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To my w i f e  Mary and o u r  d a u g h t e r  A n t o n i a  who was born  

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



A B S T R A C T

A s p e c t s  on t h e  c e n t r a l  c o n t r o l  o f  t h e  n e u r o h y p o p h y s e a l  

hormone a r g i n i n e  v a s o p r e s s i n  (AVP) h a v e  been s t u d i e d  i n  

t h e  r a t  and i n  man w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  n o v e l  

p e p t i d e  a t r i a l  n a t r i u r e t i c  f a c t o r  ( A N F ) . I n  t h e  r a t  

s t u d i e s  on AVP and o x y t o c i n  (OT) r e l e a s e  were p e r f o r m e d  

i n  v i v o  and i n  v i t r o . I n t r a c e r e b r o v e n t r i c u l a r  ( I C V )  

a d m i n i s t r a t i o n  o f  a t r i o p e p t i n  I I I  had no e f f e c t  on h e a r t  

r a t e  o r  mean a r t e r i a l  p r e s s u r e  o f  th e  a n a e s t h e t i s e d  r a t .  

F u r t h e r  s t u d i e s  were p e r f o r m e d  i n  c o n s c i o u s  r a t s  and  

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

p l a s m a  l e v e l s  o f  AVP and OT were d e t e r m i n e d  i n  a) c o n t r o l  

r a t s ,  b) r a t s  whose d r i n k i n g  w a t e r  had been r e p l a c e d  by 2% 

s a l i n e  and c)  r a t s  who had been h a e m o r r h a g e d .  The r e l e a s e  

o f  b o t h  AVP and OT were i n h i b i t e d  when b a s a l  l e v e l s  were  

e l e v a t e d  by s a l i n e  t r e a t m e n t  or  by h a e m o r r h a g e .  I n  i n  

v i t r o  e x p e r i m e n t s  t h e  s t i m u l a t e d  r e l e a s e  o f  AVP and OT 

from t h e  i s o l a t e d  n e u r o - i n t e r m e d i a t e  l o b e  o f  t h e  r a t  was  

shown t o  be i n h i b i t e d  by a t r i o p e p t i n  I I I .  T h e s e  

e x p e r i m e n t s  s u g g e s t  t h a t  ANF a c t s  w i t h i n  t h e  

h y p o t h a l a m o - n e u r o h y p o p h y s e a l  a x i s  t o  i n h i b i t  t h e  

s t i m u l a t e d  r e l e a s e  o f  b o t h  AVP and OT.

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

and i n  p a t i e n t s  w i t h  two d i f f e r e n t  d i s o r d e r s  o f  t h e  

c e n t r a l  n e r v o u s  s y s t e m .  C h a n g e s  i n  u r i n e  f l o w  h ave  been  

r e p o r t e d  p r e v i o u s l y  d u r i n g  s p o n t a n e o u s  m i g r a i n e .  T h i s  was  

c o n f i r m e d  and e v i d e n c e  i s  p r e s e n t e d  f o r  t h e  i n h i b i t i o n  o f



AVP s e c r e t i o n  d u r i n g  m i g r a i n e .  A p o s s i b l e  r o l e  f o r  ANF i n  

t h e  m e c h a n is m  i s  a l s o  d i s c u s s e d .

P o s t u r a l  c h a n g e s  i n  u r i n e  f lo w  h ave been o b s e r v e d  i n  

t e t r a p l e g i c  p a t i e n t s .  T h i s  h a s  been c o n f i r m e d  and t h e  

c a r d i o v a s c u l a r  r e g u l a t i o n  o f  AVP s e c r e t i o n  i n  n o r m a l  and  

t e t r a p l e g i c  man e x a m i n e d .  H e a d - u p  t i l t  r e s u l t e d  i n  g r e a t e r  

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

p r o b a b l y  due t o  t h e  a d d i t i o n a l  h y p o t e n s i v e  r e s p o n s e  i n  t h e  

t e t r a p l e g i c s .  O s m o t i c  r e g u l a t i o n  o f  AVP s e c r e t i o n  was  

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

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

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

I n  o r d e r  t o  a s c e r t a i n  whether  t h e  i n c r e a s e d  s e c r e t i o n  o f  

AVP i n  t e t r a p l e g i c s  r e s u l t e d  i n  an y  c h a n g e  i n  p e r i p h e r a l  

AVP r e c e p t o r  m e d i a t e d  r e s p o n s e s ,  t h e  s e n s i t i v i t y  t o  

p r e s s o r  e f f e c t s  o f  AVP was e xa m in e d  i n  n o r m a l  c o n t r o l s ,  

t e t r a p l e g i c s  and h e a l t h y  s u b j e c t s  who had been t r e a t e d  

w i t h  a l p h a  and b e t a  a d r e n o c e p t o r  b l o c k e r s .  I n f u s i o n  o f  AVP 

a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  had no e f f e c t  on b l o o d  

p r e s s u r e  i n  e i t h e r  t h e  n o r m a l  o r  t h e  h e a l t h y  s u b j e c t s  who 

had been a l p h a  and b e t a  b l o c k e d .  I n  c o n t r a s t  AVP i n f u s i o n  

r e s u l t e d  i n  a m ar ke d r i s e  i n  b l o o d  p r e s s u r e  i n  t h e  

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

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



P U B L I C A T I O N S

P a r t s  o f  t h i s  work hav e been p u b l i s h e d  or  c o m m u n ic a te d  a s  

f o l l o w s :

P o o l e  CJM, C a r t e r  DA, V a l l e j o  M, L i g h t m a n  S L .  A t r i a l  

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

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

J o u r n a l  o f  E n d o c r i n o l o g y , 1 9 8 7 ,  1 1 2 ,  9 7 - 1 0 2 .

P o o l e  CJM,  C a r t e r  DA, L i g h t m a n  S L .  C e n t r a l l y  a d m i n i s t e r e d  

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

v a s o p r e s s i n  and o x y t o c i n  r e s p o n s e  to  h a e m o rr h a g e  i n  

c o n s c i o u s  r a t s .  C l i n i c a l  S c i e n c e , 1 9 8 7 ,  7 2 ,  1 7 P .

F r a n k e l  H L ,  L i g h t m a n  S L ,  P o o l e  CJM, W i l l i a m s  TDM. 

I n c r e a s e d  s e n s i t i v i t y  to  t h e  p r e s s o r  r e s p o n s e  o f  AVP i n  

s u b j e c t s  w i t h  mid c e r v i c a l  c o r d  t r a n s e c t i o n .  The J o u r n a l  

o f  P h y s i o l o g y , 1 9 8 6 ,  3 8 1 ,  3 9 P .

P o o l e  CJM, W i l l i a m s  TDM, L i g h t m a n  S L ,  F r a n k e l  H L .  N e u r o ­

e n d o c r i n e  c o n t r o l  o f  v a s o p r e s s i n  s e c r e t i o n  and i t s  e f f e c t  

on b l o o d  p r e s s u r e  i n  s u b j e c t s  w i t h  s p i n a l  c o r d  t r a n s e c t i o n  

B r a i n , 1 9 8 7 ,  1 1 0 ,  7 2 7 - 3 5 .

P o o l e  CJM, W i l l i a m s  TDM, L i g h t m a n  S L .  The e f f e c t  o f  

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

r a t e  i n  a l p h a  and b e t a - a d r e n o c e p t o r  b l o c k e d  man. C l i n i c a l  

S c i e n c e ,  1 9 8 7 ,  7 2 ,  1 7 P .



P o o l e  CJM, F r a n k e l  H L ,  Jam ous MA. A r g i n i n e  v a s o p r e s s i n  

s e c r e t i o n  i n  s u b j e c t s  w i t h  s p i n a l  c o r d  t r a n s e c t i o n .  A n n u a l  

S c i e n t i f i c  M e e t i n g  o f  t h e  I n t e r n a t i o n a l  M e d i c a l  S o c i e t y  o f  

P a r a p l e g i a , S t o k e  M a n d e v i l l e  H o s p i t a l ,  1 3 t h  May 1 9 8 7 .

P o o l e  CJM, C a r t e r  DA, L i g h t m a n  S L .  I n t r a c e r e b r o v e n t r i c u l a r  

a t r i o p e p t i n  I I I  i n h i b i t s  v a s o p r e s s i n  and o x y t o c i n

s e c r e t i o n  f o l l o w i n g  h a e m o rr h a g e  i n  c o n s c i o u s  r a t s .  N e u r o ­

e n d o c r i n o l o g y  L e t t e r s , 1 9 8 7 ,  9 ,  2 4 9 - 5 4 .

P o o l e  CJM, L i g h t m a n  S L .  I n h i b i t i o n  o f  v a s o p r e s s i n

s e c r e t i o n  d u r i n g  m i g r a i n e .  J o u r n a l  o f  N e u r o l o g y ,

N e u r o s u r g e r y  and P s y c h i a t r y , 1 9 8 8 ,  i n  p r e s s .



C O N T E N T S

Page

A c kn o w led g em e n ts ( i )

D e c l a r a t i o n ( i i )

C h a p t e r  1  I n t r o d u c t i o n

1 . 1 P l a s m a  o s m o l a l i t y ,  o s m o r e c e p t o r s ,  so d iu m s e n s i t i v e

r e c e p t o r s ,  b l o o d  v o lu m e  and b l o o d  p r e s s u r e 1

1 . 2 N e u r a l  p a t h w a y s  c o n t r o l i n g  t h e  s e c r e t i o n o f

v a s o p r e s s i n 6

1 . 3 B i o s y n t h e s i s  and i n t r a n e u r o n a l  t r a n s p o r t o f

v a s o p r e s s i n 7

1 . 4 N e u r o e n d o c r i n e  c o n t r o l  o f  v a s o p r e s s i n  s e c r e t i o n 10

1 . 5 A t r i a l  n a t r i u r e t i c  f a c t o r  (ANF) and i t s p o t e n t i a l

r o l e  i n  t h e  c o n t r o l  o f  v a s o p r e s s i n  s e c r e t i o n 1 5

C h a p t e r  2 M e t h o d o l o g y

2 . 1 A n i m a l s 23

2 . 2 A n a e s t h e t i c s 23

2 . 3 S t e r e o t a x y 24

2 . 4 P l a s m a  e x t r a c t i o n 27

2 . 5 R a d i o i m m u n o a s s a y  ( v a s o p r e s s i n ,  o x y t o c i n and

a t r i a l  n a t r i u r e t i c  f a c t o r ) 28

2 . 6 H i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y 35

2 . 7 P e r  i f u s i o n 38

2.8 S t a t i s t i c s 43



Page

C h a p t e r  3 S t u d i e s  w i t h  A t r i a l  N a t r i u r e t i c  F a c t o r  

i n  a n a e s t h e t i s e d  r a t s

3 . 1  The e f f e c t  o f  p e r i p h e r a l l y  a d m i n i s t e r e d  ANF on

u r i n a r y  vo lu m e and u r i n a r y  so d iu m  45

3 . 2  S t u d i e s  on u r i n e  f lo w  i n  r a t s  p l a c e d  i n  a

s t e r e o t a x i c  fra m e 50

3 . 3  The e f f e c t  o f  c e n t r a l l y  a d m i n i s t e r e d  ANF on

b l o o d  p r e s s u r e  and h e a r t  r a t e  56

C h a p t e r  4 The e f f e c t  o f  c e n t r a l l y  a d m i n i s t e r e d  ANF on  

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

o x y t o c i n  i n  v i v o

4 . 1 I n t r o d u c t i o n 62

4 . 2 M a t e r i a l s  and Methods 63

4 . 3 R e s u l t s 66

4 . 4 D i s c u s s i o n 74

C h a p t e r  5 The e f f e c t  o f  ANF on t h e  s t i m u l a t e d  r e l e a s e

o f  v a s o p r e s s i n  and o x y t o c i n  i n  v i t r o

5 . 1 I n t r o d u c t i o n 80

5 . 2 M a t e r i a l s  and Methods 80

5 . 3 R e s u l t s 8 1

5 . 4 D i s c u s s i o n 84



Page

C h a p t e r  6 I n h i b i t i o n  o f  v a s o p r e s s i n s e c r e t i o n  d u r i n g

6 . 1

m i g r a i n e

I n t r o d u c t i o n 86

6 . 2 S u b j e c t s  and Methods 87

6 . 3 R e s u l t s 89

6 . 4 D i s c u s s i o n 95

C h a p t e r  7 N e u r o e n d o c r i n e  c o n t r o l  o f v a s o p r e s s i n

s e c r e t i o n  i n  t e t r a p l e g i c  man

7 . 1 I n t r o d u c t i o n 98

7 . 2 S u b j e c t s  and Methods 99

7 . 3 R e s u l t s 1 0 3

7 . 4 D i s c u s s i o n 1 1 1

C h a p t e r  8 The e f f e c t s  o f  v a s o p r e s s i n  i n f u s i o n  on b l o o d  

p r e s s u r e  and h e a r t  r a t e  i n  a) t e t r a p l e g i c  man 

and b) a l p h a  and b e t a - a d r e n o c e p t o r  b l o c k e d  man

8 . 1 I n t r o d u c t i o n 1 1 6

8 . 2 S u b j e c t s  and M ethods 1 1 8

8 . 3 R e s u l t s 1 2 1

'3**00 D i s c u s s i o n 1 2 8

C o n c l u s i o n s  and i m p l i c a t i o n s  o f  t h i s  work 1 3 1

B i b l i o g r a p h y 1 3 3



A C K N O W L E D G E M E N T S
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s u b m i t t e d  f o r  c a n d i d a t u r e  f o r  a n y  o t h e r  d e g r e e .

C a n d i d a t e

(ii)



CHAPTER 1 I N T R O D U C T I O N

The p h y s i o l o g i c a l  c o n t r o l  o f  a r g i n i n e  v a s o p r e s s i n  (AVP) 

s e c r e t i o n  i s  a c h i e v e d  by two m a j o r  m e c h a n i s m s :  1 )  c h a n g e s  

i n  p l a s m a  o s m o l a l i t y  and 2) c h a n g e s  i n  b l o o d  volume and 

b l o o d  p r e s s u r e .

1 . 1  P l a s m a  O s m o l a l i t y

V e r n e y ,  1 9 4 7  was th e  f i r s t  t o  show t h a t  v a r i o u s  

h y p e r o s m o l a r  s o l u t i o n s  when i n j e c t e d  i n t o  th e  c a r o t i d  

a r t e r y  o f  c o n s c i o u s  d ogs  r e s u l t e d  i n  a r a p i d  f a l l  i n  u r i n e  

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

e x t r a c e l l u l a r  f l u i d  t o n i c i t y  and AVP r e l e a s e .  T h i s  l e d  to  

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

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

o f  e x t r a c e l l u l a r  f l u i d  w h ic h  c o n t r o l l e d  t h e  r e l e a s e  o f  

a n t i d i u r e t i c  h orm one. As a r e s u l t  o f  u n i l a t e r a l  c a r o t i d  

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

c a r o t i d  a r t e r y ,  J e w e l l  and V e r n e y  ( 1 9 5 7 )  p o s t u l a t e d  t h e  

e x i s t e n c e  o f  o s m o r e c e p t o r s  w i t h i n  t h e  a n t e r i o r  

h y p o t h a l a m u s .  S u b s e q u e n t  work h a s  shown t h a t  t h e r e  i s  a 

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

and AVP r e l e a s e  i n  s e v e r a l  d i f f e r e n t  s p e c i e s  ( r a t s  -  Dunn 

e t  a l ,  1 9 7 3 ;  g o a t s  -  A n d e r s s o n ,  1 9 7 7 ;  s h e e p  -  M c K i n l e y  e t  

a l ,  1 9 7 8 ;  monkeys -  S w a m i n a t h a n ,  1 9 8 0 ;  do gs  -  Ramsay e t  

a l ,  1 9 8 3 ;  humans -  Z e r b e  and R o b e r t s o n ,  1 9 8 3 ;  L i g h t m a n  and
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E v e r i t t ,  1 9 8 6 )  . I n  man p l a s m a  o s m o l a l i t y  i s  n o r m a l l y

m a i n t a i n e d  between 286 and 294 mOsm/kg t h r o u g h  t h e  r e l e a s e  

o f  AVP.

T h e r e  i s  s t i l l  u n c e r t a i n t y  a s  t o  the  e x a c t  s i t e  o f  t h e  

o s m o r e c e p t o r s  d e s p i t e  a l l  t h e  work t h a t  h a s  been done t o  

t r y  and l o c a t e  th em . W i t h i n  t h e  a n t e r i o r  h y p o t h a l a m u s ,  t h e  

a n t e r o v e n t r a l  p a r t  o f  t h e  3 r d  v e n t r i c l e  (AV3V) h a s  b een  

p r o p o s e d  a s  one o f  t h e  s i t e s  f o r  o s m o r e c e p t o r s .  F o r  

e x a m p l e ,  r a t s  w i t h  l e s i o n s  o f  t h e  AV3V r e g i o n  e x h i b i t

h y p e r n a t r a e m i a  and d e f i c i t s  i n  d r i n k i n g  (Buggy and

J o h n s o n ,  1 9 7 7 )  and g o a t s  w i t h  l e s i o n s  i n  t h i s  r e g i o n

d e v e l o p  c h r o n i c  d e h y d r a t i o n  and l a c k  a s i g n i f i c a n t  AVP 

r e s p o n s e  t o  h y p e r n a t r a e m i a  ( A n d e r s s o n ,  1 9 7 7 ) .  The  

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

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

o f  t h e  l a m i n a  t e r m i n a l i s  (w h ic h  i s  w i t h i n  t h e  A V 3 V ) , t h e  

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

t h e m s e l v e s  h a v e  been  shown t o  be s e n s i t i v e  t o  c h a n g e s  i n  

p l a s m a  o s m o l a l i t y  ( M i s e l i s  & E n g ,  1 9 8 1 ;  S l a d e k  & 

A r m s t r o n g ,  1 9 8 5 ) .

A n d e r s s o n  ( 1 9 7 7 )  f o r m u l a t e d  t h e  h y p o t h e s i s  o f  p e r i ­

v e n t r i c u l a r  s o d i u m  s e n s i t i v e  r e c e p t o r s .  He o b s e r v e d  t h a t  

i n t r a c e r e b r o v e n t r i c u l a r  ( I C V )  i n f u s i o n s  i n  g o a t s  o f  

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

o u t p u t ,  w h e r e a s  h y p e r t o n i c  s u c r o s e  d i d  n o t .  M c K i n l e y  e t  a l  

( 1 9 7 8 )  e x t e n d e d  t h i s  work by c o m p a r i n g  t h e  e f f e c t s  o f
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i n t r a c a r o t i d  i n f u s i o n s  o f  1M NaCfi,  2M s u c r o s e  and 4.6M  

u r e a  s o l u t i o n s  on u r i n e  f l o w  and C S F  s o d i u m  c o n c e n t r a t i o n  

i n  s h e e p .  H y p e r t o n i c  s a l i n e  and s u c r o s e  p r o d u c e d  a r a p i d  

o n s e t  o f  d r i n k i n g  and a n t i d i u r e s i s  whei^as u r e a  c a u s e d  a 

r e l a t i v e l y  s l o w  a n t i d i u r e s i s  and no s t i m u l a t i o n  o f  

d r i n k i n g  d e s p i t e  t h e  f a c t  t h a t  i t  c a u s e d  t h e  g r e a t e s t  r i s e  

i n  C S F  so d iu m  c o n c e n t r a t i o n .  As s t a t e d  by S c h r i e r  e t  a l  

( 1 9 7 9 ,  F 3 2 5 )  t h e s e  r e s u l t s  " p r o v i d e  a n e a r  f a t a l  b lo w t o  

t h e  C S F  s o d iu m  r e c e p t o r  h y p o t h e s i s  f o r  ADH r e l e a s e .  And 

F i t z s i m o n s  ( 1 9 8 6 )  w r i t e s  t h a t  t h e  d i s t i n c t i o n  between  

o s m o r e c e p t o r s  and sodiu m  s e n s i t i v e  r e c e p t o r s  may be 

u n i m p o r t a n t ,  a s  i n c r e a s e s  i n  o s m o l a l i t y  a r i s i n g  from l a c k  

o f  w a t e r  a l s o  c a u s e  an i n c r e a s e  i n  p l a s m a  s o d iu m  

c o n c e n t r a t i o n .

B l o o d  Volume and B l o o d  P r e s s u r e

Ryd&n and V e r n e y  ( 1 9 3 8 )  were t h e  f i r s t  t o  o b t a i n  e v i d e n c e  

t h a t  h a e m o r r h a g e  i s  a s t i m u l u s  f o r  t h e  r e l e a s e  o f  A V P .  

T h e y  f o u n d  t h a t  a m o d e r a t e  h a e m o rr h a g e  i n  t h e  

u n a n a e s t h e t i s e d  dog r e s u l t e d  i n  i n h i b i t i o n  o f  w a t e r  

d i u r e s i s .  H y p o -  and h y p e r v o l a e m i a  were s u b s e q u e n t l y  shown 

t o  a f f e c t  t h e  r e l e a s e  o f  A V P .  S h a r e  ( 1 9 6 1 )  u s i n g  

p e r i t o n e a l  l a v a g e  w i t h  a h y p e r t o n i c  s o l u t i o n  i n  do gs  

showed t h a t  a 1 5 %  r e d u c t i o n  i n  e x t r a c e l l u l a r  f l u i d  v olu m e  

and no s i g n i f i c a n t  c hange i n  mean a r t e r i a l  p r e s s u r e  or  

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

A V P .  Ze hr  e t  a l  ( 1 9 6 9 )  e x pa n d e d  e x t r a c e l l u l a r  f l u i d  volu m e
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i n  t h e  u n a n a e s t h e t i s e d  ewe by t h e  i n f u s i o n  o f  i s o t o n i c  

s a l i n e  and o b s e r v e d  a f a l l  i n  p l a s m a  AVP c o n c e n t r a t i o n  a s  

t h e  e x t r a c e l l u l a r  f l u i d  v olu m e was i n c r e a s e d .

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

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

d i r e c t e d  t o w a r d s  i d e n t i f y i n g  t h e  "vo lu m e  r e c e p t o r s " .  

G a u e r ,  H e n r y  and o t h e r s  i n  t h e  1 9 5 0 s  r e p o r t e d  how an  

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

a t r i a l  p r e s s u r e  p r o d u c e d  a d i u r e s i s .  G a u e r  and H e n r y  

( 1 9 6 3 )  d e s c r i b e d  two t y p e s  o f  r e c e p t o r :  low p r e s s u r e

r e c e p t o r s  i n  t h e  a t r i a ,  v e n t r i c l e s  and g r e a t  v e i n s  w h ic h  

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

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

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

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

d i s t e n s i o n  and n e g a t i v e  p r e s s u r e  b r e a t h i n g .  C u t t i n g  t h e  

v a g i  c a u s e d  a r i s e  i n  t h e  p l a s m a  c o n c e n t r a t i o n  o f  AVP
& <s - <

( S h a r e  & L e v y ,  1 9 6 2 ;  C l a r k  and S i l v a ,  1 9 6 7 ^ .  P h y □  i o l o g i -Ga-1- 

i m p o r t a n o e- o f —a-fer-i -a l -  r e c e p t o r s —i d -er i -v-ed—f-gefli nt-ud-i o c  on 

o a r d i -ac— de n e r v a t i o n -. C a r d i a c  d e n e r v a t i o n  p r e v e n t s  th e  

d i u r e t i c  r e s p o n s e  t o  a t r i a l  d i s t e n s i o n ;  r e d u c e d  r e l e a s e  o f  

AVP i n  r e s p o n s e  t o  h a e m o r r h a g e  or d e h y d r a t i o n .  The  

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

d i s t e n s i o n  c a n n o t  be e x p l a i n e d  e n t i r e l y  by i n h i b i t i o n  o f  

AVP r e l e a s e  i s  d i c u s s e d  i n  c h a p t e r  1 . 5 .

I n  a d d i t i o n  t o  t h e  a t r i a l  s t r e t c h  r e c e p t o r s ,  b a r o r e c e p t o r s
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c a n  p a r t i c i p a t e  i n  t h e  c o n t r o l  o f  AVP r e l e a s e .  O c c l u s i o n  

o f  bo th common c a r o t i d  a r t e r i e s  i n  a n a e s t h e t i s e d ,  

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

p l a s m a  AVP c o n c e n t r a t i o n  ( S h a r e  & L e v y ,  1 9 6 2 ) .  T h i s  

manoeuv/fc was i n e f f e c t i v e  i f  t h e  v a g i  were i n t a c t .  T h a t  

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

i n d i c a t e d  by t h e  o b s e r v a t i o n  t h a t  d e n e r v a t i o n  o f  t h e  

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

b l o c k e d  t h e  r e l e a s e  o f  A VP.

af/i-itsl/  rfuJ-cli Ucfyf/v'Y)

C h e m o r e c e p t o r  s , a s  w e l l  a s  s-t-r e-t e h  and b a r o r e c e p t o r s , may 

be i n v o l v e d  i n  t h e  r e l e a s e  o f  AVP. I n  open c h e s t  d o gs  i n  

w h ic h  r e s p i r a t i o n  was m a i n t a i n e d  c o n s t a n t  and t h e  v a g i  

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

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

c o n c e n t r a t i o n  o f  AVP ( S h a r e  & L e v y  1 9 6 6 ;  S h a r e  1 9 7 6 ) .

I n  summary,  i t  h a s  been shown t h a t  c h a n g e s  i n  th e  a c t i v i t y  

o f  a t r i a l  s t r e t c h  r e c e p t o r s ,  b a r o r e c e p t o r s  and chemo­

r e c e p t o r  s r e g u l a t e  t h e  r e l e a s e  o f  AVP.
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Other S t i muli A f f e c t i n g  A VP Secretion

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

h y p o v o l a e m i a  and h y p o t e n s i o n  a r e  known t o  i n c r e a s e  AVP 

s e c r e t i o n  by a c t i o n s  on u n d e f i n e d  c e n t r a l  p a t h w a y s .  N a u s e a  

i s  a v e r y  p o t e n t  s t i m u l u s  t o  AVP s e c r e t i o n  i n  man 

( R o b e r t s o n ,  1 9 7 7 )  w h ic h  may be a c o n t r i b u t o r y  f a c t o r  i n  

t h e  v e r y  h i g h  l e v e l s  o b s e r v e d  d u r i n g  s y n c o p e .  H y p o -  

g l y c a e m i a  i n d u c e d  by i n s u l i n  a d m i n i s t r a t i o n  r e s u l t s  i n  a 

m o d e r a t e  r i s e  i n  AVP ( B a y l i s  and R o b e r t s o n ,  1 9 8 1 )  w h i c h  i s  

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

p r e s s u r e  and b l o o d  v o l u m e .  An o r o p h a r a n g e a l  r e f l e x  h a s  

been r e p o r t e d  r e c e n t l y  i n  w h ic h  t h e  a c t  o f  d r i n k i n g  c a u s e s  

a r a p i d  f a l l  i n  p l a s m a  AVP i n  d e h y d r a t e d  d o gs  ( T h r a s h e r  e t  

a l ,  1 9 8 1 )  and i n  man g i v e n  w ate r  t o  d r i n k  ( G e e l e n  e t  a l ,  

1 9 8 4 )  . T h i s  f a l l  i n  p l a s m a  AVP o c c u r s  w i t h i n  1 0  m i n u t e s  

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

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

1 . 2  N e u r a l  P a t h w a y s  c o n t r o l i n g  t h e  s e c r e t i o n  o f  AVP

A f f e r e n t  f i b r e s  from h i g h  and low p r e s s u r e  r e c e p t o r s  

( s e c t i o n  1 . 1 )  w i t h i n  t h e  c a r d i o v a s c u l a r  s y s t e m  p r o j e c t  i n  

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

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

t h e  d o r s a l  v a g a l  c o m p le x  ( D V C ) . From h e r e  p a t h w a y s  p r o j e c t  

by d i r e c t  and i n d i r e c t  r o u t e s  to  th e  p a r a v e n t r i c u l a r  (PV)  

n u c l e u s  a s  w e l l  a s  t h e  s u p r a o p t i c  (SO) n u c l e u s  ( f i g u r e  

1 . 1 ) .  Saw ch en ko  and Swanson ( 1 9 8 2 )  d e m o n s t r a t e d  a
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n o n - n o r a d r e n e r g i c  p r o j e c t i o n  from t h e  DVC t o  th e  A 1  g r o u p  

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

i n  t h e  PV and SO n u c l e i  p r e f e r e n t i a l l y  s e c r e t i n g  A VP. I n  

a d d i t i o n  n o r a d r e n e r g i c  c e l l s  i n  t h e  l o c u s  c o e r u l e u s  (A6) 

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

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

c e r e b r a l  c o r t e x .  The PV n u c l e u s  i s  d i v i d e d  i n t o  two p a r t s  

t h e  m a g n o c e l l u l a r  n e u r o n e s  w h ic h  p r o j e c t  t o  t h e  

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

p r o j e c t  t o  t h e  m e d i a n  e m i n e n c e ,  b r a i n  ste m and s p i n a l  c o r d  

where t h e y  may i n f l u e n c e  a n t e r i o r  p i t u i t a r y  f u n c t i o n  and 

t h e  a u t o n o m i c  n e r v o u s  s y s t e m  (Swanson & S a w c h e n ko , 1 9 8 3 ) .  

The SO n u c l e u s  c o n t a i n s  o n l y  m a g n o c e l l u l a r  n e u r o n e s  w hich  

p r o j e c t  t o  t h e  n e u r o h y p o p h y s i s .

1 . 3  B i o s y n t h e s i s  and i n t r a n e u r o n a l  t r a n s p o r t  o f  

v a s o p r e s s i n

AVP, l i k e  o t h e r  p e p t i d e s ,  i s  s y n t h e s i s e d  a s  p a r t  o f  a 

l a r g e r  p r e c u r s o r  m o l e c u l e  p r e p r o p r e s s o p h y s i n . S y n t h e s i s  i s  

t h o u g h t  t o  t a k e  p l a c e  i n  t h e  p e r i k a r y a  o f  t h e  PV and SO 

n u c l e i  i n  c e l l s  d i s t i n c t  from t h o s e  p r o d u c i n g  o x y t o c i n  

( B i n d l e r  e t  a l ,  1 9 6 7 ) .  The p r e c u r s o r  m o l e c u l e s  a r e  

t r a n s p o r t e d  by a x o p l a s m i c  f l o w  down t h e  n e u r o s e c r e t o r y  

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

p r e c u r s o r  m o l e c u l e  t o  AVP and n e u r o p h y s i n  o c c u r s  d u r i n g  

t r a n s p o r t .  The AVP i s  s t o r e d  i n  g r a n u l e s  a t  th e  n e r v e
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Figure 1.1

Diagramatic representation of the rat brain showing the

major inputs and outputs to the paraventr icular {PV} and

supraoptic {SO} nuclei. Dorsal vagal complex {DVC}; locus

coeruleus {LC}; neurohypophysis {NH}; nucleus of the

tractus solitarius {NTS}; glossopharyngeal {IX} and vagal

{X} cranial nerves.





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

i n  e p i s o d i c  b u r s t s  by C a 2+ d e p e n d en t  e x o c y t o s i s  i n  

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

and P o i s n e r ,  1 9 6 4 )  .

1 . 4  N e u r o e n d o c r i n e  c o n t r o l  o f  v a s o p r e s s i n  s e c r e t i o n

The r e l e a s e  o f  AVP i n t o  t h e  c i r c u l a t i o n  a p p e a r s  t o  be 

l a r g e l y  d e t e r m i n e d  by t h e  combined e f f e c t  o f  e x c i t a t o r y  

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

SO and PV n u c l e i  o f  t h e  h y p o t h a l a m u s .  The n a t u r e  o f  t h e  

i n t e r a c t i o n  be tw ee n  t h e s e  i n p u t s  i s  unknown b u t  i t  h a s  

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

i n c o m in g  i n f o r m a t i o n  from bo th  o s m o t i c  and non o s m o t i c  

s t i m u l i  ( S c h r i e r  e t  a l ,  1 9 7 9 ) .

