i n c o r p o r a t i o n  o f  1 yg am ounts  o f  t h e  

horm ones was com pared  w i th  t h e  d i s p l a c e m e n t  p ro d u c e d  by  s t a n d a r d  am ounts 

o f  o e s t r a d i o l .  R e s u l t s  w ere  t h e n  e x p r e s s e d  a s  o e s t r a d i o l  e q u i v a l e n t s  

( p g ) .  F o r  t h e  e s t i m a t i o n  o f  t h e  d e g re e  o f  c r o s s  r e a c t i o n  b e tw een  

o e s t r o n e  and  o e s t r i o l  and  t h e  a n t i s e r u m ,  t h e  d i s p l a c e m e n t  o f  t r i t i a t e d  

o e s t r a d i o l  by  100 pg o f  t h e  horm ones was d e t e r m i n e d .  A l th o u g h  

C a ld w e l l  e s t i m a t e d  t h a t  o e s t r o n e  and  o e s t r i o l  c r o s s  r e a c t e d  100% and 

10% r e s p e c t i v e l y  w i t h  t h e  a n t i s e r u m  r e p e t i t i o n  o f  t h e  e x p e r im e n t  w i t h  

t h e  a n t i b o d y  d i l u t i o n  d e te r m in e d  p r e v i o u s l y  ( 1 : 1 7 5 »000) gave  a 

s i g n i f i c a n t l y  s m a l l e r  c r o s s  r e a c t i o n  w i t h  o e s t r o n e  ( T a b le  l O ) .  A l l  

o t h e r  s t e r o i d s  t e s t e d  showed 0.3% o r  l e s s  c r o s s  r e a c t i o n .
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TABLE 10 CROSS REACTION VARIOUS STEROID ( l  yg)  WITH 

CALDWELL OESTROGEN ANTIBODY 029 -18

S t e r o i d

O e s t r a d i o l  

O e s t ro n e  

Oe s t r i o l

O e s t r a d i o l  E q u i v a l e n t s  C ro ss  R e a c t i o n

m . It

100 100 

100 51

10 <10

C h o l e s t e r o l

P re g n e n o lo n e

2 0 a -h y d ro x y “ U -p regnenone

20a~ hydroxy“ i | -p r e g n e n o n e

P r o g e s t e r o n e

IT c t -h y d ro x y p ro g e s te ro n e

A d r # * o s te r o n e

C o r t i s o n e

C o r t i s o l

D e o x y c o r t i c o s t e r o n e  ■

D e h y d r o e p ia n d r o s t e r o n e

A n d r o s te n e d io n e

D i h y d r o t e s t o s t e r o n e

T e s t o s t e r o n e

0

15

2

4

5 

3

5

25

13

30

15

13

8

7

< 0.01

*As d e te r m i n e d  by  t h e  m ethod  em ployed  i n  t h i s  t h e s i s
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(d )  E x t r a c t i o n  o f  o e s t r o g e n s  from  p la sm a

D i e t h y l  e t h e r  was u s e d  f o r  e x t r a c t i o n  o f  o e s t r o g e n s  from  p la s m a  

( D i c z f a l u s y  and  L i n d k v i s t ,  1 9 5 6 ) .

100 ij1 t r i t i a t e d  o e s t r a d i o l  i n  e th a n o l  c o n t a i n i n g  a p p r o x i m a t e ly  

ikjOOO c .p .m .  w ere  d r i e d  i n  e x t r a c t i o n  t u b e s  an d  1 . 0  o v a r i e c t o m is e d  

p la sm a  w ere  a d d ed  t o  e a c h .  A f t e r  m ix in g  t h e  t u b e s  w ere  l e f t  a t  room 

t e m p e r a t u r e  f o r  30 m in u t e s ,  At t h e  end o f  t h i s  t im e  5 -0  ml d i e t h y l  

e t h e r  w ere  added  t o  e a c h .  By r o t a t i n g  t h e  t u b e s  end o v e r  end f o r  

10 m i n u t e s ,  f o l l o w e d  by c e n t r i f u g a t i o n  and f r e e z i n g  t h e  p la s m a  l a y e r ,  

t h e  e t h e r  e x t r a c t  was o b t a i n e d .  T h is  was d r i e d  i n  p l a s t i c  c o u n te r  

v i a l s  and  t h e  c o u n t s  p r e s e n t  d e te r m in e d  by a d d in g  1 . 0  nd, PBS g e l a t i n  + 

10 ml s c i n t i l l a t o r  t o  e a c h  v i a l ,  t h e n  c o u n t in g  f o r  10 m in u te s  o r

1 0 ,0 0 0  c o u n t s .  The t o t a l  c o u n t s  u s e d  w ere  o b t a i n e d  b y  c o u n t i n g  100 y l  

o f  t h e  t r i t i a t e d  o e s t r a d i o l  s o l u t i o n  w i t h  900 y l  PBS g e l a t i n  and 10 

s c i n t i l l a t o r .  R e - e x t r a c t i o n  o f  some o f  t h e  t u b e s  w i t h  a  f u r t h e r  5 ml 

e t h e r  was p e r fo rm e d  a s  f o r  t h e  p r o g e s t e r o n e  e x t r a c t i o n  m e thod .

R e s u l t s

The r e c o v e r y  o f  t r i t i a t e d  s t e r o i d  f o l l o w i n g  e x t r a c t i o n  by  5 ml 

e t h e r ,  and  a f t e r  e x t r a c t i o n  b y  tw o 5 ml a l i q u o t s  o f  e t h e r  a r e  g iv e n  i n  

T a b le  1 1 .  Only a  s m a l l  i n c r e a s e  i n  t h e  r e c o v e r y  o f  s t e r o i d  was 

o b t a i n e d  by t h e  d o u b le  e x t r a c t i o n  m ethod . R o u t i n e l y  5°0 ml e t h e r  was 

t h e r e f o r e  u s e d  i n  a  s i n g l e  e x t r a c t i o n  s t e p .

( e )  A ssay  t e c h n i q u e

U n le s s  o t h e r w i s e  s t a t e d ,  t h e  r e a g e n t s  w ere  a s  d e s c r i b e d  b e f o r e .
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TABLE 11 : EXTRACTION OF OESTRADIOL FROM PLASMA WITH DIETHYL ETHER

A verage  
I n i t i a l  
c .p .m .

R e c o v e re d  
c .p .m .

1 e x t r a c t i o n

E x t r a c t i o n
e f f i c i e n c y

%

R e c o v e re d  c . p .m .  

2 e x t r a c t i o n s

E x t r a c t i o n
e f f i c i e n c y

%

14509 11305 78 13261 91

l i ô l T . 80 12990 90

I l 4 0 8 79 13264 91

10864 75 13229 91

A verage  e x t r a c t i o n  e f f i c i e n c y  -  s i n g l e  78^

-  d o u b le  51^



1 .  P h o s p h a te  b u f f e r e d  s a l i n e  pH J , 0*

2 . P h o s p h a te  b u f f e r e d  s a l i n e  0.1% g e l a t i n .

3 . O e s t r a d i o l

2 0 , 5 0 ï 1 0 0 , 2 0 0 , 5 0 0 , 1000  and 2000  p g /m l  s o l u t i o n s  were 

p r e p a r e d  i n  e t h a n o l .  R o u t i n e l y  100 y l  o f  t h e s e  s o l u t i o n s  

w ere  d r i e d  i n  t u b e s  t o  g i v e  t h e  r e q u i r e d  amount o f  horm one. 

The s o l u t i o n s  w ere  s t o r e d  a t  -15°C .

4. (2 ,  4 ,  6 ,  7 (n ) -^ H )  o es trad io l

300 y l  o f  t h e  s t o c k  (250  yCi i n  100  ml e t h a n o l )  e v a p o r a t e d  

t o  d r y n e s s ,  w ere  r e c o n s t i t u t e d  i n  7 ml PBS. T h i s  was 

p r e p a r e d  f o r  e a c h  a s s a y .

5. A n t i ~ o e s t r a d i o l  serum

A 1 : 1 7 5 9000 d i l u t i o n  i n  PBS 0.1% g e l a t i n  was p r e p a r e d  f o r  

e a c h  a s s a y ,

6 . D e x t ra n  c o a t e d  c h a r c o a l

C h a r c o a l  0 .5  g

D e x t ra n  T-7 0  0 .0 5  g

PBS t o  100 ml

The a s s a y  m ethod  was b a s i c a l l y  t h e  same a s  d e s c r i b e d  f o r  

p r o g e s t e r o n e .  D iagram  8 g i v e s  a  f lo w  s h e e t  o f  t h e  t e c h n i q u e .  The 

f o l l o w i n g  m o d i f i c a t i o n s  from  t h e  p r o g e s t e r o n e  a s s a y  w ere  em ployed .
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DIAGRAM 8 OESTROGEN RADIOIMMUNOASSAY

E x t r a c t i o n E th e r  b l a n k , p la sm a  b l a n k ,  e x t r a c t e d  s t a n d a r d  volume
5

I n c u b a t io n

4 . 0  ml

2 0 ,  5 0 , 100 pg

sam ple volume 

E x t r a c t e d  s t a n d a r d s

5 .0  ml d i e t h y l  e t h e r

E x t r a c t ,  remove e t h e r  e x t r a c t  and d r y  i n  a s s a y  t u b e s .

C o n s i s t i n g  o f  t h e  f o l l o w i n g  a s s a y  t u b e s  -  T o t a l  c o u n t  

bound co u n t  t u b e s

S ta n d a r d s  5 ,  1 0 ,  20 ,  50 , 1 0 0 ,  2 0 0 ,  400 pg  E-2 

D r ie d  e x t r a c t s  from  e t h e r  b l a n k s ,  p la s m a  b l a n k s  e t c .

\ | /
Add 500 y l  PBS g e l a t i n  t o  T .C . t u b e s

Add 500 y l  a n t i b o d y  t o  r e m a in d e r

I n c u b a t e  30 m in u te s  a t  room t e m p e r a t u r e

N/ . 3
Add 100 y l  o e s t r a d i o l  H t o  a l l  t u b e s

g
I n c u b a t e  2 h o u r s  4 C

S e p a r a t io n Add PBS t o  T .C . t u b e s  and  d e x t r a n  c o a t e d  c h a r c o a l  t o  

r e m a i n d e r .

C e n t r i f u g e  and c o u n t  s u p e r n a t a n t .
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5 ml d i e t h y l  e t h e r  w ere  u s e d  f o r  t h e  e x t r a c t i o n  o f  s a m p l e s , 

e x t r a c t e d  s t a n d a r d s  and  b l a n k s . The e x t r a c t e d  s t a n d a r d s  c o n t a i n e d  

2 0 ,  50 and  100 pg  o e s t r a d i o l / t u b e  and  t h e  se v e n  u n e x t r a c t e d  s t a n d a r d s  

c o v e re d  t h e  r a n g e  2 -  200 p g / t u b e . N orm ally  t h e  sam ple  v o lu m e , and  

t h a t  o f  t h e  e t h e r  b l a n k s ,  p la sm a  b l a n k s  and e x t r a c t e d  s t a n d a r d s ,  was

4 .0  m l ,  b u t  t h i s  was r e d u c e d  i f  a  p r e l i m i n a r y  a s s a y  showed t h a t  i t  

c o n t a i n e d  a g r e a t e r  amount o f  o e s t r a d i o l  t h a n  t h e  u p p e r  p o i n t  o f  t h e  

w o rk a b le  s t a n d a r d  c u r v e .  500 y l  o f  t h e  w o rk in g  a n t i b o d y  d i l u t i o n  

were added  t o  e a c h  a s s a y  t u b e  and  t h e  i n c u b a t i o n  c a r r i e d  f o r  2 h o u rs  

o r  o v e r n i g h t  a t  4^0 , C o u n t in g  o f  t h e  a n t i b o d y  bound s t e r o i d  was 

c a r r i e d  o u t  f o r  e i t h e r  1 0 ,0 0 0  c o u n t s  o r  10 m i n u t e s .  C a l c u l a t i o n  o f  

r e s u l t s  was a s  p r e v i o u s l y  d e s c r i b e d .

( f )  R e l i a b i l i t y  o f  t h e  a s s a y

S p e c i f i c i t y

D i e t h y l  e t h e r  h a s  b een  fo u n d  t o  e x t r a c t  a  r a n g e  o f  s t e r o i d s  , 

i n c l u d i n g  o e s t r a d i o l ,  o e s t r o n e ,  and o e s t r i o l ,  f rom  p la sm a  ( S h o r t ,

1 9 5 8 ) .  Due t o  t h e  c r o s s  r e a c t i v i t y  o f  t h e  a n t i b o d y  w i t h  o e s t r o n e  

and  o e s t r i o l  i n  a d d i t i o n  t o  o e s t r a d i o l  (T a b le  1 0 ) ,  t h e  r e s u l t s  g iv e n  

i n  t h e  a s s a y  s y s te m  r e p r e s e n t  t h e  t o t a l  u n c o n ju g a t e d  o e s t r o g e n s  i n  t h e  

p la s m a .

S e n s i t i v i t y

S ta n d a r d  c u rv e

F ig  12 g i v e s  t h e  mean ± 1 S.D. o f  t h e  p e r c e n t a g e  bound c o u n ts  

f o r  e a c h  p o i n t  i n  t h e  s t a n d a r d  c u rv e  i n  20 a s s a y s .  A p p ly in g  S t u d e n t ' s
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' t ’ t e s t  t o  c o n s e c u t i v e  p o i n t s ,  a  s i g n i f i c a n t  d i f f e r e n c e  (P < 0 ,0 5 )  

was fo u n d  b e tw e e n  t h e  5 and  10  pg  l e v e l s  o f  t h e  c u r v e .  The s e n s i t i v i t y  

o f  t h e  s t a n d a r d  c u r v e  a t  w o r s t  i s  t h e r e f o r e  b e tw e e n  5 and  10 p g /m l .

P lasm a sa m p le s

S e n s i t i v i t y  was d e te r m in e d  a s  f o r  t h e  p r o g e s t e r o n e  a s s a y  by 

a p p l y i n g  t h e  f o rm u la  g iv e n  by  Abraham ( 1 9 6 9 ) .  T a b le  12 sum m arises  

t h e  r e s u l t s  u s e d  i n  e s t a b l i s h i n g  t h e  s e n s i t i v i t y  i n  p g /m l  when t h e  

a s s a y  was a p p l i e d  t o  4 , 0  ml cow p la sm a  s a m p le s .

A c c u rac y

A c c u ra c y  was d e te r m in e d  a s  d e s c r i b e d  f o r  t h e  p r o g e s t e r o n e  

a s s a y  e x c e p t  t h a t  4 . 0  ml p la s m a  sam p les  c o n t a i n i n g  20 , 50 and 100 pg 

o e s t r a d i o l  w ere  u s e d  and w ere  e x t r a c t e d  w i t h  5 ml e t h e r .

Re s u i t  s

The a c c u r a c y  d e t e r m i n a t i o n s  a r e  p r e s e n t e d  i n  F i g  13 .

P r e c i s i o n

P r e c i s i o n  was d e te r m i n e d  by e x a m in a t io n  o f  t h e  v a r i a t i o n  i n  

r e p l i c a t e  d e t e r m i n a t i o n s  o f  S8 and  89 e x t r a c t e d  s t a n d a r d s  i n  10 a s s a y s .

R e s u l t s

The e s t i m a t e s  o f  p r e c i s i o n  a r e  g iv e n  i n  T a b le  1 3 .
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TABLE 12 TOTAL OESTROGEN ASSAY. SENSITIVITY WHEN

APPLIED TO PLASMA SAMPLES

X S.D .

B lank  p la sm a  a p p a r e n t  o e s t r a d i o l  (pg )  = 1 7 ,4  ± 2 .0  

R e c o v e ry  o f  o e s t r a d i o l  (S8 -  810)% = 83 ± l 4

S e n s i t i v i t y  (s) pg -  4.82

S e n s i t i v i t y  p g /m l  = 1 .2
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y=5.8127+0.69007x 

coefficient 0.9637
correlation

80 -
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CO

80 10020 40 600
OESTRADIOL PRESENT pg

FIG 13 DETERMINATION OF THE ACCURACY OF THE TOTAL 
OESTROGENS ASSAY
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TABLE 13 TOTAL OESTROGEN ASSAY. PRECISION

E ( x ^  -  X g) '

E x t r a c t e d  s t a n d a r d  

com puted  from

2 97

IQQ PS 

33H

No. d u p l i c a t e  p a i r s  o f  d e t e r m i n a t i o n s  (n )  10 10

P r e c i s i o n
E ( x ^  -  Xg ) '

2n 3 .8 5 3 6  U.O666

O v e r a l l  P r e c i s i o n 3.9717
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2 . 3 . 3 .  A p p l i c a t i o n  o f  t h e  a s s a y  -  p e r i p h e r a l  p la s m a  o e s t r o g e n s  

d u r i n g  t h e  o e s t r o u s  c y c l e  i n  t h e  cow

The a n im a ls  u s e d  and  t h e i r  management w ere  a s  d e s c r i b e d  

p r e v i o u s l y .  The p e r i p h e r a l  p la sm a  o e s t r o g e n  l e v e l s  w ere  d e te r m in e d  

on t h e  same b lo o d  sam p les  a s  t h o s e  a s s a y e d  f o r  p r o g e s t e r o n e .

R e s u l t s

The m anner o f  e x p r e s s i n g  t h e  r e s u l t s  was a s  g iv e n  b e f o r e .

F ig  i k  g i v e s  d e t a i l s  o f  t h e  p e r i p h e r a l  p la s m a  o e s t r o g e n  l e v e l s  f o r  t h e  

i n d i v i d u a l  a n i m a l s .  I t  i s  a p p a r e n t  from  t h e s e  r e s u l t s  t h a t  an 

e l e v a t i o n  i n  t h e  c i r c u l a t i n g  o e s t r o g e n  c o n c e n t r a t i o n s  was fou n d  a ro u n d  

o e s t r u s  i n  a l l  a n im a l s .  In  a d d i t i o n  i n  a l l  cow s , e x c e p t  Cow F ,  a t  

l e a s t  one f u r t h e r  p eak  was r e c o r d e d  d u r i n g  t h e  c y c l e .  F o r  c o m p a r is o n  

w i th  t h e s e  r e s u l t s ,  t h e  f i n d i n g s  o f  o t h e r  w o rk e rs  who u s e d  a  r a n g e  o f  

im m unoassay m ethods  i n  c y c l i n g  cows a r e  g iv e n  i n  T a b le  1 J4 ,

2 . 3 . 4 . D i s c u s s i o n

F e r i n ,  Z im m ering , L ieberm ann  and  Van W ie le  (1 9 6 8 ) ,  by 

im m un is ing  a  ewe a t  m o n th ly  i n t e r v a l s  o v e r  a  p e r i o d  o f  15 m onths w i t h  

o e s t r a d i o l “ l T “b o v in e  se rum  a lb u m in ,  s u c c e e d e d  i n  p r o d u c i n g  a  v e r y  h i g h  

t i t r e  a n t i - o e s t r a d i o l  a n t i s e r u m .  U s ing  t h i s  s e ru m , Abraham ( 1 9 6 9 ) 

d e v e lo p e d  a ra d io im m u n o a s s a y  f o r  d e t e r m i n a t i o n  o f  o e s t r o g e n s  i n  

b i o l o g i c a l  f l u i d s  b a s e d  on a  s o l i d  p h a s e  sy s te m  t o  b r i n g  a b o u t  

s e p a r a t i o n  o f  bound and  f r e e  horm one. By i n c o r p o r a t i n g  a  c e l i t e  

c h ro m a to g ra p h y  s t e p ,  i t  was p o s s i b l e  t o  d e te r m in e  t h e  s p e c i f i c  

c o n c e n t r a t i o n  o f  o e s t r a d i o l .  A s i m p l i f i e d  m ethod  o m i t t i n g  f r a c t i o n a t i o n



97

30i

cow A 21 DAY CYCLE

UJ

COW  D 20  DAY CYCLE

30i
cow B 19 DAY CYCLE

UJ

30i
cow C 23 DAY CYCLE

UJ

10-

m

C O W  E 23 DAY CYCLE

C O W  F 22 DAY CYCLE

D A Y S
0 5 10 15 20 25

DAYS

FIG iL  LEVELS OF PLASMA TOTAL OESTROGENS IN COWS 
DURING THE OESTROUS CYCLE
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R e f e re n c e s

1 .  H e n r i c k s , D ick ey  and  H i l l  ( l9 7 1 a )

2 .  H e n r i c k s ,  D ick ey  a n d  H i l l  (19711»)

3. A r i j i e ,  W il tb a n k  and  Hopvood ( l9 7 ^ )

1+, C h r i s t e n s e n ,  Hopwood and  W il tb a n k  (197^)

5. Shem esh, A ya lon  an d  L in d e r  (1972)

6 . G l e n c r o s s ,  Mimro, S e n i o r  and  Pope (1973)

7 .  W ettem ann, H a f s ,  E d g e r to n  an d  Swanson (1972)

8 . G l e n c r o s s ,  M unro, S e n io r  and  Pope (1973)
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o f  t h e  o e s t r o g e n  e x t r a c t , was fo u n d  o n ly  t o  s l i g h t l y  o v e r e s t i m a t e  

o e s t r a d i o l  i n  c y c l i n g  human f e m a le s  and  t o  h av e  a  s e n s i t i v i t y  o f  

b e tw een  25 an d  50 p g .  H e n r i c k s ,  D ic k e y ,  H i l l  and  H isw ender  ( l 9 T l )  

w ere  a b l e  t o  e s t i m a t e  t h e  t o t a l  o e s t r o g e n  c o n c e n t r a t i o n  i n  t h e  

p e r i p h e r a l  b lo o d  o f  c y c l i n g  cows u s i n g  t h i s  a n t i b o d y  o f  F e r i n  e t  a l .

(1968  ) .

C i r c u l a t i n g  o e s t r o g e n s  a r e  known t o  be p r e s e n t  i n  t h e  b l o o d ,  

b o t h  bound  t o  p la s m a  p r o t e i n s  an d  t o  a  v e r y  much l e s s e r  e x t e n t  i n  t h e  

f r e e  fo rm  ( S a n d b e r g ,  S la u n w h i te  and  A n t o n a i d e s , 195T)* In  a d d i t i o n  

b i o l o g i c a l l y  i n a c t i v e  c o n j u g a t e s  a r e  p r e s e n t  ( P r e e d y ,  I 9 6 8 ) .  In  

common w i t h  a  w ide  r a n g e  o f  mammalian s p e c i e s  i n v e s t i g a t e d ,  b o th  

o e s t r o n e  an d  1 7 3 " o e s t r a d i o l  h av e  b e e n  fo u n d  i n  t h e  cow (Dorfman and  

U n g a r , I 9 6 5 ) .  17j^“ 0 e s t r a d i o l  h a s  a l s o  b e e n  d e m o n s t r a t e d  i n  t h i s  s p e c i e s

(KLyne and  W r ig h t ,  1959) a l t h o u g h  o e s t r i o l  h a s  n o t  b e e n  d e t e c t e d  

(Dorfman and U n g a r ,  1 9 6 5 ) .  I n  common w i t h  t h e  s o l i d  p h a s e  im m unoassay 

d e s c r i b e d  by Abraham (1 9 6 9 ) t h e  m ethod  r e p o r t e d  i n  t h i s  t h e s i s  u s e d  

d i e t h y l  e t h e r  t o  e x t r a c t  t h e  o e s t r o g e n s  from  p la s m a .  T h i s  s y s te m ,  

o r i g i n a l l y  p r o p o s e d  by V e ld h u is  (1953)  h a s  b e e n  shown t o  g iv e  a  good 

r e c o v e r y  o f  p r o t e i n  bound and f r e e  o e s t r o g e n s  f ro m  p la s m a  (Abraham ,

O d e l l ,  Edwards and  P u r d y ,  1 9 7 0 ;  M i k h a i l ,  Wu, F e r i n  and Van de W ie l e ,

1 9 7 0 ) a lo n g  w i t h  t h e  added  a d v a n ta g e  t h a t  c o n j u g a t e d  o e s t r o g e n s  a r e  n o t  

e x t r a c t e d  ( D i c z f a l u s y  and  L i n d k v i s t ,  1 9 5 6 ) .  I n  t h i s  t h e s i s  no 

a d v a n ta g e  was g a in e d  o v e r  a  s i n g l e  e x t r a c t i o n  by  u s i n g  r e p e a t e d  e x t r a c t i o n  

a s  s u g g e s t e d  by Abraham e t  a l . ( I 9 7 0 ) .

As w i t h  t h e  a n t i - o e s t r a d i o l  serum  r a i s e d  by  F e r i n  e t  a l . ( 1 9 6 8 )
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t h e  a n t i b o d y  u s e d  i n  t h i s  t h e s i s  had  been  p r e p a r e d  by i n j e c t i n g  

o e s t r a d i o l ,  c o n j u g a t e d  th r o u g h  CIT t o  a  h e m i s u c c i n a t e , a  c o n f i g u r a t i o n  

shown t o  r e s u l t  i n  a  h i g h  t i t r e  o f  more s p e c i f i c  a n t i b o d y  t h a n  

c o u p l i n g  t h r o u g h  o t h e r  s i t e s  e . g .  C3. ( T h o r n e y e r o f t , T i l l s o n ,  Abraham, 

S c a r ra m u z i  and C a l d w e l l ,  19T0)* Due t o  t h e  s p e c i f i c i t y  o f  t h e  

a n t i b o d y ,  i t  was p o s s i b l e  t o  o b t a i n  an a c c u r a t e  e s t i m a t e  o f  t h e  amounts 

o f  o e s t r o g e n s  p r e s e n t  i n  p la sm a  w i th o u t  f u r t h e r  p u r i f i c a t i o n  o f  t h e  

e x t r a c t .  T h i s  r e p r e s e n t s  a  s i g n i f i c a n t  a d v a n ta g e  o v e r  t h e  c o m p e t i t i v e  

p r o t e i n  b i n d i n g  m ethods  su c h  a s  t h a t  u s e d  by  Shem esh , A yalon  and 

L in d n e r  (1972) i n  t h e  cow, w hich  n e c e s s i t a t e d  c h ro m a to g r a p h ic  s e p a r a t i o n  

o f  t h e  c r u d e  e x t r a c t .  As t h e  p u rp o se  o f  t h e  a s s a y  was t o  e n a b le  an 

e x t e n s i v e  i n v e s t i g a t i o n  t o  be c a r r i e d  o u t  i n t o  a s p e c t s  o f  r e p r o d u c t i v e  

f u n c t i o n  i n  t h e  cow, i t  was n o t  c o n s i d e r e d  p r a c t i c a l  t o  i n t r o d u c e  a  

s t e p  s u c h  a s  C e l i t e  ( R o b e r t s o n ,  Smeaton and D u r n f o r d ,  1972) o r  

Sephadex  LH-20 (M ik h a i l  e t  a l . , 1970) c h ro m a to g ra p h y  t o  com pensa te  f o r  

t h e  l a c k  o f  s p e c i f i c i t y  o f  t h e  a n t i b o d y  b e tw e en  o e s t r a d i o l  and  o e s t r o n e .  

T h is  d e c i s i o n  was a l s o  i n f l u e n c e d  by t h e  o b s e r v a t i o n  t h a t  o e s t r a d i o l  

i s  t h e  p re d o m in a n t  o e s t r o g e n  i n  t h e  cow (Dorfman and  U n g a r ,  1965 ;  Erb  

e t  a l . , 1 9 7 1 ) '  U s in g  a  s e n s i t i v e  immunoassay i n  c o w s ,  G le n c ro s s  e t  a l . 

(1 9 7 3 ) h a s  d e m o n s t r a t e d  t h e  r e l a t i v e l y  low  l e v e l s  o f  o e s t r o n e  i n  p la sm a  

d u r in g  t h e  o e s t r o u s  c y c l e .  However, a l l o w i n g  f o r  t h e  f a c t  t h a t  t h i s  

hormone i s  p r e s e n t ,  a l b e i t  i n  s m a l l  a m o u n ts ,  and  t h e  o b s e r v a t i o n  t h a t  

t h e  a n t i b o d y  shows a g r e a t e r  a f f i n i t y  f o r  o e s t r a d i o l ,  a l l  r e s u l t s  have  

been  e x p r e s s e d  a s  t o t a l  u n c o n ju g a t e d  o e s t r o g e n s  t o  accommodate any  

i n f l u e n c e  o f  o e s t r o n e  i n  g i y i n g  an  o v e r e s t i m a t e  o f  t h e  o e s t r a d i o l  

c o n c e n t r a t i o n s .
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The prelim inary s tu d ies  o f  Henricks e t a l , ( l9 7 l )  in  cows 

suggested th a t any assay for use in  t h is  sp e c ie s  must have a high  

s e n s i t iv i t y .  By m inim ising the so lven t blank con tr ib u tion  and 

incorporating a prelim inary incubation o f the antibody with the non

ra d io a c tiv e  hormone, the s e n s i t iv i t y  o f th e method in  t h is  th e s is  was 

below 1 0 .0  pg. By adopting a system where cold  hormone was added to  

blank plasma for recovery e s t im a te s , the t o t a l  e x tra c tio n  volume could  

be assayed which a lso  contributed  to  the d e tec tio n  l im it  o f  the system  

o f le s s  than 2 .5  pg/m l. This l e v e l  i s  considerab ly  le s s -th a n  the 

20 pg/ml found by Shemesh e t  a l . (1972) using  a p ro te in  binding system  

and as low as th ose reported in  other radioimmunoassay systems used 

in  cows (Henricks e t  a l . ,  1971» Glencross e t  a l . ,  1973; Dobson e t  a l . ,  

197^)' In s p ite  o f  th e incorporation  o f sev era l decanting s te p s , for  

reasons o f  p r a c t ic a b i l i t y ,  which could p o ss ib ly  be expected to  in flu en ce  

the p r e c is io n  o f  th e  tech n iq u e, the o v e r a ll c o e f f ic ie n t  o f v a r ia tio n  

compares favourably w ith th a t o f other s tu d ie s .

The observation  th a t when the assay was app lied  to  s tu d ies  on 

cy c lin g  cows an e lev a tio n  in  oestrogens was d etected  a sso c ia ted  w ith  

oestru s i s  s im ila r  to  th a t reported by other workers using  RIA 

techniques w ith the exception  o f A r ij ie ,  Wiltbank and Hopwood (l97^) 

(Table l 4 ) .  The range o f  le v e l s  at oestru s ( 2 .2  -  28 pg/ml) can 

p o ss ib ly  be explained in  part by the observation  o f  Henricks e t a l . 

(1 9 7 1 ) and Glencross e t  a l . (l973) th at in d iv id u a l animals show 

v a r ia b i l i t y  in  the tim ing o f  maximum le v e ls  o f  th ese  hormones r e la t iv e  

to  the day o f  h e a t . An i l lu s t r a t io n  o f  the peak l e v e l  one day before  

the onset o f heat i s  seen in  Cow C. When the average le v e ls  o f  plasma
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o e s t r o g e n s  f o r  t h e  days  b e f o r e  and  a f t e r  o e s t r u s  w ere  c a l c u l a t e d  

( F ig  1 5 )> i t  i s  a p p a r e n t  t h a t  t h e  l e v e l s  a r e  s i m i l a r  t o  t h e  15 "  25 

pg /m l c o n c e n t r a t i o n  a ro u n d  o e s t r u s  r e p o r t e d  by  H e n r ic k s  e t  a l . ( l 9 T l )  

th o u g h  c o n s i d e r a b l y  l e s s  t h a n  t h o s e  fo u n d  by  C h r i s t e n s e n ,  Hopwood and  

W il tb a n k  ( 1 9 7 4 ) .  The h i g h  l e v e l s  r e c o r d e d  by  C h r i s t e n s e n  e t  a l , (1974) 

c a n n o t  be e x p l a i n e d  on t h e  b a s i s  o f  t h e  d a t a  t h e y  s u p p ly  on t h e i r  a s s a y ,  

w h ich  u s e d  an  e s t a b l i s h e d  m ethod (Abraham, 19^9 )  and an a n t i s e r u m  

show ing s i g n i f i c a n t  c r o s s  r e a c t i o n  o n ly  w i t h  o e s t r o n e .  I t  i s  a l s o  

a p p a r e n t  t h a t  a  d i s c r e p a n c y  e x i s t s  when t h e  r e s u l t s  o f  s p e c i f i c  

o e s t r o g e n  d e t e r m i n a t i o n s  a r e  com pared  w i t h  t h e  r e s u l t s  i n  t h i s  t h e s i s .  

Com bining t h e  o b s e r v a t i o n s  o f  G le n c ro s s  e t  a l . ( 1 9 7 3 ) ,  on t h e  

c o n c e n t r a t i o n s  o f  o e s t r a d i o l  and  o e s t r o n e  p r e s e n t  a ro u n d  o e s t r u s ,  

g i v e s  a  t o t a l  o e s t r o g e n  l e v e l  o f  a ro u n d  6 - 8  p g /m l  w h ich  i s  s i g n i f i c a n t l y  

l e s s  t h a n  t h e  v a l u e s  r e c o r d e d  f o r  t h e  a n im a ls  i n  t h i s  s t u d y ,  and  t h o s e  

o f  H e n r ic k s  e t  a l . ( l 9 7 l ) *  As b o t h  t h i s  s t u d y  an d  t h a t  o f  G le n c ro s s  

e t  a l . (1 9 7 3 ) u s e d  a n t i s e r a  p r o v id e d  by  C a l d w e l l ,  and  as  a c c u r a c y  and  

s e n s i t i v i t y  f i g u r e s  a r e  c o m p a r a b le ,  t h i s  a p p a r e n t  anom aly  c a n n o t  be  

e x p l a i n e d .  However t h i s  o b s e r v a t i o n  d oes  s e r v e  t o  i l l u s t r a t e  t h e  

n e c e s s i t y  f o r  e s t a b l i s h i n g  ’n o rm a l  r a n g e s ’ w i th  t h e  a s s a y  t e c h n i q u e  

a v a i l a b l e  t o  a l l o w  c o m p a r iso n  w i t h ,  and  i n t e r p r e t a t i o n  o f ,  r e s u l t s  f rom  

a n im a ls  d u r i n g  p e r i o d s  o f  r e p r o d u c t i v e  f u n c t i o n  o t h e r  t h a n  t h e  n o rm a l  

o e s t r o u s  c y c l e .

When t h e  r e s u l t s  from  a l l  a n im a ls  b e f o r e  and  a f t e r  o e s t r u s  

a r e  c o n s i d e r e d ,  i t  i s  a p p a r e n t  t h a t  t h e  l e v e l  o f  p e r i p h e r a l  p la sm a  

o e s t r o g e n s  d r o p s  m a rk e d ly  b e tw e e n  t h e  day o f  and  one d a y  a f t e r  h e a t  

( F ig  15 ) .  As o v u l a t i o n  i n  t h e  cow o c c u r s  10  t o  15 h o u r s  a f t e r  t h e  end
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o f  o e s t r u s  ( A s d e l l ,  1964) t h e  p e a k  o f  o e s t r o g e n s  p r e c e d e s  t h i s  e v e n t  

on a v e ra g e  by 36 h o u r s .  The p a t t e r n  o f  i n c r e a s i n g  l e v e l s  o f  

o e s t r o g e n s  from  2 - 3  days  b e f o r e  h e a t ,  s e e n  i n  F i g  1 ^ , i s  i n  

ag reem en t  w i t h  t h e  o b s e r v a t i o n s  o f  H e n r ic k s  e t  a l . ( l 9 T l ) , Wetteman 

e t  a l . (1 9 7 2 ) and  G le n c ro s s  e t  a l . (1 9 7 3 ) .  When c o n s i d e r e d  a lo n g  w i t h  

t h e  a v e ra g e  p r o g e s t e r o n e  c o n c e n t r a t i o n s  b e f o r e  o e s t r u s  i t  can  be  s e e n  

t h a t  f u n c t i o n a l  l u t e a l  r e g r e s s i o n  p r e c e d e s  t h e  i n c r e a s e  i n  c i r c u l a t i n g  

o e s t r o g e n s  by  a p p r o x i m a t e ly  3 days  (F ig  1 5 ) .

The e l e v a t e d  l e v e l s  o f  p la s m a  o e s t r o g e n s  fo u n d  a t  t im e s  o t h e r  

t h a n  a ro u n d  o e s t r u s  have  been  r e p o r t e d .  T a b le  l 4  g i v e s  d e t a i l s  o f  

any  s e c o n d a r y  p e a k s  o f  t h e s e  hormones fo u n d  i n  o t h e r  s t u d i e s  an d  

i l l u s t r a t e s  t h e  w ide v a r i a b i l i t y  i n  t im in g  e n c o u n te r e d .  The e l e v a t e d  

l e v e l  r e c o r d e d  3 days  a f t e r  o e s t r u s  when a l l  r e s u l t s  a r e  t a k e n  

t o g e t h e r  ( F ig  I 5 ) i s  s i m i l a r  t o  t h e  p o s t - o e s t r o u s  e l e v a t i o n  r e p o r t e d  

by  G le n c ro s s  e t  a l . (1973) th o u g h  s l i g h t l y  e a r l i e r  i n  t h e  t im e  o f  

o c c u r r e n c e  a f t e r  h e a t .  I t  i s  a p p a r e n t  from  t h e  p e r i p h e r a l  p la sm a  

p r o g e s t e r o n e  r e s u l t s  g iv e n  i n  F ig  15 t h a t  t h i s  s e c o n d  p e a k  o f  

o e s t r o g e n s  p r e c e d e s  t h e  d e ve lopm en t o f  f u l l  l u t e a l  f u n c t i o n .  W ith in  

i n d i v i d u a l  a n im a ls  t h e  m a g n i tu d e  o f  t h e s e  i n t e r - o e s t r o u s  p e a k s  

r e l a t i v e  t o  t h e  maximum l e v e l s  a ro u n d  o e s t r u s  a r e  s i m i l a r  i n  t h i s  s tu d y  

t o  t h o s e  r e p o r t e d  by  H e n r ic k s  e t  a l . ( 1 9 7 1 ) an d  G le n c r o s s  e t  a l . (1 9 7 3 ) .  

The o c c u r r e n c e  o f  f o l l i c u l a r  deve lopm en t d u r in g  d i o e s t r u s  (Wagner and 

H a n s e l ,  I 9 6 9 ) p r o b a b l y  a c c o u n t s  f o r  t h e  o r i g i n  o f  t h e s e  i n t e r - o e s t r o u s  

o e s t r o g e n  p e a k s .
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2 . 4 .  D e t e r m in a t io n  o f  a n d ro g e n s  i n  t h e  p e r i p h e r a l  p la s m a  o f  

t h e  cow

The a p p l i c a t i o n  o f  a n d ro g e n  e s t i m a t i o n s  t o  p e r i p h e r a l  p la sm a  

sa m p le s  became p o s s i b l e  w i t h  t h e  d e v e lo p m en t  o f  c o m p e t i t i v e  p r o t e i n  

b i n d in g  and  im m unoassay  t e c h n i q u e s  w hich  w ere  more s e n s i t i v e  and  

s p e c i f i c  t h a n  p r e v i o u s  c h e m ic a l  and  b i o l o g i c a l  m ethods^  C o m p e t i t iv e  

p r o t e i n  b i n d i n g  t e c h n i q u e s  r e s u l t e d  from  t h e  r e c o g n i t i o n  t h a t  a l t h o u g h  

a  l a r g e  amount o f  t e s t o s t e r o n e  i n  t h e  b lo o d  a p p e a r e d  t o  be  bound t o  

a lb u m in ,  human p la s m a  c o n t a i n e d  a  g l o b u l i n  w h ich  c o u l d  b i n d  t h i s  and  

o t h e r  1 7 3 - h y d r o x y l  s t e r o i d s  w i t h  h i g h  a f f i n i t y  ( M e r c i e r - B o d a r d , A l f s e n  

and B a u l i e u ,  1 9 7 0 ) .  T e s t o s t e r o n e  was bound w i t h  v e r y  much g r e a t e r  

a f f i n i t y  t h a n  t h e  o t h e r  173~OH s t e r o i d s .  The p r e s e n c e  o f  some o t h e r  

173“ OH s t e r o i d  horm ones i n  v e r y  much g r e a t e r  c o n c e n t r a t i o n s  i n  t h e  

b lo o d  n e c e s s i t a t e d  e x t e n s i v e  p u r i f i c a t i o n  o f  p la s m a  e x t r a c t s  b e f o r e  

t h e  p r o t e i n  b i n d i n g  o f  t e s t o s t e r o n e  c o u ld  be  q u a n t i f i e d  (V erm eulen  

and V e rd o n c k ,  1 9 7 0 ) .

As a n  a l t e r n a t i v e  t o  c o m p e t i t i v e  p r o t e i n  b i n d i n g  s y s t e m s ,  t h e  

p r o d u c t i o n  o f  s t e r o i d  p r o t e i n  c o n j u g a t e s ,  a s  d e s c r i b e d  by  E r l a n g e r ,  

B o re k ,  B e i s e r  and  Weberman (1957)  a l lo w e d  t h e  p r o d u c t i o n  o f  a n t i 

t e s t o s t e r o n e  serum  and  s u b s e q u e n t  d e v e lo p m en t  o f  r a d io im m u n o a s s a y  

t e c h n i q u e s  (N isw ender  and  M id g le y ,  1 9 7 0 ) .

In  t h i s  t h e s i s  an  a n t i s e r u m  a g a i n s t  t e s t o s t e r o n e  h a s  b een  

r a i s e d  i n  s h e ep  and  u s e d  t o  d e v e lo p  an  im m unoassay  f o r  e s t i m a t i o n  o f  

a n d ro g e n s  i n  t h e  p e r i p h e r a l  b lo o d  o f  t h e  cow. I n  c o n t r a s t  t o  

p r o g e s t e r o n e  an d  o e s t r o g e n s ,  o n ly  p r e l i m i n a r y  i n f o r m a t i o n  e x i s t s  i n
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t h e  l i t e r a t u r e  on a n d ro g e n  l e v e l s  i n  cows ( S a h a ,  Cunningham and 

M i l l a r ,  1975) a l t h o u g h  e x t e n s i v e  s t u d i e s  were p r e v i o u s l y  p e r fo rm e d  

u s in g  h i o a s s a y  t e c h n i q u e s  (Garm, 1 9 4 9 ) .

2 . 4 . 1 .  M a t e r i a l s

The m a t e r i a l s  w ere  a s  d e s c r i b e d  f o r  t h e  p r o g e s t e r o n e  a s s a y  

w i t h  t h e  e x c e p t i o n  o f  :

T e s t o s t e r o n e  ( S igm a, London)

1 0 .0  n g / m l ,  1 . 0  n g / m l ,  0 .1  n g /m l  i n  e t h a n o l .  S to r e d  a t  -15°C,

( l ,  2 ,  6 ,  7 (n )^H ) T e s t o s t e r o n e  (R a d io c h e m ic a l  C e n t r e ,  Amersham, 

E n g la n d )

250  u C i ,  o f  s p e c i f i c  a c t i v i t y  8 0 ,0 0 0  -  1 1 9 ,0 0 0  mCi/mmol, were 

d i s s o l v e d  i n  100 ml e t h a n o l  and s t o r e d  a t  - 15^ 0 .

R ecove ry  o f  u n l a b e l l e d  and l a b e l l e d  s t e r o i d  w ere  a s  d e s c r i b e d  f o r  

p r o g e s t e r o n e .

F or p la sm a  e x t r a c t i o n ,  t h e  e x t r a c t i o n  t u b e s  d e s c r i b e d  f o r  t h e  

p r o g e s t e r o n e  a s s a y  were em ployed .

Sodium h y d r o x id e  AR ( B .D .H . , P o o l e ,  E n g la n d ) .

2 . 4 . 2 .  M ethods

(a )  P r e p a r a t i o n  o f  a n t i - t e s t o s t e r o n e  serum  

Im m u n is a t io n

C o n ju g a t io n  o f  t e s t o s t e r o n e  t o  b o v in e  serum  a lb u m in  was
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a c h ie v e d  t h r o u g h  t h e  k e t o  g ro u p  on C-3. An (O -ca rhoxy—m e th y l)  oxime 

d e r i v a t i v e  was p r e p a r e d  a s  an  i n t e r m e d i a t e  a s  d e s c r i b e d  by E r l a n g e r  

e t  a l . ( 1 9 5 7 ) '  U s ing  t h e  s t e r o i d  c o n ju g a t e  c o n c e n t r a t i o n s ,  t h e  same 

volume o f  F r e u n d ' s  a d ju v a n t  and em p lo y in g  a  s i m i l a r  im m u n is a t io n  

schedu].e  t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  p r o g e s t e r o n e ,  t h e  a n t i 

t e s t o s t e r o n e  serum  was p r e p a r e d  i n  a  s h e e p .  The f i n a l  serum  u s e d  i n  

s u b s e q u e n t  e x p e r im e n t s  f o l l o w e d  t h e  f i f t h  s e r i e s  o f  i n j e c t i o n s .  The 

s t o c k  a n t i s e r u m  was d i l u t e d  1 : 1  w i t h  PBS g e l a t i n  and  s t o r e d  a t  -1 5 ^ 0 .

A b s o r p t i o n  o f  t r i t i a t e d  s t e r o i d

The o p t im a l  c o n c e n t r a t i o n  o f  d e x t r a n  c o a t e d  c h a r c o a l  t o  a b s o rb  

t h e  t r i t i a t e d  s t e r o i d  was d e te r m in e d  as  d e s c r i b e d  f o r  t h e  p r o g e s t e r o n e
3

a s s a y .  In  t h e  c a s e  o f  t h e  t e s t o s t e r o n e -  H, h o w e v e r ,  t h e  t r i t i a t e d  

s t e r o i d  was d i s s o l v e d  i n  500 y l  PBS g e l a t i n  and  500 y l  o f  t h e  c h a r c o a l  

s u s p e n s io n s  a d d e d .

R e s u l t s

The r e s u l t s ,  p r e s e n t e d  i n  T a b le  1 5 ,  showed t h a t  a  0 .1 2 5  g/lOO ml 

c h a r c o a l  s u s p e n s i o n  was c a p a b l e  o f  a b s o r b i n g  i n  e x c e s s  o f  90% o f  t h e  

l a b e l l e d  s t e r o i d .  T h is  c o n c e n t r a t i o n  was u s e d  i n  s u b s e q u e n t  

e x p e r i m e n t s .

The e f f e c t  o f  t im e  on t h e  b i n d in g  o f  l a b e l l e d  s t e r o i d  by c h a r c o a l

The e f f e c t  o f  l e a v i n g  t h e  c h a r c o a l  s u s p e n s i o n  i n  c o n t a c t  w i t h  

t h e  t r i t i a t e d  s t e r o i d  f o r  v a r y i n g  p e r i o d s  o f  t im e  was d e te r m in e d  a s  

d e s c r i b e d  f o r  t h e  o e s t r o g e n  a s s a y .  500 y l  0 .1 2 5  g/lOO ml c h a r c o a l  

s u s p e n s i o n s  w ere  u s e d  t h r o u g h o u t .
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TABLE 15 ADSORPTION OF TRITIATED TESTOSTERONE BY DEXTRAN 

COATED CHARCOAL

C h a r c o a l  c o n c e n t r a t i o n  A verage
I n i t i a l  

G/lOO ml c . p .m .

0 .5

0 .2 5

0 .1 2 5

0 .0 3 1 2 5

3250

F i n a l

c .p .m .

4 T ;3 6 ;4 2  

8 2 ;8 6 ;8 8  

1 3 0 ;1 3 3 ;1 3 2

1 9 8 ;1 8 3 ;1 9 3

A verage  
% c . p .m .  
a d s o rb e d

9 8 .7

9 7 .4

95.9

9 4 .1



1 1 0

R e s u l t s

I t  i s  a p p a r e n t  f rom  t h e  r e s u l t s  i n  F ig  l 6  t h a t  a  g r e a t e r  

amount o f  s t e r o i d  was a b s o r b e d  by  t h e  c h a r c o a l  when t h e  s u s p e n s i o n  was 

l e f t  f o r  5 m i n u t e s ,  a s  o p p o se d  t o  b e in g  c e n t r i f u g e d  im m e d ia te ly .  

A l th o u g h  a  f u r t h e r  change  i n  t h e  amount bound o c c u r r e d  from  5 “ 10 

m in u te s  b e tw e e n  10 a n d  15 m in u te s  t h e  r a t e  o f  a b s o r p t i o n  d e c l i n e d .

In  s u b s e q u e n t  e x p e r i m e n t s  c e n t r i f u g a t i o n  was c a r r i e d  o u t  a p p r o x i m a t e ly  

15  m in u te s  a f t e r  a d d in g  t h e  c h a r c o a l .

A n t ib o d y  t i t r e

A r a n g e  o f  a n t i b o d y  d i l u t i o n s  f ro m  1 : 2 0 ,0 0 0  t o  1 :1 0 0 ,0 0 0  w ere

u s e d  t o  d e t e r m i n e  t h e  d i l u t i o n  b i n d i n g  50% o f  an added  amount o f

3t e s t o s t e r o n e -  H. 500 y l  o f  e a c h  a n t i b o d y  d i l u t i o n  w ere  u s e d  p e r  t u b e ,  

T r i t i a t e d  s t e r o i d  was added  i n  100 y l  PBS.

R e s u l t s

I t  c a n  be s e e n  from  t h e  c o u n t s  bound t o  t h e  a n t i b o d y ,

i l l u s t r a t e d  i n  F i g  1 7 ,  t h a t  a  1 :5 0 ,0 0 0  d i l u t i o n  o f  t h e  a n t i s e r u m  bound

50% o f  t h e  t r i t i a t e d  t e s t o s t e r o n e  ad d e d .

O p t i m i s a t i o n  o f  a n t i b o d y  d i l u t i o n

By a d d in g  500 pg t e s t o s t e r o n e  t o  e a c h  o f  t h e  a n t i b o d y  d i l u t i o n s  

u s e d  t o  e s t a b l i s h  t h e  a n t i s e r u m  t i t r e ,  t h e  d i l u t i o n  w here  maximum 

d i s p l a c e m e n t  o f  t h e  l a b e l l e d  s t e r o i d  from  t h e  a n t i b o d y  o c c u r r e d  was 

d e t e r m i n e d .
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R e s u l t s

I t  c a n  be s e e n  from  t h e  r e s u l t s  i n  F i g  l 8  t h a t  maximum 

d i s p l a c e m e n t  o f  t h e  l a b e l l e d  hormone o c c u r r e d  a t  an  a n t i b o d y  d i l u t i o n  

o f  1 : 5 0 , 0 0 0 .  T h is  d i l u t i o n  o f  t h e  a n t i b o d y  c o n t a i n e d  i n  a  volum e o f  

500 y l  was t h e r e f o r e  u s e d  i n  t h e  a s s a y .

( b ) S t  a n d a rd  c u rv e

The d i s p l a c e m e n t  o f  t r i t i a t e d  t e s t o s t e r o n e  f rom  t h e  a n t i b o d y  

w i t h  u n l a b e l l e d  s t e r o i d  i n  am ounts r a n g i n g  f rom  10 t o  1 ,0 0 0  pg  was 

d e te r m in e d  a s  d e s c r i b e d  f o r  t h e  p r o g e s t e r o n e  a s s a y .

R e s u l t s

I t  i s  a p p a r e n t  f rom  t h e  r e s u l t s ,  p r e s e n t e d  i n  F i g  1 9 ,  t h a t  

a p p r o x i m a t e ly  80^ d i s p l a c e m e n t  o f  t h e  l a b e l l e d  s t e r o i d  o c c u r r e d  o v e r  

t h e  r a n g e  20 -  1 ,0 0 0  p g ,

( c )  A n t ib o d y  s p e c i f i c i t y

The c r o s s  r e a c t i o n s  o f  a  r a n g e  o f  s t e r o i d s  w i t h  t h e  a n t i b o d y  

w ere  d e t e r m i n e d  a s  d e s c r i b e d  p r e v i o u s l y .

R e s u l t s

The c r o s s  r e a c t i v i t i e s  o f  a  r a n g e  o f  s t e r o i d s  a r e  g iv e n  i n  

T a b le  I 6 . Amongst t h e  s t e r o i d s  t e s t e d ,  t h e  a n t i b o d y  c r o s s  r e a c t e d  

s t r o n g l y  w i t h  5a “d i h y d r o t e s t o s t e r o n e .
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TABLE 16  : SPECIFICITY OF ANTI-TESTOSTERONE SERUM Cy6/5)

$ c r o s s  r e a c t i v i t y

TESTOSTERONE 100

DIHYDROTESTOSTERONE 100

PROGESTERONE 1 . 6  .

OESTRADIOL 6 .0

OESTRIOL 1 .5

OESTRONE l . h

HYDROCORTISONE 1 . 6
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(d )  E x t r a c t i o n  o f  t e s t o s t e r o n e  from  p la sm a

The e x t r a c t i o n  o f  t e s t o s t e r o n e  from  p la s m a  was d e te r m in e d  

u s i n g  t h e  t r i t i a t e d  s t e r o i d  a s  d e s c r i b e d  f o r  p r o g e s t e r o n e ,  w i th  t h e  

f o l l o w i n g  e x c e p t i o n s  :

1 . 0  ml a l i q u o t s  o f  p la sm a  w ere  u s e d .  P r i o r  t o  t h e  a d d i t i o n  o f  

d i e t h y l  e t h e r  100 y l  NaOH w ere  added  t o  e a c h  t u b e .  5 ml d i e t h y l  

e t h e r  was u s e d  f o r  t h e  e x t r a c t i o n .

R e s u l t s

The r e c o v e r y  o f  t r i t i a t e d  t e s t o s t e r o n e  i s  p r e s e n t e d  f o r  s i n g l e  

and d u p l i c a t e  e x t r a c t i o n s  w i t h  5 ml e t h e r  i n  T a b le  1 7 .  As no 

s i g n i f i c a n t  i n c r e a s e  i n  e x t r a c t i o n  e f f i c i e n c y  r e s u l t e d  f rom  t h e  

d u p l i c a t e  e x t r a c t i o n  m ethod  a  s i n g l e  5 ml e t h e r  e x t r a c t i o n  was em ployed  

i n  s u b s e q u e n t  e x p e r i m e n t s .

(e )  A ssay  t e c h n i q u e

Based on t h e  p r e v i o u s  e x p e r im e n t s  w h ich  d e m o n s t r a t e d  t h a t  t h e  

a n t i b o d y  h a d  h i g h  s p e c i f i c i t y  f o r  a n d ro g e n s  an d  i n  s u i t a b l e  d i l u t i o n  

c o u ld  b e  u s e d  t o  m easu re  a  w ide  r a n g e  o f  q u a n t i t i e s  o f  t e s t o s t e r o n e ,  

an  a s s a y  s y s te m ,  s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  p r o g e s t e r o n e  and 

o e s t r o g e n s  was d e v e lo p e d .

M a t e r i a l s

These  were a s  d e s c r i b e d  p r e v i o u s l y  u n l e s s  o t h e r w i s e  s t a t e d .

1 ,  P h o s p h a te  b u f f e r e d  s a l i n e  pH 7*0 .
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TABLE IT : EXTRACTION OF TESTOSTERONE FROM PLASMA WITH DIETHYL

ETHER AND SODIUM HYDROXIDE

A verage  
I n i t i a l  
G.p .m .

10514

R e c o v e re d
c .p .m .

1 e x t r a c t i o n

8348

7845

8192

8 l0 4

E x t r a c t i o n
e f f i c i e n c y

%

79

75

78

77

R e c o v e re d  c .p .m ,  

2 e x t r a c t i o n s

8245

8008

8110

8324

E x t r a c t i o n
e f f i c i e n c y

78

76

77 

82

A verage  e x t r a c t i o n  e f f i c i e n c y  -  s i n g l e  77%

-  d o u b le  78^



119

2 ,  PBS 0.1% g e l a t i n .

3 . T e s t o s t e r o n e

1 0 .0 ,  5 '0 , 2 .0 ,  1 .0 ,  0 .5 ,  0 .2  and 0 .1  ng/ml so lu tio n s  in

e t h a n o l  w ere  s t o r e d  a t  -1 5 ^ 0 .

4. ( l ,  2 ,  6 , 7 (n)-^H) T estosterone

300 y l  t e s t o s t e r o n e -  H i n  e t h a n o l  (250  yCi i n  100 m l)  w ere  

e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  r e c o n s t i t u t e d  i n  15 ml 

PBS.

5. A n t i - t e s t o s t e r o n e  serum

A 1 : 5 0 ,0 0 0  d i l u t i o n  o f  t h e  a n t i b o d y  was p r e p a r e d  f r e s h  f o r

e a c h  a s s a y  i n  PBS 0.1% g e l a t i n .

6. Sodium h y d r o x id e

40 g / 1  i n  g l a s s  d i s t i l l e d  w a t e r .

7 .  D i e t h y l  e t h e r .

8 . D e x t ra n  c o a t e d  c h a r c o a l

C h a r c o a l  0 .1 2 5  g

D e x t ra n  T -70  0 .0 1 2 5  g

W ater t o  100 m l.

9 . Blank, p la s m a

P la sm a  from  an o v a r i e c t o m is e d  cow was u s e d .

A f lo w  d ia g ra m  o f  t h e  a s s a y  p r o t o c o l  i s  g iv e n  i n  D iagram  9.
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DIAGRAM 9

T e s t o s t e r o n e  R ad io im m unoassay  -  Flow S h e e t .

( a )  S e t  up t h e  f o l l o w i n g  i n  e x t r a c t i o n  t u b e s

2 -  E t h e r  b l a n k s  (BL) 1 . 0  ml PBS g e l a t i n

3 -  P la sm a  b l a n k s  (BID) 1 . 0  ml o v a r i e c t o m is e d  cow p la sm a

2 -  E x t r a c t e d  s t a n d a r d s  S8 50 p g  t e s t o s t e r o n e  1 . 0  ml b l a n k  p la sm a

2 -  " ” 89 100 pg  " " " "

2 -  " " 810 200 pg ” ’* ” "

Sam ples (A, B, C, e t c . )  1 . 0  ml p la sm a  

\ | /
Add 100 y l  k% NaOH t o  e a c h  and  l e a v e  

30 m in u te s  a t  room t e m p e r a t u r e

N/
Add 5*0 ml d i e t h y l  e t h e r .

Mix 15 m in u t e s .

S e p a r a t e  p h a s e s  by  c e n t r i f u g a t i o n  and  

f r e e z i n g .

P ou r  e t h e r  l a y e r  t o  a s s a y  t u b e s  and  

e v a p o r a t e  s o l v e n t .
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DIAGRAM 9

T e s t o s t e r o n e  R ad io im m unoassay  -  F low S h e e t  ( c o n t i n u e d )

(b )  A ssay  t u b e s  from  ( a )  + t h e  f o l l o w i n g  a s s a y  t u b e s  -

D u p l i c a t e  u n e x t r a c t e d  s t a n d a r d s  (81 -  ST) 1 0 ,  2 0 ,  5 0 ,  

1 0 0 ,  2 0 0 ,  5 0 0 , 1 ,0 0 0  pg  t e s t o s t e r o n e

3 -  Bound Count (BC)

2 -  T o t a l  Count (TC)

\|/
Add 500 y l  a n t i b o d y  t o  e a c h  t u b e  e x c e p t  

TC (500 y l  PBS g e l a t i n )

xj/
q

Add 100 y l  t e s t o s t e r o n e  H t o  a l l  t u b e s .

Mix and  i n c u b a t e  f o r  2 h o u r s  a t  4^C,

\ | /
S e p a r a t e  a n t i b o d y  bound from  f r e e  s t e r o i d  

by a d d in g  500  y l  d e x t r a n  c h a r c o a l  s u s p e n s i o n  

t o  a l l  e x c e p t  TC t u b e s  (500  y l  PBS).

N /
D ecan t  and d r a i n  s u p e r n a t a n t s  t o  c o u n t e r  v i a l s .  

Add 10 ml s c i n t i l l a t o r  and c o u n t  f o r  10  m in u te s  

o r  1 0 ,0 0 0  c o u n t s .
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( f )  R e l i a b i l i t y  o f  t h e  a s s a y  

S p e c i f i c i t y

A l th o u g h  t h e  sodium  h y d r o x i d e - e t h e r  s y s te m  e x t r a c t s  a  r a n g e  

o f  s t e r o i d s  f rom  p l a s m a ,  t h e  s p e c i f i c i t y  o f  t h e  a n t i b o d y  u s e d  i n  t h e  

a s s a y  l e a d s  t o  m in im a l  i n t e r f e r e n c e  from  t h e s e  o t h e r  s t e r o i d s .

A l th o u g h  s i g n i f i c a n t  c r o s s  r e a c t i v i t y  was o b s e r v e d  w i t h  53 DHT, o n ly  

s m a l l  q u a n t i t i e s  o f  t h i s  a n d ro g e n  have  b e e n  d e t e c t e d  i n  a  r a n g e  o f  

s p e c i e s  s t u d i e d  (Dorfman and  U n g a r ,  1958)*  Due t o  c r o s s  r e a c t i o n  

o f  t h e  a s s a y  s y s te m  w i t h  o t h e r  a n d ro g e n s  t h e  p la s m a  r e s u l t s  a r e  

e x p r e s s e d  a s  a n d ro g e n s  -  p g /m l .

S e n s i t i v i t y

S ta n d a r d  c u rv e

C om parison  o f  t h e  t r i t i a t e d  hormone bound  t o  t h e  a n t i b o d y  i n  

5 a s s a y s  showed t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  r e s u l t e d  f rom  t h e  

p r e s e n c e  o f  20 com pared  t o  10 pg t e s t o s t e r o n e ,  and  b e tw e e n  50 and 

20 pg ad d ed  s t e r o i d  (p  < 0 .0 1  i n  e a c h  c a s e ) .  The s e n s i t i v i t y  o f  t h e  

s t a n d a r d  c u r v e  l i e s  t h e r e f o r e  a t  w o r s t  b e tw e e n  10 an d  20 pg  ( T a b le  l 8 ) .

In  p la s m a  sa m p le s

The r e c o v e r y  o f  t e s t o s t e r o n e  (200 p g )  i n  10 a s s a y s  was 

8 9 .5  i  8 . 9 % (x ± 1 S . D . ) .  The t o t a l  e x t r a c t i o n  volum e was u s e d  i n  t h e  

i n c u b a t i o n  s t e p  t h e r e f o r e  F » 1 ,  As t h e  b l a n k  p la s m a  v a l u e s  

c o n s i s t e n t l y  f e l l  a ro u n d  t h e  1 0  ~ 20 pg  l e v e l  i n  a c c o r d a n c e  w i t h  t h e  

c o n v e n t i o n  s u g g e s t e d  by  Abraham ( 1 9 6 9 ) ,  t h e  s t a n d a r d  c u r v e  s e n s i t i v i t y ,
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TABLE 18 : ANDROGEN ASSAY. STANDARD CURVE SENSITIVITY.

T e s t o s t e r o n e  BT ^
BC

X S.D .

5 9 4 . T ± 2 ,7 5

N.S.

10 9 2 .5  ± 3 .0

< 0.01

20 8 7 . 6 + 4 .3

< 0.01

50 7 8 .3  ± 4 .2 2

< 0.01

100  6 2 .7  ± 5 .4 3



1 2 k

t a k e n  a s  15 p g / m l ,  was u s e d  i n  p l a c e  o f  2 x S .D ,

A p p ly in g  t h e  f o rm u la  8 = x 100 g i v e s  an  a s s a y

s e n s i t i v i t y  o f  l 6  p g .  As 1 . 0  ml p la sm a  sam p les  w ere  u s e d  i n  t h e  

a s s a y  t h e  s e n s i t i v i t y  was t h e r e f o r e  l 6  p g /m l .

A ccu racy

The c o r r e l a t i o n  c o e f f i c i e n t ,  d e te r m in e d  a s  d e s c r i b e d  f o r  t h e  

p r o g e s t e r o n e  a s s a y ,  was 0 .9 8 5  when t h e  amount o f  hormone e s t i m a t e d  

was com pared  w i t h  t h e  amount added  t o  o v a r i e c t o m i s e d  cow p la sm a  (F ig  

2 0 ) .

P r e c i s i o n

U s in g  t h e  r e p l i c a t e  v a l u e s  o f  t h e  e x t r a c t e d  s t a n d a r d s  i n  t h e  

a s s a y  t h e  p r e c i s i o n  o f  t h e  m ethod was d e te r m in e d  a s  d e s c r i b e d  f o r  

p r o g e s t e r o n e .

R e s u l t s

The r e s u l t s  o f  t h e  p r e c i s i o n  e s t i m a t i o n  a r e  p r e s e n t e d  i n  

T ab le  1 9 .

