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ABSTRACT

V a s o p r e s s i n  An a l g e s i a :  S p e c i f i c i t y  of  Ac t i on  and 

Non-Opioid E f f e c t s  

by
J e f f r e y  H. Kordower

Adv i s o r :  P r o f e s s o r  Ri cha r d  J .  Bodnar

Va s o p r e s s i n  (VP) has been l o c a l i z e d  in b r a i n  and 

s p i n a l  r e g i o n s  t h a t  a r e  i nvo l ve d  in n o c i c e p t i v e  and 

s t r e s s - r e l a t e d  b e h a v i o r s .  B e h a v i o r a l  s t u d i e s  have

i n d i c a t e d  t h a t  mo d u l a t i o n  of  VP c o n t e n t ,  e i t h e r  by drug 

a d m i n i s t r a t i o n  or  wi t h  t he  use of a VP d e f i c i e n t  r a t  

s t r a i n ,  produce  a l t e r a t i o n s  in n o c i c e p t i v e  t h r e s h o l d s .  In 

a d d i t i o n ,  r a t s  which a r e  devo i d  of  VP ( B r a t t l e b o r o  s t r a i n )  

d i s p l a y  an i mpa i r e d  a n a l g e s i c  r e s po ns e  to s t r e s s .  The

p r e s e n t  s e r i e s  of  e x p e r i me n t s  aimed to d e t e r mi n e  the

s p e c i f i c i t y  of  VP' s  a c t i o n  upon n o c i c e p t i v e  p r o c e s s e s ,  and 

to f u r t h e r  a s s e s s  VP' s  p o s s i b l e  r o l e  in s t r e s s - i n d u c e d  

a n a l g e s i a  in r a t 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 c v )  

a d m i n i s t r a t i o n  of  a r g i n i n e  v a s o p r e s s i n  (AVP) and desami no-  

D-AVP (DDAVP), in the ng r ange ,  s i g n i f i c a n t l y  e l e v a t e d  

pa i n  t h r e s h o l d s  on the t a i l - f l i c k  t e s t .  Oxy t o c i n ,  a 

p e p t i d e  which i s  s y n t h e s i z e d  in the  same n u c l e i  as VP, 

p o s s e s s e s  a s i m i l a r  a na t omi c a l  d i s t r i b u t i o n  as VP, and 

onl y  d i f f e r s  f rom VP in two of i t s  n i ne  amino a c i d s ,  

p roduced s e i z u r e  a c t i v i t y ,  s u g g e s t i n g  t h a t  VP a c t i o n s  a re



no t  due  to a g e n e r a l  m a g n o c e l l u l a r  n e u r o s e c r e t o r y  e f f e c t .  

C e n t r a l  p r e t r e a t m e n t  w i t h  a VP a n t a g o n i s t ,  d PTyr ( me )AVP, 

b u t  n o t  n a l o x o n e ,  e l i m i n a t e d  AVP and DDAVP a n a l g e s i a .  

C o n v e r s e l y ,  i cv  p r e t r e a t m e n t  w i t h  n a l o x o n e ,  b u t  no t  

dPTyr(me)AVP a t t e n u a t e d  mo r p h i n e  a n a l g e s i a .  dPTyr(me)AVP 

had no e f f e c t  upon b a s a l  p a i n  t h r e h o l d s .  Thes e  d a t a  

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

w i t h  i t s  own r e c e p t o r s  and i n d e p e n d e n t l y  of  t he  endogenous  

o p i o i d s .  I n h i b i t i o n  of  ACTH, t h r o u g h  s y s t e m i c

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

d e x a m e t h a s o n e , p o t e n t i a t e d  i cv  VP a n a l g e s i a ,  d e m o n s t r a t i n g  

t h a t  ACTH r e l e a s e  i s  no t  n e c e s s a r y  f o r  t he  e x p r e s s i o n  of  

VP a n a l g e s i a .  L a s t l y ,  i cv  p r e t r e a t m e n t  w i t h  dPTyr(me)AVP 

a t t e n u a t e d  t he  a n a l g e s i c  r e s p o n s e  to p r o l o n g e d  

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

r e s p o n s e  f o l l o w i n g  b r i e f  c o n t i n u o u s  f o o t - s h o c k .  