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

a c t i v e  p e p t i d e s  h a v e  been i m p l i c a t e d  i n  t h e  c e n t r a l  

c o n t r o l  o f  v a s o p r e s s i n  r e l e a s e .  Some o f  t h e  more i m p o r t a n t  

n e u r o t r a n s m i t t e r s  w i l l  be d i s c u s s e d :

1 )  A c e t y l c h o l i n e

F o l l o w i n g  p r e v i o u s  e x p e r i m e n t s  w i t h  i n t r a v e n o u s  i n j e c t i o n s  

o f  a c e t y l c h o l i n e  i n  d o g s ,  P i c k f o r d  ( 1 9 4 5 )  d e m o n s t r a t e d  

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

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

n u c l e u s .  I n h i b i t i o n  o f  u r i n e  f lo w  was not  s e e n  a f t e r
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r e m o v in g  t h e  n e u r o h y p o p h y s i s  s u g g e s t i n g  t h a t  t h e  

a n t i d i u r e s i s  was due to  t h e  r e l e a s e  o f  A V P .  . I n t r a v e n o u s  

i n j e c t i o n s  o f  a c e t y l c h o l i n e  i n t o  a t r o p i n i s e d  dogs  

s i m i l a r l y  r e s u l t e d  i n  an a n t i d i u r e s i s  s u g g e s t i n g  t h a t  the  

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

B u r n ,  T r u e l o v e  & B u r n  ( 1 9 4 5 )  r e p o r t e d  a n t i d i u r e s i s  i n  man 

and r a t s  i n  r e s p o n s e  t o  i . v .  n i c o t i n e  a s  w e l l  a s  

a n t i d i u r e s i s  a f t e r  sm oking c i g a r e t t e s .  M i l t o n  & P a t e r s o n  

( 1 9 7 4 )  p e r f o r m e d  d i r e c t  i n j e c t i o n s  o f  n i c o t i n e  i n t o  t h e  

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

c o n c e n t r a t i o n ,  an e f f e c t  p r e v e n t e d  by p r e t r e a t m e n t  w i t h  

he xam e th on iu m  o r  p e m p i d i n e .

I n  t h e  w a t e r  l o a d e d  r a t  Kuhn ( 1 9 7 4 )  d e m o n s t r a t e d  an 

e x c i t a t o r y  r o l e  f o r  t h e  m u s c a r i n i c  r e c e p t o r  i n  AVP 

r e l e a s e .  However B i s s e t  and Chow dre y ( 1 9 8 4 )  i n  a d d i t i o n  t o  

c o n f i r m i n g  K u h n ' s  o b s e r v a t i o n  d e m o n s t r a t e d  t h a t  the  

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

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

I m m u n o c y t o c h e m i c a l  t e c h n i q u e s  h ave d e m o n s t r a t e d  t h e  

p r e s e n c e  o f  t h e  enzyme c h o l i n e  a c e t y l t r a n s f e r a s e , a 

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

n e u r o h y p o p h y s i s  and i m m e d ia t e  v i c i n i t y  ( l a t e r a l

h y p o t h a l a m u s )  o f  t h e  SO n u c l e u s  ( f o r  r e v i e w  se e  S l a d e k ,  

1 9 8 3 )  . More r e c e n t l y  u s i n g  m o n o c l o n a l  a n t i b o d i e s ,  

n i c o t i n i c  c h o l i n e r g i c  r e c e p t o r s  h a v e  been  d e m o n s t r a t e d  i n  

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

p r e s s i n e r g i c  n e u r o n s  (Mason, 1 9 8 5 )  .
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2) C a t e c h o l a m i n e s

The f i r s t  e f f e c t  o f  c a t e c h o l a m i n e s  t o  be r e p o r t e d  was an 

i n h i b i t o r y  o n e .  E a r l y  e x p e r i m e n t s  showed t h a t  t h e  

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

be r e d u c e d  by n e u r o h y p o p h y s e c t o m y . The same w o r k e r s ,  

O 'C o n n o r  & V e r n e y  ( 1 9 4 5 ) ,  r e p o r t e d  t h a t  a d r e n a l i n e  

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

L a t e r  work h a s  shown t h a t  n o r a d r e n a l i n e  a c t i n g  on one or  

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

r e l e a s e  o f  A V P .  F o r  e x a m p l e ,  p h e n t o l a m i n e  or p h e n o x y -  

b e n za m in e  w i l l  i n h i b i t  t h e  a n t i d i u r e s i s  p r o d u c e d  by  

i n t r a c e r e b r o v e n t r i c u l a r  i n j e c t i o n s  o f  n o r a d r e n a l i n e ,  i n  

t h e  w a te r  l o a d e d  r a t  ( K u h n , 1 9 7 4 ;  H o f f m a n ,  P h i l l i p s  & 

S c h m i d ,  1 9 7 7 )  and p r o p r a n o l o l  w i l l  i n h i b i t  the  d i u r e s i s  

p r o d u c e d  by i s o p r e n a l i n e  and a d r e n a l i n e  i n  do gs  ( B h a r g a v a  

e t  a l .  1 9 7 2 ) .  The e f f e c t s  o f  i n j e c t i o n s  on u r i n e  f l o w  or  

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

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

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

w hether  t h e  a n i m a l  was c o n s c i o u s  o r  a n a e s t h e t i s e d .

I m m u n o c y t o c h e m i c a l  t e c h n i q u e s  hav e s e p a r a t e d  a s c e n d i n g  

n o r a d r e n e r g i c  p a t h w a y s  i n t o  t h e  s o - c a l l e d  v e n t r a l  

n o r a d r e n e r g i c  b u n d l e  (VNAB) and d o r s a l  n o r a d r e n e r g i c  

b u n d l e  (DNAB). I n j e c t i o n s  o f  6 - h y d r o x y d o p a m i n e  i n t o  t h e  

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

a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  r e l e a s e  o f  AVP i n  r e s p o n s e
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t o  0 . 5 %  body w e i g h t  h a e m o rr h a g e  ( L i g h t m a n ,  Todd & E v e r i t t ,  

1 9 8 4 ) .  W h ere a s  s i m i l a r  i n j e c t i o n s  i n t o  t h e  VNAB, b u t  n o t  

DNAB, p r o d u c e d  a s i g n i f i c a n t  r e d u c t i o n  i n  1 . 5  M s a l i n e -  

i n d u c e d  r i s e  i n  p l a s m a  AVP ( L i g h t m a n ,  Todd & E v e r i t t ,  

1 9 8 3 ) .  T h e s e  o b s e r v a t i o n s  s u g g e s t ,  f i r s t l y  t h a t  t h e  

n o r a d r e n e r g i c  p r o j e c t i o n s  i n v o l v e d  i n  t h e  AVP r e s p o n s e  t o  

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

i n  t h e  AVP r e s p o n s e  t o  h aem orrhage a n d ,  s e c o n d l y ,  t h a t  

n o r a d r e n a l i n e  h a s  an e x c i t a t o r y  r o l e  i n  t h e s e  p a t h w a y s .

3) O p i o i d  P e p t i d e s

I m m u n o r e a c t i v e  L e u - e n k e p h a l i n  i s  p r e s e n t  i n  t h e  

n e u r o i n t e r m e d i a t e  l o b e  o f  th e  r a t  p i t u i t a r y  and an  

e n k e p h a l i n e r g i c  p a t h w a y  a r i s i n g  i n  the  SO and PV n u c l e i  

h a s  been t r a c e d  t o  t h e  n e u r o h y p o p h y s i s  ( R o s s i e r  e t  a l ,  

1 9 7 9 ) .  O p i a t e  r e c e p t o r s  h ave a l s o  been o b s e r v e d  i n  t h e  

n e u r a l  l o b e  ( S i m a n t o v  and S n y d e r ,  1 9 7 7 ;  L i g h t m a n  e t  a l ,  

1 9 8 3 ) ;  p r e d o m i n a t e l y  kap pa i n  t y p e  (Bunn e t  a l ,  1 9 8 5 ;  

G e r s t b e r g e r  & B a r d e n ,  1 9 8 6 ) .  Homozygous B r a t t l e b o r o  r a t s  

( l a c k i n g  AVP) h a v e  s i g n i f i c a n t l y  l e s s  o p i o i d  p e p t i d e s  i n  

t h e i r  n e u r o - i n t e r m e d i a t e  l o b e s  t h a n  h e t e r o z y g o u s  r a t s .  

C o e x i s t e n c e  o f  d y n o r p h i n  w i t h  AVP i m m u n o r e a c t i v i t y  i n  t h e  

same m a g n o c e l l u l a r  n e u r o n e s  h a s  been shown ( C o u l t e r  e t  a l ,  

1 9 8 1 )  a s  h a s  c o e x i s t e n c e  o f  L e u - e n k e p h a l i n  and o x y t o c i n  

i m m u n o r e a c t i v i t y  ( M a r t i n  & V o i g t ,  1 9 8 1 ) .  S e v e r a l  s t u d i e s  

h a v e  now been done i n  a n i m a l s  and man t o  i n v e s t i g a t e  t h e  

f u n c t i o n a l  r o l e  o f  o p i o i d  p e p t i d e s  i n  t h e  c o n t r o l  o f  AVP
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s e c r e t i o n  and i t  a p p e a r s  t h a t  en d o gen o u s e n k e p h a l i n s  e x e r t  

an i n h i b i t o r y  e f f e c t  on s t i m u l a t e d  AVP r e l e a s e  ( f o r  r e v i e w  

s e e  C a r t e r  and L i g h t m a n ,  1 9 8 5 ) .

4) Angiotensin II

Several studies have shown AVP release after ICV admini­

stration of angiotensin II and in one study (Keil et al 

1975) the release of AVP was directly related to the dose 

of angiotensin II injected into the cerebral vent r i c l e s . 

Peripheral infusion of high doses of angiotensin II have 

been shown to increase plasma AVP concentrations (Padfield 

and Morton, 1977) but a physiological role for angiotensin 

II in the central control of AVP release seems unlikely.

5) Other Peptides

Other peptides such as Substance P and corticotrophin-re- 

leasing factor (CRF) have been localised in the PV nucleus. 

Intracerebroventricular administration of Substance P has 

been reported to stimulate the release of AVP in anaesthe­

tised rats (Haidar et al 1979) and high doses of intra­

venous CRF have been shown to release AVP in conscious dogs 

(Klingbeil et al 1988) but their physiological role in the 

central control of AVP release is unknown.
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1 . 5  A t r i a l  N a t r i u r e t i c  F a c t o r  and i t s  p o t e n t i a l  r o l e  i n  

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

I n  1 9 6 1  de W ard ener  e t  a l  p u b l i s h e d  e x p e r i m e n t a l  work a s  

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

n a t r i u r e t i c  f a c t o r .  T h i s  " t h i r d  f a c t o r "  was t h o u g h t  t o  a c t  

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

r e n i n - a n g i o t e n s i n - a l d o s t e r o n e  s y s t e m  to  r e g u l a t e  so d iu m  

l o s s  from t h e  k i d n e y .  I n  1 9 8 4  a n o v e l  g r o u p  o f  p e p t i d e s  

were i s o l a t e d  from a t r i a l  c a r d i o c y t e s  o f  a n i m a l s  and f o u n d  

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

p r o p e r t i e s .  T h i s  f a m i l y  o f  p e p t i d e s  i s  c o l l e c t i v e l y  known 

a s  a t r i a l  n a t r i u r e t i c  f a c t o r  ( A N F ) .

H i s t o r i c a l  b a c k g r o u n d  t o  ANF

I t  was K i s c h ,  1 9 5 6  who r e p o r t e d  g r a n u l e s  i n  t h e  c y t o p l a s m  

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

w h ic h  he c a l l e d  o s m o p h i l i c  b o d i e s .  S i m i l a r  g r a n u l e s  were  

s u b s e q u e n t l y  d e s c r i b e d  by J a m i e s o n  and P a l a d e ,  1 9 6 4  i n  t h e  

a t r i a l  b u t  n o t  v e n t r i c u l a r  c a r d i o c y t e s  o f  1 0  mammalian  

s p e c i e s .  T h e i r  f u n c t i o n  however was unknown.

G a u e r  e t  a l ,  1 9 5 4  showed t h a t  dogs exp o se d  t o  c o n s t a n t  

n e g a t i v e  p r e s s u r e  b r e a t h i n g  hav e an i n c r e a s e  i n  u r i n e  

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

i n c r e a s e d  i n t r a t h o r a c i c  b l o o d  v o lu m e ,  w h ic h  s t i m u l a t e d  

s t r e t c h  r e c e p t o r s  w i t h i n  t h e  p u lm o n a ry  c i r c u l a t i o n  or  

h e a r t ,  t o  c a u s e  an i n c r e a s e  i n  u r i n e  v o lu m e .  F u r t h e r
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e x p e r i m e n t a l  work by H e n r y ,  G a u e r  and R e e v e s ,  1 9 5 6  on 

a n a e s t h e t i z e d  d o gs  s u g g e s t e d  t h a t  volume r e c e p t o r s  were  

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

I n  t h e  same y e a r  H e n r y  and P e a r c e ,  1 9 5 6  s u g g e s t e d  t h a t  

a t r i a l  s t r e t c h  r a t h e r  t h a n  i n t r a - a t r i a l  p r e s s u r e  was 

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

v o l u m e .  None o f  t h i s  work however c o n t a i n e d  d a t a  on 

u r i n a r y  s o d i u m .

Ledsome e t  a l ,  1 9 6 1  showed t h a t  t h e  d i u r e s i s  p r o d u c e d  by 

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

i n f u s i o n  o f  up to  0 . 1  m u / k g / m i n  o f  AVP i n  c o n s c i o u s  d o g s ,  

s u g g e s t i n g  t h a t  t h e  d i u r e s i s  was n o t  due t o  t h e  i n h i b i t i o n  

o f  A V P .  T h e y  a l s o  showed t h a t  t h e  d i u r e s i s  was a s s o c i a t e d  

w i t h  a n a t r i u r e s i s  and t h a t  t h e  d i u r e s i s  c o u l d  be 

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

by r e n a l  d e n e r v a t i o n .  M e a n w h i l e ,  B a i s s e t  e t  a l ,  1 9 5 9  had  

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

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

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

a n a e s t h e t i z e d  d o g s .

I t  was de W a r d e n e r ,  1 9 6 1  w o r k i n g  w i t h  c r o s s  c i r c u l a t e d  

a n a e s t h e t i z e d  do gs  who r e p o r t e d  a n a t r i u r e s i s  and d i u r e s i s  

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

The same g r o u p  p o s t u l a t e d  t h a t  t h i s  i n c r e a s e  i n  so d iu m  

e x c r e t i o n  was r e l a t e d  to  a h u m o r a l  a g e n t  o f  s h o r t  h a l f
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l i f e .  C a r s w e l l  e t  a l ,  1 9 6 8  r e p o r t e d  a d i u r e s i s  and  

n a t r i u r e s i s  i n  t h e  i s o l a t e d  p e r f u s e d  dog k i d n e y  i n  

r e s p o n s e  to  l e f t  a t r i a l  d i s t e n s i o n .  A t  a b o u t  t h i s  t i m e  

s e v e r a l  g r o u p s  o f  w o r k e r s  p e r f o r m e d  e x p e r i m e n t s  i n  w h ic h  

t h e  b l o o d  o f  vo lu m e exp an ded and d e o x y c o r t i c o s t e r o n e  

t r e a t e d  a n i m a l s  i n d u c e d  a r i s e  i n  u r i n a r y  so d iu m  e x c r e t i o n  

i n  a d e n e r v a t e d  or  i s o l a t e d  ' a s s a y *  k i d n e y  s u g g e s t i n g  t h e  

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

r e v i e w  se e  de W a r d e n e r ,  1 9 7 7 ) .  Many g r o u p s  o f  w o r k e r s  

t r i e d  t o  e x t r a c t  t h i s  n a t r i u r e t i c  s u b s t a n c e  from p l a s m a ,  

u r i n e ,  ly m p h ,  k i d n e y  and l i v e r  b u t  w i t h  l i t t l e  a g r e e m e n t  

a b o u t  t h e  s t r u c t u r e  or c h e m i c a l  p r o p e r t « r i e s  o f  th e  

v a r i o u s  s u b s t a n c e s  t h a t  were f o u n d .  R a g h a v a n  and G o n i c k ,  

1 9 8 0  p u r i f i e d  and c h a r a c t e r i s e d  a n a t r i u r e t i c  f a c t o r  from  

r a t  k i d n e y  w h ic h  i n h i b i t e d  Na+ / K + A T P a s e  a c t i v i t y  and 

i n c r e a s e d  p l a s m a  g l u c o s e - 6 - p h o s p h a t e  a c t i v i t y  b u t  t h i s  was 

n o t  t o  be th e  same n a t r i u r e t i c  f a c t o r  s u b s e q u e n t l y  

i s o l a t e d  from mammalian a t r i a .

H u e t  and C a n t i n ,  1 9 7 4  r e p o r t e d  t h a t  t h e  a t r i a l  g r a n u l e s  

o r i g i n a l l y  o b s e r v e d  by K i s c h  c o n t a i n e d  p r o t e i n .  S u b s e q u e n t  

work by M a r i e  e t  a l ,  1 9 7 6  showed t h a t  t h e r e  were more o f  

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

and t h a t  w ate r  r e s t r i c t i o n  i n c r e a s e d  t h e  number o f  

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

e x p e r i m e n t s  by De B o l d ,  1 9 7 9  c o n f i r m e d  t h e  o b s e r v a t i o n  o f  

M a r i e  e t  a l .  and a l s o  showed t h a t  so d iu m  l o a d i n g  and th e  

a d m i n i s t r a t i o n  o f  d e o x y c o r t i c o s t e r o n e  d e c r e a s e d  t h e  number
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o f  g r a n u l e s  s u g g e s t i n g  t h a t  t h e y  had a r o l e  i n  s a l t  and  

w a t e r  h o m e o s t a s i s .

• 'i

I t  was S o n n e n b e r g  w o r k i n g  w i t h  de B o l d  ( 1 9 8 0 )  who

p e r f o r m e d  t h e  c r u c i a l  e x p e r i m e n t s  (c om m unicated a t  t h e

A m e r i c a n  P h y s i o l o g i c a l  S o c i e t y )  w h ich  d e m o n s t r a t e d  t h a t
#

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

h y d r a t e d  r a t s ,  p r o d u c e d  a 1 0  f o l d  d i u r e s i s  and 30 f o l d  

n a t r i u r e s i s  o f  r a p i d  o n s e t  ( 5 - 1 0  m i n u t e s )  and s h o r t  

d u r a t i o n  ( 2 0 - 3 0  m i n u t e s ) . I t  was soon shown t h a t  t h i s  

n a t i u r e t i c  and d i u r e t i c  a c t i v i t y  o f  c r u d e  r a t  a t r i a l  

e x t r a c t  was l o c a l i s e d  i n  t h e  a t r i a l  g r a n u l e s  ( G a r c i a  e t  

a l ,  1 9 8 2 ;  De B o l d ,  1 9 8 2 ) .

W i t h i n  t h e  n e x t  two y e a r s  s e v e r a l  low m o l e c u l a r  w e i g h t  

p e p t i d e s  from a t r i a l  e x t r a c t s  were p u r i f i e d  by d i f f e r e n t  

g r o u p s  and shown t o  h a v e  n a t r i u r e t i c ,  d i u r e t i c  and smooth  

m u s c l e  r e l a x i n g  p r o p e r t i e s .  A v a r i e t y  o f  names f o r  t h e s e  

p e p t i d e s  h a v e  b e en  u s e d  i n  t h e  l i t e r a t u r e :  a u r i c u l i n ;

a t r i o p e p t i n ;  c a r d i o n a t r i n ; a t r i a l  n a t r i u r e t i c  p o l y p e p t i d e ;  

a t r i a l  n a t r i u r e t i c  f a c t o r .  The term a t r i a l  n a t r i u r e t i c  

f a c t o r  (ANF) i s  u s e d  i n  t h i s  t h e s i s .  S e v e r a l  r e v i e w  

a r t i c l e s  on ANF h a v e  b een p u b l i s h e d  i n  t h e  l a s t  2 y e a r s ,  

t h e y  i n c l u d e :  L a n c e t ,  1 9 8 4  & 1 9 8 6 ;  S a g n e l l a  and M a c G r e g o r ,  

1 9 8 4 ;  C a n t i n  and G e n e s t ,  1 9 8 5 ;  De B o l d ,  1 9 8 5 ;  Maack e t  a l ,  

1 9 8 5 ;  P a l l u k  e t  a l ,  1 9 8 5 ;  A t l a s  and L a r a g h ,  1 9 8 6 ;  A n d e r s o n  

and B lo o m , 1 9 8 6 ;  N e e d l e m a n ,  1 9 8 6 .
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U s i n g  r a t  a t r i a l  mRNA t h e  DNA e n c o d i n g  f o r  a 1 5 2 - a m i n o  

a c i d  p r e c u r s o r  o f  ANF was i s o l a t e d .  T h i s  was found to  

c o n t a i n ,  t h e  am in o  a c i d  s e q u e n c e s  o f  a l l  t h e  ANF p e p t i d e s  

t h a t  had been r e p o r t e d  to d a t e .  Some o f  t h e s e  p e p t i d e s  a r e  

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

d u r i n g  i s o l a t i o n ,  however i t  a p p e a r s  t h a t  a d i s u l p h i d e -  

l o o p e d  s e q u e n c e  o f  1 7  amino a c i d s  p l u s  v a r i o u s  COOH and

NH2  t e r m i n a l  e x t e n s i o n s  a r e  n e c e s s a r y  f o r  b i o l o g i c a l  

a c t i v i t y .

I n t r a v e n o u s  i n j e c t i o n  o f  ANF i n t o  r a t  o r  man i s  f o l l o w e d  

by an i n c r e a s e  i n  c y c l i c  g u a n o s i n e  m on o ph o sph ate  (cGMP) i n  

b o t h  p l a s m a  and u r i n e  (Hamet e t  a l ,  1 9 8 4 ;  G e r z e r  e t  a l ,  

1 9 8 5 )  . The a d d i t i o n  o f  ANF t o  p r e p a r a t i o n s  o f  dog 

g l o m e r u l i  i s  r e p o r t e d  to c a u s e  a marked r i s e  i n  cGMP,  

o c c u r i n g  a t  1 - 2  m i n u t e s  a f t e r  t h e  a d d i t i o n  o f  ANF 

( T r e m b l a y  e t  a l ,  1 9 8 5 ) .  T h i s  s t i m u l a t i o n  o c c u r s  i n  t h e  

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

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

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

r a t h e r  t h a n  cGMP p h o s p h o d i e s t e r a s e  i n h i b i t i o n .  ANF h a s  

a l s o  been shown to i n h i b i t  a d e n y l a t e  c y c l a s e  i n  

h o m o g e n a t e s  o f  t h e  r a t  p i t u i t a r y  ( A n a n d - S c r i v a s t a v a ,  1 9 8 5 )  

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

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

o f  a d e n y l a t e  c y c l a s e .

I - l a b e l l e d  ANF b i n d i n g  s i t e s  h a v e  been l o c a l i s e d  i n  th e125

19



zona g l o m e r u l o s a  o f  t h e  a d r e n a l  c o r t e x ,  t h e  a d r e n a l  

m e d u l l a ,  h e p a t o c y t e s  and bowel ( B i a n c h i ,  e t  a l ,  1 9 8 5 ) .  I n  

a d d i t i o n  b i n d i n g  s i t e s  h a v e  been l o c a l i s e d  i n  th e  r e n a l  

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

c o r t e x ,  l u n g ,  l i v e r  and b r a i n .  I m m u n o r e a c t i v e  ANF : i n  

a d d i t i o n  t o  b e i n g  l o c a l i s e d  to  th e  s e c r e t o r y  g r a n u l e s  i n  

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

b r a i n .  The p r i n c i p a l  i m m u n o r e a c t i v e  ANF a r e a s  a r e  shown i n  

f i g u r e  1 . 2 .  O t h e r  a r e a s  n o t  shown a r e  t h e  c a u d a t e  n u c l e u s ,  

d o r s a l  r a p h e  n u c l e i ,  h i p p o c a m p u s ,  n u c l e u s  a c c u m b e n s ,  

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

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

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

a r e a s ;  i n  p a r t i c u l a r  th e  AV3V a r e  i n v o l v e d  i n  e l e c t r o l y t e ,  

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

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

p e r i p h e r a l l y  a d m i n i s t e r e d  ANF a r e  i n  d i r e c t  c o n t r a s t  to  

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

A V P ,  w h i c h  t o g e t h e r  w i t h  t h e  p r e s e n c e  o f  i m m u n o r e a c t i v e  

ANF w i t h i n  t h e  r a t  b r a i n  would make i t  n o t  u n r e a s o n a b l e  to  

p r o p o s e  a h y p o t h e s i s  t h a t  ANF a c t s  c e n t r a l l y  to  i n h i b i t  

t h e  s e c r e t i o n  o f  AVP. I t  i s  t h e  p o t e n t i a l  r o l e  o f  ANF i n  

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

a d r e s s e d  i n  c h a p t e r s  4 and 5 .
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Figure 1.2

My own schematic drawing of the rat brain showing the

immunoreactive atrial natriuretic factor (ANF) positive

areas: medial nucleus of the amygdala (AME); arcuate

nucleus (ARC); bed nucleus of the stria terminalis (BST);

central nucleus of the amygdala (CNA); dorsomedial nucleus

of the hypothalamus (DM); dorsal tegmental nucleus (DTN);

interpeduncular nucleus (IPN); locus coeruleus (LC);

medial mammillary nucleus (MMN); median eminance (ME);

neurohypophysis (NL); organum vasculosum of the lamina

terminalis (OVLT); parabrachial nucleus (PBN); para-

ventr icular nucleus (PV) ; per iaqueductal grey (PAG) ;

perifornical region (PFR); periventricular nucleus of the

thalamus (PT); preoptic area (POA); raphe nucleus dorsalis

(RND); suprachiasmatic nucleus (SCN); supraoptic nucleus

(SO) ; third ventricle (3V); ventral pallidum (VP);

ventromedial nucleus of the hypothalamus (VM); zona

incerta (ZI). Based on information from Bianchi et aI,

1985; Quirion et a l , 1984 and 1986; Saper et a l , 1985a;

Skofitsch et aI, 1985; Zamir et aI, 1986.





CHAPTER 2 M E T H O D O L O G Y

2 . 1  A n i m a l s1 ■" ■  ■ ■ 1

M a le  S p r a g u e - D a w l e y  r a t s  2 3 0 - 3 2 0  g were u s e d  f o r  a l l  

a n i m a l  e x p e r i m e n t s .  They were h o u se d  u n d e r  c o n t r o l l e d  

l i g h t i n g  ( l i g h t s  on 0 6 . 0 0  and o f f  1 8 . 0 0 )  and t e m p e r a t u r e  

( 2 2 ° C ) . A c c e s s  t o  food ( 4 1 B ,  P i t s b u r y ,  B irm in g h a m ) and

t a p  w ate r  were f r e e l y  a v a i l a b l e .  A n i m a l s  u n d e r g o i n g  

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

f r e e  a c c e s s  t o  food and t a p  w a t e r .

2 . 2  A n a e s t h e t i c s

T h r e e  a n a e s t h e t i c s  were u s e d :

1 .  U r e t h a n e :  a 1 0 %  s o l u t i o n  i n  s a l i n e  was u s e d  a t  a do se  

o f  0 . 2  m l / 1 0 0  g body w e i g h t  i n j e c t e d  i n t r a p e r i t o n e a l l y .

2 .  E q u i t h e s i n :  a s o l u t i o n  c o n t a i n i n g  4 . 2 5  g c h l o r a l  

h y d r a t e  and 2 . 1 2  g magnesium s u l p h a t e  i n  30 ml d i s t i l l e d  

w a t e r  w i t h  1 6 . 2  m l  p e n t o b a r b i t o n e  (60 m g/ml)  ,  3 9 . 6  ml  

p r o p y l e n e  g l y c o l  and 1 0  ml e t h a n o l .  A d o s e  o f  0 . 4 5  m l / 1 0 0  

g body w e i g h t  was i n j e c t e d  i n t r a p e r i t o n e a l l y .

3 .  E t h a n o l :  a 1 2 %  s o l u t i o n  e q u i v a l e n t  t o  5%  o f  t h e  

a n i m a l ' s  w e i g h t  was g i v e n  i n  2 d i v i d e d  d o s e s  30 m i n u t e s  

a p a r t .  H y d r a t i o n  and a n a e s t h e s i a  were m a i n t a i n e d  by an

i . v .  i n f u s i o n  o f  1 . 5 %  e t h a n o l  i n  0 . 4  % s a l i n e  a t  6 . 0
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m l / h o u r  (Braun P e r f u s o r  V I , S c i e n t i f i c  I n s t u m e n t s  L t d ,  

B r e d o n ,  G l o u c e s t e r s h i r e ) .

2 . 3  S t e r e o t a x y

I n t l a c e r e b r o v e n t r i c u l a r  i n j e c t i o n s  were made i n  r a t s  u s i n g  

a S t o e l t i n g  s t e r e o t a x i c  fra m e and N i k o n  (40X) m i c r o s c o p e  

( p h o t o ) . The a n i m a l s  were p l a c e d  p r o n e  and h e l d  i n  

p o s i t i o n  by two e a r  b a r s ,  an upper i n c i s o r  and n o se  b a r .  

The c o - o r d i n a t e s  were t a k e n  from P e l l e g r i n o  e t  a l ,  1 9 7 9 .  

F o r  the l a t e r a l  v e n t r i c l e  t h e y  w e r e :  uppe r  i n c i s o r  b a r  + 5 

mm; l a t e r a l  t o  t h e  bregma 1 . 5  mm; a n t e r i o r  to th e  bregma  

0 . 2  mm; v e n t r a l  t o  t h e  d u r a  4 . 0  mm. T h i r d  v e n t r i c l e :  upper  

i n c i s o r  b a r  + 5 mm; 1 0 °  to  t h e  v e r t i c a l ;  l a t e r a l  t o  th e  

bregma 1 . 4  mm, a n t e r i o r  to  t h e  bregma 0 . 2  mm; v e n t r a l  t o  

t h e  d u r a  7 . 9  mm.

B u r r  h o l e s  were made u s i n g  a h i g h  sp e e d  d e n t a l  d r i l l .  

L a t e r a l  v e n t r i c l e  i n j e c t i o n s  were g i v e n  t h r o u g h  0.4mm 

i n t e r n a l  d i a m e t e r  p o l y t h e n e  c a n n u l a e  ( P o r t e x ,  H y t h e ,  K en t)  

h e l d  i n  p l a c e  w i t h  d e n t a l  ce m e n t  and b r a s s  s c r e w s .  G l a s s  

p i p e t t e s ,  made w i t h  a g l a s s  e l e c t r o - p u l l e r  ( P E - 2  N a r i s h i g e  

S c i e n t i f i c  I n s t r u m e n t  L a b o r a t o r y ,  T o k y o ,  J a p a n )  were u se d  

f o r  3 r d  v e n t r i c l e  i n j e c t i o n s .  I n t r a c e r e b r o v e n t r i c u l a r  

i n j e c t i o n s  were g i v e n  w i t h  a 10  p i  g l a s s  s y r i n g e  

( H a m i l t o n ,  B o n a d u z ,  S w i t z e r l a n d ) .
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P h o t o g r a p h

S t o e l t i n g  s t e r e o t a x i c  frame and N i k o n  m i c r o s c o p e  

m o d i f i e d  i n c i s o r  b a r  and m i c r o s c o p e  s t a n d .

w i t h





2.4 Plasma E x t r a c t i o n

R a t  and human b l o o d  were c o l l e c t e d  i n t o  h e p a r i n i z e d  

p l a s t i c  t u b e s  and k e p t  on i c e .  S a m p l e s  were c e n t r i f u g e d  a t  

3000 g f o r  15 m i n u t e s  a t  4°c and t h e  p l a s m a  removed  

w i t h  a P a s t e u r  p i p e t t e  i n t o  p l a s t i c  s t o r a g e  t u b e s  and k e p t  

a t  - 2 0 ° C  u n t i l  e x t r a c t e d .