2 . 4 . 3 .  A p p l i c a t i o n  o f  t h e  a s s a y  -  P lasm a a n d ro g e n  l e v e l s  a ro u n d  

o e s t r u s  i n  f i v e  cows

A nim als

Cows A, B, C and  D w ere  a s  d e s c r i b e d  p r e v i o u s l y .  Animal G 

was a t h r e e  y e a r  o l d  Red P o l l .  M anagem ent, b e h a v i o u r a l  o b s e r v a t i o n s  

and  b lo o d  s a m p l in g  i n  a l l  a n im a ls  w ere  a s  b e f o r e .
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TABLE 19 ATOOGEN ASSAY. PRECISION

E x t r a c t e d  s t a n d a r d  

com puted  from

i o g _ m

132

200 pg

6350

No. d u p l i c a t e  p a i r s  o f  d e t e r m i n a t i o n s  (n )

P r e c i s i o n 2n

12

2 .87  1 6 .2 6

O v e r a l l  P r e c i s i o n 1 2 ,7 3
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R e s u l t s

The c i r c u l a t i n g  a n d ro g e n  l e v e l s  from  f o u r  day s  b e f o r e  t o  one 

day  a f t e r  o e s t r u s  a r e  shown f o r  t h e  i n d i v i d u a l  a n im a ls  i n  F i g  2 1 .  I t

was a p p a r e n t  from  t h e s e  r e s u l t s  t h a t  e v id e n c e  o f  a  p e a k  o f  a n d ro g e n s

a ro u n d  o e s t r u s  was fo u n d  i n  t h r e e  cows (A, D, G ) . No m arked 

e l e v a t i o n  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  o e s t r o g e n s  was r e c o r d e d .

2 . k . h ,  D i s c u s s i o n

The a s s a y  t e c h n i q u e  r e p o r t e d  i n  t h i s  t h e s i s  was s i m p l e ,  and

r a p i d  t o  p e r f o r m .  A l th o u g h  i t  s a c r i f i c e d  s p e c i f i c i t y ,  by o m is s io n  o f

a  s t e p  t o  s e p a r a t e  i n d i v i d u a l  a n d ro g e n s  i n  t h e  p la s m a  e x t r a c t , t h e  

p r a c t i c a l  a d v a n ta g e s  o b t a i n e d  by t h i s  o m is s io n  w ere  n o t  f e l t  t o  

p r e j u d i c e  t h e  v a l i d i t y  o f  t h e  m ethod a s  a  means o f  a s s e s s i n g  t o t a l  

a n d ro g e n s  i n  t h e  p e r i p h e r a l  p la sm a  o f  t h e  cow. U n l ik e  t h e  r e s u l t s  o f  

d e t e r m i n a t i o n s  o f  p r o g e s t e r o n e  and  o e s t r o g e n  i n  p la sm a  s a m p l e s , w h ich  

were t o  be  r e l a t e d  t o  and  u s e d  a s  a  m o n i to r  f o r  o v a r i a n  s t r u c t u r a l  

d e v e lo p m e n t ,  p la sm a  a n d ro g e n  l e v e l s  were t o  be d e te r m in e d  t o  p r o v id e  

o n ly  p r e l i m i n a r y  i n f o r m a t i o n  on t h e  s e c r e t i o n  o f  t h e s e  s t e r o i d s  i n  t h e  

cow. I n  s p i t e  o f  t h e  s i m p l i c i t y  o f  t h e  t e c h n i q u e  d e s c r i b e d  i t  was 

c o m p a rab le  i n  t e r m s  o f  r e l i a b i l i t y  c r i t e r i a  t o  a  r a n g e  o f  c o m p e t i t i v e  

p r o t e i n  b i n d i n g  a s s a y s  t h a t  have  been  d e v e lo p e d  (N ugent and M ayes, 1970)

2 ,5*  D e t e r m in a t io n  o f  c o r t i s o l  i n  t h e  p e r i p h e r a l  p la sm a  o f  t h e  cow

More t h a n  HO s t e r o i d s  have  b e e n  i s o l a t e d  f rom  human and  a n im a l  

a d r e n a l  c o r t i c e s  ( W e t t s t e i n ,  1 9 5 9 ) .  I n  t h e  cow c o r t i s o l  and
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c o r t i c o s t e r o n e  have  b een  i d e n t i f i e d  a s  t h e  m a jo r  s e c r e t o r y  p r o d u c t s  

o f  t h e  a d r e n a l  b e in g  p r e s e n t  a t  a  r a t i o  o f  1 : 1  i n  a d r e n a l  v e n o u s  and  

2 . 5 : 1  i n  p e r i p h e r a l  b lo o d  (B u sh ,  1 953 ;  V e n k a ta s e s h u  and  E s t e r g r e e n ,  

1 9 7 0 ) .  I n  t h e  p la s m a  c o r t i c o s t e r o i d s  a r e  bound t o  c o r t i c o s t e r o i d  

b i n d i n g  g l o b u l i n  (CBG) (S a n d b e r g ,  R o s e n t h a l ,  S c h n e id e r  and S l a u n w h i t e , 

1 9 6 6 ) and n o n - s p e c i f i c a l l y  t o  a lb u m in  (W e s tp h a l ,  1 9 6 1 ) .  V ery  much 

s m a l l e r  q u a n t i t i e s  o f  t h e s e  hormones a r e  p r e s e n t  i n  t h e  b lo o d  i n  t h e  

f r e e  fo rm  and  c a n  be e x c r e t e d  by t h e  k id n e y  ( P e t e r s o n  and  W yngaarden, 

1 9 5 6 ; Cope and  B la c k ,  1 9 5 8 ) .  M e t a b o l i t e s  o f  c o r t i s o l  and 

c o r t i c o s t e r o n e  b o t h  f r e e  and  c o n ju g a t e d  t o  g l u c u r o n i c  o r  s u l p h u r i c  

a c i d  a r e  a l s o  p r e s e n t  i n  t h e  c i r c u l a t i o n  p r i o r  t o  t h e i r  e x c r e t i o n  by 

t h e  b i l e  and  u r i n e  (G ra y ,  Greenaway and  H o l n e s s , I 9 6 1 ) .

Based  on t h e  p r e s e n c e  o f  s p e c i f i c  c h e m ic a l  g r o u p in g s  w i t h i n  

c o r t i c o s t e r o i d  m o le c u le s  a  v a r i e t y  o f  a s s a y  m ethods  f o r  e s t i m a t i n g  

t h e  l e v e l s  o f  t h e s e  hormones i n  b lo o d  and u r i n e  h a v e  b e e n  d e v e lo p e d .  

(Review  by L o r r a i n e  and  B e l l ,  1 9 6 6 ) .  Of t h e s e  t h e  P o r t e r - S i l b e r  

r e a c t i o n  w h ich  i n v o l v e s  s t e r o i d s  p o s s e s s i n g  a  d i h y d r o x y a c e to n e  s i d e  

c h a in  (N e lso n  and  S a m u e ls ,  1952) h a s  b een  u s e d  i n  s t u d i e s  on c a t t l e  

(R o b e r t s o n  and  M ix n e r , 1956 ;  Shaw, D u t t a  and N i c h o l s ,  1 9 6 0 ) .  T h is  

m ethod  however s u f f e r s  many d raw backs  am ongst w h ich  a r e  i t s  l a c k  o f  

s p e c i f i c i t y ,  i t s  f a i l u r e  t o  d e t e c t  c o r t i c o s t e r o n e ,  an d  an o v e r a l l  low  

s e n s i t i v i t y  ( M a r r i a n ,  1955)» Many o f  t h e s e  d i s a d v a n t a g e s  were 

overcome w i t h  d e v e lo p m en t  o f  a  s im p le  r e l i a b l e  t e c h n i q u e  f o r  

e s t i m a t i o n  o f  1 1 - h y d r o x y c o r t i c o s t e r o i d s  i n  p la s m a  by M a t t i n g l y  ( I 9 6 2 ) 

u s i n g  a  m e th y le n e  c h l o r i d e  e x t r a c t i o n  and f l u o r e s c e n c e  i n  a  s u l p h u r i c  

a c i d - e t h a n o l  m ix t u r e  t o  q u a n t i t a t e  t h e  ho rm ones .
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A lth o u g h  t o  a  c e r t a i n  e x t e n t  t h e  m ethod o f  M a t t i n g l y  ( 1 9 6 2 ) 

h as  b e e n  s u p e r s e d e d  by  t h e  d e v e lo p m en t  o f  c o m p e t i t i v e  p r o t e i n  b i n d i n g  

t e c h n i q u e s ,  u s i n g  CBG, c o m p a r a t iv e  s t u d i e s  b e tw e en  b o t h  m ethods  i n  

t h e  human h a v e  r e v e a l e d  a  c l o s e  c o r r e l a t i o n  b e tw e e n  t h e  r e s u l t s  (Gore 

and L e s t e r ,  1975)*

C o m p e t i t iv e  p r o t e i n  b i n d i n g  t e c h n i q u e s  h av e  b e e n  a p p l i e d  t o  

t h e  e s t i m a t i o n  o f  c o r t i s o l  an d  c o r t i c o s t e r o n e  i n  cows (H e i tz m a n ,

Adams an d  H u n t e r ,  1 9 7 0 ;  G w azdauskas , T h a tc h e r  and  W ilc o x ,  1972)»

I n  t h i s  t h e s i s  due  t o  t h e  f a c t  t h a t  o n ly  a  s m a l l  number o f  

p la s m a  sa m p le s  w ere  t o  b e  exam ined  f o r  t h e  am ounts o f  11 -h y d ro x y 

c o r t i c o s t e r o i d s  p r e s e n t  t h e  m ethod o f  M a t t i n g l y  (1 9 6 2 ) was u s e d  as  

t h i s  t e c h n i q u e  was more e a s i l y  e s t a b l i s h e d  t h a n  CPB m e th o d s .

2 . 5 . 1 . M a t e r i a l s

1 . D ic h lo ro m e th a n e  F .D .P .C ,  G rade ( B .D .H . ,  P o o l e ,  E n g lan d )

2 . F l u o r e s c e n c e  r e a g e n t

E th a n o l  ( B u r r o u g h 's )  I 50 ml

S u l p h u r i c  a c i d  AR ( B .D .H . ,  P o o l e ,  E n g la n d )  350 m l.

At 4°C t h e  s u l p h u r i c  a c i d  was added  d ro p w ise  w i t h  c o n s t a n t  

s h a k in g  t o  t h e  e t h a n o l .  A f r e s h  s o l u t i o n  was p r e p a r e d  m o n th ly .

3 . H y d r o c o r t i s o n e  (B .D .H .)

S to c k  50 y g /m l  i n  B u r r o u g h 's  e t h a n o l  

S t o r e d  a t  il-^C

High s t a n d a r d .  P r e p a r e d  by d i l u t i n g  t h e  s t o c k  s o l u t i o n  1 :1 0 0  

w i t h  d i s t i l l e d  w a t e r .  500 n g /m l .



131

Low s t a n d a r d .  P r e p a r e d  by  d i l u t i n g  t h e  h i g h  s t a n d a r d  1 :5  

w i t h  d i s t i l l e d  w a t e r .  100 n g /m l .

The h i g h  and  low  s t a n d a r d  s o l u t i o n s  were p r e p a r e d  f o r  e a c h  a s s a y .

4 . C o n t r o l  serum

Seronorm  (B .D .H ,)  l l - h y d r o x y c o r t i c o s t e r o i d  v a l u e  w i t h i n  t h e  

r a n g e  130  -  l 60 n g /m l .

5. E x t r a c t i o n  t u b e s  ( Q u i c k f i t ,  J o b b in g ,  S t o n e ,  E n g la n d )  1À /13 .

6. E x t r a c t i o n - c o u v e t t e  t u b e s ,  Q u i c k f i t  l 4 / 1 3  w i t h  10 x  50 mm 

c y l i n d r i c a l  c o u v e t t e s  f u s e d  t o  t h e i r  b a s e s .

7 . S p e c t r o f l u o r i m e t e r  (Aminco Bowman, S i l v e r  S p r i n g ,  M d., U .S .A .)  

w i t h  a  xenon  lam p . E x c i t a t i o n  w a v e le n g th  1+72 mu

e m is s io n  w a v e le n g th  525 mu. Sample h o l d e r  m o d i f i e d  t o  a l l o w  

com bined  e x t r a c t i o n - c o u v e t t e  t u b e s  t o  be u s e d .

8 .  ( 1 , 2 ,  H) C o r t i s o l  (R a d io c h e m ic a l  C e n t r e ,  Amersham)

250  pCi w ere  d i s s o l v e d  i n  100 ml e t h a n o l  an d  s t o r e d  a t  -1 5 ^ 0 .

9 . S c i n t i l l a t o r  ELS 93 (K o c h -L ig h t  L a b o r a t o r i e s  L t d . , C o ln b ro o k ,  

E n g l a n d ) .

2 . 5 . 2 . M ethods

( a )  E x t r a c t i o n  o f  c o r t i c o s t e r o i d s  from  cow p la sm a

The e x t r a c t i o n  o f  c o r t i s o l  from  cow p la s m a  by d ic h lo r o m e th a n e  

was d e te r m in e d  by  a d d in g  t h e  t r i t i a t e d  s t e r o i d  t o  p la s m a  and  e s t i m a t i n g  

t h e  r e c o v e r y .
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3100 y l  o f  1 ,  2 ,  H - c o r t i s o l  i n  e t h a n o l  w ere  d r i e d  i n  Q u i c k f i t

l 4 / l 3  t u b e s .  1 . 0  ml o f  o v a r i e c t o m i s e d  cow p la s m a  and  1 . 0  ml w a te r

were added  t o  e a c h  t u b e  and a f t e r  m ix in g ,  t h e  t u b e s  l e f t  a t  room

t e m p e r a t u r e  f o r  30 m in u t e s .  10 ml d ic h lo r o m e th a n e  w ere  t h e n  a dded

t o  e a ch  t u b e  and t h e  c o n t e n t s  m ixed  by r o t a t i n g  t h e  t u b e s  f o r  15

m in u t e s .  At t h e  end  o f  t h i s  p e r i o d  t h e  u p p e r  p la s m a  l a y e r  was

rem oved by  s u c t i o n  and  5*0 ml o f  t h e  d i c h lo r o m e th a n e  e x t r a c t

t r a n s f e r r e d  t o  c o u n t e r  v i a l s  and  e v a p o r a t e d  t o  d r y n e s s .  1 . 0  ml w a te r

and  10  ml s c i n t i l l a t o r  were ad d ed  t o  e a c h  v i a l  an d  a f t e r  s h a k in g  t h e

3c .p .m .  d e t e r m i n e d .  Two c o u n t e r  v i a l s  i n  w h ich  100 y l  1 ,  2 ,  H - c o r t i s o l  

had  b een  d r i e d  g a v e ,  a f t e r  a d d in g  1 . 0  ml w a te r  an d  10 ml s c i n t i l l a t o r ,  

t h e  amount o f  t r i t i a t e d  s t e r o i d  p r e s e n t  p r i o r  t o  e x t r a c t i o n .

R e s u l t s

The r e s u l t s  o f  a  s e r i e s  o f  r e c o v e r y  e x p e r im e n t s  a r e  p r e s e n t e d  

i n  T a b le  2 0 .  Due t o  t h e  e f f i c i e n c y  o f  e x t r a c t i o n  o f  t h e  t r i t i a t e d  

s t e r o i d  w i t h  10  ml d i c h lo r o m e th a n e  no r e c o v e r y  c o r r e c t i o n  was a p p l i e d  

t o  s u b s e q u e n t  e x p e r i m e n t s .

(b )  D e t e r m in a t io n  o f  t h e  s t a n d a r d  c u rv e

U s in g  t h e  s t o c k  h y d r o c o r t i s o n e  s o l u t i o n s  i n  e t h a n o l ,  a  r a n g e  

o f  c o n c e n t r a t i o n s  o f  t h e  hormone from  1 2 .5  “ 500 n g /m l  w ere  p r e p a r e d  

i n  w a t e r .  1 ml o f  e a c h  d i l u t i o n  o f  h y d r o c o r t i s o n e  a n d  1 . 0  ml w a te r  

were  p i p e t t e d  t o  e x t r a c t i o n  t u b e s .  Two t u b e s  c o n t a i n i n g  2 ml w a te r  

s e rv e d  a s  b l a n k s .  E x t r a c t i o n  o f  t h e  t u b e s  was a c h i e v e d  by r o t a t i n g  

them  end o v e r  end  f o r  15 m in u t e s .  F o l lo w in g  r e m o v a l  o f  t h e  u p p e r  

p h a s e  (p la sm a  and  w a t e r ) ,  by  s u c t i o n ,  5 ml o f  t h e  d ic h lo r o m e th a n e
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( l ,  2 ̂ h)  CORTISOL 

ADDED c .p .m .

51916

RECOVERED (lO  ml e x t r a c t )

c .p .m .

HUT9^

kkOOh

UU596

k^22k

%i920

^5150

%

86.2 

81+.8 

8 5 . 9

8 7 .1  

86.5 

8 7 . 0

(x  -  1 S .D . )  8 6 .3  “ 0 . 8
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l a y e r  w ere  t r a n s f e r r e d  t o  e x t r a c t i o n  c o u v e t t e  t u b e s .  2 . 5  ml o f  t h e  

f l u o r e s c e n c e  r e a g e n t  w ere  a d d ed  t o  e a c h  t u b e  and  a f t e r  s h a k in g  

v i g o r o u s l y  f o r  20  s e c o n d s ,  t h e  % t r a n s m i s s i o n  and  t h e  p h o t o m u l t i p l i e r  

m e te r  f a c t o r  r e a d .  The p r o d u c t  o f  t h e  % t r a n s m i s s i o n  and  t h e  

p h o t o m u l t i p l i e r  m e te r  f a c t o r  g i v e  t h e  R e l a t i v e  F l u o r e s c e n t  I n t e n s i t y  

(R F I ) .  The a v e ra g e  RFI v a l u e s  f o r  t h e  w a te r  b l a n k  t u b e s  were 

s u b t r a c t e d  from  t h e  RFI v a l u e s  o f  a l l  o t h e r  t u b e s .

R e s u l t s

A t y p i c a l  s t a n d a r d  c u rv e  i s  shown i n  F i g  2 2 .  A l i n e a r  

r e l a t i o n s h i p  b e tw e en  RFI and  c o r t i s o l  c o n c e n t r a t i o n  was p r e s e n t  o v e r  

t h e  r a n g e  1 2 . 5  ” 500 n g .

( c )  A ssay  t e c h n i q u e

The t e c h n i q u e  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  c o r t i s o l  l e v e l s  

i n  cow p la sm a  sa m p le s  w a s ,  w i t h  m inor  m o d i f i c a t i o n s ,  t h a t  o f  M a t t i n g l y  

(1 9 6 2 ) .  A f lo w  d ia g ra m  o f  t h e  a s s a y  sy s te m  i s  g iv e n  i n  D iagram  1 0 .

A f t e r  d e t e r m i n i n g  t h e  RFI o f  a l l  t u b e s  an d  c o r r e c t i n g  t h e s e  

r e s u l t s  f o r  t h e  RFI b l a n k  v a l u e ,  t h e  c o r t i s o l  c o n c e n t r a t i o n  o f  c o n t r o l  

and  sam ple  t u b e s  was r e a d  from  t h e  s t a n d a r d  c u rv e  g r a p h .  I n  t h e  

e v e n t  o f  t h e  c o n t r o l  v a l u e s  a g r e e i n g  w i th  t h e  a c t u a l  c o n c e n t r a t i o n s  

( a s  s u p p l i e d  by t h e  m a n u f a c t u r e r ) ,  t h e  sam ple  r e s u l t s  w ere  a c c e p t e d .  

The r e s u l t s  w ere  n o t  c o r r e c t e d  f o r  r e c o v e r y .
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DIAGRAM 10

C o r t i s o l  E s t i m a t i o n  -  F low Diagram

S e t  up t h e  f o l l o w i n g  i n  e x t r a c t i o n  t u b e s  :

Tube B lank_______ High S ta n d a r d  Low S ta n d a r d  C o n t r o l  Sam ples

C o n te n t  1 , 0  ml 1 . 0  ml 500 n g /m l  1 . 0  ml 100 n g /m l  1 . 0  ml 1 , 0  ml

d i s t i l l e d  h y d r o c o r t i s o n e  h y d r o c o r t i s o n e  Seronorm  p la sm a  

w a te r

No, 2 2 2 2 x 1  (maximum

1 4 )

Add 1 . 0  ml d i s t i l l e d  w a t e r  t o  e a c h  tu b e

Add 10 ml d ic h lo r o m e th a n e  

;
Mix 15 m in . C e n t r i f u g e  5 m in ,  1 ,0 0 0  g 

\ |/
Remove and  d i s c a r d  u p p e r  p h a s e  by s u c t i o n .

T r a n s f e r  5*0 ml lo w e r  p h a s e  t o  

e x t r a c t i o n - c o u v e t t e  t u b e s  

:
Add 2 .5  ml f l u o r e s c e n c e  r e a g e n t .

Shake e a c h  t u b e  f o r  20 s e c o n d s .

D e te rm in e  f l u o r e s c e n c e  i n  e a c h  t u b e  

e x a c t l y  13 m in u te s  a f t e r  a d d in g  

f l u o r e s c e n c e  r e a g e n t .
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(d )  R e l i a b i l i t y  o f  t h e  a s s a y

S p e c i f i c i t y

The d e g r e e  o f  i n t e r f e r e n c e  by o t h e r  s t e r o i d s  when t h e  

f l u o r e s c e n c e  o f  s u l p h u r i c  a c i d - e t h a n o l  i s  u s e d  f o r  m easu rem en t  o f  

1 1 - h y d r o x y c o r t i c o s t e r o i d s  h a s  b e e n  w id e ly  i n v e s t i g a t e d  ( S i l b e r  

e t  a l . ,  1 9 5 8 ; M a t t i n g l y ,  I 9 6 2 ) ,  Amongst a  r a n g e  o f  s t e r o i d s  t e s t e d ,  

o e s t r o n e  an d  o e s t r a d i o l  showed 6 and  23*2% c r o s s - r e a c t i o n ,  

r e s p e c t i v e l y ,  com pared  t o  c o r t i s o l  (100%). As i n  a l l  c a s e s  w here  

t h e  t e c h n i q u e  was a p p l i e d  i n  t h i s  t h e s i s ,  t h e  l e v e l  o f  o e s t r o g e n s  

p r e s e n t  i n  p la s m a  was d e t e r m i n e d ,  any  s i g n i f i c a n t  i n f l u e n c e  o f  t h e s e  

hormones on t h e  c o r t i c o s t e r o i d  e s t i m a t i o n s  w i l l  be  a p p a r e n t .

S e n s i t i v i t y

The s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  b e tw e e n  e a c h  p o i n t  on 

f o u r  s t a n d a r d  c u r v e s  and  t h e  s e n s i t i v i t y  e s t i m a t e  f o r  t h e  m ethod  a r e  

p r e s e n t e d  i n  T a b le  21 .

A c c u rac y  and  p r e c i s i o n

The i n c o r p o r a t i o n  o f  d u p l i c a t e  c o n t r o l  s e r a  o f  known c o r t i s o l  

v a l u e s  ( W e l l e o n t r o l  1 and Seronorm  c o n t a i n i n g  195 and  137 n g /m l 

r e s p e c t i v e l y )  i n  s i x  a s s a y s  was u s e d  t o  c o n f i r m  t h e  a c c u r a c y  o f  t h e  

m ethod . The mean ± S .D . f o r  e a c h  serum  w ere  I 98 ± 12 and I 38 ± 5 

n g /m l  r e s p e c t i v e l y  g i v i n g  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 , 9 6 2 , Ten



138

TABLE 21 CORTISOL ASSAY. SENSITIVITY.

C o r t i s o l

ng

No.

t u b e s

RFI%

X S.D .

1 2 .5

25.0

50.0

1 0 0 .0

0 .0 7  0 .0 3

0 .07  0 .02

0 .1 7  0 .0 4

N .S .

< 0 .0 5

< 0 .0 5

k  0.27 o.o4

■^Corrected f o r  w a t e r  b l a n k  RFI
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i n d e p e n d e n t  e s t i m a t e s  o f  t h e  a p p a r e n t  l e v e l  o f  c o r t i s o l  i n  p la s m a  

c o n t a i n i n g  157  n g /m l  gave  a  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  m ethod 

o f  5% (x  ± 1 S .D . = 154 + 7 n g / m l ) .

2 . 5 . 3 . A p p l i c a t i o n  o f  t h e  a s s a y  -  P e r i p h e r a l  p la s m a  c o r t i s o l  i n  

t h e  cow

The l l - h y d r o x y c o r t i c o s t e r o i d  l e v e l  i n  8 s a m p le s  o f  j u g u l a r  

v e i n  b lo o d  f rom  e a c h  o f  3 a d u l t  cows t a k e n  a t  i n t e r v a l s  t h r o u g h o u t  

t h e  o e s t r o u s  c y c l e  was fo u n d  t o  be  2 4 .0  ± 5 . 1 ;  2 2 . 8  ± 7*7» and  2 2 .9  1 

6 . 5  n g /m l  (x  ± 1 S . D . ) .  T hese  r e s u l t s  w ere  s i m i l a r  t o  t h e  f i n d i n g s  

o f  o t h e r  w o rk e rs  u s i n g  c h e m ic a l  a s s a y  t e c h n i q u e s .  P a t e r s o n  (1957)  

gave v a l u e s  o f  1 7 “h y d r o x y c o r t i c o s t e r o i d s  o f  b e tw e en  10  and 30 n g / m l , 

a l t h o u g h  t h e  t e c h n i q u e  u s e d  was i m p r a c t i c a b l e  f o r  s t u d i e d  i n v o l v i n g  

f r e q u e n t  s a m p le s  a s  200 ml a l i q u o t s  o f  b lo o d  w ere  r e q u i r e d .  In  

c o n t r a s t  t o  s t u d i e s  i n  t h e  human, c o m p e t i t i v e  p r o t e i n  b i n d i n g  

t e c h n i q u e s  gave  lo w e r  e s t i m a t e s  o f  c o r t i s o l  i n  cows t h a n  t h e  v a l u e s  

fo u n d  by t h e  M a t t i n g l y  (1 9 6 2 ) m ethod  i n  t h i s  s t u d y .
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3 .1 .  I n t r o d u c t i o n

Many t h e o r i e s  have  b e e n  advanced  t o  e x p l a i n  why p a r t u r i t i o n  

o c c u r s  270  ” 296 d ays  a f t e r  c o n c e p t io n  i n  t h e  cow. B oth  m a t e r n a l  

f a c t o r s ,  su c h  a s  age  and  b r e e d  (De F r i e s ,  T o u c h b e r ry  and  H ays ,  1 9 5 9 )9 

and  f o e t a l  f a c t o r s ,  su c h  a s  t h e  number p r e s e n t ,  t h e i r  s e x ,  and  g e n e t i c  

c o n s t i t u t i o n  (De F r i e s ,  19 5 9 ;  Holm, 19&7) have  b e e n  fo u n d  t o  m o d ify  

t h e  d u r a t i o n  o f  g e s t a t i o n .  The r o l e  o f  t h e  f o e t a l  h y p o th a l a m ic -  

h y p o p h y s e a l - a d r e n a l  s y s te m  i n  i n i t i a t i n g  p a r t u r i t i o n  i n  t h e  sh e e p  h a s  

been  e s t a b l i s h e d  ( B a s s e t t  and  T h o r b u rn ,  I 9 6 9 ; L i g g e n s , 1972 ;  

N a t h a n i e l s z ,  G o m lin e , S i l v e r  and  P a i s e y ,  1 9 7 2 ) .  C o m l in e , H aJ .l ,

L a v e l l e , N a t h a n i e l s z  and  S i l v e r  (1974) were u n a b l e ,  i n  f o e t a l  c a l v e s ,  

t o  d e m o n s t r a t e  t h e  m arked  a d r e n o c o r t i c a l  h y p e r f u n c t i o n  fo u n d  i n  l a t e  

g e s t a t i o n  i n  t h e  lam b . However, i n  c a lv e s  p r o l o n g a t i o n  o f  t h e  p e r i o d  

o f  g e s t a t i o n  was fo u n d  i n  a s s o c i a t i o n  w i t h  e i t h e r  a d r e n a l  a b r n o m a l i t i e s  

(W ilson  and Young, 19 5 8 ;  Holm, I 9 6 7 ) o r  w i t h  d e f e c t s  o f  t h e  

h y p o th a la m u s - h y p o p h y s e a l  r e g i o n  o f  t h e  b r a i n  (K ennedy , K e n d r ic k  and  

S to rm o n t ,  1957)* These o b s e r v a t i o n s  i n  c a t t l e  i n d i r e c t l y  s u g g e s t e d  

a s i m i l a r  in v o lv e m e n t  o f  t h e  f o e t a l  h y p o t h a l a m u s - p i t u i t a r y - a d r e n a l  

sy s te m  i n  t e r m i n a t i n g  p r e g n a n c y  i n  t h i s  s p e c i e s  a s  i n  t h e  s h e e p .

I r r e s p e c t i v e  o f  t h e  f a c t o r s  i n i t i a t i n g  p a r t u r i t i o n ,  and 

t h e r e f o r e  t e r m i n a t i n g  t h e  p e r i o d  o f  g e s t a t i o n ,  e x p u l s i o n  o f  t h e  f o e t u s  

demands t h a t  v a r i o u s  c h a n g e s  o c c u r  i n  what f o r  t h e  p r e v i o u s  n in e  

months h a s  b e e n  a  r e l a t i v e l y  q u i e s c e n t  u t e r u s  w i t h  a  c l o s e d  c e r v i x .  

U t e r i n e  c o n t r a c t i l i t y  i s  o b v i o u s l y  an i n t e g r a l  p a r t  o f  f o e t a l  

e x p u l s i o n .  A l l a n  and R ey n o ld s  (1935) d e m o n s t r a t e d  t h a t  u t e r i n e
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c o n t r a c t i o n s  c o u ld  be s t i m u l a t e d  by  o x y t o c i n ,  and  t h a t  t h i s  o x y t o c i c  

e f f e c t  c o u ld  be p r e v e n t e d  by  t h e  a d m i n i s t r a t i o n  o f  p r o g e s t e r o n e .  

M a r s h a l l  and  M oir  (1952 )  s u g g e s t e d  t h a t  u t e r i n e  a c t i v i t y  t h e r e f o r e  

r e f l e c t e d  t h e  b a l a n c e  b e tw e en  p r o g e s t e r o n e  and  t h e  o p p o s in g  e f f e c t s  

o f  o e s t r o g e n s  an d  o x y t o c i n .  A l t e r a t i o n  o f  t h i s  b a l a n c e  by e i t h e r  

i n c r e a s i n g  t h e  amount o f  o e s t r o g e n s ,  o r  d e c r e a s i n g  t h e  am ounts  o f  

p r o g e s t e r o n e  a c t i n g  on t h e  myometrium r e s u l t e d  i n  u t e r i n e  c o n t r a c t i o n s .  

Csapo ( 1 9 5 6 ) d e s c r i b e d  h y p e r p o l a r i s a t i o n  o f  t h e  m y o m é t r i a l  c e l l s  by  

p r o g e s t e r o n e ,  t h u s  e x p l a i n i n g  u t e r i n e  q u i e s c e n c e  u n d e r  t h e  i n f l u e n c e  

o f  t h i s  horm one. He r e l a t e d  t h i s  o b s e r v a t i o n  t o  t h e  p r o c e s s  o f  

p a r t u r i t i o n  by  p r o p o s i n g  t h a t  t h i s  'b l o c k i n g  e f f e c t '  o f  p r o g e s t e r o n e  

m ust be  rem oved b e f o r e  f o e t a l  e x p u l s i o n  c o u ld  o c c u r .  I t  i s  a p p a r e n t ,  

h o w e v e r ,  f rom  s t u d i e s  c a r r i e d  o u t  i n t o  sperm  t r a n s p o r t  a t  m a t in g ,  

w here m y o m é t r i a l  a c t i v i t y  i s  d i r e c t e d  c r a n i a l l y  and  i s  o f  s h o r t  

d u r a t i o n ,  t h a t  a  d e c r e a s e  i n  t h e  l e v e l  o f  p r o g e s t e r o n e  and  an 

a s s o c i a t e d  i n c r e a s e  i n  t h e  am ounts o f  o e s t r o g e n s  a c t i n g  on t h e  u t e r u s  

i s  n o t  n e c e s s a r i l y  f o l l o w e d  by  t h e  t y p e  o f  u t e r i n e  c o n t r a c t i o n s  

o b s e r v e d  a t  t e r m .

U s in g  b i o a s s a y  t e c h n i q u e s ,  G a ssn e r  (1952)  c o n c lu d e d  t h a t  

f a e c a l  a n d ro g e n s  i n  t h e  cow i n c r e a s e d  d u r i n g  p r e g n a n c y  an d  d e c l i n e d  

a f t e r  c a l v i n g .  The s e c r e t i o n  o f  a n d ro g e n s  i n  l a t e  g e s t a t i o n  n e e d  n o t  

n e c e s s a r i l y  im p ly  t h a t  t h e y  h av e  a f u n c t i o n  i n  r e l a t i o n  t o  t h e  p r o c e s s  

o f  b i r t h .  However, b i o l o g i c a l  i n t e r a c t i o n s  o f  a n d ro g e n s  w i t h  

p r o g e s t e r o n e  and  o e s t r o g e n s ,  w h ich  a r e  i n  t u r n  f u n c t i o n a l l y  i n v o lv e d  

i n  f o e t a l  e x p u l s i o n ,  have  b e e n  d e s c r i b e d  (R obson , 1 9 3 6 ;  Hohn and 

R obson , I 95O; V e l a r d o ,  Hisaw and  B e v e r , 1 9 5 6 ) .
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T h is  s tu d y  i n  cows was d e s ig n e d  t o  i n v e s t i g a t e  t h e  

i n t e r r e l a t i o n s h i p  o f  p r o g e s t e r o n e ,  o e s t r o g e n s ,  a n d ro g e n s  and  

g l u c o c o r t i c o i d s  i n  t h e  p la s m a  a ro u n d  p a r t u r i t i o n  and t o  r e l a t e  t h e s e  

f i n d i n g s  t o  t h e  m e c h a n ic a l  p r o c e s s  o f  f o e t a l  e x p u l s i o n .

3 . 2 .  E x p e r im e n ta l  d e s ig n  

A nim als

T h is  s tu d y  was c a r r i e d  o u t  i n  l a t e  May u s i n g  se v en  d a i r y  t y p e  

h e i f e r s  (N os. 1 ,  3 ,  4 ,  5 , 7 ,  8 ,  9) i n  c a l f  t o  v a r i o u s  unknown s i r e s .

As s e r v i c e  d a t e s  w ere  n o t  a v a i l a b l e ,  t h e  cows were s e l e c t e d  on t h e  

b a s i s  o f  p h y s i c a l  c h a n g e s  i n d i c a t i v e  o f  l a t e  g e s t a t i o n  su c h  a s  

a b d o m in a l  d i s t e n s i o n ,  mammary d e v e lo p m en t  and s l a c k e n i n g  o f  t h e  p e l v i c  

l i g a m e n t s .  To p r o v id e  a d d i t i o n a l  i n f o r m a t i o n  on hormone l e v e l s  

a ro u n d  p a r t u r i t i o n ,  a  f u r t h e r  2 s i m i l a r  a n im a ls  w ere  o b t a i n e d  (Nos. 12 

and 1 3 ) .  S t u d i e s  u s in g  t h e s e  l a t t e r  2 cows w ere  c a r r i e d  o u t  i n  

S e p te m b e r .

Management

A l l  a n im a ls  w ere  h o u s e d  i n  an open c o u r t  o v e r  t h e  p e r i p a r t u r i e n t  

p e r i o d .  The f i r s t  g ro u p  o f  7 cows was m a i n t a i n e d  t o g e t h e r  a s  a  g r o u p ,  

w h e re as  cows 12 and  13 w ere  k e p t  i n  t h e  company o f  c y c l i n g  n o n - p r e g n a n t  

cows. The a n im a ls  w ere  rem oved from  t h e  c o u r t  t w i c e  d a i l y  f o r  

c o n c e n t r a t e  f e e d i n g  i n  an  a d j o i n i n g  cow shed . Hay and  w a te r  w ere  made 

a v a i l a b l e  a d  l i b . No a t t e m p t  was made t o  i s o l a t e  c a l v i n g  cows from  

t h e  r e m a in d e r  o f  t h e  a n im a ls  i n  t h e  g r o u p ,  i f  c a l v i n g  was o b s e r v e d  t o  be 

p r o c e e d in g  n o r m a l l y .  Only i n  t h e  e v e n t  o f  a  cow show ing  a p p a r e n t
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d i f f i c u l t y  i n  p a r t u r i t i o n  was i t  rem oved from  t h e  c o u r t  t o  an 

a d j o i n i n g  cow shed w here any  a s s i s t a n c e  r e q u i r e d  c o u ld  be  g i v e n .  The 

cows w ere  f r e q u e n t l y  o b s e rv e d  b o t h  t h r o u g h o u t  t h e  day  and  a t  l e a s t  

t w i c e  d u r i n g  t h e  n i g h t ,  a t  a p p r o x i m a t e ly  2 3 .0 0  and  5 . 3 0 ,  f o r  any s i g n s  

o f  im m inen t c a l v i n g  o r  o t h e r  b e h a v i o u r a l  a l t e r a t i o n s .

B lood sa m p le s

Blood  sa m p le s  w ere  t a k e n  a t  t h e  same t im e  e a c h  day  f rom  t h e  

j u g u l a r  v e i n  i n t o  h e p a r i n i s e d  e v a c u a t e d  g l a s s  t u b e s  ( V a c u t a i n e r , 

B eck to n  and D ic k e n s o n ) .  The p la sm a  was s e p a r a t e d  a t  4^0 and  s t o r e d  

a t  “ 15^0 t i l l  a s s a y e d .

Hormone l e v e l s

The c o n c e n t r a t i o n s  o f  p r o g e s t e r o n e ,  o e s t r o g e n s  and  a n d ro g e n s  

i n  p la sm a  sam p les  w ere  d e te r m in e d  by  ra d io im m u n o a s s a y .  P lasm a  

c o r t i s o l  l e v e l s  were e s t i m a t e d  by a  f l u o r o m e t r i c  t e c h n i q u e .  The 

d e t a i l s  o f  t h e  i n d i v i d u a l  a s s a y s  u s e d  w ere  g iv e n  i n  c h a p t e r  2 .

3 . 3 .  R e s u l t s

Outcome o f  g e s t a t i o n s

The b r e e d  o f  t h e  cow and  t h e  outcom e o f  t h e i r  p a r t u r i t i o n s  

a r e  g iv e n  i n  T a b le  22 .  A l l  a n im a ls  c a lv e d  w i t h o u t  a s s i s t a n c e  w i t h  

t h e  e x c e p t i o n  o f  Cow 1 .  In  t h i s  a n im a l  a  d y s t o c i a ,  a s s o c i a t e d  w i th  

a  p o s t e r i o r  p r e s e n t a t i o n  o f  t h e  f o e t u s  i n  t h e  b r e e c h  p o s i t i o n ,  

n e c e s s i t a t e d  c o r r e c t i o n  o f  t h e  p o s t u r a l  d e f e c t  u n d e r  e p i d u r a l  

a n a e s t h e s i a  and rem o v a l  o f  t h e  f o e t u s  by  t r a c t i o n .
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TABLE 22

DETAILS OF OUTCOME OF PARTURITION IN THE COWS

Cow
No.

B reed C a l f Comment

A y r s h i r e

3 A y r s h i r e

4 A y r s h i r e

5 A y r s h i r e

7 S h o r t h o r n /  
A y r s h i r e  C ross

8 F r i e s i a n

9 F r i e s i a n

12 A y r s h i r e

13 A y r s h i r e

1 d ead  c a l f

1 l i v e  c a l f  

1 l i v e  c a l f  

1 l i v e  c a l f  

1 l i v e  c a l f  

1 l i v e  c a l f

1 l i v e  c a l f  

1 l i v e  c a l f  

1 l i v e  c a l f

D y s t o c i a .  Manual re m o v a l  
1 r e c e n t l y  d ead  c a l f .  
F o s t e r e d  on c a l f  t h a t  was 
a c c e p t e d  by dam. R e t e n t i o n  
p l a c e n t a  and p o s t - p a r t u r n  
e n d o m e t r i t i s .  A n t i b i o t i c  
t h e r a p y .

C a lv in g  n o rm a l .  E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o r m a l . E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o r m a l . E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o r m a l . E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o r m a l . R e t a in e d  
p l a c e n t a .  No a d v e r s e  
c l i n i c a l  s i g n s  n o t e d .

C a lv in g  n o r m a l . E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o r m a l .  E x p e l l e d  
p l a c e n t a  n o r m a l ly .

C a lv in g  n o rm a l .  E x p e l l e d  
p l a c e n t a  n o r m a l ly .
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P lasm a  p r o g e s t e r o n e  l e v e l s

F ig  23 shows t h e  p la s m a  p r o g e s t e r o n e  l e v e l s  f rom  Cows 1 ,  3 ,  4 ,

5 ,  T, 8 and  9 ,  w i t h i n  t h e  p e r i o d  from  8 d a y s  b e f o r e  t o  6 days  a f t e r

c a l v i n g .  I t  was a p p a r e n t  from  t h e s e  r e s u l t s  t h a t  p r e - p a r t u m  p la sm a  

p r o g e s t e r o n e  l e v e l s  v a r i e d  w id e ly  among cows b u t  t h a t  i n  a l l  c a s e s  a

p r e c i p i t o u s  d e c l i n e  o c c u r r e d  w i t h i n  t h e  l a s t  2 d a y s  o f  p r e g n a n c y .

T h is  m arked  d e c r e a s e  i n  p r o g e s t e r o n e  l e v e l s  was n o t e d  2 d a y s  b e f o r e  

b i r t h  i n  5 o f  t h e  cows (Nos. 1 ,  3 ,  5 ,  7 and  8) and  1 d a y  p r e - p a r t u m  

i n  t h e  r e m a in in g  2 a n im a ls  (Nos, 4 and  9)*

F i g  24 g i v e s  d e t a i l s  o f  t h e  p r o g e s t e r o n e  l e v e l s  i n  Cows 12 

and 13 o v e r  t h e  p e r i o d  from  12 d a y s  b e f o r e ,  t o  6 d a y s  a f t e r ,  c a l v i n g .  

I t  was a p p a r e n t  t h a t  p la s m a  p r o g e s t e r o n e  c o n c e n t r a t i o n s  r e m a in e d  i n  

e x c e s s  o f  2 . 0  n g /m l  t i l l  1 day  b e f o r e  c a l v i n g  (No. 12 )  o r  2 d a y s  

p r e - p a r t u m  (No. 13 )  when a  d e c l i n e  o c c u r r e d .

P la sm a  o e s t r o g e n  l e v e l s

F ig  25 i l l u s t r a t e s  t h e  l e v e l s  o f  p la sm a  o e s t r o g e n s  o f  Cows 1 ,  

3 )  4 ,  5* 7» 8 and  9* I t  was a p p a r e n t  t h a t  t h e  c i r c u l a t i n g  

c o n c e n t r a t i o n s  o f  t h e s e  horm ones s h a r p l y  d e c r e a s e d  a ro u n d  c a l v i n g .  

Among cows v a r i a b i l i t y  i n  t h e  p r e - p a r t u m  l e v e l s  and  i n  t h e  t i m i n g  o f  

t h e  d e c l i n e ,  r e l a t i v e  t o  f o e t a l  e x p u l s i o n ,  was o b s e r v e d .  In  5 o f  t h e  

7 a n im a ls  p la s m a  o e s t r o g e n  l e v e l s  w ere  s t i l l  m a rk e d ly  e l e v a t e d  on t h e  

day  o f  c a l v i n g .  F ig  26 g i v e s  t h e  p e r i p a r t u r i e n t  o e s t r o g e n  l e v e l s  o f  

Cows 12 an d  1 3 .  I n  t h e  c a s e  o f  Cow 12 maximum o e s t r o g e n  l e v e l s  w ere  

fo u n d  b e tw e en  4 d a y s  b e f o r e  b i r t h  and  t e r m .  A l th o u g h  a  s l i g h t
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d e c r e a s e  i n  t h e  l e v e l  was o b s e rv e d  from  2 d a y s  b e f o r e  c a l v i n g ,  t h e  

r a t e  o f  d e c l i n e  was e s p e c i a l l y  m arked  a f t e r  e x p u l s i o n  o f  t h e  f o e t u s .  

S i m i l a r l y  i n  Cow 1 3 ,  a l t h o u g h  p la s m a  o e s t r o g e n  l e v e l s  f e l l  f rom  1 day  

p r e - p a r t u m ,  b a s a l  c o n c e n t r a t i o n s  w ere  n o t  r e a c h e d  t i l l  t h e  day  a f t e r  

c a l v i n g .

P lasm a  a n d ro g e n  l e v e l s

F i g  2% shows t h e  p la s m a  a n d ro g e n  l e v e l s  o f  Cows 1 ,  3 ,  ^4, 5 ,  T ,

8 and  9* The r e s u l t s  d e m o n s t r a t e d  a  d e c l i n e  i n  t h e  c i r c u l a t i n g  

c o n c e n t r a t i o n s  o f  t h e s e  hormones o v e r  t h e  p e r i p a r t u r i e n t  p e r i o d .

F ig  2Ô i l l u s t r a t e s  t h e  p la s m a  a n d ro g e n  l e v e l s  o f  Cows 12 and  13 o v e r  

t h e  p e r i o d  f rom  12 d a y s  b e f o r e  t o  6 day s  a f t e r  c a l v i n g .  In  Cow 12 t h e  

p la sm a  a n d ro g e n  l e v e l s  f l u c t u a t e d  be tw een  100 and 200 p g /m l d u r in g  t h e  

p r e - p a r t u m  p e r i o d .  Commencing on t h e  day  o f  c a l v i n g ,  an  o v e r a l l  

d e c r e a s e  i n  t h e  l e v e l s  was n o t e d .  On t h e  o t h e r  hand  Cow 1 3 ,  a f t e r  

h a v in g  shown a  p a t t e r n  o f  o v e r a l l  d e c l i n e  w i t h i n  t h e  p e r i o d  up t o  

p a r t u r i t i o n ,  e x h i b i t e d  a  t e m p o r a r y  i n c r e a s e  i n  c i r c u l a t i n g  a n d ro g e n s  

on t h e  day  o f  c a l v i n g ,  f o l l o w e d  by a  d e c l i n e  p o s t - p a r t u m .

P la sm a  c o r t i s o l  l e v e l s

F ig  29 g i v e s  d e t a i l s  o f  t h e  p la sm a  c o r t i s o l  l e v e l s  o f  Cows 1 ,  3 ,  

4 ,  5 3 T , 8 and  9* I t  was a p p a r e n t  t h a t  no c o n s i s t e n t  p a t t e r n  o f  

change  i n  t h e  l e v e l s  o f  t h e s e  h o rm o n es ,  r e l a t i v e  t o  t h e  t im e  o f  f o e t a l  

e x p u l s i o n ,  was e x h i b i t e d .

F ig  30 i l l u s t r a t e s  t h e  p la s m a  c o r t i s o l  l e v e l s  o f  Cows 12 and 

13 . A l th o u g h  i n  t h e  c a s e  o f  Cow 12 maximum c o n c e n t r a t i o n s  o f  t h e s e
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horm ones w ere  r e c o r d e d  on t h e  day  o f  f o e t a l  e x p u l s i o n ,  i n  Cow 13 

t h e  c o r t i s o l  l e v e l s  w ere  a s  g r e a t  b o th  p r e -  and  p o s t - p a r t u m  a s  t h o s e  

on t h e  day  o f  c a l v i n g .

3 . 4 .  D i s c u s s i o n

Numerous w o rk e rs  i n c l u d i n g  S h o r t  ( 1 9 6 0 ) , McCracken (1 9 6 3 ) ,

P o p e ,  G upta  and Munro (1 9 6 9 ) and S t a b e n f e l d t , O sburn and Ewing ( l9 T 0 )  

have  r e p o r t e d  t h a t  p r o g e s t e r o n e  i s  s e c r e t e d  i n  s i g n i f i c a n t  am ounts 

d u r i n g  l a t e  p re g n a n c y  i n  t h e  cow and t h a t  t h e  c o n c e n t r a t i o n  i n  p la s m a  

d e c l i n e s  some t im e  w i t h i n  t h e  l a s t  34 day s  o f  g e s t a t i o n .  McDonald, 

N ic h o ls  and  McNutt (1959) showed t h a t  i n  t h e  cow re m o v a l  o f  t h e  

c o rp u s  lu te u m  from  day  I 60 o f  g e s t a t i o n  d i d  n o t  i n t e r f e r e  w i t h  t h e  

c o u r s e  o f  p r e g n a n c y .  In  t h i s  s p e c i e s  t h e  c o r p u s  lu te u m  h a s  b e e n  

shown t o  p e r s i s t  i n  l a t e  g e s t a t i o n  and  t o  c o n t a i n  a p p r e c i a b l e  q u a n t i t i e s  

o f  p r o g e s t e r o n e  (Melampy, H earn  and  Ralces, 1959 ; l a b h s e t w a r ,  T y l e r ,  

C o l l i n s  an d  C a s i d a ,  1 9 6 4 ) .  I n  c o n t r a s t  b o t h  a d r e n a l  and  p l a c e n t a l  

t i s s u e  w ere  fo u n d  t o  c o n t a i n  r e l a t i v e l y  i n s i g n i f i c a n t  q u a n t i t i e s  o f  

p r o g e s t e r o n e  a t  t h i s  t im e  (L a b h se tw a r  e t  a l . , 1 9 6 4 ) ,  I t  c a n  t h e r e f o r e  

be d e d u c ed  t h a t  t h e  p e r i p h e r a l  p la sm a  p r o g e s t e r o n e  l e v e l s  r e c o r d e d  

w i t h i n  t h e  l a s t  2 weeks o f  p r e g n a n c y  i n  t h e  cows i n  t h i s  t h e s i s  

r e p r e s e n t e d  a lm o s t  e x c l u s i v e l y  t h e  s e c r e t i o n s  o f  c o r p o r a  l u t e a .

Due t o  t h e  do m in an t  e f f e c t  o f  p r o g e s t e r o n e  i n  m a i n t a i n i n g  

q u i e s c e n c e  o f  t h e  m yom etrium , u t e r i n e  c o n t r a c t i o n s  t o  b r i n g  a b o u t  

p a r t u r i t i o n  were l i a b l e  t o  be p r e v e n t e d  t i l l  s u c h  t im e  a s  t h e  

c i r c u l a t i n g  p r o g e s t e r o n e  l e v e l  was r e d u c e d  o r  i t s  e f f e c t  overcom e.
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I t  h a s  p r e v i o u s l y  b e e n  p ro p o s e d  t h a t  due t o  an  i n h e r e n t  a g e in g  o f  

t h e  c o rp u s  lu te u m  i n  l a t e  g e s t a t i o n  t h e  amount o f  p r o g e s t e r o n e  

s e c r e t e d  d e c l i n e s  and  t h i s  i s  a s s o c i a t e d  w i t h  a  r e m o v a l  o f  t h e  

p r o g e s t a t i o n a l  b l o c k  t o  m y o m é tr ia l  c o n t r a c t i l i t y  (L a b h se tw a r  e t  a l . ,  

1 9 6 4 ) .  I n  t h e  a n im a ls  s t u d i e d  i n  t h i s  t h e s i s ,  i t  was a p p a r e n t  t h a t  

when t h e  a v e r a g e  d a i l y  l e v e l s  o f  p r o g e s t e r o n e  w ere  c o n s i d e r e d ,  no 

s i g n i f i c a n t  p a t t e r n  o f  d e c l i n e  c o u ld  be  s e e n  b e tw e e n  8 d a y s  and  2 days  

b e f o r e  p a r t u r i t i o n  ( F ig  3 1 ) .  In  a l l  c a s e s ,  i r r e s p e c t i v e  o f  t h e  

p r o g e s t e r o n e  l e v e l s  w i t h i n  t h e  p r e c e d in g  6 d a y s ,  f o e t a l  e x p u l s i o n  d i d  

n o t  t a k e  p l a c e  t i l l  a  d r a m a t i c  r e d u c t i o n  t o  l e v e l s  o f  0 .5  n g /m l  o r  

l e s s  o c c u r r e d .  T hese  r e s u l t s  were t a k e n  t o  i n d i c a t e  t h a t  t h e  a c t  o f  

f o e t a l  e x p u l s i o n  n e c e s s i t a t e d  a  m echanism  t o  r e d u c e  r a p i d l y  t h e  amount 

o f  c i r c u l a t i n g  p r o g e s t e r o n e .  A s i m i l a r  l a t e  d e c l i n e  i n  p la sm a  

p r o g e s t e r o n e  l e v e l s  i n  t h e  p r e g n a n t  cow h a s  b e e n  r e c o r d e d  by H e n r ic k s  

e t  a l . (1 9 7 2 ) .  The r e s u l t s  i n  t h i s  t h e s i s  s u p p le m e n t  t h e i r  o b s e r v a t i o n s  

and  d e m o n s t r a t e d  t h a t  a  v a r i a b l e  p e r i o d  o f  1 ~ 2 d a y s  e l a p s e d  b e tw e en  

a  d e c l i n e  i n  p r o g e s t e r o n e  l e v e l s  and  f o e t a l  e x p u l s i o n .  L u t e a l  f u n c t i o n  

i s  t e r m i n a t e d  a t  t h e  end  o f  d i o e s t r u s  i n  t h e  c y c l i n g  cow by t h e  

i n t e r v e n t i o n  o f  a  u t e r i n e  l u t e o l y t i c  a g e n t  (Rowson e t  a l . ,  1 9 7 2 ) .  

E x a m in a t io n  o f  t h e  r a t e  o f  d e c r e a s e  i n  p la sm a  p r o g e s t e r o n e  l e v e l s  i n  

a n im a ls  a t  t h e  end o f  d i o e s t r u s  w i t h  t h e  m arked  r e d u c t i o n  i n  p r o g e s t e r o n e  

l e v e l s  w i t h i n  1 t o  2 days  o f  b i r t h  s u g g e s t e d  t h a t  t h e  same l y t i c  

m echanism  may o p e r a t e  (F ig  3 2 ) .  In  a n im a ls  w here  g e s t a t i o n  was 

a b n o rm a l ly  p r o lo n g e d  due  t o  d e f e c t s  o f  t h e  h y p o th a la m o - h y p o p h y s e a l -  

a d r e n a l  a x i s  p a r t u r i t i o n  o c c u r r e d  a t  a  v a r i a b l e  t im e  a f t e r  t h e  n o rm a l  

p e r i o d  o f  p r e g n a n c y .  I t  may b e  t h a t  i n  t h e s e  a n im a ls  t h e  l u t e o l y t i c  

m echanism  d i d  n o t  o p e r a t e  due  t o  i t s  r e q u i r i n g  a  n o rm a l  f o e t u s  t o
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t r i g g e r  i t s  r e l e a s e ,  and  t h a t  u l t i m a t e  f o e t a l  e x p u l s i o n  r e p r e s e n t e d  

t h e  v a r i a b l e ,  more p r o lo n g e d  p e r i o d  f o r  l u t e a l  f u n c t i o n  t o  be  

s u f f i c i e n t l y  r e d u c e d  due  s o l e l y  t o  an i n h e r e n t  a g e in g  p r o c e s s .

I t  was a p p a r e n t  from  t h e  r e s u l t s  o f  t h e  a n im a ls  i n  t h i s  t h e s i s  

t h a t  a l t h o u g h  t h e  a v e r a g e  p e r i p h e r a l  p la sm a  o e s t r o g e n  l e v e l s  i n  t h e  

p e r i p a r t u r i e n t  p e r i o d  f o l lo w e d  a  s i m i l a r  p a t t e r n  t o  t h a t  o b s e rv e d  f o r  

p r o g e s t e r o n e ,  i . e .  b e in g  h i g h  p r e - p a r t u m  and  d e c l i n i n g  m a rk e d ly  a ro u n d  

t h e  t im e  o f  f o e t a l  e x p u l s i o n ,  t h e  t i m i n g  o f  t h e  p r e c i p i t o u s  d e c l i n e  

d i f f e r e d  ( F ig  3 1 ) .  On t h e  day  o f  c a l v i n g ,  t h e  p la s m a  o e s t r o g e n  l e v e l s ,  

i n  c o n t r a s t  t o  t h o s e  o f  p r o g e s t e r o n e ,  w ere  s t i l l  e l e v a t e d  i n  t h e  

m a j o r i t y  o f  cow s. T h is  was r e f l e c t e d  i n  an  a l t e r a t i o n  i n  t h e  

p r o g e s t e r o n e  : o e s t r o g e n  r a t i o ,  i n  f a v o u r  o f  o e s t r o g e n s ,  commencing two 

days  p r e - p a r t u m  w i t h  t h e  m ost m arked  change  on t h e  day  o f  f o e t a l  

e x p u l s i o n  ( F ig  3 3 ) .  J u s t  a s  v a r i a b i l i t y  was n o t e d  i n  t h e  t i m i n g  o f  

t h e  p r o g e s t e r o n e  d e c l i n e  b e f o r e  c a l v i n g ,  so a l s o  was v a r i a t i o n  shown 

by i n d i v i d u a l  cows i n  t h e  t im e  t h e i r  o e s t r o g e n  l e v e l s  f e l l .  I n  some 

a n im a ls  a  d e c l i n e  p r i o r  t o  t h e  day  o f  f o e t a l  e x p u l s i o n  was o b s e rv e d  

a l t h o u g h  even  i n  t h e s e  cows t h e  l e v e l s  w ere  s t i l l  h i g h  on t h e  day  o f  

p a r t u r i t i o n  (Cows 3 ,  T and  1 3 ) .  W ith in  i n d i v i d u a l  a n im a ls  t h e r e  

a p p e a r e d  t o  be  no r e l a t i o n s h i p  be tw een  t h e  d a y  p r o g e s t e r o n e  d e c r e a s e d  

and t h e  t im e  t h e  p r e c i p i t o u s  d e c l i n e  i n  o e s t r o g e n s  o c c u r r e d  e . g .  i n  

Cows 8 and  9 p la s m a  p r o g e s t e r o n e  d e c l i n e d  f ro m  2 d a y s  and  1 day  b e f o r e  

p a r t u r i t i o n  r e s p e c t i v e l y ,  w h e re as  i n  b o t h  c a s e s  p la s m a  o e s t r o g e n s  f e l l  

f rom  t h e  d a y  o f  c a l v i n g .  T hese  r e s u l t s  s u g g e s t e d  t h a t  p r o g e s t e r o n e  

an d  o e s t r o g e n s  a r e  s e c r e t e d  i n d e p e n d e n t l y  d u r i n g  l a t e  g e s t a t i o n  and 

t h a t  d i f f e r i n g  m echan ism s a r e  r e s p o n s i b l e  f o r  t h e  a l t e r a t i o n s  i n  t h e i r
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c i r c u l a t i n g  c o n c e n t r a t i o n s  a ro u n d  t e r m .  B o th  t h e  a d r e n a l  and  t h e  

p l a c e n t a  o f  t h e  cow h av e  b e e n  shown t o  c o n t a i n  o e s t r o g e n s  th o u g h  much 

g r e a t e r  c o n c e n t r a t i o n s  h av e  b e e n  r e c o r d e d  i n  t h e  l a t t e r  t i s s u e  (M eyer, 

1 955 ;  G o r s k i  and E r b ,  1959)*  V e e n h u iz e n ,  E rb  an d  G o rs k i  ( i 9 6 0 ) ,  by 

s t u d i e s  o f  t i s s u e  hormone l e v e l s ,  c o n c lu d e d  t h a t  t h e  f o e t a l  c o t y l e d o n s  

a r e  t h e  m a jo r  s o u r c e  o f  o e s t r o g e n s  d u r i n g  p re g n a n c y  i n  t h e  cow. I t  

has  p r e v i o u s l y  b e e n  s u g g e s t e d  t h a t  t h e  d e c l i n e  i n  p r o g e s t e r o n e  l e v e l s  

a t  t e r m  r e p r e s e n t s  t h e  i n t e r v e n t i o n  o f  a  l u t e o l y t i c  a g e n t .  D u r in g  

t h e  o e s t r o u s  c y c l e  i n  t h e  cow p r o s t a g l a n d i n  F2a h a s  b e e n  t e n t a t i v e l y  

i d e n t i f i e d  a s  t h e  l u t e o l y t i c  a g e n t  ( L o u i s ,  H afs  an d  S e g u in ,  1 9 7 3 ) .  In  

s p e c i e s  w here s i g n i f i c a n t  q u a n t i t i e s  o f  p r o g e s t e r o n e  a r e  s e c r e t e d  i n  

l a t e  g e s t a t i o n  by  t h e  p l a c e n t a  -  su c h  a s  t h e  sh e ep  ( S t a b e n f e l d t , D ro s t  

and  F r a n t i ,  1972) -  a  r a p i d  i n c r e a s e  i n  p la sm a  o e s t r o g e n  l e v e l s  

o c c u r r e d  a few  d ays  b e f o r e  p a r t u r i t i o n  ( C h a l l i s ,  1 9 7 1 ) '  In  t h e  human 

w here p r o g e s t e r o n e  i s  p ro d u c e d  by  t h e  p l a c e n t a ,  i n f u s i o n  o f  t h i s  t i s s u e  

i n  v iv o  w i t h  p r o s t a g l a n d i n s  l e a d  t o  i n c r e a s e d  o e s t r o g e n  s e c r e t i o n  

( A l s a t  and  C e d a rd ,  1 9 7 3 ) .  From t h e  r e s u l t s  i n  t h i s  t h e s i s ,  i t  was 

a p p a r e n t  t h a t  i n  t h e  cow w i t h i n  t h e  1 - 2  day  p e r i o d  p r e - p a r t u m  when 

p r o g e s t e r o n e  l e v e l s  m a rk e d ly  d e c l i n e d ,  no a s s o c i a t e d  d r a m a t i c  i n c r e a s e  

i n  t h e  a l r e a d y  e l e v a t e d  o e s t r o g e n  l e v e l s  was fo u n d  ( F ig  3 1 ) .  I t ,  

t h e r e f o r e ,  a p p e a r s  t h a t  a l t h o u g h  p r o s t a g l a n d i n s  may be  i n v o lv e d  i n  

t r i g g e r i n g  t h e  a l t e r a t i o n  i n  p r o g e s t e r o n e : o e s t r o g e n  r a t i o  i n  b o t h  sh e ep  

and c a t t l e ,  t h e  m echanism  o f  p r o d u c in g  t h i s  c h a n g e ,  i n  favour* o f  

o e s t r o g e n s ,  d i f f e r s  and  t h a t  i t  i s  t h e  d e c l i n e  i n  p la s m a  p r o g e s t e r o n e  

t h a t  i s  o f  p r im e  im p o r ta n c e  i n  d e t e r m i n in g  t h e  o n s e t  o f  t h e  p r o c e s s  o f  

f o e t a l  e x p u l s i o n  i n  t h e  cow. T h i s  s u g g e s t i o n  i s ,  h o w e v e r ,  n o t  

c o m p a t ib l e  w i t h  t h e  o b s e r v a t i o n  by H e n r ic k s  e t  a l . (1972 )  t h a t  i n  n o rm a l



163

cows w i t h  g e s t a t i o n  l e n g t h s  l o n g e r  t h a n  a v e ra g e  p r o g e s t e r o n e  d e c l i n e d  

a t  t h e  same t im e  i n  b o t h  t h e s e  l o n g  and a v e ra g e  l e n g t h  p r e g n a n c i e s .