T h e r e f o r e ,  i t  a p p e a r s  t h a t  VP p l a y s  a r o l e  in s t r e s s -  

i n d u c e d  a n a l g e s i a  w i t h  t he  d i r e c t i o n  of  i t s  e f f e c t  

d e t e r m i n e d  by t he  p a r a m e t e r s  of  t he  s t r e s s  empl oyed .
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INTRODUCTION

The pur pose  of t h i s  d i s s e r t a t i o n  i s t w o - f o l d .  F i r s t ,  

to d e t e r mi n e  the  r e l a t i v e  s p e c i f i c i t y  of a c t i o n  of

v a s o p r e s s i n  (VP) upon n o c i c e p t i v e  p r o c e s s e s ,  by compar ing 

i t s  e f f e c t i v e n e s s  upon pa i n  t h r e s h o l d s  wi t h  t h a t  of

o x y t o c i n  (OXY), a p e p t i d e  wi t h  s i m i l a r  a na t omi c a l  and 

b i oc he mi c a l  p r o p e r i t e s ,  and by c h a l l e n g i n g  VP' s  e f f e c t s  

wi t h  v a r i o u s  p e p t i d e  a n t a g o n i s t s .  Second l y ,  VP' s  r o l e  in 

s t r e s s - i n d u c e d  a n a l g e s i a  i s  e v a l u a t e d .

V a s o p r e s s i n  (VP) and o x y t o c i n  (OXY) a r e  n o n a p e p t i d e s  

t h a t  a r e  found in t he  magno c e l 1u l a r  n e u r o s e c r e t o r y  sys t em.  

In a d d i t i o n ,  VP is an i mpor t a n t  p e p t i d e  in the

p a r v o c e l l u l a r  n e u r o s e c r e t o r y  sys t em,  and bot h  p e p t i d e s  

have s i m i l a r  and e x t e n s i v e  n e u r o a n a t o mi c a l  p r o j e c t i o n s

o u t s i d e  the hy po t h a l a mi c  p i t u i t a r y  a c t i o n s .  In the 

magnoc e l 1u l a r  ne ur ohypophys ea l  sys t em,  VP and OXY a c t  as 

neurohormones .  VP s e c r e t i o n  r educes  e x t r a c e l l u l a r  f l u i d  

l o s s  and modu l a t e s  b l ood p r e s s u r e .  OXY s e c r e t i o n  pr oduces  

u t e r i n e  c o n t r a c t i o n s  and is i nvo l ved  in the mi l k  e j e c t i o n  

r e f l e x  of  l a c t a t i o n .  In the p a r v o c e l 1u l a r  n e u r o s e c r e t o r y  

sys t em,  VP i s  s e c r e t e d  i n t o  the hypo t ha l amo- hypophysea l  

sys t em and is b e l i e v e d  to be i nvo l ved  in the r e l e a s e  of 

a d r e n o c o r t i c o t r o p h i c  hormone (ACTH) in r e s pons e  to 

s t r e s s f u l  s t i m u l a t i o n .  The t e r mi n a l  l oc i  of the

e x t r a h y p o t h a l a m i c  p r o j e c t i o n  sys t ems  s u gge s t  a 

ne u r omo du l a t o r y  r o l e  for  VP and OXY in a d d i t i o n  to t h e i r
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n e u r o e n d o c r i n e  f u n c t i o n s .  The pa t hways  to f o r e b r a i n  l i m b i c  

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

i m p l i c a t i n g  b o t h  VP and OXY in l e a r n i n g  and memory 

p r o c e s s e s .  Most  i m p o r t a n t l y  f o r  t he  p r e s e n t  s t u d y ,  VP and 