P l a s m a  s a m p l e s  ( 0 . 5  t o  1 . 0  ml) were a c i d i f i e d  w i t h  an 

e q u a l  volume  o f  0 . 1 M  f o r m i c  a c i d ,  c e n t r i f u g e d  a t  3000 g 

f o r  1 5  m i n u t e s  a t  4 ° C  d e c a n t e d  and e x t r a c t e d  u s i n g  a 

m o d i f i c a t i o n  o f  th e  S e p - P a k  method d e s c r i b e d  by La  

R o c h e l l e  e t  a l ,  1 9 8 0  f o r  A V P .  O c t a d e c y l s i l a n e  c o l u m n s  ( C 1 8  

S e p - P a k s ,  W a t e r s  A s s o c i a t e s ,  M a s s a c h u s e t t s ,  USA) were  

washed w i t h  3 ml 95% m e t h a n o l  /  5% 0 . 1 M  f o r m i c  a c i d

f o l l o w e d  by  3 ml 0 . 1 M  f o r m i c  a c i d  u s i n g  a m u l t i c h a n n e l  

pump ( W a t s o n - M a r lo w ,  F a l m o u t h ,  E n g l a n d ) . A c i d i f i e d ,  

s e p a r a t e d  p l a s m a  s a m p l e s  were p a s s e d  i n t o  t h e  c o l u m n s  a t  1  

m l / m i n u t e  and washed w i t h  3 ml 0 . 1 M  f o r m i c  a c i d  ( p o l a r  

s o l v e n t ) .  T h i s  was f o l l o w e d  by e l u t i o n  w i t h  3 ml 95%  

m e t h a n o l  /  5% 0 . 1 M  f o r m i c  a c i d  ( l e s s  p o l a r  s o l v e n t )  and 

t h e n  e v a p o r a t i o n  i n  a vacuum c e n t r i f u g e  (Speed Va c  

C o n c e n t r a t o r ,  U n i s c i e n c e ,  L o n d o n ) .

The r e s i d u e  was t a k e n  up i n  500 p i  R IA  b u f f e r  ( 0 . 1 M  T r i s  

a c c i d i f i e d  to pH 7 . 4  w i t h  HC1  and c o n t a i n i n g  2 g / l i t r e  

B o v i n e  Serum A lb u m i n )  f o r  s u b s e q u e n t  a s s a y  o f  AVP and OT 

i n  1 0 0  p i  d u p l i c a t e s .  E x t r a c t i o n  y i e l d  f o r  AVP, c a l c u l a t e d
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from e x t r a c t i n g  1 2 5 I - l a b e l l e d  AVP added to p l a s m a ,  was 94 

+ 2% (mean + s t a n d a r d  d e v i a t i o n ,  n = 1 0 ) .

2 . 5  R a d i o i m m u n o a s s a y

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

between l a b e l l e d  and u n l a b e l l e d  a n t i g e n  f o r  a l i m i t e d  

number o f  m o l e c u l e s  o f  s p e c i f i c  a n t i b o d y .  The amount o f  

l a b e l l e d  a n t i g e n  t h a t  i s  bound t o  a n t i b o d y  d e c r e a s e s  a s  

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

by c o m p a r i n g  t h e  d e g r e e  o f  b i n d i n g  w i t h  t h e  b i n d i n g  

p r o d u c e d  by a s e t  o f  known s t a n d a r d s ,  an e s t i m a t e  o f  t h e  

unknown c o n c e n t r a t i o n  o f  a n t i g e n  c a n  be made. The  

t e c h n i q u e  was o r i g i n a l l y  d e s c r i b e d  by Y a lo w  and B e r s o n ,  

1 9 6 0  and E k i n s ,  1 9 6 0 ;  a l s o  C h a r d ,  1 9 8 2 .

A l l  s a m p l e s ,  s t a n d a r d s  and q u a l i t y  c o n t r o l s  were a l i q u o t e d  

i n t o  L P 3  t u b e s  (Luckham L t d ,  Dagenham, E s s e x )  u s i n g  a 

M i c r o l a b  d i l u t o r  d i s p e n s o r  ( H a m i l t o n ,  S w i t z e r l a n d ) . 

S t a n d a r d s  were a s s a y e d  i n  t r i p l i c a t e  and s a m p l e s  i n  

d u p l i c a t e  f o r  a l l  a s s a y s .  The AVP a s s a y  had been v a l i d a t e d  

p r e v i o u s l y  by c o m p a r i s o n  w i t h  a r a t  b i o l o g i c a l  a s s a y .  

S e r i a l  d i l u t i o n s  o f  a l a r g e  sa m p le  o f  r a t  p l a s m a  were  

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

AVP and OT.

28



A V P  A s s a y

AVP was m ea su red  by a h i g h l y  s p e c i f i c  and s e n s i t i v e  R I A  

u s i n g  1 00  u l  each  o f  1 )  An I n t e r n a t i o n a l  S t a n d a r d ,

N a t i o n a l  I n s t i t u t e  o f  B i o l o g i c a l  S t a n d a r d s  ( N IB S )  f o r  AVP,  

2) ^ 2 ^ I - l a b e l l e d  AVP ( 3 0 0 0 - 4 0 0 0  cpm) and 3) s p e c i f i c  AVP 

a n t i s e r u m  (A8 from F e r r i n g ,  Malmo, Sweden or  J o  from Dr PH 

B a y l i s ,  R o y a l  V i c t o r i a  I n f i r m a r y ,  N e w c a s t l e )  a t  a f i n a l  

d i l u t i o n  o f  I s  1 , 2 0 0 , 0 0 0  f o r  A8 and I s  3 0 0 , 0 0 0  f o r  J o .  

S i m u l t a n e o u s  a d d i t i o n  o f  sa m ple  or  s t a n d a r d ,  a n t i b o d y  and  

l a b e l  was i n c u b a t e d  a t  4 ° C  f o r  48 h o u r s  b e f o r e  c o u n t i n g  

( s e e  f i g u r e  2 . 1  f o r  r e p r e s e n t a t i v e  s t a n d a r d  c u r v e )  e x c e p t  

i n  t h e  p e r i f u s i o n  e x p e r i m e n t s .  H ere  e x t r a  s e n s i t i v i t y  was 

s o m e t im e s  r e q u i r e d  t o  d e t e r m i n e  low c o n c e n t r a t i o n s  o f  AVP 

and so a 24 h our  s a m p le  and a n t i b o d y  p r e i n c u b a t i o n  p e r i o d  

was f o l l o w e d  by a d d i t i o n  o f  l a b e l  and c o u n t i n g  24 h o u r s  

l a t e r .  Bound hormone was s e p a r a t e d  from f r e e  hormone by  

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

c e n t r i f u g i n g  and d e c a n t i n g  t h e  s u p e r a t a n t .  The bound  

hormone was c o u n t e d  u s i n g  an a u t o m a t i c  P a c k a r d  C r y s t a l  

gamma c o u n t e r .  The d e t e c t i o n  l i m i t  f o r  t h e  a s s a y  was t a k e n  

t o  be t h e  l o w e s t  s t a n d a r d  d i s t i n g u i s h a b l e  fro m  z e r o .

OT A s s a y

OT was m easur ed b y  R I A  a s  d e s c r i b e d  by  R o b i n s o n ,  1 9 8 0  

u s i n g  10 0  u l  each  o f :  1 )  An I n t e r n a t i o n  S t a n d a r d  (NIBS)

f o r  OT ,  2) 1 2 5 l - l a b e l l e d  OT ( 3 0 0 0 - 4 0 0 0  c p m ) ,  and 3)
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S t a n d a r d  c u r v e  o f  a r e p r e s e n t a t i v e  a s s a y  f o r  v a s o p r e s s i n  

w i t h  s i m u l a n e o u s  a d d i t i o n  o f  a n t i b o d y  (A8) and l a b e l  t o  

s t a n d a r d .  E a c h  p o i n t  r e p r e s e n t s  t h e  mean o f  t r i p l i c a t e s  + 

s t a n d a r d  d e v i a t i o n .  Maximum s p e c i f i c  b i n d i n g  (Bo) 3 2 . 7 % ,  

non s p e c i f i c  b i n d i n g  6 . 5 % .

F i g u r e  2.1
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S t a n d a r d  c u r v e  o f  a r e p r e s e n t a t i v e  a s s a y  f o r  o x y t o c i n  w i t h  

s i m u l t a n e o u s  a d d i t i o n  o f  a n t i b o d y  ( R I I I 5 )  and l a b e l  t o  

s t a n d a r d .  E a c h  p o i n t  r e p r e s e n t s  t h e  mean o f  t r i p l i c a t e s  +  

s t a n d a r d  d e v i a t i o n .  Maximum s p e c i f i c  b i n d i n g  (Bo) 4 0 . 5 % ,  

non s p e c i f i c  b i n d i n g  3 . 3 % .

F i g u r e  2.2
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s p e c i f i c  OT a n t i s e r u m  ( R I I I 5 ,  IC A F  R o b i n s o n ,  N a t i o n a l  

I n s t i t u t e  f o r  M e d i c a l  R e s e a r c h ,  M i l l  H i l l ,  London) a t  a 

f i n a l  d i l u t i o n  o f  I s  6 0 0 , 0 0 0 .  S i m u l t a n e o u s  a d d i t i o n  o f  

s a m p l e  or s t a n d a r d ,  a n t i b o d y  and l a b e l  was i n c u b a t e d  a t  

4 ° C  f o r  48 h o u r s  b e f o r e  c o u n t i n g  ( s e e  f i g u r e  2 . 2  f o r  

r e p r e s e n t a t i v e  s t a n d a r d  c u r v e )  e x p e p t  where e x t r a  

s e n s i t i v i t y  was r e q u i r e d  to  m e a su r e  low c o n c e n t r a t i o n s  o f  

OT. Twenty  f o u r  h o u r s  o f  p r e i n c u b a t i o n  would t h e n  be  

f o l l o w e d  by a d d i t i o n  o f  l a b e l  and c o u n t i n g  24 h o u r s  l a t e r .  

S e p a r a t i o n  and c o u n t i n g  were a s  a b o v e .

ANF a s s a y

l m l  s a m p l e s  o f  e i t h e r  r a t  o r  human p l a s m a  were e x t r a c t e d  

a s  i n  2 . 4  and r e c o n s t i t u t e d  i n  500 p i  R I A  b u f f e r  ( 0 . 1 M  

' p h o s p h a t e ' ,  0 .0 5 M  N a C L ,  0 . 1 %  B S A ,  0 . 1 %  so d iu m  a z i d e ,  

0 . 0 1 %  t r i t o n  X 1 0 0  a l k a l i s e d  t o  ph 7 . 4  w i t h  NaOH. The  

e x t r a c t i o n  y i e l d  f o r  ANF, c a l c u l a t e d  from e x t r a c t i n g  1 2 5

l a b e l l e d  ANF added to  p l a s m a ,  was 83 + 2 . 0 %  (mean + S E ,  

n = 6)  .

ANF was m e a su red  by r a d i o i m m u n o a s s a y  u s i n g  1 0 0  u l  o f :  1 )  

s t a n d a r d  a t r i o p e p t i n  1 1 1  (Bachem, C a m b r i d g e )  -  10 0 %  c r o s s  

r e a c t i v i t y  w i t h  a l p h a  human ANP; 2) 1 2 5 1 - l a b e l l e d  ANF 

(8000 cpm, Amersham, B u c k i n g h a m s h i r e )  an d 3) s p e c i f i c  ANF

a n t i s e r u m  a t  a w o r k in g  d i l u t i o n  a s  i n s t r u c t e d  by  

P e n i n s u l a ,  S t  H e l e n s .  A 24 h our  sa m ple  o r  s t a n d a r d  and  

a n t i b o d y  p r e i n c u b a t i o n  p e r i o d  a t  4 ° C  was f o l l o w e d  by
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a d d i t i o n  o f  l a b e l  and c o u n t i n g  24 h o u r s  l a t e r .  Bound and  

f r e e  hormone were s e p a r a t e d  by a d d i n g  250 u l  o f  a s o l u t i o n  

c o n t a i n i n g  3% a c t i v a t e d  c h a r c o a l ,  0 . 3 %  d e x t r a n  T 7 0 ;  

d i l u t e d  1 : 5  w i t h  t h e  ab o ve R I A  b u f f e r .  The f r e e  hormone  

was c o u n t e d  u s i n g  an a u t o m a t i c  P a c k a r d  c r y s t a l  gamma 

c o u n t e r .  The m i n i m a l  d e t e c t a b l e  c o n c e n t r a t i o n  i n  a l l  

a s s a y s  was 4 p g / t u b e .  The 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  

c o n t r o l  ANF s a m p l e s  ( 6 2 . 5  pg) was 6% ( i n t r a - a s s a y )  and  

( 3 1 . 2 5 ^ , .  26% i n t e r a s s a y .

2 . 6  H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y  (HPLC)

T h i s  t e c h n i q u e  s e p a r a t e s  m o l e c u l e s  a c c o r d i n g  to t h e i r  

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

a d s o r b e n t  p h a s e .  C o n s t i t u e n t s  emerge from t h e  c o lu m n  

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

i n j e c t i o n .  The p u r i t y  o f  t h e  a t r i a l  n a t r i u r e t i c  f a c t o r  

( a t r i o p e p t i n  I l l ^ ^ g  Bachem, C a m b rid g e )  used i n  t h e  

f o l l o w i n g  e x p e r i m e n t s  was e x a m in e d  by r e v e r s e - p h a s e  HPLC  

u s i n g  a S p e c t r o f l o w  400 ( K r a t o s  A n a l y t i c a l ,  M a n c h e s t e r )  

s o l v e n t  d e l i v e r y  s y s t e m ;  S p e c t r o f l o w  7 5 7  a b s o r b a n c e  

d e t e c t o r  ( K r a t o s  A n a l y t i c a l )  and a o c t y l s i l a n e  5 urn 

p a r t i c l e  c o l u m n  ( N u c l e o s i l  5 -  Cg ,  M a c h e r g y - N a g e l ,  D u r e n ,  

GFR) . The colum n was e q u i l i b r a t e d  w i t h  a s o l u t i o n  o f  1 2 %  

a c e t o n i t r i l e  i n  0 . 1 %  t r i f l u o r o a c e t i c  a c i d  (TFA) and e l u t e d  

w i t h  a l i n e a r  g r a d i e n t  o f  1 2 - 4 8 %  a c e t o n i t r i l e  c o n t a i n i n g  

0 . 1 %  TFA a t  a f l o w  r a t e  o f  l m l / m i n  f o r  1  h o u r  (Dr S .
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R e v e r s e - p h a s e  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  

e l u t i o n  p r o f i l e  f o r  1 0  pg a t r i o p e p t i n  I I I  (ANF) , 1 0  pg

v a s o p r e s s i n  (AVP) and 1 0  pg o x y t o c i n  (OT) .
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B i s w a s ) . The c h r o m a t o g r a p h i c  p r o f i l e  o f  lOug a t r i o p e p t i n  

I I I ,  w i t h  lOpg AVP and 10 p g  OT f o r  c o m p a r i s o n ,  i s  shown i n  

f i g u r e  2 . 3 .

2 . 7  P e r i f u s i o n

T h i s  i s  a t e c h n i q u e  f o r  s t u d y i n g  th e  e f f e c t  o f  c h e m i c a l s ,  

d r u g s  o r  ho rmones on i s o l a t e d  t i s s u e  p e r i f u s e d  w i t h  a 

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

u se d  i s  shown i n  f i g u r e  2 . 4  and i s  e s s e n t i a l l y  th e  same a t  

O t h a t  d e s c r i b e d  by J e s s e l l ,  1 9 7 8 .

The p e r i f u s i o n  medium was K r e b s  b i c a r b o n a t e  (2.4M N a C L , 

0.5M NaHC03 , 0 .48M K C 1 ,  0 . 1 2 M  MgS04 7H 20 ,  0 . 1 2 M  KH2P 0 4 ,

0 .2 5 M  C a C l 2 2H20) w i t h  g l u c o s e  (2 g / 1 )  and b o v i n e  se rum  

a l b u m i n  ( 2 . 5  g / 1 )  ( KRBG) g a s s e d  w i t h  9 5 %  0 ^ /  5% C 0 2

( V / V ) . B o v i n e  Serum A l b u m i n  (BSA) was use d i n  t h e  

p e r i f u s i o n  medium t o  p r e v e n t  t h e  a b s o r p t i o n  o f  a t r i o p e p t i n  

I I I ,  AVP o r  o x y t o c i n  to the  s i l i c o n e - r u b b e r  t u b i n g .  The 

i n n e r  w a t e r - b a t h  was m a i n t a i n e d  a t  3 7 ° C  and t h e  f l o w  r a t e  

a t  0 . 2  m l / m i n .  S i l i c o n e - r u b b e r  t u b i n g  ( E s c o  R u b b e r ,  

F e l t h a m ,  M i d d l e s e x )  was u se d  t h r o u g h o u t  a s  t h i s  i s  

s e l e c t i v e l y  p e r m e a b l e  t o  o xy g e n  and c a r b o n  d i o x i d e  t h u s  

m a i n t a i n i n g  s a t u r a t i o n  o f  t h e  KRBG w i t h o u t  m e c h a n i c a l  

d i s r u p t i o n  o f  th e  t i s s u e  by d i r e c t  g a s s i n g  o f  the  

p e r i f u s i o n  c h a m b e r .  T e s t  s u b s t a n c e s  were i n t r o d u c e d  i n t o  

t h e  p e r i f u s i o n  s y s t e m  by t r a n s f e r r i n g  the  i n l e t  tub e from  

t h e  medium r e s e r v o i r  to  t h e  t e s t  s o l u t i o n .  D u r i n g  th e
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D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  p e r i f u s i o n  a p p a r a t u s .  

One chamber o n l y  i s  shown; n o r m a l l y  f o u r  a r e  u s e d  

s i m u l t a n e o u s l y  i n  e a c h  e x p e r i m e n t .  A p e r i s t a l t i c  pump ( 5 0 2  

S ,  Watson Marlow) and f r a c t i o n  c o l l e c t o r  (7000 U l t r o r a c ,  

L K B ,  Bromma) were u s e d .  K r e b s  b i c a r b o n a t e  w i t h  g l u c o s e  and 

b o v i n e  serum a l b u m i n  ( K R B G ) .

F i g u r e  2 .4



Test Substance



C o n c e n t r a t i o n s  ( p m o l / 1 )  o f  v a s o p r e s s i n  ( c o n t i n u o u s  l i n e )  

and o x y t o c i n  ( b r o k e n  l i n e )  i n  1 0  m i n u t e  c o l l e c t i o n s  o f  

p e r f u s a t e  from an i s o l a t e d  n e u r o h y p o p h y s i s  s t i m u l a t e d  

t w i c e  f o r  5 m i n u t e s  w i t h  25 uM b u f f e r e d  v e r a t r i n e

F i g u r e  2 .5

( a r r o w s ) .



TIME (minutes)



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

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

LP4 t u b e s  (Luckham L t d ,  D a g e n h a m ) , f r o z e n  i m m e d i a t e l y  and 

s t o r e d  a t  -20°c. P i t u i t a r y  g l a n d s  f o r  t h e  p e r i f u s i o n  were 

o b t a i n e d  i n  th e  f o l l o w i n g  m a n n e r .  R a t s  were k i l l e d  by  

d e c a p i t a t i o n ,  t h e  b r a i n  removed from t h e  s k u l l  and th e  

p i t u i t a r y  g l a n d  e x c i s e d  from th e  s e l l a  t u r c i c a .  The  

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

p l a c e d  i n  KRBG a t  3 7 ° C  and t r a n s f e r r e d  t o  one o f  f o u r  

p e r i f u s i o n  c h a m b e r s .  I n  a l l  e x p e r i m e n t s  f o u r  c h a m b e r s  were  

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

to f l o w  t h r o u g h  t h e  c o m p l e t e  s y s t e m  had been e s t i m a t e d  

p r e v i o u s l y  i n  t h i s  d e p a r t m e n t  (Dr D . A .  C a r t e r )  and was 

a p p r o x i m a t e l y  e i g h t  m i n u t e s .  The p H ,  p 0 2 and p C 0 2 had a l s o  

b e en  e s t i m a t e d  p r e v i o u s l y  and found t o  be s u i t a b l e  f o r  the  

m a i n t e n a n c e  o f  t i s s u e  v i a b i l i t y .  A t y p i c a l  p a t t e r n  o f  

b a s a l  and s t i m u l a t e d  r e l e a s e  o f  AVP and OT from the  

i s o l a t e d  n e u r o h y p o p h y s i s  i s  shown i n  f i g u r e  2 . 5 .  Two 5 

m i n u t e  s t i m u l a t i o n  p e r i o d s  w i t h  e i t h e r  25 uM v e r a t r i n e  i n  

KRBG o r  45 mM K + KRBG 80 m i n u t e s  a p a r t  were u s e d .  

F r a c t i o n s  o f  p e r f u s a t e  were c o l l e c t e d  a t  10 m i n u t e  

i n t e r v a l s  f o r  3 h o u r s  20 m i n u t e s .

2 . 8  S t a t i s t i c s

D a t a  was assumed to be n o r m a l l y  d i s t r i b u t e d  so p a r a m e t r i c  

t e s t s  ( S t u d e n t s  t - t e s t ,  D u n c a n s  m u l t i p l e  r a n g e  t e s t ,  two 

way a n a l y s i s  o f  v a r i a n c e )  were u se d  to d e t e r m i n e
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s i g n i f i c a n c e  between g r o u p s .  An u n p a i r e d  s t u d e n t s  t - t e s t  

was u s e d  f o r  c o m p a r i s o n  between two g r o u p s  and D u n c a n s  

m u l t i p l e  r a n g e  t e s t  f o r  c o m p a r i s o n s  between m u l t i p l e  

g r o u p s .  S i g n i f i c a n c e  was a c c e p t e d  f o r  p < 0 . 0 5 .
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CHAPTER 3 STUDIES WITH ATRIAL NATRIURETIC FACTOR

I N  A NAESTH ETIS ED  RATS

3 . 1  The E f f e c t s  o f  p e r i p h e r a l l y  a d m i n i s t e r e d  A t r i a l  

N a t r i u r e t i c  F a c t o r  on u r i n a r y  vo lu m e and u r i n a r y  so d iu m

I n t r o d u c t i o n

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

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

n a t r i u r e t i c  f a c t o r  (ANF) i n  d o gs  (Maak e t  a l ,  1 9 8 4 )  i n  

r a t s  ( A t l a s  e t  a l  1 9 8 4 )  and a f t e r  s lo w  i n t r a v e n o u s  

i n j e c t i o n  i n  man ( R i c h a r d s  e t  a l ,  1 9 8 5 ) .  To c o n f i r m  t h a t

t h e  s a m p le  o f  ANF ( a t r i o p e p t i n  I I I  $ - 2 8 '  B a c h e m ' 

C a m b r i d g e )  used i n  t h e  f o l l o w i n g  e x p e r i m e n t s  was 

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

i t s  d i u r e t i c  and n a t r i u r e t i c  a c t i o n s  i n  a n a e s t h e t i s e d  

r a t s .

M a t e r i a l s  and Method

The p e p t i d e  ( 1  mg) was d i s s o l v e d  i n  1  ml s a l i n e  ( 0 . 9 %  

so d iu m  c h l o r i d e  i n  d i s t i l l e d  w a t e r )  and s t o r e d  i n  1 0 0  u l  

a l i q u o t s  (ea c h  c o n t a i n i n g  1 0 0  jug a t r i o p e p t i n  I I I )  a t  

- 2 0 ° C .  The p u r i t y  o f  t h e  p e p t i d e  was c o n f i r m e d  by r e v e r s e  

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

A d u l t  m a le  S p r a g u e - D a w l e y  r a t s  w e i g h i n g  between 260 and
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350 g w i t h  f r e e  a c c e s s  t o  food and w a t e r  were l i g h t l y  

a n a e s t h e t i s e d  w i t h  e t h e r .  W h i l s t  s e m i - c o n s c i o u s  a l o a d i n g  

d o s e  o f  t a p  w a t e r  (5% body w e i g h t )  was g i v e n  w i t h  a 1 0  ml  

s y r i n g e  and p o l y t h e n e  o r o - g a s t r i c  t u b e .  The a n i m a l s  were  

t h e n  a n a e s t h e t i s e d  w i t h  e q u i t h e s i n  ( 0 . 4 5  m l / 1 0 0  g body  

w e i g h t )  and an i n d w e l l i n g  c a n n u l a  ( P o l y t h e n e  t u b i n g ,  

P o r t e x ,  H y t h e ,  K e n t )  i n s e r t e d  i n t o  a j u g u l a r  v e i n  and a 

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

b l a d d e r .  H y d r a t i o n  was m a i n t a i n e d  w i t h  an i n t r a v e n o u s  

i n f u s i o n  o f  5% D e x t r o s e  a t  6 m l / h o u r  f o r  t h e  d u r a t i o n  o f  

t h e  e x p e r i m e n t .  Twenty  m i n u t e  f r a c t i o n s  o f  u r i n e  were  

c o l l e c t e d  i n  w e igh e d  LP4 t u b e s  (Luckham L t d . ,  Dagenham,  

E s s e x )  .

A f t e r  3 b a s a l  u r i n e  c o l l e c t i o n s  0 . 1  ml r a t  a t r i o p e p t i n  I I I  

(5 jug/kg) o r  0 . 1  ml v e h i c l e  ( 0 . 9 %  s a l i n e )  was g i v e n  o v e r  

1 0  s e c o n d s  by i n t r a v e n o u s  i n j e c t i o n  i n t o  t h e  j u g u l a r  v e i n .  

U r i n e  c o l l e c t i o n s  were c o n t i n u e d  f o r  a f u r t h e r  60 m i n u t e s .  

As e a c h  u r i n e  s a m p le  was p a s s e d  t h e  vo lu m e was d e t e r m i n e d  

and t h e n  f r o z e n  a t  - 2 0 ° C  f o r  s u b s e q u e n t  d e t e r m i n a t i o n  o f  

u r i n a r y  so d iu m  (F la m e  P h o t o m e t e r ) .

R e s u l t s  from a t r i o p e p t i n  I I I  and s a l i n e  t r e a t e d  r a t s  were  

com pared by D u n c a n * s  m u l t i p l e  r a n g e  t e s t .  p v a l u e s > 0 . 0 5  

were t a k e n  a s  b e i n g  n o n - s i g n i f i c a n t  ( N S ) .
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R e s u l t s

Mean u r i n a r y  v o lu m e s  (U V Q l ) r o s e  from a b a s a l  o f  7 6 . 5  +

2 2 . 5  u l / m i n  t o  a maximum o f  9 9 . 0  +  2 6 . 1  p l / m i n  a f t e r  20 

m i n u t e s  i n  t h e  v e h i c l e  t r e a t e d  r a t s  (NS) and from 9 9 . 5  +

3 2 . 5  t o  1 5 4  + 1 9 . 5  j u l / m i n  i n  t h e  a t r i o p e p t i n  I I I  t r e a t e d  

r a t s  (p <  0 . 0 6 )  ( f i g u r e  3 . 1 ) .  Mean u r i n a r y  sodium  (U ) 

was 5 . 7 5  + 2 . 2 5  m m o l / 1  p r e c e d i n g  v e h i c l e  t r e a t m e n t  and 6 . 0  

+ 2 . 9  m m o l / 1  20 m i n u t e s  l a t e r  ( N S ) .  I n  t h e  a t r i o p e p t i n  I I I  

t r e a t e d  r a t s  h o w e v e r ,  U Na r o s e  from a b a s a l  o f  8 . 8  + 3 . 4  

m m o l / 1  t o  3 1 . 3  + 1 . 9  a f t e r  20 m i n u t e s  ( p < 0 . 0 2 )  and 3 2 . 0  + 

1 2 . 1  a f t e r  40 m i n u t e s  (NS) and 1 3 . 4  + 2 . 4  m m o l / 1  a f t e r  60 

m i n u t e s  ( p < 0 . 0 2 )  ( f i g u r e  3 . 1 ) .

D i s c u s s i o n

The d a t a  c o n f i r m s  t h a t  o u r  s a m p l e  o f  a t r i o p e p t i n  I I I  when 

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

b i o l o g i c a l l y  a c t i v e .  T h e r e  was an i n c r e a s e  i n  u r i n a r y  

volume but  t h i s  d i d  n o t  r e a c h  s i g n i f i c a n c e .  The  

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

s e r i e s  o f  e x p e r i m e n t s  by i n a c t i v a t i n g  i t  w i t h  p e r f o r m i c  

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

AVP and OT i n  v i v o  ( c h a p t e r  4) .
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U r i n a r y  sodium  and u r i n a r y  vo lu m e i n  a n a e s t h e t i s e d  r a t s  

h y d r a t e d  w i t h  5% d e x t r o s e  (6 m l / h o u r ) . V e h i c l e  ( 0 . 9 %  NaCL)  

t r e a t e d  r a t s  ( c o n t i n u o u s  l i n e ,  n = 4 ) , a t r i o p e p t i n  I I I  (5 

J^g/kg) t r e a t e d  r a t s  ( b r o k e n  l i n e ,  n=5)  . The t i m i n g  o f  

i n t r a v e n o u s  i n j e c t i o n  w i t h  e i t h e r  v e h i c l e  or a t r i o p e p t i n  

I I I  i s  shown by t h e  a r r o w .  Mean + SEM.



URINARY VOLUME (pl/min)
i— • i— • i— • i— > i— •

r o x r c n o o  o r o j r c n o o

URINARY SODIUM (mmol/I)



3 . 2  S t u d i e s  on u r i n e  f l o w  i n  r a t s  p l a c e d  i n  a s t e r e o t a x i c  

fram e

I n t r o d u c t i o n

E x p e r i m e n t s  were d e s i g n e d  w i t h  t h e  i n t e n t i o n  o f  

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

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

s e c r e t i o n  a s  m o n i t o r e d  by r e c o r d i n g  u r i n a r y  o u t p u t .  U s i n g  

a n t i s e r a  t o  a t r i o p e p t i n  I I I ,  i m m u n o r e a c t i v i t y  h a s  been  

found i n  t h e  r a t  b r a i n  ( v i d e  s u p r a ) . H e a v i l y  s t a i n e d  a r e a s

h ave been found i n  t h e  a n t e r o v e n t r a l p a r t o f  th e 3 r d

v e n t r i c l e , P V ,  SO and a r c u a t e  n u c l e i a l l  ■of  w h ic h a r e

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

e l e c t o l y t e  b a l a n c e  ( J a c o b o w i t z  e t  a l  1 9 8 5 ;  S a p e r  e t  a l ,  

1 9 8 5 ;  S k o f i t s c h  e t  a l ,  1 9 8 5 )  . I n  r a t s  d e p r i v e d  o f  w a t e r  

r e d u c t i o n s  i n  i m m u n o r e a c t i v e  ANF hav e been r e p o r t e d  i n  t h e  

n e u r o h y p o p h y s i s ,  O V L T ,  s u p r a c h i a s m a t i c  and SO n u c l e i .  I t  

h a s  been r e p o r t e d  t h a t  p e r i p h e r a l l y  a d m i n i s t e r e d  ANF c a n  

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

(Sam son, 1 9 8 5 a ) . E t h a n o l  was u s e d  a s  t h e  a n a e s t h e t i c  t o  

p r o d u c e  a good b a s a l  u r i n e  f l o w .