In  c o n t r a s t  o e s t r o g e n s  c o n t i n u e d  t o  r i s e  i n  b o t h  g ro u p s  u n t i l  t h e  day  

o f  p a r t u r i t i o n .  T hese  a u t h o r s , t h e r e f o r e ,  c o n c lu d e d  t h a t  t h e  t r i g g e r  

t o  m y o m é t r i a l  c o n t r a c t i l i t y  was t h e  l e v e l  o f  o e s t r o g e n s  r a t h e r  t h a n  

t h e  a b s e n c e  o f  s i g n i f i c a n t  am ounts o f  p r o g e s t e r o n e .  O b v io u s ly ,  due 

t o  t h i s  d i s c r e p a n c y  b e tw e en  t h e  o b s e r v a t i o n s  o f  H e n r ic k s  e t  a l . (1972)  

and t h e  r e s u l t s  i n  t h i s  t h e s i s , a d d i t i o n a l  s t u d i e s  i n t o  t h e  r o l e  o f  

o e s t r o g e n s  i n  r e l a t i o n  t o  f o e t a l  e x p u l s i o n  a r e  r e q u i r e d .  The 

s u g g e s t e d  im p o r ta n c e  i n  t h i s  t h e s i s  o f  t h e  d e c l i n e  i n  p r o g e s t e r o n e  t o  

t h e  o n s e t  o f  l a b o u r  i s  n o t  i n t e n d e d  t o  im p ly  t h a t  t h e  e l e v a t e d  o e s t r o g e n  

l e v e l s  p r e s e n t  a ro u n d  t e r m  a r e  n o t  f u n c t i o n a l l y  i n v o l v e d  i n  t h e  p r o c e s s  

o f  b i r t h .  A d m i n i s t r a t i o n  o f  g l u c o c o r t i c o i d s  t o  cows 260 d a y s  p r e g n a n t ,  

o r  m o re ,  l e a d s  t o  e x p u l s i o n  o f  a  v i a b l e  f o e t u s .  How ever, p r i o r  t o  day  

260  i n j e c t i o n  o f  t h e s e  s t e r o i d s  f r e q u e n t l y  r e s u l t s  i n  f o e t a l  d e a t h  

( E d q v is t  e t  a l . , 1 9 7 2 ) .  I t  may be  t h a t  t h e  e f f e c t i v e n e s s  o f  g l u c o 

c o r t i c o i d s  i n  i n d u c i n g  e x p u l s i o n  o f  a  v i a b l e  f o e t u s  d e p e n d s ,  a t  l e a s t  

p a r t l y ,  on t h e  e l e v a t e d  l e v e l s  o f  o e s t r o g e n s  p r e s e n t  a f t e r  day  260  o f  

g e s t a t i o n .

An o v e r a l l  a l t e r a t i o n  i n  t h e  p r o g e s t e r o n e  : o e s t r o g e n  (P :E )  r a t i o ,  

i n  f a v o u r  o f  o e s t r o g e n s  o c c u r s  a t  t h e  t im e  o f  o e s t r u s  i n  t h e  c y c l i n g  

cow. C om parison  o f  t h e  P ;E  r a t i o s  a t  t h e  t im e  o f  p a r t u r i t i o n  w i t h  

t h o s e  fo u n d  a ro u n d  o e s t r u s  r e v e a l e d  a  m arked  d i f f e r e n c e  a t  t h e  two 

s t a g e s  (T a b le  2 3 ) .  I t  may be t h a t  t h e  v e r y  much lo w e r  r a t i o  a t  t h e  

t im e  o f  c a l v i n g  was a s s o c i a t e d  w i t h  t h e  f a c t  t h a t  m y o m é tr ia l  

c o n t r a c t i o n s  d i f f e r  a t  o e s t r u s  and  a t  t e r m .  The h i g h e r  r a t i o  may be



TABLE 23 COMPARISON OF THE PROGESTERONE :OESTROGEN

RATIOS AROUND PARTURITION WITH THOSE AROUND 

OESTRUS

l6i+

DAYS PROM OESTRUS 

OR PARTURITION

P:E*

PARTURITION OESTRUS

-5 2 .0 5 1032

- k 2 .0 3 845

-3 2 .3 6 442

- 2 1 .7 172

-1 1 , 2 k 62

0 0.1+7 28

1 1 .1 8 56

2 2 .4 8 116

3 6 .8 3 131

It 7 .0 3 330

^ c a l c u l a t e d  a s  ' S ' s t f o g e S ™  from  t h e  a v e r a g e  r e s u l t s  o f

t h e  cows s t u d i e d  i n  s e c t i o n  2 and s e c t i o n  3.
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p a r t l y  r e s p o n s i b l e  f o r  t h e  f a c t  t h a t  a t  p a r t u r i t i o n  u t e r i n e  

c o n t r a c t i o n s  a r e  more p r o lo n g e d  and  o f  g r e a t e r  m a g n i tu d e .

The a v a i l a b l e  e v id e n c e  i m p l i c a t i n g  t h e  f o e t a l  p l a c e n t a  a s  t h e  

s o u rc e  o f  o e s t r o g e n s  i n  l a t e  g e s t a t i o n  i n  t h e  cow was o f  p a r t i c u l a r  

r e l e v a n c e  t o  two o f  t h e  a n im a ls  i n  t h i s  s tu d y  t h a t  r e t a i n e d  t h e i r  

p l a c e n t a  -  Cows 1 and  8 . Amongst t h e  many f a c t o r s  t h a t  have  b e e n  

c o n s i d e r e d  i n  r e l a t i o n  t o  t h e  a e t i o l o g y  o f  t h i s  c o n d i t i o n ,  ho rm ona l  

a b n o r m a l i t i e s  h a v e  b een  s u g g e s t e d  a s  a  p o s s i b l e  c a u s e  (McDonald, McNutt 

and N i c h o l s ,  1 9 5 4 ) .  I t  was a p p a r e n t  f rom  t h e  r e s u l t s  o f  t h e  

i n d i v i d u a l  a n im a ls  i n  t h i s  t h e s i s  t h a t  no d i f f e r e n c e  e x i s t e d  i n  e i t h e r  

t h e  l e v e l s  o r  t im e  o f  d e c l i n e  o f  p r o g e s t e r o n e  and  o e s t r o g e n s  i n  t h e s e  

two a n im a ls  com pared  t o  t h e  r e m a in d e r  t h a t  e x p e l l e d  t h e i r  p l a c e n t a e  

n o r m a l ly .  T hese  a n i m a l s ,  t h e r e f o r e ,  do n o t  s u b s t a n t i a t e  t h e  

h y p o t h e s i s  o f  McDonald e t  a l . (1954) t h a t  r e t e n t i o n  o f  t h e  p l a c e n t a  i s  

a s s o c i a t e d  w i t h  a  r e l a t i v e  i n s u f f i c i e n c y  o f  p r o g e s t e r o n e  i n  l a t e  

g e s t a t i o n .  N e i t h e r  a r e  t h e y  i n  a g re e m e n t  w i t h  t h e  o b s e r v a t i o n  by  

Agathe  and Kolm (1975 )  t h a t  o e s t r o g e n s  f e l l  a t  a  more g r a d u a l  r a t e  i n  

a n im a ls  t h a t  r e t a i n e d  t h e i r  p l a c e n t a e .  The r e s u l t s  i n  t h i s  t h e s i s  

i n d i c a t e d  t h a t  e x p u l s i o n  o f  t h e  f o e t u s  i n  t h e  cow t e r m i n a t e s  p l a c e n t a l  

f u n c t i o n  i r r e s p e c t i v e  o f  w h e th e r  o r  n o t  t h i s  t i s s u e  re m a in e d  i n  u t e r o . 

The v a r i a b l e  f i n d i n g s  o f  t h e  s t u d i e s  r e f e r r e d  t o  above and  t h o s e  i n  

t h i s  t h e s i s  r e f l e c t  t h e  f a c t  t h a t  t h e  c o n d i t i o n  o f  r e t e n t i o n  o f  t h e  

p l a c e n t a  may i n  some c a s e s ,  b u t  n o t  i n  o t h e r s ,  be  a s s o c i a t e d  w i t h  

e n d o c r in e  a b n o r m a l i t i e s .

P la sm a  a n d ro g e n  l e v e l s  i n  t h e  cow i n  r e l a t i o n  t o  p a r t u r i t i o n  

have  n o t  b e e n  r e c o r d e d  p r e v i o u s l y .  The r e s u l t s  i n  t h i s  t h e s i s
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i n d i c a t e d  t h a t  t h e  l e v e l s  o f  t h e s e  horm ones f o l l o w e d  a  s i m i l a r  

se q u e n c e  t o  t h a t  o b s e r v e d  f o r  p r o g e s t e r o n e  and  o e s t r o g e n s  -  b e in g  h ig h  

p r e - p a r t u m  and  s h a r p l y  d e c r e a s i n g  a ro u n d  t h e  t im e  o f  e x p u l s i o n  o f  t h e  

f o e t u s .  I n  c o n t r a s t  t o  p r o g e s t e r o n e ,  i n  t h e  m a j o r i t y  o f  a n im a ls  t h e  

l e v e l s  o f  a n d ro g e n s  w ere  s t i l l  e l e v a t e d  a t  t h e  t im e  o f  c a l v i n g .  I t  

was a l s o  a p p a r e n t  t h a t  a l t h o u g h  t h e  a v e ra g e  l e v e l  o f  p la sm a  o e s t r o g e n s  

d e c l i n e d  s l i g h t l y  from  one day  b e f o r e  p a r t u r i t i o n ,  t h e  a v e r a g e  l e v e l  

o f  a n d ro g e n s  a t  t h i s  t im e  d i d  n o t  f a l l .  H ow ever, b o t h  a n d ro g e n s  and  

o e s t r o g e n s  e x h i b i t e d  a  m arked  d e c r e a s e  b e tw een  c a l v i n g  an d  one day 

p o s t - p a r t u m  ( F ig  3 1 ) .  These  r e s u l t s  s u g g e s t e d  t h a t  a n d r o g e n s ,  a s  

w i t h  o e s t r o g e n s ,  a r e  d e r i v e d  f rom  an a l t e r n a t i v e  t i s s u e  s o u rc e  t h a n  

p r o g e s t e r o n e .  R i l e y  an d  Hammond ( 1 9 4 2 ) ,  u s i n g  b i o a s s a y  t e c h n i q u e s ,  

d e t e c t e d  a n d r o g e n ic  a c t i v i t y  i n  t h e  f a e c e s  o f  p r e g n a n t  cow s. F u r t h e r  

work by  G a ssn e r  (1952)  showed t h a t  f a e c a l  a n d ro g e n s  i n c r e a s e d  i n  l a t e  

g e s t a t i o n  b u t  d e c l i n e d  m a rk e d ly  a f t e r  c a l v i n g .  G a s s n e r  (1952) 

c o n s i d e r e d  t h a t  f a e c a l  a n d ro g e n s  w ere  e l e v a t e d  when a  c o rp u s  lu te u m  

was p r e s e n t  i n  t h e  o v a r i e s  -  a  c o n c e p t  e l a b o r a t e d  by M i l l e r  and T u rn e r  

(1955)3  who p o s t u l a t e d  t h a t  t h e s e  compounds were d e r i v e d  f rom  e x t r a -  

g l a n d u l a r  c o n v e r s i o n  o f  p r o g e s t e r o n e .  The r e s u l t s  i n  t h i s  t h e s i s  

d e m o n s t r a t i n g  a  c o n t i n u e d  e l e v a t i o n  o f  a n d ro g e n s  i n  t h e  a b s e n c e  o f  

h ig h  l e v e l s  o f  p la sm a  p r o g e s t e r o n e  s u g g e s t e d  t h a t  t h e s e  e a r l i e r  

d e d u c t i o n s  w ere  i n c o r r e c t .  The s i m i l a r i t y  i n  p a t t e r n  o f  p la sm a  

o e s t r o g e n s  an d  a n d ro g e n s  i n  t h i s  t h e s i s  s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  

b o t h  t h e s e  horm ones a r e  s e c r e t e d  by p l a c e n t a l  t i s s u e .  A ndrogens 

have  b e e n  d e t e c t e d  i n  s m a l l  am ounts i n  t h e  a d r e n a l  o f  t h e  cow (G a rn ,  

1 9 4 9 » S h o r t ,  i 9 6 0 ) .  I t  may be  t h a t  t h e  d i f f e r e n c e s  o b s e rv e d  b e tw een  

t h e  p a t t e r n  o f  a n d ro g e n s  an d  o e s t r o g e n s  b e f o r e  c a l v i n g  i n  some cows
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s u c h  a s  No. 1 3 ,  r e f l e c t  t h e  f a c t  t h a t  t h e  a d r e n a l  c o n t r i b u t e s  t o  t h e  

t o t a l  p la sm a  an d ro g e n  l e v e l s .  I t  was a p p a r e n t  f ro m  t h e  a v e ra g e  

p la sm a  c o r t i s o l  l e v e l s  ( F ig  31) t h a t  a  t r a n s i e n t  i n c r e a s e  i n  

a d r e n o c o r t i c a l  a c t i v i t y  o c c u r r e d  on t h e  day  o f  c a l v i n g .  T h is  

t e m p o r a r y  i n c r e a s e  i n  a d r e n o c o r t i c a l  f u n c t i o n  may have  b e e n  a s s o c i a t e d  

w i th  a  t r a n s i e n t  i n c r e a s e  i n  a n d ro g e n  s e c r e t i o n  w h ich  gave  r i s e  t o  t h e  

o b s e r v a t i o n  t h a t  p la sm a  a n d ro g e n s  re m a in e d  e l e v a t e d  when o e s t r o g e n s  

s t a r t e d  t o  d e c l i n e .  A d d i t i o n a l  e v id e n c e  t h a t  t i s s u e  o t h e r  t h a n  t h e  

p l a c e n t a  c o n t r i b u t e d  t o  t h e  l e v e l  o f  p la sm a  a n d ro g e n s  was b a s e d  on t h e  

o b s e r v a t i o n  t h a t  f o l l o w i n g  e x p u l s i o n  o f  t h e  f o e t u s  an d  t h e  p l a c e n t a ,  

t h e  l e v e l  o f  a n d ro g e n s  r e m a in e d  e l e v a t e d  r e l a t i v e  t o  t h e  amount o f  

o e s t r o g e n s  p r e s e n t  i n  t h e  b l o o d .  The e f f e c t  o f  a n d ro g e n s  on t h e  

a c t i v i t y  o f  t h e  m yometrium i s  n o t  known. . I t  may b e  t h a t  t h e s e  hormones 

a r e  n o t  a c t i v e l y  i n v o lv e d  i n  t h e  p r o c e s s  o f  f o e t a l  e x p u l s i o n  b u t  a r e  

s im p ly  p r e s e n t  a s  b y - p r o d u c t s  o f  t h e  a c t i v i t y  o f  s t e r o i d  p r o d u c in g  

t i s s u e s .  How ever, one o f  t h e  s u r p r i s i n g  f e a t u r e s  o f  p a r t u r i t i o n  i n  

t h e  cow i s  t h a t  no o e s t r o u s  b e h a v io u r  i s  s e e n  a ro u n d  t h e  t im e  o f  b i r t h .  

In  c y c l i n g  cows a  d e c r e a s e  i n  p r o g e s t e r o n e  l e v e l s  i n  t h e  b l o o d ,  a lo n g  

w i th  an  e l e v a t i o n  i n  t h e  c o n c e n t r a t i o n  o f  o e s t r o g e n s  , i s  found  a t  t h e  

t im e  o f  o e s t r u s  (See C h a p te r  Two). I t  may be  t h a t  t h e  e l e v a t e d  l e v e l s  

o f  a n d ro g e n s  i n  t h e  p r e - p a r t u m  cow w here p r o g e s t e r o n e  l e v e l s  w ere  low 

and p la s m a  o e s t r o g e n s  w ere  e l e v a t e d  were i n v o lv e d  i n  b l o c k i n g  t h e  

o e s t r o u s  i n d u c i n g  e f f e c t  o f  t h e  f em a le  s e x  h o rm ones .



R e c e n t  s t u d i e s  have  s u g g e s t e d  t h a t  r e m o v a l  o f  t h e  p r o 

g e s t a t i o n a l  b l o c k  a t  t h e  m yometrium i n  t h e  t e r m i n a l  p h a s e  o f  

g e s t a t i o n  i n  t h e  cow may r e f l e c t ,  a t  l e a s t  i n  p a r t ,  t h e  a c t i v a t i o n  

o f  p l a c e n t a l  enzyme s y s te m s  a s  a  r e s u l t  o f  i n c r e a s e d  f o e t a l  a d r e n a l  

s t e r o i d o g e n e s i s .  I n  t h e  s h e e p ,  w here p r o g e s t e r o n e  i s  s y n t h e s i s e d  

by t h e  p l a c e n t a ,  an  i n c r e a s e  i n  1 7 a - h y d r o x y la s e  a c t i v i t y  h a s  been  

n o te d  i n  p l a c e n t a l  hom ogena tes  o b t a i n e d  from  a n im a ls  f o l l o w i n g  p r e 

t r e a t m e n t  o f  t h e  f o e t u s  w i t h  g l u c o c o r t i c o i d s  (A n d e rs o n ,  F l i n t  and  

T u r n b u l l ,  1 9 7 4 ) .  I t  h a s  b e e n  p r o p o s e d  t h a t  i n  t h i s  s p e c i e s  t h e  

p r e s e n c e  o f  2 0 a - h y d r o x y s t e r o i d  d e h y d ro g e n a se  c o u p le d  w i th  t h e  

i n d u c e d  17oc-hyd roxy lase  a c t i v i t y  r e s u l t s  i n  t h e  f o r m a t i o n  o f  

17a 2 0 a - d i h y d r o x y p r e g n - 4 “ e n - 3 - o n e . The n e t  e f f e c t  o f  t h i s  i n c r e a s e d  

c a t a b o l i s m  o f  p r e g n e n o lo n e  and  p r o g e s t e r o n e  i s  p o s t u l a t e d  a s  b e in g  

t h e  m echan ism  u n d e r l y i n g  t h e  d ro p  i n  u t e r o - o v a r i a n  p r o g e s t e r o n e  

a t  t h e  end  o f  g e s t a t i o n  i n  t h e  s h e e p .  A l th o u g h  F a i r c l o u g h ,  H u n te r  

and Welch (1 9 7 5 )  f a i l e d  t o  d e m o n s t r a te  an  a p p r e c i a b l e  p l a c e n t a l  

c o n t r i b u t i o n  t o  t h e  o v e r a l l  p e r i p h e r a l  p la sm a  l e v e l s  o f  p r o g e s t e r o n e  

i n  t h e  cow, i n  a g re e m e n t  w i t h  t h e  e a r l i e r  s t u d i e s  o f  L a b h se tw a r  

e t  a l . ( 1 9 5 7 ) ,  t h e  p o t e n t i a l  a b i l i t y  o f  t h i s  s t r u c t u r e  t o  c a r r y  

o u t  i n  v i t r o  s y n t h e s i s  o f  p r o g e s t e r o n e  h a s  b een  d e m o n s t r a t e d  

(A in sw o r th  and  R yan, 1 9 6 7 ) .  I t  may be t h a t  s m a l l  q u a n t i t i e s  o f  

p l a c e n t a l  p r o g e s t e r o n e  a r e  p r o d u c e d  i n  t h i s  s p e c i e s  and  t h a t  t h e y  

e x e r t  a  l o c a l  e f f e c t  on t h e  m yom etrium . The e x i s t e n c e  o f  s u c h  a 

s o u r c e  o f  t h i s  hormone may be  o f  r e l e v a n c e  t o  t h e  m a in te n a n c e  

o f  p r e g n a n c y  i n  o v a r i e c t o m i s e d  cows i n  w h ich  c o n t i n u a t i o n  o f  g e s t a t i o n  

o c c u r s  u n d e r  s u b s t a n t i a l l y  r e d u c e d  p e r i p h e r a l  p la s m a  l e v e l s  o f  t h i s  

s t e r o i d  ( E d q v i s t ,  Ekman, G u s t a f s s o n  and  J o h a n s s o n ,  1 9 7 3 ) .  I t  i s  

p o s s i b l e  t h a t  f o e t a l  g l u c o c o r t i c o i d s  i n  t h e  t e r m i n a l  s t a g e s  o f
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g e s t a t i o n  i n  t h e  cow b r i n g  a b o u t  an  a c t i v a t i o n  o f  1 7 a - h y d r o x y la s e  

a c t i v i t y  and  t h a t  t h i s  r e d u c e s  t h e  a v a i l a b i l i t y  o f  p l a c e n t a l  

p r o g e s t e r o n e .  The o b s e r v a t i o n  t h a t  s y s t e m i c a l l y  a d m i n i s t e r e d  

p r o g e s t e r o n e  f a i l e d  t o  d e l a y  p a r t u r i t i o n  i n  n o rm a l  cows (McDonald 

and  H eys ,  1958) i s  p o s s i b l y  a s s o c i a t e d  w i th  t h e  r e m o v a l  o f  s u b s t a n t i a l  

l o c a l  p r o g e s t e r o n e  b i o s y n t h e s i s  due t o  t h e  p r i o r  a c t i o n  o f  f o e t a l  

g l u c o c o r t i c o i d s  on t h e  p l a c e n t a .  O b v io u s ly  f u r t h e r  s tu d y  i s  

w a r r a n t e d  on t h e  i n t e r - r e l a t i o n s h i p  o f  l u t e a l  and  p l a c e n t a l  

p r o g e s t e r o n e  s y n t h e s i s  and m e ta b o l i s m  d u r in g  t h e  l a s t  few weeks o f  

p re g n a n c y  i n  t h e  cow.

W orking w i t h  o v in e  p l a c e n t a e  S t e e l e ,  F l i n t  an d  T u r n b u l l  

(1975 )  fo u n d  t h a t  l a b e l l e d  1 7 a - h y d r o x y p r o g e s t e r o n e  c o u ld  be c o n v e r t e d  

t o  o e s t r o n e  i n d i c a t i n g  t h e  p r e s e n c e  o f  C17-20 l y a s e  a c t i v i t y  i n  t h i s  

t i s s u e .  Due t o  t h e  f a c t  t h a t  t h i s  a c t i v i t y  was p r e s e n t  i n  p l a c e n t a e  

from  g l u c o c o r t i c o i d  in d u c e d  and  n a t u r a l  p a r t u r i t i o n s  t h e y  deduced  

t h a t  i n d u c t i o n  o f  t h i s  enzyme sy s te m  r e s u l t e d  from  i n c r e a s e d  f o e t a l  

a d r e n a l  a c t i v i t y .  The s i t u a t i o n  i n  l a t e  p r e g n a n c y  i n  t h e  sheep  

t h e r e f o r e  s u g g e s t s  t h a t  enzym ic  i n d u c t i o n  by g l u c o c o r t i c o i d s  b r i n g s  

a b o u t  i n c r e a s e d  c a t a b o l i s m  o f  p r o g e s t e r o n e  and  i n  a d d i t i o n  f a c i l i t a t e s  

p r o d u c t i o n  o f  o e s t r o g e n s  from  t h i s  s u b s t r a t e .

I n  t h e  sh e ep  f o e t a l  o e s t r o g e n s  r i s e  s h a r p l y  d u r i n g  t h e  l a s t  

few day s  o f  g e s t a t i o n  ( C u r r i e ,  Wong, Cox an d  T h o r b u rn ,  1 9 7 3 ) .  In  

c o n t r a s t  i n  t h e  c a l f  p la sm a  l e v e l s  o f  b o th  f r e e  and  s u l p h a t e d  o e s t r o g e n s  

show l i t t l e  c o n s i s t e n t  change  b e f o r e  c a l v i n g  ( H u n t e r ,  W elch, F a i r c l o u g h ,  

B a r r  and  S eam ark , 1 9 7 4 ) .  A l th o u g h  t h e  b o v in e  p l a c e n t a  a s  p r e v i o u s l y  

n o t e d  s e c r e t e s  o e s t r o g e n s  f o r  a  c o n s i d e r a b l e  p e r i o d  o f  t im e  p r i o r  t o  

p a r t u r i t i o n  i t  i s  p o s s i b l e  t h a t  i n d u c t i o n  o f  s i m i l a r  enzymes t o  t h o s e



r e c o r d e d  i n  t h e  sh e e p  may have  a  m in o r  c o n t r i b u t o r y  r o l e  i n  p r o d u c t i o n  

o f  t h e  l a t e  p r e - p a r t u m  i n c r e a s e  i n  t h e  l e v e l s  o f  t h e s e  s t e r o i d s  i n  t h e  

u t e r o - o v a r i a n  v e i n  ( P e t e r s o n ,  H u n t e r ,  Welch and  F a i r c l o u g h ,  1 9 7 5 ) .

The a d m i n i s t r a t i o n  o f  s t i l b o e s t r o l  t o  p r e g n a n t  ewes e l e v a t e s  

t h e  l e v e l s  o f  PGF i n  t h e  m a t e r n a l  p l a c e n t a ,  myometrium  and  u t e r o -  

o v a r i a n  v e i n  w i t h i n  24 h o u r s  ( b i g g i n s ,  1 9 7 3 ) .  I t  may be t h a t  i n  

t h e  cow i n c r e a s e d  p l a c e n t a l  b i o s y n t h e s i s  o f  o e s t r o g e n s ,  r e s u l t i n g  from  

t h e  a c t i o n  o f  g l u c o c o r t o c o i d s  on t h i s  t i s s u e ,  l e a d s  t o  a  r e l e a s e  o f  

p r o s t a g l a n d i n  F (PGF) w hich  can  t h e n  a c t  a s  a  l u t e o l y s i n .  D im in u t io n  

o f  a  p r o g e s t e r o n e  b l o c k  t o  PG f o l l o w i n g  l u t e o l y s i s  w ould  a l l o w  t h e  

m arked  i n c r e a s e  i n  PGF i n  t h e  u t e r o - o v a r i a n  v e i n  r e c o r d e d  by  F a i r c l o u g h  

e t  a l . (1 9 7 5 )  w i t h i n  t h e  l a s t  48 -2 4  h o u r s  o f  p r e g n a n c y  i n  t h e  cow.
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4 .1 .  I n t r o d u c t i o n

A f t e r  c a l v i n g ,  b e s i d e s  m aking p r o v i s i o n  f o r  c a r e  o f  t h e  

new born , t h e  cow m ust r e a c t i v a t e  v a r i o u s  sy s te m s  t o  a l l o w  c o n c e p t io n  

t o  r e c u r  a n d ,  i f  a  s u i t a b l e  e n v iro n m e n t  i n  t h e  r e p r o d u c t i v e  t r a c t  i s  

a v a i l a b l e ,  a  s u b s e q u e n t  p re g n a n c y  t o  become e s t a b l i s h e d .  Over t h i s  

t r a n s i t i o n a l  p e r i o d  f rom  one p re g n a n c y  t o  t h e  n e x t ,  p ro fo u n d  

a n a t o m i c a l ,  p h y s i o l o g i c a l  and  e n d o c r i n o l o g i c a l  c h a n g e s  t a k e  p l a c e .

Numerous s t u d i e s  have  b een  c a r r i e d  o u t  on t h e  p e r i o d  o f  t im e  

from  c a l v i n g  t o  c o n c e p t io n  ( e . g .  O ld s ,  M o rr iso n  and S e a t h ,  1 9 4 9 ;  

E dw ards ,  1 9 5 0 ;  T r i m b e r g e r , 1 956 ;  W il tb a n k  and  Cook, 1 9 5 8 ) .  The 

d u r a t i o n  o f  t h i s  p e r i o d  i s  g o v e rn e d ,  t o  a  l a r g e  e x t e n t ,  by  t h e  v a r i a b l e  

i n t e r v a l  b e tw een  c a l v i n g  and  f i r s t  o v e r t  h e a t .  Morrow, R o b e r t  and  

McEntee (1 9 6 9 ) have  r e v ie w e d  t h e  l i t e r a t u r e  n o t i n g  t h e  e f f e c t s  o f  some 

m a t e r n a l ,  e n v i r o n m e n ta l  and  m anagem en ta l  f a c t o r s  on t h i s  i n t e r v a l .  

W ith in  t h e  p o s t - p a r t u m  p e r i o d  b e f o r e  o v e r t  o e s t r u s  o c c u r s , many cows 

o v u l a t e  and  fo rm  c o r p o r a  l u t e a .  T h is  phenomenon i s  r e f e r r e d  t o  a s  

' s i l e n t  h e a t . '  The e f f e c t  o f  s e v e r a l  f a c t o r s  i n  t h e  i n c i d e n c e  o f  

t h e s e  s o - c a l l e d  ' s i l e n t  h e a t s '  h a s  been  s t u d i e d  ( K i d d e r ,  B a r r e t t  and  

C a s i d a ,  1 9 5 2 ) .  Of t h e s e  many f a c t o r s  t h e  management o f  l a c t a t i o n  h a s  

b e e n  m ost w i d e ly  i n v e s t i g a t e d  ( S a id u d d in ,  R i e s e n ,  T y l e r  and  C a s id a ,  

1 9 6 8 ; M o l l e r ,  I 97O; Sm ith  and  V i n c e n t ,  1 9 7 2 ) .

S t u d i e s  o f  o v a r i a n  m orpho logy  be tw een  c a l v i n g  and f i r s t  

o v u l a t i o n  h av e  d e m o n s t r a t e d  t h a t  a l t h o u g h  t h e  o v a r i e s  a t  c a l v i n g  a p p e a r  

q u i e s c e n t ,  f o l l i c u l a r  d ev e lo p m en t o c c u r s  p r i o r  t o  t h e  f i r s t  p o s t - p a r t u m  

o v u l a t i o n  ( C a s id a ,  M eyer ,  McShan and  W is n ic k y ,  1 9 4 3 ;  S a id u d d in  e t  a l . .
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1 968 ;  M o l l e r ,  1 9 7 0 ) .  A t te m p ts  t o  b r e e d  cows e a r l y  i n  t h e  p o s t 

p a r tu m  p e r i o d  h av e  b e e n  l a r g e l y  u n s u c c e s s f u l  ( T r i m b e r g e r ,  1954 ; 

W hitm ore , T y l e r  and  C a s i d a ,  1 9 7 4 ) .  These s t u d i e s  s u g g e s t e d  t h a t  o t h e r  

f a c t o r s , a p a r t  f rom  o v e r t  h e a t  and  o v u l a t i o n , a r e  i n v o l v e d  i n  t h e  

r e - e s t a b l i s h m e n t  o f  p r e g n a n c y .

A g a in s t  a  b a c k g ro u n d  o f  m o r p h o lo g ic a l  e v e n t s  w i t h i n  t h i s  

p e r i o d ,  l i m i t e d  p h y s i o l o g i c a l  an d  e n d o c r i n o l o g i c a l  s t u d i e s  h av e  b een  

c a r r i e d  o u t  w i t h  a  v ie w  t o  e x p l a i n i n g  some o f  t h e  m echanism s i n v o l v e d .  

The r e l e a s e  o f  o v u l a t o r y  am ounts o f  p i t u i t a r y  g o n a d o t r o p h in s  h a s  b e e n  

s t u d i e d  i n  t h e  c y c l i n g  cow (S nook , Saatm an and  H a n s e l ,  1 9 7 1 ;

G a r v e r i c k  e t  a l . , 1 9 7 1 ) .  I t  i s  n o t  a p p a r e n t  why f o l l i c u l a r  

d e v e lo p m en t  i n  t h e  e a r l y  p o s t - p a r t u m  p e r i o d  d o e s  n o t  p r o c e e d  t o  

o v u l a t i o n .  A l th o u g h  l i m i t e d  s t u d i e s  have  b een  c a r r i e d  o u t  on t h e  

l e v e l  o f  c i r c u l a t i n g  o e s t r o g e n s  a s s o c i a t e d  w i t h  n o rm a l  o v e r t  h e a t  

( H e n r ic k s  e t  a l . , 1 9 7 1 ;  G le n c r o s s  e t  a l . , 1 9 7 3 ;  C h r i s t e n s e n  e t  a l . ,  

1974) i t  h a s  n o t  b e e n  e s t a b l i s h e d  why i n  p o s t - p a r t u m  cows o v u l a t i o n  

commonly o c c u r s  w i t h o u t  t h e  b e h a v i o u r a l  c h a n g es  o f  o e s t r u s  b e in g  

m a n i f e s t .  The s t r u c t u r a l  d e v e lo p m en t  o f  c o r p o r a  l u t e a ,  t h e i r  

p r o g e s t e r o n e  c o n t e n t  and t h e  c i r c u l a t i n g  l e v e l s  o f  p r o g e s t e r o n e  h a v e  

been i n v e s t i g a t e d  i n  n o rm a l  c y c l i n g  cows and  t o  a  l e s s e r  e x t e n t  i n  

a n im a ls  i n  t h e  p o s t - p a r t u m  p e r i o d  p r i o r  t o  t h e  t im e  o f  f i r s t  o v e r t  h e a t  

( F o o te ,  Z im belm an, Loy and  C a s i d a ,  1 9 5 9 ;  E rb  and  S to rm s h a k ,  196 I ;  

N av es ,  Zimbelman and C a s i d a ,  1 9 6 2 ;  Gomes, E s t e r g r e e n ,  F r o s t  and E r b ,  

1 9 6 3 ; S t a b e n f e l d t , Ewing and  M cDonald, I 9 6 9 ; M orrow, R o b e r t s  and  

M cE ntee , 1 9 6 9 ;  Pope e t  a l . ,  I 9 6 9 ; M o l l e r ,  1970 ;  G a r v e r i c k  e t  a l . , 

1 9 7 1 ) .  How ever, t h e s e  o b s e r v a t i o n s  have  n o t  b e e n  c o r r e l a t e d  w i t h  t h e  

a c c e p t e d  d i f f i c u l t i e s  i n  r e - e s t a b l i s h i n g  p re g n a n c y  i n  t h e  p o s t - p a r t u m  

p e r i o d .
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A tte m p ts  have  b e e n  made t o  d e c r e a s e  t h e  i n t e r v a l  be tw een  

c a l v i n g  and  c o n c e p t i o n  by  e n d o c r i n e  t r e a t m e n t s .  P r o g e s t e r o n e  and  

p r o g e s t a g e n s  a l o n e ,  and  i n  c o m b in a t io n  w i th  o e s t r o g e n s  o r  g o n a d o t r o p h i n s ,  

have  b e e n  shown t o  d e c r e a s e  t h e  p e r i o d  t o  f i r s t  h e a t  b u t  have  had  

v a r i a b l e  e f f e c t s  on s u b s e q u e n t  f e r t i l i t y  (F o o te  and  H u n t e r ,  1 9 6 4 ) .  

S i m i l a r l y  a l t h o u g h  t h e  u s e  o f  g o n a d o t r o p h in s  o r  g o n a d o t r o p h ic  hormone 

r e l e a s i n g  f a c t o r s  c o u ld  a d v a n ce  t h e  t im e  o f  f i r s t  o v u l a t i o n ,  t h e  t im e  

o f  f i r s t  h e a t  was u n a f f e c t e d  (F o o te  and H u n t e r ,  1 9 6 4 ;  B r i t t ,  K i t to k .  

and  H a r i s o n ,  1 9 7 4 ) .  I t  w ould  a p p e a r ,  t h e r e f o r e ,  t h a t  b e f o r e  a  l o g i c a l  

sy s te m  f o r  r e g u l a t i o n  o f  t h e  c a l v i n g - c o n c e p t i o n  i n t e r v a l  c a n  be 

e l u c i d a t e d ,  i n f o r m a t i o n  on t h e  n o rm a l  e n d o c r in e  e v e n t s  w i t h i n  t h i s  

p e r i o d  i s  e s s e n t i a l .

T h is  s tu d y  was d e s ig n e d  t o  a l l o w  i n t e n s i v e  i n v e s t i g a t i o n  o f  

f o l l i c u l a r  and  l u t e a l  f u n c t i o n  o v e r  t h e  p e r i o d  ( l )  f rom  c a l v i n g  t o  

c o n c e p t io n  ( C h a p te r  4) an d  (2 )  from  c o n c e p t io n  t o  c o n f i r m a t i o n  o f  

p r e g n a n c y  ( C h a p te r  5)» The f i n d i n g s  w ere  i n t e g r a t e d  w i t h  r e s u l t s  o f  

o v a r i a n  s t r u c t u r a l  c h a n g e s  and  b e h a v i o u r a l  o b s e r v a t i o n s .  I n  t h e  l i g h t  

o f  t h e  w e l l - a c c e p t e d  e f f e c t  o f  s u c k l i n g  on p o s t - p a r t u m  e v e n t s ,  t h i s  

s tu d y  was c a r r i e d  o u t  on cows n u r s i n g  c a l v e s .  I t  was hoped  t h a t  t h e  

r e s u l t s  o f  t h i s  work would  h e lp  t o  e x p l a i n  many o f  t h e  f i n d i n g s  o f  

p r e v i o u s  s t u d i e s  and  t h e  v a r i a b l e  s u c c e s s  r a t e s  o f  t h e  e m p i r i c a l  

hormone r e g im e s  a p p l i e d  t o  p o s t - p a r t u m  cows b e f o r e  t h i s  t i m e .

4 . 2 .  E x p e r im e n ta l  d e s ig n

A nim als

Ten d a i r y  t y p e  h e i f e r s  w ere  u s e d  f o r  t h i s  e x p e r i m e n t . Seven
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o f  t h e  cows (N os. 1 ,  3 ,  4 ,  5 ,  T» 8 and 9) were t h o s e  s t u d i e d  o v e r  t h e  

p e r i o d  o f  c a l v i n g  -  t h e  r e s u l t s  o f  t h i s  h a v in g  b e e n  r e p o r t e d  i n  

C h a p te r  t h r e e .  A f u r t h e r  t h r e e  a n im a ls  (N os. 2 ,  10  and 11) were 

a c q u i r e d  a t  t h e  same t im e  a s  t h e  o t h e r  a n im a ls  and  m a i n t a i n e d  o v e r  

c a l v i n g .  Cows Nos, 2 ,  10  and  11 were an  A y r s h i r e ,  a  F r i e s i a n  and  a 

F r i e s i a n  r e s p e c t i v e l y .  P a r t u r i t i o n  i n  two o f  t h e '  a n im a ls  was n o rm a l  

i n  cows 2 and  1 0 j Cow 11 gave  b i r t h  t o  a  s t i l l b o r n  c a l f  b u t  d i d  n o t  

r e t a i n  h e r  p l a c e n t a .  Cow 11 how ever was n o t  s u c k le d  b y  h e r  own b u t  

by a f o s t e r e d  c a l f  w h ich  she  t o t a l l y  a c c e p t e d .  P a r t u r i t i o n  i n  a l l  

cows o c c u r r e d  o v e r  a  p e r i o d  o f  t h r e e  weeks f ro m  m id - J u n e  t o  m id - J u l y .

The e x p e r im e n t  commenced 1 day  a f t e r  c a l v i n g  i n  e a c h  c a s e  and  was 

c o n t i n u e d  u n t i l  su c h  t im e  a s  a l l  a n im a ls  w i t h  one e x c e p t i o n  (Cow 9) 

had  shown a t  l e a s t  one o v e r t  h e a t  and  had  b e e n  i n s e m i n a t e d .  Due t o  

t h e  v a r i a t i o n  i n  t h e  t im e  o f  p a r t u r i t i o n  c o u p le d  w i t h  t h e  f a c t  t h a t  

t h e  c o m p le te  g ro u p  was t o  be k e p t  t o g e t h e r  t i l l  t h e  end  o f  t h e  

e x p e r i m e n t ,  t h e  i n d i v i d u a l  p e r i o d s  o f  s tu d y  r a n g e d  from  102 t o  125 d a y s .  

Each a n im a l  o v e r  t h e  p e r i o d  o f  s tu d y  was s u c k le d  by  i t s  own, o r  a  

f o s t e r e d  c a l f .  No a t t e m p t  was made t o  r e s t r i c t  t h e  s u c k l i n g  a c t i v i t i e s  

o f  t h e  c a l v e s  o n ly  t o  t h e i r  dam s. The a n im a ls  w ere  m a i n t a i n e d  a s  a  

g roup  i n  an  open  c o u r t  i n  t h e  company o f  a  3 y e a r  o l d  v a s e c to m is e d  

A y r s h i r e  b u l l  o f  e s t a b l i s h e d  good l i b i d o .

N u t r i t i o n

Hay a n d  w a te r  w ere  a v a i l a b l e  ad  l i b  t o  a l l  a n i m a l s .  In  

a d d i t i o n  summer c o n c e n t r a t e  p e l l e t s  ( P a r k e r ’ s B ronze  L a b e l  n u t s )  were 

f e d  t o  t h e  c o w s ,  i n  i n d i v i d u a l  s t a l l s ,  a t  t h e  r a t e  o f  1 .8  k g /d a y  +
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1 .8  kg  p e r  e s t i m a t e d  g a l l o n  m i lk  p r o d u c e d /d a y .  S u p p le m e n ta ry  

w eaner p e l l e t s  ( P a r k e r ’ s )  were a l s o  made a v a i l a b l e  t o  t h e  c a l v e s  from  

a p p r o x i m a t e ly  6 weeks o f  age  onw ards .

Cows an d  c a l v e s  w ere  w e ighed  w e e k ly .  The f i r s t  w e ig h t  o f  

t h e  cow was t a k e n  a s  100% an d  t h e  d i f f e r e n c e s  a t  s u b s e q u e n t  w e ig h in g s  

were e x p r e s s e d  a s  % o f  t h e  i n i t i a l  w e i g h t .  The mean % w e ig h t  change  

was t h e n  c a l c u l a t e d  by  d i v i d i n g  t h e  t o t a l  w e ig h t  g a in  o r  l o s s  by t h e  

number o f  w e i g h in g s .  In  t h e  c a s e  o f  t h e  c a l v e s  t h e  w e ig h t  g a in s  

were e x p r e s s e d  a s  k g / d a y .

B e h a v io u r

B e h a v i o u r a l  o b s e r v a t i o n s  were c l a s s i f i e d  a s  f o l l o w s :

(+ )  b u l l  show ing  some i n t e r e s t  i n  t h e  cow, b u t  m ak ing  no a t t e m p t  

t o  m o u n t ,

(++) b u l l  a t t e m p t i n g  t o  mount cow b u t  cow n o t  s t a n d i n g .

(+) and  (++) b e h a v io u r  w ere  r e f e r r e d  t o  a s  p e r i o e s t r o u s  

b e h a v i o u r .

(+++) o v e r t  o r  s t a n d i n g  o e s t r o u s  b e h a v io u r  c o m p r i s in g  more t h a n

one o c c a s i o n  when t h e  b u l l  m ounted t h e  cow and  t h e  cow s to o d  

t o  be  r i d d e n .

The o b s e r v a t i o n s  were made e i t h e r

( a )  b y  d i r e c t  o b s e r v a t i o n  o f  t h e  g roup  a t  l e a s t  3 t i m e s  d a i l y  f o r  a  

p e r i o d  o f  n o t  l e s s  t h a n  20 m in u te s  on e a c h  o c c a s i o n .  Fo r  t h e  

m ost p a r t ,  t h e s e  o b s e r v a t i o n s  were c a r r i e d  o u t  a ro u n d  0 6 .3 0 ,

1 2 .0 0  and 2 1 .0 0  a l t h o u g h  t h e  f r e q u e n c y  was i n c r e a s e d  i n  t h e  e v e n t
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o f  any  s i g n s  o f  p r o - o e s t r o n s  o r  o e s t r o u s  "behav iour by a  cow i n  

t h e  g r o u p s .

(b )  by  t im e  l a p s e  p h o to g r a p h y .  A l 6  mm t im e  l a p s e  cam era  (V in to n  

S c i e n t i f i c )  l o a d e d  w i th  P a n c h ro m a tic  X f i l m  (Kodak L t d . )  was 

m oun ted  so t h a t  t h e  e n t i r e  a r e a  o f  t h e  c o u r t  was i n c l u d e d  i n  t h e  

f r a m e .  P i c t u r e s  w ere  t a k e n  from  j u s t  b e f o r e  d a y l i g h t  t o  j u s t  

a f t e r  d a r k .  E x a m in a t io n  o f  t h e  f i l m s  was c a r r i e d  o u t  by  

p r o j e c t i o n  a t  18 f r a m e s / s e c o n d .  I f  r e q u i r e d ,  more d e t a i l e d  

a s s e s s m e n t  o f  s p e c i f i c  s e c t i o n s  was c a r r i e d  o u t  by  p r o j e c t i o n  a t  

2 f r a m e s / s e c o n d  b y  means o f  a  t im e  l a p s e  p r o j e c t o r .

Any a n im a l  show ing  o e s t r o u s  b e h a v io u r  was rem oved from  t h e  c o u r t ,  

l e a v i n g  t h e  b u l l  i n  t h e  company o f  t h e  r e m a in in g  cow s. How ever, t o  

e s t i m a t e  t h e  d u r a t i o n  o f  o e s t r u s ,  t h e  r e s p o n s e  o f  t h e  cow t o  t h e  b u l l  

was exam ined  by  t u r n i n g  h e r  b a c k  i n t o  t h e  c o u r t  a t  i n t e r v a l s  t i l l  

o e s t r o u s  b e h a v io u r  was no l o n g e r  o b s e r v e d .  The cow was t h e n  r e t u r n e d  

t o  t h e  g r o u p .  I f  a  cow was i n  o e s t r u s  o v e r  t h e  h o u r s  o f  d a r k n e s s ,  t h e  

c o u r t  was i l l u m i n a t e d  t o  e n a b le  h e r  b e h a v io u r  t o  be  m o n i to r e d .  At a l l  

o t h e r  t i m e s  n a t u r a l  l i g h t i n g  was u s e d .

E x a m in a t io n  o f  t h e  r e p r o d u c t i v e  t r a c t

At t h e  t im e  o f  r e c t a l  p a l p a t i o n  i n s p e c t i o n  o f  t h e  v e s t i b u l a r  

mucous membrane was c a r r i e d  o u t  f o r  any a b n o r m a l i t i e s  and  t h e  p r e s e n c e  

o f  any g r o s s  v u l v a r  d i s c h a r g e .  To a v o id  any p o s s i b i l i t y  o f  o v a r i a n  

p a l p a t i o n  a f f e c t i n g  t h e  t im e  o f  o v u l a t i o n ,  t h e  o v a r i e s  o f  cows show ing 

o e s t r o u s  b e h a v io u r  were n o t  exam ined  p e r  r e c tu m .  R e c t a l  p a l p a t i o n  o f  

t h e  r e p r o d u c t i v e  t r a c t  was c a r r i e d  o u t  a t  l e a s t  t w i c e  w e e k ly .
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E x a m in a t io n  o f  t h e  o v a r i e s  p ro v e d  i m p o s s ib l e  i n  a l l  a n im a ls  f o r  a 

v a r i a b l e  p e r i o d  o f  t im e  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t .

The s i z e  and  p o s i t i o n  o f  any o v a r i a n  s t r u c t u r e s  w ere  r e c o r d e d  

by m aking  d ra w in g s  a t  t h e  t im e  o f  r e c t a l  p a l p a t i o n  and s u b s e q u e n t ly  

c a r r y i n g  o u t  m ea su rem e n ts  f rom  t h e s e  d r a w in g s .  I n  a d d i t i o n  t h e  

s u r f a c e  n a t u r e  an d  c o n s i s t e n c y ' o f  any o v a r i a n  s t r u c t u r e s  p r e s e n t  was 

n o t e d .  Based  on t h e s e  o b s e r v a t i o n s ,  and p r o v id e d  t h a t  t h e  s t r u c t u r e s  

were g r e a t e r  t h a n  0 .5  cm i n  d i a m e t e r ,  t h e y  w ere  c l a s s i f i e d  a s  c o r p o r a  

l u t e a ,  f o l l i c l e s  o r  c y s t s .  T o t a l  f o l l i c u l a r  c o r p o r a  l u t e a ,  an d  c y s t  

s u r f a c e  d i a m e t e r s  w ere  c a l c u l a t e d .

The p r e s e n c e  o f  any  t o n e  i n  t h e  u t e r i n e  w a l l  was r e c o r d e d  on 

an a r b i t r a r y  s c a l e  r a n g i n g  f rom  z e ro  t o  +++ (maximum), Due t o  t h e  

w e l l  r e c o g n i s e d  f a c t  t h a t  u t e r i n e  t u r g i d i t y  c an  b e  s t i m u l a t e d  b y  r e c t a l  

p a l p a t i o n ,  t h i s  p a r a m e te r  was a s s e s s e d  p r i o r  t o  any  f u r t h e r  e x a m in a t io n  

o f  t h e  r e p r o d u c t i v e  t r a c t  b e in g  c a r r i e d  o u t .  The d i a m e te r  o f  t h e  

u t e r i n e  h o r n s  a t  a  p o i n t  a p p r o x i m a t e ly  m id-way a l o n g  t h e  h o r i z o n t a l  

p a r t  o f  t h e  h o r n s  was a l s o  d e te r m in e d  b y  p a l p a t i o n .  U t e r i n e  h o rn  

d i a m e te r  was c o n s i d e r e d  t o  be  'n o r m a l '  on t h e  f i r s t  o c c a s i o n  a f t e r  

c a l v i n g  when a  c o n s i s t e n t l y  r e d u c e d  s i z e  was f o u n d .

B lood  sa m p le s

B lood  sa m p le s  w ere  o b t a i n e d  from  t h e  j u g u l a r  v e i n  i n t o  

h e p a r i n i s e d  e v a c u a t e d  g l a s s  t u b e s  ( V a c u ta in e r  -  B e c to n  and  D ic k in s o n )  

a t  t h e  same t im e  e a c h  d a y .  S t a n d a r d i s a t i o n  o f  t h e  p r o c e d u r e  and  

p e r s o n n e l  u s e d  m in im is e d  any  d i s t u r b a n c e  c a u s e d  t o  t h e  a n im a ls .  

I m m e d ia te ly  a f t e r  c o l l e c t i o n ,  t h e  b lo o d  was s t o r e d  a t  t h e  p la s m a
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s e p a r a t e d  w i t h i n  2 h o u r s  and  t h e n  s t o r e d  a t  -15^C t i l l  t h e  hormone 

a s s a y s  w ere  c a r r i e d  o u t .

Hormone a s s a y s

The c o n c e n t r a t i o n s  o f  p r o g e s t e r o n e ,  t o t a l  o e s t r o g e n s  and  

a n d ro g e n s  w ere  d e te r m in e d  i n  t h e  p la sm a  sam p les  by t h e  rad io im m uno

a s s a y  t e c h n i q u e s  d e s c r i b e d  i n  C h a p te r  t w o .

U ,3 . R e s u l t s

The r e s u l t s  p r e s e n t e d  i n  t h e  f o l l o w i n g  f i g u r e s  w i t h  comments 

f o r  t h e  i n d i v i d u a l  cows w ere  t h o s e  o b t a i n e d  o v e r  t h e  c o m p le te  p e r i o d  o f  

s t u d y .  In  a l l  a n im a ls  p a r t u r i t i o n  was d e s i g n a t e d  day  0 .  A l th o u g h  

a l l  r e s u l t s  a r e  g iv e n  a t  t h i s  p o i n t  t h e y  w i l l  be  d i s c u s s e d  f i r s t l y  up 

t o  t h e  p o i n t  a t  w h ich  c o n c e p t i o n ,  w hich  s u b s e q u e n t l y  became an 

e s t a b l i s h e d  p r e g n a n c y ,  o c c u re d  -  C h a p te r  f o u r  -  a n d  s e c o n d ly  from  

c o n c e p t io n  t o  t h e  end  o f  t h e  p e r i o d  o f  s tu d y  -  C h a p te r  f i v e .  The 

d i v i s i o n  o f  t h e  o v e r a l l  s t u d y  i n t o  e a ch  o f  t h e s e  two p e r i o d s  i s  g iv e n  

on F i g s  3^ t o  63 f o r  t h e  i n d i v i d u a l  a n im a ls  w i t h  t h e  fo rm e r  p e r i o d  

b e in g  d e s i g n a t e d  'n o n  p r e g n a n t '  and  t h e  l a t t e r  ' p r e g n a n t . '
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Cow 1

The r e s u l t s  f o r  t h i s  a n im a l  a r e  g iv e n  i n  F i g s  3^ -  36 .

O e s t r o u s  a n d  p e r i o e s t r o u s  b e h a v io u r

A l th o u g h  w i t h i n  t h e  p e r i o d  26 -  40  d a y s ,  t h e  b u l l  showed 

i n t e r e s t  i n  t h e  cow, and  t r i e d  t o  mount h e r  on t h r e e  o c c a s i o n s ,  o v e r t  

h e a t  was n o t  e x h i b i t e d  t i l l  d a y  93 a f t e r  p a r t u r i t i o n .  The cow was

n o t  i n s e m i n a t e d  a t  t h i s  h e a t .

P lasm a  p r o g e s t e r o n e  l e v e l s

From c a l v i n g  t o  day  ^ , and  f rom  d a y  l 6  t o  d a y  9 2 ,  p la sm a  

p r o g e s t e r o n e  l e v e l s  were b a s a l .  F o l lo w in g  a  t r a n s i e n t  e l e v a t i o n  t o  

O.T n g /m l  on d a y  93 t h e  l e v e l s  f e l l  a g a i n .  From d a y  100 t h e  l e v e l s  

r o s e  a g a i n  t o  g r e a t l y  i n  e x c e s s  o f  t h o s e  p r e v i o u s l y  fo u n d  -  a  maximum 

l e v e l  o f  4 .5  n g /m l  b e in g  r e c o r d e d  on day  10 8 .

C o rp o ra  l u t e a

A w e l l  d e v e lo p e d  c o r p u s  lu te u m  o f  1 . 6  cm d i a m e t e r  was fo u n d  a t  

t h e  t im e  o f  f i r s t  e x a m in a t io n  on day  l 6 .  F o l lo w in g  i t s  d i s a p p e a r a n c e  

a f t e r  day  2 T , no f u r t h e r  l u t e a l  t i s s u e  was d e t e c t e d  u n t i l  d ay  1 0 2 .

The s t r u c t u r e  f i r s t  fo u n d  a t  t h i s  t im e  was s t i l l  p r e s e n t  a t  t h e  end  o f  

t h e  e x p e r i m e n t .

C y s t i c  o v a r i a n  s t r u c t u r e s

None was r e c o r d e d  o y e r  t h e  e x p e r i m e n t a l  p e r i o d .
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P la sm a  o e s t r o g e n  l e v e l s

Wide f l u c t u a t i o n s  i n  t h e  l e v e l s  o f  t h e s e  horm ones were 

r e c o r d e d  w i t h i n  t h e  p e r i o d  o f  s t u d y .  A l th o u g h  t h e  m a j o r i t y  o f  

r e s u l t s  w ere  l e s s  t h a n  6 . 0  p g / m l ,  p e a k s  i n  e x c e s s  o f  t h i s  c o n c e n t r a t i o n  

were r e c o r d e d  on d a y s  3 1 ,  3 6 ,  6 l , 7 8 ,  8 2 ,  87 and 9 8 .

F o l l i c l e s

F o l l i c l e s  w i t h  a  t o t a l  s u r f a c e  d i a m e te r  o f  more t h a n  2 .0  cm 

were r e c o r d e d  a t  t h e  t im e  o f  f i r s t  e x a m in a t io n  o f  t h e  o v a r i e s  on day 1 6 . 

Maximum f o l l i c u l a r  s i z e s  o f  a ro u n d  3 .0  cm were d e t e c t e d  on day s  2 0 ,  7 I»  

78 and  9 6 . Up t o  day  80  on t h e  tw e n ty  t h r e e  o c c a s i o n s  t h e  o v a r i e s  

were exam ined  o n ly  on one o f  t h e s e  were no f o l l i c l e s  f o u n d .  A f t e r  

t h i s ,  h o w e v e r ,  a b s e n c e  o f  f o l l i c u l a r  d e v e lo p m en t  was r e c o r d e d  on 8 o u t  

o f  11 e x a m i n a t i o n s ,

U t e r i n e  t o n e

(+++) u t e r i n e  t o n e  was fou n d  on d ays  66 and  99* (++) u t e r i n e

t u r g i d i t y  was r e c o r d e d  w i t h i n  t h e  p e r i o d s  l+l t o  4 6 ,  and  76 60 94 d a y s .

In  a d d i t i o n  o v e r  4 d a y s  b e f o r e  t h e  f i r s t  o c c u r r e n c e  o f  (+++) t o n e  on 

day  665 an  o b v io u s  i n c r e a s e  i n  t u r g i d i t y  was n o t e d .

P la sm a  an d ro g e n  l e v e l s

A l th o u g h  w i t h i n  one week o f  c a l v i n g  t h e  l e v e l  o f  t h e s e  hormones 

was above  I 60 p g / m l ,  by  t h e  se c o n d  week t h e y  had  d e c r e a s e d  t o  a ro u n d  

50 p g /m l .  From t h i s  t im e  t o  t h e  end o f  t h e  e x p e r im e n t  a  m arked  d e c l i n e  

i n  t h e  c o n c e n t r a t i o n s  o c c u r r e d  on weeks 10  an d  11 and  a  s u b s t a n t i a l  

i n c r e a s e  on week 1 5 .
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U t e r i n e  h o r n  d i a m e te r

By IT  d a y s  a f t e r  p a r t u r i t i o n  u t e r i n e  h o r n  d i a m e t e r  was k.O  cm. 

Over t h e  f o l l o w i n g  19 d ays  t h i s  d i d  n o t  s i g n i f i c a n t l y  c h a n g e .

Body w e ig h t  c h a n g e s

W ith in  t h e  p e r i o d  from  IT  t o  89 days  a f t e r  c a l v i n g  t h e  w e ig h t  

o f  t h e  cow showed a n e t  i n c r e a s e .

A d d i t i o n a l  comments

A b lo o d y  v u l v a r  d i s c h a r g e  was o b s e rv e d  i n  t h i s  a n im a l  T day s  

a f t e r  c a l v i n g .  No i n c r e a s e  i n  t e m p e r a t u r e  o r  i n a p p e t e n c e  was n o t e d .  

F o l lo w in g  p a r e n t e r a l  a d m i n i s t r a t i o n  o f  o x y t e t r a c y c l i n e  ( T e r r a m y c in ,  

P f i z e r )  on 2 c o n s e c u t i v e  d a y s ,  t h e  d i s c h a r g e  c e a s e d .
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Cow 2

The r e s u l t s  f o r  t h i s  a n im a l  a r e  g iv e n  i n  F i g s  37 “ 39*

O e s t ro u s  and p e r i o e s t r o u s  b e h a v io u r

W ith  t h e  e x c e p t i o n  o f  day  l 6  when t h e  b u l l  showed s l i g h t  

i n t e r e s t  i n  t h e  cow, no b e h a v i o u r a l  change was r e c o r d e d  b e tw e en  c a l v i n g  

and  d a y  7 8 . At t h i s  t im e  o v e r t  h e a t  o c c u r r e d ,  and  t h e  cow was 

i n s e m in a t e d .  P r e g n a n c y  t o  t h i s  i n s e m i n a t i o n  was s u b s e q u e n t l y  c o n f i r m e d  

by  r e c t a l  p a l p a t i o n .

P la sm a  p r o g e s t e r o n e  l e v e l s

U n t i l  d a y  70 p r o g e s t e r o n e  l e v e l s  r e m a in e d  b a s a l .  An 

e l e v a t i o n  i n  t h e  c o n c e n t r a t i o n  o f  t h i s  hormone was t h e n  r e c o r d e d  

b e tw een  d a y s  70 and  7 6 . W ith in  t h i s  p e r i o d  p e a k  v a l u e s  o f  a ro u n d

2 .0  n g /m l  w ere  f o u n d .  F o l lo w in g  t h i s  b a s a l  l e v e l s  w ere  a g a in  r e c o r d e d  

from  day s  76  -  79» Between t h i s  l a t t e r  t im e  and  t h e  end  o f  t h e  

e x p e r im e n t  t h e  c o n c e n t r a t i o n  o f  t h i s  hormone was o b s e r v e d  t o  i n c r e a s e  

and  t h e n  r e m a in  a t  v a l u e s  i n  e x c e s s  o f  2 . 0  n g /m l .

C o rp o ra  l u t e a

A c o rp u s  lu te u m  was n o t  d e t e c t e d  t i l l  71 d ays  a f t e r  c a l v i n g .

T h is  s t r u c t u r e  was t h e n  r e p l a c e d  by a f u r t h e r  c o r p u s  lu te u m .  A lth o u g h  

t h i s  l a t t e r  s t r u c t u r e  c o u ld  be  f e l t  w i t h i n  t h e  o v a r i e s  f rom  day  80  t o  

8 8 ,  no c o r p u s  lu te u m  c o u ld  be  d i s t i n g u i s h e d  on day  90 . A c o rp u s  

lu te u m  was t h e n  r e c o r d e d  from  day s  93 t o . 100 and  a f t e r  a  f u r t h e r  a p p a r e n t  

a b s e n c e  on day  1 0 2 ,  a g a in  from  day  107  t o  t h e  end  o f  t h e  e x p e r im e n t .
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C y s t ic  o v a r ia n  s t r u c t u r e s

L arg e  s t r u c t u r e s  c l a s s i f i e d  a s  c y s t s  c o u ld  be  p a lp a t e d  on 

days 8 5 , 90  and  1 02 .

P lasm a o e s t r o g e n  l e v e l s

Maximum p eak  l e v e l s  o f  t h e s e  horm ones w ere  r e c o r d e d  w i th in  t h e  

f i r s t  h a l f  o f  t h e  e x p e r im e n t .  W ith in  t h e  p e r io d  0 t o  56 d a y s ,  6 p e a k s  

o f  g r e a t e r  th a n  8 .0  p g /m l w ere  fo u n d , w h ereas  from  d ay  57 t o  th e  e n d , 

o n ly  one p e a k  o f  co m p a rab le  m ag n itu d e  was d e t e c t e d .

F o l l i c l e s

No e v id e n c e  o f  f o l l i c u l a r  a c t i v i t y  was o b ta in e d  t i l l  day  22 

when f o l l i c l e s  w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  2 .0  cm w ere p a lp a t e d .  

A f te r  t h i s  t i m e ,  h o w e v e r , on a l l  b u t  t h r e e  o c c a s io n s  f o l l i c l e s  w i th  

d ia m e te r s  o f  1 .0  cm o r  m ore w ere r e c o r d e d .  Maximum f o l l i c u l a r  

d ia m e te r s  i n  e x c e s s  o f  3 .0  cm w ere fo u n d  w i th in  t h e  p e r io d s  6 l  -  76 

and 91 -  101 d a y s .

U te r in e  to n e

A lth o u g h  (+++) u t e r i n e  to n e  was o n ly  r e c o r d e d  on d ay s  78 and  7 9 3 

(++) to n e  was n o te d  on num erous o c c a s io n s  b e tw een  d a y s  I 8 and  4 l .  In  

a d d i t i o n  on d ay s  57» 6 0 , 75 an d  96 (++) u t e r i n e  t u r g i d i t y  was a l s o  

r e c o r d e d .

P lasm a a n d ro g e n  l e v e l s

C o n c e n t r a t io n s  o f  t h e s e  horm ones re m a in e d  a ro u n d  60  -  70  p g /m l
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t i l l  6 w eeks a f t e r  c a l v i n g .  A f te r  t h i s  a  m arked  d e c l i n e  was 

o b s e rv e d  on w eeks 6 and 7* F o llo w in g  a  t r a n s i e n t  e l e v a t i o n  on w eeks 

8 and  9 t h e  l e v e l s  a g a in  f e l l  b e f o r e  f i n a l l y  r i s i n g  fro m  week 12 t o  

th e  end  o f  t h e  e x p e r im e n t .

U te r in e  h o rn  d ia m e te r

A c o n s ta n t  u t e r i n e  h o rn  d ia m e te r  o f  4 .0  cm was r e a c h e d  19 d ay s  

a f t e r  p a r t u r i t i o n .

Body w e ig h t c h a n g es

A n e t  i n c r e a s e  i n  body w e ig h t o c c u r r e d  b e tw e en  23 and  8 l  day s 

p o s t  “p a r t  urn.
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Cow 3

The r e s u l t s  from  t h i s  a n im a l a r e  shown i n  F ig s  4o -  42 ,

O e s tro u s  an d  p e r i o e s t r o u s  b e h a v io u r

S l i g h t  i n t e r e s t  was shown by  t h e  b u l l  i n  t h e  cow on day s 35 

t o  3 7 ' F o llo w in g  one day  when t h e  b u l l  a t te m p te d  t o  m ount t h e  cow 

b u t  she  w ould  n o t  s ta n d  (d ay  4 3 ) ,  o v e r t  h e a t  was shown on day  4 4 ,

Over t h e  r e m a in d e r  o f  t h e  e x p e r im e n ta l  p e r io d  t h e  cow r e t u r n e d  t o  h e a t  

on day  69* A lth o u g h  t h e  cow was in s e m in a te d  a t  t h i s  t im e  i t  d id  n o t  

become p r e g n a n t  b u t  r e t u r n e d  t o  h e a t  on day  9 6 . F o l lo w in g  a se co n d  

in s e m in a t io n  h o w e v e r , on t h i s  day  p re g n a n c y  was e s t a b l i s h e d .