M a t e r i a l s  and Method

A d u l t  S p r a g u e - D a w l e y  r a t s  w e i g h i n g  between 250 and 300 g 

w i t h  f r e e  a c c e s s  t o  fo o d  and w a t e r  were a n a e s t h e t i s e d  w i t h  

e t h a n o l  ( F o r s l i n g ,  1 9 6 8 ) .  A l o a d i n g  d o se  o f  1 5 %  e t h a n o l
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(5% body w e i g h t )  was g i v e n  i n  two d o s e s  30 m i n u t e s  a p a r t .  

An i n d w e l l i n g  c a n n u l a  ( p o l y t h e n e  t u b i n g ,  P o r t e x ,  H y t h e ,  

K e n t )  was i n s e r t e d  i n t o  a j u g u l a r  v e i n  and a s i m i l a r  

c a n n u l a  s u p r a p u b i c a l l y  i n t o  t h e  u r i n a r y  b l a d d e r .  H y d r a t i o n  

was m a i n t a i n e d  w i t h  an i n f u s i o n  o f  l ’.5.% e t h a n o l  i n  0 . 4 %  

s a l i n e  a t  6 m l / h o u r  v i a  t h e  j u g u l a r  c a n n u l a  f o r  t h e  

d u r a t i o n  o f  t h e  e x p e r i m e n t .  F i f t e e n  m i n u t e  f r a c t i o n s  o f  

u r i n e  were c o l l e c t e d  i n  w eighed LP4 t u b e s  (Luckham  L t d . ,  

Dagenham, E s s e x ) .

A f t e r  3 b a s a l  c o l l e c t i o n s  o f  u r i n e  w i t h  t h e  a n i m a l  s u p i n e  

on t h e  b e n c h  i t  was t r a n s f e r r e d  t o  a S t o e l t i n g  s t e r e o t a x i c  

fra m e where t h e  e a r  b a r s  were i n s e r t e d ,  i n  t h e  u s u a l  way ,  

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

i n j e c t i o n  i n t o  t h e  3 r d  v e n t r i c l e .  T h e s e  e x p e r i m e n t s  were  

r e p e a t e d  a t  a l a t e r  d a t e  w i t h  homozygous B r a t t l e b o r o  (AVP 

d e f i c i e n t )  r a t s .

R e s u l t s

U r i n e  v o lu m e  (U v o ^) i n  s u p i n e  S p r a g u e - D a w l e y  r a t s  r o s e  

from 8 0 . 7  + 2 2 . 7  t o  1 0 4 . 7  + 1 2 . 0  p l / m i n  1 0 5  m i n u t e s  l a t e r  

( f i g u r e  3 . 2 ) .  U r i n e  v o lu m e  i n  th e  S p r a g u e - D a w l e y 1 s p l a c e d  

i n  t h e  s t e r e o t a x i c  fram e f e l l  from 1 0 4 . 0  + 1 1 . 3  t o  4 4 . 7  +

1 1 . 3  p l / m i n  w i t h i n  1 5  m i n u t e s  o f  i n s e r t i o n  o f  t h e  e a r  b a r s  

and t o  4 . 7  + 0 . 7  j u l / m i n  w i t h i n  30 m i n u t e s .  U r i n e  f l o w  was 

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

U r i n e  vo lu m e  i n  t h e  B r a t t l e b o r o  r a t s  f e l l  from 8 0 . 0  +  1 3 . 3
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t o  1 0 . 7  +  8 . 7  p l / m i n  w i t h i n  1 5  m i n u t e s  o f  i n s e r t i n g  t h e  

e a r  b a r s  ( t a b l e ) .

D i s c u s s i o n

T h e s e  e x p e r i m e n t s  show t h a t  i n s e r t i o n  o f  e a r  b a r s  i n t o  t h e  

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

t h e  r a t e  o f  f lo w  o f  u r i n e .  However unknown to  us a t  t h e  

t i m e ,  t h i s  i s  a w e l l  known e f f e c t .  The m echan ism  f o r  t h i s  

o b s e r v a t i o n  i s  unknown, however i t  i s  i n t e r e s t i n g  t h a t  

t h e r e  was a s i m i l a r  r a p i d  and ma rked f a l l  i n  u r i n a r y  

volum e i n  B r a t t l e b o r o  (AVP d e f i c i e n t )  r a t s  on i n s e r t i o n  o f  

e a r  b a r s .  T h i s  p r o v i d e s  s t r o n g  e v i d e n c e  t h a t  t h i s  

o b s e r v a t i o n  i s  n o t  due t o  s e c r e t i o n  o f  AVP.

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

o f  AVP s e c r e t i o n  i n  a n a e s t h e t i s e d  r a t s  i n  s t e r e o t a x i c  

f r a m e s ,  f u r t h e r  s t u d i e s  on t h e  c e n t r a l  c o n t r o l  o f  AVP 

r e l e a s e  were p e r f o r m e d  u s i n g  c o n s c i o u s  r a t s  ( c h a p t e r  4) . 

However i t  was p o s s i b l e  t o  u s e  t h i s  t e c h n i q u e  t o  o b s e r v e  

t h e  e f f e c t s  o f  c e n t r a l l y  a d m i n i s t e r e d  a t r i o p e p t i n  I I I  on 

mean a r t e r i a l  p r e s s u r e  and h e a r t  r a t e ,  b u t  f a c i l i t i e s  were  

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

s u p i n e  on a ben ch  ( c o n t i n u o u s  l i n e ,  n=4) or p r o n e  i n  a 

s t e r e o t a x i c  fra m e ( b r o k e n  l i n e ,  n=5)  . The p o i n t  a t  w h ic h  

t h e  e a r  b a r s  were i n s e r t e d  i s  shown. Mean + SEM.

Figure 3.2
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TABLE

B r a t t l e b o r o  r a t s n o . l n o .  2 n o .  3 n o .  4 Mean SEM

Tim e  (min) u v o l (ml) j i l / m i n

0 - 1 5 0 . 5 1 . 4 1 . 0 0 . 7 6 0 . 0 1 1 . 3

1 5 -  30 1 . 3 1 . 7 1 . 3 1 . 3 9 3 . 3 6 . 0

3 0 -  45 1 . 1 0 . 9 0 . 8 1 . 8 8 0 . 0 1 3 . 3

e a r  b a r s

i n s e r t e d

4 5 -  60 0 . 6 0 . 0 3 0 . 0 0 . 0 1 0 . 7 8 . 7

6 0 -  75 0 . 5 0 . 0 5 0 . 1 9 0 . 0 1 2 . 7 6 . 7

7 5 -  90 0 . 5 0 . 3 2 0 . 1 5 0 . 0 9 1 8 . 0 5 . 3



3 . 3  The e f f e c t s  o f  c e n t r a l l y  a d m i n i s t e r e d  A t r i a l

N a t r i u r e t i c  F a c t o r  on H e a r t  R a t e  and Mean A r t e r i a l  

B l o o d  P r e s s u r e

I n t r o d u c t i o n

P e r i p h e r a l l y  a d m i n i s t e r e d  a t r i o p e p t i n  I I I  (24 amino a c i d s )  

c a u s e s  h y p o t e n s i o n  i n  c o n s c i o u s  d o gs  (Maak e t  a l ,  1 9 8 4 )  

and p e r i p h e r a l l y  a d m i n i s t e r e d  s y n t h e t i c  human a l p h a - A N F  

(28  amino a c i d s )  c a u s e s  h y p o t e n s i o n  i n  c o n s c i o u s  man 

( R i c h a r d s  e t  a l ,  1 9 8 5 ) .  I m m u n o r e a c t i v e  ANF h a s  been found  

i n  t h e  a n t e r o v e n t r a l  t h i r d  v e n t r i c l e  (a s  n o t e d  ab ove)  a 

r e g i o n  n o t  o n l y  i n v o l v e d  w i t h  f l u i d  and e l e c t r o l y t e  

b a l a n c e ,  b u t  w i t h  t h e  d e v e l o p m e n t  and m a i n t e n a n c e  o f  

e x p e r i m e n t a l  h y p e r t e n s i o n  (B r o d y  e t  a l ,  1 9 8 0 ) .

E x p e r i m e n t s  were d e s i g n e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  

i n t r a c e r e b o v e n t r i c u l a r l y  ( I C V )  a d m i n i s t e r e d  r a t

a t r i o p e p t i n  I I I  on h e a r t  r a t e  (HR) and mean a r t e r i a l  

p r e s s u r e  (MAP) i n  a n a e s t h e t i s e d  r a t s .

M a t e r i a l  and method

An i n d w e l l i n g  c a n n u l a ,  i n t e r n a l  d i a m e t e r  0 . 5 8  mm, e x t e r n a l  

d i a m e t e r  0 . 9 6  mm ( p o l y t h e n e  t u b i n g ,  P o r t e x ,  H y t h e ,  K e n t )  

was i n s e r t e d  i n t o  a c a r o t i d  a r t e r y  o f  a d u l t  m ale  

S p r a g u e - D a w l e y  r a t s  ( 2 5 0  t o  320 g) un d e r  u r e t h a n e  

a n a e s t h e s i a  ( 0 . 2  m l / l O O g ) . 3 p i  o f  v e h i c l e  ( 0 . 9 %  s a l i n e )  

o r  e i t h e r  0 . 2 ,  2 . 0 ,  20 nmol a t r i o p e p t i n  I I I  were i n j e c t e d
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s l o w l y  ( 2 - 3  s e c s )  i n t o  t h e  3 r d  v e n t r i c l e  v i a  a g l a s s  

m i c r o p i p e t t e  p l a c e d  a c c o r d i n g  t o  s t e r e o t a x i c  c o - o r d i n a t e s  

( f o r  d e t a i l s  s e e  m e t h o d o l o g y ) . I n j e c t i o n s  ( H a m i l t o n  

M i c r o l i t e r  S y r i n g e )  were g i v e n  30 m i n u t e s  a f t e r  s u r g e r y  

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

e x p e r i m e n t .  A r t e r i a l  b l o o d  p r e s s u r e  and h e a r t  r a t e  were  

r e c o r d e d  c o n t i n u o u s l y  v i a  a S t a t h a m  t r a n s d u c e r  (P23AC) on 

a R i k a d e n k i  r e c o r d e r  (R-OX) b e f o r e  and f o r  30 m i n u t e s  

a f t e r  I C V  i n j e c t i o n .  R e s u l t s  f o r  a t r i o p e p t i n  I I I  and  

s a l i n e  t r e a t e d  r a t s  were compared by D u n c a n * s  m u l t i p l e  

r a n g e  t e s t .  p v a l u e s  >  0 . 0 5  were t a k e n  a s  b e i n g  non 

s i g n i f i c a n t  ( N S ) .

R e s u l t s

The b a s a l  MAP and HR o f  t h e  r a t s  were 9 9 . 6  + 2 . 7  mm Hg and  

379 + 1 0 . 1  b e a t s / m i n  r e s p e c t i v e l y  ( n = 2 4 ) . Mean c h a n g e s  i n  

HR and MAP a r e  shown i n  f i g u r e  3 . 3 .  F o r  c l a r i t y  o n l y  t h e  

SEMs f o r  t h e  v e h i c l e  and 20 nmol a t r i o p e p t i n  I I I  t r e a t e d  

r a t s  a r e  shown. 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  HR 

o r  MAP be tween t h e  v e h i c l e  and a t r i o p e p t i n  I I I  t r e a t e d  

r a t s  a t  5 ,  1 0 ,  1 5 ,  20 o r  30 m i n u t e s  a f t e r  I C V  i n j e c t i o n .  

F o r  t h e  f i r s t  1 0  m i n u t e s  HR i n c r e a s e d  i n  t h e  v e h i c l e  

t r e a t e d  a n i m a l s  b u t  n o t  i n  th e  a t r i o p e p t i n  I I I  t r e a t e d  

a n i m a l s  (NS) . H e a r t  r a t e  and MAP f e l l  s i m i l a r l y  i n  a l l  

g r o u p s  o f  r a t s  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t .
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Ch a ng e  i n  h e a r t  r a t e  (HR) and Mean A r t e r i a l  P r e s s u r e  (MAP) 

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

v e h i c l e  ( 0 . 9 %  s a l i n e )  o r  a t r i o p e p t i n  I I I  ( 0 . 2 ,  2 . 0 ,  20

nmol) . Numbers o f  r a t s  were between 5 and 7 i n  e a c h  

t r e a t m e n t  g r o u p .  Mean + SEM.
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D i s c u s s i o n

C e n t r a l l y  a d m i n i s t e r e d  ANF had no e f f e c t  on HR o r  MAP i n  

t h e  u r e t h a n e  a n a e s t h e t i s e d  r a t .  T h i s  i s  i n  k e e p i n g  w i t h  

t h e  f i n d i n g s  o f  I i t a k e  e t  a l  ( 1 9 8 6 )  who r e p o r t e d  no e f f e c t  

on MAP i n  c o n s c i o u s  r a t s  a f t e r  I C V  i n j e c t i o n  o f  

a t r i o p e p t i n  I I I .  Bonham e t  a l  ( 1 9 8 3 )  r e p o r t e d  i n  a b s t r a c t  

f o r m ,  no e f f e c t  on MAP and HR i n  c o n s c i o u s  i n t a c t  r a t s  

a f t e r  I C V  i n j e c t i o n  o f  u n s p e c i f i e d  ANF; i n  r a t s  t h a t  were  

s i n o - a o r t i c  b a r o r e c e p t o r  d e n e r v a t e d  however t h e y  o b s e r v e d  

a d o s e - d e p e n d e n t  i n c r e a s e  i n  a r t e r i a l  p r e s s u r e  ( a c t u a l  

d o s e  n o t  g i v e n ) , s u g g e s t i n g  t h a t  t h e  b a r o r e f l e x  n o r m a l l y  

b u f f e r s  a p r e s s o r  r e s p o n s e  when ANF i s  c e n t r a l l y  

a d m i n i s t e r e d .  U n f o r t u n a t e l y  HR, an i n d i c a t o r  o f  

b a r o r e c e p t o r  a c t i v a t i o n ,  was n o t  r e p o r t e d  i n  t h e s e  

e x p e r i m e n t s .  S i l l s  e t  a l  ( 1 9 8 5 )  h a v e  r e p o r t e d  t h e  e f f e c t s  

o f  m i c r o i n j e c t i o n s  o f  a t r i o p e p t i n  I I I  i n t o  t h e  p r e o p t i c  

s u p r a c h i a s m a t i c  n u c l e u s  w h ic h  i s  l o c a t e d  i n  t h e  AV3V  

r e g i o n  ( s e e  f i g u r e  1 . 2 ) .  D o s e s  i n  t h e  pmol r a n g e  p r o d u c e d  

a d o s e  d e p e n d e n t  i n c r e a s e  i n  MAP and HR w i t h i n  1 5 - 4 5  

m i n u t e s  o f  i n j e c t i o n ?  l a s t i n g  6 0 - 1 5 0  m i n u t e s  s u g g e s t i n g  

t h a t  t h i s  e f f e c t  i s  m e d i a t e d  v i a  a m e t a b o l i t e  o f  

a t r i o p e p t i n  I I I  o r ,  v i a  t h e  s y n t h e s i s  o f  a n o t h e r  p e p t i d e .

I n  my own s t u d i e s  t h e r e  was a t r e n d  f o r  HR t o  i n c r e a s e  i n  

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

t r e a t e d  a n i m a l s  d u r i n g  t h e  f i r s t  1 0  m i n u t e s  a f t e r  I C V  

i n j e c t i o n  o f  a t r i o p e p t i n  I I I  ( a l t h o u g h  t h i s  was n o t
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s t a t i s t i c a l l y  s i g n i f i c a n t )  . A f a l l  i n  MAP w i t h  no ch a n ge  

i n  HR d u r i n g  an i n t r a v e n o u s  i n f u s i o n  o f  a t r i o p e p t i n  I I I  

was n o t e d  by Maack e t  a l ,  1 9 8 4  ' i n  t h e i r  e x p e r i m e n t s  w i t h  

c o n s c i o u s  d o g s .  M e t z l e r  e t  a l ,  1 9 8 5  made a s i m i l a r  

o b s e r v a t i o n  w i t h  d o gs  b u t  R i c h a r d s  e t  a l ,  1 9 8 5  u s i n g  a 

b o l u s  i n j e c t i o n  o f  human a l p h a - A N P  i n  man, r e p o r t e d  a r i s e  

i n  HR a s s o c i a t e d  w i t h  a f a l l  i n  MAP. A f a l l  i n  b lo o d  

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

a c t i v a t i o n  and i n c r e a s e d  HR. T h e s e  o b s e r v a t i o n s  i n d i c a t e  

t h a t  t h e  e f f e c t  o f  ANF on HR i s  v a r i a b l e  and t h a t  

a t r i o p e p t i n  I I I  may h a v e  an i n h i b i t o r y  e f f e c t  on th e  

b a r o r e f l e x  i n  some s p e c i e s .  I n  t h e  a b s e n c e  o f  s i g n i f i c a n t  

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

e f f e c t s  o f  ANF on MAP and HR were n o t  p e r f o r m e d .

61



C h a p t e r  4 THE E F F E C T S  OF CENTRALLY ADMINISTERED ANF ON 

THE STIMULATED IN  V IV O  RELEASE OF AVP AND 

OXYTOCIN I N  THE RAT

4 . 1  I n t r o d u c t i o n

I n  a d d i t i o n  t o  t h e  c a r d i a c  a t r i a ,  i m m u n o r e a c t i v e  ANF h a s  

been fou n d  i n  t h e  r a t  b r a i n  ( c h a p t e r  1 . 5 ) .  A N F - p o s i t i v e  

f i b r e s  and c e l l  b o d i e s  h ave  been d e m o n s t r a t e d  i n  a r e a s  

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

b a l a n c e  ( J a c o b o w i t z  e t  a l ,  1 9 8 5 ;  S aper  e t  a l ,  1 9 8 5 a ;

S k o f i t s c h  e t  a l ,  1 9 8 5 ) .  T h e s e  a r e a s  i n c l u d e  t h e  PV and SO
e

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

t h e  3 r d  v e n t r i c l e  ( A V 3 V ) , n e u r o h y p o p h y s i s  and tegmentum o f

t h e  p o n s .  A t  t h e  t i p  o f  t h e  3 r d  v e n t r i c l e  i s  t h e  organum

v a s c u l o s u m  o f  t h e  l a m i n a  t e r m i n a l i s ,  one o f  t h e

c i r c u m v e n t r i c u l a r  o r g a n s ,  a s t r u c t u r e  w h ic h  a c t s  a s  a

"window" i n  t h e  b l o o d - b r a i n  b a r r i e r  a l l o w i n g  f r e e  e x c h a n g e

o f  s u b s t a n c e s  i n  e i t h e r  d i r e c t i o n .  The ANF i m m u n o r e a c t i v e

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

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

c o m p o s i t i o n .  An ANF i m m u n o r e a c t i v e  p a th w a y  h a s  been

d e m o n s t r a t e d  r u n n i n g  from t h e  AV3V to  t h e  m a g n o c e l l u l a r

a r e a s  o f  t h e  PV and SO n u c l e i  ( S a p e r  e t  a l ,  1 9 8 5 b )  and

t h i s  p a t h w a y  i s  i d e a l l y  s i t u a t e d  t o  re s p o n d  t o  c h a n g e s  i n

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

n e u r o h y p o p h y s e a l  hormone s e c r e t i o n .  1 2 5 _  „„„ . . . .
J I  ANF b i n d i n g

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

62



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

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

a r e a  p o s t r e m a  a s  w e l l  a s  t h e  n u c l e u s  t r a c t u s  s o l i t a r i u s ;  

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

ANF i n  e l e c t r o l y t e  and w a t e r  h o m e o s t a s i s .

The c e n t r a l  r o l e  o f  ANF i s  unknown b u t  r e c e n t  f i n d i n g s  

i n d i c a t e  t h a t  i t  may f u n c t i o n  i n  t h e  c o n t r o l  o f  AVP 

r e l e a s e  ( J a n u s z e w i c z  e t  a l f 1 9 8 5 a :  Samson, 1 9 8 5 a ) . However  

t h e  s p e c i f i c i t y  o f  t h e  n e u r o e n d o c r i n e  e f f e c t s  o f  ANF h a s  

n o t  been s t u d i e d .  The r e l a t i v e  i m p o r t a n c e  o f  a c t i o n s  a t  

t h e  h y p o t h a l a m i c  and p i t u i t a r y  l e v e l s  i s  a l s o  unknown. I n  

t h i s  c h a p t e r  t h e  c e n t r a l  e f f e c t s  o f  ANF on b o t h  AVP and  

o x y t o c i n  (OT) r e l e a s e  a r e  a d d r e s s e d  i n  t h e  c o n s c i o u s  r a t .

4 . 2  M a t e r i a l  and Methods

n e u r o h y p o p h y s i s  (Quirion et a l f 1984 and 1986).

E f f e c t  o f  ANF on AVP and OT r e l e a s e  i n  c o n s c i o u s  r a t s

An i n d w e l l i n g  c a n n u l a ,  i n t e r n a l  d i a m e t e r  0.40mm, e x t e r n a l  

d i a m e t e r  0.80mm ( P o l y t h e n e  t u b i n g ,  P o r t e x ,  H y t h e ,  K e n t )  

was i m p l a n t e d  i n t o  t h e  l a t e r a l  v e n t r i c l e  o f  a d u l t  m ale  

S p r a g u e - D a w l e y  r a t s  (250  t o  320  g) u n d e r  f r e s h l y  made 

e q u i t h e s i n  a n a e s t h e s i a  ( 0 . 4 5  m l / 1 0 0  g ) . C a n n u l a e  were  

s i t e d  u s i n g  a s t e r e o t a x i c  fra m e a c c o r d i n g  t o  c o - o r d i n a t e s  

( f o r  t e c h n i q u e  s e e  c h a p t e r  2 . 3 )  and f i x e d  i n  p o s i t i o n  w i t h
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d e n t a l  cement and b r a s s  s c r e w s .  The f o l l o w i n g  d a y  one  

g r o u p  o f  r a t s  was g i v e n  t a p  w a t e r  and a n o t h e r  g r o u p  2% 

NaCL (w/v) t o  d r i n k .  T h r e e  d a y s  l a t e r  5 p i  o f  v e h i c l e  

( 0 . 9 %  s a l i n e )  o r  e i t h e r  0 . 2 ,  2 . 0  o r  20 nmol a t r i o p e p t i n

I I I  (Bachem, C a m b r i d g e ,  UK) were i n j e c t e d  I C V  ( H a m i l t o n  

M i c r o l i t e r  S y r i n g e )  i n t o  t h e  l i g h t l y  r e s t r a i n e d  c o n s c i o u s  

a n i m a l .  R a t s  were d e c a p i t a t e d  1 0  m i n u t e s  a f t e r  I C V  

i n j e c t i o n .  O t h e r  r a t s  who had been g i v e n  2% NaCL t o  d r i n k  

were i n j e c t e d  w i t h  v e h i c l e  o r  20 nmol a t r i o p e p t i n  I I I  I C V  

and d e c a p i t a t e d  5 ,  2 0 ,  40 and 80 m i n u t e s  a f t e r  i n j e c t i o n .  

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

t h e  s e p a r a t e d  p l a s m a  was s t o r e d  a t  - 2 0 ° c .

The s p e c i f i c i t y  o f  a c t i o n  o f  a t r i o p e p t i n  I I I  was 

i n v e s t i g a t e d  u s i n g  i n a c t i v a t e d  p e p t i d e .  T h i s  was done by  

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

l i n k a g e  ( H i r s ,  1 9 6 7 )  . P r e v i o u s  s t u d i e s  h a v e  shown t h a t  t h e  

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

(M is ono e t  a l ,  1 9 8 4 ) .  R a t s  were p r e p a r e d  f o r  I C V  i n j e c t i o n  

and g i v e n  2% N a C L .  A f t e r  3 d a y s  5 u l  o f  e i t h e r  o x i d i z e d  

a t r i o p e p t i n  I I I  (20 nmol) o r  v e h i c l e  were i n j e c t e d  and  

t r u n k  b l o o d  c o l l e c t e d  a s  a b o v e .

I n  a f u r t h e r  e x p e r i m e n t  t h e  p o s s i b i l i t y  t h a t  an I C V  b o l u s  

d o s e  a s  l a r g e  a s  20 nmol may h a v e  c r o s s e d  t h e  b l o o d  b r a i n  

b a r r i e r ,  was i n v e s t i g a t e d  by p r e p a r i n g  two g r o u p s  o f  r a t s  

f o r  I C V  i n j e c t i o n  a s  a b o v e .  A f t e r  3 d a y s ,  w i t h  t h e  r a t s  

d r i n k i n g  t a p  w a t e r ,  5 p i  o f  e i t h e r  20 nmol a t r i o p e p t i n  I I I
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o r  v e h i c l e  were i n j e c t e d  I C V  and t r u n k  b l o o d  c o l l e c t e d  5 

m i n u t e s  l a t e r  f o r  s u b s e q u e n t  ANF a s s a y .

E f f e c t  o f  ANF on AVP and OT r e l e a s e  i n  c o n s c i o u s  

h a e m o r r h a g e d  r a t s

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

a d u l t  m a l e  S p r a g u e - D a w l e y  r a t s  a s  a b o v e .  Two d a y s  l a t e r  an  

i n d w e l l i n g  c a n n u l a ,  i n t e r n a l  d i a m e t e r  0 . 5 8  mm, e x t e r n a l  

d i a m e t e r  0 . 9 6  mm ( P o l y t h e n e  t u b i n g ,  P o r t e x ,  H y t h e )  was 

i n s e r t e d  i n t o  a c a r o t i d  a r t e r y  un d e r  e q u i t h e s i n  

a n a e s t h e s i a  ( 0 . 4 5  m l / 1 0 0  g) . The was f i r m l y  s e c u r e d  w i t h  

3 / 0  s i l k  s u t u r e s  and p a s s e d  s u b c u t a n e o u s l y  t o  p r o j e c t  from  

t h e  do rsum o f  t h e  n e c k .  P a t e n c y  o f  t h e  c a n n u l a  was  

m a i n t a i n e d  w i t h  40% p o l y v i n y l p y r o l i d o n e  i n  0 . 9 %  (w/v)  NaC L  

c o n t a i n i n g  50 i u / m l  h e p a r i n .  The n e x t  d a y  r a t s  were  

h a e m o r r h a g e d  ( 1  m l / l O O g  body w e i g h t )  1 0  m i n u t e s  a f t e r  a 5 

jul i c v  i n j e c t i o n  o f  e i t h e r  v e h i c l e  o r  5 p i  20 nmol  

a t r i o p e p t i n  I I I  w h i l s t  l i g h t l y  r e s t r a i n e d .  T h i s  d o s e  was 

u s e d  on t h e  b a s i s  o f  t h e  r e s u l t s  from t h e  p r e v i o u s  

e x p e r i m e n t s  w i t h  s a l i n e  d r i n k i n g  r a t s  (p 6 3 - 6 4 )  . R a t s  were  

d e c a p i t a t e d  1 0  m i n u t e s  a f t e r  h a e m o r r h a g e .  C o n t r o l  r a t s  

were n o t  h a e m o r r h a g e d  b u t  i n j e c t e d  I C V  w i t h  e i t h e r  5 u l  

v e h i c l e  o r  5 p i  20 nmol a t r i o p e p t i n  I I I  and d e c a p i t a t e d  20 

m i n u t e s  l a t e r .  T r u n k  b l o o d  was c o l l e c t e d  and s e p a r a t e d  a s  

a b o v e .
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R a d i o i m m u n o a s s a y

F r a c t i o n s  o f  p l a s m a  were a s s a y e d  f o r  OT and AVP by d i r e c t  

r a d i o i m m u n o a s s a y  ( f o r  d e t a i l s  s e e  c h a p t e r  2 . 5 ) .  The  

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  c o n t r o l  AVP s a m p l e s  (2 fm ol)  

was 6% ( i n t r a - a s s a y )  and 1 6 %  ( i n t e r a s s a y ) . The 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  c o n t r o l  OT s a m p l e s  (2 fm o l)  was 6% 

( i n t r a - a s s a y )  and 1 4 %  ( i n t e r a s s a y ) . The d e t e c t i o n  l i m i t  

f o r  b o t h  a s s a y s  was 0 . 2 5  f m o l / t u b e .

D a t a  A n a l y s i s  and S t a t i s t i c s

R e s u l t s  were e x p r e s s e d  a s  the  mean + SEM. S t a t i s t i c a l  

a n a l y s i s  was p e r f o r m e d  u s i n g  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  

o r  u n p a i r e d  t  t e s t s .

4 . 3  R e s u l t s

E f f e c t  o f  ANF on AVP and OT r e l e a s e  i n  c o n s c i o u s  r a t s

I n  r a t s  d r i n k i n g  t a p  w a t e r  p l a s m a  l e v e l s  o f  AVP and OT 1 0  

m i n u t e s  a f t e r  v e h i c l e  I C V  were 7 . 9  + 1 . 3  and 8 . 1  + 1 . 3  

p m o l / 1  r e s p e c t i v e l y .  A t r i o p e p t i n  I I I  ( 0 . 2 ,  2 . 0  and 20

nmol) I C V  had no s i g n i f i c a n t  e f f e c t  on p l a s m a  

c o n c e n t r a t i o n s  o f  AVP o r  OT ( t a b l e  4 . 1 ) .

I n  a n i m a l s  d r i n k i n g  2% NaCL p l a s m a  l e v e l s  o f  AVP and OT 1 0  

m i n u t e s  a f t e r  v e h i c l e  I C V  were 2 9 . 3  + 0 . 7  and 2 3 . 9  + 3 . 2
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p m o l / 1  r e s p e c t i v e l y  ( f i g u r e  4 . 1 ) .  I n  t h e  g r o u p  t r e a t e d  

w i t h  20 nmol a t r i o p e p t i n  I I I  I C V  t h e  c o n c e n t r a i o n s  o f  AVP 

and OT were r e d u c e d  compared w i t h  t h e  v e h i c l e  t r e a t e d  

g r o u p  b u t  no d i f f e r e n c e  was found i n  t h e  g r o u p s  t r e a t e d  

w i t h  0 . 2  and 2 . 0  nmol a t r i o p e p t i n  I I I .  F o l l o w i n g  20 nmol  

a t r i o p e p t i n  I I I  p l a s m a  c o n c e n t r a t i o n s  o f  AVP were

s i g n i f i c a n t l y  r e d u c e d  f o r  40 m i n u t e s  w h e r e a s  

c o n c e n t r a t i o n s  o f  OT were r e d u c e d  f o r  1 0  m i n u t e s  o n l y  

( f i g u r e  4 . 2 ) .  T h e r e  was no s i g n i f i c a n t  c h a n g e  i n  t h e  

p l a s m a  c o n c e n t r a t i o n s  o f  AVP and OT 5 m i n u t e s  a f t e r  I C V  

i n j e c t i o n .

I n a c t i v a t e d  a t r i o p e p t i n  I I I  (20 nmol) d i d  not

s i g n i f i c a n t l y  m o d i f y  p l a s m a  c o n c e n t r a t i o n s  o f  AVP o r  OT 

f o l l o w i n g  I C V  i n j e c t i o n  i n t o  r a t s  d r i n k i n g  2% N a C L .  P l a s m a  

c o n c e n t r a t i o n s  o f  AVP and OT i n  v e h i c l e  i n j e c t e d  r a t s  were  

2 7 . 7  + 2 . 1  and 3 9 . 8  + 4 . 2  p m o l / 1  r e s p e c t i v e l y ,  and i n  

i n a c t i v a t e d  a t r i o p e p t i n  I I I  i n j e c t e d  r a t s  2 5 . 6  + 2 . 5  and

3 0 . 2  + 3 . 6  p m o l / 1  (no s i g n i f i c a n t  d i f f e r e n c e  between

g r o u p s ,  u n p a i r e d  t  t e s t ,  n=6 i n  e a c h  g r o u p ) .