P lasm a p r o g e s te r o n e  l e v e l s

E x c e p t f o r  an  e l e v a t i o n  i n  l e v e l s  t o  0 .7  n g /m l on day  3 0 , t h e  

c o n c e n t r a t i o n  o f  t h i s  horm one re m a in e d  b a s a l  u n t i l  d ay  33 . F o llo w in g  

t h i s  e l e v a t e d  l e v e l s  w ere  fo u n d  b e tw een  d ay s  33 an d  4 3 , 48 and 6 7 , 72 

and 9 4 , and  fro m  day  98 t o  t h e  end o f  t h e  e x p e r im e n t .  Maximum 

c o n c e n t r a t io n s  i n  e x c e s s  o f  2 .0  n g /m l w ere fo u n d  o v e r  s e v e r a l  day s 

d u r in g  e a c h  o f  t h e s e  p e r io d s  o f  i n c r e a s e d  l e v e l s .

C o rp o ra  l u t e a

C o rp o ra  l u t e a  w ere  fo u n d  i n  t h e  o v a r i e s  on day  3 4 , b e tw een  day s 

52 and  6 7 , and from  day  74 t o  9 3 . F o llo w in g  r e g r e s s i o n  o f  t h i s  l a s t  

s t r u c t u r e  by  day  98 a  f o u r t h  c o rp u s  lu te u m  was d e t e c t e d  on day  1 0 2 .

No m arked  s i z e  d i f f e r e n c e s  w ere a p p a re n t  am ongst t h e s e  s t r u c t u r e s .
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C y s t ic  o v a r i a n  s t r u c t u r e s

L arge  c y s t i c  s t r u c t u r e s  w ere d e t e c te d  i n  t h e  o v a r i e s  o v e r  t h e  

p e r io d  from  T6 t o  83 d a y s .

P lasm a o e s t r o g e n  l e v e l s

M arked f l u c t u a t i o n s  w ere  r e c o r d e d  i n  t h e  l e v e l  o f  t h e s e  horm ones 

o v e r  t h e  e x p e r im e n ta l  p e r i o d .  P eak s  r e a c h in g  v a lu e s  i n  e x c e s s  o f

8 .0  p g /m l w ere  fo u n d  on d ay s  2 9 , 4 6 , 7 6 , 7 9 ,  94 and  1 0 2 .

F o l l i c l e s

F o l l i c l e s  w ere p r e s e n t  from  t h e  t im e  o f  f i r s t  e x a m in a t io n  o f  

th e  o v a r i e s  on d ay  7• Wide f l u c t u a t i o n s  i n  t h e  t o t a l  s u r f a c e  d ia m e te r  

o f  t h e s e  s t r u c t u r e s  w ere fo u n d  th ro u g h o u t  t h e  e x p e r im e n ta l  p e r i o d ,  

p eak  d ia m e te r s  o c c u r r in g  on d ay s  2 1 , 5 1 , 6 2 , 72 and 8 0 , Maximum t o t a l  

f o l l i c u l a r  s i z e s  o f  b e tw een  4 .0  and  5 .0  cm w ere  r e c o r d e d  d u r in g  th e  

seco n d  h a l f  o f  t h e  e x p e r im e n t .

U te r in e  to n e

Over t h e  c o m p le te  s tu d y  w hat was c o n s id e r e d  t o  be (+++) u t e r i n e  

to n e  was r e c o r d e d  on e ig h t  o c c a s io n s ,  f i v e  o f  w h ich  o c c u r r e d  w i th in  t h e  

p e r io d  23 t o  4 l  d a y s ,  tw o on d ay s  67 and  7 0 , and  t h e  l a s t  on day  93 . 

Betw een d ay s  23 and  93 (++) u t e r i n e  t u r g i d i t y  was n o te d  on s e v e r a l  

o c c a s io n s .

P la sm a  a n d ro g e n  l e v e l s

A g a in s t  a  mean l e v e l  o f  a ro u n d  40 p g /m l s i g n i f i c a n t  i n c r e a s e s
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were recorded in  the le v e ls  o f th ese  hormones on weeks 3 and 7 , and 

marked decreases on weeks 0 , 4 , 11 and l4 .

U te r in e  h o rn  d ia m e te r

B etw een c a lv i n g  an d  day  12 u t e r i n e  h o rn  d ia m e te r  d e c re a s e d  t o  

a  f i n a l  s i z e  o f  4 .0  cm. O ver t h e  f o l lo w in g  22 d a y s  no f u r t h e r  

s i g n i f i c a n t  r e d u c t io n  in  s i z e  was n o te d .

Body w e ig h t ch a n g es

Over t h e  p e r io d  1 t o  73 days a s l i g h t  n e t  d e c r e a s e  i n  hody 

w e ig h t o f  t h e  cow was r e c o r d e d .  H ow ever, due t o  t h e  f a c t  t h a t  w i th in  

p a r t  o f  t h i s  t im e  th e  hody w e ig h t d id  i n c r e a s e ,  t h e  mean w e ig h t ch an g e  

r e l a t i v e  t o  t h e  i n i t i a l  w e ig h t showed a s l i g h t  i n c r e a s e .
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Cow 4

The r e s u l t s  f o r  t h i s  a n im a l  a r e  g iv e n  i n  F ig s  43 “  45 .

O e s tro u s  and  p e r i o e s t r o u s  b e h a v io u r

A lth o u g h  s l i g h t  i n t e r e s t  was shown by t h e  b u l l  i n  t h e  cow on 

d ay s  2 2 , 27 and  67 and  a t t e m p ts  w ere  made t o  m ount h e r  on day  3 9 , 

o v e r t  h e a t  was n o t  e x h ib i t e d  t i l l  78 d ay s  a f t e r  c a l v i n g ,  a t  w h ich  t im e  

t h e  cow was in s e m in a te d  and becam e p r e g n a n t .

P lasm a p r o g e s te r o n e  l e v e l s

B etw een c a lv in g  and  d ay  5 1 , b a s a l  l e v e l s  o f  t h i s  horm one w ere 

r e c o r d e d  w i th  t h e  e x c e p t io n  o f  tw o t r a n s i e n t  e l e v a t i o n s ,  r e a c h in g  

l e v e l s  o f  l e s s  t h a n  0 .5  n g /m l ,  on d ay s  39 and  4 3 . B etw een d ay s  51 t o  

5 5 , a  s m a ll  i n c r e a s e  r e a c h in g  a  maximum c o n c e n t r a t i o n  o f  0 .8  n g /m l was 

fo u n d . F o llo w in g  a  r e t u r n  t o  b a s a l  c o n c e n t r a t i o n s  on day  5 5 , tw o 

f u r t h e r  p e r io d s  o f  i n c r e a s e d  b lo o d  l e v e l s , w i th  an  i n t e r v e n i n g  b a s a l  

p e r io d  w ere fo u n d . In  t h e  f i r s t  o f  t h e s e  p e r io d s  o f  i n c r e a s e ,  w hich  

l a s t e d  from  60 t o  75 d a y s ,  maximum l e v e l s  i n  e x c e s s  o f  2 . 0  n g /m l w ere 

fo u n d . S im i la r  c o n c e n t r a t io n s  g r e a t e r  th a n  2 .0  ng /m l. w ere d e te c te d  

d u r in g  t h e  seco n d  p e r io d  w h ich  commenced on d ay  8 l  an d  c o n tin u e d  t o  t h e  

end o f  t h e  e x p e r im e n t .  H ow ever, a b s o lu te  maximum l e v e l s  i n  th e  f i r s t

r e a c h e d  6 .1  n g /m l ,  w h e re as  i n  t h e  seco n d  t h e  maximum c o n c e n t r a t io n  

r e c o r d e d  was 4 .3  n g /m l on day  9 3 .

C o rp o ra  l u t e a

A s m a ll  b u t  w e l l  d e f in e d  c o rp u s  lu te u m  was r e c o r d e d  b e tw een
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d ay s  38 and  40 . F o llo w in g  i t s  r e g r e s s i o n ,  a n o th e r  c o rp u s  lu te u m  was 

d e t e c te d  from  d a y s  51 t o  57* F u r th e r  c o rp o r a  l u t e a  w ere d e t e c te d  

from  62 t o  75 d a y s ,  and th e n  from  day s 82 t o  9 3 .

C y s t ic  o v a r i a n  s t r u c t u r e s

S t r u c t u r e s  c l a s s i f i e d  a s  b e in g  c y s t i c  w ere  p r e s e n t  o v e r  th e  

p e r io d  from  62 t o  71 d a y s .  E x cep t f o r  day  68 t h e s e  c o u ld  be 

d i f f e r e n t i a t e d  from  t h e  c o rp u s  lu te u m . No c y s t s  w ere  r e c o r d e d  b e tw een  

d ay s  75 nnd 82 . F u r th e r  c y s t i c  s t r u c t u r e s  w ere  fo u n d  on d a y s  84 t o  

8 7 , r e g r e s s e d  and  c y s t s  w ere a g a in  p r e s e n t  on day  97*

P lasm a o e s t r o g e n  l e v e l s

M arked f l u c t u a t i n g  l e v e l s  o f  t h e s e  horm ones w ere  r e c o r d e d  o v e r  

th e  p e r io d  o f  t h e  e x p e r im e n t .  P eaks w e l l  i n  e x c e s s  o f  t h e  m a j o r i t y  

o f  l e v e l s ,  w h ich  l a y  b e lo w  5 -0  p g /m l ,  w ere  r e c o r d e d  on d ay s  4 5 , 6 3 , 90  

and 9 8 . Maximum p e a k  c o n c e n t r a t i o n s  r a n g e d  from  7 .5  t o  I 6 .O p g /m l.

F o l l i c l e s

No f o l l i c l e s  w ere  r e c o r d e d  t i l l  22 d ay s  a f t e r  c a lv i n g .  Over 

th e  r e m a in d e r  o f  t h e  e x p e r im e n ta l  p e r io d  w id e ly  d i f f e r e n t  t o t a l  

f o l l i c u l a r  d ia m e te r s  r a n g in g  from  0 t o  a  maximum o f  5*0 cm, on d ay  8 6 , 

w ere r e c o r d e d .

U te r in e  to n e

(+++) u t e r i n e  t o n e  was o n ly  r e c o r d e d  on d ay  79* (++) t u r g i d i t y

was n o te d  f i v e  t im e s  b e f o r e  t h i s ,  on d ay s  2 4 ,  47» 5 7 , 62 and  7 3 , b u t  on 

o n ly  one o c c a s io n  a f t e r  day  79*
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P lasm a  a n d ro g e n  l e v e l s

M arked f l u c t u a t i o n s  i n  t h e  c o n c e n t r a t io n s  o f  t h e s e  horm ones 

w ere o b s e rv e d  o v e r  th e  p e r io d  o f  s tu d y .  B a s a l  l e v e l s  from  23 t o  

53 p g /m l w ere  r e c o r d e d  b e tw een  p e a k s  o f  from  101 t o  l 60 p g /m l.

U te r in e  h o rn  d ia m e te r

U te r in e  h o rn s  r e a c h e d  a c o n s i s t e n t  s i z e  o f  ^4.5 cm by 26 d ay s  

a f t e r  c a lv i n g .

Body w e ig h t  c h a n g es

A s l i g h t  i n c r e a s e  i n  w e ig h t o f  t h e  cow was r e c o r d e d  b e tw een  

6 and  78 d a y s  a f t e r  c a lv i n g ,

A d d i t io n a l  comments

On day  8 a f t e r  c a l v i n g ,  s l i g h t  n e c r o s i s  o f  t h e  v u lv a r  m ucous 

membrane was o b s e rv e d  a s s o c i a t e d  w ith  a  s l i g h t  m u c o p u ru le n t v u lv a r  

d i s c h a r g e .  In  a d d i t i o n  t h e  mammary g la n d  a p p e a re d  t u r g i d  and  body 

te m p e r a tu r e  was i n c r e a s e d  t o  1 0 6 .5 ° F . On day  9 a  ch an g e  i n  t h e  

a p p e a ra n c e  o f  t h e  m ilk  s u g g e s te d  th e  p r e s e n c e  o f  m a s t i t i s .  However 

f o l lo w in g  p a r e n t e r a l  o x y t e t r a c y c l i n e  t r e a tm e n t  on d ay s  8 and 9 th e  

c o n d i t io n s  i n  b o th  t h e  v u lv a  and  u d d e r  r a p i d l y  r e g r e s s e d .
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Cow 5

The r e s u lt s  for th is  animal are given in  F igs h6 -  48.

Oestrous and p er ioestrou s behaviour

I t  can be seen th a t the f i r s t  overt heat a fte r  ca lv in g  occurred  

on day TO. Prior to  th is  on day 48, the b u ll ex h ib ited  a s l ig h t  

degree o f in te r e s t  in  th e cow. Pregnancy was e sta b lish e d  as a r e s u lt  

o f a r t i f i c i a l  insem ination on day TO*

Plasma progesterone le v e l s

With the exception  o f a tra n sien t in crease  to  0 .8  ng/ml on day 

3Ts the concen tration  o f t h is  hormone remained b asa l between ca lv in g  

and day 52 . From day 53 to  58» and 64 to  6 9 , plasma progesterone  

le v e ls  were e lev a ted  above the concen trations p rev io u sly  recorded. At 

the end o f both o f th ese  periods the concentration  o f plasma 

progesterone returned to  b asa l v a lu es . A th ird  in crease  was noted 

commencing on day T2. Unlike the previous two periods o f increased  

con cen tra tio n s, the progesterone le v e l  in  t h is  case did not f a l l  a fte r  

a few days but remained e leva ted  to  the end o f the experim ent. In 

add ition  the le v e l s  found w ith in  t h is  la s t  p er iod , from day T5» were 

with one exception  adl in  excess o f those reported p rev iou sly  in  th is  

anim al.

Corpora lu te a

A corpus luteum was found on day 3 at the tim e o f f i r s t  

examination o f the o v a r ie s . This had regressed  by day 6 and between
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t h i s  t im e  and  d ay  48 no c o rp u s  lu te u m  was p r e s e n t .  A c o rp u s  lu te u m  

was fo u n d  on d a y s  5 4 , 59» and  from  d a y s  63 t o  6 8 . T hese  s t r u c t u r e s

had  r e g r e s s e d  by  d ay s  5 6 , 62 and  74 r e s p e c t i v e l y .  F o llo w in g  on from

th e  d i s a p p e a r a n c e  o f  t h e  l a s t  o f  t h e s e ,  a  new c o rp u s  lu te u m  was 

d e t e c t e d  on d ay  76  and was r e c o r d e d  a s  p e r s i s t i n g  t o  t h e  end  o f  t h e  

e x p e r im e n ta l  p e r i o d .

C y s t ic  o v a r i a n  s t r u c t u r e s

A c y s t i c  s t r u c t u r e  w h ich  c o u ld  be d i f f e r e n t i a t e d  from  th e  

c o rp u s  lu te u m  on a l l  o c c a s io n s  e x c e p t  one was p r e s e n t  a t  e v e ry  r e c t a l  

e x a m in a t io n  b e tw e en  d ay s  79 and  1 0 1 .

P la sm a  o e s t r o g e n  l e v e l s

Over t h e  e x p e r im e n ta l  p e r io d  a  l a r g e  num ber o f  p e a k s  o f  t h e s e  

horm ones w ere  r e c o r d e d .  On t e n  o c c a s io n s  p eak  l e v e l s  o f  i n  e x c e s s  o f

6 .0  p g /m l w ere fo u n d , N in e ty  p e r c e n t  o f  t h e s e  p e a k s  o c c u r r e d  w i th in  

th e  p e r io d  30 t o  90 d ay s  a f t e r  c a lv i n g .

F o l l i c l e s

No f o l l i c l e s  w ere fo u n d  a t  t h e  t im e  o f  f i r s t  e x a m in a t io n  o f  t h e  

o v a r i e s  on day  3 . F o llo w in g  t h i s  from  day  12 t o  t h e  end o f  t h e  

e x p e r im e n t ,  f o l l i c l e s  w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  1 .0  cm o r  m ore 

w ere fo u n d  on s e v e n ty  p e r c e n t  o f  o c c a s io n s  on w h ich  r e c t a l  e x a m in a t io n s  

w ere p e r fo rm e d . F o l l i c u l a r  d ia m e te r s  o f  3 .0  cm o r  m ore w ere r e c o r d e d  

on day  66 and  fro m  d a y s  80  t o  8 4 .
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U te r in e  to n e

Over t h e  e x p e r im e n ta l  p e r io d  s i g n i f i c a n t l y  i n c r e a s e d  u t e r i n e  

to n e  was r e c o r d e d  on t h e  m a j o r i t y  o f  o c c a s io n s  on w h ich  r e c t a l  

p a lp a t io n  was p e r fo rm e d . (+++) t u r g i d i t y  was d e t e c t e d  on day  3 8 , 

from  d ay s  62 t o  T1 and  a g a in  on d ay  J 8 .

P lasm a a n d ro g e n  l e v e l s

A g a in s t  a  b a c k g ro u n d  l e v e l  o f  b e tw een  20 an d  60 p g /m l ,  m arked  

in c r e a s e s  i n  t h e  c o n c e n t r a t i o n  o f  t h e s e  horm ones w ere  n o te d  on w eeks 

2 and  3 ,  and  a g a in  on w eeks 9 and 1 0 ,

U te r in e  h o rn  d ia m e te r

Betw een c a lv in g  and  day  2 2 , u t e r i n e  h o rn  d ia m e te r  d e c r e a s e d .  

Over t h e  f o l lo w in g  m onth  no f u r t h e r  s i g n i f i c a n t  r e d u c t io n  from  t h e  s i z e  

o f  4 .0  cm was r e c o r d e d .

Body w e ig h t c h a n g es

A s l i g h t  i n c r e a s e  i n  t h e  body w e ig h t o f  t h e  cow was n o te d  

b e tw een  d a y s  17 an d  75*
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Cow 7

The r e s u l t s  f o r  t h i s  cow a r e  g iv e n  i n  F ig s  49 -  51.

O e s tro u s  and  p e r i o e s t r o u s  b e h a v io u r

I t  c a n  be  se e n  from  t h e  r e s u l t s  t h a t  t h e  f i r s t  o e s t r u s  a f t e r  

c a lv in g  o c c u r r e d  on d ay  32 , O v ert h e a t  was a g a in  shown by  t h i s  cow on 

day  6 4 s on w h ich  day  t h e  a n im a l was in s e m in a te d  and  s u b s e q u e n t ly  

c o n firm e d  a s  b e in g  p r e g n a n t .  P r i o r  t o  t h e  f i r s t  h e a t ,  i n t e r e s t  was 

shown b y  t h e  b u l l  on d ay s  10 and  2 6 , and  a t te m p ts  w ere  made t o  m ount 

h e r ,  b u t  sh e  r e f u s e d  t o  s t a n d ,  on d ay s  30 and  31 .

P la sm a  p r o g e s te r o n e  l e v e l s

A lth o u g h  o v e r  t h e  p e r io d  from  c a lv in g  t o  day  58 t h e  g r e a t  

m a j o r i t y  o f  l e v e l s  o f  t h i s  horm one w ere b a s a l ,  te m p o ra ry  i n c r e a s e s  w ere  

r e c o r d e d .  Not u n t i l  a f t e r  day  5 8 , h o w e v e r, was t h e  l e v e l  in c r e a s e d  

t o  g r e a t e r  t h a n  1 ,0  n g /m l. T h is  e l e v a t i o n ,  from  d ay  59» l a s t e d  u n t i l  

day 63 when b a s a l  v a lu e s  w ere a g a in  fo u n d . F o llo w in g  t h i s ,  a  m arked 

in c r e a s e  o c c u r r e d  com m encing on d ay  66 and  r e a c h in g  c o n c e n t r a t i o n s  in  

e x c e s s  o f  2 .0  n g /m l b y  day  7 1 . A f te r  day  73 t o  t h e  end  o f  th e  

e x p e r im e n t ,  t h e  l e v e l  was g r e a t e r  th a n  3 .0  n g /m l on m ost o c c a s io n s .

C o rp o ra  l u t e a

A c o rp u s  lu te u m  was n o t  d e t e c te d  i n  t h e  o v a r i e s  u n t i l  day  6 1 . 

F o llo w in g  t h i s  a  c o rp u s  lu te u m  was r e c o r d e d  o v e r  t h e  p e r io d  from  d ay s  

69 t o  90  and a g a in  on day  1 0 2 .
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C y s t ic  o v a r i a n  s t r u c t u r e s

A l a r g e  c y s t i c  s t r u c t u r e  was fo u n d  b e tw e en  d ay s  ’j 6  and  102 an d  

a g a in  from  d ay s  108 t o  l l 6 .

P la sm a  o e s t r o g e n  l e v e l s

W idely  f l u c t u a t i n g  l e v e l s  o f  t h e s e  horm ones w ere  r e c o r d e d  o v e r  

t h e  e x p e r im e n ta l  p e r i o d .  W ith  t h e  e x c e p t io n  o f  t h e  v e ry  h ig h  l e v e l s  

r e c o r d e d  f o r  2 d ay s  a f t e r  c a l v i n g ,  e l e v a te d  l e v e l s  w ere  fo u n d  in  t h e  

p e r io d s  27 t o  3 8 , 42 t o  59» 60 t o  7 6 , 80 t o  91» and  IO 5 t o  109 d a y s .  

P eak  c o n c e n t r a t i o n s  w i th in  t h e s e  l a t t e r  t im e s  ra n g e d  fro m  9 t o  20 p g /m l.

F o l l i c l e s

Two d a y s  a f t e r  c a lv in g  no f o l l i c l e s  w ere p r e s e n t  i n  t h e  o v a r i e s ,  

On day  1 2 , h o w e v e r, f o l l i c l e s  w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  a b o u t

1 .0  cm w ere  r e c o r d e d .  From day  19 t o  t h e  end  o f  t h e  e x p e r im e n t ,  i n  

tw e n ty f iv e  o u t  o f  a  t o t a l  o f  t h i r t y  e x a m in a t io n s ,  f o l l i c l e s  i n  e x c e s s  

o f  1 .0  cm d ia m e te r  w ere  d e t e c t e d .  Maximum f o l l i c u l a r  s i z e  o f  a ro u n d

3 .0  cm o r  m ore was fo u n d  b e tw een  d ay s  72 and 1 0 0 ,

U te r in e  to n e

(+++) u t e r i n e  to n e  was r e c o r d e d  on d a y s  65 an d  6 6 . On m ore 

o c c a s io n s  p r i o r  t o  t h i s  t im e  u t e r i n e  to n e  was g r e a t e r  th a n  i t  was 

be tw een  d ay  66 an d  t h e  end  o f  t h e  e x p e r im e n t .

P la sm a  a n d ro g e n  l e v e l s

W ith  t h e  e x c e p t io n  o f  w eeks 2 t o  3 and  12 t o  1 3 ,  t h e  l e v e l s  o f
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t h e s e  horm ones re m a in e d  a ro u n d  20 t o  kO p g /m l th r o u g h o u t  t h e  

e x p e r im e n t , I n c r e a s e s  i n  c o n c e n t r a t io n  t o  63 p g /m l and t o  69 p g /m l 

o c c u r r e d  on w eeks 3 and  13 r e s p e c t i v e l y .

U te r in e  h o rn  d ia m e te r

A c o n s i s t e n t  u t e r i n e  h o rn  d ia m e te r  o f  L.O cm was r e a c h e d  12 

day s a f t e r  c a J .v in g .

Body w e ig h t  c h a n g es

W eekly w e ig h in g  o v e r  t h e  p e r io d  fro m  I 6 t o  66 d ay s  showed a  

s l i g h t  n e t  i n c r e a s e  i n  t h e  w e ig h t o f  t h e  cow.
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Cow 8

The r e s u lt s  for th is  animal are given in  F igs 52 -  5^*

Oestrous and p er io estrou s behaviour

Follow ing some in te r e s t  by the b u ll in  the cow on day 44 , overt 

heat was shown for  th e f ir s t '  tim e 46 days a fter  c a lv in g . This animal 

returned to  oestru s again on day 69» was insem inated , and a pregnancy 

e sta b lish e d .

Plasma progesterone le v e ls

With the exception  o f  a temporary in crease  to  0 .9  ng/ml on 

day 2 7 , b asa l l e v e l s  o f t h is  hormone were recorded between days 0 and 

8 3 . Follow ing day 83 increased  concentrations were found from day 84 

to  88 and aga in , a fte r  4 days o f  b asa l v a lu e s , from day 92 to  the end 

of the experim ent. During the second susta ined  period  o f  increased  

v a lu e s , le v e l s  g r ea t ly  in  excess o f those during the f i r s t  were d e tec ted .

Corpora lu tea

Follow ing a period to  day 36 when no stru ctu re  o f t h is  nature 

was present in  the o v a r ie s , a sm all corpus luteum o f about 0 .5  cm in  

diameter was d etected  on days 38 and 4 l .  By day 43 t h is  had regressed  

and i t  was not u n t i l  day 87 th a t the next corpus luteum was found.

This was fo llow ed  by another corpus luteum on day 94 and t h is  stru ctu re  

continued to  be present to  the end o f the experim ent.

C ystic ovarian stru ctu res

No c y s t ic  stru ctu res were found in  t h is  animal a t any time 

during th e  experim ent.
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P lasm a  o e s tr o g e n  l e v e l s

L e v e ls  o f  t h e s e  horm ones i n  e x c e s s  o f  20 p g /m l w ere  r e c o r d e d

b e tw een  d ay s  0 and  k .  By d ay  6 t h e  c o n c e n t r a t i o n  h ad  f a l l e n  and

d u r in g  t h e  r e m a in d e r  o f  t h e  e x p e r im e n t s e v e r a l  p e a k s  w ere d e t e c t e d .  

A g a in s t  a  b a c k g ro u n d  w here t h e  g r e a t  m a j o r i t y  o f  v a lu e s  was 4 .0  p g /m l 

o r  l e s s ,  p e a k s  o f  g r e a t e r  th a n  6 .0  p g /m l w ere r e c o r d e d  w i th in  t h e

t im e s  24 t o  2 6 , 31 t o  3 6 , 47 t o  4 9 , 61 t o  6 3 , 71 t o  7 3 , 8l  t o  8 4 , 85

t o  8 7 , and  108  t o  112 d a y s ,

F o l l i c l e s

A lth o u g h  f o l l i c l e s  w ere p r e s e n t  w i th  a  t o t a l  s u r f a c e  d ia m e te r  

o f  1 . 0  cm o r  m ore on th e  m a j o r i t y  o f  o c c a s io n s  up t o  day  8 7 , a t  o n ly  

one t im e  d id  t h e  d ia m e te r  e x c ee d  2 .0  cm. B etw een d ay s  89 and  104 no 

f o l l i c l e s  w ere  d e t e c t e d  i n  t h e  o v a r i e s .

U te r in e  to n e

(+++) u t e r i n e  to n e  was r e c o r d e d  o n ly  on d ay s  89 and  9 0 . 

However (++) u t e r i n e  to n e  was p r e s e n t  a t  i n t e r v a l s  th ro u g h o u t  t h e  

e x p e r im e n t .

P la sm a  a n d ro g e n  l e v e l s

Over t h e  e x p e r im e n ta l  p e r io d  w ide f l u c t u a t i o n s  i n  th e  

c o n c e n t r a t io n  o f  t h e s e  horm ones w ere  r e c o r d e d .  A g a in s t  a  b a c k g ro u n d  

l e v e l  o f  a p p ro x im a te ly  40 -  60 p g /m l ,  m arked i n c r e a s e s  w ere fo u n d  on 

w eeks 1 , 5 t o  8 , 1 1 , an d  from  13 t o  t h e  end o f  t h e  e x p e r im e n t .
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u t e r i n e  h o rn  d ia m e te r

By 23 d a y s  a f t e r  p a r t u r i t i o n ,  u t e r i n e  h o rn  d ia m e te r  was 3 .0  cm, 

No f u r t h e r  s i g n i f i c a n t  d e c re a s e  i n  s i z e  was r e c o r d e d .

Body w e ig h t c h a n g e s

Over t h e  p e r io d  from  12 t o  84 d ay s  a f t e r  c a l v i n g ,  body w e ig h t 

o f  t h e  dam i n c r e a s e d .  Due t o  t h e  r a p i d  i n c r e a s e  i n  s i z e  o f  t h e  c a l f  

o v e r  t h i s  p e r i o d ,  i t  c o u ld  n o t  be accom m odated i n  t h e  w e ig h in g  

a rra n g e m e n ts  a v a i l a b l e  and  t h e r e f o r e  a  f i g u r e  f o r  t h e  mean w e ig h t g a in  

was n o t  o b t a in e d .

A d d i t io n a l  comm ents

On d ay  38 t h i s  c o w 's  c a l f  was o b s e rv e d  t o  h av e  a  f r a c t u r e  o f  

th e  r a d i u s . T h is  was im m o b ilis e d  by a  p l a s t e r  o f  p a r i s  c a s t  and  t h e  

c a l f  r e t u r n e d  t o  i t s  dam. No a d v e rs e  e f f e c t s  w ere  n o te d  o v e r  t h e  

r e c o v e r y  p e r i o d .
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Cow 9

The r e s u lt s  for  t h is  animal are given in  F igs 55 “ 57*

Oestrous and p er ioestrou s behaviour

No behavioural change o f  t h is  nature was observed during the  

114 days a fte r  ca lv in g  on which th is  animal was stu d ied . In the  

absence o f  oestrou s behaviour, a r t i f i c i a l  insem ination  was not carried  

o u t.

Plasma progesterone le v e l s

With the exception  o f tr a n s ie n t e lev a t io n s  to  0 , 6 ,  0.7  and 0.8  

ng/ml on days 28 , 62 and 77 r e s p e c t iv e ly , b asa l le v e ls  o f  th is  hormone 

were recorded during the remainder o f the experim ent.

Corpora lu te a

Although a stru cture  w ith a surface diameter 0 .5  cm was palpated  

on day 33 and c la s s i f i e d  as a corpus luteum , t h is  was not d etected  on 

re-exam ination on the fo llow in g  d ays, but was recorded as being present 

again on day 37* With th ese  two ex cep tio n s, no corpora lu tea  were 

d etected  over the experim ental period .

C ystic ovarian stru ctu res

No stru ctu res  o f t h is  nature were found.

Plasma oestrogen le v e l s

Follow ing a tr a n s ie n t increase to  7-5  pg/ml on day l 8 , a period
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o f  e l e v a te d  o e s t r o g e n  l e v e l s  was r e c o r d e d  b e tw een  d ay s  40 and  5T*

W ith in  t h i s  t im e  maximum c o n c e n t r a t io n s  w ere fo u n d  on d ay s  52 and  54 .

A se c o n d  m arked  in c r e a s e  i n  t h e  l e v e l s  o f  t h e s e  horm ones was d e t e c te d  

w ith  a  p e a k  l e v e l  o f  2 0 .0  p g /m l on  day  9 2 .

F o l l i c l e s

On t h e  m a j o r i t y  o f  o c c a s io n s  t h i s  a n im a l was exam ined  no

f o l l i c l e s  w ere  p a lp a t e d  i n  t h e  o v a r i e s .  A f o l l i c l e  o f  0 .5  cm d ia m e te r

was r e c o r d e d  IT d ay s  a f t e r  c a lv i n g .  H ow ever, i n  a d d i t i o n ,  f o l l i c l e s  

w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  1 . 0  cm o r  m ore w ere  r e c o r d e d  on days 

44 -  4 6 ,  5 5 , 82 and b e tw e en  d a y s  86 and 95 . Over t h e  e x p e r im e n ta l  

p e r io d  th e  maximum f o l l i c u l a r  d ia m e te r  o b s e rv e d  was l.T  cm on d ay  9 5 .

U te r in e  to n e

On m ost o c c a s io n s  t h e  a n im a l was exam ined  a  d e g re e  o f  u t e r i n e  

to n e  was n o te d .  A lth o u g h  t h i s  was g e n e r a l l y  o n ly  s l i g h t  ( + ) ,  on t h r e e  

o c c a s io n s  (++) to n e  was r e c o r d e d ,  and on d ay s  34 and  37 m arked  (+++) 

to n e  was p r e s e n t .

P la sm a  an d ro g e n  l e v e l s

A m arked  e l e v a t i o n  i n  t h e  l e v e l  o f  t h e s e  horm ones was n o te d  on 

week 2 a f t e r  c a l v i n g .  At a l l  o th e r  t im e s  t h e  l e v e l s  o f  t h e s e  horm ones

w ere v e r y  much l e s s ,  l y i n g  b e tw een  20  -  60 p g /m l.

U te r in e  h o rn  d ia m e te r

A c o n s ta n t  u t e r i n e  h o rn  d ia m e te r  o f  a p p ro x im a te ly  4 .0  cm was 

d e t e c te d  f o r  t h e  f i r s t  t im e  25 d ay s  a f t e r  c a l v i n g .
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Body w e ig h t c h a n g es

Over t h e  p e r io d  from  15 -  87 day s a f t e r  c a lv i n g  t h e  body 

w e ig h t o f  t h e  cow showed a  n e t  i n c r e a s e  o f  2 .65% . Over t h e  same 

p e r io d  i t s  c a l f  e x h ib i t e d  an  a v e ra g e  w e ig h t g a in  o f  0 .6 2  k g /d a y .
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Cow 10

The r e s u l t s  f o r  t h i s  a n im a l a r e  g iv e n  i n  F ig s  58 “  6 0 .

O e s tro u s  and  p e r i o e s t r o u s  b e h a v io u r

A lth o u g h  th e  b u l l  a t te m p te d  t o  m ount t h e  cow on d ay  3 4 , she  

w ould  n o t  s t a n d .  F o llo w in g  t h i s  on d ay s  42 t o  43 and  on day  5 1 , some 

i n t e r e s t  was sho'vm by th e  b u l l  b u t  o v e r t  o e s t r u s  was n o t  s e e n  u n t i l  

day  5 2 . The cow was a g a in  o b s e rv e d  i n  s ta n d in g  h e a t  on day  7 2 , an d  was 

in s e m in a te d  on t h i s  day  an d  su b s e q ,u e n tly  p ro v e d  t o  be  p r e g n a n t .

P lasm a  p r o g e s te r o n e  l e v e l s

B a s a l  l e v e l s  o f  t h i s  horm one w ere fo u n d  u n t i l  day  4 7 . Betw een 

47 and  5 2 , 56 and  7 2 , an d  from  74 days t o  t h e  end  o f  t h e  e x p e r im e n t ,  

p r o g e s te r o n e  l e v e l s  w ere i n c r e a s e d .  Maximum l e v e l s  a t  t h e  t im e  o f  t h e  

f i r s t  o f  t h e s e  i n c r e a s e s  w e re ,  h o w e v e r, c o n s id e r a b ly  l e s s  t h a n  th o s e  

fo u n d  l a t e r .

C o rp o ra  l u t e a

A c o rp u s  lu te u m  was d e t e c t e d  f o r  t h e  f i r s t  t im e  a f t e r  c a lv in g  

on d ay s  47 and  50 . T h e r e a f t e r  a  s t r u c t u r e  o f  t h i s  n a tu r e  was p r e s e n t  

be tw een  d a y s  55 and  7 0 . A gain  from  day  80 a  c o rp u s  lu te u m  was p r e s e n t  

i n  t h e  o v a r i e s .  W ith t h e  e x c e p t io n  o f  d ay s  8 6 , 93 and  102 a c o rp u s  

lu te u m  was p a lp a b le  u n t i l  t h e  end  o f  t h e  e x p e r im e n t .

C y s t ic  o v a r ia n  s t r u c t u r e s

B etw een d ay s  Ô0 an d  9 5 , 98 an d  1 0 2 , and  a g a in  on day  IO7 , 

s t r u c t u r e s  w h ich  w ere c l a s s i f i e d  as  c y s t s  w ere p r e s e n t  i n  t h e  o v a r i e s .
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P lasm a o e s t r o g e n  l e v e l s

W id e sp rea d  f l u c t u a t i o n s  i n  t h e  c o n c e n t r a t i o n  o f  t h e s e  horm ones 

o c c u r r e d  d u r in g  t h e  e x p e r im e n t h u t  t h e  m a j o r i t y  o f  r e s u l t s  was l e s s  

th a n  6 .0  p g /m l .  P r i o r  t o  day  45 o n ly  s l i g h t  e l e v a t i o n s  above t h i s  

l e v e l  w ere  r e c o r d e d  on d a y s  1 0 , 15 an d  2 0 . In  c o n t r a s t  a f t e r  day  45 

p e a k s  r a n g in g  i n  m a g n itu d e  from  8 t o  m ore th a n  20  p g /m l w ere d e t e c t e d  

on d a y s  4 6 , 5 2 , 6 5 , 6 9 , 75» 96 an d  1 0 2 .

F o l l i c l e s

F o l l i c l e s  w ere  n o t  d e t e c t e d  u n t i l  26 d a y s  a f t e r  c a lv i n g .

B etw een t h i s  t im e  and day  1 0 2 , w i th  th e  e x c e p t io n  o f  d ay s  57 and  9 8 , 

f o l l i c l e s  w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  b e tw e e n  1 . 0  and  4 , 0 c m  

w ere fo u n d . H ow ever, b e tw e en  day  104 an d  t h e  en d  o f  t h e  e x p e r im e n ta l  

p e r io d  o n ly  on day  l l 4  w ere f o l l i c l e s  d e t e c t e d  i n  t h e  o v a r i e s .

U te r in e  to n e

(+++) u t e r i n e  to n e  was r e c o r d e d  on d ay s  50  and  5 6 , an d  a g a in  on 

day  77 « Im m e d ia te ly  b e f o r e  and  a f t e r  e a ch  o f  t h e s e  o c c a s io n s  u t e r i n e  

to n e  was (+ + ) , O u tw ith  t h i s  o v e r a l l  p e r io d  on o n ly  one o c c a s io n ,  

b e tw een  d ay s  99 and  1 0 3 , was a s i m i l a r  d e g re e  o f  u t e r i n e  t u r g i d i t y  

n o te d .

 ̂ P la sm a  a n d ro g e n  l e v e l s

W ith in  w eeks 1 t o  4 a f t e r  c a l v i n g ,  l e v e l s  o f  t h e s e  horm ones 

w ere a ro u n d  60  -  70  p g /m l. F o llo w in g  a  m arked  d e c l i n e  t o  25 p g /m l 

on week 5 » s e v e r a l  p e r io d s  o f  i n c r e a s e d  c o n c e n t r a t i o n s  o f  t h e s e  h o rm o n e s ,
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i n  e x c e s s  o f  t h e  v a lu e s  p r e v i o u s ly  fo u n d , w ere  r e c o r d e d .  Maximum 

v a lu e s  o f  152  p g /m l and  ikO  p g /m l w ere fo u n d  on w eeks 10  an d  iL  

r e s p e c t i v e l y .

U te r in e  h o rn  d ia m e te r

A c o n s t a n t  u t e r i n e  h o rn  d ia m e te r  o f  4 .0  cm was r e c o r d e d  f o r  

t h e  f i r s t  t im e  1 4 -d a y s  a f t e r  p a r t u r i t i o n .

Body w e ig h t c h a n g es

Over t h e  p e r io d  2J t o  J'f days p o s t - p a r tu m , t h e  body  w e ig h t o f  

th e  cow was o b s e rv e d  t o  d e c re a s e  by  23 k g . Due t o  t h e  r a p i d  g ro w th  

r a t e  o f  t h e  c a l f ,  i t  was n o t  p o s s ib l e  t o  c a r r y  o u t w eek ly  w e ig h in g  o v e r  

t h i s  t im e .  A f i g u r e  f o r  th e  w e ig h t g a in  o f  t h e  c a l f  i s  t h e r e f o r e  n o t 

a v a i l a b l e .
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Cow 11

The r e s u l t s  f o r  t h i s  a n im a l a r e  g iv e n  i n  F ig s  6 l  -  63 .

O e s tro u s  and  p e r i o e s t r o u s  b e h a v io u r

A s l i g h t  d e g re e  o f  i n t e r e s t  was shown b y  t h e  b u l l  i n  t h e  cow on 

day 54. O v e rt h e a t  d id  n o t ,  h o w e v e r, o c c u r  u n t i l  70  d ay s  a f t e r  c a lv in g .  

O e s tru s  a t  t h i s  t im e  l a s t e d  o v e r  2 d a y s .  F o llo w in g  t h i s ,  t h e  cow 

r e t u r n e d  t o  h e a t  on day  7 8 . P re g n a n c y  r e s u l t e d  from  a r t i f i c i a l  

in s e m in a t io n  on t h i s  d a y .

P la sm a  p r o g e s te r o n e  l e v e l s

U n t i l  day  72 p r o g e s te r o n e  l e v e l s  w ere  b a s a l  w i th  t h e  e x c e p t io n  

o f  a  t r a n s i e n t  i n c r e a s e  t o  1 .0  n g /m l r e c o r d e d  on day  6 5 . I n c r e a s e d  

l e v e l s  o f  t h i s  horm one w ere  th e n  fo u n d  b e tw e en  73  an d  80 d a y s , and 

from  82  d ay s  t o  t h e  end  o f  t h e  e x p e r im e n t . A lth o u g h  p e a k  l e v e l s  

d u r in g  t h e  f i r s t  o f  t h e s e  p e r io d s  r e a c h e d  v a lu e s  b e tw e en  1 .1  -  2 .3  

n g /m l ,  d u r in g  t h e  se c o n d  t h e  l e v e l s  r e c o r d e d  fro m  day  87 w ere a l l  i n  

e x c e s s  o f  3 .5  n g /m l.

C o rp o ra  l u t e a

A c o rp u s  lu te u m  was r e c o r d e d  f o r  t h e  f i r s t  t im e  a t  'J6 an d  78 

d ay s  a f t e r  c a lv i n g .  F o llo w in g  t h i s ,  a  l u t e a l  s t r u c t u r e  was d e t e c t e d  

on d ay  9 I  and  a g a in  on d ay s  111 t o  1 2 1 . Wo m arked  s i z e  d i f f e r e n c e  was 

a p p a re n t  among an y  o f  t h e s e  s t r u c t u r e s .

C y s t ic  o v a r i a n  s t r u c t u r e s

A c y s t i c  s t r u c t u r e  was fo u n d  i n  t h e  o v a r i e s  b e tw e en  d ay s  89  an d  

104 and  a g a in  on day  I I 8 .
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P lasm a  o e s t r o g e n  l e v e l s

W idely  f l u c t u a t i n g  l e v e l s  o f  t h e s e  horm ones w i th  t h e  g r e a t  

m a j o r i t y  o f  v a lu e s  b e in g  6 ,0  p g /m l o r  l e s s  w ere  r e c o r d e d  o v e r  t h e  

e x p e r im e n ta l  p e r i o d .  P eak s  i n  e x c e s s  o f  t h i s  l e v e l  w ere d e te c te d  

on d ay s  3 1 , 4 0 , 4 6 , 54 and  5 8 . A f u r t h e r  f o u r  p e a k s  w ith  l e v e l s  

r a n g in g  fro m  T .5  t o  1 3 .0  p g /m l w ere r e c o r d e d  w i t h in  t h e  p e r io d  63 -  74 

d a y s . In  t h e  l a t t e r  p a r t  o f  t h e  e x p e r im e n ta l  p e r i o d  a  f u r t h e r  tw o 

e l e v a t i o n s  ab o v e  6 . 0  p g /m l w ere fo u n d  on d ay s  99 and  1 2 2 .

F o l l i c l e s

Over t h e  e x p e r im e n ta l  p e r io d  f o l l i c l e s  w ere  d e t e c t e d  on a l l  b u t  

f i v e  o c c a s io n s .  Maximum f o l l i c u l a r  s u r f a c e  d ia m e te r s  w ere fo u n d  

d u r in g  th e  se c o n d  h a l f  o f  t h e  e x p e r im e n t r e a c h in g  s i z e s  from  3 .0  t o  

5 .0  cm b e tw een  d a y s  78 and  9 6 .

U te r in e  to n e

(+++) u t e r i n e  to n e  was r e c o r d e d  on d ay s  6 5 , 73 an d  8 I .  O u tw ith

th e s e  t i m e s ,  m a rk e d , b u t  o n ly  ( + + ) ,  u t e r i n e  t u r g i d i t y  was m a in ly  

r e s t r i c t e d  t o  t h e  p e r io d  from  53 t o  93 d a y s .

P lasm a  a n d ro g e n  l e v e l s

M arked f l u c t u a t i o n s  i n  t h e  l e v e l s  o f  t h e s e  horm ones w ere 

r e c o r d e d  o v e r  t h e  p e r io d  o f  s tu d y .  W ith in  t h e  p e r i o d  o f  m a rk e d ly  

i n c r e a s e d  c o n c e n t r a t i o n s ,  l e v e l s  r a n g in g  from  109  p g /m l on week 15  t o  

m ore th a n  1 6 O p g /m l on w eeks 4 ,  11 and  12 w ere  o b s e rv e d .  Betw een

th e s e  p e r io d s  t h e  l e v e l  d ro p p e d  t o  a ro u n d  60 -  70  p g /m l.
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FIG 62 COW 11
LEVELS OF PERIPHERAL PLASMA OESTROGEWS, PRESENCE 
OF FOLLICLES, UTERINE TONE, AND THE OCCURRENCE OF 
OESTROUS AND PERIOESTROUS BEHAVIOUR OVER THE 
COMPLETE PERIOD OF STUDY
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CALF
WEIGHT

COW 
WEIGHT

CONSTANT 
UTERINE 

DIAMETER J

Wt, Cain 0 . 5  Kfi/iiny

F i n a l  w t .  330 Kg.

I n i t i a l  w t .  331 kg.

Mean % Wt. Change - 1 , 1

non p r e g n a n t p re g n a n t
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FIG 63 COW 11
PERIPHERAL PLASMA ANDROGEN LEVELS OVER THE 
COMPLETE PERIOD OF STUDY, THE TIME WHEN A 
CONSTANT UTERINE HORN DIAMETER WAS FIRST 
RECORDED AFTER CALVING, AND WEIGHT CHANGES IN 
THE COW AND CALF
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U te r in e  h o rn  d ia m e te r

Betw een c a lv in g  and  day  2k u t e r i n e  h o rn  d ia m e te r  d e c re a s e d  

t o  4 ,0  cm. No f u r t h e r  d e c re a s e  was r e c o r d e d  a f t e r  t h i s  t im e .

Body w e ig h t  c h a n g e s

A lth o u g h  t h e  mean p e r c e n ta g e  w e ig h t ch an g e  o v e r  t h e  p e r io d  o f  

28 t o  78 d a y s  showed a  n e t  d e c r e a s e ,  t h e  f i n a l  w e ig h t o f  t h e  cow was 

s i m i l a r  t o  t h e  i n i t i a l  w e ig h t .
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D is c u s s io n

The r e - e s t a h l i s h m e n t  o f  p re g n a n c y  i n  t h e  p o s t - p a r tu r a  p e r io d  

in v o lv e s  num erous c h a n g e s  i n  hody  fo rm  and  f u n c t i o n .  The v a r io u s  

" b e h a v io u ra l ,  m o rp h o lo g ic a l  and  f u n c t i o n a l  e v e n ts  t h a t  c o n t r i b u t e  

to w a rd s  n o rm a l r e p r o d u c t io n  m ust n o t  o n ly  o c c u r  b u t  m ust be 

i n t e g r a t e d  i n  a  m anner c o n d u c iv e  t o  f e r t i l i s a t i o n  and  s u b s e q u e n t 

d e v e lo p m en t o f  t h e  c o n c e p tu s .  Due t o  t h e  o b v io u s  n e c e s s i t y  f o r  

c o i t u s  u n d e r  n a t u r a l  c o n d i t i o n s ,  t o  a l lo w  a t  l e a s t  t h e  p o s s i b i l i t y  o f  

f e r t i l i s a t i o n ,  a  r e t u r n  t o  t h e  p re g n a n t  s t a t e  a f t e r  c a lv i n g  i s  

p r e v e n te d  a t  l e a s t  u n t i l  su c h  t im e  a s  t h e  cow a t t r a c t s  t h e  m ale  and  

s ta n d s  t o  be m a te d , i . e .  u n t i l  t h e  cow shows o v e r t  h e a t .

E conom ics d i c t a t e  t h a t ,  i n  t h e  p o s t -p a r tu m  cow , p re g n a n c y  

m ust be r e - e s t a b l i s h e d  w i th in  a p p ro x im a te ly  t h r e e  m o n th s . The 

p o t e n t i a l  l i m i t a t i o n s  p o se d  on t h i s  by th e  a b s e n c e  o f  o v e r t  h e a t  f o r  

a  p e r io d  a f t e r  c a lv i n g  have  l e d  t o  e x te n s iv e  s t u d i e s  i n t o  t h e  d u r a t i o n  

o f  p o s t - p a r tu m  a n o e s t r u s .  I n  t h e  e x p e r im e n ta l  w ork d e s c r ib e d  i n  t h i s  

t h e s i s  an  a t te m p t  was made t o  s t a n d a r d i s e  many o f  t h e  f a c t o r s  t h a t  

have  b een  i m p l ic a te d  i n  a f f e c t i n g  th e  p a r t u r i t i o n  t o  f i r s t  o v e r t  

o e s t r u s - i n t e r v a l . In  v iew  o f  t h e  r e p o r t s  on t h e  i n f l u e n c e  o f  age  

(Hammond an d  S a n d e r s ,  1923) an d  p a r i t y  (Herman and  Edm ondson, 1950) 

th e  a n im a ls  s e l e c t e d  w ere o f  a p p ro x im a te ly  t h e  same ag e  and  w ere  a l l  

f i r s t  c a l f  h e i f e r s .  The s e a s o n a l  e f f e c t  d e s c r ib e d  by  Chapman and 

C a s id a  (1 9 3 ^ ) d id  n o t  a p p ly  a s  a l l  t h e  a n im a ls  w ere  s tu d i e d  o v e r  t h e  

same p e r io d  o f  t h e  y e a r .  As t h e  d u r a t io n  o f  p o s t - p a r tu m  a n o e s t r u s  

a p p e a r s  t o  be  r e l a t e d  n o t  o n ly  t o  m ilk  p r o d u c t io n  b u t  a l s o  t h e  m ethod
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o f  re m o v a l o f  m ilk  fro m  t h e  u d d e r  (C la p p , 1 9 3 T , W ilth a n k  and  C ook, 

1 9 5 8 ; M o l l e r ,  1 9 7 0 *, C arm en, 1955s O lds and  S e a th ,  1953) t h e  

a n im a ls  c h o s e n  w ere  a l l  d a i r y  ty p e  and  w ere a l l  s u c k le d  hy  one c a l f .  

F u r th e r  m anagem ent p r a c t i c e s ,  su ch  a s  t h e  e f f i c i e n c y  o f  m ethods f o r  

th e  d e t e c t i o n  o f  o e s t r u s  (D o n a ld so n , I 9 6 8 ) w i l l  u n d o u b te d ly  in f lu e n c e  

th e  a p p a r e n t  d u r a t i o n  o f  t h i s  p e r i o d .  In  s p i t e  o f  t h e  p r e c a u t io n s  

ta k e n  in  s e l e c t i o n  o f  a n im a ls ,  and  t h e  f a c t  t h a t  a  c o n s ta n t  sy s te m  

o f  m anagem ent was a p p l i e d  t o  a l l  cows i n  t h i s  e x p e r im e n ta l  g ro u p , 

w ide v a r i a b i l i t y  i n  t h e  p e r io d  o f  p o s t - p a r tu m  a n o e s t r u s  was r e c o r d e d  

(T a b le  2 k ) .

As  n o te d  a b o v e , i t  i s  g e n e r a l l y  a c c e p te d  t h a t  d i f f e r e n c e s  i n  

t h e  d u r a t i o n  o f  p o s t - p a r tu m  a n o e s t r u s  a r e  a s s o c i a t e d  w i th  d i f f e r i n g  

c h a r a c t e r i s t i c s  i n  t h e  a n im a ls  s t u d i e d ,  and  w ith  d i f f e r e n t  sy s te m s  o f  

m anagem ent. However i t  i s  a p p a re n t  from  t h e  r e v ie w  b y  M orrow,

R o b e r ts  an d  M cEntee (1969a )  on t h e  d u r a t i o n  o f  t h i s  p e r io d  t h a t  no 

m a t te r  how e x te n s iv e  t h e  s e l e c t i o n  c r i t e r i a ,  n o r  how c o n s ta n t  t h e  

m anagem en t, i n d i v i d u a l  cows s t i l l  showed m arked  d i f f e r e n c e s  i n  t h e  t im e  

from  c a lv i n g  t o  f i r s t  o v e r t  h e a t .  The r e a s o n s  b e h in d  t h i s  i n d i v i d u a l  

v a r i a b i l i t y  a r e  n o t  u n d e r s to o d .  A g e n e t ic  b a s i s  f o r  t h e  d u r a t i o n  o f  

p o s t - p a r tu m  a n o e s t r u s  h a s  b een  d e m o n s tra te d  by  S a id u d d in  e t  a l . ( 1 9 6 8 ) .  

I t  may be  t h a t  i n d i v i d u a l  v a r i a b i l i t y  w i th in  t h i s  p e r i o d ,  r e c o r d e d  

b o th  i n  t h i s  and  i n  a l l  o th e r  e x p e r im e n ts ,  r e f l e c t s  t h e  h e te ro g e n e o u s  

n a tu r e  o f  t h e  a n im a ls  u s e d . However t h e  h e r i t a b i l i t y  o f  t h e  p e r io d  

from  c a lv in g  t o  f i r s t  o v e r t  h e a t  i s  low  (C arm en , 1955)*  A lth o u g h  

Chapman and  C a s id a  (1937 ) c o n s id e r e d  t h a t  i n d i v i d u a l  cows a lw ay s  te n d e d  

t o  h av e  a  s i m i l a r  p a r t u r i t i o n  t o  f i r s t  o v e r t  h e a t - i n t e r v a l  s t u d i e s  on
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TABLE 2k PARTURITION TO FIRST OVERT OESTROUS INTERVAL

Cow F i r s t  o v e r t  h e a t
No, d ay s  p o s t - p a r tu m

1 93

2 78

3 kk

k 78

5 70

7 32

8 k6

9 > l l 4

10 52

11 70

A verage  ( e x c lu d in g  Cow 9) 6 2 . 6



2 k 0

t h e  i n f l u e n c e  o f  age  and p a r i t y  on t h i s  p e r io d  (Hammond and  S a n d e rs ,  

1 9 2 3 i Herman and  Edm ondson, 1950) w ere a t  v a r i a n c e  w ith  t h i s  c o n c e p t .  

A lso  a g a i n s t  t h e  h y p o th e s i s  o f  Chapman and  C a s id a  ( l9 3 T )  was t h e  l a t e r  

o b s e r v a t io n  by  M a re s , M enge, T y le r  and C a s id a  (1 9 6 1 ) t h a t  th e  

r e p e a t a b i l i t y  o f  t h e  p o s t - p a r tu m  a n o e s t r u s  p e r i o d  was lo w . Even when 

i n - b r e d  a n im a ls  w ere s t u d i e d ,  a l th o u g h  th e  h e r i t a b i l i t y  o f  t h e  d u r a t i o n  

o f  t h i s  p e r io d  o f  a n o e s t r u s  i n c r e a s e d ,  m arked  v a r i a b i l i t y  b e tw een  

i n d i v i d u a l s  was s t i l l  a p p a re n t  (O ld s  and  S e a th ,  1 9 5 3 ) . T h e r e f o r e  

a l th o u g h  t h e  g e n o ty p e  p l a y s  a  p a r t  i n  d e te r m in in g  t h e  d u r a t io n  o f  t h e  

i n t e r v a l  from  c a lv i n g  t o  f i r s t  o v e r t  h e a t  t h e  w ide  v a r i a b i l i t y  i n  t h i s  

p e r io d  b e tw e en  cows c a n n o t a d e q u a te ly  be e x p la in e d  on a p u r e ly  g e n e t i c  

b a s i s .

The o c c u r r e n c e  o f  o v e r t  h e a t  h a s  b e e n  a c c e p te d  a s  t e r m in a t i n g  

th e  p e r i o d  a f t e r  c a lv i n g  when r e p r o d u c t io n  i s  n o t  p o s s i b l e .  H ow ever, 

t h i s  i s  n o t  i n te n d e d  t o  im p ly  t h a t  t h e  m a n i f e s t a t i o n  o f  o e s t r u s  a t  

t h i s  t im e  w i l l  e n s u re  a  s u c c e s s f u l  r e - e s t a b l i s h m e n t  o f  p re g n a n c y  s h o u ld  

th e  a n im a l be  m a te d . To e s t a b l i s h  a p re g n a n c y  dem ands t h e  i n t e g r a t i o n  

o f  a s e r i e s  o f  p h y s i o l o g i c a l  and m o rp h o lo g ic a l  c h a n g e s  i n  t h e  a n im a l .  

The i n i t i a l  s t r u c t u r a l  d e v e lo p m e n t, w h ich  c o n s t i t u t e s  a  p r e - r e q u i s i t e  

t o  a l l  s u b s e q u e n t  e v e n t s ,  i s  t h e  o c c u r r e n c e  o f  f o l l i c u l a r  g row th
n

p r o g r e s s in g  t o  t h e  s t a t e  o f  o v u la t io n  w ith  r e l e a s e  o f  an o o c y te .  To 

p e rm it  f e r t i l i s a t i o n  semen m ust be t r a n s f e r r e d  t o  t h e  fe m a le  and t h e  

g am etes  b ro u g h t  t o g e t h e r  i n  an  e n v iro n m e n t c o n d u c iv e  t o  d ev e lo p m en t o f  

th e  ovum. S u b se q u e n t e s ta b l i s h m e n t  o f  th e  p re g n a n c y  n e c e s s i t a t e s  t h a t  

t h e  ovum p a s s e s  t o  a  u t e r u s  w here c o n d i t io n s  a r e  s u i t a b l e  f o r  t h e  

c o n tin u e d  g ro w th  o f  t h e  c o n c e p tu s .  T hese e v e n t s ,  i n v o lv in g  many p a r t s
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o f  t h e  b o d y , a r e  in d u c e d  and  c o - o r d in a t e d  by m eans o f  t h e  e n d o c r in e  

s y s te m . In  t h e  p r e - o v u l a t o r y  p e r io d  m o d i f i c a t i o n s  o c c u r  i n  t h e  

fe m a le  t o  e n s u re  t h a t  t h e  i n t e r e s t  o f  a  m ale  i s  a r o u s e d ,  an d  t h a t  he 

re m a in s  i n  c lo s e  p r o x im ity  t o  h e r  u n t i l  su c h  t im e  a s  she  a c c e p t s  

h i s  a t t e n t i o n s  and  a l lo w s  m a t in g . S y n c h r o n is a t io n  o f  t h i s  

b e h a v io u r a l  p a t t e r n  i n  t h e  fe m a le  w ith  t h e  g a m e to g en ic  a s p e c t  o f  

r e p r o d u c t io n  i s  a c h ie v e d  th ro u g h  th e  p r o d u c t io n  o f  o e s t r o g e n s  by  th e  

d e v e lo p in g  f o l l i c l e s .  In  a d d i t i o n  t o  t h i s  t h e  s e c r e t i o n  o f  t h e s e  

horm ones i s  a s s o c i a t e d  w ith  c h a n g e s  i n  t h e  t u b u l a r  g e n i t a l  t r a c t  -  

a lo n g  w h ich  t h e  m ale  gam e tes  w i l l  p a s s ,  and  i n  w h ich  f e r t i l i s a t i o n
II

w i l l  t a k e  p l a c e .  The r e l e a s e  o f  t h e  o o c y te  i s  i n  t u r n  s y n c h ro n is e d  

t o  t h e s e  b e h a v io u r a l  and  s t r u c t u r a l  m o d i f i c a t i o n s  by  em p lo y in g  th e  

common t r i g g e r  o f  i n c r e a s e d  l e v e l s  o f  o e s t r o g e n s  t o  in d u c e  an  

o v u la to r y  d i s c h a r g e  o f  g o n a d o tr o p h in s .  F o llo w in g  o v u l a t io n  a  c o rp u s  

lu te u m  fo rm s . By v i r t u e  o f  t h i s  s t r u c t u r e  p ro d u c in g  p r o g e s te r o n e  

and  b y  t h e  a c t i o n  o f  t h i s  horm one on th e  o e s t r o g e n  p r im e d  u t e r u s  a  

s u i t a b l e  u t e r i n e  e n v iro n m e n t f o r  d ev e lo p m en t o f  t h e  c o n c e p tu s  i s  

e n s u r e d . F u r th e rm o re  u n t i l  su c h  t im e  a s  t h e  p re g n a n c y  p ro v e s  t o  be 

e s t a b l i s h e d ,  o r  n o t ,  t h e  c o n t in u e d  s e c r e t i o n  o f  p r o g e s te r o n e  s u p p re s s e s  

f u r t h e r  o v u la t io n s  an d  o e s t r o u s  b e h a v io u r .  A lth o u g h  i f  a  p re g n a n c y  

d o es  n o t  r e s u l t  t h e  c o rp u s  lu te u m  m o rp h o lo g ic a l ly  and  f u n c t i o n a l l y  

r e g r e s s e s ,  i f  t h e  a n im a l i s  p r e g n a n t  t h i s  m echanism  o f  l u t e o l y s i s  does  

n o t  o p e r a t e  and  t h e  c o rp u s  lu te u m  c o n t in u e s  t o  f u n c t i o n .

A lth o u g h  th e  above  r e p r e s e n t s  an  e x tr e m e ly  b a s ic  p i c t u r e  o f  

t h e  c h a n g es  n e c e s s a r y  f o r  n o rm a l r e p r o d u c t iv e  f u n c t i o n  i t  do es  s e rv e  

t o  i l l u s t r a t e  t h e  r e q u i r e m e n t  f o r  many a s p e c t s  o f  body  f u n c t io n  t o  b e
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a c t i v a t e d ,  o r  s u p p r e s s e d ,  an d  f o r  t h e s e  e v e n ts  t o  be i n t e g r a t e d  

t o g e t h e r  i n  a  c o n t r o l l e d  m an n er. In  t h e  p o s t - p a r tu m  cow t h e r e f o r e  

e x p r e s s io n  o f  t h e  f i r s t  o v e r t  h e a t  a f t e r  c a lv in g  r e p r e s e n t s  a  r e t u r n  

t o  t h e  p e r io d  when n o rm a l r e p r o d u c t io n  i s  p o s s i b l e  o n ly  i f  t h i s  

b e h a v io u r a l  ch an g e  o c c u rs  a s  a  p a r t  o f  t h e  o v e r a l l  se q u e n c e  o f  e v e n ts .  

A l t e r n a t i v e l y  i t  may be t h a t  t h e  a b s e n c e  o f  o v e r t  h e a t  f o r  a  p e r io d  o f  

t im e  a f t e r  c a lv i n g  i n d i c a t e s  t h a t  none o f  t h e  e v e n ts  c o n s t i t u t i n g  

n o rm a l r e p r o d u c t io n  a r e  t a k i n g  p l a c e .

I n  t h i s  e x p e r im e n ta l  g ro u p  o f  a n im a ls  a  v a r i a b l e  p e r io d  o f  

t im e  e la p s e d  b e tw een  p a r t u r i t i o n  and  t h e  f i r s t  e x a m in a t io n  o f  t h e  

o v a r i e s .  T h is  was due t o  t h e  d i f f i c u l t y  e x p e r ie n c e d  i n  c e r t a i n  

i n d i v i d u a l  a n im a ls  i n  r a i s i n g  t h e  o v a r i e s  t o  a  p o s i t i o n  w here th e y  

c o u ld  be c a r e f u l l y  p a lp a t e d .  A llo w in g  f o r  t h i s  i t  i s  a p p a re n t  t h a t  

w i th in  3 - 4  w eeks o f  c a lv in g  i n  a l l  a n im a ls ,  e x c e p t  Cow 9 ,  f o l l i c l e s  

w h ich  e i t h e r  i n d i v i d u a l l y ,  o r  added  t o g e t h e r ,  h ad  a  s u r f a c e  d ia m e te r  

o f  a t  l e a s t  1 .0  cm w ere  p a lp a t e d  (T a b le  2 5 ) .  In  g e n e r a l  from  t h e  t im e  

o f  f i r s t  d e t e c t i o n  o f  f o l l i c l e s  t o  th e  tim e  o f  f i r s t  o v e r t  h e a t  f o l l i c l e s  

w i th  a  s u r f a c e  d ia m e te r  o f  1 .0  cm o r  m ore w ere  u s u a l l y  p r e s e n t  i n  t h e  

o v a r i e s .  O th e r  w o rk e rs  have  s tu d i e d  th e  m o rp h o lo g ic a l  d e v e lo p m en t o f  

f o l l i c l e s  i n  t h e  p o s t - p a r tu m  cow (L a b s e tw a r , T y le r  and  C a s id a ,  1963*, 

Morrow e t  a l . ,  1969b ;  W agner an d  H a n s e l ,  1 9 6 9 ; M o l l e r ,  1 9 7 0 ; A r i j i e  

e t  a l . ,  1 9 7 4 ) .  The r e s u l t s  i n  t h i s  t h e s i s  a r e  i n  a g re e m e n t w i th  t h e s e  

o th e r  w o rk e rs  i n  d e m o n s t r a t in g  a  r a p i d  r e - a c t i v a t i o n  o f  t h e  m echanism s 

o f  f o l l i c u l a r  g ro w th  a f t e r  c a lv i n g .  We t h e r e f o r e  have  a  s i t u a t i o n  

w h e re , lo n g  b e f o r e  t h e  f i r s t  e x p r e s s io n  o f  o v e r t  h e a t ,  c h a n g e s  w h ich  

w ould  n o rm a l ly  l e a d  t o  t h e  c o m p le te  se q u en c e  o f  e v e n ts  in v o lv e d  i n
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TABLE 25 FIRST PALPATION OF FOLLICLES WITH A TOTAL SURFACE 

DIAMETER OF AT LEAST 1 .0  cm

Weeks a f t e r  
c a lv i n g

Cows i n  w h ich  f o l l i c l e s  
> 1 . 0  cm re c o rd e d .