The mean c o n c e n t r a t i o n  o f  p l a s m a  a t r i o p e p t i n  I I I  5 m i n u t e s  

a f t e r  I C V  i n j e c t i o n  o f  v e h i c l e  and 20 nmol a t r i o p e p t i n  I I I  

was 5 5 . 2  + 2 0 . 7  and 2 0 1 . 0  + 2 8 . 8  p m o l / 1  r e s p e c t i v e l y  (p<  

0 . 0 1 ,  u n p a i r e d  t  t e s t )  ( t a b l e ) .
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T a b l e  4 . 1

R a t s 5 p l  i n j . P l a s m a P l a s m a

d r i n k i n g I C V  o f AVP OT

t a p  w ater ( p m o l / 1 ) ( p m o l / 1 )

1

2

3

4

5

6

7

8
9

10 
11 
12
1 3

1 4

1 5

1 6

1 7

1 8

1 9

20

0 . 9 %  NaCL 1 2 . 2 1 2 . 5

ii 9 . 4 9 . 0

H 6 . 4 5 . 8

ii 5 . 9 5 . 8

ii 5 . 4 7 . 3

0 . 2  nmol ANF 8 . 6 9 . 3

H 6 . 9 7 . 5

H 6 . 4 9 . 0

H 8 . 8 1 8 . 0

H 8 . 8 1 5 . 8

2 . 0  nmol ANF 6 . 5 1 6 . 8

ii 1 1 . 6 8 . 3

ii 6 . 8 7 . 4

a 6 . 0 1 1 . 0

ti 1 0 . 0 6 . 2

ti 1 0 . 6 5 . 9

20 nmol ANF 6 . 9 7 . 3

ft 4 . 1 1 0 . 0

VI 5 . 3 4 . 8

II 6 . 4 9 . 0

II 6 . 1 7 . 821



P l a s m a  c o n c e n t r a t i o n s  o f  a) AVP and b) OT i n  c o n s c i o u  r a t s  

d r i n k i n g  2% NaCL 1 0  m i n u t e s  a f t e r  t h e  I C V  a d m i n i s t r a t i o n  

o f  e i t h e r  v e h i c l e  o r  a t r i o p e p t i n  I I I  ( 0 . 2 ,  2 . 0  and 20 

n m o l ) .  The g r o u p  s i z e  i s  i n d i c a t e d  w i t h i n  t h e  b a r s .  Mean +  

SEM. * p < 0 . 0 5  compared w i t h  v e h i c l e  t r e a t m e n t .
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P l a s m a  c o n c e n t r a t i o n s  o f  a) AVP and b) OT i n  c o n s c i o u s  2% 

NaCL d r i n k i n g  r a t s  a f t e r  I C V  a d m i n i s t r a t i o n  o f  e i t h e r  

v e h i c l e  ( 0 . 9 %  NaCL) ( c l o s e d  c i r c l e s )  or  20 nmol  

a t r i o p e p t i n  I I I  (open c i r c l e s ) . Number o f  r a t s  b etw een 5 

and 7 i n  a l l  g r o u p s .  Mean + SEM. * p <  0 . 0 5  compared w i t h

v e h i c l e  t r e a t m e n t
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F i g u r e  4 . 3

P l a s m a  c o n c e n t r a t i o n s  o f  a) AVP and b) OT i n  c o n s c i o u s  

h a e m o rr h a g e d  ( h a t c h e d  b a r s )  and non h a e m o r r h a g e d  (open  

b a r s )  r a t s  a f t e r  t h e  I C V  a d m i n i s t r a t i o n  o f  e i t h e r  v e h i c l e  

( 0 . 9 %  NaCL) o r  20 nmol a t r i o p e p t i n  I I I .  The g r o u p  s i z e  i s  

i n d i c a t e d  w i t h i n  t h e  b a r s .  Mean + SEM. * p < 0 . 0 1  ** p < 

0 . 0 2 5  compared w i t h  v e h i c l e  t r e a t e d  r a t s  ( u n p a i r e d  t

t e s t )  .



SALINE 20 nmol SALINE 
ATRIOPEPTIN III



TABLE 4 . 2

R a t s P l a s m a

dr  i n k i n g a t r i o p e p t i n

T a p  w a t e r I I I ( p m o l / 1 )

20 nmol 1 1 0 5 . 8

a t r  i o p e p t i n 2 1 8 0 . 4

I I I  I C V 3 2 1 4 . 2

4 1 4 8 . 2

5 2 6 6 . 6

6 2 9 1 . 0

Mean +  SEM 2 0 1 . 0  + 2 8 . 8

5 p l  0 . 9 % 7 1 5 8 . 0

NaCL I C V 8 3 8 . 6

9 3 9 . 9

1 0 3 9 . 2

1 1 2 3 . 2

1 2 3 2 . 2

Mean + SEM 5 5 . 2  + 2 0 . 7



E f f e c t  o f  ANF on h a e m o rrh a g e  i n d u c e d  r e l e a s e  o f  AVP and OT 

i n  c o n s c i o u s  r a t s

I n  c o n t r o l  r a t s  p l a s m a  c o n c e n t r a t i o n s  o f  AVP and OT a f t e r  

5 j l i I  v e h i c l e  I C V  were 1 0 . 7  + 0 . 8  and 2 0 . 6  + 4 . 7  p m o l / 1  

r e s p e c t i v e l y  ( f i g u r e  4 . 3 ) .  I n  c o n t r o l  r a t s  p l a s m a

c o n c e n t r a t i o n s  o f  AVP and OT a f t e r  5 p i  20 nmol

a t r i o p e p t i n  I I I  were 1 2 . 5  + 0 . 7  and 2 0 . 6  + 2 . 0  p m o l / 1

r e s p e c t i v e l y  (no s i g n i f i c a n t  d i f f e r e n c e  between v e h i c l e  

and a t r i o p e p t i n  I I I  t r e a t e d  g r o u p s ,  u n p a i r e d  t  t e s t ) .

F o l l o w i n g  h a e m o rrh a g e  p l a s m a  c o n c e n t r a t i o n s  o f  AVP and OT 

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

compared w i t h  t h e  e q u i v a l e n t  n o n -h a e m o r r h a g e d  c o n t r o l s  (p<  

0 . 0 1  i n  b o t h  c a s e s ) .  I n  t h e  a t r i o p e p t i n  I I I  i n j e c t e d

g r o u p ,  p l a s m a  c o n c e n t r a t i o n s  o f  AVP and OT a f t e r  

h a e m o rr h a g e  were 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  t o  t h e  

e q u i v a l e n t  c o n t r o l  g r o u p s .  P l a s m a  c o n c e n t r a t i o n s  o f  AVP 

and OT i n  t h e  a t r i o p e p t i n  I I I  i n j e c t e d  h a e m o r r h a g e d  r a t s  

were s i g n i f i c a n t l y  lo w e r  t h a n  i n  t h e  v e h i c l e  i n j e c t e d  

h a e m o rr h a g e d  r a t s  (AVP p <  0 . 0 2 5 ;  OT p < 0 . 0 1 ) .

D i s c u s s i o n

T h e s e  e x p e r i m e n t s  show t h a t  I C V  i n j e c t i o n  o f  a t r i o p e p t i n  

I I I  i n h i b i t s  t h e  s t i m u l a t e d  r e l e a s e  o f  b o t h  AVP and OT i n  

c o n s c i o u s  r a t s  a f t e r  e i t h e r  s u b s t i t u t i n g  t h e i r  w a t e r  w i t h  

2% NaCL or  a f t e r  h a e m o r r h a g e .  I i t a k e  e t  a l  ( 1 9 8 6 )  h ave
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r e c e n t l y  r e p o r t e d  a s i g n i f i c a n t  r e d u c t i o n  i n  p l a s m a  AVP 

c o n c e n t r a t i o n  from 5 t o  30 m i n u t e s  a f t e r  s i m i l a r  d o s e s  o f  

I C V  ANF i n  n o r m a l l y  h y d r a t e d  and d e h y d r a t e d  r a t s  b u t  t h e r e  

was no d a t a  f o r  OT s e c r e t i o n .  A n g i o t e n s i n  I I  o r  

d e h y d r a t i o n  s t i m u l a t e d  w a t e r  i n t a k e  h a s  been r e p o r t e d -  t o  

be s i g n i f i c a n t l y  r e d u c e d  by c o m p a r a b l e  d o s e s  o f  ANF bo th  

I C V  and i n t r a v e n o u s l y  i n  r a t s  ( A n t u n e s - R o d r i g u e s  e t  a l ,  

1 9 8 5 ;  Nakamura e t  a l ,  1 9 8 5 )  . S i n c e  ANF i m m u n o r e a c t i v i t y  

( J a c o b o w i t z  e t  a l ,  1 9 8 5 ;  S a p e r  e t  a l ,  1 9 8 5 a ;  S k o f i t s c h  e t  

a l ,  1 9 8 5 )  and ANF b i n d i n g  s i t e s  ( Q u i r i o n  e t  a l ,  1 9 8 4  and  

1 9 8 6 )  h ave  been l o c a l i s e d  i n  b r a i n  a r e a s  i n v o l v e d  i n  t h e  

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

i n d i c a t e  t h a t  a c e n t r a l  o r  p i t u i t a r y  s i t e  o f  a c t i o n  may be 

i n v o l v e d  i n  a f u n c t i o n a l  r o l e  f o r  ANF i n  t h e  c o n t r o l  o f  

AVP and OT s e c r e t i o n .

Samson ( 1 9 8 5 a )  h a s  r e p o r t e d  t h e  e f f e c t  o f  i n t r a v e n o u s  

i n f u s i o n  o f  a t r i o p e p t i n  I I I  on p l a s m a  AVP c o n c e n t r a t i o n s  

i n  c o n s c i o u s  d e h y d r a t e d  and h a e m o rr h a g e d  r a t s .  He found  

t h a t  d o s e s  a s  low a s  0 . 2  and 2 . 0  nmol a t r i o p e p t i n  I I I  

i n h i b i t e d  AVP r e l e a s e  i n  d e h y d r a t e d  and h a e m o rr h a g e d  r a t s  

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

c o n t r o l  o f  AVP s e c r e t i o n .  E v i d e n c e  i n  s u p p o r t  o f  a c e n t r a l  

r o l e  f o r  ANF h a s  come a l s o  from t h e  d e m o n s t r a t i o n  o f  an 

ANF i m m u n o r e a c t i v e  p a t h w a y  r u n n i n g  from t h e  AV3V t o  t h e  

m a g n o c e l l u l a r  a r e a s  o f  t h e  PV and SO n u c l e i  ( S a p e r  e t  a l ,  

1 9 8 5 b )  and t h e  d e m o n s t r a t i o n  o f  a r e d u c t i o n  i n  immuno­

r e a c t i v e  ANF i n  r e s p o n s e  t o  d e h y d r a t i o n  i n  a r e a s  o f  t h e
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b r a i n  i n v o l v e d  i n  s a l t  and w a te r  h o m e o s t a s i s  (Samson  

1 9 8 5 c ) .

I n  t h e s e  e x p e r i m e n t s  b o t h  o s m o t i c  s t i m u l a t i o n  and

h a e m o rr h a g e  r e s u l t e d  i n  r e l e a s e  o f  AVP and OT. I n  c a t s  and

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

o s m o t i c  s t i m u l a t i o n  ( B i s s e t ,  1 9 8 5 ?  T h o r n t o n  e t  a l .  1 9 8 6 ) .  

W it h  r e g a r d s  t o  h a e m o r r h a g e ,  F a b i a n  e t  a l .  1 9 6 9  r e p o r t e d  

r e l e a s e  o f  AVP and OT i n t o  t h e  c i r c u l a t i o n  o f  r a t s  when 

b l o o d  l o s s  e x c e e d e d  40% o f  t o t a l  b l o o d  v o l u m e .  G i n s b u r g  & 

S m i t h ,  1 9 5 9  f o u n d  a s e l e c t i v e  i n c r e a s e  i n  p l a s m a  

a n t i d i u r e t i c  a c t i v i t y  i n  r e s p o n s e  t o  h a e m o rr h a g e  i n  r a t s ,  

b u t  o n l y  4 a n i m a l s  were s t u d i e d .  As d i s c u s s e d  by F a b i a n  e t  

a l .  ( 1 9 6 9 )  t h e r e  a p p e a r s  t o  be a marked v a r i a t i o n  i n  

n e u r o h y p o p h y s e a l  hormone r e l e a s e  between a n i m a l s  a s  w e l l  

a s  between s p e c i e s .

T h i s  s t u d y  h a s  shown t h a t  c e n t r a l l y  a d m i n i s t e r e d

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

AVP and OT. H o w e v e r ,  o n l y  a h i g h  do se  o f  a t r i o p e p t i n  I I I  

(20 nmol b o l u s  I C V )  was e f f e c t i v e ;  a d o s e  i n  t h e  same 

o r d e r  o f  m a g n i t u d e  a s  t h a t  u se d  by Samson 1 9 8 5 b  (2 nmol

i n f u s e d  I C V )  w h i c h  s u p p r e s s e d  b a s a l  s e c r e t i o n  o f  A VP. The  

a c t i v e  c o n c e n t r a t i o n  o f  ANF r e a c h i n g  t h e  r e l e v a n t  r e c e p t o r  

s i t e s  i n  t h e s e  e x p e r i m e n t s  i s  o f  c o u r s e  unknown. Some o f  

t h e  20 nmol I C V  b o l u s  d o se  d i d  c r o s s  t h e  b l o o d  b r a i n  

b a r r i e r  and i t  i s  p o s s i b l e  t h a t  t h e  a t r i o p e p t i n  I I I  a c t e d  

p e r i p h e r a l l y ,  a t  t h e  l e v e l  o f  t h e  p i t u i t a r y ,  t o  i n h i b i t
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t h e  r e l e a s e  o f  AVP and OT. U n l i k e  Sam so n, I  d i d  not  f i n d  

any  s i g n i f i c a n t  e f f e c t  o f  a t r i o p e p t i n  I I I  on b a s a l  

c o n c e n t r a t i o n s  o f  AVP or  OT p o s s i b l y  due t o  d i f f e r e n c e s  i n  

e x p e r i m e n t a l  d e s i g n ,  s u c h  a s  t h e  u s e  o f  I C V  i n j e c t i o n  

compared w i t h  I C V  i n f u s i o n  o f  p e p t i d e .

I n  c o n c l u s i o n ,  I  h ave  d e m o n s t r a t e d  t h a t  a t r i o p e p t i n  I I I  

i n h i b i t s  t h e  s t i m u l a t e d  r e l e a s e  o f  b o t h  AVP and OT i n  

v i v o .  The e f f e c t s  were s i m i l a r  on b o t h  AVP and OT,  

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

was e v i d e n t  f o l l o w i n g  c e n t r a l  a d m i n i s t r a t i o n  o f  ANF i n  

r a t s  d r i n k i n g  2% s a l i n e .
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CHAPTER 5 THE EFFECT OF ANF ON THE STIMULATED RELEASE

OF VASOPRESSIN AND OXYTOCIN I N  VITRO

5 . 1  I n t r o d u c t i o n

I t  h a s  been r e p o r t e d  p r e v i o u s l y  t h a t  ANF s t i m u l a t e s  t h e  

r e l e a s e  o f  AVP i n  an i n  v i t r o  s y s t e m  ( J a n u s z e w i c z  e t  a l f 

1 9 8 5 a )  . T h i s  c o n t r a s t s  w i t h  t h e  r e s u l t s  o f  c h a p t e r  4 and  

t h o s e  o f  Samson ( 1 9 8 5 a  and 1 9 8 5 b )  and more r e c e n t l y  I i t a k e  

e t  a l ,  1 9 8 6  who r e p o r t e d  i n h i b i t i o n  o f  AVP r e l e a s e  by ANF.  

So t h i s  c h a p t e r  a d d r e s s e s  t h e  e f f e c t  o f  ANF on t h e  

s t i m u l a t e d  r e l e a s e  o f  AVP and OT from t h e  i s o l a t e d  n e u r o ­

i n t e r m e d i a t e  l o b e  o f  t h e  r a t .

5 . 2  M a t e r i a l s  and Methods

A d u l t  male S p r a g u e - D a w l e y  r a t s  ( 2 5 0  t o  320  g) were k i l l e d  

by d e c a p i t a t i o n  and t h e  n e u r o - i n t e r m e d i a t e  l o b e s  d i s s e c t e d  

o u t .  The l o b e s  were t r a n s f e r r e d  t o  i n d i v i d u a l  ch a m b e rs  i n  

a p e r i f u s i o n  s y s t e m  and p e r f u s e d  w i t h  K r e b s  b i c a r b o n a t e  

s o l u t i o n  c o n t a i n i n g  g l u c o s e  and b o v i n e  serum a l b u m i n  

(KRBG) ( f o r  d e t a i l s  s e e  c h a p t e r  2 . 7 ) .  A f t e r  p r e - i n c u b a t i o n  

f o r  30 m i n u t e s ,  f r a c t i o n s  o f  p e r f u s a t e  were c o l l e c t e d  a t  

1 0  m i n u t e  i n t e r v a l s  f o r  3 h o u r s  20 m i n u t e s .  Two 5 m i n u t e  

s t i m u l a t i o n  p e r i o d s  w i t h  e i t h e r  a) 45 mM K+ KRBG or b) 25 

jliM v e r a t r i n e  ( S i g m a ,  B o u r n m o u t h ,  UK) 80 m i n u t e s  a p a r t  were  

i n t r o d u c e d .  A t r i o p e p t i n  I I I  ( 0 . 0 0 1 ,  0 . 1  and 1 0  nM) was 

add ed to  t h e  medium f o r  40 m i n u t e s  s t a r t i n g  20 m i n u t e s
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before stimulation. In all experiments, half of the 
pituitaries had atriopeptin III added to the medium before 
the first stimulation and half before the second 
stimulation.

F r a c t i o n s  o f  p e r f u s a t e  were a s s a y e d  f o r  AVP and OT by  

d i r e c t  r a d i o i m m u n o a s s a y  ( c h a p t e r  2 . 5 ) .  The c o e f f i c i e n t s  o f  

v a r i a t i o n  and d e t e c t i o n  l i m i t s  f o r  th e  a s s a y s  were a s  i n  

c h a p t e r  4 .  B e c a u s e  o f  marke d v a r i a t i o n  i n  b o th  b a s a l  and  

s t i m u l a t e d  c o n c e n t r a t i o n s  o f  AVP and OT i n  t h e  p e r f u s a t e ,  

r e s u l t s  were e x p r e s s e d  a s  a r a t i o  o f  AVP and OT r e l e a s e d  

d u r i n g  t h e  t e s t  s t i m u l a t i o n  p e r i o d  ( S t )  t o  AVP o r  OT 

r e l e a s e d  d u r i n g  t h e  c o n t r o l  s t i m u l a t i o n  p e r i o d  (Sc )  when 

no a t r i o p e p t i n  I I I  was p r e s e n t .  R e s u l t s  a r e  e x p r e s s e d  a s  

t h e  mean + SEMs.  S t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  u s i n g  

D u n c a n * s  m u l t i p l e  r a n g e  t e s t .

5 . 3  R e s u l t s

A t r i o p e p t i n  I I I  ( 0 . 0 0 1 ,  0 . 1  o r  1 0  nM) f a i l e d  t o  m o d i f y  t h e  

b a s a l  s e c r e t i o n  o f  e i t h e r  AVP or  OT ( d a t a  n o t  shown) , 

however 0 . 1  nM (p < 0 . 0 5 )  b u t  n o t  0 . 0 0 1  o r  1 0  nM 

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

s t i m u l a t e d  AVP r e l e a s e  b u t  f a i l e d  t o  i n h i b i t  KC&

s t i m u l a t e d  AVP r e l e a s e  ( f i g u r e  5 . 1 ) .  0 . 0 0 1  ( p < 0 . 0 5 )  and  

0 . 1  nM (p < 0 . 0 5 )  b u t  n o t  1 0  nM a t r i o p e p t i n  I I I  i n h i b i t e d  

t h e  r e l e a s e  o f  v e r a t r i n e  s t i m u l a t e d  OT r e l e a s e .  0 . 1  nM 

a t r i o p e p t i n  I I I  f a i l e d  t o  i n h i b i t  KC2 s t i m u l a t e d
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F i g u r e  5 . 1

E f f e c t  o f  a t r i o p e p t i n  I I I  ( 0 . 0 0 1 ,  0 . 1  o r  1 0  nM) on

v e r a t r i n e  (2 5  juM) o r  KCL (45 mM) s t i m u l a t e d  r e l e a s e  o f  a)  

v a s o p r e s s i n  and b) o x y t o c i n  from p e r i f u s e d  n e u r o -  

i n t e r m e d i a t e  l o b e s .  R e s u l t s  a r e  e x p r e s s e d  a s  a r a t i o  o f  

p e p t i d e  r e l e a s e d  d u r i n g  t h e  t e s t  s t i m u l a t i o n  p e r i o d  ( S t )  

compared t o  r e l e a s e  d u r i n g  th e  c o n t r o l  s t i m u l a t i o n  p e r i o d  

(Sc)  when no a t r i o p e p t i n  I I I  was p r e s e n t .  The g r o u p  s i z e  

i s  i n d i c a t e d  w i t h i n  t h e  b a r s .  Mean + SEM. *p < 0 . 0 5  

compared w i t h  v e r a t r i n e  s t i m u l a t i o n  a l o n e .
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OT r e l e a s e .

5 . 4  D i s c u s s i o n

I n  c o n t r a s t  t o  t h e  h i g h  d o s e  o f  ANF r e q u i r e d  t o  m o d i f y  

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

a d m i n i s t r a t i o n ,  t h i s  e x p e r i m e n t  shows t h a t  low d o s e s  o f  

ANF i n h i b i t  t h e  s t i m u l a t e d  r e l e a s e  o f  AVP and OT from  

i s o l a t e d  n e u r o i n t e r m e d i a t e  l o b e s .  T h e s e  i n  v i t r o  f i n d i n g s  

a r e  c o n s i s t e n t  w i t h  p r e v i o u s  s t u d i e s  ( J a n u s z e w i c z  e t  a l ,  

1 9 8 5 b ;  Obana e t  a l ,  1 9 8 5 )  and i n d i c a t e s  t h a t  a p i t u i t a r y  

s i t e  o f  a c t i o n  may be o f  p r i m a r y  i m p o r t a n c e  i n  t h e  e f f e c t  

o f  ANF on n e u r o h y p o p h y s e a l  f u n c t i o n .  I t  may be i n f e r r e d  

t h a t  t h e  i n h i b i t o r y  e f f e c t s  o f  i n t r a v e n o u s  ANF on AVP 

s e c r e t i o n  (Samson, 1 9 8 5 a )  a r e  most l i k e l y  t o  be due t o  an 

e f f e c t  a t  he p i t u i t a r y  l e v e l .  Whether c i r c u l a t i n g  l e v e l s  

o f  end o gen o u s ANF ( a p p r o x i m a t e l y  1 0 0  p g / m l ;  E s k a y  e t  a l ,  

1 9 8 6 )  e x e r t  a s i m i l a r  a c t i o n  c s  unknown. An i n h i b i t o r y  

e f f e c t  o f  ANF on t h e  s t i m u l a t e d  r e l e a s e  o f  AVP from th e  

i s o l a t e d  n e u r o h y p o p h y s i s  h a s  been r e p o r t e d  p r e v i o u s l y  

( J a n u s z e w i c z  e t  a l ,  1 9 8 5 b ;  Obana e t  a l ,  1 9 8 5 )  a l t h o u g h  

J a n u s z e w i c z  e t  a l  ( 1 9 8 5 a )  i n i t i a l l y  r e p o r t e d  a s t i m u l a t o r y  

e f f e c t  o f  ANF on AVP s e c r e t i o n  i n  a s t a t i o n a r y  i n  v i t r o  

s y s t e m .

I  h a v e  shown t h a t  t h e  s t i m u l a t e d  r e l e a s e  o f  b o t h  n e u r o ­

h y p o p h y s e a l  h o r m o n e s ,  AVP and OT, c a n  be i n h i b i t e d  by 

a t r i o p e p t i n  I I I ;  i n  f a c t  a t r i o p e p t i n  I I I  was a more p o t e n t
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i n h i b i t o r  o f  OT t h a n  A V P .  I n  c o n t r a s t  t o  p r e v i o u s  work  

( J a n u s z e w i c z ,  e t  a l .  1 9 8 5 a ;  Obana e t  a l ,  1 9 8 5 )  I  d i d  n o t  

f i n d  an y s i g n i f i c a n t  e f f e c t  o f  ANF on b a s a l  l e v e l s  o f  AVP.  

S i m i l a r l y  no e f f e c t  on b a s a l  l e v e l s  o f  OT was s e e n .  The  

r e a s o n  f o r  t h i s  d i f f e r e n c e  i s  unknown b u t  d i f f e r e n c e s  i n  

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

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

v a r i a t i o n s  i n  e x p e r i m e n t a l  d e s i g n  may be r e l e v a n t .  F o r  

e x a m p l e ,  Obana e t  a l  f a i l e d  t o  v a r y  t h e  s e q u e n c e  i n  w h i c h  

ANF w i t h  KCL and KCL a l o n e  were added t o  t h e  p e r f u s a t e  and  

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

v e r a t r i n e  b u t  n o t  KCL s t i m u l a t e d  r e l e a s e  was i n h i b i t e d  by  

a t r i o p e p t i n  I I I  may be r e l a t e d  t o  t h e  s e l e c t i v e  e f f e c t  o f  

v e r a t r i n e  on Na c h a n n e l s ,  compared w i t h  t h e  n o n - s e l e c t i v e  

d e p o l a r i s i n g  a c t i o n  o f  K C L .

In conclusion, I have demonstrated that atriopeptin III 
also inhibits the stimulated release of both AVP and OT in 
vitro. Comparison of doses required to inhibit hormone 
secretion suggests that a pituitary site of action is 
potentially of greater importance in a regulatory action 
of endogenous ANF on neurohypophyseal function.
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C h a p ter  6 INHIBITION OF VASOPRESSIN SECRETION

DURING MIGRAINE

6 . 1  I n t r o d u c t i o n

H e a d a c h e  i n  t h e  form o f  m i g r a i n e  may be a s s o c i a t e d  w i t h

c h a n g e s  i n  u r i n e  f l o w .  The p a s s i n g  o f  l a r g e  v o l u m e s  o f

d i l u t e  u r i n e  d u r i n g  m i g r a i n e  was n o t e d  a s  l o n g  ago a s  1 8 7 3

by L i v e i n g  and i n  a r e c e n t  s t u d y  24% o f  m i g r a i n e u r s

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

f r e q u e n c y  o r  symptoms s u g g e s t i v e  o f  f l u i d  r e t e n t i o n  d u r i n g

t h e i r  m i g r a i n e s  ( B l a u ,  1 9 8 2 ) .  I n c r e a s e d  u r i n a r y  f r e q u e n c y

i s  t h e  most common sympton a l t h o u g h  o l i g u r i a ,  w e i g h t  g a i n ,

i n c r e a s e d  g i r t h  and t i g h t n e s s  o f  r i n g s  may be e x p e r i e n c e d .

S c h o t t s t a e d t  and W o l f f  ( 1 9 5 5 )  r e p o r t e d  d e c r e a s e d  w a t e r  and

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

f o l l o w e d  by i n c r e a s e d  w a t e r  and so d iu m  c l e a r a n c e  d u r i n g

t h e  r e c o v e r y  p h a s e ,  however a t t e m p t s  t o  m o d i f y  th e

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

t h e  m i g r a i n e  were u n s u c c e s s f u l .  C a m b e l l  e t  a l ,  1 9 5 1  had

made s i m i l a r  o b s e r v a t i o n s  and p o s t u l a t e d  a l t e r a t i o n s  i n

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

m i g r a i n e

The aim o f  t h i s  s t u d y  was t o  d e t e r m i n e  w h e t h e r  th e  

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

86



A m e n d m e n t

Migraine is more common in women than in men (Green, 1 977) . 

The protocol required considerable co-operation by the 

subject during a spontaneous migraine and this was most 

likely to be achieved whilst the subject was at home rather 

than at work and so housewives were most likely to partici­

pate in this study.



due to changes in AVP secretion. To achieve this aim the 
urine of 6 migraineurs has been studied during spontaneous 
migraines. In addition it was possible to study the plasma 
of one patient during a migraine. This was practically a 
difficult project to undertake as by their nature, 
migraines are unpredictable in their timing and the 
cooperation of the patient during such a distressing event 
was going to be essential.

6 . 2  S u b j e c t s  and Methods

S u b j e c t s  were r e c r u i t e d  from o u t p a t i e n t  c l i n i c s  a t  t h e  

N a t i o n a l  H o s p i t a l  f o r  N e r v o u s  D i s e a s e s  and t h e  P r i n c e s s  

M a r g a r e t  M i g r a i n e  C l i n i c ,  C h a r i n g  C r o s s  H o s p i t a l .  H a v i n g  

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

( P o o l e ,  1 9 8 6 )  t h o s e  who had a l s o  n o t i c e d  a c h a n g e  i n  

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

p a r t i c i p a t e  i n  t h e  s t u d y .  S u b j e c t s  were a s k e d  n o t  t o  t a k e  

any m e d i c a t i o n  e i t h e r  p r o p h y l a c t i c a l l y  or  a c u t e l y  d u r i n g  

t h i s  s t u d y .

As soon as the migraineur was aware of the onset of a 
migraine she voided discarding the urine. Then at two 
hourly intervals, for a total of 12 hours each subject 
voided into a measuring beaker, recorded the volume passed 
and poured 20ml into a labelled screw-topped specimen 
bottle. Fluid input during the migraine was carefully
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r e c o r d e d ;  one c u p  was t a k e n  a s  1 5 0 m l  f o r  t h e  p u r p o s e s  o f  

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

a t  4 ° C  u n t i l  t h e  n e x t  m o r n in g  when t h e y  were e i t h e r  

c o l l e c t e d  o r  s e n t  by Red S t a r  p o s t  to  a London m a in  l i n e  

s t a t i o n  where t h e y  were met on a r r i v a l .  U r i n e  o s m o l a l i t y  

(Osmomat 0 3 0 ,  G o n o t e c ,  B e r l i n )  and s o d iu m  c o n c e n t r a t i o n  

( f l a m e  p h o t o m e t e r )  were m e a s u r e d  b e f o r e  s t o r i n g  a t  - 2 0 ° C  

f o r  s u b s e q u e n t  a s s a y  o f  AVP and O T . C o n t r o l  u r i n e  was  

o b t a i n e d  i n  a s i m i l a r  manner from t h e  same 6 m i g r a i n e u r s  

d u r i n g  a h e a d a c h e  f r e e  d a y  a t  l e a s t  3 d a y s  a f t e r  t h e i r  

l a s t  m i g r a i n e .  U r i n e  fro m  6 n o n - m i g r a i n o u s  s u b j e c t s  a c t e d  

a s  an a d d i t i o n a l  c o n t r o l .

F o r  one s u b j e c t  b o t h  p l a s m a  and u r i n e  were o b t a i n e d  

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

m i g r a i n e .  I n  t h i s  c a s e  t h e  f i r s t  b l o o d  s a m p le  was t a k e n  45 

m i n u t e s  from when t h e  s u b j e c t  became aware o f  t h e  o n s e t  o f  

th e  m i g r a i n e  and t h e n  a t  30 m i n u t e  i n t e r v a l s  f o r  4 h o u r s .  