0

1 - 2

2 - 3

3 - 4

5

(1 )* 2 

10

11

> 4

* n o t  exam ined  t i l l  t h i s  t im e  a f t e r  c a lv in g
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r e p r o d u c t io n  h av e  o c c u r r e d  i n  t h e  o v a r i e s .  E v id e n c e  o f  t h e  p r e s e n c e  

o f  t h e s e  s t r u c t u r e s  w i th in  t h e  o v a r i e s  s h o u ld  n o t  o f  c o u r s e  he  ta k e n  

to  im p ly  t h a t  t h e s e  f o l l i c l e s  e x h i b i t  n o rm a l e n d o c r in e  f u n c t i o n .

D u rin g  t h e  im m ed ia te  p o s t- p a r tu m  p e r io d  m arked  a l t e r a t i o n s  i n  

th e  p e r i p h e r a l  p la sm a  l e v e l s  o f  p r o g e s t e r o n e ,  o e s t r o g e n s ,  and 

a n d ro g e n s  h av e  b e e n  r e c o r d e d .  W ith in  6 d ay s  o f  c a l v i n g ,  h o w e v e r, 

t h e  chan g e  i n  t h e  c i r c u l a t i n g  l e v e l s  o f  a l l  o f  t h e s e  horm ones on a  

d a y - to - d a y  b a s i s  was s m a l l  (F ig  6 4 ) .  I t  was t h e r e f o r e  c o n s id e r e d  

t h a t  by 6 d ay s  p o s t - p a r tu m  t h e  am ounts o f  t h e s e  horm ones p r e s e n t  i n  t h e  

b lo o d  no lo n g e r  r e f l e c t e d  th e  s p e c i f i c  e n d o c r i n o lo g i c a l  c h a n g e s  o f  th e  

p r e g n a n t / p a r t u r i e n t  s t a t e .  W ith  r e f e r e n c e  t o  f o l l i c u l a r  f u n c t io n  i t  

was a p p a re n t  t h a t  i n  a l l  cows w id e ly  f l u c t u a t i n g  l e v e l s  o f  o e s t r o g e n s  

w ere r e c o r d e d  b e tw e en  day  6 an d  t h e  f i r s t  p o s t - p a r tu m  o e s t r u s  (T a b le  

2 6 ) .  The 'b a s a l '  l e v e l s  fo u n d  i n  t h e  a n im a ls  i n  t h i s  s tu d y  w ere 

s i m i l a r  i n  m a g n itu d e  t o  th o s e  d e t e c te d  9 days a f t e r  c a lv in g  by S m ith  

e t  a l . . ( 1 9 7 3 ) ,  and  d u r in g  t h e  e a r l y  p o s t- p a r tu m  p e r io d  by  H e n r ic k s  

e t  a l . ( 1 9 7 2 ) b u t  w ere v e ry  much l e s s  th a n  th e  l e v e l s  o f  a ro u n d  

200 p g /m l r e p o r t e d  by  A r i j i e  e t  a l . (1 9 7 4 ) . In  p a s s in g  i t  s h o u ld  be 

n o te d  t h a t  t h e  l e v e l  o f  p lasm a  o e s t r o g e n s  fo u n d  a t  a l l  p e r io d s  o f  

p r o d u c t iv e  f u n c t io n  b y  A r i j i e  e t  a l . (1974) a r e  much g r e a t e r  t h a n  th o s e  

fo u n d  i n  t h i s  e x p e r im e n t and  a l s o  by  o th e r  w o rk e rs  (H e n ric k s  e t  a l . , 

1 9 7 2 ; G le n c ro s s  e t  a l . ,  1 9 7 3 ) .

From th e  r e s u l t s  o f  t h e  i n d i v i d u a l  cows f i y e n  i n  F ig s  34 -  63 

i t  was a p p a r e n t  t h a t  w i th in  t h e  p e r io d  from  c a lv i n g  t o  f i r s t  o v e r t  

h e a t  i n  a l l  c a s e s  p e a k s  o f  o e s t r o g e n s  w ere r e c o r d e d  (T a b le  2 7 ) .  

A lth o u g h  t h e s e  p e a k s  w ere o f  v a r y in g  m ag n itu d e  w i t h i n ,  a s  w e l l  a s
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TABLE 26 PLASMA PROGESTERONE AND OESTROGENS DURING

POST-PARTUM ABSOLUTE ANOESTRUS*

Cov No. P r o g e s te ro n e  O e s tro g e n s
n g /m l p g /m l

X ± 1 S .D . X ± 1 S .D .

1 0 .1  ± 0 .1  3 .1  ± 2 .7

2 0 .1  ± 0 .12  3 . 1  ± 3 .2

3 0 .1  ± 0.1  2 .6  ± 2 .0

k 0.05  ± 0.11  5 .1  ± 4 .4

5 0.1 ± 0.17  4 .3  ± 4.2

7 o.o4 ± 0 . 1  3 .5  ± 2 .4

8 0 .1  ± 0,17  2 .8  ± 2.4

10 0 .11  ± 0.17  2 .9  ±  1 . 9

11 0 .1  ± 0.15  4 . 5  ± 4 .1

* L e v e ls  c a l c u l a t e d  from  day  7 a f t e r  c a lv i n g  t o  4 d ay s  b e f o r e  t h e  

f i r s t  p o s t - p a r tu m  o v u l a t io n .
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TABLE 27 : THE OCCURRENCE OF OESTROGEN PEAKS DURING THE PERIOD

PRECEDING THE FIRST OVERT HEAT.

COW PARTURITION TO 
FIRST OVERT 

NO. HEAT
(DAYS)

OCCURRENCE OF OESTROGEN PEAKS DURING 
POST-PARTUM ANOESTRUS
% PARTURITION -  FIRST OVERT HEAT INTERVAL

1 93 33 (5 ) 39 (2 5 ) 66  (1 7 ) 84 (9 )  94

2 78 26 (1 1 ) 40 ( 6 ) 50 (9 ) 62 ( 8 ) 72 (1 5 ) 91

3 44 23 ( 1 2 ) 50 (7 ) 66  ( 2 ) 70

4 78 56 (19 ) 81

5 70 51 (5 ) 59 (15 ) 80  (1 0 ) 94

7 32 88

8 46 72

10 52 19 (5 ) 29 (5 ) 38 ( 2 0 ) 77 (4 )  85 (3 )  90

11 70 44 (15 ) 66 (1 9 ) 93

( ) I n t e r v a l  i n  d ay s  b e tw e e n  s u c c e s s iv e  o e s t r o g e n  p e a k s .
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b e tw e e n , c o w s , i t  a p p e a re d  t h a t  t h e  l e v e l s  fo u n d  e a r l y  i n  t h e  p e r io d  

w ere a t  l e a s t  a s  g r e a t  a s  t h o s e  d e t e c te d  l a t e r  on a ro u n d  t h e  t im e  

o v e r t  h e a t  was show n. On a  few  o c c a s io n s  r e c t a l l y  p a lp a b le  

f o l l i c l e s  w ere  fo u n d  n o t  a s s o c i a t e d  w ith  a  p e a k  o f  o e s t r o g e n s ,  e . g .

Cow 1 d ay  T 1 , Cow 4 d ay  2 9 , Cow 5 day  1 9 , Cow J d ay  2 1 . However 

due t o  t h e  f a c t  t h a t  f o l l i c l e s  w ere  p r e s e n t  on t h e  m a j o r i t y  o f  

o c c a s io n s  t h e  cows w ere  exam ined  i t  was a p p a r e n t  t h a t  t h e  p e a k s  o f  

o e s t r o g e n s  w i th in  t h e  p e r io d  o f  p o s t - p a r tu m  a n o e s t r u s  o c c u r r e d  a g a in s t  

a  b a c k g ro u n d  o f  f o l l i c u l a r  d e v e lo p m e n t. A lth o u g h  t h e s e  tw o p a ra m e te r s  

may b e a r  a  te m p o r a l  r e l a t i o n s h i p  t o  e a c h  o t h e r ,  i n  v iew  o f  t h e  w e l l  

r e c o g n is e d  f u n c t i o n  o f  f o l l i c l e s  i n  p r o d u c t io n  o f  o e s t r o g e n s  i t  i s  

p ro b a b le  t h a t  t h e s e  p e a k  l e v e l s  o f  o e s t r o g e n s  r e f l e c t e d  p e r io d  o f  

f o l l i c u l a r  g ro w th . In  a d d i t i o n  i t  h a s  b een  e s t a b l i s h e d  t h a t  i n  

a n im a ls  w here t h e r e  was no p o s s i b i l i t y  o f  f o l l i c u l a r  d e v e lo p m en t -  

b e c a u s e  t h e y  w ere  o v a r ie c to m is e d  -  t h a t  t h e  l e v e l s  o f  o e s t r o g e n s  w ere 

c o n s id e r a b ly  l e s s  t h a n  t h e  p eak  v a lu e s  r e c o r d e d  i n  t h e s e  cow s, (An 

exam ple o f  t h i s  i s  g iv e n  b y  t h e  b la n k  p lasm a  horm one l e v e l s  i n  C h a p te r  

Tw o).

By m ak ing  s k e tc h e s  o f  t h e  o v a r i e s  a t  t h e  t im e  o f  r e c t a l  

p a lp a t i o n  i t  was p o s s i b l e  t o  g a in  some id e a  o f  t h e  p e r s i s t e n c e  o f  

f o l l i c u l a r  s t r u c t u r e s  w i th in  th e  p e r io d  l e a d i n g  t o  t h e  f i r s t  o v e r t  h e a t .  

As a  r e p r e s e n t a t i v e  exam ple th e  t o t a l  f o l l i c u l a r  d ia m e te r s  o f  Cow 2 , 

g iv e n  i n  F ig  3 8 , hav e  b e e n  b ro k e n  down t o  i l l u s t r a t e  t h e  p e r io d  o f  

p e r s i s t e n c e  o f  t h e  i n d i v i d u a l  f o l l i c l e s  (T a b le  2 8 ) .  T hese r e s u l t s  

com bined  w ith  t h e  f l u c t u a t i n g  p a t t e r n s  o f  p la sm a  o e s t r o g e n s  a r e  t a k e n  

t o  r e p r e s e n t  a  r a p i d  tu r n o v e r  i n  b o th  s t r u c t u r a l  and  f u n c t i o n a l  f o l l i c l e s
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TABLE 28 PERSISTENCE OF INDIVIDUAL FOLLICLES DURING THE

PERIOD FROM CALVING TO FIRST OVULATION -  COW 2

Days 
p o s t -p a r tu m L e f t o v a ry Riff h t  o v a ry

12 -

16 - -

21 ( 9 ) ( 1 2 )

23 - — ( 1 3 )

26 — (8 )

29 - (1 2 )

31 - ( 1 7 )

33 — ( 1 5 )

3h ( 1 1 ) (1 3 )

37 - - (1 2 )

39 ( 1 0 ) —  —

42 - ( 1 3 ) (8 )

45 ( 1 7 ) (5 )

47 ( 1 6 ) (6 )

50 ( 1 8 ) -

52 ( 9 ) -

55 - — -

60 - 13 20

61 12 - 14

64 — 8 20

P e r io d  o f  
p e r s i s t a n c e

( ) s u r f a c e
d ia m e te r  

f o l l i c l e  -  mm

O v u la tio n  day  6 5 .
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w i th in  t h e  o v a ry  by r e c t a l  p a l p a t i o n  s t u d i e s  und .oub ted .ly  g iv e s  o n ly  

an  a p p ro x im a te  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  i n d i v i d u a l  s t r u c t u r e s .  

A lth o u g h  t h i s  i s  i n  p a r t  due t o  t h e  in f r e q u e n c y  o f  e x a m in a t io n s  t h e  

f a c t  t h a t  o n ly  g r o s s  c h a n g e s  i n  t h e  p r e s e n c e  o r  a b s e n c e ,  o r  p o s i t i o n ,  

o f  f o l l i c u l a r  s t r u c t u r e s  c o u ld  b e  r e c o g n is e d  w i th  any  c e r t a i n t y  l e a d s  

t o  a  l a r g e  p o t e n t i a l  e r r o r .  The d i f f i c u l t y  o f  f o l lo w in g  i n d i v i d u a l  

o v a r ia n  f o l l i c l e s  o v e r  t h e i r  p e r io d  o f  g ro w th  i s  e x e m p l i f ie d  by th e  

s t u d i e s  o f  D o n a ld so n  and  H an se l (1 9 6 8 ) .  Even w i th  d i r e c t  

o b s e r v a t io n s  by  e n d o sco p y  t h e s e  a u th o r s  fo u n d  t h a t  i t  was n o t  a lw ay s  

p o s s ib l e  t o  i d e n t i f y  f o l l i c l e s  from  one e x a m in a t io n  t o  th e  n e x t .  To 

o b ta in  a c c u r a te  in f o r m a t io n  on t h e  tu r n o v e r  o f  f o l l i c l e s  d u r in g  

a n o e s t r u s  w i l l  p r o b a b ly  n e c e s s i t a t e  t h e  u se  o f  a  t e c h n iq u e  f o r  m ark in g  

th e s e  s t r u c t u r e s  w i th  e . g .  i n d ia n  i n k ,  c o u p le d  w i th  f r e q u e n t  l a p r o s c o p ic  

o r  e n d o s c o p ic  e x a m in a t io n s .

The s i t u a t i o n  was t h e r e f o r e  r e a c h e d  i n  th e  e a r l y  p o s t- p a r tu r n  

p e r io d  w here t h e  d e v e lo p m en t o f  f u n c t i o n a l  f o l l i c l e s  o c c u r r e d .  I t  

h as  p r e v i o u s ly  b e e n  n o te d  how u n d e r  n o rm a l c i r c u m s ta n c e s  f o l l i c u l a r  

d e v e lo p m en t i s - a s s o c i a t e d  w i th  a  b e h a v io u r a l  ch an g e  i n  th e  a n im a l ,  and  

le a d s  t o  o v u l a t io n  and  t h e  fo rm a tio n  o f  a  c o rp u s  lu te u m . E v id e n ce  

t h a t  t h i s  f o l l i c u l a r  d e v e lo p m en t i n  t h e  e a r l y  s t a g e s  o f  p o s t -p a r tu m  

a n o e s t r u s  d id  n o t  p r o c e e d  th ro u g h  o v u la t io n  t o  f o rm a tio n  o f  c o rp o r a  

l u t e a  was o b ta in e d  b y  r e c t a l  p a l p a t i o n  o f  t h e  o v a r i e s  c o u p le d  w ith  

e s t i m a t io n s  o f  t h e  p e r i p h e r a l  p lasm a  p r o g e s te r o n e  l e v e l s .  Over t h i s  

i n i t i a l  p e r io d  o f  f o l l i c u l a r  d e v e lo p m en t a f t e r  c a lv i n g  w ith  th e  

e x c e p t io n  o f  Cows 1 ,  4 ,  5 ,  8 and  9» s t r u c t u r a l  c o r p o r a  l u t e a  w ere  n o t  

p r e s e n t  i n  t h e  o v a r i e s  and  p r o g e s te r o n e  l e v e l s  g e n e r a l l y  re m a in e d  b a s a l .



251

However t r a n s i e n t  e l e v a t i o n s  i n  t h e  l e v e l  o f  p r o g e s te r o n e  w ith o u t  

a s s o c i a t e d  e v id e n c e  o f  t h e  p r e s e n c e  o f  a  c o rp u s  lu te u m  w ere  r e c o r d e d  

i n  many a n im a ls  w i th in  t h i s  p e r io d  e . g .  Cow 5 day  37» Cow 7 day  23 

and Cow 8 d ay  2 7 . A lth o u g h  t h e s e  e l e v a t i o n s  may r e p r e s e n t  l u t é i n i s a t i o n  

o f  f o l l i c l e s ,  a s  s u g g e s te d  by M o lle r  (1970)>  an  a l t e r n a t i v e  p o s s i b i l i t y  

was t h a t  t h e y  i n d i c a t e d  f l u c t u a t i o n s  i n  t h e  e x t r a g o n a d a l  s e c r e t i o n  o f  

t h i s  horm one. A lth o u g h  a s  h a s  p r e v io u s ly  b e e n  s t a t e d  t h e  l e v e l  o f  

p r o g e s te r o n e  i n  t h e  o v a r ie c to m is e d  o r  im m atu re  cow i s  c o n s id e r a b ly  l e s s  

th a n  0 ,5  n g /m l s t i m u l a t i o n  o f  t h e  a d r e n a l  can  r e s u l t  i n  i n c r e a s e d  

p e r i p h e r a l  p la sm a  l e v e l s  o f  p r o g e s te r o n e  (C w aazdauskas e t  a l . ,  1 9 7 2 ) .

The p o s s i b i l i t y  t h e r e f o r e  e x i s t s  t h a t  t h e s e  s h o r t - l i v e d  e l e v a t i o n s  

i n  c i r c u l a t i n g  p r o g e s te r o n e  r e f l e c t e d  a l t e r a t i o n s  i n  a d r e n o c o r t i c a l  

f u n c t io n  p o s s i b l y  a s s o c i a t e d  w i.th  t r a n s i e n t  s t r e s s e s  im posed  on th e  

a n im a l. F u r th e r  s u b s t a n t i a t i o n  o f  t h e  h y p o th e s i s  t h a t  t h e y  r e f l e c t  

e x t r a g o n a d a l  s e c r e t i o n  o f  t h i s  horm one comes fro m  t h e  f a c t  t h a t  no 

c o n s i s t e n t  p a t t e r n  o f  i n c r e a s e d  o e s t r o g e n s  was r e c o r d e d  i n  t h e  d ay s  

p r e c e d in g  th e  e l e v a t e d  p r o g e s te r o n e  l e v e l s .  T h is  i s  t a k e n  t o  s u g g e s t  

t h a t  t h e y  d id  n o t  a r i s e  a s  a  c o n se q u e n c e  o f  f o l l i c u l a r  g ro w th . The 

b a s a l  l e v e l  o f  p la sm a  p r o g e s te r o n e  r e c o r d e d  f o r  a  p e r i o d  o f  t im e  a f t e r  

c a lv in g  i n  e v e ry  cow i s  s i m i l a r  i n  m a g n itu d e  t o  t h e  c o n c e n t r a t io n s  

r e p o r t e d  by o t h e r  w o rk e rs  (H e n ric k s  e t  a l . ,  1 9 7 1 ; S m ith  e t  a l . ,  1973*, 

A r i j i e  e t  a l . , 1974) (T a b le  26 ) .  T hese o b s e r v a t io n s  a r e  a t  v a r i a n c e  

w ith  t h e  f i n d i n g s  o f  H u n te r  e t  a l . ( l 9 7 0 ) ,  who r e p o r t e d  t h a t  b e tw e en  8 

and  13  d a y s  a f t e r  c a lv in g  l e v e l s  o f  p r o g e s te r o n e  s i m i l a r  t o  th o s e  i n  

m id - d io e s t r o u s  cows w ere  fo u n d . However i n  t h e  c a s e  o f  H u n te r  e t  a l . 

(1 9 7 0 ) » &n e x a m in a t io n  o f  t h e i r  d a t a  r e v e a l s  t h a t  b o th  i n  t h e  l a s t
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m onth o f  g e s t a t i o n  and  a t  c a lv in g  t h e i r  r e p o r t e d  c o n c e n t r a t i o n s  o f  

p r o g e s te r o n e  w ere  w e l l  i n  e x c e s s  o f  th o s e  fo u n d  i n  t h i s  s tu d y  and  by 

o th e r  w o rk e rs  (S ee  C h a p te r  T h r e e ) ,  In  com ing t o  t h e  above c o n c lu s io n  

on r e l a t i o n s h i p  o f  t h e  2 w eeks p o s t- p a r tu m  p r o g e s te r o n e  l e v e l s  t o  

d i o e s t r o u s  l e v e l s  o f  t h i s  horm one th e y  com pared  t h e i r  p o s t - p a r tu m  

r e s u l t s  w i th  th o s e  o f  o th e r  w o rk e rs  who u s e d  d i f f e r e n t  a s s a y  te c h n iq u e s  

and  s tu d i e d  c y c l i c  a n im a ls .  Due t o  t h e  i n h e r e n t  v a r i a b i l i t y  b e tw e en  

d i f f e r e n t  a s s a y  m e th o d s , w h ich  th e s e  a u th o r s  a c k n o w le d g e d , i t  

s u p e r f i c i a l l y  a p p e a re d  t h a t  when th e  above c o m p a r iso n  was m ade, cows 

i n  a b s o lu t e  a n o e s t r u s  c o u ld  h av e  p la sm a  p r o g e s te r o n e  l e v e l s  s i m i l a r  t o  

th o s e  fo u n d  i n  a n im a ls  w here a  f u n c t i o n a l  c o rp u s  lu te u m  was p r e s e n t .

To p r e v e n t  f a l s e  d e d u c t io n s  o f  t h i s  n a t u r e ,  i t  i s  o b v io u s ly  v i t a l  t o  

e s t a b l i s h  t h e  s p e c i f i c i t y  and  s e n s i t i v i t y  o f  any  a s s a y  m ethod  and t o  

i n t e r p r e t  f in d i n g s  and d raw  c o m p a riso n s  o n ly  i n  t h e  l i g h t  o f  t h e s e  

p a r a m e te r s .

W ith in  t h e  e a r l y  p a r t  o f  t h e  p o s t - p a r tu m  p e r i o d ,  a s  can  be  se e n  

i n  F ig  3 4 , a  w e l l  d e f in e d  c o rp u s  lu te u m  was p r e s e n t  i n  t h e  o v a r i e s  o f  

Cow 1 from  t h e  t im e  o f  f i r s t  e x a m in a t io n  on day  l 6 .  T h is  s t r u c t u r e  

p e r s i s t e d  u n t i l  day  2 7 , I t  was a p p a re n t  from  t h e  p lasm a  p r o g e s te r o n e  

l e v e l s  i n  t h i s  cow t h a t  b e f o r e , d u r in g  and  im m e d ia te ly  a f t e r  t h e  

m o rp h o lo g ic a l  p r e s e n c e  o f  t h i s  s t r u c t u r e ,  b a s a l  c o n c e n t r a t i o n s  o f  t h i s  

horm one w ere fo u n d . T h is  o b s e r v a t io n  may s u g g e s t  t h a t  t h i s  s t r u c t u r e  

d id  n o t  d e v e lo p  a s  a  c o n se q u e n c e  o f  an  o v u la t io n  w i th in  t h e  p o s t- p a r tu m  

p e r i o d ,  b u t  t h a t  i t  r e p r e s e n t e d  a  m o rp h o lo g ic a l  b u t  n o t  f u n c t i o n a l  

p e r s i s t e n c e  o f  t h e  c o rp u s  lu te u m  o f  p re g n a n c y . W ide ly  d i f f e r i n g  

e s t i m a t e s  e x i s t  o f  t h e  p e r io d  o f  t im e  a f t e r  p a r t u r i t i o n  o v e r  w h ich  th e
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c o rp u s  lu te u m  o f  p re g n a n c y  c a n  be p a lp a t e d  p e r  r e c tu m . M o lle r  (1970) 

c o n s id e r e d  t h a t  i t  c o u ld  be  d e t e c t e d  up t o  3 w eeks a f t e r  c a lv in g  when 

e x a m in a t io n s  w ere  c a r r i e d  o u t a t  w eek ly  i n t e r v a l s .  In  a  m ore d e t a i l e d  

s tu d y  M orrow e t  a l . ( 1969b )  fo u n d  t h a t  a t  t h e  t im e  o f  f i r s t  r e c t a l  

p a lp a t i o n  a ro u n d  4 t o  7 d a y s  p o s t - p a r tu m , t h i s  s t r u c t u r e  c o u ld  o f t e n  

be p a lp a t e d  a s  a  s m a ll  f i r m  e le v a te d  m ass on t h e  s u r f a c e  o f  t h e  o v a ry ,  

b u t  t h a t  by  d ay  l 4  i t  had  become i n d i s t i n g u i s h a b l e  fro m  t h e  o v e r a l l  

o v a r ia n  o u t l i n e .  The s i z e  o f  t h e  s t r u c t u r e  r e c o r d e d  i n  Cow 1 ,  

h o w e v e r, was a b n o rm a lly  l a r g e  f o r ' t h e  p e r io d  o v e r  w h ich  i t  was 

p a lp a te d  -  a ssu m in g  t h a t  i t  was a s  p r e v io u s ly  s t a t e d  , t h e  c o rp u s  lu te u m  

o f  p re g n a n c y . I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  i n  t h i s  cow , f o l lo w in g  

a  d y s to c i a  and r e t e n t i o n  o f  t h e  p l a c e n t a ,  a  p u r u l e n t  p o s t- p a r tu m  

m e t r i t i s  d e v e lo p e d . As h a s  b e e n  h y p o th e s i s e d  p r e v i o u s l y ,  r e g r e s s i o n  

o f  t h e  c o rp u s  lu te u m  a t  t h e  t im e  o f  p a r t u r i t i o n  i s  th o u g h t  t o  in v o lv e  

th e  i n t e r v e n t i o n  o f  a  l u t e o l y s i n .  The s o u rc e  o f  t h i s  u t e r i n e  

l u t e o l y s i n  h a s  b een  d e m o n s tra te d  t o  be t h e  en d o m etriu m  ( G in th e r ,  I 9 6 8 ) .  

I t  may b e  t h a t  i n  t h i s  a n im a l  due t o  a  p a t h o l o g i c a l  c o n d i t io n  i n  t h e  

endom etrium  t h e  r e l e a s e  o f  t h e  l u t e o l y t i c  f a c t o r  was s u f f i c i e n t  t o  

s u p p re s s  o n ly  l u t e a l  f u n c t io n  w i th o u t  m a rk e d ly  a l t e r i n g  c e l l u l a r  

s t r u c t u r e .  P e r s i s t e n c e  o f  t h e  c o rp u s  lu te u m  o f  t h e  c y c le  o v e r  an 

a b n o rm a lly  p r o lo n g e d  p e r io d  o f  t im e  o c c u rs  i n  a n im a ls  w i th  u t e r i n e  

a b n o r m a l i t i e s  ( e . g .  p y o m e tra ) .  The a l t e r n a t i v e  e x p la n a t io n  f o r  t h e  

p re s e n c e  o f  t h i s  s t r u c t u r e  a t  t h i s  t im e  was t h a t  an  o v u l a t io n  h ad  

o c c u r r e d  b e f o r e  d ay  I 6 . T h is  was c o n s id e r e d  u n l i k e l y  i n  v ie w  o f  t h e  

r e p o r t  by  Morrow e t  a l . (1969b )  t h a t  th e  mean p a r t u r i t i o n  t o  f i r s t  

o v u la t io n  i n t e r v a l  was s u b s t a n t i a l l y  p ro lo n g e d  beyond  d ay  15 i n  a n im a ls
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t h a t  e x p e r ie n c e d  d i f f i c u l t i e s  a t  c a lv in g  and  h ad  c l i n i c a l  a b n o r m a l i t i e s  

o f  t h e  p u e rp e r iu m . F i n a l l y  how ever i t  may b e  t h a t  t h e  c l a s s i f i c a t i o n  

o f  t h i s  s t r u c t u r e  i n  Cow 1 a s  a  c o rp u s  lu te u m  may h av e  b een  i n c o r r e c t .  

I t  i s  w e l l  r e c o g n i s e d  t h a t  t h e  a c c u ra c y  o f  t h i s  t e c h n iq u e  o f  r e c t a l  

p a lp a t io n  o f  t h e  o v a r i e s  t r i t h  r e s p e c t  t o  d e te r m in in g  w hat s t r u c t u r e s  

a r e  p r e s e n t  h a s  a  f a i r l y  l a r g e  p o t e n t i a l  e r r o r  (D aw son, 1 9 7 5 ) . By 

s l a u g h t e r i n g  a n im a ls  an d  e x a m in in g  t h e i r  o v a r i e s  a f t e r  h a v in g  r e c o r d e d  

r e c t a l  p a l p a t i o n  f i n d i n g s  Dawson (1975 ) fo u n d  w i th  r e g a r d  t o  c o rp o r a  

l u t e a  an  o v e r a l l  a c c u ra c y  o f  a ro u n d  80%.

B ased  on in f o r m a t io n  on t h e  c o n c e n t r a t i o n  o f  p r o g e s te r o n e  i n  

a n im a ls  w here  l u t e a l  t i s s u e  was a b s e n t  (cows i n  o e s t r u s )  i t  was 

d e c id e d  i n  t h i s  t h e s i s  t o  c o n s id e r  p la sm a  p r o g e s te r o n e  l e v e l s  o f  

0 .5  n g /m l o r  m ore on a t  l e a s t  t h r e e  c o n s e c u t iv e  d a y s  a s  g iv in g  

f u n c t i o n a l  e v id e n c e  o f  l u t e a l  t i s s u e .  I t  was c o n s id e r e d  t h a t  t h e  

p a lp a t io n  o f . a  1 .0  cm d ia m e te r  c o rp u s  lu te u m  i n  Cow 5 tw o d ay s  a f t e r  

p a r t u r i t i o n  b u t  n o t  from  d ay  4 onw ards (F ig  46) r e p r e s e n t e d  a n o rm a l 

d i s a p p e a ra n c e  o f  t h e  c o rp u s  lu te u m  o f  p re g n a n c y  a s  d e s c r ib e d  by Morrow

e t  a l . (1 9 6 9 ) .

B e s id e s  cows 1 and  5 t h e  p a lp a t io n  o f  a  s t r u c t u r e  c l a s s i f i e d  

a s  a  c o rp u s  lu te u m  was made i n  a  f u r t h e r  3 cows w i t h in  t h e  p e r io d  o f  

a n o e s t r u s  w i th o u t  c o l l a b o r a t i v e  e v id e n c e  o f  i t s  f u n c t i o n a l  p r e s e n c e  

(Cow 4 from  38 -  4 l  d a y s .  Cow 8 from  37 -  42 d a y s  and  Cow 9 on day  33 

and  a g a in  on d a y  3 7 )•  In  c o n t r a s t  t o  t h e  s i t u a t i o n  i n  Cow 1 ,  a  

c o n s id e r a b l e  p e r io d  o f  t im e  e la p s e d  b e tw een  c a lv in g  and  d e t e c t i o n  o f  

th e s e  c o r p o r a  l u t e a  i n  Cows 4 ,  8 and 9 (F ig s  4 3 , 5 2 , 5 5 ) .  P l o t k a ,



255

E rb , C a lla h a n  and Gomes (1967  ) h av e  r e p o r t e d  on one cow t h a t  had  a  

n o n - f u n c t io n a l  c o rp u s  lu te u m  o v e r  a  p e r io d  o f  t im e .  , I t  may be t h a t  

i n  t h e  c a s e  o f  Cows 4 and 8 t h e s e  s t r u c t u r e s  w ere  f u r t h e r  exam p les  o f  

a  n o n - f u n c t io n a l  c o rp u s  lu te u m . However i n  Cows 4 ,  8 and  9 and 

p o s s ib l y  a l s o  t h e  c a s e  d e s c r ib e d  by  P lo tk a  e t  a l . ( 1 9 6 7 ) i t  may be  

a g a in  t h a t  t h e  c l a s s i f i c a t i o n  o f  t h e s e  o v a r i a n  s t r u c t u r e s  a s  c o rp o r a  

l u t e a  was i n c o r r e c t .

A llo w in g  f o r  t h e s e  s p e c i f i c  i n s t a n c e s  n o te d  above i t  was 

a p p a re n t  fro m  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  cows t h a t  i n  a n im a ls  2 ,

3 ,  4 ,  5 a n d  10 m o rp h o lo g ic a l  and  f u n c t i o n a l  c o rp o r a  l u t e a  w ere 

p a lp a t e d  w i th in  t h e  p e r io d  o f  a n o e s t r u s  ( F ig s  37s 4 0 , 4 3 , 46 and  5 8 ) .  

T h is  f i n d i n g  was t a k e n  a s  e v id e n c e  t h a t  i n  a t  l e a s t  a  p r o p o r t io n  o f  

th e  cows s tu d i e d  f o l l i c u l a r  d e v e lo p m en t and o e s t r o g e n  s e c r e t i o n  d id  

p ro c e e d  th r o u g h  o v u l a t io n  t o  f o rm a tio n  o f  a  c o rp u s  lu te u m  w ith o u t  

o e s t r o u s  b e h a v io u r  h a v in g  b e e n  show n.

In  t h i s  s tu d y  t h e  p r e s e n c e  o f  a  c o rp u s  lu te u m  was ta k e n  a s  

i n d i r e c t  e v id e n c e  t h a t  an  o v u l a t io n  h a s  o c c u r r e d .  O th e r  w o rk e rs  h av e  

a t te m p te d  by m ore f r e q u e n t  r e c t a l  p a lp a t io n  t o  d e t e c t  t h e  p r o c e s s  o f  

• o v u la t io n  d i r e c t l y .  However a s  h a s  b een  p o in te d  o u t  by W iltb a n k  

e t  a l . ( 1 9 6 7 ) and  M arion  e t  a l . ( 1 9 5 0 ) t h i s  m ethod  s u f f e r s  from  th e  

d i s a d v a n ta g e  t h a t  r u p tu r e  o f  t h e  f o l l i c l e s  may h av e  b e e n  c a u se d  n o t  by 

o v u la t io n  b u t  by t h e  t e c h n iq u e  o f  r e c t a l  p a l p a t i o n .  To overcom e t h i s  

p o s s i b i l i t y  some s t u d i e s  h av e  r e p o r t e d  a l t e r n a t i v e  m ethods f o r  

o b t a in in g  d i r e c t  e v id e n c e  o f  o v u la t io n  -  su c h  a s  en d o sco p y  (D onald son  

and E a s e l ,  I 9 6 8 ) .  R e c ta l  p a lp a t io n  o f  c o rp o r a  l u t e a  i s  a  conmionly
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u se d  m ethod o f  o b t a in in g  e v id e n c e  o f  o v u la t io n  i n  p o s t- p a r tu m  cows 

(w i l tb a n k  an d  C ook, 1 9 5 8 ; Morrow e t  a l . ,  1969b ;  M o l le r ,  1 9 7 0 ) . In  

t h i s  t h e s i s  i n  a d d i t i o n  t o  t h e  m o rp h o lo g ic a l  p r e s e n c e  o f  c o rp o r a  l u t e a  

e v id e n c e  o f  t h e i r  p r e s e n c e  was o b ta in e d  from  p lasm a  p r o g e s te r o n e  l e v e l s .

O b v io u s ly  t h e  o v e r a l l  r e s u l t s  and  i n t e r p r e t a t i o n  o f  th e  

f in d in g s  i n  t h i s  t h e s i s  and  o f  o th e r  s tu d i e s  i n t o  p o s t- p a r tu m  

r e p r o d u c t io n  w ere  d e p e n d e n t t o  a  l a r g e  e x te n t  on t h e  e f f i c i e n c y  o f  t h e  

te c h n iq u e s  u s e d  f o r  o e s t r o u s  d e t e c t i o n .  Tanabe an d  A lm q u is t ( 196O) 

have re v ie w e d  t h e  l i t e r a t u r e  on th e  r e l a t i o n s h i p  b e tw een  th e  d u r a t io n  

o f  t h e  p e r io d  o f  o b s e r v a t io n  and th e  r e s u l t s  o b ta in e d  i n  t h e  d e t e c t i o n  

o f  o e s t r u s  i n  c y c l in g  a n im a ls .  In  some i n s t a n c e s  s tu d y  o f  t h e  p o s t 

p a rtu m  p e r io d  i n  cows h a s  in v o lv e d  o n ly  tw ic e  d a i l y  e x a m in a tio n  o f  

th e  a n im a ls  f o r  o e s t r o u s  b e h a v io u r  (W agner and  H a n s e l ,  1 9 6 9 ) .  W ish a r t 

(1 9 7 2 ) m o n ito re d  c y c l in g  cows f o r  o e s t r o u s  b e h a v io u r  e v e ry  2 h o u r s .  

A lth o u g h  th e  m a j o r i t y  o f  a n im a ls  i n  W is h a r t 's  s tu d y  had  an  o e s t r o u s  

d u r a t io n  o f  b e tw een  12 and I 6 h o u rs  (54% ), l6% w ere i n  h e a t  f o r  l e s s  

th a n  12 h o u r s ,  and  4.4% f o r  l e s s  th a n  8 h o u r s .  T h is  c o n f irm s  th e  

o b s e r v a t io n  o f  D o n a ld so n  ( 1 9 6 8 ) t h a t  a  s i g n i f i c a n t  num ber o f  a n im a ls  

hav e  s h o r t  o e s t r o u s  p e r i o d s .  Tw ice d a i l y  e x a m in a t io n  o f  a n im a ls  f o r  

o e s t r o u s  b e h a v io u r  i s  t h e r e f o r e  in a d e q u a te .  B e s id e s  t h e  f re q u e n c y  o f  

e x a m in a tio n  o f  a n im a ls  f o r  o e s t r o u s  b e h a v io u r  t h e  d u r a t i o n  o f  t h e  

p e r io d  o f  o b s e r v a t io n  and  t h e  c r i t e r i a  u s e d  f o r  d e t e c t i o n  o f  o e s t r u s  

a r e  im p o r ta n t .

In  t h i s  s tu d y  d e t e c t i o n  o f  o e s t r u s  was by  th e  p r e s e n c e  o f  a  

b u l l .  By c o n tin u o u s  m o n ito r in g  o f  th e  b e h a v io u r  o f  t h e  g ro u p  by  t im e
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l a p s e  p h o to g ra p h y  o v e r  t h e  p e r io d  o f  d a y l i g h t  and  i n  a d d i t i o n  a t  l e a s t  

tw o p e r io d s  o f  d i r e c t  o b s e r v a t io n  d u r in g  t h e  p e r io d  o f  d a r k n e s s ,  an  

a t te m p t  was made t o  overcom e t h e  d e f i c i e n c i e s  a s s o c i a t e d  w i th  w a tc h in g  

th e  a n im a ls  f o r  a  l i m i t e d  p e r io d  o f  t im e  on s e v e r a l  o c c a s io n s  th ro u g h 

o u t t h e  d a y . The v a l i d i t y  o f  u s in g  th e  t im e - l a p s e  p h o to g ra p h y  sy s te m  

t o  d e te rm in e  w h e th e r  o e s t r o u s  b e h a v io u r  was shown by  a  cow was 

e s t a b l i s h e d  e a r l y  i n  t h e  c o u rs e  o f  th e  e x p e r im e n t .  A c y c l in g  cow was 

in t r o d u c e d  t o  t h e  g ro u p  and  c o n t i n u a l l y  o b s e rv e d  f o r  o e s t r o u s  b e h a v io u r .  

P l a t e  1 i l l u s t r a t e s  a  se q u e n c e  from  th e  t im e  l a p s e  f i l m  -  t h e  15 

fra m e s  h a v in g  b e e n  ta k e n  o v e r  a  p e r io d  o f  3 m in 45 s e c . I t  i s

a p p a re n t  from  t h i s  p l a t e  t h a t  t h e  b u l l  b e in g  t h e  o n ly  a n im a l w i th  h o rn s

was e a s i l y  i d e n t i f i e d .  In  a d d i t i o n ,  due t o  t h e  i n d i v i d u a l  m a rk in g s  

o f  t h e  c o w s , e a c h  o f  t h e s e  c o u ld  a l s o  be i d e n t i f i e d .  W ith in  t h e  p l a t e  

fram e l e  shows t h e  b u l l  and  cow s ta n d in g  p a r a l l e l  t o  e a c h  o t h e r  i n  t h e  

n o se  t o  t a i l  p o s i t i o n .  T h is  p o s i t i o n ,  c h a r a c t e r i s t i c  o f  p e r i o e s t r o u s /  

o e s t r o u s  b e h a v io u r ,  was r e p e a te d  i n  fram e  2 c .  In  fram e  2e th e  cow was 

o b s e rv e d  t o  m ount t h e  b u l l .  M ounting  o f  t h i s  o e s t r o u s  cow by  t h e  b u l l  

and s ta n d in g  by t h e  cow , was n o te d  i n  fram e 3b . T h ro u g h o u t t h e  3 m in

45 se c  p e r i o d  c o v e re d  by  t h e  f i l m  t h i s  was t h e  o n ly  o c c a s io n  th e  b u l l ,

by d i r e c t  o b s e r v a t io n ,  was se e n  t o  m ount t h e  cow.

The s tu d y  by  D ona ld son  ( 1 9 6 8 ) c o n f irm e d  t h e  f i n d i n g  o f  A nderson

(1 9 4 4 ) t h a t  t e a s i n g  t h r e e  t im e s  a  day  by a  v a s e c to m is e d  b u l l  was v e ry

e f f e c t i v e  i n  d e t e c t i n g  h e a t  -  93.1% o f  p o s s i b l e  c y c le s  w ere n o te d  a s  

a g a in s t  o n ly  8l% when m o u n tin g  by o th e r  cows was r e l i e d  u p o n . B ased 

on t h e  f i n d i n g  by  W ish a r t (1 9 7 2 ) t h a t  i n  68 o e s t r o u s  p e r io d s  o n ly  one

was o f  l e s s  t h a n  6 h o u rs  d u r a t i o n  (1.5% ) c o u p le d  w i th  t h e  r e p o r t s  on t h e
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s u i t a b i l i t y  o f  a  v a s e c to m is e d  b u l l  f o r  d e t e c t i o n ,  i t  was c o n s id e r e d  

t h a t  t h e  sy s te m  em ployed h e re  gave  t h e  maximum c h a n c e , s h o r t  o f  

c o n tin u o u s  d i r e c t  o b s e r v a t io n ,  o f  d e t e c t i n g  o e s t r o u s  b e h a v io u r .  A 

f u r t h e r  a d v a n ta g e  a t t a c h e d  t o  t h e  u se  o f  a v a s e c to m is e d  b u l l  h a s  b een  

r e p o r t e d  by M a rio n , S m ith , W iley  and  B a r r e t t  (1950 ) "who fo u n d  t h a t  

h e i f e r s  w ould  s ta n d  f o r  m o u n tin g  f o r  lo n g e r  by a  b u l l  th a n  th e y  w ould 

w ith  o t h e r  cow s. The p r e c a u t i o n s  w h ich  w ere  t a k e n  m in im ise d  th e  

ch an ce  o f  m is s in g  o e s t r o u s  b e h a v io u r .  The r e s u l t s  i n d i c a t e d  t h a t  

c o rp o ra  l u t e a  w ere  fo rm ed  i n  t h e  o v a r i e s  o f  cows 2 ,  3 ,  4 ,  5 , 8 and  10 

in  t h i s  s tu d y  w i th o u t  a  p r e c e d in g  p e r io d  o f  o e s t r o u s  b e h a v io u r ,  i . e .  

a  s i l e n t  h e a t  had  o c c u r r e d .

I t  was d e s i r a b l e  t o  e s t im a te  t h e  d ay  o f  o v u l a t i o n  t o  g iv e  a  

r e f e r e n c e  p o i n t  f o r  e n d o c r in o lo g ic a l  an d  m o rp h o lo g ic a l  c o m p a riso n s  

b e tw een  o v u l a t io n s  w i th  and  w i th o u t  a s s o c i a t e d  o e s t r o u s  b e h a v io u r .

In  t h e  c a s e  o f  o v e r t  h e a t  t h e  e n d o c r in o lo g ic a l  c h a n g e s  can  be  r e l a t e d  

t o  t h e  b e h a v io u r a l  ch an g e  , w h e re as  i n  t h e  c a s e  o f  s i l e n t  h e a t s  i t  

becam e n e c e s s a r y  t o  know th e  day  on w hich  o e s t r u s  w ould  have  been  shown 

i f  i t  had  o c c u r r e d .  D i f f e r e n t  g ro u p s  o f  w o rk e rs  have  u se d  d i f f e r i n g  

c r i t e r i a  f o r  d e te r m in in g  w h e th e r  o v u la t io n  h a s  ta k e n  p l a c e .  Wagner 

and H a n se l (1 9 6 9 ) ,  f o r  e x a m p le , s la u g h te r e d  g ro u p s  o f  cows a t  7» l 4  

and  30 d ay s  a f t e r  c a lv in g .  The p r e s e n c e  o f  c o r p o r a  l u t e a  w i th in  t h e  

o v a r i e s  was ta k e n  a s  e v id e n c e  t h a t  o v u la t io n  had  o c c u r r e d  some t im e  

b e tw een  c a lv i n g  and s l a u g h t e r .  A m ore a c c u r a te  e s t i m a t e  o f  t h e  day 

o f  o v u la t io n  was o b ta in e d  by e x a m in a t io n  o f  t h e  o v a r i e s  f o r  t h e  p re s e n c e  

o f  c o rp o r a  l u t e a  a t  w eek ly  (W iltb a n k  and C ook, 1 9 5 8 ; M o lle r ,  1970) and  

tw ic e  w eek ly  (M orrow e t  a l . , 1969b )  i n t e r v a l s .  I t  i s  r e c o g n is e d  t h a t
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i n c r e a s e d  o e s t r o g e n  l e v e l s  a r e  a s s o c i a t e d  w ith  t h e  b e h a v io u r a l  ch an g e  

o f  o v e r t  h e a t  a n d , a s  p r e v io u s ly  s t a t e d ,  a f t e r  t h e  b e h a v io u r a l  change  

a p p ro x im a te ly  k d ay s  e la p s e  b e f o r e  a  c o rp u s  lu te u m  becom es r e c t a l l y  

p a lp a b l e .  In  t h i s  t h e s i s  t h e r e f o r e  i n  r e l a t i o n  t o  s i l e n t  h e a t s  i t  

was d e c id e d  t o  t a k e  t h e  day  when a  p e a k  o f  p la sm a  o e s t r o g e n s  o c c u r r e d  

im m e d ia te ly  p r i o r  t o  t h e  r e c t a l  and f u n c t i o n a l  p r e s e n c e  o f  a  c o rp u s  

lu te u m , as  t h e  d ay  on w h ich  i f  t h e  h e a t  was 'n o rm a l*  th e  b e h a v io u r a l  

change  w ould hav e  b e e n  s e e n .  A f u r t h e r  c o n d i t io n  on d e c id in g  on t h i s  

day  was t h a t  a t  l e a s t  3 t o  4 d ay s  e la p s e d  b e f o r e  a  c o rp u s  lu te u m  was 

s t r u c t u r a l l y  and  f u n c t i o n a l l y  d e t e c t e d ,  i . e .  o v u la t io n  h a s  ta k e n  p la c e  

3 d ay s  b e f o r e .  The a s su m p tio n  was t h e r e f o r e  made t h a t  s i l e n t  h e a t  

was i n  some ways e n d o c r i n o lo g i c a l l y  s i m i l a r  t o  o v e r t  h e a t .  I t  c a n  be  

se en  t h e r e f o r e  t h a t  i n  th e  c a s e  o f  Cows 2 ,  3 , 4 ,  5 and  10 w here th e  

f i r s t  o v u la t io n  o c c u r r e d  w i th o u t  a s s o c i a t e d  o e s t r o u s  b e h a v io u r  t h a t  

t h i s  s i l e n t  h e a t  was n o te d  from  T t o  32 d ay s  b e f o r e  t h e  f i r s t  e x p r e s s io n  

o f  o v e r t  h e a t  (T a b le  2 9 ) .  However in  t h e  c a s e  o f  Cows 1 an d  11 th e  

f i r s t  p o s t - p a r tu m  o v u la t io n  was a s s o c i a t e d  w i th  o v e r t  h e a t .  In  

a d d i t i o n  i t  was a p p a re n t  t h a t  a l th o u g h  Cows 7 and  8 showed o v e r t  h e a t , 

a p p a r e n t ly  t e r m in a t i n g  t h e  p e r io d  o f  p o s t - p a r tu m  a n o e s t r u s , when th e  

horm one l e v e l s  and  r e c t a l  p a lp a t io n  f in d in g s  w ere exam ined  a f t e r  t h e s e  

h e a t s  t h e r e  was no e v id e n c e  o f  o v u la t io n  h a v in g  o c c u r r e d  (F ig s  49 and  

5 2 ) . O e s tro u s  b e h a v io u r  w i th o u t  a s s o c i a t e d  o v u la t io n  i s  commonly 

r e f e r r e d  t o  a s  ' f a l s e  h e a t . '  F u r t h e r ,  i t  c o u ld  be se e n  t h a t  i n  t h e s e  

cows (7 and 8 ) s t r u c t u r a l  and  f u n c t i o n a l  e v id e n c e  o f  o v u la t io n  was n o t  

fo u n d  u n t i l  d ay s  60 and  85 r e s p e c t i v e l y ,  and s in c e  no a s s o c i a t e d  

o e s t r o u s  b e h a v io u r  was s e e n ,  t h e  h e a t s  p r e c e d in g  t h e s e  o v u la t io n s  and



261

TABLE 29 : TIME AFTER CALVING, OF THE FIRST OVULATIONS 5

WITH SUBSEQUENT LUTEINISATION, OF COWS 2 ,  3 5

4 ,  5 and 1 0 .

COW

MO.

PARTURITION TO 
HORMONAL PRESENCE 

LUTEAL TISSUE* -  
INTERVAL

(DAYS)

OESTROGEN PEAK 
PRECEDING LUTEAL 
TISSUE* DETECTION = 
ESTIMATED DAY OF 

SILENT HEAT 
(DAY POST PARTUM)

OESTROGEN PEAK 
TO LUTEAL TISSUE* 

PRESENCE -  
INTERVAL

(DAYS)

2 71 65 6

3 34 29 5

k 52 48 4

5 65 6o 5

10 48 46 2

%FIR8T DAY OF AT LEAST 3 SUCCESSIVE DAYS ON WHICH PLASMA PROGESTERONE

LEVELS WERE 0 .5  n g /m l OR GREATER.
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l u t e a l  t i s s u e  f o rm a tio n  w ere c l a s s i f i e d  a s  s i l e n t .  T a b le  30 

sum m arises f o r  c o n v e n ie n c e  t h e  f i r s t  d e t e c t i o n  o f  f u n c t i o n a l  l u t e a l  

t i s s u e  i n  a l l  c o w s , and  th e  day  o f  a s s o c i a t e d  o e s t r o u s  b e h a v io u r  i f  

t h i s  was o v e r t ,  o r  t h e  e s t im a te d  d ay  o f  o e s t r o u s  i f  s i l e n t  h e a t  had 

o c c u r r e d .

T h ro u g h o u t t h e  e x p e r im e n ta l  p e r io d  Cow 9 d id  n o t  o v u l a t e .

Cow 1 had  o n ly  one o v u la t io n  on day  94 . Cows 2 ,  3 , 4 ,  5 ,  7 ,  8 ,  10 

and 11 h ad  a t  l e a s t  one o v u la t io n  s u b s e q u e n t t o  t h e  f i r s t  b e f o r e  

t e r m in a t i o n  o f  t h e  e x p e r im e n ta l  p e r i o d .  T a b le  31 su m m arises t h e  

o c c u r r e n c e  o f  s i l e n t  an d  o v e r t  h e a t s  a s s o c i a t e d  w i th  o v u l a t i o n  i n  a l l  

a n im a ls  o v e r  t h e  p e r i o d  o f  t h e  e x p e r im e n t .  I t  c a n  be  se e n  t h a t  a l th o u g h  

th e  m a j o r i t y  o f  f i r s t  o v u la t io n s  w ere a s s o c i a t e d  w ith  s i l e n t  h e a t ,  by 

t h e  se co n d  o v u la t io n  o n ly  one h e a t  o u t o f  t h e  se v e n  r e c o r d e d  was 

s i l e n t  (Cow 4 ) .  F u r th e rm o re  i t  was a p p a re n t  t h a t  j u s t  a s  m arked  

v a r i a b i l i t y  was o b s e rv e d  b e tw een  cows i n  t h e  t im e  o f  f i r s t  o v e r t  h e a t  

(32 “  93 d a y s )  so  a l s o  do t h e  f i r s t  o v u la t io n s  ( ta k e n  a s  1 d ay  a f t e r  

th e  day  o f  h e a t )  o c c u r  o v e r  a  w ide  p e r io d  o f  t im e  (47 “ 94 d a y s )

(T a b le  3 l ) .

I t  i s  n o t  u n d e rs to o d  why a  p e r io d  o f  t im e  e la p s e s  b e tw een  

c a lv in g  an d  t h e  f i r s t  o v u la t io n  p o s t - p a r tu m . N e i th e r  h a s  i t  b een  

f u l l y  e x p la in e d  w hat f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  w ide v a r i a b i l i t y  

r e c o r d e d  w i t h i n ,  and  b e tw een  g ro u p s  o f  cows i n  t h e  t im e  o f  f i r s t  

o v u l a t i o n .  In  a d d i t i o n  t h e  r e a s o n  why some o f  t h e s e  f i r s t  and 

s u b s e q u e n t  o v u l a t io n s  a r e  a s s o c i a t e d  w i th  no o e s t r o u s  b e h a v io u r , 

w h e reas  o t h e r s  a r e  p re c e d e d  by  a p e r io d  o f  s ta n d in g  h e a t ,  h a s  n o t  been  

e x p la i n e d .
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TABLE 30 TIME, AFTER CALVING, WHEN FUNCTIONAL LUTEAL TISSUE 

WAS FIRST DETECTED, AND THE ESTIMATED OR ACTUAL 

DAY OF OESTRUS

Cow
No.

F u n c t io n a l  l u t e a l  
t i s s u e  

d a y s  p o s t- p a r tu m
A s s o c ia te d  O e s tru s  

B e h a v io u r Days p o s t- p a r tu m

100 O vert 93

71

34

52

65

60

85

S i l e n t

S i l e n t

S i l e n t

S i l e n t

S i l e n t

S i l e n t

65

29

48

60

54

82

1 0

11

48

74

S i l e n t

O v ert

46

70
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TABLE 31 THE TIME OF OCCURRENCE OF OESTRUS*, AND THE INTERVALS** 

BETWEEN HEATS IN THE NON-PREGNANT POST-PARTUM PERIOD

O e s tru s  O e s tru s  O e s tru s  O e s tru s
Cow No. 1 I n t e r v a l  No. 2 I n t e r v a l  No. 3 I n t e r v a l  No, 4
No. Days Days Days Days Days Days Days

p o s t - p a r tu m  _______p o s t- p a r tu m __________ p o s t - p a r tu m __________ p o s t- p a r tu m

1 93 — - - “ -

2 65 l4 78 - — - -

3 29 16 44 26 69 28 96

4 48 9 56 23 78 - -

5 6o 11 70 — - “ -

T 54 11 64 “ - - -

8 82 8 89 - - - “

9 - - - - - - -

10 46 7 52 21 72 - -

11 TO 9 78 - - — w—t

A verage
I n t e r v a l s  1 0 .6  2 3 .3

* A ccom panied by  s u b s e q u e n t  o v u la t io n  and  l u t é i n i s a t i o n .

** C a lc u la te d  as b e in g  t h e  i n t e r v a l  from  one o e s t r u s  t o  t h e  n e x t ,  
i n c l u d in g  t h e  d ay s  o f  h e a t .
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W ith in  t h e  p e r io d  from  c a lv i n g  t o  f i r s t  o v u l a t i o n  tw o d i s t i n c t  

p h a s e s  c o u ld  h e  i d e n t i f i e d ,  a t  l e a s t  i n  some o f  t h e  cows i n  t h i s  s tu d y .  

A lth o u g h  th e  h u lk  o f  t h e  p e r io d  was o c c u p ie d  by a  p h a s e  o f  ’o v a r i a n  

a c t i v i t y '  w here  f o l l i c l e s  w ere d e v e lo p in g  i n  t h e  o v a r i e s  and  o e s t r o g e n s  

w ere b e in g  s e c r e t e d ,  t h i s  was p re c e d e d  i n  some a n im a ls  b y  a  p h a se  o f  

'o v a r i a n  i n a c t i v i t y '  w here  no f o l l i c l e s  w ere  d e t e c t e d  w i th in  th e  

o v a r i e s  e . g .  Cows 2 ,  4 ,  5 and  J.  A lth o u g h  i n  t h e  a n im a ls  i n  t h i s  

s tu d y  t h i s  p e r io d  o f  l a c k  o f  f o l l i c u l a r  d e v e lo p m en t c o n s t i t u t e d  o n ly  

p a r t  o f  t h e  p e r i o d  t o  f i r s t  o v u l a t i o n , i n  o t h e r  g ro u p s  o f  cows i t  i s  

a p p a re n t  t h a t  i t  may be o f  g r e a t e r  im p o r ta n c e .  S m ith  an d  V in c e n t 

(1 9 7 2 ) fo u n d  t h a t  i n  79 b e e f  cows l6% had  no d e t e c t a b l e  o v a r i a n  a c t i v i t y  

by 30 day s a f t e r  c a lv i n g .  In  c o n t r a s t  a l l  a n im a ls  i n  t h i s  t h e s i s  

had  f o l l i c l e s  w i th  a  t o t a l  s u r f a c e  d ia m e te r  o f  1 .0  cm, o r  m o re , p r e s e n t ,  

w i th  t h e  e x c e p t io n  o f  Cow 9 e a r l y  i n  t h e  p o s t - p a r tu m  p e r i o d .  I t  i s  

g e n e r a l l y  a c c e p te d  t h a t  f o l l i c u l a r  d ev e lo p m en t and  f u n c t i o n  i s  r e g u l a t e d  

by t h e  r e l e a s e  o f  p i t u i t a r y  g o n a d o tr o p h in s .  L a b h se tw ar e t  a l . ( 1 9 6 3 ) 

have d e m o n s tra te d  t h a t  th e  o v a r i e s  o f  1 d ay  p o s t - p a r tu m  cows w ere 

c a p a b le  o f  r e s p o n d in g  t o  exogenous g o n a d o tro p h in s  s u g g e s t in g  t h a t  t h e  

o v a r ia n  i n a c t i v i t y  a t  t h i s  t im e  was a s  a  c o n se q u e n c e  o f  a  d e f i c i e n c y  

e i t h e r  i n  t h e  s y n th e s i s  o r  r e l e a s e  o f  t h e s e  horm ones r a t h e r  t h a n  a  

p r im a ry  o v a r ia n  i n s e n s i t i v i t y .  I t  h a s  b e e n  s u g g e s te d  t h a t  t h e  e n d o c r in e  

e n v iro n m e n t a t  t h e  end  o f  t h e  p e r io d  o f  g e s t a t i o n  i s  in v o lv e d  i n  a  

p o s s ib l e  b lo c k a g e  o f  g o n a d o tro p h in  r e l e a s e  f o r  a  p e r i o d  o f  t im e  p o s t 

p a rtu m  (L a b h se tw a r e t  a l . , 1 9 6 4 ) , I t  w a s , h o w e v e r, d i f f i c u l t  t o  se e  

how t h i s  p o s t u l a t e d  b lo c k in g  e f f e c t  o f  h ig h  l e v e l s  o f  o e s t r o g e n s  c o u ld  

le a d  t o  t h e  e x tr e m e ly  v a r i a b l e  p e r io d  o f  o v a r ia n  i n a c t i v i t y  r e c o r d e d  

i n  t h i s  an d  o th e r  s t u d i e s .  The p o s s ib l e  r e l a t i o n s h i p  o f  t h e  horm one
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l e v e l s  a t  t h e  end  o f  g e s t a t i o n  t o  su b s e q u e n t o v a r i a n  a c t i v i t y  c o u ld  be 

o b ta in e d  by t e r m in a t i n g  p re g n a n c y  a t  t im e s  when t h e  l e v e l  o f  o e s t r o g e n s  

was c o n s id e r a b ly  l e s s  th a n  th e  h ig h  l e v e l s  fo u n d  a t  te r m .

I t  was a p p a re n t  t h a t  p o s s ib l y  in  a d d i t i o n  t o  t h e  o v e r a l l  

e f f e c t  o f  l a c k  o f  g o n a d o tro p h in s  on o v a r ia n  a c t i v i t y  an  i n t r a - o v a r i a n  

m echanism  g o v e rn s  e v e n ts  i n  t h e  e a r l y  p o s t - p a r tu m  p e r i o d .  I t  h a s  

been  fo u n d  t h a t  when o v a r ia n  a c t i v i t y  d o es  commence a f t e r  c a lv in g  i t  

a lm o s t i n v a r i a b l y  i s  m ost m arked  on t h e  o v a ry  o p p o s i t e  t h e  one t h a t  

c o n ta in e d  t h e  c o rp u s  lu te u m  o f  p re g n a n c y . The p o s s i b l e  m echanism  o f  

a c t i o n  o f  t h i s  e f f e c t  i s  n o t  u n d e r s to o d .

I t  was a p p a re n t  from  t h e  r e s u l t s  o f  t h e  a n im a ls  i n  t h i s  s tu d y  

t h a t  t h e  m a jo r  p a r t  o f  t h e  p e r io d  l e a d in g  t o  t h e  f i r s t  o v u l a t io n  i s  

o c c u p ie d  by a  p e r io d  when f o l l i c u l a r  g row th  was o c c u r r in g  and  o e s t r o g e n s  

w ere b e in g  s e c r e t e d .  W ith in  t h e  p e r io d  t o  f i r s t  p o s t- p a r tu m  o v u la t io n  

i t  h a s  b e e n  s u g g e s te d  by  Morrow e t  a l . ( 1969b )  t h a t  t h e  s i z e  o f  t h e  

l a r g e s t  f o l l i c l e  fo u n d  w i th in  t h e  o v a ry  i n c r e a s e d  w i th  i n c r e a s i n g  t im e  

from  c a l v i n g .  S i m i l a r ly  M o lle r  (1970) c o n s id e r e d  t h a t  t h e  o v e r a l l  

o v a r ia n  s i z e  i n c r e a s e d .  T hese f in d i n g s  im p ly  t h a t  o v e r  t h e  p e r io d  o f  

a n o e s t r u s  f o l l i c u l a r  d e v e lo p m en t in c r e a s e d  w i th  t im e  and  u l t i m a t e l y  

r e s u l t e d  i n  t h e i r  d ev e lo p m en t p r o g r e s s in g  t o  a  s ta g e  when o v u la t io n  

o c c u r r e d .

E x a m in a tio n  o f  t h e  p e r i p h e r a l  p lasm a  o e s t r o g e n  l e v e l s  o f  th e  

a n im a ls  i n  . t h i s  s tu d y  d e m o n s tra te d  t h a t  p e a k s  o f  t h e s e  horm ones a r e  

fo u n d  lo n g  b e f o r e  t h e  t im e  o f  f i r s t  o v u la t io n  ( F ig s  35 “ 62 sum m arised  

i n  T a b le  3 2 ) .  In  a d d i t i o n  i t  c o u ld  be a p p r e c i a t e d  from  th e  r e s u l t s  f o r
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TABLE 32 PEAK LEVELS OF PLASMA OESTROGENS WITHIN THE PERIOD

FROM CALVING TO FIRST POST-PARTUM OESTRUS WITH 

SUBSEQUENT OVULATION AND LUTEINISATION

Cow
No.

P lasm a o e s t r o g e n s  (p g /m l)  and  d ay  
d e t e c t e d  a f t e r  c a lv in g  ( )

F i r s t  o e s t r u s  
w i th  o v u la t io n  

and  l u t é i n i s a t i o n  
-d a y s  p o s t - p a r tu m

1 11 .9 ( 3 1 ) 9 . 0 (36) 1 1 .9 (6 1 ) 7 .7  (78) 9 . 7  (8 7 ) 93

2 1 5 . 4 (20) 9 . 9 (31) 20.2 (39) 9 . 0  (48) 1 1 . 9  ( 56 ) 65

3 5.7 (10) 5.5 (22) 29

4 1 6 .9 (44) 48

5 1 8 . 3 ( 3 6 ) 1 8 . 0 (41) 60

7 8 .6 (28) 12.1 (33) 7 .3  (47) 54

8 9 .7 (33) 12.1 (48) 10 .1 (6 1 ) 82

10 6 .7 (10) 6 .8 (1 5 ) 5 .8 (20) 6 . 0  (4o) 46

11 20 (31) 1 1 .9 (46) 13 .2 (6 5 )
f.

70
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t h e  i n d i v i d u a l  c o w s, sum m arised  i n  T a b le  3 2 , t h a t  t h e  m a g n itu d e  o f  

th e  o e s t r o g e n  p e a k s  w i th in  t h e  p e r io d  o f  a n o v u la t io n  d id  n o t  i n c r e a s e  

w i th  t im e .  N e i th e r  was t h e r e  an y  e v id e n c e  o f  a  c o n s i s t e n t  e n la rg e m e n t ' 

i n  t o t a l  f o l l i c u l a r  s u r f a c e  d ia m e te r s  w i th  i n c r e a s i n g  t im e  w i th in  t h e  

p e r io d  p r e c e d in g  t h e  f i r s t  o v u l a t io n  (T a b le  3 3 ) .  N e i th e r  was an  

i n c r e a s i n g  p a t t e r n  o f  f o l l i c l u l a r  d ia m e te r s  s e e n  w i th  i n c r e a s i n g  

p e r c e n ta g e s  o f  t h e  p o s t- p a r tu m  p e r io d  (T a b le  3 4 ) .  T hese r e s u l t s  

s u g g e s te d  t h a t  w i th in  t h e  p e r io d  o f  a n o v u la t io n ,  f o l l i c u l a r  d e v e lo p m e n t, 

i n  te rm s  o f  b o th  s t r u c t u r e  and  f u n c t i o n ,  d id  n o t  co n fo rm  t o  t h e  p a t t e r n  

o f  g r a d u a l  i n c r e a s e  s u g g e s te d  b y  M o lle r  (l9T 0)>  I t  a p p e a re d  t h a t  from  

t h e  r e s u l t s  i n  t h i s  t h e s i s ,  f o l l i c u l a r  d e v e lo p m en t up t o  a  p o in t  j u s t  

b e f o r e  o v u l a t i o n  sh o u ld  be c o n s id e r e d  a s  a l l  o r  n o n e , an d  t h a t  w i th in  

t h e  p e r i o d ,  p r o v id e d  t h e  o v a r i e s  a r e  n o t i n a c t i v e ,  o v u l a t io n  sh o u ld  

be c a p a b le  o f  o c c u r r in g  p r i o r  t o  i t  a c t u a l l y  t a k i n g  p l a c e .  T h is  was 

o b v io u s ly  w hat was o b s e rv e d  i n  s t u d i e s  w here t h e  s t im u lu s  t o  o v u la t io n  

was p r o v id e d ,  w i th in  t h e  a n o v u la to r y  p e r i o d ,  e i t h e r  d i r e c t l y  by 

a d m in i s t e r in g  g o n a d o tr o p h in s , o r  i n d i r e c t l y  th ro u g h  GnRH (F o o te  and  

H u n te r ,  1 9 6 4 ; B r i t t  e t  a l . , 1 9 7 4 ) . The r e s u l t s  i n  t h i s  t h e s i s  on 

f o l l i c u l a r  d e v e lo p m en t and  f u n c t io n  d u r in g  t h e  p e r io d  o f  a n o v u la t io n  

p ro v id e d  a  p o s s i b l e  e x p la n a t io n  f o r  th e  o b s e r v a t io n  o f  F o o te  and  

H u n te r (1 9 6 4 ) and  B r i t t  e t  a l . (1 9 7 4 ) . O v u la t io n s  in d u c e d  by th e s e  

a u th o r s  on i n j e c t i o n  o f  LH o r  GnRH w ere  p o s s i b l e  b e c a u s e  o f  t h e  n o rm a l 

p r e - o v u l a t o r y  d e v e lo p m en t o f  f o l l i c l e s  d u r in g  p o s t - p a r tu m  a n o e s t r u s .

I t  i s  o b v io u s  t h a t  t h e s e  r e s u l t s  do n o t  a g re e  w i th  t h e  c o n c e p t  o f  

M o lle r  ( 1 9 7 0 ) w h ich  s u g g e s te d  t h a t  f o l l i c u l a r  d e v e lo p m en t in c r e a s e d  

o v e r t h e  p e r io d  o f  a n o v u la t io n .  I f  f o l l i c u l a r  d e v e lo p m en t was a
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TABLE 33 TOTAL FOLLICULAR SURFACE DIAMETER WITH INCREASING TIME 

FROM PARTURITION TO THE FIRST POST-PARTUM OVULATION

F o l l i c u l a r  
Days d ia m e te r  cm

p o s t- p a r tu m  5c ± 1 S .D . P A n im als in c lu d e d

0 - 1 0  0 .4 9  ± 0 .7  1 2 3 4 5 7 8 10  11

> 0 .0 5

11 -  20  0 .9 5  ± 0 .9 6  1 2 3 4 5 7 8  10  11

> 0 .0 5

21 -  30 1 .2 3  ± 0 .9 1  1 2 3 4 5 7 8  10 11

> 0 .0 5

31 -  40 1 .2 5  ± 0 .5 6  1 2 -  4 5 7 8 10  11

> 0 .0 5

4 l  -  50  1 .4 5  ± 0 .7 3  1 2 - 4 5 7 8  10  11

> 0 .0 5

51 -  60  1 .2 5  ± 0 . 4 l  1 2 -  -  5 7 8 -  11

> 0 .0 5

61 -  70  1 .2 5  ± 1 .0 6  1 2 - - - - 8  - 1 1

> 0 .0 5

71  -  80  2 .1 5  ± 0 .6 6  1 - - - - - 8  - 1 1

> 0 .0 1

81 — 90  0 .8 0  ± 0 .7 4  1 — — — — — 8 — —
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TABLE 34 TOTAL FOLLICULAR SURFACE DIAMETER WITH INCREASING 

PERCENTAGES OF THE INTERVAL FROM CALVING TO FIRST 

POST-PARTUM OVULATION

F o l l i c u l a r  
% C a lv in g  t o  d ia m e te r

f i r s t  o v u la t io n  _ cm
i n t e r v a l  x  ± 1 S .D .

0 -  20 0 .9 6  ± 1 .1 0

2 1 - 4 0  0 .9 8  ± 0 .8 1

4 l  -  60  1 .2 8  ± 0 .6 2

61 -  80  1 , 3  ± 0 .8 6

81 -  100  1 .4 3  ± 0 .8 9

> 0 .0 5

> 0 .0 5

> 0 . 0 5

> 0 .05
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g r a d u a l  p r o c e s s  i t  w ould  be  u n l i k e l y  f o r  o v u l a t io n  t o  be p ro d u c e d  a t  

an e a r l y  s ta g e  o f  p o s t - p a r tu m  a n o e s t r u s  by  t h e  a d m i n i s t r a t i o n  o f  e i t h e r  

LH o r  GnRH, a s  p r e - o v u l a t o r y  f o l l i c u l a r  d e v e lo p m en t w ould  be 

in c o m p le te .

I t  was a l s o  a p p a r e n t  from  t h e  c o n s id e r a t i o n  o f  t h e  p e a k  l e v e l s  

o f  o e s t r o g e n  p r e s e n t  i n  t h e  a n o v u la to r y  p e r io d  t h a t  t h e y  w ere  a t  l e a s t  

a s  g r e a t  a s  t h o s e  w h ich  w ere fo u n d  a t  n o rm al o v u la t io n  (T a b le  35 ) -  

T h is  w ould  i n d i c a t e  t h a t  d u r in g  a n o v u la t io n ,  p e a k s  o f  o e s t r o g e n s  w ere  

p r e s e n t  w h ich  s h o u ld  be c a p a b le  o f  c a u s in g  o v u l a t i o n .  I t  t h e r e f o r e  

a p p e a r s  t h a t  t h e  a b s e n c e  o f  o v u la t io n  w i th in  t h e  p e r io d  o f  p o s t- p a r tu m  

a n o e s t r u s  i s  n o t  due t o  a  l a c k  o f  o e s t r o g e n ic  s t i m u l a t i o n .  M o lle r  

(1 9 7 0 ) s u g g e s te d  t h a t  w i th in  t h e  p e r io d  up  t o  f i r s t  o v u la t io n  o v a r ia n  

c y c l in g  n o t  b a s e d  on c o r p o r a  l u t e a  b u t  s o l e l y  a s  a  r e s u l t  o f  

f l u c t u a t i o n s  i n  f o l l i c u l a r  d ev e lo p m en t o c c u r s .  In  c o n t r a s t  t h e  

r e s u l t s  i n  t h i s  t h e s i s  i n d i c a t e d  t h a t  no a p p a re n t  i n c r e a s e  i n  e i t h e r  

t o t a l  f o l l i c u l a r  d i a m e te r s ,  n o r  i n  f o l l i c u l a r  f u n c t i o n ,  a s  i n d i c a t e d  

by p la sm a  o e s t r o g e n  c o n c e n t r a t i o n ,  o c c u r r e d  w i th  i n c r e a s i n g  t im e .

T h is  c o u ld  l e a d  t o  t h e  c o n c lu s io n  t h a t  f o l l i c l e s  w ere  p o t e n t i a l l y  

c a p a b le  o f  o v u l a t i n g  a t  any t im e .

The o b s e r v a t io n  by U lb e rg  and L in d le y  ( 1 9 6 0 ) t h a t  o e s t r o g e n s  

a d m in is t e r e d  i n  e a r l y  p o s t- p a r tu m  a n o e s t r u s  c o u ld  a d v a n ce  t h e  t im e  o f  

f i r s t  o v u la t io n  may a p p e a r  i n i t i a l l y  t o  b e  a t  v a r i a n c e  w i th  t h e  above 

s u g g e s t io n .  E v id e n ce  h a s  b e e n  p r e s e n te d  d e m o n s t r a t in g  t h a t  t h e  

p o s i t i v e  f e e d b a c k  e f f e c t  o f  o e s t r o g e n s  i n  t r i g g e r i n g  t h e  o v u la to r y  

d i s c h a r g e  o f  LH in v o lv e s  t h e  o v e rco m in g  o f  a  t h r e s h o l d  b e f o r e  r e l e a s e
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TABLE 35 PEAK LEVELS OF PLASMA. OESTROGENS IN THE ANOVULATORY

PERIOD, AND THE MAGNITUDE OF THE PEAKS OF THESE HORMONES 

ASSOCIATED WITH LATER OVULATIONS

Peak  l e v e l s  o f  o e s t r o g e n s  (p g /m l)  P eak  l e v e l s  o f  o e s t r o g e n s  (p g /m l)  
Cow r e c o r d e d  i n  t h e  a n o v u la to r y  p e r io d  a s s o c i a t e d  w i th  s u b s e q u e n t  
No. -  r a n g e  o r  i n d i v i d u a l  v a lu e s  .o v u l a t io n s * *  -  a v e ra g e  ± 1 S .D .

1 7 .7  “ 1 1 .9

2 9 . 0  -  20 . 2

3 5 . 5 ,  5 . 7

4 1 6 .9

5 1 8 . 0 , 18 .3  10 .2  ± 3

7 1 2 .1 ,  7 .3

8 9.7  ”  12.1

10  5.8  -  6.8

11 1 1 .9  -  2 0 .0

* Cow 9 e x c lu d e d  a s  i t  d id  n o t  o v u la te  d u r in g  t h e  e x p e r im e n ta l  
p e r i o d .

** The maximum l e v e l  o f  p la sm a  o e s t r o g e n s  from  2 d a y s  b e f o r e  t o  th e  
a c t u a l , o r  e s t im a te d  d ay  o f  o e s t r u s .
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o f  t h e  n e c e s s a r y  am oun ts o f  GnRH o c c u rs  (C onvey , 1 9 7 3 ) . I f  t h e r e  was 

an i n c r e a s e  i n  t h e  t h r e s h o l d  h a r r i e r  t o  o e s t r o g e n ic  s t i m u la t i o n  o f  t h e  

r e l e a s e  o f  GnRH th e n  t h i s  w ould  a c c o u n t  f o r  t h e  f a c t  t h a t  when 

p h i 'a m a c o lo g ic a l  q u a n t i t i e s  o f  o e s t r o g e n s  w ere p r e s e n t  i n  t h e  b lo o d ,  

su ch  a s  th o s e  p ro d u c e d  by U lb e rg  and L in d le y  ( I 9 6 0 ) ,  t h i s  e l e v a te d  

th r e s h o ld  c o u ld  be overcom e and  o v u la t io n  in d u c e d . I t  i s  p o s t u l a t e d  

t h a t  i n  t h e  u n t r e a t e d  a n im a l o n ly  t h e  lo w e r in g  o f  t h i s  t h r e s h o ld  w i l l  

d e te rm in e  when t h e  endogenous o e s t r o g e n s  w i l l  t r i g g e r  an o v u la to r y  

d is c h a r g e  o f  LH. T h is  h y p o th e s i s  t h e r e f o r e  s u g g e s t s  t h a t  t h e  p e r io d  

be tw een  c a lv in g  and f i r s t  o v u l a t i o n ,  a l th o u g h  i n i t i a l l y  i n v o lv in g  a  

p e r io d  o f  o v a r ia n  i n a c t i v i t y  was f o r  t h e  m ost p a r t  c o n t r o l l e d  n o t  by 

th e  o v a r i e s ,  n o r  by  t h e  p i t u i t a r y  b u t  by  f a c t o r s  g o v e rn in g  t h e  

p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  h y p o th a la m u s . I t  w ould  a p p e a r  t h a t  

f u r t h e r  p r o g r e s s  i n  b o th  an  u n d e r s ta n d in g  o f  t h e  a e t i o l o g y  o f  t h e  

c o n d i t io n  o f  p o s t - p a r tu m  a n o v u la t io n  and a r t i f i c i a l  m o d i f i c a t i o n  o f  i t s  

d u r a t i o n  w i l l  in v o lv e  an  i n v e s t i g a t i o n  o f  t h e  m echan ism s b e tw een  

o e s t r o g e n s  and  t h e  r e l e a s e  o f  g o n a d o tro p h ic  horm one r e l e a s i n g  f a c t o r s .

The n e u r a l  a c t i v i t y  o f  t h e  h y p o th a la m u s  i s  r e c o g n i s e d  a s  b e in g  

a b le  t o  b e  m o d if ie d  by  p r o g e s ta g e n s  ( F le r k o ,  I 9 6 6 ) .  I t  may w e l l  be 

t h a t  t h e  o b s e r v a t io n  t h a t  p r o g e s te r o n e  a d m i n i s t r a t i o n  d u r in g  e a r l y  

p o s t- p a r tu m  a n o e s t r u s  c o u ld  l e a d  t o  an  advancem en t o f  t h e  t im e  o f  f i r s t  

o v u la t io n  can  be e x p la in e d  n o t  i n  te rm s  o f  th e  u n p ro v e n  'R ebound 

Phenom enon' (Lakshm an and  N e ls o n , I 9 6 3 ) b u t  by t h e  p r o g e s te r o n e  m o d ify in g  

th e  t h r e s h o l d  t o  o e s t r o g e n s  a t  t h i s  t im e .  F u r th e rm o re  by  v i r t u e  o f  

t h e  in v o lv e m e n t o f  t h e  h y p o th a la m u s  in  many body  f u n c t i o n s  i t  may be  

t h a t  many o f  t h e  f a c t o r s  n o te d  p r e v i o u s ly  a s  h a v in g  an e f f e c t  on th e
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p a r t u r i t i o n - f i r s t  o v u l a t i o n  i n t e r v a l  a c t  by m o d i f i c a t i o n  o f  t h i s  

p r o p o s e d  t h r e s h o l d .

I n  t h e  n o rm a l  c y c l i n g  a n im a l  f o l l i c u l a r  d e v e lo p m e n t  and 

o e s t r o g e n  s e c r e t i o n  a r e  f o l l o w e d 'n o t  o n ly  by  o v u l a t i o n  b u t  by  t h e  

a s s o c i a t e d  b e h a v i o u r a l  c h a n g e  r e f e r r e d  t o  a s  o e s t r u s .  The f a c t  t h a t  

i n  t h e  p o s t - p a r tu m  cow o v u l a t i o n  o c c u r s  d i s s o c i a t e d  f rom  o e s t r u s  

( s i l e n t  h e a t )  i s  w e l l  r e c o g n i s e d .  T r im b e rg e r  and F i n c h e r  (1956)  

f o u n d ,  by r e c t a l  p a l p a t i o n  o f  c o r p o r a  l u t e a  c o u p le d  w i t h  v a r i o u s  

r e g im e s  o f  o e s t r o u s  d e t e c t i o n ,  t h a t  t h e  o v e r a l l  i n c i d e n c e  o f  s i l e n t  

h e a t s  i n  a  s u rv e y  o f  500 o v u l a t i o n s  a f t e r  c a l v i n g  was 18 .6% . A 

s i m i l a r  f i g u r e  h a s  b e e n  r e p o r t e d  by L abhse tw ar  e t  a l . (1963)»  However 

i t  i s  a p p a r e n t  t h a t  w ide  v a r i a t i o n s  i n  t h e  i n c i d e n c e  o f  t h i s  phenomenon 

a r e  fo u n d  r a n g i n g  f rom  f i g u r e s  su c h  a s  t h o s e  a b o v e ,  t h r o u g h  t h e  

hk>3% r e c o r d e d  by K i d d e r ,  B a r r e t  an d  C a s id a  (1952)  i n  a  s tu d y  o f  

c l o s e l y  r e l a t e d  F r i e s i a n  h e i f e r s ,  t o  t h e  100% fo u n d  b y  M o l le r  (1970) 

i n  o v u l a t i o n s  b e f o r e  6o d ays  p o s t - p a r t u m  i n  s u c k le d  cow s. I t  h a s  

been  d e m o n s t r a t e d  t h a t  t h e  o c c u r r e n c e  o f  s i l e n t  h e a t s  a p p e a r s  t o  be 

r e l a t e d  t o  t h e  number o f  o v u l a t i o n s  a f t e r  c a l v i n g ,  d e c r e a s i n g  from  

t h e  f i r s t  t o  t h e  s e c o n d ,  and  t h e  se co n d  t o  t h e  t h i r d  (Morrow e t  a l . , 

19 6 8 ) .  A l th o u g h  Morrow e t  a l . ( 1969b )  r e c o r d e d  78 '8%  o f  f i r s t  

o v u l a t i o n s  i n  n o rm a l  cows b e i n g  u n a s s o c i a t e d  w i t h  any s i g n  o f  h e a t ,  

S a id u d d in  e t  a l . (1 9 6 8 ) c o n s i d e r e d  t h a t  o v e r t  h e a t  was n o t  shown i n  

46.5% o f  f i r s t  o v u l a t i o n s .  However i n  t h i s  l a t t e r  s t u d y  a  f u r t h e r  

3 2 . 5% o f  t h e  a n i m a l s ,  a l t h o u g h  e x h i b i t i n g  some s i g n s  a s s o c i a t e d  w i t h  

o e s t r u s  d i d  n o t  s t a n d  t o  be  r i d d e n .  A l th o u g h  t h e s e  cows w ere  n o t  

c o n s i d e r e d  t o  have  shown s i l e n t  h e a t s ,  t h e y  s h o u l d ,  i n  t h e  v ie w  o f
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t h i s  t h e s i s ,  have  b e e n  i n c l u d e d  i n  t h i s  c a t e g o r y  a s  ’o e s t r u s '  w h ich  

s h o u ld  by d e f i n i t i o n  be  r e s t r i c t e d  t o  a n im a ls  s t a n d i n g  t o  b e  r i d d e n  

and  ' s i l e n t  h e a t ’ s h o u ld  be  a p p l i e d  t o  any  h e a t  t h a t  c o n s t i t u t e s  an  

in c o m p le te  p a r t  o f  o e s t r o u s  b e h a v i o u r .

A g e n e t i c  ( S a id u d d in  e t  a l . ,  1968) and a  s e a s o n a l  e f f e c t  

(L a b h se tw a r  e t  a l . , I 9 6 3 ) on t h e  l e v e l  o f  h e a t  b e h a v io u r  a s s o c i a t e d  

w i t h  p o s t - p a r t u m  o v u l a t i o n s  have  b e e n  d e s c r i b e d .  The i n f l u e n c e  o f  

t h e  l e v e l  o f  m i lk  p r o d u c t i o n  h a s  b een  n o t e d  d e m o n s t r a t i n g  t h a t  h i g h  

p r o d u c e r s  can  be  e x p e c t e d  t o  have  a  g r e a t e r  f r e q u e n c y  o f  s i l e n t  h e a t s  

( V i l t b a n k  and Cook, I 9 6 8 ) .  The e f f e c t  o f  t h e  m ethod  o f  m i lk  r e m o v a l  

h a s  a l s o  b e e n  e x t e n s i v e l y  s t u d i e d .  M o l le r  ( 1 9 Î 0 )  i n  a  c o m p a r a t iv e  

i n v e s t i g a t i o n  i n v o l v i n g  m i lk e d  and  s u c k le d  cows fo u n d  t h a t  i n  m i lk e d  

cows o f  a l l  o v u l a t i o n s  o c c u r r i n g  b e f o r e  60  days  a f t e r  c a l v i n g  5 6 . 8% 

o f  h e a t s  were s i l e n t ,  w h e re as  a f t e r  t h i s  t im e  23.1% o f  o v u l a t i o n s  

were n o t  a s s o c i a t e d  w i t h  o e s t r u s .  I t  was a l s o  a p p a r e n t  from  t h e  d a t a  

p r e s e n t e d  by  M o l le r  (19T0) t h a t  i n  s u c k le d  cows i f  o n ly  t h e  f i r s t  

o v u l a t i o n s  w ere  c o n s i d e r e d  t h e  c h a n c e  o f  t h e s e  b e i n g  a s s o c i a t e d  w i t h  

s i l e n t ,  r a t h e r  t h a n  o v e r t ,  h e a t  was i n f l u e n c e d  by t h e  t im e  t h e y  

o c c u r r e d  a f t e r  c a l v i n g .  I n  M o l l e r ' s  s t u d y  a l l  s u c k le d  cows o v u l a t i n g  

f o r  t h e  f i r s t  t im e  b e f o r e  day  56 ( l4 .3 % )  d i d  n o t  show o v e r t  h e a t  a t  

t h e  t im e  o f  o v u l a t i o n .  However i n  t h e  c a s e  o f  s u c k le d  cows whose 

f i r s t  o v u l a t i o n  o c c u r r e d  a f t e r  day  5 6 , 66.3% w ere  a s s o c i a t e d  w i t h  o v e r t  

h e a t .  These  r e s u l t s  w ould  s u g g e s t  t h a t  i n  s u c k le d  a n im a ls  t h e  

m a j o r i t y  o f  f i r s t  o v u l a t i o n s  o c c u r r e d  a lo n g  w i t h  t h e  e x p r e s s i o n  o f  

s t a n d i n g  h e a t .  W ith in  t h e  d i f f e r e n t  r e g im e s  f o r  m i l k  r e m o v a l  t h e s e  

o b s e r v a t i o n s  a g r e e  w i t h  t h e  f i n d i n g  by L a b h se tw ar  e t  a l . ( 1 9 6 3 ) t h a t
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t h e r e  i s  a  h i g h l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  b e tw e en  t h e  

o c c u r r e n c e  o f  s i l e n t  h e a t s  and  t h e  p e r i o d  o f  t im e  t h a t  e l a p s e s  from  

c a l v i n g  t o  o v u l a t i o n .  However i t  i s  a p p a r e n t  t h a t  t h i s  c o r r e l a t i o n  

does  n o t  a p p e a r  t o  o c c u r  when m i lk e d  and s u c k le d  a n im a ls  a r e  t a k e n  

t o g e t h e r .  I t  t h e r e f o r e  a p p e a r s  t o  be t h e  c a s e  t h a t  g e n o ty p e ,  s e a s o n  

and m i l k  p r o d u c t i o n  a f f e c t s  t h e  d e g re e  o f  o e s t r o u s  b e h a v io u r  

accom panying  o v u l a t i o n s .  I n  a d d i t i o n  i t  seems t h a t  t h e  s i g n s  o f  h e a t  

a r e  a  f u n c t i o n  o f  t h e  number o f  t h e  o v u l a t i o n s  a f t e r  c a l v i n g  and  o f  t h e  

t im e  t h e  o v u l a t i o n s  o c c u r .  I t  was n o t  t h e  i n t e n t i o n  i n  t h i s  t h e s i s ,  

due t o  t h e  s m a l l  number o f  a n im a ls  u s e d ,  t o  p r o v id e  a d d i t i o n a l  

i n c i d e n c e  f i g u r e s  on t h e  o c c u r r e n c e  o f  v a r i o u s  d e g r e e s  o f  o e s t r o u s  

e x p r e s s i o n  w i t h  p o s t - p a r t u m  o v u l a t i o n s .

E x a m in a t io n  o f  t h e  r e s u l t s  i n  t h i s  t h e s i s  was c a r r i e d  o u t  t o  

e s t a b l i s h  how t h e y  r e l a t e  t o  t h e  o b s e r v a t i o n s  by o t h e r  w o rk e rs  on 

o v u l a t i o n s  and  a s s o c i a t e d  h e a t s  a f t e r  c a l v i n g .  From t h e  t im e  o f  

o c c u r r e n c e  o f  h e a t s  a s s o c i a t e d  w i t h  o v u l a t i o n s  a n d  w h e th e r  t h e y  w ere  

o v e r t  o r  s i l e n t ,  g iv e n  f o r  a l l  cows o v e r  t h e  c o m p le te  p e r i o d  o f  t h e  

e x p e r im e n t  ( T a b le s  36  and  37) i t  was a p p a r e n t  t h a t  t h e  i n d i v i d u a l  cows 

had  from  0 - 4  o v u l a t i o n s  o v e r  t h e  p e r i o d  o f  s tu d y  and  t h a t  t h e  r a t i o  

o f  s i l e n t / o v e r t  h e a t s  was 8 / 1 3 .  F u r th e r m o r e  i t  c o u l d  be s e e n  t h a t  

t h e  m a j o r i t y  o f  f i r s t  o v u l a t i o n s  w ere  a s s o c i a t e d  w i t h  s i l e n t  h e a t  (7 8 %) 

w h e re as  t h e  m a j o r i t y  o f  se co n d  o v u l a t i o n s  w ere  ac co m p a n ie d  by o v e r t  h e a t  

(88%). Of f i r s t  o v u l a t i o n s  o c c u r r i n g  b e f o r e  56 d a y s  (Cows 3» 4 ,  7 

and 1 0 ) 100% w ere  s i l e n t , w h e re as  o f  f i r s t  o v u l a t i o n s  o c c u r r i n g  a f t e r  

56 d a y s  (Cows 1 ,  2 ,  5» 8 and 11) 40% w ere  a s s o c i a t e d  w i t h  a b s e n c e  o f  

o v e r t  h e a t .  I t  a p p e a r s  t h a t  t h i s  s m a l l  e x p e r i m e n t a l  g ro u p  o f  a n i m a l s ,
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TABLE 36 : THE OCCURRENCE OF SILENT AND OVERT HEATS ASSOCIATED

WITH SUBSEQUENT LUTEINISATION OVER THE EXPERIMENTAL 

PERIOD.

% TOTAL 

HEATS 1 s t

HEAT NUMBER 

2nd 3 rd  4 t h

SILENT 78 13 0 O'

(9 )  (8 )  (3 )  (1 )

OVERT 22 87 100 100

( ) Number o f  h e a t s  r e c o r d e d .
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TABLE 37 THE EXPRESSION OF HEAT ASSOCIATED WITH THE OVULATIONS 

OF ALL COWS OVER THE EXPERIMENTAL PERIOD

Cow
No.

Heat No. and Type o f  Behaviour
2 3 4

9

10

11

Overt

S i le n t

S ile n t

S i le n t

S i le n t

S ile n t

S ile n t

S ile n t

Overt

Overt

Overt

S ile n t

Overt

Overt

Overt

Overt

Overt

Overt

Overt

Overt

Overt
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a l t h o u g h  a g r e e i n g  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  d e g r e e  o f  h e a t  

b e h a v io u r  i s  a f u n c t i o n  o f  t h e  number o f  o v u l a t i o n s  a f t e r  c a l v i n g ,  

d i d  n o t  f i t  i n t o  t h e  c o n c e p t  t h a t  w i t h  i n c r e a s i n g  t im e  a f t e r  c a l v i n g  

f i r s t  o v u l a t i o n s  show a  t r a n s i t i o n  from  s i l e n t  t o  o v e r t  h e a t .  To 

a t t e m p t  t o  e l u c i d a t e  t h e  a e t i o l o g y  o f  s i l e n t  a s  o p p o se d  t o  o v e r t  h e a t  

t h e  p la s m a  p r o g e s t e r o n e  and  o e s t r o g e n  l e v e l s  w ere  exam ined  o v e r  t h e  

t im e s  p r e c e d i n g  b o t h  o f  t h e s e  p e r i o d s .

I t  i s  w e l l  e s t a b l i s h e d  t h a t  o e s t r o g e n s  p l a y  an  i n t e g r a l  p a r t  

i n  t h e  p r o d u c t i o n  o f  o e s t r o u s  b e h a v i o u r .  By a d m i n i s t r a t i o n  o f  

o e s t r o g e n s  t o  o v a r i e c t o m i s e d  c ow s , a  p r o p o r t i o n  o f  t h e s e  w ere  in d u c e d  

t o  show o e s t r o u s  b e h a v io u r  ( A s d e l l ,  de A lba  and  R o b e r t s ,  1 9 ^ 5 i Holy 

and H r iv n a k ,  I 9 6 5 ) .  However f o l l o w i n g  t h e  d e m o n s t r a t i o n  by  Dempsey, 

H e r tz  and Young (1936)  t h a t  more n o rm a l  s e x u a l  r e c e p t i v i t y  c o u ld  be 

in d u c e d  i n  o v a r i e c t o m i s e d  r o d e n t s  i f  p r o g e s t e r o n e  was g iv e n  a lo n g  w i th  

o e s t r o g e n s ,  a  r o l e  f o r  t h i s  fo rm e r  hormone i n  t h e  p r o d u c t i o n  o f  h e a t  

h a s  b e e n  i n v e s t i g a t e d  i n  a  w ide r a n g e  o f  s p e c i e s  ( e . g .  h a m s te r  

F ra n k  and  F r a p s ,  1945)*  The o b s e r v a t i o n  by E dga r  (1953 )

t h a t  p r o g e s t e r o n e  was p r e s e n t  i n  t h e  f o l l i c u l a r  f l u i d  o f  p r e - o v u l a t o r y  

f o l l i c l e s  i n  t h e  cow was i n t e r p r e t e d  as  s u b s t a n t i a t i n g  t h e  p o s s i b i l i t y  

t h a t  t h i s  hormone was s e c r e t e d  a ro u n d  o e s t r u s  an d  t h a t  i t  s y n e r g i s e d  

w i th  o e s t r o g e n s  i n  t h e  p r o d u c t i o n  o f  h e a t .  A l th o u g h  H e n r i c k s , D ick ey  

and N isw ender  ( l9 7 0 )  and  P l o t k a ,  E r b ,  C a l l a h a n  and Gomes ( I 9 6 7 ) fou n d  

an i n c r e a s e  i n  p la s m a  p r o g e s t e r o n e  l e v e l s  a t  t h e  t im e  o f  o v e r t  h e a t , 

s e v e r a l  o t h e r  s t u d i e s  have  f a i l e d  t o  c o n f i r m  t h e i r  f i n d i n g s .

I n d e p e n d e n t l y  o f  t h i s  c o n c e p t  o f  p r o g e s t e r o n e  b e i n g  i n v o lv e d  a s
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an i n t e g r a l  p a r t  o f  t h e  t r i g g e r  t o  o e s t r u s ,  a  f u r t h e r  r o l e  f o r  t h i s  

hormone i n  t h e  e x p r e s s i o n  o f  o v e r t  h e a t  h a s  b e e n  p o s t u l a t e d .

S e v e r a l  o f  t h e  t e c h n i q u e s  t h a t  have  been  u s e d  t o  d e c r e a s e  t h e  i n t e r v a l  

from  p a r t u r i t i o n  t o  f i r s t  o v u l a t i o n  have  a l s o  d e c r e a s e d  t h e  p e r i o d  o f  

p o s t - p a r t u m  a n o e s t r u s .  Those t h a t  have  b een  s u c c e s s f u l  have  

i n v o lv e d  t h e  a d m i n i s t r a t i o n  o f  a  p r o g e s t a g e n  a lo n e  (U lb e r g  an d  L i n d l e y ,  

I 96O; S a i d u d d in ,  Quevedo an d  F o o t e ,  I 9 6 8 ) ,  p r o g e s t a g e n s  w i t h  e i t h e r  

o e s t r o g e n s  o r  g o n a d o t r o p h in s  ( H e n r ic k s  e t  a l . , 1972) and  t h e  i n j e c t i o n  

o f  o e s t r o g e n s  a lo n e  (U lb e rg  and  L i n d l e y ,  I 96O}. O v e r a l l  t h e  t im e  o f  

i n d u c t i o n  o f  f i r s t  o v u l a t i o n  p r e c e d e d  t h e  t im e  o f  f i r s t  o v e r t  h e a t .

I t  was t h o u g h t  t h e r e f o r e  t h a t  t h e  p r o d u c t i o n  o f  o v e r t  h e a t  i n v o lv e d  a 

p e r i o d  o f  p r o g e s t e r o n e  p r im in g  -  t h e  i m p l i c a t i o n  b e i n g  t h a t  s i l e n t  

h e a t  w i t h  r e s u l t i n g  p r o g e s t e r o n e  s e c r e t i o n  had  t o  t a k e  p l a c e  b e f o r e  

o v e r t  h e a t  c o u ld  be e x h i b i t e d .  Added w e ig h t  was g iv e n  t o  t h i s  

h y p o t h e s i s  o f  p r o g e s t e r o n e  p r im in g  a s  a  p r e - r e q u i s i t e  t o  o v e r t  h e a t  by  

t h e  s t u d i e s  o f  C a r r i c k  and  S h e l to n  (1 9 6 9 ) i n  o v a r i e c t o m i s e d  cow s.

These w o rk e rs  d e m o n s t r a t e d  t h a t  t r e a t m e n t  w i t h  p r o g e s t e r o n e  o v e r  a  

p e r i o d  o f  5 d a y s  r e s u l t e d  i n  an  a p p a r e n t  i n c r e a s e d  s e n s i t i v i t y  t o  

o e s t r a d i o l  b e n z o a t e  a f t e r  t h e  p r o g e s t e r o n e  t r e a t m e n t  was s to p p e d .  I t

s h o u ld  b e  n o t e d  how ever t h a t  t h i s  e f f e c t  was o b s e r v e d  i n  a n im a ls  t h a t  

had  become r e f r a c t o r y  t o  t h e  o e s t r o u s - i n d u c i n g  e f f e c t s  o f  l a r g e  r e p e a t e d  

d o s e s  o f  o e s t r a d i o l  b e n z o a t e .  I t  was c o n s i d e r e d  by  t h e s e  w o rk e rs  t h a t  

t h e  e n d in g  o f  t h i s  r e f r a c t o r y  s t a t e  was n o t  b r o u g h t  a b o u t  by  s y n e rg is m  

b e tw e en  r e s i d u a l  p r o g e s t e r o n e  and  t h e  i n j e c t e d  o e s t r o g e n s  b u t  r a t h e r  

by  a  p r e c o n d i t i o n i n g  o f  n e u r a l  c e n t r e s  t o  a l l o w  t h e  e x p r e s s i o n  o f  o v e r t

h e a t .  The c o n c e p t  o f  w h e th e r  o r  n o t  an e f f e c t  o f  t h i s  n a t u r e  i s
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i n v o lv e d  i n  t h e  r e t u r n  t o  o e s t r u s  a f t e r  c a l v i n g  i s  s t i l l  n o t  s e t t l e d .  

D ona ld son  e t  a l . ( l9 T 0 )  r e c o r d e d  a  t r a n s i e n t  i n c r e a s e  i n  p la s m a  

p r o g e s t e r o n e  3 ~ 5 d a y s  b e f o r e  t h e  f i r s t  p o s t - p a r t u m  o v u l a t i o n  i n  d a i r y  

cows. However t h i s  e l e v a t i o n  was n o te d  i r r e s p e c t i v e  o f  w h e th e r  o r  

n o t  t h i s  o v u l a t i o n  was accom pan ied  by  o v e r t  o r  s i l e n t  h e a t .  A 

s i m i l a r  p a t t e r n  o f  i n c r e a s e  i n  p r o g e s t e r o n e  l e v e l s  was r e c o r d e d  i n  

p o s t - p a r t u m  cows p r i o r  t o  f i r s t  o v u l a t i o n  when t h i s  was a ccom pan ied  

by o v e r t  h e a t  ( H e n r ic k s  e t  a l . ,  1 9 7 2 ) .  A r i j i e  e t  a l . (1974)  fo u n d  t h a t  

p r o g e s t e r o n e  i n c r e a s e d  s t e a d i l y  f ro m  7 days  b e f o r e  t h e  e x p r e s s i o n  o f  

p o s t - p a r t u m  o e s t r u s ,  r e a c h i n g  p eak  l e v e l s  o f  a ro u n d  2 . 0  n g /m l  3 day s  

b e f o r e  t h e  e x p r e s s i o n  o f  h e a t ,  and  t h e n  f a l l i n g  s h a r p l y  t o  v e r y  low  

l e v e l s  on t h e  d a y  o f  o e s t r u s .  I n  A r i j i e  e t  a l ' s . s t u d y ,  no c o r p o r a  

l u t e a  were r e c o r d e d  i n  t h e  o v a r i e s  p r i o r  t o  t h e  f i r s t  o v e r t  h e a t  and 

a l l  cows t h a t  o v u l a t e d  showed o v e r t  h e a t  t o  t h e  f i r s t  p o s t - p a r t u m  

o v u l a t i o n ,  w h ich  o c c u r r e d  on a v e r a g e  98 day s  a f t e r  c a l v i n g .  I t  was 

c o n c lu d e d  from  t h e s e  s t u d i e s  t h a t  t h e  e s t a b l i s h m e n t  o f  a  p a t t e r n  o f  

p r o g e s t e r o n e  s e c r e t i o n  was a  p r e - r e q u i s i t e  t o  t h e  e x p r e s s i o n  o f  o v e r t  

h e a t ,  b u t  t h a t  t h e  e s t a b l i s h m e n t  o f  t h e  p a t t e r n  d i d  n o t  g u a r a n t e e  t h a t  

t h e  h e a t  would be  o v e r t .

I t  a p p e a r s  t h e r e f o r e  t h a t  a t  l e a s t  two f a c t o r s  d e te r m in e  w h e th e r  

an o v u l a t i o n  t h a t  i s  a s s o c i a t e d  w i t h  o e s t r u s  i s  an  o v e r t  o r  s i l e n t  h e a t .  

F i r s t l y ,  a  d o s e - r e s p o n s e  e f f e c t  o f  o e s t r o g e n s  s u c h  t h a t  s i l e n t  h e a t  i s  

a s s o c i a t e d  w i t h  i n s u f f i c i e n t  q u a n t i t i e s  o f  t h e s e  horm ones t o  t r i g g e r  t h e  

b e h a v i o u r a l  ch an g e  ( A s d e l l  e t  a l . .  1 9 4 5 ) ;  s e c o n d ly  an  a l t e r a t i o n  t o  t h e  

r e s p o n s e  in d u c e d  by  o e s t r o g e n s  f o l l o w i n g  t h e  p r i o r  a c t i o n  o f  

p r o g e s t e r o n e .
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S um m aris ing  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  cows i n  F i g s  35 “  62 

shows t h a t ,  a s  p r e v i o u s l y  n o t e d ,  o e s t r o g e n  p e a k s  o f  c o m p a ra b le  

m ag n i tu d e  t o  t h o s e  found  a t  o v u l a t i o n  were p r e s e n t  i n  a l l  a n im a ls  

e x c e p t  Cows 3 and  10 i n  t h e  a n o v u l a t o r y ,  a n o e s t r o u s  p e r i o d  (T a b le  3 2 ) .

In  a d d i t i o n  when o e s t r o g e n  l e v e l s  o f  o v u l a t i o n s  a c co m p a n ie d  by  o v e r t  

h e a t s  were t a k e n  t o g e t h e r  (Cow 1 -  o v u l a t i o n  1 ;  Cow 2 -  o v u l a t i o n  2 ,  

e t c . )  and  com pared t o  t h e  l e v e l s  a s s o c i a t e d  w i th  s i l e n t  h e a t s  (Cow 2 -  

o v u l a t i o n  1 ;  Cow 3 -  o v u l a t i o n  1 ,  e t c . ) ,  i t  was a p p a r e n t  t h a t  t h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  c a s e  b e tw e e n  t h e  a v e ra g e  l e v e l s  

o v e r  2 d ays  p r e c e d i n g  t h e  b e h a v i o u r a l  c h a n g e ,  o r  b e tw e en  t h e  maximum 

l e v e l s  w i t h i n  t h i s  p e r i o d .  These  r e s u l t s  i n d i c a t e d  t h a t  t h e r e  i s  no 

e v id e n c e  o f  a  d o se  e f f e c t  r e l a t i o n s h i p  b e tw een  c i r c u l a t i n g  o e s t r o g e n s  

and t h e  l e v e l  o f  h e a t  b e h a v io u r .  I n  a d d i t i o n ,  t h e s e  f i n d i n g s  s u g g e s t e d  

t h a t  i f  o n ly  t h e  p r e s e n c e  o f  a  s u i t a b l e  q u a n t i t y  o f  o e s t r o g e n s  i n  t h e  

b lo o d  was i n v o lv e d  i n  t h e  b e h a v i o u r a l  change  o f  o e s t r u s , t h e n  h e a t  

s h o u ld  have  b e e n  shown i n  a l l  a n im a ls  l o n g  b e f o r e  t h e  f i r s t  p o s t - p a r t u m  

o v u l a t i o n .  T h e re  was no e v id e n c e  i n  t h i s  s t u d y  o f  an  i n c r e a s e  i n  

p lasm a  p r o g e s t e r o n e  l e v e l s ,  com pared  t o  t h e  b a s a l  l e v e l s  d u r i n g  t h e  

a n o v u l a t o r y  p h a s e  (T a b le  3 8 ) ,  a t  t h e  t im e  o f  e i t h e r  s i l e n t  o r  o v e r t  

h e a t .  I n  a d d i t i o n  w i t h i n  t h e  a n o v u l a t o r y  p e r i o d  no e l e v a t i o n  o f  

p r o g e s t e r o n e  l e v e l s  was r e c o r d e d  a t  t h e  t im e s  p e a k s  o f  o e s t r o g e n s  were 

d e t e c t e d  (T a b le  2J ) .  These r e s u l t s  s u g g e s t e d  t h a t ,  i r r e s p e c t i v e  o f  

t h e  t y p e  o f  h e a t  b e h a v io u r  a s s o c i a t e d  w i t h  o v u l a t i o n s ,  t h e r e  was no 

s i g n i f i c a n t  p r e - o v u l a t o r y  p r o g e s t e r o n e  s e c r e t i o n  i n  t h e  cow and w ere  

t h e r e f o r e  i n  a g re e m e n t  w i t h  t h e  o b s e r v a t i o n s  o f  H a n se l  an d  Snook ( 1 9 6 9 ) ,  

S t a b e n f e l d t  e t  a l . ( l 9 6 9 )  and  C h r i s t e n s e n  e t  a l . (1974)  on o v e r t  h e a t s .
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TABLE 38 PLASMA OESTROGENS AND PROGESTERONE ASSOCIATED

WITH SILENT AND OVERT HEATS (EXCLUDING FALSE HEATS)

O e s t ro g e n s  P r o g e s t e r o n e * * *
Pg/ral n g /m l

X ± 1 S .D . X ± 1 S .D .

A verage  l e v e l *  P eak  l e v e l * *

S i l e n t  h e a t  7*3 ± 3 .7  9*0 ± 2 .9  0 ,1 3  ± 0 .1

O vert  h e a t  8 . 2  ± 4 .7  1 0 .9  ± 4 .2  0 .2 7  1 0 .2

* C a l c u l a t e d  from  t h e  a v e r a g e  l e v e l s  o f  t h e  day  b e f o r e  an d  t h e

day  o f  h e a t  f o r  t h e  i n d i v i d u a l  h e a t s .

** C a l c u l a t e d  from  t h e  maximum c o n c e n t r a t i o n s  o f  o e s t r o g e n s  r e c o r d e d

w i t h i n  t h e  p e r i o d  2 d ays  b e f o r e , and  t h e  day  o f  t h e  i n d i v i d u a l

h e a t s .

**■* C a l c u l a t e d  f rom  t h e  i n d i v i d u a l  p r o g e s t e r o n e  l e v e l s  a t  t h e  t im e s  

o f  p e a k  o e s t r o g e n  c o n c e n t r a t i o n s .
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The r e s u l t s  i n  t h i s  t h e s i s  i n d i c a t e d  t h a t  n e i t h e r  t h e  o c c u r r e n c e  o f  

s i l e n t  h e a t  n o r  t h e  f a i l u r e  o f  e l e v a t e d  o e s t r o g e n s  t o  t r i g g e r  o e s t r u s  

i n  t h e  a n o v u l a t o r y  p e r i o d  c o u ld  be  e x p l a i n e d  on t h e  b a s i s  o f  an a b s e n c e  

o f  p r e - o v u l a t o r y  p r o g e s t e r o n e  s e c r e t i o n .

I t  can  be  s e e n  from  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  cows ( F ig s  

34 -  6 1 ) t h a t  t h e r e  was no e v id e n c e  o f  t h e  t y p e  o f  t r a n s i e n t  

p r o g e s t e r o n e  i n c r e a s e  r e c o r d e d  by Pope e t  a l . (1 9 6 9 ) , D o n a ld so n  e t  a l . 

( 1 9 7 0 ) and A r i j i e  e t  a l . (1974 )  im m e d ia te ly  p r i o r  t o  t h e  f i r s t  p o s t 

p a r tu m  h e a t .  I n  t h e s e  o t h e r  s t u d i e s  t h e  e l e v a t e d  p r o g e s t e r o n e  l e v e l s  

were c o n s i d e r e d  n o t  t o  be due t o  t h e  p r e s e n c e  o f  c o r p o r a  l u t e a  

r e s u l t i n g  f ro m  p r e v i o u s  o v u l a t i o n s .  A l th o u g h  D o n a ld so n  e t  a l . ( l9 7 0 )  

c o n s i d e r e d  t h a t  t h e  p a t t e r n  o f  p r o g e s t e r o n e  s e c r e t i o n  r e c o r d e d  i n  t h e i r  

s tu d y  r e p r e s e n t e d  p r e - o v u l a t o r y  l u t é i n i s a t i o n  o f  f o l l i c l e s ,  t h a t  c o u ld  

n o t  be  d e t e c t e d  by  r e c t a l  p a l p a t i o n ,  t h e  s o u r c e  o f  t h e  i n c r e a s e d  

s e c r e t i o n  o f  p r o g e s t e r o n e  i n  t h i s  and  t h e  o t h e r  s t u d i e s  h a s  n o t  been  

e s t a b l i s h e d .  I n  c o n t r a s t  i n  t h i s  t h e s i s  e l e v a t e d  p r o g e s t e r o n e  l e v e l s  

were a lw ays  a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  what was c o n s i d e r e d  t o  be 

a  c o rp u s  lu te u m  i n  t h e  o v a r i e s ,  a l t h o u g h  t h e  c o n v e r s e  was n o t  a lw ays  

t h e  c a s e .  I n  r e l a t i o n  t o  t h e  f i r s t  o v e r t  h e a t s  a f t e r  c a l v i n g  o f  Cows 

2 ,  3 ,  4 ,  5 and  1 0 ,  an  e s t a b l i s h e d  p a t t e r n  o f  p r o g e s t e r o n e  s e c r e t i o n  

was p r e s e n t  b e f o r e  t h e  e x p r e s s i o n  o f  h e a t .  T h is  w a s ,  h o w e v e r ,  due t o  

t h e  p r i o r  o c c u r r e n c e  o f  a t  l e a s t  one s i l e n t  h e a t  i n  t h e s e  i n d i v i d u a l s . 

I n  c o n t r a s t ,  Cows 1 and 11 d i d  n o t  have  a  p e r i o d  o f  i n c r e a s e d  

p r o g e s t e r o n e  l e v e l s  b e f o r e  t h e i r  f i r s t  o v e r t  h e a t s ,  w h ich  c o in c i d e d  

w i th  t h e i r  f i r s t  o v u l a t i o n s .  F a l s e  h e a t s  e x h i b i t e d  by  Cows 7 an d  8 on 

day s  32 and 46 w ere  a l s o  p r e c e d e d  by a  p e r i o d  when p r o g e s t e r o n e  l e v e l s
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were i n d i s t i n g u i s h a b l e  from  t h o s e  r e c o r d e d  t h r o u g h o u t  t h e  o v e r a l l  

a n o v u l a t o r y  p h a s e  ( F ig s  50 and  5 2 ) .  How ever, i n  b o t h  t h e s e  a n i m a l s ,  

t h e i r  f i r s t  n o rm a l  o v e r t  h e a t s ,  i . e .  when o v u l a t i o n  and  s u b s e q u e n t  

l u t é i n i s a t i o n  o c c u r r e d ,  were r e c o r d e d  o n ly  a f t e r  a  p e r i o d  o f  i n c r e a s e d  

p r o g e s t e r o n e  l e v e l s  due t o  t h e  f a c t  t h a t  b o t h  e x p e r i e n c e d  s i l e n t  h e a t s  

a f t e r  t h e i r  f a l s e  h e a t s .

The r e s u l t s  i n  t h i s  s t u d y  s u g g e s t e d  t h a t  a l t h o u g h  an 

e s t a b l i s h e d  p a t t e r n  o f  i n c r e a s e d  p r o g e s t e r o n e  s e c r e t i o n  was n o r m a l ly  

fo u n d  p r i o r  t o  t h e  f i r s t  o v e r t  h e a t  a f t e r  c a l v i n g ,  t h i s  d i d  n o t  a p p e a r  

t o  be an a b s o l u t e  p r e - r e q u i s i t e  t o  t h e  e x p r e s s i o n  o f  o v e r t  h e a t .

Sawyer (1 9 6 O) h a s  shown t h a t  a l t h o u g h  t h e  h y p o th a la m u s  i s  

n e c e s s a r y  f o r  t h e  e x p r e s s i o n  o f  h e a t  and t h e  r e l e a s e  o f  p i t u i t a r y  

g o n a d o t r o p h i n s ,  t h e  t r i g g e r i n g  o f  b o t h  o f  t h e s e  c h a n g e s  i n v o l v e s  

d i f f e r e n t  g ro u p s  o f  c e l l s  w i t h i n  t h i s  r e g i o n .  Under n o rm a l  

c i r c u m s t a n c e s ,  o e s t r o g e n s  e x c i t e  b o t h  g ro u p s  o f  c e l l s  t o g e t h e r  t h u s  

s y n c h r o n i s i n g  t h e  b e h a v i o u r a l  change  w i t h  f i n a l  f o l l i c u l a r  d e v e lo p m en t ,  

The f a i l u r e  o f  t h e  p r e - o v u l a t o r y  o e s t r o g e n s  t o  t r i g g e r  t h e  b e h a v i o u r a l  

s t a t e  o f  o e s t r u s , w h i l e  e f f e c t i v e l y  i n d u c i n g  o v u l a t i o n , d e m o n s t r a t e d  

t h a t , i n  t h e  p o s t - p a r t u m  cow, t h e  two d i f f e r e n t  g ro u p s  o f  c e l l s  i n  t h e  

h y p o th a la m u s  c o u ld  r e s p o n d  i n d e p e n d e n t l y  o f  e a c h  o t h e r .  The r e s u l t s  

i n  t h i s  t h e s i s  have  shown t h a t  t h e  l e v e l  o f  c i r c u l a t i n g  o e s t r o g e n s ,  

c o n s t i t u t i n g  t h e  e x c i t i n g  f a c t o r ,  was n o t  d i s t i n g u i s h a b l e  i r r e s p e c t i v e  

o f  w h e th e r  o v u l a t i o n  w a s ,  o r  was n o t ,  a s s o c i a t e d  w i t h  o e s t r u s .  The 

r e s p o n s e  t o  a  hormone i s  a  p r o d u c t  o f  t h e  m a g n i tu d e  o f  t h e  t r i g g e r  

f a c t o r  and t h e  p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  t a r g e t  o rg a n  ( P h o e n ix ,  

1 9 6 4 ) .  I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  i n  t h e  p o s t - p a r t u m  cow t h e
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r e s p o n s e  t o  p r e - o v u l a t o r y  o e s t r o g e n  s e c r e t i o n  v a r i e d  a c c o r d in g  t o  t h e  

p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  g ro u p s  o f  t a r g e t  c e l l s  i n  t h e  h y p o th a la m u s .  

I t  h a s  a l r e a d y  b e e n  s u g g e s t e d  t h a t  i n  r e l a t i o n  t o  o v u l a t i o n  t h e  

v a r i a b l e  r e s p o n s e  o f  a  c o n s t a n t  t r i g g e r  c o u ld  be e x p l a i n e d  by a 

t e m p o r a r y  e l e v a t i o n  i n  t h e  t h r e s h o l d  t o  o e s t r o g e n s .  A s i m i l a r ,  b u t  

i n d e p e n d e n t ,  t h r e s h o l d  i n v o l v i n g  t h e  b a s a l  h y p o th a la m ic  c e l l s  i n v o lv e d  

i n  o e s t r o u s  b e h a v io u r  c o u ld  e x p l a i n  t h e  o c c u r r e n c e  o f  s i l e n t  h e a t s .  

I n c r e a s i n g  t h e  p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  c e l l s  c o n t r o l l i n g  

g o n a d o t r o p h in  r e l e a s e ,  w i t h o u t  a  c o r r e s p o n d in g  m o d i f i c a t i o n  o c c u r r i n g  i n  

t h e  c e l l s  a s s o c i a t e d  w i t h  the b e h a v i o u r a l  c h a n g e ,  w ould  a l l o w  f o l l i c u l a r  

d e v e lo p m en t  t o  p r o c e e d  t o  o v u l a t i o n .  As t h e  t r i g g e r  f a c t o r  r e m a in s  

t h e  sam e , o v u l a t i o n  w i t h  o v e r t  h e a t  n e c e s s i t a t e s  t h e  r e m o v a l  o f  t h e  

r e f r a c t o r y  s t a t e  i n  t h e  b a s a l  h y p o th a la m ic  c e l l s .  T h i s  i n c r e a s e  i n  

p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  b a s a l  c e l l s  may, i n  some i n d i v i d u a l s ,  

i n v o lv e  a  p r e - c o n d i t i o n i n g  o f  t h e s e  c e l l s  by  p r o g e s t e r o n e  s e c r e t e d ,  n o t  

a t  t h e  t im e  o f  o e s t r u s , b u t  p r i o r  t o  t h e  b e h a v i o u r a l  c h a n g e . The 

num erous f a c t o r s  su c h  a s  g e n o ty p e ,  s e a s o n  and l a c t a t i o n ,  r e c o g n i s e d  as  

i n f l u e n c i n g  t h e  o c c u r r e n c e  o f  s i l e n t  h e a t ,  may a l l  e x e r t  t h e i r  e f f e c t s  

n o t  by m o d i f i c a t i o n  o f  t h e  s e c r e t i o n  o f  o e s t r o g e n s ,  b u t  by  a l t e r i n g  t h e  

p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  h y p o th a la m u s .

I n  t e r m s  o f  t h e  o v e r a l l  p e r i o d  from  c a l v i n g  t o  t h e  f i r s t  

o c c a s i o n  when c o n c e p t i o n ,  u n d e r  n a t u r a l  c o n d i t i o n s ,  became p o s s i b l e ,  

t h e  s e q u e n c e  o f  c h a n g e s  i n  t h e  h y p o th a la m u s  was t h e r e f o r e  c o n s i d e r e d  t o  

be ;

1 .  R e f r a c t o r i n e s s  o f  t h e  b a s a l  c e l l s  and  o f  t h e  c e l l s  c o n t r o l l i n g

g o n a d o t r o p h in  r e l e a s e  g i v i n g  r i s e  t o  t h e  a n o v u l a t o r y ,  a n o e s t r o u s  

p e r i o d .
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2 . An i n c r e a s e  i n  t h e  p o t e n t i a l  e x c i t a b i l i t y  o f  t h e  c e l l s  c o n t r o l l i n g  

g o n a d o t r o p h in  r e l e a s e  o n l y ,  a l l o w i n g  o v u l a t i o n  b u t  no b e h a v i o u r a l  

c h a n g e .

3. Removal o f  t h e  r e f r a c t o r y  s t a t e  o f  t h e  b a s a l  c e l l s  p e r m i t t i n g  

p r e - o v u l a t o r y  o e s t r o g e n  s e c r e t i o n  t o  t r i g g e r  b o t h  o v u l a t i o n  and 

o e s t r u s .

I t  was a p p a r e n t  f rom  t h e  above h y p o t h e s i s  t h a t  t h e  r e f r a c t o r i n e s s  

i n  t h e  c e l l s  r e g u l a t i n g  g o n a d o t r o p h in  r e l e a s e  was n o r m a l ly  rem oved b e f o r e  

t h a t  i n  t h e  b a s a l  c e l l s ,  g i v i n g  r i s e  t o  t h e  f a c t  t h a t  t h e  m a j o r i t y  o f  

f i r s t  h e a t s  w ere  s i l e n t .  How ever, i t  a p p e a r e d  t h a t  t h e  t r a n s i t i o n  from  

t o t a l  r e f r a c t o r i n e s s  o f  t h e  two g ro u p s  o f  c e l l s  t o  p o t e n t i a l  

e x c i t a b i l i t y  o f  b o t h  c o u ld  o c c u r  c o n c u r r e n t l y  g i v i n g  r i s e  t o  t h e  f i r s t  

p o s t - p a r t u m  o v u l a t i o n  b e in g  a s s o c i a t e d  w i t h  o v e r t  h e a t  (Cows 1 and  1 1 ) .

I n  a d d i t i o n ,  t h e  m a n i f e s t a t i o n  o f  f a l s e  h e a t s  (Cows T and  8)  s u g g e s t s  t h a t  

t e m p o r a r y  m o d i f i c a t i o n s  i n  t h e  c e l l s  r e g u l a t i n g  t h e  b e h a v i o u r a l  change  

c o u ld  o c c u r  w i t h i n  t h e  o v e r a l l  p e r i o d  when t h e  e x c i t a b i l i t y  o f  b o t h  

h y p o th a la m ic  c e n t r e s  w ere  s u p p r e s s e d .  I t  may be t h a t  t h e  t e m p o r a r y  

a l t e r a t i o n  a l l o w i n g  t h i s  r e s p o n s e  was as  a  c o n s e q u e n c e  o f  some 

in d e p e n d e n t  f a c t o r  a c t i n g  on t h e  c e l l s  i n  t h e  h y p o th a la m u s .

I t  i s  w e l l  r e c o g n i s e d  t h a t  i n  t h e  n o rm a l c y c l i n g  cow v a r i o u s  

m o r p h o lo g ic a l  c h a n g e s  o c c u r  a ro u n d  t h e  t im e  o f  o e s t r u s  t h a t  a r e  

c o n s i d e r e d  a l s o  t o  be  in d u c e d  by t h e  p r e s e n c e  o f  e l e v a t e d  l e v e l s  o f  

o e s t r o g e n s  i n  t h e  b l o o d .  Amongst t h e s e  t h e  ch an g e  i n  c h a r a c t e r  o f  t h e  

u t e r i n e  w a l l ,  r e f e r r e d  t o  a s  t o n e ,  i s  w e l l  e s t a b l i s h e d .  The p r e v i o u s  

c o n c e p t  o f  why a n im a ls  d o ,  o r  do n o t ,  r e s p o n d  t o  i n c r e a s e d  c i r c u l a t i n g
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oestrogen s was based on a h y p o th esis  in v o lv in g  a tem porary  

r e fr a c to r in e s s  in  one o f  th e  ta r g e t  organs fo r  o e s tr o g e n s , i . e .  th e  

hypothalam us. I t  was con sid ered  th a t i t  would be o f  in t e r e s t  to  

determ ine i f  t h i s  was r e f le c t e d  in  a s im ila r  tem porary r e fr a c to r in e s s  

in  a fu r th er  ta r g e t  organ fo r  o e s tr o g e n s , i . e .  th e  u te r u s .

Exam ination o f  th e  r e s u l t s  fo r  th e  in d iv id u a l cow s, g iven  in  F igs  35 -  

6 2 , showed th a t  in  th e  case  o f  Cows 1 ,  3 , 5 ,  9 and 1 0 , u te r in e  tone  

o f  (+++) ,  i . e .  comparable to  th a t  con sid ered  to  be p resen t a t o e s tr u s ,  

was recorded  w ith in  th e  anovu latory  p er io d . Marked, though s l i g h t l y  

l e s s  pronounced to n e ,  i . e .  (++) was recorded w ith in  t h i s  p er iod  in  th e

rem aining 5 anim als -  Cows 2 , 4 ,  7» 8 and 11 . However, i t  was a ls o

apparent from th e  f in d in g s  on u te r in e  t u r g id ity  th a t  a lth ou gh  (+++)  

tone was u su a lly  recorded  at around o estru s  th e  t u r g id it y  was 

c l a s s i f i e d  as on ly  (++) a t t h i s  tim e in  two anim als (Cows 1 and 8 ) .  

These r e s u l t s  were taken  to  su ggest th a t th e  re sp o n siv e n e ss  o f  th e  

u teru s to  o estro g en s  d id  not r e f l e c t  th e  p o s tu la te d  hypothalam ic  

r e fr a c to r in e s s  to  th e s e  hormones. The r e la t io n s h ip  between v a r io u s  

degrees o f  u te r in e  ton e  and p rogesteron e and o estro g en  l e v e l s  over th e  

non-pregnant p eriod  in  a l l  cows i s  summarised in  F ig  6 5 .