10 m l  a l i q u o t s  o f  b l o o d  were c o l l e c t e d  i n t o  h e p a r i n i s e d  

t u b e s ,  c e n t r i f u g e d  a t  3000 rpm f o r  1 0  m i n u t e s  i n  a 

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

two a l i q u o t s .  One was t r a n s p o r t e d  i n  a p l a s t i c  s t o r a g e  

tu b e  a t  a m b i e n t  t e m p e r a t u r e  f o r  m e a su rem e n t  o f  so d iu m  and  

o s m o l a l i t y ;  t h e  o t h e r  was t r a n s p o r t e d  i n  a p l a s t i c  s t o r a g e  

t u b e  i n  d r y  i c e  and s t o r e d  a t  - 2 0 ° C  f o r  s u b s e q u e n t  

m easur em ent  o f  A VP, o x y t o c i n  and a l p h a  human ANP ( A N F ) . 

U r i n e  was c o l l e c t e d  2 h o u r l y  and a c a r e f u l  r e c o r d  o f  f l u i d  

i n p u t  c h a r t e d  a s  ab o ve f o r  1 2  h o u r s .  A c o n v a l e s c e n t  b l o o d
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s a m p l e  was t a k e n  3 d a y s  a f t e r  t h e  end o f  t h e  p r e v i o u s  

m i g r a i n e .

Radioimmunoassay

F r a c t i o n s  o f  u r i n e  and p l a s m a  were a s s a y e d  f o r  AVP and 

o x y t o c i n  by d i r e c t  r a d i o i m m u n o a s s a y  a s  d e s c r i b e d  i n  

c h a p t e r  2 . 5 .  F r a c t i o n s  o f  p l a s m a  were a s s a y e d  a l s o  f o r  

a l p h a  human ANP.

Data analysis and statistics

R e s u l t s  a r e  e x p r e s s e d  a s  means + SEM. The S t u d e n t ' s  t  t e s t  

and W i l c o x o n  m a t c h e d  p a i r s  t e s t  were u s e d  where  

a p p r o p r i a t e .  S i g n i f i c a n c e  was a c c e p t e d  f o r  p <  0 . 0 5 .  

E x c r e t i o n  o f  u r i n a r y  AVP and o x y t o c i n  a r e  e x p r e s s e d  a s  

p m o l / 2  h o u r s  and u r i n e  v o lu m e s  a s  m l / 2  h o u r s .

6 . 3  R e s u l t s

A l l  m i g r a i n e u r s  s t u d i e d  were f e m a l e ,  mean age 36 y e a r s  

( r a n g e  28 t o  4 9 ) ;  3 had c l a s s i c  and 3 common m i g r a i n e .  One 

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

t a k i n g  a com bined o r a l  c o n t r a c e p t i v e  p i l l .  A l l  a t t a c k s  

o c c u r e d  d u r i n g  t h e  d a y  w i t h  h e a d a c h e s  l a s t i n g  fro m  7 t o  

1 2  h o u r s .  D u r i n g  m i g r a i n e  t h e r e  was a m ar ke d i n c r e a s e  i n  

u r i n e  vo lu m e (p < 0 . 0 0 1 )  and f a l l  i n  t h e  e x c r e t i o n  o f  AVP 

( f i g  6 . 2 ) .  The mean n a d i r  o f  u r i n a r y  AVP was 1 . 1 +  0 . 2 4
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F i g u r e  6 . 1

U r i n e  v o lu m e  (U v o ^) and u r i n a r y  s o d i u m  (U N a ) a t  2 h o u r l y  

i n t e r v a l s  i n  m i g r a i n e u r s  d u r i n g  a) s p o n t a n e o u s  m i g r a i n e  

and b) c o n t r o l  p e r i o d  a t  l e a s t  72 h o u r s  from t h e  l a s t  

m i g r a i n e .  Mean + SEM. n = 6 f o r  b o t h  a) and b ) .



(b) 300 r
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U r i n a r y  AVP (U AVp) p m o l / 1  and u r i n e  v o l u m e s  ( s t i p p l e d  

b a r s )  ml a t  2 h o u r l y  i n t e r v a l s  i n  6 m i g r a i n e u r s  d u r i n g  

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

shown by t h e  a r r o w .



Time (hours)



TABLE

Tim e P l a s m a

Na+ O s m o l a l i t y  AVP OT ANF

( m m o l/ 1 )  (m o sm o l/k g)  ( p m o l / 1 ) ( p m o l / 1 ) ( p m o l / 1 )

1 3 . 0 0 1 3 1 284 0 . 7 5 3 . 1 72

30 1 3 5 298 1 . 1 9 2 . 7 1 3 2

1 4 . 0 0 1 4 4 303 0 . 9 9 4 . 8 1 4 0

30 1 5 3 303 1 . 1 9 3 . 3 1 0 1

1 5 . 0 0 1 5 0 296 1 . 6 6 8 . 1 96

30 1 4 7 285 1 . 7 7 8 . 7 99

1 6 . 0 0 1 3 7 285 1 . 0 6 2 . 3 1 0 5

30 1 3 8 288 1 . 1 1 4 . 3 64

c o n v a l e s ­

c e n t 1 4 1 2 9 1 2 . 3 0 7 . 3 57

n o r m a l 1 3 0 - 1 4 8 2 8 5 - 2 9 5 1 . 0 - 4 . 0 1 . 0 - 8 . 0 2 0 - 4 0

b a s a l  l a b  

r a n g e

F l u i d  i n t a k e  0 9 . 0 0 - 2 1 . 0 0  = 700 ml

U r i n e  o u t p u t  0 9 . 0 0 - 2 1 . 0 0 1870 ml



p m o l / 2  hr  d u r i n g  m i g r a i n e  and 2 . 8  + 0 . 4 5  p m o l / 2  hr  

m i g r a i n e  f r e e  (p < 0 . 0 1 ) ?  bo th  f i g u r e s  a r e  c o r r e c t e d  f o r  

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

was 1 . 8  + 0 . 5 1  and 2 . 1  + 0 . 4 6  p m o l / 2  hr (NS) The e x c r e t i o n  

o f  u r i n a r y  so d iu m  i n c r e a s e d  s i g n i f i c a n t l y  d u r i n g  m i g r a i n e  

( p < 0 . 0 0 1 ) ,  ( f i g  6 . 1 ) .  F l u i d  i n t a k e  and u r i n e  o u t p u t  89 

d u r i n g  m i g r a i n e  were 9 7 1  + 1 6 2  and 1 5 4 3  + 1 8 6  m l / 1 2  h o u r s  

r e s p e c t i v e l y  (p < 0 . 0 1 ) .  F l u i d  i n t a k e  i n  m i g r a i n e u r s  

between m i g r a i n e s  was 1 0 5 0  + 1 1 8  m l / 1 2  h o u r s  (NS compared  

w i t h  i n t a k e  d u r i n g  m i g r a i n e )  and u r i n e  o u t p u t  between  

m i g r a i n e s  was 9 1 0  m l / 1 2  h o u r s  (p < 0 . 0 1  compared w i t h  

o u t p u t  d u r i n g  m i g r a i n e ) . 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  u r i n e  v o l u m e s ,  u r i n a r y  AVP or  u r i n a r y  

o x y t o c i n  between c o n t r o l s  and m i g r a i n e  f r e e  m i g r a i n e u r s  

( d a t a  n o t  shown) . I n  t h e  one p a t i e n t  who p r o v i d e d  p l a s m a  

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

b a l a n c e  o f  a t  l e a s t  one l i t r e  d u r i n g  t h e  f i r s t  1 2  h o u r s  o f  

t h e  m i g r a i n e  ( s e e  t a b l e ) . P l a s m a  s o d i u m ,  o s m o l a l i t y  and 

a l p h a  human ANP a l l  i n c r e a s e d ,  AVP r e m a in e d  i n a p p r o p r i a t e ­

l y  low and o x y t o c i n  d i d  n o t  c h a n g e .  H e a r t  r a t e  and b l o o d  

p r e s s u r e  ( p o r t a b l e  ward sphygmomanometer) r e m a in e d  i n  t h e  

r a n g e  6 4 - 7 2  bpm and 1 0 0 / 6 0 - 1 1 0 / 8 0  mm Hg r e s p e c t i v e l y  

t h r o u g h o u t  t h e  a t t a c k .

6 . 4  D i s c u s s i o n

The f i n d i n g  o f  a d i u r e s i s  and n a t r i u r e s i s  d u r i n g  m i g r a i n e  

i s  i n  k e e p i n g  w i t h  p r e v i o u s  o b s e r v a t i o n s  ( L i v e i n g ,  1 8 7 3 ;
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S c h o t t s t a e d t  and W o l f f ,  1 9 5 5 ) .  A n e g a t i v e  f l u i d  b a l a n c e  o f  

600ml and i n  some c a s e s  g r e a t e r  t h a n  one l i t r e  s u g g e s t s  

t h a t  t h i r s t  and p r o s t r a t i o n  t h e  f o l l o w i n g  d a y  may be 

r e l a t e d  t o  f l u i d  and e l e c t r o l y t e  l o s s .  T h e s e  r e s u l t s  

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

o f  AVP s e c r e t i o n .  U r i n a r y  AVP, and i n  t h e  one s u b j e c t  

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

i n a p p r o p r i a t e l y  r e d u c e d  d u r i n g  m i g r a i n e ,  however  o x y t o c i n  

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

m e c h a n is m  f o r  AVP r e l e a s e .  T h i s  f i n d i n g  i s  p a r t i c u l a r l y  

r e m a r k a b l e  a s  n a u s e a  or  v o m i t i n g  was e x p e r i e n c e d  by a l l  

t h e  m i g r a i n e u r s  and i s  n o r m a l l y  a p o t e n t  s t i m u l u s  f o r  AVP 

s e c r e t i o n  ( R o b e r t s o n ,  1 9 7 7 ) .

O p i a t e s  ( c h a p t e r  1 . 4 ) ,  d o p a m in e ,  and ANP ( c h a p t e r s  4 and  

5) may a l l  h ave  i n h i b i t o r y  e f f e c t s  on AVP r e l e a s e .  O p i a t e s  

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

v a s o p r e s s i n  s e c r e t i o n  c o u l d  be s e c o n d a r y  t o  n o n - s p e c i f i c  

a c t i v a t i o n  o f  e n d o g e n o u s  o p i o i d  p e p t i d e s  d u r i n g  m i g r a i n e .  

T h i s  would be a m e n a b le  t o  e x p e r i m e n t a l  a s s e s s m e n t  u s i n g  an 

o p i a t e  a n t a g o n i s t  s u c h  a s  n a l o x o n e .

I t  i s  o f  i n t e r e s t  t h a t  i n  t h e  one p a t i e n t  who t o o k  a 

d o pa m in e  a n t a g o n i s t  ( d o m perid o n e )  a s  t r e a t m e n t  f o r  her  

m i g r a i n e  sh e  n o t i c e d  a r e d u c t i o n  i n  u r i n e  v o l u m e s  d u r i n g  

t h o s e  a t t a c k s  when she t o o k  d o m p e r i d o n e .  U n f o r t u n a t e l y  

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

d o pa m in e  a s  an i n h i b i t o r  o f  AVP r e l e a s e  d u r i n g  m i g r a i n e .
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A t r i a l  n a t r i u r e t i c  f a c t o r  may a l s o  i n h i b i t  t h e  r e l e a s e  o f  

A VP a s  w e l l  a s  c a u s e  a n a t r i u r e s i s  and i s  t h e r e f o r e  

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

d i u r e s i s  and n a t r i u r e s i s .  I t  i s  o f  n o t e  t h a t  i n  t h e  one  

p a t i e n t  from whom p l a s m a  was o b t a i n e d ,  c o n c e n t r a t i o n s ' o f ’ 

ANF r e a c h e d  1 3 0 - 1 4 0  p m o l / 1  ( t a b l e )  , w h ic h  i s  w e l l  w i t h i n  

t h e  r a n g e  o f  ANF a s s o c i a t e d  w i t h  n a t r i u r e s i s  and d i u r e s i s  

( A n d e r s o n  e t  a l ,  1 9 8 7 )  . I f  t h i s  were t o  be a r e p e a t a b l e  

o b s e r v a t i o n ,  one c o u l d  t h e n  s p e c u l a t e  a s  t o  whether  the  

ANF was o f  c e r e b r a l  o r i g i n ,  w h i c h  seems u n l i k e l y  a s  t h e  

t o t a l  c o n c e n t r a t i o n  o f  ANF i n  t h e  b r a i n  i s  r e l a t i v e l y  

s m a l l ;  on t h e  o t h e r  hand i t  seems e q u a l l y  u n l i k e l y  t h a t  i t  

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

c e r e b r a l - c a r d i a c  m e c h a n is m  d u r i n g  m i g r a i n e .

The c h a n g e s  i n  AVP i n  p a r t i c u l a r ,  s u g g e s t  t h a t  i n  t h e s e  

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

d u r i n g  m i g r a i n e .  I t  seems u n l i k e l y  t h a t  m i g r a i n e  i s  a 

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

would be more l o g i c a l  t o  assume t h a t  a d e p r e s s i o n  o f  

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

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

o r  e l e c t r i c a l  a c t i v i t y .  T h i s  would be c o m p a t i b l e  w i t h  t h e  

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

L e a o  i n  1 9 4 4 ,  i n  t h e  p a t h o g e n e s i s  o f  m i g r a i n e .
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C h ap ter  7 NEUROENDOCRINE CONTROL OF VASOPRESSIN

SEC R E TIO N I N  T E T R A P L E G IC  MAN

7 . 1  I n t r o d u c t i o n

T e t r a p l e g i c s  w i t h  b l a d d e r  c a t h e t e r s  a r e  o f t e n  aware o f  

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

v o lu m e s  w h i l s t  i n  bed a t  n i g h t .  T e t r a p l e g i c s  who a r e  n o t  

c a t h e t e r i s e d  may be aware o f  r e d u c e d  u r i n a r y  f r e q u e n c y  

w h i l s t  i n  t h e i r  w h e e l - c h a i r  and i n c r e a s e d  u r i n a r y  

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

o f  i n c o n t i n e n c e .  The r e a s o n  f o r  t h i s  c l i n i c a l  o b s e r v a t i o n  

i s  unknown. I t  was my h y p o t h e s i s  t h a t  t h e  p o s t u r a l  

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

i n c r e a s e d  s e c r e t i o n  o f  AVP w h ic h  may i n  t u r n  c o n t r i b u t e  t o  

o r  c a u s e  t h e  a n t i d i u r e s i s  a s s o c i a t e d  w i t h  s i t t i n g .

I t  h a s  been shown p r e v i o u s l y  t h a t  s u b j e c t s  w i t h  

p r o g r e s s i v e  a u t o n o m i c  f a i l u r e  (PAF) hav e a n o r m a l  r e l e a s e  

o f  AVP t o  h y p e r t o n i c  s a l i n e  i n f u s i o n  ( W i l l i a m s  e t  a l ,  

1 9 8 5 b )  b u t  a d e f e c t i v e  c a r d i o v a s c u l a r  r e g u l a t i o n  o f  AVP 

s e c r e t i o n  ( P u r i t z  e t  a l ,  1 9 8 3 ) .  T h e s e  p a t i e n t s  a r e  

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

d e f e c t i v e  s w e a t i n g  and i m p o t e n c e  u s u a l l y  i n  a s s o c i a t i o n  

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

d i s e a s e .  N e u r o p a t h o l o g i c a l  e x a m i n a t i o n  shows d e g e n e r a t i o n  

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

d o r s a l  v a g a l  co m p le x  a s  w e l l  a s  c e l l  l o s s  i n  t h e  

i n t e r - m e d i o l a t e r a l  c o lu m n s and s y m p a t h e t i c  g a n g l i a  (S p o ke s  

e t  a l ,  1 9 7 9 ;  O p p e n h e i m e r ,  1 9 8 3 )  . S i n c e  t h e y  h a v e  l e s i o n s  

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

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

d e f e c t i v e  r e l e a s e  o f  AVP. T e t r a p l e g i c  s u b j e c t s  w i t h  a 

l e s i o n  a b o v e  C 7  ho w e ve r ,  h ave i n t e r r u p t i o n  o f  t h e i r  

s y m p a t h e t i c  o u t f l o w ,  w h i l s t  i n  c o n t r a s t  t o  PAF s u b j e c t s ,  

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

c r a n i a l  n e r v e s  and n o rm a l  c e n t r a l  c a t e c h o l a m i n e r g i c  

p a t h w a y s .  T h e r e f o r e  a s t u d y  was p e r f o r m e d  i n  s u b j e c t s  w i t h  

mid c e r v i c a l  c o r d  t r a n s e c t i o n  t o  a s s e s s  t h e i r  o s m o t i c  and 

c a r d i o v a s c u l a r  c o n t r o l  o f  AVP s e c r e t i o n  i n  an a t t e m p t  t o  

a n sw er  two q u e s t i o n s :  1 )  why a r e  t e t r a p l e g i c s  so m e t im e s

o l i g u r i c  w h i l s t  s i t t i n g ;  2) why d i d  h e a d - u p  t i l t  n ot  

p r o d u c e  a r i s e  i n  AVP i n  t h e  PAF s u b j e c t s ?

7 . 2  S u b j e c t s  and Methods

E i g h t  m a le  s u b j e c t s ,  w i t h  a m e d ia n  age o f  3 1  y e a r s  ( r a n g e  

23 t o  53 y e a r s )  were s t u d i e d  i n  t h e  S p i n a l  U n i t ,  S t o k e  

M a n d e v i l l e  H o s p i t a l .  T h ey  a l l  had c o m p l e t e  t r a u m a t i c  

c e r v i c a l  (C5 t o  C6)  s p i n a l  c o r d  t r a n s e c t i o n  a s  e v i d e n c e d  

by no d e t e c t a b l e  s o m a t i c  motor o r  s e n s o r y  f u n c t i o n  below  

t h e  l e v e l  o f  t h e  l e s i o n  on p h y s i c a l  e x a m i n a t i o n .  F o u r  had 

l e s i o n s  o f  l e s s  t h a n  1  y e a r  d u r a t i o n  ( r a n g e  3 t o  8 months)  

and 4 had l e s i o n s  o f  more t h a n  8 y e a r s  d u r a t i o n  ( r a n g e  8
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t o  1 8  y e a r s )  . T h e y  were a l l  f r e e  o f  o t h e r  s i g n i f i c a n t  

m e d i c a l  p r o b l e m s  and were n o t  on a n y  m e d i c a t i o n  t h a t  m i g h t  

h a v e  a f f e c t e d  t h e i r  b l o o d  p r e s s u r e  or  f l o w '  o f  u r i n e .  

S u b j e c t s  g a v e  t h e i r  in f o r m e d  c o n s e n t s  and t h e  s t u d y  was 

a p p r o v e d  by t h e  e t h i c s  c o m m it te e  a t  S t o k e  M a n d e v i l l e  

H o s p i t a l .

The c o n t r o l  g r o u p  c o n s i s t e d  o f  7 h e a l t h y  s u b j e c t s  w i t h  a 

m e d i a n  age o f  35 y e a r s  ( ra n g e  26 t o  57 y e a r s )  none o f  whom 

were t a k i n g  a n y  m e d i c a t i o n .  T h e i r  r e s p o n s e s  t o  h y p e r t o n i c  

NaC L ( W i l l i a m s  e t  a l ,  1 9 8 5 b )  had a l r e a d y  been  e v a l u a t e d .  

T h r e e  s e p a r a t e  s t u d i e s  were u n d e r t a k e n :

1 )  P o s t u r a l  c h a n g e s  i n  u r i n e  f lo w

A f t e r  a n o r m a l  n i g h t s  s l e e p  6 c a t h e t e r i s e d  t e t r a p l e g i c s  

had t h e i r  c a t h e t e r  b a g s  e m p t i e d .  U r i n e  was t h e n  c o l l e c t e d  

a t  h o u r l y  i n t e r v a l s  from 0 9 . 3 0  t o  1 7 . 3 0  i n t o  a m e a s u r i n g  

b e a k e r  and t h e  v o lu m e  r e c o r d e d .  A t  1 1 . 3 0  t h e  s u b j e c t  was 

l i f t e d  i n t o  h i s  w h e e l - c h a i r  where he r e m a in e d  u n t i l  1 4 . 3 0  

whence he was r e t u r n e d  t o  h i s  b e d .  T h r o u g h o u t  t h e  c o u r s e  

o f  t h e  e x p e r i m e n t  e a c h  s u b j e c t  d r a n k  1 8 0  ml o f  w a te r  

h o u r l y  ( e q u i v a l e n t  t o  2 . 2  1  o v e r  1 2  h o u r s )  ; e a t  a l i g h t  

b r e a k f a s t  and l i g h t  l u n c h .  H e a r t  r a t e  (HR) and b l o o d  

p r e s s u r e  (BP) were r e c o r d e d  a t  60 m i n u t e  i n t e r v a l s ,  e x c e p t  

f o r  t h e  f i r s t  30 m i n u t e s  a f t e r  t r a n s f e r  fro m  bed t o  c h a i r  

o r  c h a i r  t o  bed when t h e y  were r e c o r d e d  more f r e q u e n t l y  

u s i n g  an a u t o m a t i c  m o n i t o r  ( S e n t r o n ,  B a r d  B i o m e d i c a l ,
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I l l i n o i s ,  U S A ) . B l o o d  was t a k e n  a t  s i m i l a r l y  t im e d  

i n t e r v a l s  from a v e n o u s  c a t h e t e r  i n  t h e  o p p o s i t e  arm and  

t h e  s e p a r a t e d  p l a s m a  u se d  t o  m e a s u r e  AVP c o n c e n t r a t i o n s .  

T h e r e  were no c o n t r o l s  f o r  t h i s  p a r t  o f  t h e  e x p e r i m e n t .

2) H y p e r t o n i c  NaC L i n f u s i o n

When th e  s u b j e c t s  had r e s t e d  s u p i n e  f o r  30 m i n u t e s  a 

c a t h e t e r  was i n s e r t e d  i n t o  a f o r e a r m  v e i n  and an  

i n t r a v e n o u s  i n f u s i o n  o f  h y p e r t o n i c  (0.85M) NaCL ( 0 . 0 5  

m l / k g / m i n )  was commenced and c o n t i n u e d  f o r  2 h o u r s .  H e a r t  

r a t e  and BP were r e c o r d e d  a t  1 5  m i n u t e  i n t e r v a l s  u s i n g  an 

a u t o m a t i c  m o n i t o r .  B l o o d  was t a k e n  a t  30 m i n u t e  i n t e r v a l s  

from a v e n o u s  c a t h e t e r  i n  t h e  o p p o s i t e  arm and t h e  

s e p a r a t e d  p l a s m a  s u b s e q u e n t l y  u se d  t o  m e a s u r e  s o d i u m ,  

o s m o l a l i t y  and A V P .

3) H e a d - u p  t i l t

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

on a t i l t  t a b l e  t o  d e t e r m i n e  what a n g l e  o f  h e a d - u p  t i l t  

r e s u l t e d  i n  a 2 5 %  f a l l  i n  s y s t o l i c  b l o o d  p r e s s u r e  w i t h o u t  

c a u s i n g  any symptoms o f  c e r e b r a l  h y p o p e r f u s i o n .  On t h e  d a y  

o f  t h e  s t u d y ,  a f t e r  r e s t i n g  s u p i n e  f o r  30 m i n u t e s  a 

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

were t i l t e d  t o  t h e  p r e - d e t e r m i n e d  a n g l e  (between 30 and  

4 5 ° )  and t h e  n o r m a l  c o n t r o l s  t o  4 5 ° .  T h i s  p o s i t i o n  was 

m a i n t a i n e d  f o r  30 m i n u t e s  d u r i n g  w h ic h  t i m e  p u l s e  and

- V  -  /

V\ V
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b l o o d  p r e s s u r e  were r e c o r d e d  a t  5 m i n u t e  i n t e r v a l s .  B l o o d  

was a l s o  t a k e n  a t  5 m i n u t e  i n t e r v a l s  f o r  s u b s e q u e n t  

e s t i m a t i o n  o f  h a e m a t o c r i t  and p l a s m a  A V P .  B l o o d  s a m p l e s  

were c o l l e c t e d  i n t o  l i t h i u m  h e p a r i n  o r  p o t a s s i u m  EDTA  

t u b e s  and i m m e d i a t e l y  p u t  on i c e .  The l i t h i u m  h e p a r i n  

t u b e s  were c e n t r i f u g e d  a t  3000 rpm a t  4 ° C  and t h e  

s e p a r a t e d  p l a s m a  u s e d  t o  m e a su re  sodiu m  ( f l a m e  p h o t o m e t e r )  

and o s m o l a l i t y  (Osmomat 0 3 0 ,  G o n o t e c ,  B e r l i n ,  FRG) . 

H a e m a t o c r i t  was m ea su red  a f t e r  m i c r o c e n t r i f u g a t i o n  

( H a w k e s l e y  m i c r o c e n t r i f u g e ) . P la sm a  was s t o r e d  f o r  l e s s  

t h a n  one month a t  - 2 0 ° C  b e f o r e  s u b s e q u e n t  S e p - P a k  

e x t r a c t i o n  and e s t i m a t i o n  o f  AVP by r a d i o i m m u n o a s s a y  

( W i l l i a m s  e t  a l ,  1 9 8 5 a ) . The d e t e c t i o n  l i m i t  f o r  t h e  a s s a y  

was 0 . 2 5  f m o l / t u b e .  The c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  

c o n t r o l  AVP s a m p l e s  (2 fm ol)  were 6% ( i n t r a - a s s a y )  and 1 7 %  

( i n t e r a s s a y ) .

Mean a r t e r i a l  p r e s s u r e  (MAP) was c a l c u l a t e d  by a d d i n g  

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

B a s a l  HR and b l o o d  p r e s s u r e  were t a k e n  a s  t h e  mean o f  3 

c o n s e c u t i v e  r e a d i n g s  w h i l s t  s u p i n e .  R e s u l t s  were e x p r e s s e d  

a s  mean + SEM. The s i g n i f i c a n c e  o f  c h a n g e s  were a s s e s s e d  

by two way a n a l y s i s  o f  v a r i a n c e  and c o m p a r i s o n s  be tween  

t h e  2 g r o u p s  o f  s u b j e c t s  were made u s i n g  D u n c a n ' s  m u l t i p l e  

c o m p a r i s o n  t e s t .
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7 . 3  R e s u l t s

1 )  P o s t u r a l  c h a n g e s  i n  u r i n e  f lo w

I n  a l l  s u b j e c t s  s t u d i e d  u r i n e  v o lu m e s  f e l l  w h i l s t  s e a t e d
* -1

t o  a n a d i r  o f  29 + 1 1  m l / h o u r  d u r i n g  t h e  s e c o n d  h o u r ,  

f o l l o w e d  by a r e b o u n d  d i u r e s i s  o f  3 7 2  + 78 m l / h o u r  (p<

0 . 0 5 )  d u r i n g  t h e  s e c o n d  h our  a f t e r  r e t u r n  t o  s u p i n e  

( f i g u r e  7 . 1 ) .  Mean a r t e r i a l  p r e s s u r e  (MAP) f e l l  t o  a n a d i r  

o f  68 mm Hg w i t h i n  5 m i n u t e s  o f  s i t t i n g  and r e m a in e d  

between 68 and 8 1  mm Hg f o r  t h e  r e m a i n d e r  o f  t h e  s e a t e d  

p e r i o d .  S u p i n e  MAPs were s i g n i f i c a n t l y  h i g h e r  v a r y i n g  

between 83 and 94 mm Hg (p < 0 . 0 5 ) .  P l a s m a  AVP r o s e  from

2 . 3  + 0 . 5  p m o l / 1  s u p i n e  t o  1 1 . 3  + 4 . 9  p m o l / 1  s i t t i n g  (p<  

0 . 0 5 )  w i t h i n  30 m i n u t e s  o f  t r a n s f e r ;  AVP c o n c e n t r a t i o n s  

t h e n  q u i c k l y  r e t u r n e d  t o  b a s a l  l e v e l s .

2) H y p e r t o n i c  NaC L i n f u s i o n

The c h a n g e s  i n  o s m o l a l i t y  ( T a b l e  6 . 1 )  were a s s o c i a t e d  w i t h  

a s i g n i f i c a n t  r i s e  i n  p l a s m a  AVP ( p < 0 . 0 1 )  i n  b o t h  t h e  

c o n t r o l s  and t h e  t e t r a p l e g i c s  ( f i g  6 . 1 ) .  P l a s m a  l e v e l s  o f  

AVP i n  t h e  t e t r a p l e g i c s  r e a c h e d  7 . 1  + 1 . 0  p m o l / 1  co m par ed  

w i t h  4 . 5  + 1 . 0  p m o l / 1  i n  t h e  c o n t r o l s  b u t  t h i s  d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

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

r i s e  i n  MAP (from 79 + 2 . 5  mm Hg a t  t h e  o n s e t  t o  84 + 3 . 2
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F i g u r e  7 . 1

C h a n g e s  i n  u r i n a r y  v o lu m e  (U v o l ) , mean a r t e r i a l  p r e s s u r e  

(MAP) and p l a s m a  AVP w i t h  p o s t u r e  (shown d i a g r a m a t i c a l l y )  

i n  t e t r a p l e g i c  man (n = 6 ;  mean + SEM) .
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C h a n g e s  i n  mean a r t e r i a l  p r e s s u r e  (MAP), h e a r t  r a t e  (HR) 

and p l a s m a  AVP d u r i n g  i n t r a v e n o u s  i n f u s i o n  o f  0 . 85M NaCL  

a t  0 . 0 5  m l / k g / m i n  o v e r  2 h o u r s  i n  c o n t r o l s  ( s o l i d  l i n e )  

and t e t r a p l e g i c s  ( b r o k e n  l i n e )  . Mean + SEM, n=6 i n  e a c h  

g r o u p .  * p < 0 . 0 5  co m pa re d  w i t h  c o n t r o l s .

F i g u r e  7 . 2
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C h a n g e s  i n  mean a r t e r i a l  p r e s s u r e  (MAP), h e a r t  r a t e  (HR) 

and p l a s m a  AVP d u r i n g  h e a d - u p  t i l t  o v e r  30 m i n u t e s  i n  

c o n t r o l s  ( s o l i d  l i n e ,  n=6)  and t e t r a p l e g i c s  ( b r o k e n  l i n e ,  

n=8) . Mean + SEM. * p < 0 . 0 5  compared w i t h  c o n t r o l s .

F i g u r e  7 . 3
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mm Hg a t  t h e  end o f  t h e  i n f u s i o n )  and HR (fro m  56 + 4 . 0  t o  

59 + 3 . 8  b e a t s / m i n  ( f i g  6 . 1 ) .  The t e t r a p l e g i c  g r o u p  

h o w e v e r ,  showed an i n c r e a s e  i n  MAP from 87 + 5 . 3  t o  1 0 1  + 

5 . 2  mm Hg ( p < 0 . 0 5 ) .  T h i s  r i s e  was s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h a t  i n  t h e  c o n t r o l  g r o u p  b o t h  a t  90 (p < 0 . 0 5 )  and  

1 2 0  m i n u t e s  (p <  0 . 0 5 )  b u t  was n o t  a s s o c i a t e d  w i t h  a n y  

s i g n i f i c a n t  c h a n g e  i n  HR 73  + 5 . 9  b e a t s / m i n  a t  o n s e t  and  

70 +  4 . 8  b e a t s / m i n  a t  end o f  i n f u s i o n .