I n  a d d i t i o n  t o  t h e  a c c e p t e d  r o l e  o f  o e s t r o g e n s  i n  t h e

p r o d u c t i o n  o f  o e s t r u s  a  r o l e  f o r  a n d ro g e n s  h a s  b e e n  s u g g e s t e d  i n  

subhw-man p r i m a t e s  ( B a i r d ,  1 9 7 4 ) .  I t  h a s  b een  s u g g e s t e d  t h a t  i n  t h e s e  

a n i m a l s ,  a l t h o u g h  o e s t r o g e n s  a r e  c o n s i d e r e d  t o  p r o d u c e  c h a n g e s  i n  t h e  

fe m a le  m aking  h e r  a t t r a c t i v e  t o  t h e  m a le ,  a n d ro g e n s  a r e  r e s p o n s i b l e  f o r  

t h e  t r i g g e r i n g  o f  s e x u a l  r e c e p t i v i t y  t o  t h e  a d v a n c e s  o f  t h e  m a le .  In  

t h e  human f e m a le ,  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  a l t h o u g h  o v a r ie c to m y  i s



289

PROGESTERONE ng/ml.
0 - 0.51- 1.1- 2.1 - >4X) 
0.5 1.0 2.0 4.0

 1______ 1______ I______ I--------- 1

100-  

8 0 -  

60 

40 

20 H

2 20 

4 0 -  

60 -  

8 0 -  

100-

UTERINE TONE 0

 1 1 1 1 1
0  - 3.1- 6.1- 9.1- >12 
3 6 9 12

OESTROGENS pg/ml

PROGESTERONE ng/ml. 
0 -  0.51- 1.1- 2.1- >4.0 
a s  1Æ 2.0 4n

UTERINE TONE -f

 1 1 1 1 1
0 -  3.1- 6.1- 9.1- >12 
3 6 9 12

OESTROGENS pg/ml

PROGESTERONE ng/ml
0 -  aS I- 1.1 2.1- >4.0
05  1.0 2jO 4.0

I 1 I 1 _J I

I
1UJ
8

2

100-  

8 0 -  

6 0 -  

40 

20-I

20 -

4 0 -

60

8 0 -

100-

UTERtNE TONE -t-+

I 1----------1--------- 1--------- 1
0 - 3.1- 6.1- 9.1- >12
3 6  9 12

OESTROGENS p^ml

PROGESTERONE ng/ml
0- 051- 1.1- 2.1- >4j0
0 5  10 2.0 40

1 I I 1 I 1

UTERINE TONE+ + +

 1------1— 1— 1——I
0 - 3.1- 6.1- 9.1- >12
3 6 9 12

OESTROGENS pg/ml

FIG 65 THE RELATIONSHIP BETWEEN UTERINE TONE AND THE 
PLASMA LEVELS OF PROGESTERONE AND OESTROGENS 
IN. NON-PREGNANT COWS



290

n o t  a s s o c i a t e d  w i t h  a  l a c k  o f  l i b i d o  a d r e n a le c to m y  a b o l i s h e s  w hat i s  

i n  f a c t  a  c o n t i n u o u s  s t a t e  o f  o e s t r u s  i n  t h i s  s p e c i e s .  E v id e n ce  

s u g g e s t s  t h a t  t h i s  change  o f  l i b i d o  i s  a s s o c i a t e d  w i t h  t h e  r e m o v a l  o f  

t h e  m a jo r  s o u r c e  o f  a n d ro g e n s  i n  t h e  human f e m a l e ,  i . e .  t h e  a d r e n a l  

( B a i r d ,  1 9 7 4 ) ,  A p o s s i b l e  r o l e  f o r  t h e  in v o lv e m e n t  o f  a n d ro g e n s  a t  

o e s t r u s  i n  t h e  sh e e p  h a s  b e e n  s u g g e s t e d  by t h e  o b s e r v a t i o n  t h a t  t h e  

m a jo r  s t e r o i d  s e c r e t e d  by  p r e - o v u l a t o r y  f o l l i c l e s  i n  t h i s  s p e c i e s  i s  

t h e  weak a n d ro g e n  a n d r o s t e n e d i o n e  (Moore e t  a l . , 1 9 6 6 ) .  The w o rk ,  

p r e v i o u s l y  r e f e r r e d  t o ,  i n  o v a r i e c t o m i s e d  cows i s  c o n s i d e r e d  t o  

p r o v id e  s u f f i c i e n t  e v id e n c e  t h a t  o e s t r o g e n s  a r e  an  i n t e g r a l  p a r t  o f  

t h e  m echanism s i n d u c i n g  t h e  b e h a v i o u r a l  m o d i f i c a t i o n  o f  o e s t r u s  

( A s d e l l ,  de A lb a  and  R o b e r t s ,  1 9 4 5 ) .  However, i n  v ie w  o f  t h e  

v a r i a b i l i t y  n o t e d  i n  o e s t r o u s  e x p r e s s i o n  i n  t h e  p o s t - p a r t u m  s t a t e ,  

a n d ro g e n  l e v e l s  w ere  d e te r m in e d  o v e r  t h e  p e r i o d  o f  s t u d y  t o  d e te r m in e  

i f  f l u c t u a t i o n s  i n  t h e  s e c r e t i o n  o f  t h e s e  horm ones was r e l a t e d  t o  t h e  

e x p r e s s i o n  o f  h e a t .  R e s u l t s  f o r  t h e  i n d i v i d u a l  cows ( F ig s  36 -  6 3 ) 

d e m o n s t r a t e  t h a t  e l e v a t e d  l e v e l s , f ro m  t h o s e  on e i t h e r  s i d e , w ere  

r e c o r d e d  i n  Cows 1 ,  2 ,  3 ,  7 ,  8 ,  10  and  11 a t  t h e  t im e  o f  f i r s t  o v u l a t i o n ,  

b u t  n o t  i n  Cows 4 and  5 (Cow 9 n o t  h a v in g  o v u l a t e d  a t  an y  t i m e ) .

S i m i l a r l y  e l e v a t e d  l e v e l s  w ere  fo u n d  a t  t h e  t im e  o f  f i r s t  o v e r t  h e a t  

w i th  s u b s e q u e n t  l u t é i n i s a t i o n  i n  t h e  c a s e  o f  Cows 3> 5 an d  10 p l u s  

Cows 1 and  11 w here  t h e  f i r s t  o v u l a t i o n  was a s s o c i a t e d  w i th  o v e r t  h e a t .  

I n c r e a s e d  c o n c e n t r a t i o n s  w ere  n o t ,  h o w e v e r ,  r e c o r d e d  a t  t h e  t im e  o f  

f i r s t  o v e r t  h e a t  i n  Cows 2 , ' 4 ,  7 and  8 .  S u b s e q u e n t  o v e r t  h e a t s  

showed a  s i m i l a r  d i v e r g e n c e  o f  r e s u l t s  -  i n  Cows 10  a n d  11 i n c r e a s e d  

l e v e l s  w ere  f o u n d ,  b u t  i n  Cow 3 t h e r e  was no e v id e n c e  o f  e l e v a t e d
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s e c r e t i o n  o f  a n d ro g e n s  a t  t h e  t im e s  o f  s u b s e q u e n t  o v e r t  h e a t s .

These r e s u l t s  s u g g e s t  t h a t  i n  g e n e r a l  e l e v a t e d  a n d ro g e n s  w ere  fo u n d  

w i t h i n  t h e  p e r i o d  a ro u n d  o v u l a t i o n ,  i r r e s p e c t i v e  o f  w h e th e r  o r  n o t  i t  

was a s s o c i a t e d  w i t h  s i l e n t  o r  o v e r t  h e a t .  I t  s h o u ld  b e  e m p h a s ise d  

t h a t  t h e s e  l e v e l s  w ere  from  b lo o d  sam p les  t a k e n  a t  w eek ly  i n t e r v a l s  

o v e r  t h e  e x p e r i m e n t a l  p e r i o d .  I t  may be t h a t  i n c r e a s e d  a n d ro g e n  

l e v e l s  a ro u n d  o v u l a t i o n  a r e  o f  su c h  a  d u r a t i o n  t h a t  an e l e v a t i o n  i n  

t h e  hormone l e v e l s  i n  t h e  b lo o d  may have  b e e n  m is s e d  due t o  t h e  

i n f r e q u e n c y  o f  s a m p l in g .  T h is  may p r o v id e  an  e x p l a n a t i o n  f o r  t h e  

i n c o n s i s t e n c y  i n  r e s u l t s  su c h  a s  i n c r e a s e d  l e v e l s  b e f o r e  t h e  f i r s t  

o v u l a t i o n s  i n  Cows k an d  5* O b v io u s ly  more f r e q u e n t  s a m p l in g  o v e r  

t h e  p e r i o d  o f  p r e - o v u l a t o r y  f o l l i c u l a r  d e v e lo p m en t  w i l l  be  r e q u i r e d  

b e f o r e  i t  c a n  be e s t a b l i s h e d  w h e th e r  t h e  t e n t a t i v e  s u g g e s t i o n  g iv e n  

a b o v e ,  i . e .  t h a t  a n d ro g e n s  a r e  s e c r e t e d  a t  t h i s  t i m e ,  h o l d s  t r u e .

What was a p p a r e n t  f rom  t h e s e  s t u d i e s  i s  t h a t ,  a c c e p t i n g  t h e  above 

l i m i t a t i o n s ,  l e v e l s  o f  a n d ro g e n s  a t  l e a s t  a s  g r e a t  a s  t h o s e  fo u n d  l a t e r ,  

were r e c o r d e d  i n  t h e  a n o v u l a t o r y ,  a n o e s t r u s  p e r i o d  i n  a l l  cows.

These  r e s u l t s  s u g g e s t  t h a t  t h e  s e c r e t i o n  o f  a n d ro g e n s  was p r o b a b ly  n o t  

r e l a t e d  t o  t h e  a b s e n c e  o f  o e s t r u s  d u r in g  t h e  p o s t - p a r t u m  p e r i o d  i n  t h e  

cow. I t  i s  a p p a r e n t  t h a t  s i m i l a r  s t u d i e s  t o  t h o s e  i n v o l v i n g  o e s t r o g e n s  

s h o u ld  be c a r r i e d  o u t  i n  o v a r i e c t o m i s e d  cows t o  p r o v i d e  an  i n d i c a t i o n  

o f  w h e th e r  o r  n o t  a n d ro g e n s  c a n  e l i c i t  any  p a r t  o f  t h e  b e h a v i o u r a l  

change c o n s t i t u t i n g  o e s t r u s .

A l l  cows w i t h i n  t h i s  s tu d y  had  more t h a n  one o v u l a t i o n  o v e r  

t h e  e x p e r i m e n t a l  p e r i o d ,  w i t h  t h e  e x c e p t io n  o f  Cow 1 w h ich  had  one 

o v u l a t i o n ,  and  Cow 9 w h ich  f a i l e d  t o  o v u l a t e .  Of t h e  a n im a ls  whose
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f i r s t  h e a t  was s i l e n t ,  i t  was a p p a r e n t  t h a t  an a v e r a g e  o f  1 2 .9  days  

( r a n g e  6 - 3 0  d a y s )  e l a p s e d  b e f o r e  t h e  f i r s t  o v e r t  h e a t s .  Cow 11 was 

t h e  o n ly  i n d i v i d u a l  w here t h e  f i r s t  o v u l a t i o n  was ac co m p a n ie d  by o v e r t  

h e a t  and w here  s u b s e q u e n t  h e a t  was r e c o r d e d  w i t h i n  t h e  e x p e r i m e n t a l  

p e r i o d .  The i n t e r o e s t r o u s  i n t e r v a l  i n  t h i s  c a s e  was 8 d a y s .

B oth  t h e  mean i n t e r v a l  from  f i r s t  t o  s e c o n d  o e s t r u s  and  t h e  

r a n g e  sum m arised  i n  T a b le  36 were c o n s i d e r a b l y  l e s s  t h a n  t h a t  

r e p o r t e d  f o r  ’n o r m a l ’ c y c l i n g  cows. W is h a r t  (1972)  fo u n d  t h a t  i n  

211 o e s t r o u s  c y c l e s  i n  F r i e s i a n  h e i f e r s  t h e  a v e ra g e  i n t e r - o e s t r o u s  

i n t e r v a l  was 2 6 .1 7  d a y s  d u r in g  a s i m i l a r  p e r i o d  o f  t h e  y e a r  t o  t h a t  

when t h i s  s tu d y  was c a r r i e d  o u t , and  i t  i s  g e n e r a l l y  a g r e e d  t h a t  60 -  

90% o f  cows show an  o e s t r o u s  i n t e r v a l  o f  b e tw e en  17 an d  25 days  

(V anderm ark , 1 9 5 2 ) .  R e d u c t io n  i n  t h e  t im e  from  f i r s t  t o  s e c o n d  h e a t  

a f t e r  p a r t u r i t i o n ,  com pared t o  l a t e r  i n t e r - o e s t r o u s  p e r i o d s ,  h a s  been  

n o te d  by Morrow e t  a l . (1968)  and Menge e t  a l . (1 9 6 2 ) .  The f a c t  t h a t  

t h e  d u r a t i o n  o f  t h e  f i r s t  o e s t r o u s  i n t e r v a l  was s i g n i f i c a n t l y  s h o r t e r  

i n  t h e  a n im a ls  i n  t h i s  s t u d y  com pared  t o  t h o s e  o f  Morrow e t  a l . ( 1 9 6 8 ) 

may be r e l a t e d  t o  t h e  v e r y  much l a t e r  t im e  o f  f i r s t  p o s t - p a r t u m  

o v u l a t i o n  i n  t h e s e  s u c k le d  cow s. In  c o n t r a s t  t o  t h i s  h y p o t h e s i s  

Morrow e t  a l . ( I 9 6 8 ) fo u n d  t h a t  t h e r e  was an  a p p a r e n t  r e l a t i o n s h i p  

be tw een  t h e  i n t e r v a l  from  p a r t u r i t i o n  t o  f i r s t  o e s t r u s  and  t h e  d u r a t i o n  

o f  t h e  f i r s t  o e s t r u s - o e s t r u s  i n t e r v a l .  P r o v id e d  t h e  cows were 

r e p r o d u c t i v e l y  n o r m a l ,  p r o l o n g a t i o n  o f  t h e  p e r i o d  t o  f i r s t  o e s t r u s  was 

more l i k e l y  t o  be  f o l l o w e d  by a  f i r s t  i n t e r - o e s t r o u s  i n t e r v a l  o f  more 

n o rm a l d u r a t i o n .  I n  a d d i t i o n ,  w i t h i n  t h e  a n im a ls  i n  t h i s  s t u d y ,  

a n a l y s i s  o f  t h e  l i m i t e d  d a t a  a v a i l a b l e  f a i l e d  t o  d e m o n s t r a t e  any
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s i g n i f i c a n t  c o r r e l a t i o n  b e tw e en  t h e s e  two p a r a m e t e r s ,  i . e .  t im e  from  

p a r t u r i t i o n  t o  f i r s t  o v u l a t i o n ,  and  t im e  from  f i r s t  o v u l a t i o n  t o  

second  o v u l a t i o n  (T a b le  3 9 ) .

In  p r o g r e s s i n g  a lo n g  t h e  p a t h  t o  a  r e - e s t a b l i s h m e n t  o f  n o rm a l  

r e p r o d u c t i v e  f u n c t i o n  a f t e r  c a l v i n g ,  t h e  p o i n t  i s  r e a c h e d  w here  a t  

l e a s t  c o n c e p t i o n  becom es p o s s i b l e  when t h e  a n im a l  h a s  i t s  f i r s t  o v e r t  

h e a t . H ow ever, a s  p r e v i o u s l y  n o t e d , t h e  r e - e s t a b l i s h m e n t  o f  

p r e g n a n c y  i n v o l v e s  n o t  o n ly  c o n c e p t io n  b u t  t h e  p r o v i s i o n  o f  a  s u i t a b l e  

u t e r i n e  e n v iro n m e n t  f o r  f u r t h e r  d e v e lo p m en t  o f  t h e  c o n c e p t u s .  The 

a b s o l u t e  r e q u i r e m e n t  f o r  p r o g e s t e r o n e  t o  m a i n t a i n  t h e  p r e g n a n t  s t a t e  

i n  t h e  cow h a s  b e e n  w e l l  e s t a b l i s h e d .  Removal o f  t h e  s o u r c e  o f  

p r o g e s t e r o n e ,  i . e .  t h e  c o rp u s  l u t e u m ,  a t  any t im e  up t o  a t  l e a s t  l 60 

days  o f  g e s t a t i o n ,  h a s  b e e n  shown t o  be a s s o c i a t e d  w i t h  a b o r t i o n  o r  a  

r e t u r n  t o  o e s t r u s  (McDonald e t  a l . , 1 9 5 8 ) .  T h a t  t h i s  a b o r t i o n  o r  

r e t u r n  t o  h e a t  was d u e ,  i n  t h e  cow, t o  a  d e f i c i e n c y  o f  p r o g e s t e r o n e  

was c o n f i r m e d  by p r e v e n t i n g  t h e s e  s e q u e l a e  by  a d m i n i s t r a t i o n  o f  t h i s  

hormone (McDonald e t  a l . , 1 9 5 8 ) .

I t  i s  c o n s i d e r e d  t h a t  i t  i s  t h e  a c t i o n  o f  p r o g e s t e r o n e  f rom  

t h e  c o r p u s  lu te u m  on a  u t e r u s  t h a t  h a s  p r e v i o u s l y  b e e n  u n d e r  t h e  

i n f l u e n c e  o f  o e s t r o g e n s  t h a t  p r o d u c e s  t h e  t y p e  o f  u t e r i n e  e n v iro n m e n t  

c o n d u c iv e  t o  d e v e lo p m en t  o f  t h e  c o n c e p tu s  (C o rn e r  and  A l l e n ,  1 9 2 9 ) .

I t  i s  r e c o g n i s e d  t h a t ,  a l t h o u g h  cows a r e  c y c l i n g  i n  t h e  p o s t 

p a r tu m  p e r i o d ,  i t  i s  more d i f f i c u l t  t o  e s t a b l i s h  p re g n a n c y  i n  t h e  

e a r l i e r  p a r t  o f  t h i s  p e r i o d  t h a n  l a t e r  on (G r o v e s ,  L a u d e r d a l e ,  H auser  

and C a s i d a ,  I 9 6 8 ) .  T h a t c h e r  and W ilcox  (1973) fo u n d  t h a t  a s  t h e
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TABLE 39 : THE RELATIONSHIP BETWEEN THE PARTURITION TO FIRST OVULATION

INTERVAL AND THE FIRST INTER-OESTROUS INTERVAL IN ALL COWS

Cow P a r t u r i t i o n  t o  

f i r s t  o v u l a t i o n *  

d a y s

F i r s t  t o  se c o n d  

o e s t r o u s  i n t e r v a l  

d ays

2 66 l 4

3 30 l 6

4 49 9

5 61 11

7 55 11

8 83 8

10 47 7

11 71 9

A verage 5 7 .8 1 0 .6

C o r r e l a t i o n  c o e f f i c i e n t  = - 0 .4 4 4 8

*Taken a s  one day  a f t e r  t h e  f i r s t  p o s t  p a r tu m  o e s t r o u s  when l u t é i n i s a t i o n  

f o l lo w e d  o v u l a t i o n .
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number o f  o e s t r o u s  p e r i o d s  b e f o r e  60 d ays  p o s t - p a r t u m  i n c r e a s e d ,  t h e  

number o f  m a t in g s  a f t e r  t h i s  t i m e ,  n e c e s s a r y  t o  a c h i e v e  c o n c e p t i o n ,  

d e c r e a s e d .  F e r t i l i t y ,  ju d g e d  on t h e  b a s i s  o f  a b i l i t y  t o  become 

p r e g n a n t ,  t h e r e f o r e ,  a p p e a r s  t o  be d e p e n d e n t  n o t  s im p ly  on t h e  

r e - e s t a b l i s h m e n t  o f  o v u l a t i o n s  w i t h  s u b s e q u e n t  l u t é i n i s a t i o n ,  b u t  a l s o  

on t h e  t im e  a f t e r  c a l v i n g  and  t h e  number o f  p r e v i o u s  o e s t r o u s  c y c l e s .  

Amongst t h e  num erous f a c t o r s  i n v o lv e d  i n  e s t a b l i s h i n g  a  c o n c e p tu s  i n  

t h e  u t e r u s  i s  l u t e a l  f u n c t i o n ,  o r  t h e  s e c r e t i o n  o f  p r o g e s t e r o n e  a f t e r  

o v u l a t i o n .  I n f o r m a t i o n  on t h e  p o s s i b l e  in v o lv e m e n t  o f  t h e  l e v e l  o f  

l u t e a l  f u n c t i o n  on p o t e n t i a l  f e r t i l i t y  i n  t h e  p o s t - p a r t u m  p e r i o d  was 

o b t a i n e d  by  o b s e r v a t i o n s  i n  b o t h  n o rm a l  cows and a n im a ls  g iv e n  

exogenous  h o rm ones .  W orking w i t h  s l a u g h t e r - h o u s e  s p e c im e n s ,  i t  was 

found  t h a t  c o r p o r a  l u t e a ,  rem oved 15 day s  a f t e r  o e s t r u s ,  t e n d e d  t o  be 

much s m a l l e r  when rem oved from  a n im a ls  soon  a f t e r  c a l v i n g  t h a n  l a t e r  

i n  t h e  p o s t - p a r t u m  p e r i o d  ( U n i v e r s i t y  W isc o n s in  R e s e a r c h  B u l l e t i n  28 0 ,  

1 9 6 8 ) .  In  a d d i t i o n  t o  s i z e ,  t h e  p r o g e s t e r o n e  c o n t e n t  o f  t h e s e  e a r l y  

c o r p o r a  l u t e a  was d e c r e a s e d .  These  o b s e r v a t i o n s  s u g g e s t e d  t h a t  r a t h e r  

t h a n  l u t e a l  f u n c t i o n  b e in g  an a l l - o r - n o n e  phenom enon, i t  d e v e lo p e d  

w i th  i n c r e a s i n g  t im e  a f t e r  c a l v i n g .  I t  was s u g g e s t e d  t h a t  t h e  l e v e l  

o f  l u t e a l  f u n c t i o n  may be r e l a t e d  t o  t h e  a b i l i t y  t o  r e - e s t a b l i s h  

p re g n a n c y  i n  t h e  p o s t - p a r t u m  cow. A f u r t h e r  r o l e  f o r  p r o g e s t e r o n e  i n  

r e l a t i o n  t o  f e r t i l i t y  a f t e r  c a l v i n g  was d e m o n s t r a t e d  b y  H u e r t a s ,  V ega , 

B r i t t  and  U l b e r t  ( 1 9 7 2 ) .  By f e e d i n g  d a i r y  cows t h e  p o t e n t ,  o r a l l y  

a c t i v e  p r o g e s t a g e n ,  m e l e n g e s t e r o l  a c e t a t e ,  f rom  l 4  d a y s  a f t e r  c a l v i n g ,  

i . e .  p r i o r  t o  t h e  t im e  t h e s e  a n im a ls  f i r s t  o v u l a t e d ,  t h e y  showed t h a t  

f ew er  s e r v i c e s  were r e q u i r e d  t o  a c h ie v e  c o n c e p t io n  i n  t h e s e  t r e a t e d
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cows t h a n  i n  s i m i l a r  c o n t r o l  a n im a l s .  These f i n d i n g s  were 

i n t e r p r e t e d  a s  s u g g e s t i n g  t h a t  t h e r e  may he a r e q u i r e m e n t  f o r  a  p e r i o d  

o f  c y c l i c i t y ,  o r  r a t h e r  o f  p r o g e s t e r o n e  s e c r e t i o n ,  p r i o r  t o  t h e i r  

becom ing p r e g n a n t .

On t h i s  b a s i s  t h e  r e s u l t s  o f  l u t e a l  s t r u c t u r e  and f u n c t i o n  i n  

t h e  i n d i v i d u a l  cows i n  t h i s  t h e s i s  have  been  a n a l y s e d :  f i r s t l y  w i t h

r e g a r d  t o  a l l  c y c l e s  commencing w i t h i n  i n c r e a s i n g  p e r i o d s  o f  t im e  a f t e r  

p a r t u r i t i o n ;  s e c o n d ly  from  t h e  p o i n t  o f  v ie w  o f  a l l  f i r s t ,  s e c o n d  and 

t h i r d  c y c l e s ,  p o s t - p a r t u m  i r r e s p e c t i v e  o f  t h e i r  t im e  o f  o c c u r r e n c e .

A s d e l l  ( 1 9 4 3 ) c o n s i d e r e d  t h a t  t h e  l i f e  span  o f  t h e  c o rp u s  lu te u m  

c o u ld  be d i v i d e d  i n t o  two p e r i o d s .  The p e r i o d  a f t e r  o v u l a t i o n  when 

t h e  l u t e a l  t i s s u e  was fo rm in g  and a c q u i r i n g  f u n c t i o n  was r e f e r r e d  t o  

a s  m e t o e s t r u s . T h is  l e d  i n t o  t h e  t im e  when a  f u l l y  f u n c t i o n a l  c o rp u s  

lu te u m  was p r e s e n t  i n  t h e  o v a r i e s ,  w h ich  was c a l l e d  d i o e s t r u s .  A lth o u g h  

t h i s  t e r m in o l o g y  w i l l  be em ployed  i n  t h i s  t h e s i s ,  i t  w i l l  be  r e l a t e d  t o  

t h e  d i r e c t  o b s e r v a t i o n s  on s e c r e t o r y  f u n c t i o n  o f  l u t e a l  t i s s u e  i n  t h e  

p o s t - p a r t u m  cow.

The h a l f  l i f e  o f  p r o g e s t e r o n e  i n  t h e  cow i s  v e r y  s h o r t ,  b e in g  

be tw e en  15 ~ 30 min (M cC racken, 1 9 6 3 ;  I m o r i , I 9 6 7 ) .  C o u p l in g  t h i s  

r a p i d  t u r n o v e r  o f  t h e  hormone i n  t h e  c i r c u l a t i o n  w i t h  t h e  f a c t  t h a t  

o n ly  v e r y  s m a l l ,  i f  a n y ,  q u a n t i t i e s  o f  p r o g e s t e r o n e  a r e  d e r i v e d  from  

e x t r a g l a n d u l a r  c o n v e r s i o n  i n  t h e  n o n - p r e g n a n t  f e m a le  ( B a i r d ,  1974) 

means t h a t  t h e  l e v e l  o f  t h i s  hormone i n  a  p e r i p h e r a l  b lo o d  sam ple  g i v e s  

an  a c c u r a t e  i n d i c a t i o n  o f  t h e  s e c r e t o r y  f u n c t i o n  o f  l u t e a l  t i s s u e .
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In  t h e  n o n - p r e g n a n t  cows i n  t h i s  t h e s i s ,  d i f f e r e n c e s  were 

a p p a r e n t  i n  t h e  p a t t e r n  o f  s e c r e t i o n  o f  p r o g e s t e r o n e  d u r i n g  c y c l e s  

commencing from  0 - 4 9  d a y s ,  50 -  69 days  and 70 -  89  d a y s  a f t e r  

c a l v i n g  ( F ig  6 6 ) .  T a k in g  t h e  i n t e r o e s t r o u s  i n t e r v a l s  a s  100%, a 

r e l a t i v e l y  l o n g e r  p e r c e n t a g e  o f  t h e  c y c l e  e l a p s e d  b e f o r e  p e r i p h e r a l  

p la sm a  p r o g e s t e r o n e  c o n c e n t r a t i o n s  r e a c h e d  a  l e v e l  o f  2 . 0  n g /m l  i n  

c y c l e s  commencing b e tw e en  0 - 4 9  d ays  t h e n  i n  l a t e r  c y c l e s .  In  

a d d i t i o n ,  a l t h o u g h  t h e  p e a k  c o n c e n t r a t i o n s  i n  e a c h  g ro u p  o f  c y c l e s  

were s i m i l a r ,  t h e  t im in g  o f  t h e  d e c l i n e  i n  f u n c t i o n  showed d i f f e r e n c e s  

b e tw een  e a r l i e r ,  an d  l a t e r  c y c l e s .  Only i n  t h e  c a s e  o f  c y c l e s  

commencing on o r  a f t e r  day  50 was a  p r e c i p i t o u s  d e c l i n e  r e c o r d e d  

to w a rd s  t h e  end  o f  t h e  c y c l e .  I t  t h e r e f o r e  a p p e a r e d  t h a t  c y c l e s  

e a r l y  i n  t h e  p o s t - p a r t u m  p e r i o d  were n o t  a s s o c i a t e d  w i t h  a  r e l a t i v e  

d e f i c i e n c y  o f  p r o g e s t e r o n e  a t  t h e  t im e  o f  maximum f u n c t i o n ,  b u t  t h a t  

t h e  p e r i o d  b e f o r e  maximum f u n c t i o n  was r e l a t i v e l y  p r o l o n g e d ,  and  t h a t  

t h e  t e r m i n a t i o n  o f  d i o e s t r u s  was n o t  so a b r u p t .

C om parison  o f  n o n - p r e g n a n t  c y c l e s  on a c h r o n o l o g i c a l  b a s i s  

r e v e a l e d  t h a t  a  m arked  d i f f e r e n c e  was a p p a r e n t  b e tw e e n  t h e  p e r i p h e r a l  

p la sm a  p r o g e s t e r o n e  l e v e l s  d u r in g  f i r s t ,  a s  o p p o se d  t o  s u b s e q u e n t ,  

c y c l e s  ( F ig  6 7 ) .  T hese  r e s u l t s  d e m o n s t r a t e  t h a t  a t  no  t im e  d i d  t h e  

a v e ra g e  p la s m a  p r o g e s t e r o n e  c o n c e n t r a t i o n  r e a c h  2 . 0  n g /m l  d u r in g  t h e  

f i r s t  c y c l e s , w h e re as  t h i s  l e v e l  was g r e a t l y  e x c e e d e d  d u r in g  a t  l e a s t  

a  p a r t  o f  s u c c e e d in g  c y c l e s .  I n  s p i t e  o f  t h e s e  d i f f e r e n c e s  i n  t h e  

l e v e l  o f  l u t e a l  f u n c t i o n ,  h o w e v e r ,  i t  was a p p a r e n t  t h a t  i n  a l l  c a s e s  

t h e  p a t t e r n  o f  s e c r e t i o n  shows s i m i l a r i t i e s .  M e to e s t r u s  seemed t o  be 

r e l a t i v e l y  p r o lo n g e d  d u r in g  t h e  f i r s t  c y c l e s  a s  was e v i d e n t  f ro m  t h e



298

I -S

y

l/>

I

M Ü

m o

Ü3 k

a  Eh

O H

H  K

Ph eh

m EH

o o

p4 oPh o

co

I

” T~

tM

•S

VD
VO

CÜ
HPCH

û - o ; 0 0  LU t / î  H-UJ o ^ O Z  UJ



u

U
> -u

o

CO

ir> M  CM

U>-U

t>-vo

afk(



300

i n c r e a s e d  p e r c e n t a g e  o f  t h e  i n t e r - o e s t r o u s  i n t e r v a l  t h a t  e l a p s e s  

b e f o r e  p r o g e s t e r o n e  s e c r e t i o n  r o s e  a f t e r  o v u l a t i o n .  H ow ever, i n  a l l  

c a s e s  maximum s e c r e t o r y  f u n c t i o n  was fo u n d  to w a rd s  t h e  t e r m i n a l  p a r t  

o f  d i o e s t r u s ,  i n d i c a t i n g  t h a t  t h e s e  e a r l y  c o r p o r a  l u t e a  have  s e c r e t o r y  

f u n c t i o n  i n  many ways s i m i l a r  t o  t h e  ' n o r m a l ' b u t  a t  a  lo w e r  l e v e l .  

These  r e s u l t s  s u g g e s t e d  t h a t  a l t h o u g h  t h e  s e c r e t o r y  f u n c t i o n  o f  l u t e a l  

t i s s u e  was i n  some ways r e d u c e d  i n  c y c l e s  o c c u r r i n g  e a r l i e r  r a t h e r  

t h a n  l a t e r  a f t e r  c a l v i n g ,  t h i s  was overshadow ed  by  t h e  m arked  e f f e c t  

o f  t h e  f i r s t  a s  o pposed  t o  s u b s e q u e n t  c y c l e s .

An i n c r e a s i n g  p a t t e r n  o f  p r o g e s t e r o n e  s e c r e t i o n  d u r in g  

c o n s e c u t i v e  o e s t r o u s  c y c l e s  h a s  b e e n  r e c o r d e d  i n  t h e  p o s t - p a r tu m  cow 

by E d g e r to n  and  H afs  ( l 9 T 3 ) .  However, t h e  r e s u l t s  f ro m  t h e s e  w o rk e rs  

were b a s e d  on o b s e r v a t i o n s  d u r in g  t h e  f i r s t  an d  s e c o n d  c y c l e s  a f t e r  

o v e r t  h e a t s  a n d ,  a s  no a t t e m p t  was made t o  e s t a b l i s h  w h e th e r  o r  n o t  

t h e s e  h e a t s  w ere  p r e c e d e d  by  one o r  more s i l e n t  h e a t s ,  t h e y  were n o t  

d i r e c t l y  c o m p a ra b le  t o  t h e  r e s u l t s  o f  t h i s  s t u d y .  W i th in  t h e  g roup  

o f  a n i m a l s ,  e x c l u d i n g  f a l s e  h e a t s ,  i n  t h i s  t h e s i s ,  7 / 9  o f  t h e  f i r s t  

p o s t - p a r tu m  h e a t s  w ere  s i l e n t .  The m a j o r i t y  o f  s e c o n d  c y c l e s  ( 7 /8 )  

and a l l  t h i r d  c y c l e s  ( 3 / 3 )  w ere  p r e c e d e d  b y  o v e r t  h e a t .  I n  c o n t r a s t  

t o  t h e  f i n d i n g s  o f  E d g e r to n  an d  H afs  (1973) t h e r e f o r e ,  no a p p a r e n t  

d i f f e r e n c e  e x i s t e d  b e tw e en  t h e  p a t t e r n  o r  am ounts  o f  p r o g e s t e r o n e  

s e c r e t e d  a f t e r  t h e  f i r s t  and  se co n d  o v e r t  h e a t s , r e p r e s e n t e d  by t h e  

se co n d  and  t h i r d  c y c l e s  i n  t h i s  t h e s i s .

The l u t e o t r o p h i c  and l u t e o l y t i c  f a c t o r s  r e g u l a t i n g  c o rp u s  

lu te u m  f u n c t i o n  i n  t h e  n o rm a l  c y c l i n g  a n im a l  have  b e e n  e x t e n s i v e l y  

s t u d i e d  ( s e e  C h a p te r  O ne). I t  may be t h a t  r e d u c e d  am ounts o f
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p r o g e s t e r o n e  s e c r e t e d  d u r i n g  t h e  f i r s t  p o s t - p a r t u m  o e s t r o u s  c y c l e  

r e f l e c t e d  a  d e f e c t i v e  t r o p h i c  s t i m u l u s  a t  t h i s  t i m e .  The e v id e n c e  

i m p l i c a t i n g  p i t u i t a r y  LH a s  t h e  l u t e o t r o p h i n  i n  t h e  cow h a s  

p r e v i o u s l y  b e e n  r e v ie w e d  ( s e e  C h a p te r  O ne). S a id u d d in  (1950) fo u n d  

t h a t  t h e  p i t u i t a r i e s  o f  p o s t - p a r tu m  cows f rom  day  30 onw ards c o n t a i n e d  

h ig h  l e v e l s  o f  LH s u g g e s t i n g  no d e f i c i e n c y  o f  s y n t h e s i s  o f  t h i s  

hormone by t h i s  t i m e .  O b v io u s ly  i n  t h e  c a s e  o f  t h e  f i r s t  a s  w e l l  a s  

s u b s e q u e n t  c y c l e s ,  s u f f i c i e n t  LH was r e l e a s e d  t o  b r i n g  a b o u t  o v u l a t i o n .  

I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  p r e - o v u l a t o r y  r e l e a s e  o f  LH r e p r e s e n t s  

t h e  maximum amount o f  t h i s  hormone r e l e a s e d  a t  any  t im e  t h r o u g h o u t  t h e  

c y c l e  (Snooh e t  a l . , 1 9 7 1 ) .  I n  a d d i t i o n  t o  t r i g g e r i n g  t h e  p r o c e s s  o f  

o v u l a t i o n , i t  h a s  b e e n  fo u n d  t h a t  t h i s  p r e - o v u l a t o r y  s u r g e  o f  LH 

program mes t h e  c e l l s  w h ich  w i l l  fo rm  t h e  c o r p u s  lu te u m  f o r  e v e n t u a l  

s e c r e t i o n  o f  p r o g e s t e r o n e .  The r e l e a s e  o n ly  o f  v e r y  s m a l l  am ounts o f

p i t u i t a r y  LH seems n e c e s s a r y  t o  m a i n t a i n  l u t e a l  f u n c t i o n  i n  t h e  cow 

(H a n s e l  and  S nook , 1 9 7 0 ) « I t  was t h e r e f o r e  c o n s i d e r e d  u n l i k e l y  t h a t  

t h e  r e d u c e d  p a t t e r n  o f  p r o g e s t e r o n e  s e c r e t i o n  r e c o r d e d  d u r in g  t h e  f i r s t  

p o s t - p a r tu m  c y c l e s  i n  t h e  cows i n  t h i s  s t u d y  r e s u l t e d  from  a  d e f e c t i v e  

t r o p h i c  s t i m u l u s .  A d d i t i o n a l  e v id e n c e  t o  s u b s t a n t i a t e  t h i s  s u g g e s t i o n  

i s  fo u n d  i n  t h e  above m e n t io n e d  s t u d i e s  o f  E d g e r to n  and  H afs ( 1 9 7 3 ) .  

These w o rk e rs  r e p o r t e d  t h a t  f o l l o w i n g  t h e  f i r s t  o v e r t  h e a t  t h e  r e d u c e d  

p r o g e s t e r o n e  l e v e l s  fo u n d  w ere  a s s o c i a t e d  w i t h  h i g h  l e v e l s  o f  LH.

Many f a c t o r s  i n c l u d i n g  p o s t - p a r t u m  i n f e c t i o n s  o f  t h e  u t e r u s  

( G i e r ,  S in g h  an d  M a r io n ,  1 9 6 2 ) ,  d i l a t i o n  o f  t h e  u t e r u s  ( G i n t h e r , Woody, 

J a n a k i r a m a n  and C a s i d a ,  1966) and t h e  i n f u s i o n  o f  i n t e r - u t e r i n e  s a l i n e  

( G r ip p e r  and  L i t t l e w o o d ,  1969) have  b een  o b s e r v e d  t o  d e c r e a s e  t h e
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p e r i o d  o f  l u t e a l  f u n c t i o n  by  in d u c i n g  m o r p h o l o g ic a l  a s  w e l l  a s  

f u n c t i o n a l  r e g r e s s i o n  o f  t h e  c o rp u s  lu te u m .  S i m i l a r l y  t h e  

a d m i n i s t r a t i o n  o f  o x y t o c i n  d u r i n g  m e t o e s t r u s  h a s  b e e n  shown t o  s h o r t e n  

t h e  l i f e  span  o f  t h e  c o rp u s  lu te u m  (A rm stro n g  an d  H a n s e l ,  1 9 6 5 ;

D ona ld son  e t  a l . , 1 9 7 0 ) .  A l th o u g h  t h i s  c o u ld  be overcom e w i t h  LH and  

HGG (H a n s e l  and  S nook , 1 9 7 0 ) ,  e v id e n c e  was o b t a i n e d  b y  s t u d i e s  on 

h y s t e r e c t o m i s e d  a n im a ls  t h a t  t h e  i n d u c e d  l u t e o l y s i s  i n v o lv e d  f a c t o r s  

o t h e r  t h a n  i n t e r f e r e n c e  w i t h  t h e  r e l e a s e  o f  l u t e o t r o p h i n .  Com plete  

l u t e a l  r e g r e s s i o n  c o u ld  o n ly  be in d u c e d  by  o x y t o c i n  i n  i n t a c t  a n i m a l s ,  

s u g g e s t i n g  t h a t  o x y t o c i n  a c t s  p r i m a r i l y  t h r o u g h  t h e  r e l e a s e  o f  a  

u t e r i n e  l u t e o l y t i c  f a c t o r .  F o l lo w in g  a d m i n i s t r a t i o n  o f  o x y t o c i n  on 

days 2 -  U a f t e r  o e s t r u s ,  t h e  p a t t e r n  o f  s e c r e t i o n  o f  p la sm a  

p r o g e s t e r o n e  was u n a l t e r e d ,  a s  com pered  t o  u n t r e a t e d  a n i m a l s ,  up  t o  

day  5* In  'n o r m a l '  c y c l e s  p la s m a  p r o g e s t e r o n e  r e m a in s  e l e v a t e d  a f t e r

day  5» I n  t h e  a n im a ls  t r e a t e d  w i th  o x y t o c i n  a lo n e  t h e  s e c r e t i o n  o f

p r o g e s t e r o n e  f e l l  f rom  day  5 an d  r e s u l t e d  i n  a  r e d u c e d  o e s t r o u s - o e s t r o u s  

I n t e r v a l  (D o n a ld so n  e t  a l . , 1970)* I t  i s  s u g g e s t e d  t h a t  o x y t o c i n  

o p e r a t e s  t h r o u g h  t h e  r e l e a s e  o f  u t e r i n e  l u t e o l y s i n  ( p r o s t a g l a n d i n )  t o  

m o d ify  l u t e a l  f u n c t i o n .  The in d e p e n d e n t  s t u d i e s  d e m o n s t r a t i n g  t h a t  

p r o s t a g l a n d i n  F2a was i n e f f e c t i v e  i n  i n d u c i n g  l u t e o l y s i s  b e f o r e  days  

4 -  5 o f  t h e  c y c l e  (Rowson, T e r v i t  and  B ra n d ,  1972) p o s s i b l y  e x p l a i n s  

t h e  o b s e r v a t i o n  t h a t  o n ly  a f t e r  t h i s  t im e  d oes  o x y t o c i n  have  an 

a p p a r e n t  e f f e c t  on l u t e a l  f u n c t i o n .  The p la s m a  p r o g e s t e r o n e  l e v e l s  

d u r in g  t h e  f i r s t  c y c l e s  o f  t h e  a n im a ls  i n  t h i s  t h e s i s  when exam ined  

on a  day  t o  day  b a s i s ,  a s  opposed  t o  a  p e r c e n t a g e  o f  t h e  c y c l e ,  show 

t h a t  i n  g e n e r a l  p la s m a  p r o g e s t e r o n e  b eg an  t o  r i s e  f ro m  tw o t o  f o u r  days
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a f t e r  o e s t r u s ,  and  f e l l  f rom  two t o  t h r e e  day s  b e f o r e  t h e  n e x t  o e s t r u s  

(F ig  6 8 ) .  T h is  p a t t e r n  o f  i n c r e a s e  and  d e c r e a s e  on  a  d a i l y  b a s i s  

was s i m i l a r  t o  t h a t  r e p o r t e d  i n  t h e  n o rm a l  c y c l i n g  cow ( s e e  C h a p te r  

Two) an d  i n  s u b s e q u e n t  c y c l e s  i n  t h i s  s t u d y .  T h is  i n d i c a t e d  t h a t  

t h e  m a rk e d ly  s h o r t e n e d  f i r s t  o e s t r o u s - o e s t r o u s  i n t e r v a l  c o m p r is e d  a  

p e r i o d  o f  p r o g e s t e r o n e  s e c r e t i o n  s i m i l a r  t o  t h e  n o r m a l ,  b u t  t h a t  t h e  

s e c r e t i o n  was p r e m a t u r e l y  t e r m i n a t e d  b e f o r e  t h e  e l e v a t e d  l e v e l s  

t y p i f y i n g  t h e  l a t t e r  p a r t  o f  d i o e s t r u s  i n  t h e  n o rm a l  c y c l e  c o u ld  be 

r e a c h e d .  T hese  o b s e r v a t i o n s  c o u ld  s u g g e s t  t h a t  a t  l e a s t  p a r t  o f  t h e  

e x p l a n a t i o n  f o r  t h e  p a t t e r n  o f  f i r s t  c y c l e  p r o g e s t e r o n e  s e c r e t i o n  

i n v o l v e s  t h e  r e l e a s e  o f  p r o s t a g l a n d i n  e i t h e r  i n  a b n o rm a l  am ounts o r  a t  

an a b n o rm a l  t i m e ,  i n  a  m anner s i m i l a r  t o  t h a t  a r t i f i c i a l l y  p ro d u c e d  by  

o x y t o c i n  a d m i n i s t r a t i o n .  I t  w ould  be  p o s s i b l e  t o  e s t a b l i s h  t h e  

im p o r ta n c e  o f  t h i s  s u g g e s t e d  e f f e c t  by  h y s t e r e c t o m i s i n g  cows im m e d ia te ly  

a f t e r  t h e i r  f i r s t  p o s t - p a r t u m  o v u l a t i o n  and d e t e r m i n i n g  i f  t h i s  

r e s u l t e d  i n  a  p e r i o d  o f  ' n o r m a l ' l u t e a l  f u n c t i o n .

S t u d i e s  on u t e r i n e  i n v o l u t i o n  a f t e r  c a l v i n g  have  shown t h a t  

i n  t e r m s  o f  t h e  d i a m e te r  o f  t h e  u t e r i n e  h o rn s  t h e y  h av e  f u l l y  

c o n t r a c t e d  w i t h i n  3 ~ H weeks o f  c a l v i n g  (Morrow e t  a l . , 1 9 6 9 ) .  In  

te rm s  o f  t h i s  c r i t e r i a ,  a l l  t h e  a n im a ls  i n  t h i s  t h e s i s  w ere  n o rm a l  i n  

t h a t  t h e i r  u t e r i n e  h o rn  d i a m e te r s  h a d  a l l  c e a s e d  m a rk e d ly  t o  d e c r e a s e  

by 3 -  4 weeks p o s t - p a r t u m .  A l th o u g h  t h e  u t e r i n e  e p i t h e l i a l  mucosa 

o f  p o s t - p a r t u m  cows would  a p p e a r  r e s t o r e d  t o  t h e  n o n - p r e g n a n t  s t a t e  

20 -  30 d a y s  a f t e r  c a l v i n g  (R a s b e c h ,  1950; R i e s e n ,  I 966 ; Wagner and 

H a n s e l ,  I 9 6 9 ) , h i s t o l o g i c a l  c h a n g e s  t a k e n  t o  i n d i c a t e  c o n t i n u i n g
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i n v o l u t i o n  a t  t h e  c e l l u l a r  l e v e l  have  b een  d e s c r i b e d  a s  s t i l l  

o c c u r r i n g  a f t e r  50 -  60 d ays  (A nderson  e t  a l . . I 9 6 9 ) .

The d i f f i c u l t y  o f  e s t a b l i s h i n g  p r e g n a n c y  i n  t h e  e a r l y  p o s t 

p a r tu m  p e r i o d  c o u ld  be  r e l a t e d  t o  t h e  s t a t e  o f  t h e  u t e r u s  an d  ' a b n o r m a l ' 

f i r s t  c y c l e  l u t e a l  f u n c t i o n .

The m a j o r i t y  o f  f i r s t  o v u l a t i o n s  a f t e r  c a l v i n g  i n  t h i s  an d  i n  

o t h e r  s t u d i e s  have  b e e n  a s s o c i a t e d  w i t h  t h e  a b s e n c e  o f  o e s t r o u s  

b e h a v io u r .  I t  may be t h a t  t h i s  r e p r e s e n t s  a  m echanism  w hereby  t h e  

cow p r e v e n t s  t h e  p o s s i b i l i t y  o f  c o n c e p t io n  t a k i n g  p l a c e  a t  t h i s  t im e  

and t h e r e f o r e  a v o id s  p r e s e n t i n g  t h e  c o n c e p tu s  w i t h  a  u t e r i n e  e n v iro n m e n t  

u n s u i t a b l e  f o r  i t s  s u b s e q u e n t  d e v e lo p m e n t .  The u n s u i t a b l e  u t e r i n e  

e n v iro n m e n t  i n  t u r n  m a n i f e s t s  i t s e l f  by  m o d i f y in g  l u t e a l  f u n c t i o n  t o  a  

l e v e l  w here  t h e  amount o f  p r o g e s t e r o n e  s e c r e t e d  w ould  be i n s u f f i c i e n t  t o  

m a i n t a i n  t h e  c o n c e p t u s .  H ow ever, p r o g e s t e r o n e  was s e c r e t e d ,  a l b e i t  

i n  r e d u c e d  a m o u n ts ,  d u r i n g  t h e  f i r s t  c y c l e  and  t h i s ,  a s  p r e v i o u s l y  

n o t e d ,  was p o s s i b l y  i n v o lv e d  i n  e n s u r i n g  t h a t  s u b s e q u e n t  o v u l a t i o n s  

were ac co m p a n ie d  by o v e r t  h e a t s ,  a l l o w i n g  m a t in g  t o  t a k e  p l a c e .  I t  

t h e r e f o r e  a p p e a r s  t h a t  j u s t  a s  o e s t r o u s  b e h a v io u r  an d  o v u l a t i o n  f o l l o w  

a  p a t t e r n  o f  d e v e lo p m e n t  d u r i n g  t h e  p o s t - p a r t u m  p e r i o d , so a l s o  do es  

l u t e a l  f u n c t i o n  and  t h a t  t h e s e  com ponents  o f  t h e  o e s t r o u s  c y c l e  a r e  

i n t e g r a t e d  i n  a  m anner w h ich  f i r s t  p r e v e n t s ,  t h e n  p e r m i t s  n o t  j u s t  

c o n c e p t i o n ,  b u t  s u b s e q u e n t  d e v e lo p m en t  o f  t h e  f o e t u s .  I t  i s  l i k e l y  

t h a t  t h i s  p r o c e s s  o f  d e v e lo p m en t  c o n t i n u e s  a f t e r  t h e  f i r s t  o v e r t  h e a t  

and  ' n o r m a l ' o v u l a t i o n  an d  l u t é i n i s a t i o n  e x p l a i n i n g  how much e a s i e r  i t  

i s  t o  g e t  cows p r e g n a n t  o v e r  i n c r e a s i n g  num bers o f  c y c l e s  a f t e r
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p a r t u r i t i o n  ( T h a tc h e r  and  W ilc o x ,  1 9 7 3 ) ,  b u t  no e v id e n c e  i n  t e rm s  o f  

l e n g t h  o f  t h e  c y c l e  o r  t h e  am ounts  o f  p r o g e s t e r o n e  s e c r e t e d  c o u ld  be  

found  t o  e x p l a i n  t h i s  i n  t h e  p r e s e n t  s t u d y .  H ow ever, i t  may be t h a t  

p r o g e s t e r o n e  h a s  an e f f e c t  on t h e  r e t u r n  t o  n o rm a l  o f  t h e  p o s t - p a r t u m  

u t e r u s ,  and  t h a t  t h i s  n e c e s s i t a t e s  t h e  e f f e c t  o f  p r o g e s t e r o n e  p ro d u c e d  

o v e r  s e v e r a l  c y c l e s  i n  some cows t o  r e t u r n  t h e  e n d o m e tr iu m  t o  n o rm a l .

I n  some a n im a ls  (Cows 1 and  11 i n  t h i s  s t u d y )  t h e  above d o e s  

n o t  a p p ly  and  t h e  f i r s t  p o s t - p a r t u m  o v u l a t i o n  was a c c o m p a n ie d  by  o v e r t  

h e a t .  R easons  f o r  t h i s  d i f f e r e n c e  were n o t  a p p a r e n t  b u t  i t  i s  o f  

i n t e r e s t  t o  n o t e  t h a t  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  (P < 0 .0 2 )  when 

t h e  f i r s t  o v e r t  h e a t  d i o e s t r o u s  p r o g e s t e r o n e  l e v e l s  w ere  com pared  t o  

t h e  f i r s t  s i l e n t  h e a t  d i o e s t r o u s  p r o g e s t e r o n e  l e v e l s  (T a b le  4o). 

A cknow ledg ing  t h e  l i m i t e d  amount o f  d a t a  a v a i l a b l e  f o r  c a r r y i n g  o u t  

t h i s  a n a l y s i s ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  i n  some cows t h e  d ev e lo p m en t 

o f  more ' n o r m a l ' l u t e a l  f u n c t i o n  n e e d  n o t  be  p r e c e d e d  by  a  p e r i o d  o f  

r e d u c e d  l u t e a l  f u n c t i o n  and  t h a t  i n  t h e s e  i n d i v i d u a l s  t h e  f i r s t  

o v u l a t i o n  c a n  t h e r e f o r e  be acco m p an ied  by o v e r t  h e a t .

The c i r c u l a t i n g  p r o g e s t e r o n e  l e v e l s  r e c o r d e d  o v e r  t h e  c o m p le te  

c y c l e  o f  a l l  h e a t s  o t h e r  t h a n  t h e  f i r s t ,  n o t  a s s o c i a t e d  w i t h  p r e g n a n c y ,  

were s i m i l a r  t o  t h e  r e s u l t s  from  n o rm a l  c y c l i n g  cows r e p o r t e d  by  o t h e r  

w o rk e rs  ( F ig  6 9 ) ( s e e  C h a p te r  Two). F o l lo w in g  t h e  low  l e v e l s  a ro u n d  

o e s t r u s , i n c r e a s i n g  p la s m a  p r o g e s t e r o n e  c o n c e n t r a t i o n s  w ere  fou n d  from  

a ro u n d  10 -  20% o f  t h e  c y c l e  t o  50 -  65% o f  t h e  c y c l e .  T h i s  p a t t e r n  

o f  i n c r e a s i n g  p r o g e s t e r o n e  was s i m i l a r  t o  t h a t  r e p o r t e d  by  D ona ld son  

e t  a l .  ( 1 9 7 0 ) b u t  t h e  l e v e l s  r e c o r d e d  by  t h e s e  w o r k e rs  on day  5 (w hich



TABLE UO COMPARISON OP PLASMA PROGESTERONE LEVELS DURING 

DIOESTRUS PERIOD* OF THE FIRST SILENT AND FIRST 

OVERT HEATS POST-PARTUM.

ASSOCIATED NUMBER

OESTRUS HEATS

PLASMA PROGESTERONE ng /ra l

X -  1 S .D .

SILENT 0.82  -  0.67

OVERT 1.55  ~  1.21

* D i o e s t r u s  t a k e n  a s  k l  -  80% o f  t h e  i n t e r - o e s t r o u s  i n t e r v a l .
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would be e q u i v a l e n t  t o  a ro u n d  20% o f  t h e  c y c l e  i n  t h i s  s t u d y )  were 

h i g h e r .  R e l a t i v e  t o  m i lk e d  d a i r y  c o w s ,  l i t t l e  i n f o r m a t i o n  i s  

a v a i l a b l e  on p la sm a  p r o g e s t e r o n e  l e v e l s  i n  s u c k le d  cow s, A p a t t e r n  

s i m i l a r  t o  t h e  r e s u l t s  r e c o r d e d  i n  t h i s  t h e s i s  h a s  b e e n  r e p o r t e d  by 

S t a b e n f e l d t  e t  a l . ( 1 9 6 9 ) , Pope e t  a l . (1 9 6 9 ) and  H e n r ic k s  e t  a l . ( 197O)

W ith in  t h e  p e r i o d  up t o  50% o f  t h e  c y c l e  b o t h  t e m p o r a r y  p e a k s  

(D ona ld son  e t  a l . , 19T0) and  d e c l i n e s  ( P l o t k a  e t  a l . ,  I 9 6 7 ) have  b e e n  

r e c o r d e d  i n  t h e  s e c r e t i o n  o f  p la sm a  p r o g e s t e r o n e .  I n  o n ly  one o f  t h e  

n o n - p r e g n a n t  c y c l e s  i n  t h i s  s t u d y  (Cow 1 0 ,  c y c l e  2) was a  c o n s i s t e n t l y  

i n c r e a s i n g  p a t t e r n  o f  p la s m a  p r o g e s t e r o n e  o b s e r v e d  o v e r  t h e  p e r i o d  t o  

50% o f  t h e  c y c l e .  Of t h e  r e m a in in g  t h r e e  c y c l e s ,  b o t h  te m p o r a r y  

i n c r e a s e s  and  d e c l i n e s  w ere  r e c o r d e d  w i t h i n  t h i s  p e r i o d .  Due t o  t h e  

v a r i a b i l i t y  i n  l e v e l s  w i t h i n  t h e  o v e r a l l  p e r i o d  o f  p r o g e s t e r o n e  

s e c r e t i o n  fo u n d  i n  t h i s  s t u d y ,  and  by  o t h e r  w o r k e r s ,  i t  i s  u n l i k e l y  

t h a t  t h e y  w ere  o f  f u n c t i o n a l  im p o r ta n c e  b u t  s im p ly  r e f l e c t e d  t r a n s i e n t  

a l t e r a t i o n s  i n  l u t e a l  a c t i v i t y  a ro u n d  t h e  t im e  t h e  b lo o d  sa m p le s  were 

t a k e n .  The f i n d i n g  by D obrow o lsk i  e t  a l . (1 9 6 8 ) t h a t  o v a r i a n  venous  

b lo o d  p r o g e s t e r o n e  l e v e l s  f e l l  b e tw een  days  9 and  13 d a y s  o f  t h e  c y c l e ,  

was n o t  s u b s t a n t i a t e d  by  t h e  p e r i p h e r a l  p la sm a  hormone l e v e l s  i n  t h i s  

t h e s i s .  The r e s u l t s  i n  t h i s  t h e s i s  a g r e e  w i t h  t h e  o b s e r v a t i o n s  o f  

C h r i s t e n s e n  e t  a l . ( l 9 7 ^ )  t h a t  maximum s e c r e t i o n  o f  p r o g e s t e r o n e  

o c c u r r e d  i n  l a t e  d i o e s t r u s  i n  t h e  cow. The o b s e r v a t i o n s  on l u t e a l  

s t r u c t u r e  and  f u n c t i o n  i n  s u c k le d  a n im a ls  i n  t h i s  t h e s i s  t h e r e f o r e  

i n d i c a t e d  t h a t  s u c k l i n g  d i d  n o t  i n t e r f e r e  w i t h  t h e  d e v e lo p m en t  o f  t h e  

c o rp u s  l u t e u m ,  maximum s e c r e t i o n  by  t h i s  t i s s u e ,  o r  i t s  p e r i o d  o f  

f u n c t i o n a l  p e r s i s t e n c e .
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5 .1 .  I n t r o d u c t i o n

A f t e r  c a l v i n g ,  a  p e r i o d  o f  a n o e s t r u s  i s  u n d e r  n o rm a l  

c i r c u m s t a n c e s ,  e v e n t u a l l y  f o l lo w e d  by a  r e s u m p t io n  o f  c y c l i c a l  o v a r i a n  

a c t i v i t y  and  a s s o c i a t e d  b e h a v i o u r a l  c h a n g e s .  At t h i s  p o i n t ,  due t o  

t h e  o c c u r r e n c e  o f  s t a n d i n g  o e s t r u s ,  m a t in g  c an  t a k e  p l a c e .  However, 

i t  i s  w e l l  r e c o g n i s e d  t h a t  m a t in g  a t  t h e  t im e  o f  o v e r t  h e a t  o f f e r s  no 

g u a r a n t e e  o f  p r e g n a n c y .  Even i f  o v u l a t i o n  and c o n c e p t io n  o c c u r ,  t h e  

ovum m ust c o n t i n u e  t o  d e v e lo p  f o r  a  p e r i o d  b e f o r e  p re g n a n c y  c a n  be 

s a i d  t o  have  become e s t a b l i s h e d .  Some e n d o c r i n e  a s p e c t s  o f  t h e  

t r a n s i t i o n  from  t h e  n o n - p r e g n a n t  t o  t h e  p r e g n a n t  s t a t e  w ere  s t u d i e d .

5 . 2 . E x p e r im e n ta l  d e s i g n

C e r t a i n  o f  t h e  cows w i t h i n  t h i s  s t u d y ,  a f t e r  h a v in g  b een  

i n s e m in a t e d  a t  t h e  t im e  o f  o v e r t  h e a t ,  w ere  s u b s e q u e n t l y  d i a g n o s e d ,  by  

r e c t a l  p a l p a t i o n  o f  t h e i r  u t e r i  and  c o n t e n t s ,  a s  h a v in g  c o n c e iv e d  and 

d e v e lo p e d  an  em bryo. By m o n i t o r i n g  t h e  same p a r a m e t e r s  a s  t h o s e  

s t u d i e d  b e f o r e  c o n c e p t i o n ,  m o r p h o l o g ic a l  and  f u n c t i o n a l  c h a n g e s  c o u ld  

be i n t e g r a t e d  w i t h  r e s p e c t  t o  e a r l y  p r e g n a n c y ,  and com pared  w i t h  t h e  

o b s e r v a t i o n s  made d u r i n g  t h e  n o n - p r e g n a n t  p e r i o d .

5 . 3 . R e s u l t s

The d a y s  o f  h e a t  a t  w h ich  t h e  a n im a ls  became p r e g n a n t  a r e  g iv e n  

on t h e  i n d i v i d u a l  cow r e s u l t s  i n  F ig s  34 t o  6 3 . The p la s m a  p r o g e s t e r o n e  

o e s t r o g e n s  and a n d ro g e n s  o f  t h e s e  cows a r e  a l s o  g iv e n  i n  F ig s  34 t o  6 3 . 

R e c t a l  p a l p a t i o n  o f  f o l l i c l e s ,  c o r p o r a  l u t e a ,  c y s t i c  s t r u c t u r e s  and
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u t e r i n e  t o n e ,  w i t h i n  t h e  p e r i o d  o f  e a r l y  p r e g n a n c y ,  a r e ,  a s  f o r  t h e  

n o n - p r e g n a n t  p e r i o d ,  i l l u s t r a t e d  i n  t h e s e  f i g u r e s .

5 . 4 . D i s c u s s i o n

For c o n v e n ie n c e ,  t h e  c a l v i n g  t o  c o n c e p t io n  i n t e r v a l s  o f  t h e  

a n im a ls  t h a t  became p r e g n a n t  a r e  sum m arised  i n  T a b le  41 .  I t  i s  

a p p a r e n t  t h a t  by  a d d in g  a  g e s t a t i o n  l e n g t h  o f  280 d a y s  t o  t h e  mean 

c o n c e p t io n  i n t e r v a l  o f  78 d a y s  t h a t  t h e s e  cows had  a  p o t e n t i a l  c a l v i n g  

i n t e r v a l  o f  l e s s  t h a n  one y e a r .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  

a v e ra g e  c a l v i n g  i n t e r v a l  o f  s u c k le d  b e e f  cow s, i n  r e c o r d e d  h e r d s ,  was 

370 d a y s  w i t h  t h e  u p p e r  p o i n t  o f  t h e  r a n g e  b e in g  a ro u n d  400 d ays  (Meat 

and  L i v e s t o c k  C om m ission , 1 9 7 3 ) .  In  d a i r y  c a t t l e  f o r  maximum economic 

m i lk  p r o d u c t i o n  a  c a l v i n g  i n t e r v a l  o f  365 d a y s  i s  d e s i r a b l e  a l t h o u g h  

i n  p r a c t i c e  t h e  o p t im a l  t im e  i s  f r e q u e n t l y  n o t  a c h i e v e d  (E sse lm o n t  and 

E l l i s ,  1 9 7 4 ) .  I n  t e r m s  o f  t h e  o v e r a l l  i n t e r v a l  f rom  c a l v i n g  t o  r e 

e s t a b l i s h m e n t  o f  p r e g n a n c y ,  t h e  a n im a ls  i n  t h i s  t h e s i s  com pared 

f a v o u r a b l y  w i t h  t h e  b e t t e r  s u c k le d  and  m ilk e d  h e r d s .  A l th o u g h  t h e  

c a l v i n g  t o  c o n c e p t io n  i n t e r v a l  i s  o b v i o u s l y  i n f l u e n c e d  by many f a c t o r s ,  

such  a s  t h e  o n s e t  o f  c y c l i c a l  o v a r i a n  a c t i v i t y  and  t h e  o c c u r r e n c e  o f

s t a n d i n g  h e a t ,  i t  i s  a l s o  d e p e n d e n t  i n  c y c l i n g  cows on  t h e  number o f

m a t in g s  r e q u i r e d  t o  a c h i e v e  c o n c e p t i o n .  The s a t i s f a c t o r y  c a l v i n g  

i n t e r v a l  o f  t h e  cows i n  t h i s  s t u d y  r e f l e c t s  t h e  f a c t  t h a t  w i t h  one 

e x c e p t io n  (Cow 3) t h e y  became p r e g n a n t  t o  one i n s e m i n a t i o n ,  i n  c o n t r a s t  

t o  t h e  a v e ra g e  I .5  s e r v i c e s / c o n c e p t i o n , r e p o r t e d  i n  o t h e r  i n v e s t i g a t i o n s  

i n  c o m m e rc ia l  h e r d s  (Boyd, 1 9 7 6 ) .  Due t o  t h e  l i m i t e d  s i z e  o f  t h e

c u r r e n t  s t u d y ,  no c o n c l u s i o n  c a n  be o f f e r e d  t o  e x p l a i n  t h e  h ig h

c o n c e p t io n  r a t e .  How ever, i t  may be r e l a t e d  t o  t h e  f a c t  t h a t
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TABLE 41 . CALVING TO CONCEPTION INTERVAL

Cow No. C a lv in g  t o  c o n c e p t io n  
i n t e r v a l  -  days

No i n s e m i n a t i o n  t o  
c o n c e p t i o n

2 78 1

3 96 2

4 78 1

5 70 1

7 64 1

8 89 1

10 72 1

11 78 1
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i n s e m i n a t i o n  was o n ly  p e r fo rm e d  on a n im a ls  e x h i b i t i n g  s t a n d i n g  o e s t r u s  

t o  a  b u l l ,  r a t h e r  t h a n  s e r v i n g  cows on t h e  b a s i s  o f  some o f  t h e  o t h e r  

s ig n s  a s s o c i a t e d  w i t h  o e s t r u s ,  o r  even  p e r i o e s t r o u s  b e h a v i o u r .

The p la s m a  p r o g e s t e r o n e  l e v e l s  f o r  se v en  d a y s  a f t e r  t h e  o v e r t  

h e a t s  a t  w h ich  t h e s e  cows c o n c e i v e d ,  i l l u s t r a t e d  i n  F i g s  34 t o  6 l ,  a r e  

g iv e n  t o g e t h e r  i n  F ig  7 0 , I t  can  be se en  t h a t  i n  a l l  a n im a ls  a  

s i m i l a r  p a t t e r n  o f  i n c r e a s i n g  p la sm a  p r o g e s t e r o n e  l e v e l s  was r e c o r d e d  

d u r in g  t h i s  p e r i o d .  F o l lo w in g  o e s t r u s ,  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  

c o n c e n t r a t i o n  o f  t h i s  hormone was f i r s t  f o u n d ,  on a v e r a g e ,  b e tw e en  3 

and 4 d a y s  a f t e r  m a t in g .  T h e r e a f t e r  i n s i g n i f i c a n t  e l e v a t i o n s  were 

fo u n d  w i t h  s u c c e s s i v e  d a y s .

F o r  c o m p a r is o n  w i t h  t h e  p r o g e s t e r o n e  l e v e l s  r e c o r d e d  d u r in g  

m e t o e s t r u s  a f t e r  c o n c e p t i o n ,  t h e  p la sm a  p r o g e s t e r o n e  c o n c e n t r a t i o n s  

o v e r  t h e  same p e r i o d  i n  t h e  p r e v i o u s l y  s t u d i e d  n o n - p r e g n a n t  c y c l e s ,  

o t h e r  t h a n  t h e  f i r s t ,  a r e  g iv e n  i n  F ig  7 0 . I t  was a p p a r e n t  from  

t h e s e  r e s u l t s  t h a t  a l t h o u g h  t h e  p r o g e s t e r o n e  l e v e l s  i n  t h e  two g ro u p s  

were n o t  d i s t i n g u i s h a b l e  on d a y s  0 , 1 and  2 , a  h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e  (P < 0 .0 5 )  'was r e c o r d e d  on d ays  3 t o  7-

A l th o u g h  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  c o r p u s  lu te u m  

d u r in g  m e t o e s t r u s  i s  a  s i m i l a r  s t r u c t u r e  i n  b o t h  p r e g n a n t  and  non 

p r e g n a n t  a n i m a l s ,  t h e  r e s u l t s  i n  t h i s  t h e s i s  s u g g e s t  t h a t  a  f u n c t i o n a l  

d i f f e r e n c e  may e x i s t  b e tw e en  t h e  two g r o u p s .  A s i m i l a r  t e n t a t i v e  

s u g g e s t i o n  h a s  b e e n  made by H e n r i c k s ,  D ickey  and  N isw ende r  (1970)  who 

found  t h a t  i n  p r e g n a n t  cows t h e  r a t e  o f  i n c r e a s e  i n  p la s m a  p r o g e s t e r o n e  

c o n c e n t r a t i o n s  was g r e a t e r  t h a n  i n  n o n - p r e g n a n t  a n im a ls  from  d a y  0 t o
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day 6 a f t e r  o e s t r u s .  O b v io u s ly  f u r t h e r  s t u d i e s  w i l l  he  r e q u i r e d  t o  

d e te r m in e  i f  t h e s e  a p p a r e n t  d i f f e r e n c e s  e i t h e r  i n  t h e  r a t e  o f  s e c r e t i o n  

d u r in g  m e t o e s t r u s  o r  i n  t h e  p la s m a  p r o g e s t e r o n e  l e v e l s  w i t h i n  p a r t  o f  

t h e  p e r i o d  r e p r e s e n t  a  p o s i t i v e  l u t e o t r o p h i c  e f f e c t  d e p e n d e n t  on t h e  

p r e s e n c e  o f  a  c o n c e p t u s .  S hou ld  i t  he  p o s s i b l e  t o  d i f f e r e n t i a t e  

p r e g n a n t  from  n o n - p r e g n a n t  cows w i t h i n  t h e  p e r i o d  o f  m e t o e s t r u s ,  by 

means o f  p r o g e s t e r o n e  a s s a y s ,  s i g n i f i c a n t  s h o r t e n i n g  o f  t h e  c a l v i n g  

t o  c o n c e p t io n  i n t e r v a l  becomes p o s s i b l e .  By t r e a t i n g  a n im a ls  t h a t  

have  n o t  c o n c e iv e d  w i t h  p r o s t a g l a n d i n s ,  shown t o  be e f f e c t i v e  f rom  

day U o f  t h e  c y c l e  onw ards (Rowson, T e r v i t  and  B r a n d t ,  19T2*, D obson, 

Cooper and F u r r ,  197^ )  d i o e s t r u s  c o u ld  be p r e m a t u r e l y  t e r m i n a t e d  and 

t h e s e  cows r e - i n s e m i n a t e d .

I t  h a s  p r e v i o u s l y  b e e n  s u g g e s t e d  (P l o t k a  e t  a l . , 196? )  t h a t  

an em bryonic  l u t e o t r o p h i n  s t i m u l a t e s  l u t e a l  f u n c t i o n  10 d a y s  a f t e r  

o e s t r u s .  C om parison  o f  t h e  p la s m a  p r o g e s t e r o n e  l e v e l s  i n  t h e s e  

p r e g n a n t  cows w i t h  t h e  n o n - p r e g n a n t  c y c l e  r e s u l t s  p r e v i o u s l y  p r e s e n t e d ,  

f a i l s  t o  s u b s t a n t i a t e  t h i s  h y p o t h e s i s  due t o  t h e  n o n - s i g n i f i c a n t  

d i f f e r e n c e  i n  c i r c u l a t i n g  am ounts o f  t h i s  hormone b e tw e e n  d a y s  10 and 

l 6  ( F ig  7 1 ) •  A ssum ing t h a t  i f  t h e s e  a n im a ls  had  r e t u r n e d  t o  h e a t  a t  

t h i s  t im e  t h i s  h e a t  would  a g a in  have  b e e n  f o l lo w e d  by an  i n t e r - o e s t r o u s  

i n t e r v a l  o f  21 d a y s , t h e  l e v e l s  o f  p la s m a  p r o g e s t e r o n e  w i t h i n  a p e r i o d  

o f  t h i s  s e c o n d  p r e g n a n c y  ’c y c l e '  c o u ld  be  c a l c u l a t e d  on a  b a s i s  o f  t h e  

i n t e r - o e s t r o u s  i n t e r v a l  and com pared  w i t h  t h e  l e v e l s  d u r i n g  t h e  f i r s t  

' c y c l e '  a f t e r  c o n c e p t i o n ,  and  w i t h  n o n - p r e g n a n t  c y c l e s .  I t  was 

a p p a r e n t  ( T a b le  ^2 )  t h a t  t h e  a v e r a g e  p r o g e s t e r o n e  l e v e l  d u r i n g  UO -  80% 

o f  t h i s  s e c o n d  p re g n a n c y  ' c y c l e '  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from
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TABLE h2 PLASMA PROGESTERONE LEVELS DURING PREGNANCY COMPARED 

TO THOSE DURING NON-PREGNANT CYCLES (EXCLUDING THE 

FIRST POST-PARTUM CYCLES)

No. c y c l e s  P r o g e s t e r o n e **
n g /m l  X ± 1 S .D ,

N o n -p re g n a n t 3.2  ± 1.6

P r e g n a n t  -  ’ f i r s t  c y c l e * ’

P r e g n a n t  -  ’s e c o n d  c y c l e * ’

U.O ± 1 .3  

5.8 ± 2.1

The f i r s t  an d  s e c o n d  c y c l e s  a f t e r  c o n c e p t i o n .

** L e v e ls  c a l c u l a t e d  f rom  Hi -  80^ o f  t h e  a c t u a l  o r  e s t i m a t e d  

o e s t r o u s  c y c l e .
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t h a t  o v e r  a  c o m p a rab le  p e r i o d  o f  t h e  f i r s t  p r e g n a n c y  ' c y c l e , '

However i t  c o u ld  be  s e e n  t h a t  p r o g e s t e r o n e  s e c r e t i o n  was s i g n i f i c a n t l y  

g r e a t e r  o v e r  t h i s  p e r i o d  i n  t h e  se co n d  p r e g n a n c y  ' c y c l e ' t h a n  i t  was 

i n  n o n - p r e g n a n t  c y c l e s .  A l th o u g h  E s t e r g r e e n , F r o s t , E rb  and  B u l l a r d  

(1 9 6 5 ) c o n s i d e r e d  t h a t  on t h e  b a s i s  o f  p r o g e s t e r o n e  c o n c e n t r a t i o n  i n  

l u t e a l  t i s s u e  t h e  c o rp u s  lu te u m  e x h i b i t e d  r e d u c e d  f u n c t i o n  from  day  30 

o f  p r e g n a n c y  t h e s e  r e s u l t s  a r e  n o t  a t  v a r i a n c e  w i t h  t h e  above s u g g e s t i o n  

o f  e l e v a t e d  l e v e l s  d u r i n g  t h e  seco n d  p re g n a n c y  c y c l e  ( i . e .  f rom  d ays  

29 “ 3 8 ) .  E s t e r g r e e n  e t  a l . (1 9 6 5 ) b a s e d  t h e i r  s u g g e s t i o n  on a

co m p ar iso n  o f  l u t e a l  t i s s u e  p r o g e s t e r o n e  c o n c e n t r a t i o n s  from  a n im a ls  

be tw een  15 and  30 d a y s  p r e g n a n t  w i t h  t h e  l e v e l s  i n  a n im a ls  from  37 "

95 d a y s  o f  g e s t a t i o n .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  t h e  l e v e l s  

r e c o r d e d  i n  t h i s  s t u d y  w ere  f o l l o w e d  by  a  l a t e r  p e r i o d  o f  r e d u c e d  

s e c r e t i o n .

The e x i s t e n c e  o f  an  embryo may t h e r e f o r e  i n f l u e n c e  l u t e a l  

f u n c t i o n  a t  t h r e e  t im e s  d u r in g  e a r l y  p re g n a n c y  -

( a )  d u r i n g  t h e  e a r l y  p e r i o d  when t h e  c o rp u s  lu te u m  i s  a c q tu i r in g

f u n c t i o n

(b )  a ro u n d  day  IT  when i t  i s  c o n s i d e r e d  t o  p r e v e n t  r e l e a s e  o f  t h e

u t e r i n e  l u t e o l y s i n  (Moor and Rowson, I 96H)

(c )  a b o u t  29 d a y s  a f t e r  m a t in g  when a g a i n  a  p o s i t i v e  l u t e o t r o p h i c  

e f f e c t  i s  t e n t a t i v e l y  s u g g e s t e d .

I t  i s  a p p a r e n t  from  t h e  a v e r a g e  -  1 S .D . p r o g e s t e r o n e  l e v e l s  

f o r  t h e  p r e g n a n t  cows i n  t h i s  s tu d y  t h a t  from  day  8 onw ards t h e  

c o n c e n t r a t i o n  o f  t h i s  hormone i n  t h e  p la s m a  re m a in e d  i n  e x c e s s  o f
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2 . 0  n g /m l  (F ig  7 2 ) .  T h i s ,  h o w e v e r ,  g i v e s  no i n d i c a t i o n  o f  t h e  am ounts 

o f  t h i s  hormone n e c e s s a r y  t o  m a i n t a i n  t h e  c o n c e p t u s ,  R a e s id e  and 

T u rn e r  (1952 )  and Uren and  R a e s id e  (195%) fou n d  t h a t  d a i l y  i n t r a m u s c u l a r  

i n j e c t i o n s  o f  b e tw e e n  25 and  75 mg p r o g e s t e r o n e  i n  o i l  f a i l e d  t o  

m a i n t a i n  p re g n a n c y  i n  a n im a ls  w here  t h e  c o rp u s  lu te u m  had  b e e n  rem oved 

b e tw een  day  36 and  6 7 . McDonald e t  a l . (1958) s u r g i c a l l y  e x c i s e d  t h e  

c o r p o r a  l u t e a  f rom  60 day  p r e g n a n t  cows and  w ere  a b l e  t o  p r e v e n t  

t e r m i n a t i o n  o f  p re g n a n c y  by  t h e  i n t r a m u s c u l a r  i n j e c t i o n  o f  100  mg 

p r o g e s t e r o n e  i n  o i l  d a i l y .  A l th o u g h  McDonald e t  a l .  (1952 )  w orked  

a t  a  l a t e r  s t a g e  o f  p r e g n a n c y  t h a n  t h e  a n im a ls  i n  t h i s  t h e s i s ,  i t  i s  

t e n t a t i v e l y  s u g g e s t e d  from  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  cows i n  t h i s  

t h e s i s  t h a t  a  l e v e l  o f  a t  l e a s t  2 .0  n g /m l  o f  p r o g e s t e r o n e  i s  r e q u i r e d  

t o  m a i n t a i n  t h e  c o n c e p tu s  i n  e a r l y  p r e g n a n c y .  I t  i s  a p p a r e n t  t h a t  . 

i n  many c a s e s  t h e  p la s m a  c o n c e n t r a t i o n s  o f  p r o g e s t e r o n e  i n  t h e  

i n d i v i d u a l  cows was c o n s i d e r a b l y  i n  e x c e s s  o f  t h i s  amount s u g g e s t i n g ,  

a s  h a s  p r e v i o u s l y  b e e n  i m p l i e d  from  s t u d i e s  on e x c i s i o n  o f  t h e  c o rp u s  

lu te u m ,  t h a t  t h i s  s t r u c t u r e  c a n  p ro d u c e  g r e a t e r  am ounts  o f  p r o g e s t e r o n e  

th a n  t h o s e  r e q u i r e d  t o  m a i n t a i n  a  p r e g n a n c y  (T a n a b e ,  I 9 6 6 ) .

The p la s m a  p r o g e s t e r o n e  l e v e l s  r e c o r d e d  a t  t h e  t im e  c o r p o r a  

l u t e a  w ere  p a l p a t e d  i n  b o t h  t h e  p r e g n a n t  and  n o n - p r e g n a n t  p e r i o d s  o f  a l l  

t h e  cows i n  t h i s  s t u d y ,  a r e  p r e s e n t e d  i n  F i g  7 3 . I t  i s  a p p a r e n t  t h a t  

w i t h i n  c o r p o r a  l u t e a  o f  s i m i l a r  s i z e ,  w ide  f l u c t u a t i o n s  i n  p la sm a  

p r o g e s t e r o n e  l e v e l s  o c c u r r e d .  A l th o u g h ,  i n  p a r t ,  f a c t o r s  su c h  a s  

p r e g n a n c y  may i n f l u e n c e  t h e  amount o f  t h i s  hormone p r o d u c e d  by l u t e a l  

t i s s u e ,  o t h e r  e f f e c t s ,  some o f  w h ich  have  p r e v i o u s l y  b een  m e n t io n e d ,  

u n d o u b te d ly  a l s o  a p p ly .
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Based on chem ical and 'b io lo g ic a l a ssays fo r  androgens,

Gassner (1952) su ggested  th a t  androgens in  th e  fem ale cow were d erived  

from p rogesteron e and th a t  th ey  were th e r e fo r e  p resen t a t e le v a te d  

l e v e l s  in  th e  p resen ce o f  a corpus luteum , The p e r ip h e r a l plasma 

androgen l e v e l s  in  the in d iv id u a l anim als f a i l  to  su 'b sta n tia te  t h is  

h y p o th e s is . A lthough e le v a te d  l e v e l s  o f  androgens were found in  Cows 

2 and h when a fu n c t io n a l corpus luteum  was p resen t in  th e  o v a r ie s  in  

th e o ther an im a ls , l e v e l s  a t l e a s t  as great as th o se  in  d io e s tr u s  were 

found around th e  tim e o f  o v u la t io n . I t  has p r e v io u s ly  been su ggested  

(see  Chapter Three) th a t  androgens are se c r e te d  by f o l l i c u l a r  

developm ent. I t  may be th a t  in  anim als where e le v a te d  l e v e l s  o f  

androgens were d e te c te d  during th e  p eriod  o f  lu t e a l  fu n c tio n  th e se  

were a s s o c ia te d  not w ith  t h i s  t i s s u e ,  but w ith  th e  co n cu rren tly  p resen t  

f o l l i c u la r  groifbh.

During e a r ly  pregnancy a v a r ia b le  p a ttern  o f  t o t a l  f o l l i c u l a r  

su rfa ce  d iam eters was record ed . Although in  one anim al ( Cow 8 ) no 

f o l l i c l e s  were p a lp ated  in  th e  o v a r ie s  fo r  a tim e a f t e r  co n cep tio n , in  

o th ers (Cows if, 5 and 11) f o l l i c l e s  w ith  a t o t a l  su r fa ce  diam eter in  

e x ce ss  o f  th o se  recorded  in  th e  non-pregnant p eriod  were found. In 

a d d it io n , peaks o f  plasma o estro g en s o f  comparable magnitude to  th o se  

recorded in  th e  non-pregnant p er io d  in  a s s o c ia t io n  w ith  o v u la tio n  and 

o estru s  were d e te c te d  ( e . g .  Cow 1 1 , day 100; Cow 1 0 , day 9 6 ) .  I t  

ap p ears, th e r e fo r e ,  th a t  f o l l i c u l a r  developm ent, and fu n c t io n ,  

con trary  to  th e  v iew  exp ressed  by R oberts (1971)» were n ot suppressed  

in  th e  p resen ce o f  th e  corpora lu te a  found during e a r ly  pregnancy.

I t  was apparent from th e  r e s u l t s  o f  th e  in d iv id u a l cows th a t
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d u r in g  e a r l y  p r e g n a n c y ,  c y s t i c  s t r u c t u r e s  w ere  p r e s e n t  i n  t h e  o v a r i e s  

o f  Cows 2 ,  3 ,  4 ,  Y, 10 and 11 . These  s t r u c t u r e s  w ere  s i m i l a r  i n  

c h a r a c t e r  t o  t h o s e  fo u n d  i n  t h e  o v a r i e s  o f  Cows 3 and  h d u r in g  

d i o e s t r u s ,  when t h e s e  l a t t e r  a n im a ls  w ere  n o t  p r e g n a n t .  A l th o u g h  

t h e s e  s t r u c t u r e s  w ere  c l a s s i f i e d  as  c y s t s  on t h e  "bas is  o f  t h e i r  s i z e ,  

p e r i o d  o f  p e r s i s t e n c e ,  t h e i r  sm ooth  s u r f a c e ,  and  t h e i r  s o f t  f l u c t u a t i n g  

c o n s i s t e n c y ,  t h e y  w ere  n o t  c o n s i d e r e d  t o  r e p r e s e n t  ex am p les  o f  t h e  

t y p i c a l  c l i n i c a l  c y s t i c  o v a r i a n  d i s e a s e  syndrome a s  d e s c r i b e d  by Garm 

( l9 4 k )  and  Dawson ( l 9 $ 8 ) .  W ith in  t h e  d e s c r i p t i o n  o f  t h i s  syndrome 

b o t h  c y s t i c  f o l l i c l e s  and  c y s t i c  c o r p o r a  l u t e a  h a v e  b e e n  i n c l u d e d  

( R o b e r t s ,  1955 ;  M cE ntee , 1 9 5 8 ) .  In  t h e  a n im a ls  i n  t h i s  t h e s i s  t h e  

c y s t s  were n o t  c o n s i d e r e d  t o  r e p r e s e n t  ab n o rm a l  c o r p o r a  l u t e a ,  a s  a  

no rm al  c o rp u s  l u te u m  c o u ld  be p a l p a t e d  i n  a l l  a n im a ls  and  d i f f e r e n t i a t e d  

f ro m , on a t  l e a s t  some o c c a s i o n s ,  t h e  c y s t .  The f a c t  t h a t  i n  a n im a ls  

w here o n ly  a  c y s t  c o u ld  be  p a l p a t e d  a c o rp u s  lu te u m  was fo u n d  b e f o r e ,  

a f t e r ,  a n d  on o c c a s i o n s  w i t h i n  t h e  p e r i o d  when o n l y  t h e  c y s t  a p p e a r e d  

p r e s e n t ,  c o u p le d  w i t h  t h e  f i n d i n g  t h a t  t h e  c o rp u s  l u t e a  i n  a l l  c a s e s  

was p r e s e n t  a t  t h e  same p o s i t i o n  i n  t h e  o v a r i e s ,  was t a k e n  t o  i n d i c a t e  

t h a t  t h e  c o rp u s  lu te u m  p e r s i s t e d  o v e r  t h e  p e r i o d  b u t  t h a t  i t s  p r e s e n c e  

was o b s c u r e d  by  t h e  c y s t .  E x a m in a t io n  o f  t h e  p e r i p h e r a l  p la sm a  hormone 

l e v e l s  o v e r  t h e  p e r i o d s  when c y s t s  were p r e s e n t  i n  t h e  o v a r i e s  o f  t h e  

cows ( su m m arised  i n  T a b le  43 ) ,  shows t h a t  t h e i r  p r e s e n c e  was n o t  

a s s o c i a t e d  w i t h  r e d u c e d  p r o g e s t e r o n e  s e c r e t i o n  com pared  t o  t h a t  fou n d  

when c o r p o r a  l u t e a  w ere  p r e s e n t  w i t h  no c y s t  i n  t h e  o v a r i e s .  On t h e  

o c c a s i o n s  c o r p o r a  l u t e a  c o u ld  be d i s t i n g u i s h e d  f rom  t h e  c y s t s ,  no 

d i f f e r e n c e s  i n  t h e  s i z e  o f  t h e s e  fo rm e r  s t r u c t u r e s ,  com pared  t o  t h o s e  

found  when c y s t s  w ere  n o t  p r e s e n t ,  c o u ld  be a p p r e c i a t e d .
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R educed  l u t e a l  t i s s u e  p r o g e s t e r o n e  l e v e l s  have  b een  r e p o r t e d  

i n  c y s t i c  c o r p o r a  l u t e a  by S t a p l e s  and  H a n se l  ( I 9 6 1 ) .  D ona ldson  and  

H a n se l  ( I 9 5 8 ) ,  h o w e v e r ,  have  s u g g e s t e d  t h a t  t h i s  a p p a r e n t  d im in i s h e d  

f u n c t i o n  was due t o  t h e  horm ones a d m i n i s t e r e d  t o  t h e s e  cow s , and  t h e  

o b s e r v a t i o n s  s h o u ld  n o t  be e x t r a p o l a t e d  t o  r e p r e s e n t  n a t u r a l l y  

o c c u r r i n g  c y s t i c  c o r p o r a  l u t e a .  As p r e v i o u s l y  n o t e d ,  some o f  t h e  

cows i n  t h i s  t h e s i s ,  i f  exam ined  on some o f  t h e  o c c a s i o n s  c y s t s  w ere  

fo u n d ,  w ould  h a v e  p r e s e n t e d  d i f f i c u l t i e s  i n  d e t e r m i n i n g  what s t r u c t u r e s  

were p r e s e n t  i n  t h e  o v a r i e s .  Only by c a r r y i n g  o u t  r e p e a t e d  r e c t a l  

p a l p a t i o n  o f  t h e  o v a r i e s  i n  t h e s e  c a s e s  c o u ld  a  c o r p u s  lu te u m  

e v e n t u a l l y  be  d i s t i n g u i s h e d .  U n d o u b te d ly  some o f  t h e s e  a n im a ls  w i t h  

a  h i s t o r y  o f  a b s e n c e  o f  nymphomania and a l a r g e  c y s t i c  s t r u c t u r e  i n  

t h e  o v a r i e s  w ou ld  h av e  b e e n  d i a g n o s e d  as h a v in g  e i t h e r  c y s t i c  f o l l i c l e s  

o r  c y s t i c  c o r p o r a  l u t e a  l e a d i n g  t o  e r r o n e o u s  i n t e r p r e t a t i o n s  o f  t h e  

hormones p ro d u c e d  i n  a s s o c i a t i o n  w i t h  t h e s e  s t r u c t u r e s .  Dawson (1975) 

h a s  d e m o n s t r a t e d  t h e  d e g re e  o f  i n a c c u r a c y  o f  r e c t a l  p a l p a t i o n  i n  

d i s t i n g u i s h i n g  c y s t s  from  c o r p o r a  l u t e a  and n o rm a l  f o l l i c l e s .  Due t o  

t h e  p r e s e n c e  o f  c o r p o r a  l u t e a  a t  t h e  same t im e  a s  t h e  c y s t s ,  and t h e  

e v id e n c e  t h a t  n o rm a l  p la sm a  p r o g e s t e r o n e  l e v e l s  w ere  b e i n g  p ro d u c e d  

a lo n g  w i t h  t h e  f a c t  t h a t  p r e g n a n c y  c o n t i n u e d  i n  a l l  a n i m a l s ,  t h e s e  

c y s t i c  s t r u c t u r e s  w ere  c o n s i d e r e d  t o  have  no c l i n i c a l  s i g n i f i c a n c e .

E l e v a t e d  u r i n a r y  e x c r e t i o n  o f  o e s t r o n e  and 1 7 a “o e s t r a d i o l  h a s  

b een  r e p o r t e d  i n  cows w i t h  c y s t i c  o v a r i e s  by L u n a a s , R e f s d a l  and  Garm 

(1 9 7 4 ) ,  t h e  am oun ts  e x c e e d in g  t h o s e  fo u n d  d u r i n g  t h e  f o l l i c u l a r  p h a s e  

o f  t h e  c y c l e  b y  s e v e r a l  t i m e s ,  1 7 3 ~ o e s t r a d i o l  c o n t e n t  o f  f o l l i c u l a r  

c y s t  f l u i d  h a s  b e e n  fo u n d  t o  v a r y  o v e r  a  w ide  r a n g e  ( S h o r t ,  19 6 2 ;
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L u n a a s ,  1 9 6 4 ;  S c h j e r v e n ,  1971) and  t h e  c o n c e n t r a t i o n  o f  t h i s  hormone 

i n  t h e  p la s m a  h a s  b e e n  r e p o r t e d  a s  b e in g  h i g h e r  t h a n  i n  c y c l i n g  cows 

( E d q v i s t ,  Ekman, G u s t a f f s o n  and  L i n d e l l ,  1 9 7 4 ) .  The i n d i v i d u a l ,  and  

co m b in ed ,  p la s m a  o e s t r o g e n  l e v e l s  o f  a l l  cows when c y s t s  w ere  p r e s e n t  

i n  t h e i r  o v a r i e s  f a i l e d  t o  d e m o n s t r a t e  i n c r e a s e d  l e v e l s  o f  t h e s e  

hormones com pared  t o  t h a t  p r e v i o u s l y  n o t e d  i n  a s s o c i a t i o n  w i t h  n o rm a l  

f o l l i c u l a r  d e v e lo p m en t  ( s e e  C h a p te r  Two), In  c o n t r a s t  t o  t h e  above  

o b s e r v a t i o n s  on c y s t i c  f o l l i c u l a r  s t r u c t u r e s  w here  a c o r p u s  lu te u m  

was n o t  p r e s e n t  i n  t h e  o v a r i e s ,  t h e  r e s u l t  i n  t h i s  t h e s i s  d e m o n s t r a t e s  

t h a t  s i m i l a r  s t r u c t u r e s  i n  t h e  p r e s e n c e  o f  f u n c t i o n a l  l u t e a l  t i s s u e  

can  p ro d u c e  ’n o r m a l '  f o l l i c u l a r  q u a n t i t i e s  o f  o e s t r o g e n s .  Garm 

( 1 9 4 9 ) s u g g e s t e d  t h a t  t h e  o c c u r r e n c e  o f  c y s t i c  o v a r i e s  i n  cows was 

a s s o c i a t e d  w i t h  a  d y s f u n c t i o n  o f  t h e  a n t e r i o r  p i t u i t a r y  c a u s i n g  a  

d e f i c i e n c y  o f  LH. H i s t o l o g i c a l  e x a m in a t io n  o f  p i t u i t a r i e s  from  

a n im a ls  w i t h  f o l l i c u l a r  c y s t s  f a i l e d  t o  show an y  e v id e n c e  o f  t h e  n o rm a l  

d e g r a n u l a t i o n  o f  t h e  b a s o p h i l s ,  c o n t a i n i n g  g o n a d o t r o p h i n s ,  i n  t h e s e  

a n im a ls  (McEntee and  J u b b ,  1957)* F u r t h e r  e v id e n c e  t h a t  a  f a i l u r e  i n  

t h e  r e l e a s e ,  r a t h e r  t h a n  t h e  s y n t h e s i s  o f  LH, was a p o s s i b l e  e x p l a n a t i o n  

f o r  t h e s e  p e r s i s t e n t  f o l l i c u l a r  s t r u c t u r e s  was p r o v i d e d  by  t h e  

d e m o n s t r a t i o n  t h a t  a  p r o p o r t i o n  o f  t h e s e  cows c o u ld  be  s u c c e s s f u l l y  

t r e a t e d  by a d m i n i s t r a t i o n  o f  g o n a d o t r o p h ic  hormone r e l e a s i n g  f a c t o r  

( E d q v is t  e t  a l . , 1 9 7 4 ) .  D u r in g  d i o e s t r u s  i n  t h e  n o rm a l  cow, t h e  

s e c r e t i o n  o f  p r o g e s t e r o n e  i s  a s s o c i a t e d  w i t h  t h e  r e l e a s e  o f  o n ly  low  

l e v e l s  o f  LH (H a n s e l  and  S nook , I 9 6 8 ) .  I t  i s  a p p a r e n t  from  s t u d i e s  i n  

n o rm a l  cows t h a t  f o l l i c u l a r  d e v e lo p m e n t ,  r e q u i r i n g  g o n a d o t r o p h ic  

s t i m u l a t i o n ,  p r o c e e d s  t h r o u g h o u t  d i o e s t r u s  (H a n s e l  and  W agner, I 9 6 9 ) .  

What i s  s u r p r i s i n g ,  t h e r e f o r e ,  i s  t h a t  n o t  a l l  c y c l i n g ,  an d  p r e g n a n t



328

cow s, d e v e lo p  t h e  c y s t i c  s t r u c t u r e s  r e c o r d e d  i n  t h i s  t h e s i s .  I t  i s  

a p p a r e n t  t h a t  t h e  f a c t o r s  r e g u l a t i n g  n o rm a l  f o l l i c u l a r  a t r e s i a  d u r i n g  

t h e  c y c l e  m ust h e  e s t a b l i s h e d ,  a s  i t  i s  p r o b a b l e  t h a t  i t  i s  a  f a i l u r e  

o f  t h e s e  m echan ism s t h a t  l e a d s  t o  a  p e r s i s t e n c e  o f  f o l l i c l e s  and  t h e  

f o r m a t i o n  o f  c y s t s  i n  a n im a ls  w here a  c o rp u s  lu te u m  i s  p r e s e n t  i n  

t h e i r  o v a r i e s .

F o l lo w in g  c o n c e p t i o n ,  u t e r i n e  t o n e  was g e n e r a l l y  r e d u c e d  from  

t h e  d e g re e  o f  t u r g i d i t y  n o t e d  b e f o r e  t h i s  t i m e .  In  a l l  a n im a ls  t h a t  

became p r e g n a n t , a  s i m i l a r  p a t t e r n  o f  u t e r i n e  t o n e  was o b s e r v e d  o v e r  

t h e  c o m p le te  p e r i o d  o f  s t u d y ,  i . e .  s l i g h t  t o n e  a t  t h e  s t a r t  o f  t h e  

p o s t - p a r t u m  p e r i o d ,  i n c r e a s e d  l e v e l s  e s p e c i a l l y  o v e r  t h e  t im e  

o v u l a t i o n s  w ere  t a k i n g  p l a c e ,  an d  a  r e t u r n  t o  r e d u c e d  l e v e l s  f o l l o w i n g  

c o n c e p t i o n .  How ever, i t  was a p p a r e n t  from  t h e  r e s u l t s  o f  t h e  

i n d i v i d u a l  a n im a ls  t h a t  m arked v a r i a b i l i t y  e x i s t e d  i n  t h e  o v e r a l l  

d e g re e  o f  u t e r i n e  t u r g i d i t y  a f t e r ,  a s  w e l l  a s  b e f o r e ,  c o n c e p t i o n .

Some a n im a ls  ( e . g .  Cow 5) were r e c o r d e d  a s  h a v in g  a  d e g r e e  o f  t u r g i d i t y  

(++) d u r i n g  t h i s  p e r i o d ,  s i m i l a r  t o  t h a t  fo u n d  i n  o t h e r  a n im a ls  a t  t h e  

t im e  o f  o e s t r u s  ( e . g .  Cow 1 0 ) ,  S i m i l a r l y ,  a l t h o u g h  a  u t e r u s  p o s s e s s i n g  

some t o n e  was commonly fo u n d  d u r i n g  e a r l y  p r e g n a n c y ,  i n  some c a s e s  a  

f l a c c i d  u t e r i n e  w a l l  was f r e q u e n t l y  r e c o r d e d  ( e . g .  Cow 1 0 ) .  The d e g re e  

o f  u t e r i n e  t o n e  o v e r  t h e  c o m p le te  p e r i o d  o f  s t u d y  and  i t s  r e l a t i o n s h i p  

t o  d i f f e r i n g  l e v e l s  o f  p r o g e s t e r o n e  i s  i l l u s t r a t e d  i n  F ig  y4 . I t  may 

be t h a t  t h e  r e d u c e d  l e v e l s  o f  u t e r i n e  t o n e  d u r i n g  t h e  p r e g n a n c y  p e r i o d  

was a  d i r e c t  r e f l e c t i o n  o f  t h e  p r e g n a n t  s t a t e .  I t  i s  r e c o g n i s e d  t h a t  

t h e  a c t i v i t y  o f  t h e  myometrium i s  i n f l u e n c e d  by  t h e  r a t i o  o f  

p r o g e s t e r o n e  t o  o e s t r o g e n  i n  t h e  b lo o d  (C sa p o ,  1 9 5 6 ) .  I t  h a s  a l r e a d y
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b een  n o t e d  t h a t  t h e  s e c r e t i o n  o f  p la sm a  o e s t r o g e n s  i s  a s  g r e a t  

d u r in g  e a r l y  p re g n a n c y  a s  b e f o r e  c o n c e p t io n .  How ever, i t  h a s  a l s o  

b e e n  o b s e r v e d  t h a t  a  p a t t e r n  o f  i n c r e a s i n g  p r o g e s t e r o n e  l e v e l s  was 

fo u n d  w i t h  i n c r e a s i n g  o v u l a t i o n s  a f t e r  c a l v i n g .  I t  may b e  t h a t  t h i s  

o v e r a l l  d e c r e a s e d  t o n e  n o t e d  i n  p re g n a n c y  r e f l e c t e d  t h e  e l e v a t e d  

p r o g e s t e r o n e  l e v e l s  a t  t h i s  t im e  com pared t o  t h o s e  p r e s e n t  e a r l i e r  i n  

t h e  p o s t - p a r t u m  p e r i o d .
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CHAPTER SIX 

GENERAL DISCUSSION
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Much o f  t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  p r e -  and p o s t 

p a r tu m  p e r i o d s  o f  r e p r o d u c t i o n  i n  t h e  cow have  d e r i v e d  f ro m  

b e h a v i o u r a l  o b s e r v a t i o n s  and  p h y s i c a l  p a l p a t i o n  o f  s t r u c t u r e s  w i t h i n  

t h e  o v a r i e s  and  o f  t h e  t u b u l a r  g e n i t a l  t r a c t .  I n  t h i s  t h e s i s ,  

b e s i d e s  t h e s e  a c c e p t e d  c r i t e r i a  o f  a s s e s s i n g  r e p r o d u c t i v e  s t a t u s ,  t h e  

p e r i p h e r a l  p la s m a  p r o g e s t e r o n e  and  t o t a l  o e s t r o g e n  l e v e l s  were 

d e te r m in e d .  In  a d d i t i o n  t o  p r o v i d i n g  c o n f i r m a t o r y  e v id e n c e  o f  t h e  

r e s u l t s  o f  r e c t a l  p a l p a t i o n  o f  o v a r i a n  s t r u c t u r e s ,  t h i s  l a t t e r  

t e c h n i q u e  h a v in g  b een  shown by  Dawson (1975 )  t o  h a v e  a  l a r g e  

p e r c e n t a g e  e r r o r ,  t h e  p la s m a  hormone l e v e l s  e n a b le d  an i n d i c a t i o n  o f  

t h e  f u n c t i o n a l  s t a t u s  o f  any  f o l l i c u l a r  o r  l u t e a l  t i s s u e  d e v e lo p m en t  

t o  be  made.

. O v e r a l l  t h e  o b s e r v a t i o n s  on p e r i p h e r a l  p la s m a  hormone l e v e l s  

were  made p o s s i b l e  t h r o u g h  t h e  e s t a b l i s h m e n t  o f  h i g h l y  p r a c t i c a b l e  

ra d io im m u n o a ssa y s  f o r  p r o g e s t e r o n e  and  o e s t r o g e n s .  Due t o  t h e  

s p e c i f i c i t y  o f  t h e  a n t i - p r o g e s t e r o n e  se ru m , t h e r e  i s  l i t t l e  t h a t  c o u ld  

be  done t o  im prove  t h e  m ethod r e p o r t e d ,  b o t h  a s  r e g a r d s  a s s a y  

r e l i a b i l i t y  an d  s i m p l i c i t y  o f  p e r f o r m i n g  t h e  e s t i m a t i o n s .  I n  t h e  c a s e  

o f  t h e  o e s t r o g e n  a s s a y ,  a l t h o u g h  a  d e g r e e  o f  s p e c i f i c i t y  was s a c r i f i c e d ,  

i n  t h a t  t o t a l  o e s t r o g e n s  w ere  d e t e r m i n e d ,  t h e  p r a c t i c a l  a d v a n ta g e s  

g a in e d  from  t h e  s im p le  e x t r a c t i o n ,  i n c u b a t i o n  and  s e p a r a t i o n  s t e p s  

c o u p le d  w i t h  t h e  o b s e r v a t i o n s  t h a t  o e s t r o n e  i s  s e c r e t e d  i n  s m a l l  

q u a n t i t i e s  by  t h e  cow ( G le n c r o s s  e t  a l . ,  1973) and  t h a t  o e s t r i o l  i s  n o t  

s e c r e t e d  (Dorfman and U nger ,  19^5 )  were f e l t  n o t  t o  o f f e r  s e r i o u s  

c r i t i c i s m  o f  t h e  t e c h n i q u e .  B oth  o f  t h e s e  m e thods  a l l o w e d  t h e  r o u t i n e  

p r o c e s s i n g  o f  up t o  30 sa m p le s  i n  e a c h  a s s a y ,  w h ich  c o u l d  be  c o m p le te d  

w i t h i n  2h h o u r s .
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F o l lo w in g  c o n c e p t i o n ,  a  c o rp u s  lu te u m  fo rm s an d  s e c r e t e s  

p r o g e s t e r o n e  i n  q u a n t i t i e s  w h ich  a t  l e a s t  i n i t i a l l y  a r e  i n d i s t i n g u i s h a b l e  

f rom  t h a t  s e c r e t e d  by c y c l i n g  cows i n  d i o e s t r u s  ( T a b le s  40 and  42 ) .  

A l th o u g h  a t  a  s l i g h t l y  l a t e r  s t a g e  o f  g e s t a t i o n  even  m ore p r o g e s t e r o n e  

may be  s e c r e t e d  by t h e s e  c o r p o r a  l u t e a  ( T a b le  42 ) ,  by  t h e  end  o f  

g e s t a t i o n ,  a ro u n d  6 t o  2 d a y s  b e f o r e  b i r t h ,  t h e  amount o f  p r o g e s t e r o n e  

p ro d u c e d  h a s  s i g n i f i c a n t l y  d e c r e a s e d  ( F ig  3 1 ) .  E v id e n c e  h a s  b e e n  

p r e s e n t e d  w i t h i n  t h i s  t h e s i s  t o  s u g g e s t  t h e  p r im e  i m p o r ta n c e  o f  a  

s h a rp  d e c l i n e  i n  p r o g e s t e r o n e  s e c r e t i o n ,  p r o b a b l y  due  t o  i n t e r v e n t i o n  

o f  a  l u t e o l y t i c  a g e n t ,  a s  a  p r e - r e q u i s i t e  t o  t h e  o n s e t  o f  l a b o u r , The 

above  o b s e r v a t i o n s  on t h e  r e l a t i v e  s e c r e t i o n  o f  p r o g e s t e r o n e  by c o r p o r a  

l u t e a  a t  v a r i o u s  s t a g e s  o f  g e s t a t i o n  s u g g e s t  t h a t  d u r i n g  l a t e  p r e g n a n c y  

i n  t h e  cow an in d e p e n d e n t  m echanism  s e r v e s  t o  r e d u c e  p r o g e s t e r o n e  

s e c r e t i o n  by t h i s  s t r u c t u r e .  I t  may be  t h a t  t h i s  i n i t i a l  d e c l i n e  

r e p r e s e n t s  t h e  g r a d u a l  d y in g  o f f  o f  t h e  c o rp u s  lu te u m  a s  i t  r e a c h e s  t h e  

end o f  i t s  n a t u r a l  l i f e  sp an  and t h a t  t h i s  p r o c e s s  i s  t h e n  h a s t e n e d  by 

t h e  s u p e r i m p o s i t i o n  o f  a  l y t i c  m echanism  im m e d ia te ly  b e f o r e  t h e  o n s e t  

o f  b i r t h .

L u t e a l  f u n c t i o n  h a s  b een  s t u d i e d  u n d e r  a  v a r i e t y  o f  

c i r c u m s t a n c e s  -  a t  t e r m ,  p r i o r  t o  t h e  f i r s t  o v e r t  h e a t ,  i n  c y c l i n g  cows 

and  i n  e a r l y  p r e g n a n c y .  O v e r a l l  c o m p a r is o n  o f  l u t e a l  s i z e ,  d e te r m in e d  

by  a s s e s s i n g  c o r p o r a  l u t e a  d i a m e te r  on r e c t a l  p a l p a t i o n ,  w i t h  t h e ,  

p e r i p h e r a l - p l a s m a  p r o g e s t e r o n e  l e v e l s  fo u n d  i n  a s s o c i a t i o n  w i t h  t h e s e  

s t r u c t u r e s  a t  d i f f e r e n t  r e p r o d u c t i v e  s t a g e s  r e v e a l s  s e v e r a l  f a c t s  

p e r t i n e n t  b o t h  t o  an u n d e r s t a n d i n g  o f  t h e  p h y s io l o g y  o f  d i o e s t r u s ,  

and  t o  t h e  p r a c t i c a l  a s s e s s m e n t  o f  t h e  r e p r o d u c t i v e  s t a t u s  o f  cows.
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W ith in  a g ro u p  o f  cows w here b e h a v i o u r a l  o b s e r v a t i o n s  a r e  n o t  a v a i l a b l e  

e i t h e r  f o r  p h y s i o l o g i c a l  o r  management r e a s o n s ,  t h e  r e c t a l  p a l p a t i o n  

o f  c o r p o r a  l u t e a  i s  o f t e n  u s e d  a s  e v id e n c e  o f  n o rm a l  c y c l i n g .  O v e r a l l  

c o m p a r iso n  o f  l u t e a l  s i z e  w i t h  p la sm a  p r o g e s t e r o n e  l e v e l s  ( F i g  73) 

r e v e a l s  t h a t  w i t h i n  c o r p o r a  l u t e a  o f  from  1 ,5  “ 2 . 5  cm d i a m e te r  a  w ide  

r a n g e  i n  p la s m a  p r o g e s t e r o n e  l e v e l s  was f o u n d .  A l th o u g h  i n  p a r t  t h i s  

u n d o u b te d ly  r e f l e c t s  t h e  f a c t  t h a t  f u n c t i o n a l  l u t e a l  r e g r e s s i o n  o c c u r s  

a t  a  more r a p i d  p a c e  t h a n  a  s t r u c t u r a l  d e c r e a s e  i n  s i z e ,  i t  i s  

a p p a r e n t  t h a t ,  w i t h i n  t h i s  r a n g e ,  s i z e  a lo n e  c a n n o t  be u s e d  t o  a s s e s s  

a c c u r a t e l y  t h e  l e v e l  o f  f u n c t i o n .  These  f i n d i n g s  w ould  s u g g e s t  t h a t  

i f  s u c h  t h i n g s  a s  a b o r t i o n  due  t o  p r o g e s t e r o n e  i n s u f f i c i e n c y  do o c c u r ,  

t h e  r e a s o n  f o r  t h e  a b o r t i o n  w i l l  n o t  be  a b l e  t o  be  a p p r e c i a t e d  by 

p h y s i c a l  e x a m in a t io n  a l o n e .  I n d e e d ,  co m b in in g  t h e s e  f i n d i n g s  w i t h  

o b s e r v a t i o n s  on t h e  i n a c c u r a c y  o f  d e t e c t i n g  c o r p o r a  l u t e a  i n  t h e  f i r s t  

p l a c e  (Dawson, 1975)  would l e a d  one t o  q u e s t i o n  r e c t a l  p a l p a t i o n  o f  

o v a r i a n  s t r u c t u r e s  a s  a  v a l i d  means o f  a s s e s s i n g  r e p r o d u c t i v e  s t a t u s .  

S u p p o r t  t o  t h i s  a rg u m en t was g iv e n  by t h e  o b s e r v a t i o n s  on t h e  

o c c u r r e n c e  o f  c y s t i c  s t r u c t u r e s  i n  t h e  o v a r i e s  o f  t h e  cows i n  t h i s  

t h e s i s .  A l th o u g h  i n  a l l  i n s t a n c e s  t h e s e  s t r u c t u r e s  c o u l d ,  by  r e c t a l  

p a l p a t i o n ,  be  r e a d i l y  r e c o g n i s e d  a s  c y s t s ,  i n  no c a s e s  w ere  t h e y  

c o n s i d e r e d  o f  c l i n i c a l  s i g n i f i c a n c e  due t o  t h e  f a c t  t h a t  t h e y  w ere  

a lw ays  fo u n d  i n  a s s o c i a t i o n  w i t h  a  f u n c t i o n a l  c o rp u s  lu te u m .  How ever, 

p u r e l y  on r e c t a l  e x a m in a t io n  i n  many i n s t a n c e s  ( e . g .  Cow 1 1 ,  F i g  6 l )  

due t o  t h e  s i z e  and  p o s i t i o n  o f  t h e  c y s t  a  c o rp u s  l u te u m  c o u ld  n o t  be  

r e c o g n i s e d .  Thus i n  t h e  c a s e  o f  t h e  p r e g n a n t  a n im a ls  w i t h  a  h i s t o r y  

o f  a n o e s t r u s ,  t h e y  c o u ld  on e x a m in a t io n  a t  one i n s t a n c e  h av e  b e e n  

a s c r i b e d  t o  t h e  ’c y s t i c  o v a r i a n  d i s e a s e ’ syndrom e. O b v io u s ly



335

d i f f e r e n t i a t i o n  b e tw e en  t h e  p a t h o l o g i c a l  and ’n o r m a l '  s t a t e  c o u ld  

be e a s i l y  made by  a s s e s s i n g  t h e  p e r i p h e r a l  p la s m a  p r o g e s t e r o n e  l e v e l s .  

I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  a t  l e a s t  a s  r e g a r d s  t h e  p r e s e n c e  o f  

c o r p o r a  l u t e a  p la s m a  p r o g e s t e r o n e  l e v e l s  s h o u ld  n o t  b e  t h o u g h t  o f  a s  

an  a l t e r n a t i v e  t o  p h y s i c a l  e x a m i n a t i o n ,  b u t  s h o u ld  be r e g a r d e d  a s  t h e  

m ethod o f  c h o i c e .  As p r e v i o u s l y  s t a t e d ,  i t  i s  g e n e r a l l y  a c c e p t e d  

t h a t  c y s t i c  o v a r i a n  s t r u c t u r e s  do n o t  c o n s t i t u t e  a  f u n c t i o n a l  

a b n o r m a l i ty  when t h e y  o c c u r  i n  t h e  p r e s e n c e  o f  a  c o rp u s  lu te u m  i n  t h e  

o v a r i e s .  I t  i s ,  h o w e v e r ,  p o s s i b l e  t h a t  i f  t h e s e  c y s t s  w ere  

a s s o c i a t e d  w i t h  i n c r e a s e d  o e s t r o g e n  s e c r e t i o n ,  t h e y  may i n t e r f e r e  

w i t h  r e p r o d u c t i v e  f u n c t i o n  e i t h e r  d i r e c t l y  by way o f  t h e  e f f e c t s  o f  

t h e s e  horm ones on t a r g e t  t i s s u e s  su c h  a s  t h e  m yom etrium , o r  i n d i r e c t l y  

b o t h  t h r o u g h  i n t e r f e r e n c e  w i t h  t h e  n o rm a l  r e l e a s e  o f  p i t u i t a r y  

g o n a d o t r o p h in s  o r  by r e l e a s i n g  u t e r i n e  l u t e o l y s i n .  The r e s u l t s  i n  

t h i s  t h e s i s  s u g g e s t  t h a t  l a r g e  c y s t i c  s t r u c t u r e s  n e e d  n o t  n e c e s s a r i l y  

show i n c r e a s e d  o e s t r o g e n  p r o d u c t i o n ,  e x p l a i n i n g  why i n  t h e s e  cows 

l u t e a l  f u n c t i o n  i n  t h e  p r e s e n c e  o f  t h e  c y s t s  was i n d i s t i n g u i s h a b l e  

from  t h a t  d u r in g  n o rm a l  d i o e s t r u s  and  why p re g n a n c y  c o n t i n u e d .

E v id e n c e  on t h e  l e v e l  o f  f u n c t i o n  a s s o c i a t e d  w i t h  c o r p o r a  

l u t e a  h a s  s u g g e s t e d  t h a t  t h e s e  s t r u c t u r e s  fo rm ed  e a r l y  i n  t h e  p o s t 

p a r tu m  p e r i o d  may be  a s s o c i a t e d  w i t h  a  p r o g e s t e r o n e  i n s u f f i c i e n c y  a s  

r e g a r d s  t h e  q u a n t i t i e s  o f  t h i s  hormone r e q u i r e d  t o  m a i n t a i n  a 

p r e g n a n c y .  However, by t h e  se co n d  and s u b s e q u e n t  p e r i o d s  o f  d i o e s t r u s  

a f t e r  c a l v i n g ,  p r o g e s t e r o n e  p r o d u c t i o n  was i n d i s t i n g u i s h a b l e  f rom  

t h a t  i n  n o rm a l  c y c l i n g ,  o r  e a r l y  p r e g n a n t  cow s. To m ax im ise  c h a n c e s  

o f  a c h i e v i n g  a  c a l v i n g  i n t e r v a l  o f  a p p r o x im a te ly  365 d a y s  demands
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t h a t  cows be s e r v e d  u n d e r  co m m e rc ia l  h e r d  c i r c u m s t a n c e s  from  45 days  

p o s t - p a r t u m  o n w a rd s .  In  t h e  l i g h t  o f  t h e  above  f i n d i n g s  on 

p r o g e s t e r o n e  s e c r e t i o n  by  e a r l y  p o s t - p a r t u m  c o r p o r a  l u t e a ,  i t  i s  

s u g g e s t e d  t h a t  f o r  cows t o  h av e  a  c h a n c e  o f  becom ing  p r e g n a n t  from  

day 45 onw ards t h e y  s h o u ld  a t  l e a s t  be s t a r t i n g  t h e i r  se c o n d  o e s t r o u s  

c y c l e  f ro m  t h i s  t i m e .  T h is  i n  t u r n  would  n e c e s s i t a t e  t h e i r  f i r s t  

o v u l a t i o n  h a v in g  o c c u r r e d  a ro u n d  day  24 a f t e r  c a l v i n g .  B r i t t  e t  a l . 

(1 9 7 4 ) have  d e m o n s t r a t e d  t h e  a b i l i t y  o f  GnRH t o  in d u c e  o v u l a t i o n  i n  

e a r l y  p o s t - p a r t u m  cow s. The r e s u l t s  i n  t h i s  t h e s i s  w here  a n im a ls  

were s u b j e c t e d  t o  a  management sy s te m  r e c o g n i s e d  a s  d e l a y i n g  t h e  

o c c u r r e n c e  o f  p o s t - p a r t u m  o v u l a t i o n s ,  i . e .  s u c k l i n g ,  show t h a t  even  

i n  t h e s e  cows t h e  a b i l i t y  t o  r e s p o n d  t o  GnRH s h o u ld  be p r e s e n t  by  

a ro u n d  day  24 . The p o t e n t i a l  a b i l i t y  t o  r e s p o n d  t o  GnRH was ju d g e d  

on t h e  f a c t  t h a t  f u n c t i o n a l  f o l l i c u l a r  d e v e lo p m en t  o c c u r r e d  a ro u n d  

t h i s  t im e  i n  9 o u t  o f  t h e  10 cow s. Combining t h e s e  o b s e r v a t i o n s  on 

f o l l i c u l a r  and  l u t e a l  d e v e lo p m en t  a f t e r  c a l v i n g  w ould  s u g g e s t  a  r o l e  

f o r  GnRH as  a  r o u t i n e  t r e a t m e n t  o f  p o s t - p a r t u m  cows w i t h  t h e  p u r p o s e  

o f  a s s u r i n g  t h a t  a l l  a n im a ls  h a d  a t  l e a s t  one  o v u l a t i o n  and  one 

p e r i o d  o f  d i o e s t r u s  b y  day  45 .

I t  i s  w e l l  r e c o g n i s e d  t h a t  u t e r i n e  t o n e  i n c r e a s e s  a ro u n d  

t h e  t im e  o f  o e s t r u s  i n  t h e  c y c l i n g  cow. The r e s u l t s  i n  t h i s  t h e s i s  

have  d e m o n s t r a t e d  t h a t  i n c r e a s e d  t o n e  c a n  be fo u n d  o u t w i t h  h e a t  

p e r i o d s  i n  t h e  p o s t - p a r t u m  a n im a l .  The o v e r a l l  d i s t r i b u t i o n  o f  

u t e r i n e  t u r g i d i t y  a s  a  f u n c t i o n  o f  t h e  l e v e l  o f  p r o g e s t e r o n e  p r e s e n t  

i n  t h e  b lo o d  ( F ig  65 ) sh o w s ,  a s  w ould  be e x p e c t e d ,  t h a t  maximum t o n e  

was a s s o c i a t e d  m a in ly  w i t h  lo w  p r o g e s t e r o n e  l e v e l s .  I t  was a l s o
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a p p a r e n t , p r e s u m a b ly  r e f l e c t i n g  t h e  f a c t  t h a t  u t e r i n e  t o n e  i s  n o t

r e g u l a t e d  s o l e l y  by p r o g e s t e r o n e , t h a t  t h e  c o m p le te  r a n g e  o f  t u r g i d i t y

was a s s o c i a t e d  w i t h  low  l e v e l s  o f  t h i s  horm one. H ow ever, t h e  r e s u l t s

o f  t h i s  s t u d y  d e m o n s t r a t e d  t h a t  i n c r e a s e d  ( + + ) ,  and  on a  few  o c c a s i o n s

(+++) t o n e  c o u ld  be fo u n d  when e l e v a t e d  l e v e l s  o f  p la s m a  p r o g e s t e r o n e

were p r e s e n t .  I n  g e n e r a l  i t  can  be  s e e n ,  from  F i g  65 , t h a t
\

i n c r e a s e d  (++) o r  (+++) u t e r i n e  t o n e  was a s s o c i a t e d  w i t h  i n c r e a s e d  

o e s t r o g e n  l e v e l s .  However, i t  was a l s o  a p p a r e n t  t h a t  a  w ide 

v a r i a t i o n  i n  t h e  d e g r e e  o f  t u r g i d i t y  c o u ld  be  fo u n d  i n  a s s o c i a t i o n  

w i t h  s i m i l a r  o e s t r o g e n  l e v e l s .  A cknow ledg ing  t h a t  t h e  d e t e r m i n a t i o n  

o f  u t e r i n e  t o n e  was h i g h l y  s u b j e c t i v e ,  t h e s e  f i n d i n g s  would  i n d i c a t e  

t h a t ,  a s  w i t h  a t t e m p t e d  a s s e s s m e n t  o f  l u t e a l  f u n c t i o n  by  r e c t a l  

p a l p a t i o n ,  u t e r i n e  t o n e  i s  an  i m p r e c i s e  i n d i c a t o r  o f  b o t h  c y c l i n g  

a c t i v i t y  an d  t h e  s t a g e  o f  t h e  o e s t r o u s  c y c l e .

D u r in g  p r e g n a n c y ,  i t  h a s  b e e n  s u g g e s t e d  ( G l e n c r o s s  e t  a l . ,  

1 9 7 3 ) t h a t  an  e l e v a t i o n  i n  p la sm a  o e s t r o g e n s  o c c u r s  a ro u n d  t h e  t im e  

when i f  t h e  a n im a l  was n o t  p r e g n a n t , i t  w ould  have  r e t u r n e d  t o  h e a t . 

T h is  would  im p ly  t h a t  some p o s s i b l y  i n h e r e n t  c y c l i c i t y ,  i n  t e rm s  o f  

f o l l i c u l a r  d e v e lo p m e n t ,  p e r s i s t s  i n  t h e  o v a r i e s  ev en  when f i n a l  

f o l l i c u l a r  d e v e lo p m en t  and  o v u l a t i o n  a r e  s u p p r e s s e d  b y  t h e  s e c r e t i o n  

o f  p r o g e s t e r o n e  f ro m  t h e  c o rp u s  l u te u m .  The r e s u l t s  i n  t h i s  t h e s i s  

c o n f i r m  t h a t  i n c r e a s e d  l e v e l s  o f  o e s t r o g e n s  c a n  o c c u r  w i t h i n  t h e  

p e r i o d  I 8 -  25 d a y s  a f t e r  c o n c e p t i o n  ( F ig s  4U, 4 7 ,  5 0 ,  5 3 j 59* 6 2 ) .  

However, i t  was a l s o  a p p a r e n t  t h a t  p e a k s  o f  o e s t r o g e n s  c o u ld  be  

d e t e c t e d  o u t w i t h  t h e s e  t im e s  i n  p r e g n a n t  cows. T hese  r e s u l t s  a r e  

i n t e r p r e t e d  a s  s u g g e s t i n g  t h a t  f o l l i c u l a r  d e v e lo p m en t  c o n t i n u e s  t o
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occur during pregnancy d io e s t r u s ,  as during th e  lu t e a l  phase o f  th e  

c y c le  in  non-pregnant cow s, and th a t  ra th er than t h i s  b ein g  

r e s t r i c t e d ,  by some unknown mechanism, t o  th e  p eriod  o f  l8  -  25 days 

p o s t-c o n c e p t io n , th e  occurrence o f  peaks o f  o estro g en s  w ith in  t h i s  

p eriod  was a m atter o f chance.

One o f  th e  most s t r ik in g  o b serv a tio n s  o f  t h i s  study was 

th e f in d in g  th a t  s i l e n t  heat d id  not appear to  be a s s o c ia te d  w ith  a 

d e f ic ie n c y  o f  plasma o e s tr o g e n s . I t  has been p o s tu la te d  th a t  t h i s  

r e fr a c to r y  s t a t e  i s  due to  an e le v a te d  th resh o ld  to  th e se  hormones 

a f te r  c a lv in g . I t  would be o f  in t e r e s t  to  determ ine i f  o estro g en s  

adm in istered  to  post-partum  cows cou ld  be made to  have a more p o ten t  

o estro u s inducing e f f e c t  i f  th e  hypothalam ic a c t iv i t y  was aroused in  

th e se  anim als in  a n o n -s p e c if ic  manner. In th e  absence o f  any obvious  

reason  fo r  th e  f a i lu r e  o f  post-partum  cows to  show o v ert heat along  

w ith e a r ly  o v u la t io n s , th e  marked e n d o c r in o lo g ic a l a l t e r a t io n s  

recorded in  l a t e  pregnancy have been im p lica ted  in  having a r e s id u a l  

e f f e c t  on su p p ression  o f  normal rep rod u ctive  fu n c tio n  a f te r  c a lv in g .

By ab ortin g  pregnant cows p r io r  to  th e  term in a l s ta g e s  o f  g e s t a t io n ,  

th e  in f lu e n c e  o f ,  fo r  exam ple, a low er l e v e l  o f  t o t a l  o estro g en s  on 

th e retu rn  to  ovarian  c y c l in g  and th e  ex p ress io n  o f  o estro u s  

behaviour cou ld  be determ ined.

W ithin cows showing o estro u s  or p e r io e s tr o u s  behaviour no 

obvious r e la t io n s h ip  cou ld  be found between th e  l e v e l s  o f  o estro g en s  

a t th e  tim e o f ,  or im m ediately p reced in g , th e  even t and th e  in t e n s i t y  

o f  o estro u s  behaviour. A lthough r e fe r e n c e  in  t h i s  t h e s i s  has been



339

made t o  t h e  h e t e r o s e x u a l  component o f  o e s t r o u s  b e h a v io u r  i n  c o w s , i t  

i s  w e l l  r e c o g n i s e d  t h a t  hom osexua l  b e h a v io u r  i s  a l s o  n o r m a l ly  s e e n .  

F u r th e r m o r e  i t  h a s  b een  r e p o r t e d  t h a t  cows i n  o e s t r u s  a r e  more f r e q u e n t  

m o u n te rs  o f  o t h e r  cows i n  h e a t  (M y lrea  and B e i l h a r z ,  1 9 6 4 ) .  R a th e r  

t h a n  b e in g  a t y p i c a l  p a r t  o f  fe m a le  s e x u a l  b e h a v i o u r ,  t h i s  c o u ld  more 

c o r r e c t l y  be c o n s i d e r e d  t o  r e p r e s e n t  m a s c u l in e  s e x u a l  b e h a v io u r .  

A ndrogens a r e  w e l l  r e c o g n i s e d  a s  r e g u l a t o r s  o f  m ale  s e x u a l  b e h a v io u r .

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  l e v e l  o f  a n d ro g e n s  r e c o r d e d  i n  t h e  

cows i n  t h i s  t h e s i s  a t  no t im e  a p p ro a c h e d  t h e  c o n c e n t r a t i o n s  o f  t h e s e  

hormones we have  r e c o r d e d  i n  b u l l s  -  t y p i c a l  r e s u l t s  f o r  t h e  l a t t e r  

se x  r a n g i n g  from  a ro u n d  0 .3  n g /m l  t o  5*5 n g /m l  w i t h i n  t h e  c o u r s e  o f  a  

d a y .  I t  i s  n o t  known w h e th e r  a n d ro g e n s  i n  t h e  cow r e g u l a t e  t h e  

i n t e n s i t y  o f  m o u n t in g  o t h e r  cows. C o n v e r s e ly  w h e th e r  b u l l s  show, o r  

can be in d u c e d  t o  show, by i n j e c t i o n  o f  t h e  t r a d i t i o n a l  f e m a le  s e x  

h o rm ones ,  f e m a le  a s  w e l l  a s  m a le  b e h a v io u r  i s  n o t  known. These 

o b s e r v a t i o n s  would  s u g g e s t  t h a t  f u r t h e r  s t u d i e s  on t h e  i n f l u e n c e  o f  

hormones on t h e  r e g u l a t i o n  o f  s e x u a l  b e h a v io u r  a r e  r e q u i r e d .

O v e r a l l ,  t h e  r e s u l t s  o f  t h i s  s tu d y  i n t o  r e p r o d u c t i o n  i n  t h e  

p o s t - p a r t u m  cow were f e l t  t o  p r o v i d e  a  b a s i s  f o r  e x t e n s i o n  o f  e n d o c r in e  

i n v e s t i g a t i o n s  i n t o  f i e l d  s i t u a t i o n s  b o t h  a t  a  h e r d  and an  i n d i v i d u a l  

cow l e v e l .  At t h e  l e v e l  o f  t h e  i n d i v i d u a l  cow, t h e i r  m ain  a p p l i c a t i o n  

w ould  i n i t i a l l y  be  t o  e l i m i n a t e  d e f i c i e n c i e s  o f ,  f o r  e x a m p le ,  

p r o g e s t e r o n e  a s  a  c a u s e  o f  any  i n f e r t i l i t y ,  and t o  su p p le m e n t  r e c t a l  

p a l p a t i o n s .  I t  may be t h a t  u s e  c o u ld  be made o f  t h e  c o n s ta n c y  o f  t h e  

p a t t e r n  o f  p r o g e s t e r o n e  i n c r e a s e  a f t e r  n o rm a l  o v u l a t i o n  t o  s tu d y  such  

c o n t r o v e r s i a l  t o p i c s  a s  d e la y e d  o v u l a t i o n .  At a  h e r d  l e v e l  r o u t i n e
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s a m p l in g  f o r  p r o g e s t e r o n e  l e v e l s  c o u ld  be  i n c o r p o r a t e d  a s  p a r t  o f  h e rd  

f e r t i l i t y  c o n t r o l  program m es t o  e n s u r e  t h a t  a l l  a n im a ls  w ere  c y c l i n g  

by t h e  r e q u i r e d  t im e  a f t e r  c a l v i n g .  These s t u d i e s  c o u ld  be  o f  

o b v io u s  econom ic im p o r ta n c e .
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