3) H e a d - u p  t i l t

I n  t h e  c o n t r o l  s u b j e c t s  4 5 °  h e a d - u p  t i l t  was not  

a s s o c i a t e d  w i t h  a n y  s i g n i f i c a n t  c h a n g e  o f  MAP b u t  HR r o s e  

fro m  67 + 0 . 9  b e a t s / m i n  a t  r e s t  t o  a maximum o f  8 2 + 2 . 3  

b e a t s / m i n  ( p < 0 . 0 1 ) ,  ( f i g  6 . 2 ) .  I n  t h e  t e t r a p l e g i c s  MAP 

f e l l  by 16  mm Hg a t  5 m i n u t e s  and r e m a in e d  between 1 7  and  

22 mm Hg belo w b a s a l  v a l u e s  f o r  t h e  d u r a t i o n  o f  t h e  t i l t  

( f i g  6 . 2 ) .  HR r o s e  from 73 + 7 . 2  b e a t s / m i n  a t  r e s t  t o  a 

maximum o f  83 + 6 . 4  b e a t s / m i n  a t  1 0  m i n u t e s  ( NS ) .

H a e m a t o c r i t  i n  t h e  c o n t r o l s  r o s e  from 4 1 . 7  + 1 . 2 %  a t  r e s t  

t o  4 3 . 5  + 1 . 1 %  a t  30 m i n u t e s  (p < 0 . 0 1 )  and i n  t h e  

t e t r a p l e g i c s  from 4 0 . 8  + 1 . 9  t o  4 1 . 7  + 2 . 3 %  r e s p e c t i v e l y  

(NS) .

P l a s m a  AVP r o s e  from 1 . 2  + 0 . 2 3  p m o l / 1  a t  r e s t  t o  2 . 1  + 

0 . 3 8  p m o l / 1  a t  30 m i n u t e s  (p < 0 . 0 5 )  i n  t h e  c o n t r o l s  and 

fro m  1 . 8  + 0 . 4 3  t o  5 . 5  + 1 . 4 6  p m o l / 1  (p<^ 0 . 0 5 )  i n  t he
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t e t r a p l e g i c s .  The r i s e  i n  AVP i n  t h e  t e t r a p l e g i c s  was  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  found i n  t h e  n o r m a l  

c o n t r o l s  a t  1 5  (p < 0 . 0 5 )  and 30 m i n u t e s  (p < 0 . 0 5 ) .  B a s a l  

AVP i n  t h e  c o n t r o l s  was 1 . 2  + 0 . 2  p m o l / 1  and i n  t h e

t e t r a p l e g i c s  1 . 8  + 0 . 4  p r a o l / 1  (NS)- . '

7 . 4  D i s c u s s i o n

T h i s  work c o n f i r m s  t h e  c l i n i c a l  o b s e r v a t i o n  i n  

t e t r a p l e g i c s  t h a t  a c h a n g e  i n  p o s t u r e , from s u p i n e  t o  

s i t t i n g ,  may be a s s o c i a t e d  w i t h  a f a l l  i n  u r i n e  v o l u m e .  

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

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

o f  AVP s e c r e t i o n .  The s e c r e t i o n  o f  AVP i n  r e s p o n s e  t o  

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

t h a t  o f  t h e  c o n t r o l  o r  PAF s u b j e c t s .  The s e c r e t i o n  o f  AVP 

i n  r e s p o n s e  t o  h e a d - u p  t i l t  was i n c r e a s e d  co m m en su rate  

w i t h  t h e  s i m u l t a n e o u s  f a l l  i n  mean a r t e r i a l  b l o o d  p r e s s u r e  

due to t h e i r  l o s s  o f  s y m p a t h e t i c  v a so m o t o r  c o n t r o l .  The  

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

f a l l  i n  MAP on h e a d - u p  t i l t  ( P u r i t z  e t  a l ,  1 9 8 3 ) ,  b u t  i n  

s p i t e  o f  t h i s  ad ded s t i m u l u s  t o  AVP s e c r e t i o n  t h e y  showed  

no i n c r e a s e  i n  p l a s m a  AVP a f t e r  t h i s  p r o c e d u r e .  The  

d i f f e r e n c e  b e tw e e n  t h e  PAF and t h e  t e t r a p l e g i c  s u b j e c t s  i s  

most l i k e l y  t o  be due t o  l e s i o n s  i n  t h e  a f f e r e n t  p a t h w a y s  

( g l o s s o p h a r y n g e a l  o r  v a g a l  c r a n i a l  n e r v e s )  o r  t o  l e s i o n s  

i n  t h e  c e n t r a l  c a t e c h o l a m i n e r g i c  p a t h w a y s  r a t h e r  t h a n  a 

d e f e c t  o f  t h e  s y m p a t h e t i c  o u t f l o w  ( i n t e r m e d i o l a t e r a l
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co lu m n s  and s y m p a t h e t i c  g a n g l i a ) .

The r i s e  i n  p l a s m a  AVP i n  r e s p o n s e  t o  h e a d - u p  t i l t  i n  t h e  

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

Sved e t  a l ,  1 9 8 5  who s t u d i e d  5 s u b j e c t s  w i t h  c o m p l e t e  or  

p a r t i a l  s p i n a l  c o r d  t r a n s e c t i o n  between C 5  and C7 some o f  

whom were t a k i n g  a n t i - h y p e r t e n s i v e  m e d i c a t i o n .  T h e y  were  

a l l  t i l t e d  t o  7 0 °  b o t h  r a p i d l y  ( i n  1 5  s e c o n d s )  f o r  5 

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

f e l l  p r e c i p i t o u s l y  (90 mm Hg i n  one c a s e )  and a g a i n  s l o w l y  

( 4 . 8 ° / m i n )  f o r  1 5  m i n u t e s .  Our s u b j e c t s  a l l  had c o m p l e t e  

c e r v i c a l  s p i n a l  c o r d  t r a n s e c t i o n  a t  l e v e l s  C5  and C6 and  

none o f  them were t a k i n g  m e d i c a t i o n  w h i c h  m i g h t  a f f e c t  

b l o o d  p r e s s u r e .  T h e r e  was w ide v a r i a t i o n  i n  t h e  r e l e a s e  o f  

AVP i n  r e s p o n s e  t o  t i l t  i n  b o th  o u r  s t u d y  and t h a t  o f  Sv ed  

e t  a l .  T h e r e  was no a s s o c i a t i o n  between t h e  l e v e l  o f  

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

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

p l a s m a  A V P .  The e x p l a n a t i o n  f o r  t h i s  v a r i a b l e  r i s e  i n  AVP 

i s  unknown.

The i n c r e a s e d  p o s t u r a l  r e s p o n s e  o f  AVP may be an i m p o r t a n t  

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

c o r d  t r a n s e c t i o n  d u r i n g  lo n g  p e r i o d s  o f  s i t t i n g ,  

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

r e p o r t e d  n o t  t o  f a l l  w i t h  h e a d - u p  t i l t  i n  t h e s e  p a t i e n t s  

( R a g n a r s s o n  e t  a l ,  1 9 8 1 )  . The l a t t e r  f i n d i n g  i s  r a t h e r  

s u r p r i s i n g  a s  MAP may f a l l  p a r t i c u l a r l y  l o w ,  a l b e i t
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t r a n s i e n t l y , and some r e d u c t i o n  i n  r e n a l  b l o o d  f lo w  would

be e x p e c t e d .  B l a d d e r  u l t r a s o u n d  o r  c a t h e t e r i z a t i o n  o f t e n

r e v e a l s  an empty o r  n e a r  empty b l a d d e r  i n  t h e s e  p a t i e n t s

(Dr H a n s  F r a n k e l ,  p e r s o n a l  o b s e r v a t i o n ) , an u n d e s i r a b l e
•

s i t u a t i o n  i n  p a t i e n t s  a l r e a d y  p r o n e  t o  r e c u r r e n t  u r i n a r y  

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

f a i l u r e .

The p r e s s o r  r e s p o n s e  t o  h y p e r t o n i c  NaCL i n  th e  

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

o c c u r e d  a t  p l a s m a  c o n c e n t r a t i o n s  o f  AVP ( 5 . 9  + 0 . 7  and 7 . 1  

+ 1 . 0  p m o l / l ) w h i c h  were 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  

t h e  c o n t r o l s .  I t  w i l l  be s e e n  from c h a p t e r  8 t h a t  t h e s e  

c o n c e n t r a t i o n s  o f  AVP a r e  a s s o c i a t e d  w i t h  a p r e s s o r  

r e s p o n s e  i n  t e t r a p l e g i c s  b u t  n o t  i n  c o n t r o l s .  T h i s  

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

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

c o u l d  be t h a t  400 ml 0 .85M  NaC& e q u i v a l e n t  t o  2 , I t  0 . 9 %  

(w/v)  NaCL i n  mmol Na+ c a u s e s  a r i s e  i n  c i r c u l a t i n g  b l o o d  

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

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

b a r o r e f l e x e s .

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

o c c u r s  i n  b o th  r e c e n t l y  i n j u r e d  t e t r a p l e g i c s  i n  s p i n a l  

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

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

s t u d i e s  h a v e  shown an i m m e d ia t e  f a l l  i n  b o t h  s y s t o l i c  and
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d i a s t o l i c  b l o o d  p r e s s u r e  w h ic h  may d r o p  e x t r e m e l y  low b u t  

may n o t  a l w a y s  r e s u l t  i n  l o s s  o f  c o n s c i o u s n e s s  ( C o r b e t t  e t  

a l ,  1 9 7 1 )  . The h y p o t e n s i o n  i s  due t o  t h e  i n a b i l i t y  t o  

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

t o  p o s t u r a l  c h a n g e ,  a s  would o c c u r  n o r m a l l y .  T h i s  i s  

r e f l e c t e d  i n  l e v e l s  o f  p l a s m a  n o r a d r e n a l i n  w h ic h  do n o t  

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

h e a d - u p  t i l t  ( M a t h i a s  and F r a n k e l , 1 9 8 3 ) .  I f  t i l t  i s  

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

r e c o v e r  and i t  h a s  been s u g g e s t e d  t h a t  t h i s  i s  r e l a t e d  t o  

a c t i v a t i o n  o f  t h e  r e n i n - a n g i o t e n s i n  s y s t e m  ( J o h n s o n  e t  a l ,  

1 9 7 1 ?  M a t h i a s  e t  a l ,  1 9 7 5 )  . However i n  t h e  l i g h t  o f  t h e  

ab ove f i n d i n g  i t  i s  p o s s i b l e  t h a t  AVP a l s o  p l a y s  a p a r t  i n  

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

h e a d - u p  t i l t .

The r i s e  i n  h e a r t  r a t e  d u r i n g  h e a d - u p  t i l t  i s  w e l l  

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

p r e s s u r e  ( M a t h i a s  and F r a n k e l ,  1 9 8 3 ) .  I t  a p p e a r s  t o  be
CL

p a r t l y  a v a g a l  withdrav^L r e s p o n s e  t o  b a r o r e c e p t o r  

a c t i v a t i o n  a s  i t  i s  a t t e n u a t e d ,  a l t h o u g h  n o t  a b o l i s h e d ,  by 

a t r o p i n e  ( C o r b e t t  e t  a l ,  1 9 7 1 )  and p a r t l y  due t o  b e t a -  

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

c a t e c h o l a m i n e s  from t h e  a d r e n a l  m e d u l l a  o r  v i a  s p i n a l  

r e f l e x  p a t h w a y s  a s  i t  i s  a l s o  a t t e n u a t e d  by p r o p r a n o l o l  

( M a t h i a s  e t  a l ,  1 9 8 0 ) .

As an extension of this work it would be interesting to
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o b s e r v e  t h e  c h a n g e s  i n  p l a s m a  A V Pf r e n i n  and a l d o s t e r o n e

t h a t  o c c u r  i n  t e t r a p l e g i c s  when t r a n s f e r i n g  from bed t o

w h e e l c h a i r  and w h e t h e r  t h e s e  c h a n g e s  v a r y  w i t h  t h e  l e v e l

o f  c e r v i c a l  l e s i o n  and t o  what e x t e n t  t h e y  p e r s i s t  w i t h

t i m e .  C o n f i r m a t i o n  o f  t h e  r e p o r t  by R a g n a r s s o n  e t  a l  t h a t

g l o m e r u l a r  f i l t r a t i o n  r a t e  d o e s  n o t  f a l l  w i t h  h e a d - u p  t i l t
%

i n  t e t r a p l e g i c s  would a l s o  be i m p o r t a n t .  To e x p l o r e  t h e  

p o s s i b l e  r o l e  o f  AVP i n  t h e  a d a p t i o n  t o  p o s t u r a l  

h y p o t e n s i o n  t h a t  o c c u r s  i n  t h e  f i r s t  few weeks and m onths  

a f t e r  t e t r a p l e g i a  i t  would be n e c e s s a r y  t o  s e e  how t h e  

r e l e a s e  o f  AVP i n  r e s p o n s e  t o  h e a d - u p  t i l t  v a r i e s  w i t h  

t i m e  f o l l o w i n g  c e r v i c a l  t r a n s e c t i o n  and a t  t h e  same t i m e  

t o  d e t e r m i n e  w h e t h e r  an y  e f f e c t  t h a t  AVP may h a v e  on b l o o d  

p r e s s u r e  ( s e e  c h a p t e r  8) c h a n ge d  w i t h  t i m e  a f t e r  c e r v i c a l  

t r a n s e c t i o n .
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C h a p ter  8 THE EFFECTS OF VASOPRESSIN INFUSION ON BLOOD

PRESSURE AND PULSE I N  a) T E T R A P L E G IC  MAN AND 

b) ALPHA AND BETA-ADRENOCEPTOR BLOCKED MAN

8 . 1  I n t r o d u c t i o n

I n  v i t r o ,  v a s o p r e s s i n  i s  one o f  t h e  most p o t e n t  

v a s o c o n s t r i c t o r s  known ( A l t u r a  and A l t u r a ,  1 9 7 7 ) .  D e s p i t e  

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

r e g u l a t i o n  i s  c o n t r o v e r s i a l .  When AVP i s  i n f u s e d  

i n c r e m e n t a l l y  i n t o  c o n s c i o u s  d o g s ,  to  l e v e l s  t h a t  may be 

fou n d  i n  p h y s i o l o g i c a l  s t a t e s ,  t h e r e  i s  an i n c r e a s e  i n  

MAP, f a l l  i n  HR and f a l l  i n  c a r d i a c  o u t p u t  (CO) (Co w ley  e t  

a l ,  1 9 7 4 ;  M o n t a n i  e t  a l ,  1 9 8 0 ) .  The r i s e  i n  MAP however i s  

r e l a t i v e l y  modest compared w i t h  the p o t e n t  p e r i p h e r a l  

v a s o c o n s t r i c t o r  e f f e c t s  o f  AVP and f o r  t h i s  r e a s o n  

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

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

e t  a l  ( 1 9 8 0 )  showed t h a t  a r i s e  i n  MAP o c c u r r e d  a t  a r a t e  

o f  AVP i n f u s i o n  i n  t h e  r a n g e  0 . 0 4  t o  5 . 0  p m o l / k g / m i n  w i t h  

a c o r r e s p o n d i n g  r i s e  i n  t o t a l  p e r i p h e r a l  r e s i s t a n c e  (TPR)  

o f  1 1 9 . 5  + 2 8 . 1  t o  9 4 0 . 1  + 1 9 0 . 2  mm H g / k g / m i n / 1 .  A f t e r  

s i n o - a o r t i c  b a r o r e c e p t o r  d e n e r v a t i o n  t h e  p r e s s o r  

s e n s i t i v i t y  to  AVP was i n c r e a s e d  and t h e r e  were no l o n g e r  

a n y  s i g n i f i c a n t  e f f e c t s  on HR o r  CO. T h e s e  r e s u l t s  

i n d i c a t e  t h a t  t h e  c a r d i a c  d e p r e s s a n t  e f f e c t s  o f  AVP were  

r e f l e x l y  m e d i a t e d .  The p r e s s o r  s e n s i t i v i t y  to  AVP i n  

c o n s c i o u s  do gs c a n  a l s o  be e n h a n c e d  by g a n g l i o n  b l o c k a d e  

( P u l l a n  e t  a l ,  1 9 8 0 ;  M a t s u g u c h i  and S c h m i d ,  1 9 8 2 )  and
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p r e t r e a t m e n t  w i t h  a t r o p i n e  ( L i a r d ,  1 9 8 4 ) .  M o n t a n i  e t  a l

( 1 9 8 0 )  a l s o  found t h a t  t h e  i n c r e a s e  i n  TPR  i n  r e s p o n s e  to

i . v .  AVP was s i m i l a r  i n  i n t a c t  and s i n o - a o r t i c

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

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

e f f e c t s  o f  AVP. T h u s  t h e r e  i s  e v i d e n c e  b o t h  f o r  and  

a g a i n s t  t h e  p r e s s o r  r e s p o n s e  t o  AVP b e i n g  m o d e ra te d  by th e  

b a r o r e f l e x .

T h e r e  i s  g r e a t  i n t e r s p e c i e s  v a r i a t i o n  i n  r e s p o n s e  t o  AVP 

( B e n n e t t  and G a r d i n e r ,  1 9 8 6 ) .  Most s t u d i e s  i n  man r e p o r t  

t h a t  i n f u s e d  AVP h a s  e i t h e r  a s m a l l  o r  t r a n s i e n t  p r e s s o r  

e f f e c t  ( G r a y b i e l  and G l e n d y ,  1 9 4 1 ;  Wagner and B r a u n w a l d ,  

1 9 5 6 ;  M o h r i n g ,  1 9 8 1 ;  E b e r t  e t  a l ,  1 9 8 4 ;  Si m pso n  e t  a l  

1 9 8 6 ;  W i l l i a m s  e t  a l ,  1 9 8 6 a )  w h ic h  i s  s o m e t im e s  a s s o c i a t e d  

w i t h  b a r o r e c e p t o r  a c t i v a t i o n  a s  e v i d e n c e d  by d e c r e a s e d  HR 

a t  l o w e r  d o s e s  o f  AVP and i n c r e a s e d  HR a t  h i g h e r  d o s e s  o f  

A V P .  The most l i k e l y  e x p l a n a t i o n  f o r  t h e  s m a l l  p r e s s o r  

e f f e c t  o f  AVP i n  th e  f a c e  o f  o b v i o u s  c u t a n e o u s  

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

o t h e r  v a s c u l a r  b e d s .  To c o m p l i c a t e  m a t t e r s  f u r t h e r  i f  a 

s e l e c t i v e  a g o n i s t  i s  i n f u s e d  i n t o  man, MAP a c t u a l l y

f a l l s  ( W i l l i a m s  e t  a l ,  1 9 8 6 b )  . S u b j e c t s  w i t h  PAF ( s e e  

c h a p t e r  7) a l s o  h a v e  an i n c r e a s e d  p r e s s o r  r e s p o n s e  t o  AVP 

( W i l l i a m s  e t  a l ,  1 9 8 6 a )  b u t  b e c a u s e  o f  t h e i r  c e n t r a l  and  

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

t h e i r  a l t e r e d  s e n s i t i v i t y  to  AVP. I n  t h e  l i g h t  o f  th e  

i n c r e a s e d  r e l e a s e  o f  AVP i n  t h e  t e t r a p l e g i c  i n  r e s p o n s e  to  

h e a d - u p  t i l t  ( c h a p t e r  7) i t  would be i n t e r e s t i n g  t o
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i n v e s t i g a t e  t h e  p o s s i b l e  e f f e c t  o f  e x o g e n o u s  AVP on b l o o d  

p r e s s u r e  i n  t h e s e  s u b j e c t s .  A s t u d y  was t h e r e f o r e  

p e r f o r m e d  i n  s u b j e c t s  w i t h  a) mid c e r v i c a l  s p i n a l  c o r d  

t r a n s e c t i o n  and b) a l p h a  and b e t a - a d r e n o c e p t o r  b l o c k a d e  to  

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

s y s t e m  i n  t h e  haemodynam ic  r e s p o n s e s  t o  AVP i n  man.

8 . 2  S u b j e c t s  and M etho d s

a) T e t r a p l e g i c  man

S i x  m a le  s u b j e c t s  w i t h  a m e d ia n  a g e  o f  30 y e a r s  ( r a n g e  23  

t o  34 y e a r s )  were s t u d i e d .  A l l  had c o m p l e t e  t r a u m a t i c  

c e r v i c a l  (C5 to  C6)  s p i n a l  c o r d  t r a n s e c t i o n  a s  e v i d e n c e d  

by no d e t e c t a b l e  s o m a t i c  motor o r  s e n s o r y  f u n c t i o n  below  

t h e  l e v e l  o f  t h e  l e s i o n  on p h y s i c a l  e x a m i n a t i o n .  T h r e e  had  

l e s i o n s  o f  l e s s  t h a n  1  y e a r  d u r a t i o n  ( r a n g e  4 t o  8 months)  

and 3 had l e s i o n s  o f  more t h a n  8 y e a r s  d u r a t i o n  ( r a n g e  8 

t o  1 2  y e a r s )  . T h ey  were a l l  f r e e  o f  o t h e r  s i g n i f i c a n t  

m e d i c a l  p r o b l e m s  and were n o t  on a n y  m e d i c a t i o n  t h a t  m i g h t  

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

i n f o r m e d  c o n s e n t s  and t h e  s t u d y ,  w h i c h  was done i n  

c o n j u n c t i o n  w i t h  t h a t  i n  c h a p t e r  6 ,  was a p p r o v e d  by th e  

e t h i c s  c o m m i t t e e  a t  S t o k e  M a n d e v i l l e  H o s p i t a l .  The c o n t r o l  

g r o u p  c o n s i s t e d  o f  7 h e a l t h y  s u b j e c t s  w i t h  a mean age o f  

35 y e a r s  ( r a n g e  26 t o  57 y e a r s ) . T h e i r  r e s p o n s e  t o  AVP 

i n f u s i o n  had a l r e a d y  been e v a l u a t e d  ( W i l l i a m s  e t  a l ,  

1 9 8 6 a ) .
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A f t e r  r e s t i n g  s u p i n e  f o r  30 m i n u t e s  a c a t h e t e r  was 

i n s e r t e d  i n t o  a f o r e a r m  v e i n .  A l l  s u b j e c t s  r e c e i v e d  

i n c r e m e n t a l  5 m i n u t e  i n f u s i o n s  o f  AVP ( F e r r i n g  

P h a r m a c e u t i c a l ,  Malmo, Sweden) a t  0 . 0 5 ,  0 . 2 ,  0 . 5  and 2 . 0  

p m o l / k g / m i n .  A t  5 m i n u t e  i n t e r v a l s  p u l s e  and b l o o d  

p r e s s u r e  were r e c o r d e d .  B l o o d  was drawn from a c a t h e t e r  i n  

t h e  c o n t r a l a t e r a l  arm a t  5 m i n u t e  i n t e r v a l s  f o r  s u b s e q u e n t  

measu rem ent o f  p l a s m a  AVP.

b) A l p h a  and b e t a - a d r e n o c e p t o r  b l o c k e d  man

S i x  m a le  s u b j e c t s  w i t h  a m e d ia n  a ge  o f  24 y e a r s  ( r a n g e  23  

t o  25 y e a r s )  were s t u d i e d .  T h ey  were a l l  f r e e  from an y  

m e d i c a l  p r o b l e m s  and were on no m e d i c a t i o n .  S u b j e c t s  g a v e  

t h e i r  w r i t t e n  and i n f o r m e d  c o n s e n t s  and the s t u d y  was 

a p p r o v e d  by t h e  e t h i c s  c o m m i t t e e  a t  W e s t m i n s t e r  H o s p i t a l .

On t h e  d a y  p r i o r  t o  s t u d y  a t e s t  d o se  o f  40mg p r o p r a n o l o l  

(a c o m p e t i t i v e  b e t a  1  and b e t a  2 a d r e n o c e p t o r  a n t a g o n i s t )  

was g i v e n  o r a l l y .  To a s s e s s  t h e  e f f i c a c y  o f  b e t a  b l o c k a d e  

a B r u c e  t r e a d m i l l  e x e r c i s e  ECG was p e r fo r m e d  ( t o  4 . 2  mph 

a t  a g r a d i e n t  o f  1 6 ° )  b e f o r e  and a g a i n  2 h o u r s  a f t e r  an  

o r a l  d o s e  o f  160mg p r o p r a n o l o l .  R e s t i n g  and maximum h e a r t  

r a t e s  were com pared b e f o r e  and a f t e r  t h e  b e t a  b l o c k e r .  

E f f e c t i v e  b e t a  b l o c k a d e  was t a k e n  a s  f a i l u r e  o f  maximum 

h e a r t  r a t e  i n  t h e  s e c o n d  ECG t o  r i s e  by 20% o f  maximum 

h e a r t  r a t e  i n  t h e  f i r s t  E C G .  I m m e d i a t e l y  f o l l o w i n g  th e
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s e c o n d  e x e r c i s e  ECG a l l  s u b j e c t s  l a y  s u p i n e  f o r  30 m i n u t e s

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

v e i n .  A p r e s s o r  d o s e  o f  n o r a d r e n a l i n e  ( W in t h r o p

L a b o r a t o r i e s ,  G u i l d f o r d ,  S u r r e y )  was t h e n  i n f u s e d  ( 1 . 2

n m o l / k g / m i n )  i . v .  o v e r  5 m i n u t e s  and b l o o d  p r e s s u r e  and

h e a r t  r a t e ,  were r e c o r d e d  a t  2 \  m i n u t e  i n t e r v a l s .  T h i s  was
%  .  * •

f o l l o w e d  1 5  m i n u t e s  l a t e r ,  by a 20 m i n u t e  i n f u s i o n  ( 0 . 5  

mg/min) o f  p h e n t o l a m i n e  ( C i b a  L a b o r a t o r i e s ,  Ho rsh am ,  

S u s s e x ) , a c o m p e t i t i v e  a l p h a  1  and a l p h a  2 a n t a g o n i s t ,  

i n t o  t h e  same f o r e a r m  v e i n  v i a  a t h r e e - w a y  t a p .  The  

i n f u s i o n  o f  n o r a d r e n a l i n e  was t h e n  r e p e a t e d  a s  a b o v e ,  1 5  

m i n u t e s  a f t e r  t h e  s t a r t  o f  t h e  p h e n t o l a m i n e  i n f u s i o n  to  

d e t e r m i n e  w h e th er  i t s  p r e s s o r  e f f e c t  had been  a b o l i s h e d  or  

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

30 m i n u t e s  a c a t h e t e r  w i t h  t h r e e - w a y  t a p  was i n s e r t e d  i n  a 

v e i n  i n  t h e  c o n t r a l a t e r a l  f o r e a r m .  P h e n t o l a m i n e  was t h e n  

i n f u s e d  a t  0 . 5  mg/min f o r  45 m i n u t e s .  A f t e r  1 5  m i n u t e s ,  

i n c r e m e n t a l  5 m i n u t e  i n f u s i o n s  o f  AVP ( P a r k e - D a v i s  & 

Compan y,  P o n t y p o o l ,  Gwent) were g i v e n  a t  0 . 0 5 ,  0 . 1 ,  0 . 2 ,  

0 . 5 ,  2 . 0  and 5 . 0  p m o l / k g / m i n .  P u l s e  and b l o o d  p r e s s u r e

were r e c o r d e d  a t  2 \  m i n u t e  i n t e r v a l s  and b l o o d  drawn f o r  

s u b s e q u e n t  m easurem ent o f  p l a s m a  AVP a t  5 m i n u t e  

i n t e r v a l s .

A l l  b l o o d  s a m p l e s  were c o l l e c t e d  and p r o c e s s e d  a s  i n  6 . 2  

f o r  r a d i o i m m u n o a s s a y  o f  A V P .  The d e t e c t i o n  l i m i t  and 

c o e f f i c i e n t s  o f  v a r i a t i o n  were a s  i n  6 . 2 .
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MAP, b a s a l  HR and b l o o d  p r e s s u r e  were c a l c u l a t e d  a s  b e f o r e  

R e s u l t s  were e x p r e s s e d  a s  mean + SEM. The s i g n i f i c a n c e  o f  

c h a n g e s  were a s s e s s e d  by two way a n a l y s i s  o f  v a r i a n c e  and  

c o m p a r i s o n s  b e tw ee n  g r o u p s  were made by  D u n c a n ' s  m u l t i p l e  

c o m p a r i s o n  t e s t .

8 . 3  R e s u l t s

a) Tetraplegic man

B a s a l  p l a s m a  AVP c o n c e n t r a t i o n s  were 1 . 1 8  + 0 . 2 3  i n

c o n t r o l s  and 1 . 8 0  + 0 . 4 3  i n  t e t r a p l e g i c s  ( N S ) .  The r i s e  i n  

p l a s m a  AVP c o n c e n t r a t i o n  was s i m i l a r  i n  b o t h  t h e  c o n t r o l  

and t e t r a p l e g i c  g r o u p s  i n  r e s p o n s e  to AVP i n f u s i o n  ( f i g  

8 . 1 ) .  T h i s  r i s e  was n o t  a s s o c i a t e d  w i t h  an y s i g n i f i c a n t  

c h a n g e  i n  e i t h e r  MAP o r  HR i n  t h e  n o r m a l  c o n t r o l s  w h i l s t  

i n  t h e  t e t r a p l e g i c s  MAP r o s e  m a r k e d l y  i n  r e p o n s e  to AVP,  

by 1 3 . 7  + 3 . 1  mm Hg a t  an i n f u s i o n  r a t e  o f  0 . 5  p m o l / k g / m i n  

(p < 0 . 0 1 )  when p l a s m a  AVP was 1 0 . 9  + 2 . 2  p m o l / 1  and by

1 5 . 3  + 3 . 2  mm Hg a t  2 . 0  p m o l / k g / m i n  ( p <  0 . 0 1 )  when p l a s m a  

AVP was 2 2 . 3  + 3 . 3  p m o l / 1  ( f i g  6 . 1 ) .  T h i s  was a s s o c i a t e d  

w i t h  a f a l l  i n  HR from 7 1  + 6 . 5  t o  62 + 7 . 0  b e a t s / m i n  ( p <  

0.01) .

b) Alpha and beta-adrenoceptor blocked man

1 6 0  mg o r a l  p r o p r a n o l o l  r e d u c e d  mean r e s t i n g  HR by  1 6 . 6 %  

from 6 7 . 5  + 5 . 2  to  5 6 . 3  + 3 . 2  b e a t s / m i n  ( p < 0 . 0 5 )  and mean
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maximum HR by  1 9 . 1 %  from 1 2 6 . 7  + 7 . 2  t o  1 0 2  + 4 . 2

b e a t s / m i n  (p < 0 . 0 5 )  ( t a b l e ) .  0 . 5  mg/min p h e n t o l a m i n e  

r e d u c e d  t h e  r i s e  i n  MAP b y  1 6 . 7 %  from 1 1 4 . 7  + 4 . 3  t o  9 5 . 5  

+ 5 . 6  (p < 0 . 0 5 )  i n  r e s p o n s e  to a 5 min i n f u s i o n  o f  0 . 2  

j u g / k g / m i n  n o r a d r e n a l i n e .  The r i s e  i n  p l a s m a  AVP was 

s i m i l a r  i n  b o t h  t h e  c o n t r o l  and a l p h a  and b e t a  b l o c k e d  

g r o u p  i n  r e s p o n s e  to  AVP i n f u s i o n .  N e i t h e r  t h e  MAP nor  t h e  

mean HR c h a n g e d  s i g n i f i c a n t l y  i n  the  c o n t r o l  g r o u p  ( f i g  

8 . 2 ) .  I n  t h e  a l p h a  and b e t a  a d r e n o c e p t o r  b l o c k e d  g r o u p  

t h e r e  was no p r e s s o r  r e s p o n s e  to AVP, i n f a c t  MAP f e l l  

s i g n i f i c a n t l y  a t  0 . 2  (p < 0 . 0 5 )  and a t  0 . 5  n g / k g / m i n  (p<; 

0 . 0 5 )  compared w i t h  c o n t r o l s .  Mean HR f e l l  s i g n i f i c a n t l y  

d u r i n g  th e  AVP i n f u s i o n  from 62 + 3 . 4  t o  56 + 2 . 6

b e a t s / m i n  (p <  0 . 0 5 )  b u t  t h i s  f a l l  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 t h e  f a l l  i n  HR t h a t  o c c u r e d  i n  t h e  c o n t r o l  

g r o u p .
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C h a n g e s  i n  mean a r t e r i a l  p r e s s u r e  (MAP), h e a r t  r a t e  (HR) 

and p l a s m a  AVP d u r i n g  i n c r e m e n t a l  5 m i n u t e  i n t r a v e n o u s  

i n f u s i o n s  o f  AVP i n  c o n t r o l s  ( s o l i d  l i n e )  and t e t r a p l e g i c s  

( b r o k e n  l i n e ) .  Mean + SEM, n=8 i n  e a c h  g r o u p .  *p 0 . 0 5  

compared w i t h  c o n t r o l  g r o u p .



AVP INFUSION RATE (pm
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TABLE

S u b j e c t s R e s t i n g  H e a r t  R a t e Maximum H e a r t  R a t e

B e f o r e A f t e r B e f o r e A f t e r

AG 49 45 1 2 0 94

TC 65 54 14 0 1 1 8

SW 88 67 1 3 0 99

MG 62 53 1 0 0 90

WM 7 1 63 1 5 0 1 1 0

CM 70 56 1 2 0 1 04

H e a r t  R a t e : b e a t s / m i n

R e s t i n g  and maximum h e a r t  r a t e b e f o r e  and 2 h o u r s  a f t e

160mg o r a l p r o p r a n o l o l

S u b j e c t s Mean A r t e r i a l  P r e s s u r e  

B e f o r e  A f t e r

AG 1 3 3 1 1 7

TC 1 1 7 1 0 3

SW 1 0 7 87

MG 1 1 7 97

WM 1 1 1 92

CM 1 0 3 77

Mean A r t e r i a l  P r e s s u r e :  mm Hg i n  r e s p o n s e  t o  a 5 m i n u t e  

i n f u s i o n  o f  0 . 2  j u g / k g / m i n  n o r a d r e n a l i n e  b e f o r e  and a f t e r  1 5  

m i n u t e  i n f u s i o n  o f  0 . 5  m g/m in p h e n t o l a m i n e



C h a n g e s  i n  mean a r t e r i a l  p r e s s u r e  (MAP),  h e a r t  r a t e  (HR) 

and p l a s m a  AVP d u r i n g  i n c r e m e n t a l  5 m i n u t e  i n t r a v e n o u s  

i n f u s i o n s  o f  AVP i n  c o n t r o l s  ( s o l i d  l i n e )  and a l p h a  and 

b e t a - a d r e n o c e p t o r  b l o c k e d  man ( b r o k e n  l i n e ) . Mean + SEM, 

n=6 i n  e a c h  g r o u p .  * p < 0 . 0 5  compared w i t h  c o n t r o l  g r o u p .

F i g u r e  8 . 2
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8 , 4  D i s c u s s i o n

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

man q u i t e  u n l i k e  n o r m a l  man h a s  i n c r e a s e d  s e n s i t i v i t y  t o  

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

p h y s i o l o g i c a l  r a n g e .  T h i s  p r e s s o r  r e s p o n s e  was a s s o c i a t e d  

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

b a r o r e f l e x  and i n t a c t  v a g a l  o u t f l o w .  The r i s e  i n  b l o o d  

p r e s s u r e  i n  r e s p o n s e  t o  AVP was s i m i l a r  i n  m a g n i t u d e  i n  

b o th  th e  t e t r a p l e g i c  and PAF s u b j e c t s .  T h i s  s u g g e s t s  t h a t  

t h e  p r e s s o r  s e n s i t i v i t y  o f  PAF i s  r e l a t e d  to t h e  

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

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

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

p r e s s o r  r e s p o n s e  t o  AVP between c o n t r o l s  and t e t r a p l e g i c s  

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

s u g g e s t s e i t h e r  an i n c r e a s e i n  th e  s e n s i t i v i t y to t h e

p r e s s o r v a s c u l a r  e f f e c t s  o f AVP o r  a f a i l u r e o f t h e

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

r e s p o n s e t o  A VP.

T h e r e  i s e v i d e n c e  o f  d i f f e r e n t i a l  e f f e c t s  o f AVP on

d i f f e r e n t  a r t e r i e s  (Monos e t  a l ,  1 9 7 8 )  and i t  i s  p o s s i b l e  

t h a t  s y m p a t h e t i c  d e n e r v a t i o n ,  whether  due to c e r v i c a l  

s p i n a l  c o r d  t r a n s e c t i o n ,  PA F ,  o r  o t h e r  c a u s e s  r e s u l t s  i n  

l o c a l  c h a n g e s  i n  AVP r e c e p t o r  s e n s i t i v i t y .  T h i s  may be a 

s u p e r s e n s i t i v i t y  phenomenon, a ch a n g e  i n  the r a t i o  o f  V^  

t o  V 2  r e c e p t o r s  o r  e v e n  a c h a n g e  i n  t h e  i m p o r t a n c e  o f
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d i f f e r e n t  v a s c u l a r  b e d s  i n  b lo o d  p r e s s u r e  c o n t r o l  a f t e r

s y m p a t h e t i c  d e n e r v a t i o n .  I t  i s  i n t e r e s t i n g  to  s p e c u l a t e  

w h e t h e r  t h e  i n c r e a s e d  p r e s s o r  r e s p o n s e  to  AVP p l a y s  a n y  

r o l e  i n  t e t r a p l e g i c s  s u c h  a s  p r e v e n t i n g  them from

e x c e s s i v e  p o s t u r a l  h y p o t e n s i o n .  C e r t a i n l y  t h e  p l a s m a

l e v e l s  o f  AVP r e a c h e d  d u r i n g  h e a d - u p  t i l t  ( 6 . 1  + . 1 j 8) and  

h y p e r t o n i c  s a l i n e  i n f u s i o n  ( 7 . 1  + 1 . 0 )  ( C h a p t e r  7 j  a r e  i n  

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

o f  A V P .  Th e  e f f e c t  o f  AVP on c a r d i o v a s c u l a r  p a r a m e t e r s  i n  

n o r m a l  man w h i l s t  s u p i n e  and 5 0 °  h e a d - u p  h a s  been r e p o r t e d  

by S im p s o n  e t  a l  ( 1 9 8 6 ) .  W h i l s t  s u p i n e  a m o d e ra te  d o s e

i n f u s i o n  o f  AVP p r o d u c e d  a f a l l  i n  f o r e a r m  b l o o d  f l o w  and  

a r i s e  i n  s y s t e m i c  v a s c u l a r  r e s i s t a n c e .  C a r d i a c  o u t p u t  

(CO) and MAP were n o t  s i g n i f i c a n t l y  a f f e c t e d .  On t i l t i n g  

t h e  same d o s e  o f  AVP p r o d u c e d  an i n c r e a s e d  f a l l  i n  f o r e a r m  

b l o o d  f l o w  and an i n c r e a s e d  r i s e  i n  s y s t e m i c  v a s c u l a r  

r e s i s t a n c e ;  CO f e l l  s i g n i f i c a n t l y  and MAP r o s e

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

t e t r a p l e g i c  a f f e c t  t h e  r e l e a s e  o f  AVP i t  may a l s o

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

AVP.

There was no increased pressor sensitivity to AVP in the 
healthy subjects whose adrenergic receptors had been
competitively blocked with propranolol and phentolamine 
suggesting that the pressor sensitivity to AVP in the 
tetraplegic occurs independently of alpha and beta
receptor occupancy. In fact MAP fell initially during the
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AVP i n f u s i o n  t h e  c a u s e  o f  w hich  r e m a in s  unknown to  me.

T h e r e  were a number o f  r e l e v a n t  d i f f e r e n c e s  between t h i s  

e x p e r i m e n t  and the  AVP i n f u s i o n  i n  t e t r a p l e g i c s  which may 

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

th e  f o r m e r  e x p e r i m e n t  h e a l t h y  s u b j e c t s  were g i v e n  d r u g s  t o  

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

t e t r a p l e g i c s  t h e s e  r e c e p t o r s  were f r e e  to  i n t e r a c t  w i t h  

c i r c u l a t i n g  c a t e c h o l a m i n e s .  S e c o n d l y ,  t h e  n o r m a l  s u b j e c t s  

had no c e r v i c a l  s y m p a t h e t i c  l e s i o n  w hereas t h e  

t e t r a p l e g i c s  a l l  had a p r e g a n g l i o n i c  s y m p a t h e t i c  l e s i o n .  

T h i r d l y ,  t h e  n o r m a l  s u b j e c t s  were a l l  s t u d i e d  w i t h i n  a few 

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

i n t e r v a l  between th e  o n s e t  o f  t e t r a p l e g i a  and t h i s  s t u d y  

b e i n g  p e r f o r m e d  was 3 m onths and p o t e n t i a l  c h a n g e s  i n  

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

s p i n a l  c o r d  t r a n s e c t i o n .  F i n a l l y  an A V P - l i k e  p e p t i d e  h a s  

b een d e m o n s t r a t e d  i n  s y m p a t h e t i c  n e r v e s  ( H a n l e y  e t  a l ,  

1 9 8 4 )  w h i c h  may i t s e l f  e x e r t  p o s t  g a n g l i o n i c  e f f e c t s .  

S y m p a t h e t i c  d e n e r v a t i o n  may p r o d u c e  a d i m i n u t i o n  o f  t h i s  

p e p t i d e  w h i c h  may i n  t u r n  r e s u l t  i n  i n c r e a s e d  s e n s i t i v i t y  

o f  t h e  v a s o p r e s s i n  r e c e p t o r  t o  e xo ge n o u s AVP.
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C o n c l u s i o n s  and I m p l i c a t i o n s  o f  t h i s  work

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

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

v a s o p r e s s i n .  A n o v e l  p e p t i d e  w h ic h  may be o f  i m p o r t a n c e  i n  

m o d u l a t i n g  v a s o p r e s s i n  s e c r e t i o n  i s  ANF. Work i s  p r e s e n t e d  

sho wing an i n h i b i t o r y  r o l e ,  b o t h  i n  v i v o  and i n  v i t r o , f o r  

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

a c t i o n  (above o r  b e lo w  t h e  b l o o d - b r a i n  b a r r i e r )  i s  

u n c e r t a i n .

I n  a d d i t i o n  t o  my work w i t h  r a t s  I  hav e p e r f o r m e d  c l i n i c a l  

s t u d i e s  t o  a s s e s s  a s p e c t s  o f  v a s o p r e s s i n  i n  two 

n e u r o l o g i c a l  c o n d i t i o n s  a s  w e l l  a s  i n  n o r m a l  c o n t r o l s .  I n  

m i g r a i n e ,  d e s p i t e  p a i n  and n a u s e a  w hich would n o r m a l l y  

s t i m u l a t e  v a s o p r e s s i n  s e c r e t i o n ,  a s u b - g r o u p  o f  p a t i e n t s  

w i t h  p o ^ / u r i a  had a ma rked i n h i b i t i o n  o f  v a s o p r e s s i n  

r e l e a s e .  T h i s  s u g g e s t s  t h a t  t h e  e x h a u s t i o n  and p r o s t r a t i o n  

f e l t  by some m i g r a i n e u r s  d u r i n g  t h e i r  m i g r a i n e s  may be due  

i n  p a r t  t o  d e h y d r a t i o n .

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

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

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

a b r i s k  r i s e  i n  v a s o p r e s s i n  s e c r e t i o n .  T h i s  i s  i n  c o n t r a s t  

t o  n o r m a l  s u b j e c t s  who h a v e  o n l y  a s m a l l  and g r a d u a l  

p o s t u r a l  c h a n g e  i n  p l a s m a  AVP. S u b j e c t s  w i t h  m u l t i p l e  

s y s t e m  a t r o p h y ,  i n  s p i t e  o f  a s i m i l a r  p o s t u r a l  d r o p  i n
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b l o o d  p r e s s u r e , h a v e  no s i g n i f i c a n t  c h a n g e  i n  v a s o p r e s s i n  

s e c r e t i o n  due t o  t h e i r  a f f e r e n t  or  c e n t r a l  p a t h w a y  

l e s i o n s .  S i n c e  t h i s  work was p e r f o r m e d  t e t r a p l e g i c  

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

t o  l i e  down f o r  an h o u r  o r  two, r a t h e r  t h a n  u n d e r g o  

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

t h a t  t h e i r  o l i g u r i a  was due t o  o b s t r u c t i o n  t o  t h e  o u t f l o w  

o f  u r i n e .

I  h a v e  a l s o  i n v e s t i g a t e d  w h e th er  th e  e n h a n c e d  r e l e a s e  o f  

v a s o p r e s s i n  i n  r e s p o n s e  t o  a p o s t u r a l  s t i m u l u s  i s  

a s s o c i a t e d  w i t h  an y  c h a n g e s  i n  r e c e p t o r  m e d i a t e d

c a r d i o v a s c u l a r  r e s p o n s e s .  Not o n l y  d i d  I  f i n d  i n  

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

r e s p o n s e  t o  an o s m o t i c  s t i m u l u s  was a s s o c i a t e d  w i t h  a

p r e s s o r  r e s p o n s e ,  n o t  found i n  n o rm a l  c o n t r o l s ,  b u t  

i n f u s i o n  o f  e x o g e n o u s  AVP was a l s o  a s s o c i a t e d  w i t h  a

p r e s s o r  r e s p o n s e .  I  f u r t h e r  i n v e s t i g a t e d  w h e t h e r  t h e  

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

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

I n  n o r m a l  man a l p h a  and b e t a  b l o c k a d e  d i d  n o t  a l t e r  

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

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

i n c r e a s e d  s e n s i t i v i t y  t o  v a s o p r e s s i n  i n  t e t r a p l e g i c  man.
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a n g i n a  p e c t o r i s .  A m e r i c a l  H e a r t  J o u r n a l , 2 1 ,  4 8 1 - 4 8 9 .



Hamet P ,  T r e m b l a y  J ,  Pang S C ,  G a r c i a  R ,  T h i b a u l t  G ,  

G u tk o w ska  J ,  C a n t i n  M, G e n e s t  J  ( 1 9 8 4 ) .  E f f e c t  o f  n a t i v e  

and s y n t h e t i c  a t r i a l  n a t r i u r e t i c  f a c t o r  on c y c l i c  GMP. 

B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C o m m u n i c a t i o n s , 1 2 3 ,

( 2 ) ,  5 1 5 - 5 2 7 .

H a i n s w o r t h  R ,  K i d d  C ,  L i n d e n  R J  ( 1 9 7 9 ) .  C a r d i a c  R e c e p t o r s .  

C a m b r i d g e  U n i v e r s i t y  P r e s s ,  C a m b r i d g e .

H a n l e y  MR, B e n t o n H P , L i g h t m a n  S L ,  Todd K ,  Bone

F r e t t e n  P , P a l m e r s, K i r k  C J ,  M i c h e l l RH ( 1 9 8 4 )

v a s o p r e s s i n - l i k e  p e p t i d e  i n  t h e  mammalian s y m p a t h e t i c  

n e r v o u s  s y s t e m .  N a t u r e , 3 0 9 ,  2 5 8 - 2 6 1 .

H e n r y  J P ,  G a u e r  OH, R e e v e s  J L  ( 1 9 5 6 )  . E v i d e n c e  o f  t h e  

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

C i r c u l a t i o n  R e s e a r c h , 4 ,  8 5 - 9 0 .

H e n r y  J P ,  P e a r c e  JW ( 1 9 5 6 )  . The p o s s i b l e  r o l e  o f  c a r d i a c  

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

u r i n e  f l o w .  J o u r n a l  o f  P h y s i o l o g y , 1 3 1 ,  5 7 2 - 5 8 5 .

H i r s  CHW ( 1 9 6 7 ) .  M etho d s i n  e n z y m o l o g y ,  1 1 .  A c a d e m i c  

P r e s s ,  New Y o r k ,  pp 1 9 7 - 1 9 9 .

H u e t  M, C a n t i n  M ( 1 9 7 4 ) .  U l t r a s t r u c t u r a l  c y t o c h e m i s t r y  o f  

a t r i a l  m u s c l e  c e l l s .  I I . C h a r a c t e r i z a t i o n  o f  t h e  p r o t e i n  

c o n t e n t  o f  s p e c i f i c  g r a n u l e s .  L a b o r a t o r y  I n v e s t i g a t i o n , 

3 0 ,  5 2 5 - 5 3 2 .



I i t a k e  K f S h a r e  L ,  C r o f t o n  J T ,  B r o o k s  D P,  O u c h i  Y ,  B l a i n e  

EH ( 1 9 8 6 ) .  C e n t r a l  a t r i a l  n a t r i u r e t i c  f a c t o r  r e d u c e s  

v a s o p r e s s i n  s e c r e t i o n  i n  t h e  r a t .  E n d o c r i n o l o g y , 1 1 9 ,  4 3 8 -  

4 4 0 .

J a c o b o w i t z  DM, S k o f i t s c h  G ,  R e i s e r  HR, E s k a y  R L ,  ' Z a m i r  N 

( 1 9 8 5 ) .  E v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a t r i a l  n a t r i u r e t i c  

f a c t o r - c o n t a i n i n g  n e u r o n s  i n  t h e  r a t  b r a i n .  

N e u r o e n d o c r i n o l o g y , 4 0 ,  9 2 - 9 4 .

J a m i e s o n  J D ,  P a l a d e  GE ( 1 9 6 4 ) .  S p e c i f i c  g r a n u l e s  i n  a t r i a l  

m u s c l e  c e l l .  The J o u r n a l  o f  C e l l  B i o l o g y , 2 3 ,  1 5 1 - 1 7 2 .

J a n u s z e w i c z  P ,  G u tk o w s k a  J ,  De L e a n  A,  T h i b a u l t  G ,  G a r c i a  

R ,  G e n e s t  J ,  C a n t i n  M ( 1 9 8 5 a ) .  S y n t h e t i c  a t r i a l  

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

r e c e p t o r - m e d i a t e d )  o f  v a s o p r e s s i n  from r a t  p o s t e r i o r  

p i t u i t a r y .  P r o c e e d i n g s  o f  th e  S o c i e t y  f o r  E x p e r i m e n t a l  

B i o l o g y  and M e d i c i n e , 1 7 8 ,  3 2 1 - 3 2 5 .

J a n u s z e w i c z  P ,  G u tk o w s k a  J ,  De L e a n  A,  T h i b a u l t  G ,  G a r c i a  

R ,  G e n e s t  J ,  C a n t i n  M ( 1 9 8 5 b ) . The e f f e c t  o f  s y n t h e t i c  

a t r i a l  n a t r i u r e t i c  f a c t o r  on i n  v i t r o  v a s o p r e s s i n  r e l e a s e .  

F e d e r a t i o n  P r o c e e d i n g s , 4 4 ,  1 2 0 0 .



J a n u s z e w i c z  P ,  T h i b a u l t  G ,  G a r c i a  R ,  G u tk o w ska  J ,  G e n e s t

J ,  C a n t i n  M ( 1 9 8 6 )  • E f f e c t  o f  s y n t h e t i c  a t r i a l

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

r a t  h y p o t h a l a m o - n e u r o h y p o p h y s i a l  c o m p le x  i n  o r g a n  c u l t u r e .  

B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C o m m u n i c a t i o n s , 1 3 4 ,  

6 5 2 - 6 5 8 .

J e s s e l l  TM ( 1 9 7 8 ) .  S u b s t a n c e  P r e l e a s e  from t h e  r a t%

s u b s t a n t i a  n i g r a .  B r a i n  R e s e a r c h , 1 5 1 ,  4 6 9 - 4 7 8 .

J e w e l l  PA, V e r n e y  EB ( 1 9 5 7 ) .  An e x p e r i m e n t a l  a t t e m p t  to  

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

i n  th e  d o g .  P h i l o s o p h i c a l  T r a n s a c t i o n s  o f  t h e  R o y a l  

S o c i e t y  o f  L o n d o n , 2 4 0 ,  B ,  1 9 7 - 3 2 4 .

J o h n s o n  RH, P a r k  D,  F r a n k e l  HL ( 1 9 7 1 ) .  O r t h o s t a t i c  

h y p o t e n s i o n  and t h e  r e n i n - a n g i o t e n s i n  s y s t e m  i n

p a r a p l e g i a .  P a r a p l e g i a , 9 ,  1 4 6 - 1 5 2 .

K im u r a  T ,  Abe K ,  S h o j i  M, T s u n o d a  K ,  M a t s u i  K ,  Ota K ,  

I n o u e  M, Y a s u j i m a  M, Y o s h i n a g a  K ( 1 9 8 6 ) .  E f f e c t  o f  human 

a t r i a l  n a t r i u r e t i c  p e p t i d e  on r e n a l  f u n c t i o n  and 

v a s o p r e s s i n  r e l e a s e .  A m e r i c a n  J o u r n a l  o f  P h y s i o l o g y , 2 5 0 ,  

R 7 8 9 - 7 9 4 .

K i s c h  B ( 1 9 5 6 ) .  E l e c t r o n  m i c r o s c o p y  o f  t h e  a t r i u m  o f  t h e  

h e a r t .  I .  G u i n e a  P i g .  E x p e r i m e n t a l  M e d i c i n e  and S u r g e r y , 

1 4 ,  9 9 - 1 1 2 .



Kuhn ER ( 1 9 7 4 ) .  C h o l i n e r g i c  and a d r e n e r g i c  r e l e a s e  

m e c h a n is m s f o r  v a s o p r e s s i n  i n  t h e  male r a t :  A s t u d y  w i t h  

i n j e c t i o n s  o f  n e u r o t r a n s m i t t e r s  and b l o c k i n g  a g e n t s  i n t o  

t h e  t h i r d  v e n t r i c l e .  N e u r o e n d o c r i n o l o g y , 1 6 ,  2 5 5 - 2 6 4 .

Kumada M, Sagawa K ( 1 9 7 0 )  . A o r t i c  n e r v e  a c t i v i t y  d u r i n g ,  

b l o o d  vo lu m e c h a n g e s .  A m e r i c a n  J o u r n a l  o f  P h y s i o l o g y , 2 1 8 ,  

9 6 1 - 9 6 5 .

L a R o c h e l l e  J r  F T ,  N o r t h  WG, S t e r n  P ( 1 9 8 0 ) .  A new 

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

o c t a d e c a s i l y l -  s i l i c a .  P f l u g e r s  A r c h i v , 3 8 7 ,  7 9 - 8 1 .

Lea o  AAP ( 1 9 4 4 )  . S p r e a d i n g  d e p r e s s i o n  o f  a c t i v i t y  i n  

c e r e b r a l  c o r t e x .  J o u r n a l  o f  N e u r o p h y s i o l o g y , 7 ,  3 5 9 - 3 9 0 .

Ledsome J R ,  L i n d e n  R J ,  0 * C o n n o r  WJ ( 1 9 6 1 ) .  The m e c h a n is m s  

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

i n  a n e s t h e t i z e d  d o g s .  J o u r n a l  o f  P h y s i o l o g y , 1 5 9 ,  8 7 - 1 0 0 .

L i a r d  J F .  A t r o p i n e  p o t e t i a t e s  t h e  p r e s s o r  e f f e c t  o f  

a r g i n i n e - v a s o p r e s s i n  i n  c o n s c i o u s  d o g s .  J o u r n a l  o f  

C a r d i o v a s c u l a r  P h a r m a c o l o g y , 6 ,  8 6 7 - 8 7 1 .

L i g h t m a n  S L ,  Todd K ,  E v e r i t t  B ( 1 9 8 3 a )  . R o l e  f o r  l a t e r a l  

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

r e s p o n s e  t o  h y p e r t o n i c  s a l i n e .  N e u r o s c i e n c e  L e t t e r s ,  4 2 ,

5 5 - 5 9 .



L i g h t m a n  S L ,  N i n k o v i c  M, Hu n t  S P ,  I v e r s e n  L L  ( 1 9 8 3 b )  . 

E v i d e n c e  f o r  o p i a t e  r e c e p t o r s  on p i t u i c y t e s .  N a t u r e , 3 0 5 ,  

2 3 5 - 2 3 7 .

L i g h t m a n  S L ,  E v e r i t t  B J ,  Todd K ( 1 9 8 4 ) .  A s c e n d i n g  

n o r a d r e n e r g i c  p r o j e c t i o n s  from t h e  b r a i n  stem:* E v i d e n c e  

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

v a s o p r e s s i n  s e c r e t i o n .  E x p e r i m e n t a l  B r a i n  R e s e a r c h , 5 5 ,  

1 4 5 - 1 5 1 .

L i g h t m a n  S L ,  E v e r i t t  BJ  ( 1 9 8 6 ) .  W ater  e x c r e t i o n .  I n  

N e u r o e n d o c r i n o l o g y .  e d s .  L i g h t m a n  S L ,  E v e r i t t  B J .  

B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s ,  O x f o r d  pp 1 9 7 -

L i v e i n g  E ( 1 8 7 3 ) .  On m egrim , s i c k - h e a d a c h e  and some a l l i e d  

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

s t o r m s .  J  and A C h u r c h i l l ,  L o n d o n .

Maack T , M a r i o n  DN , Camargo MJF, K l e i n e r t  HD, L a r a g h J H ,

D a r r a c o t t Vau gh an E J r . ,  A t l a s SA ( 1 9 8 4 ) . E f f e c t s o f

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

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

The A m e r i c a n  J o u r n a l  o f  M e d i c i n e , 7 7 ,  1 0 6 9 - 1 0 7 5 .

Maack T ,  Camargo M J F ,  K l e i n e r t  HD, L a r a g h  J H ,  A t l a s  SA 

( 1 9 8 5 ) .  A t r i a l  n a t r i u r e t i c  f a c t o r :  S t r u c t u r e  and

f u n c t i o n a l  p r o p e r t i e s .  K i d n e y  I n t e r n a t i o n a l , 2 7 ,  6 0 7 - 6 1 5 .



M a r i e  J P ,  G u i l l e m o t  H r H a t t  PY ( 1 9 7 6 )  . Le  d e g r e  de  

g r a n u l a t i o n  d e s  c a r d i o c y t e s  a u r i c u l a i r e s . E t u d e  

p l a n i m e t r i q u e  au c o u r s  de d i f f e r e n t s  a p p o r t s  d * e a u  e t  de  

so d iu m  c h e z  l e  r a t .  P a t h o l o g i e  B i o l o g i e , 2 4 ,  5 4 9 - 5 5 4 .

M a r t i n  R ,  V o i g t  KH ( 1 9 8 1 ) .  E n k e p h a l i n s  c o - e x i s t  w i t h  

o x y t o c i n  and v a s o p r e s s i n  i n  n e r v e  t e r m i n a l s  o f  r a t  

n e u r o h y p o p h y s i s .  N a t u r e , 2 8 9 ,  5 0 2 - 5 0 4 .

Mason WT ( 1 9 8 5 ) .  S t a i n i n g  o f  t h e  m a g n o c e l l u l a r  n u c l e i  o f  

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

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

r e c e p t o r .  N e u r o s c i e n c e  L e t t e r s , 5 9 ,  8 9 - 9 5 .

M a t h i a s  C J ,  C h r i s t e n s e n  N J ,  C o r b e t t  J L ,  F r a n k e l  H L ,  

Goodwin T J ,  P e a r t  WS ( 1 9 7 5 ) .  P l a s m a  c a t e c h o l a m i n e s ,  p l a s m a  

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

h o r i z o n t a l  and t i l t e d .  C l i n i c a l  S c i e n c e  and M o l e c u l a r  

M e d i c i n e , 4 9 ,  2 9 1 - 2 9 9 .

M a t h i a s  C J ,  F r a n k e l  H L ,  C h r i s t e n s e n  N J ,  S p a l d i n g  JMK 

( 1 9 7 6 ) .  E n h a n c e d  p r e s s o r  r e s p o n s e  t o  n o r a d r e n a l i n e  i n  

p a t i e n t s  w i t h  c e r v i c a l  s p i n a l  c o r d  t r a n s e c t i o n .  B r a i n , 9 9 ,  

7 5 7 - 7 7 0 .

M a t h i a s  C J ,  C h r i s t e n s e n  N J ,  F r a n k e l  H L ,  P e a r t  WS ( 19 8 0 )  . 

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

s y m p a t h e t i c  n e r v o u s  a c t i v i t y  i n  t e t r a p l e g i c  man. C l i n i c a l  

S c i e n c e ,  5 9 ,  2 5 1 - 2 5 6 .



M a t h i a s  C J ,  F r a n k e l  H L ,  ( 1 9 8 3 ) .  A u t o n o m i c  f a i l u r e  i n  

t e t r a p l e g i a .  I n :  B a n n i s t e r  R ,  e d .  A u t o n o m ic  F a i l u r e .

O x fo r d  U n i v e r s i t y  P r e s s ,  O x f o r d ,  pp 4 5 3 - 4 8 8 .

M a t s u g u c h i  H ,  S c h m id  PG ( 1 9 8 2 ) .  P r e s s o r  r e s p o n s e  t o  

v a s o p r e s s i n  and i m p a i r e d  b a r o r e f l e x  f u n c t i o n  i n  D O C - s a l t  

h y p e r t e n s i o n .  A m e r i c a l  J o u r n a l  o f  P h y s i o l o g y , 2 4 2 ,  

H 4 4 - 4 9 .

M e t z l e r  C H , T h r a s h e r  T N ,  K e i l  L C ,  Ramsay DJ ( 1 9 8 6 ) .  

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

r a t  a t r i a l  p e p t i d e  1 - 2 8  ( A N P ) . F e d e r a t i o n  P r o c e e d i n g s , 4 5 ,  

( 4 ) ,  1 0 2 4 .

M c K i n l e y  MJ,  D e n to n  DA, W e i s i n g e r  RS ( 1 9 7 8 ) .  S e n s o r s  f o r  

a n t i d i u r e s i s  and t h i r s t  -  o s m o r e c e p t o r s  or C S F  s o d iu m  

d e t e c t o r s ?  B r a i n  R e s e a r c h , 1 4 1 ,  8 9 - 1 0 3 .

M i l t o n  A S ,  P a t e r s o n  AT ( 1 9 7 4 )  . A m i c r o i n j e c t i o n  s t u d y  o f  

t h e  c o n t r o l  o f  a n t i d i u r e t i c  hormone r e l e a s e  by th e  

s u p r a o p t i c  n u c l e u s  o f  t h e  h y p o t h a l a m u s  i n  t h e  r a t .  J o u r n a l  

o f  P h y s i o l o g y , 2 4 1  ( 3 ) ,  6 0 7 - 2 8 .

M i s e l i s  RR,  Eng R ( 1 9 8 1 )  . D i s t u r b a n c e s  i n  w a te r  b a l a n c e  

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

p r o j e c t i o n s .  S o c i e t y  f o r  N e u r o s c i e n c e  A b s t r a c t s , 7 ,  6 3 8 .



M iso no K S ,  Fu ku m i H ,  Grammer R T ,  In a g a m i  T ( 1 9 8 4 ) .  R a t  

a t r i a l  n a t r i u r e t i c  f a c t o r :  c o m p l e t e  am in o  a c i d  s e q u e n c e

and d i s u l f i d e  l i n k a g e  e s s e n t i a l  f o r  b i o l o g i c a l  a c t i v i t y .  

B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C o m m u n i c a t i o n s , 1 1 9 ,  

5 2 4 - 5 2 9 .

Mohring J ,  K i n t z  J ,  S c h o u n  J ,  M c N e i l l  J R  ( 1 9 8 1 ) .  P r e s s o r  

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

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

v a s o p r e s s i n  i n f u s i o n .  J o u r n a l  o f  C a r d i o v a s c u l a r  

P h a r m a c o l o g y , 3 ,  9 4 8 - 9 5 7 .

Monos E ,  Cox RH, P e t e r s o n  LH ( 1 9 7 8 )  . D i r e c t  e f f e c t  o f  

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