OXY p r o j e c t  to c a u d a l  b r a i n  and s p i n a l  r e g i o n s  t h a t  a r e  

i n v o l v e d  in t he  p e r c e p t i o n  of  n o x i o u s  s t i m u l i .  VP 

i n c r e a s e s  p a i n  t h r e s h o l d s ,  an e f f e c t  t h a t  a p p e a r s  to be 

i n d e p e n d e n t  of  t h e  e ndogenous  o p i o i d  p a i n - i n h i b i t o r y  

s y s t e m ,  p r o v i d i n g  e v i d e n c e  f o r  endogenous  o p i a t e  and n on ­

o p i a t e  p a i n - i n h i b i t o r y  s y s t e m s .  However ,  i t  has  y e t  to be 

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

t h r o u g h  a c t i o n  upon i t s  own r e c e p t o r s  or  w h e t h e r  i t  

a c t i v a t e s  o t h e r  s y s t e ms  t h r o u g h  some n o n - s p e c i f i c  

n e u r o m o d u l a t o r y  p r o c e s s .  Thus ,  t he  f i r s t  a im of  t h i s

d i s s e r t a t i o n  r e s e a r c h  i s  t o  examine  t he  r e l a t i v e

s p e c i f i t y  of  a c t i o n  of  VP by d e t e r m i n i n g  w h e t h e r  i t  

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

an i n t r i n s i c  VP s y s t e m ,  or  t h r o u g h  i n t e r a c t i o n s  w i t h  o t h e r  

endogenous  p a i n - i n h i b i t o r y  s y s t e m s .

The i n t e r a c t i o n  of  VP and ACTH in t he  p a r v o c e l 1u l a r  

n e u r o s e c r t o r y  s y s t e m  s u g g e s t s  t h a t  VP mi gh t  m o d u l a t e

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

s e n s i t i v i t y  to n o x i o u s  s t i m u l i  o c c u r s  in r e s p p n s e  to 

s t r e s s ,  t he  i n f l u e n c e  of  VP upon s t r e s s - i n d u c e d  a n a l g e s i a  

was a l s o  i n v e s t i g a t e d .  VP ' s  m o d u l a t i o n  of  n o c i c e p t i v e  

p r o c e s s e s  i s  d i s c u s s e d  f o l l o w i n g  r e v i e ws  o f :  a)  t he

n e u r o a n a t o m i c a l  l o c a l i z a t i o n ,  p r o j e c t i o n  s y s t e m s ,  and
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f u n c t i o n s  o f  VP and OXY; b) t he  n e u r o m o d u l a t i o n  of  VP and 

OXY w i t h  r e s p e c t  t o  l e a r n i n g  and memory p r o c e s s e s ;  and c) 

t he  e v i d e n c e  f o r  o p i o i d  and n o n - o p i o i d  forms of  p a i n  

i n h i b i t i o n .

I )  Neur oana t omy and F u n c t i o n  of  VP and OXY Neurons

a)  C e l l  Body L o c a l i z a t i o n :  VP and OXY a r e  s y n t h e s i z e d  

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

( PVN) and s u p r a o p t i c  n u c l e i  (SON) of  t he  h y p o t h a l a m u s .  VP 

n e u r o n s  p r i m a r i l y  occupy  t he  v e n t r a l  and l a t e r a l  a s p e c t s  

of  t h e s e  n u c l e i ,  w h i l e  OXY n e u r o n s  a r e  r e s t r i c t e d  t o  t he

d o r s a l  and m e d i a l  r e g i o n  of  t he  SON and to a l e s s e r  e x t e n t

to t he  PVN in t h e  monkey (Zimmerman,  1976;  Zimmerman,

S t i l l m a n ,  R e c h t ,  M i c h a e l s ,  and N i l a v e r ,  1978)  a l t h o u g h  

some s p e c i e s  d i f f e r e n c e s  e x i s t  b e t wee n  t he  monkey,  r a t ,

cow,  p i g ,  and human ( D e f e n d i n i  and Zimmerman,  1978;  

Va ndes ande  and D i e r i c k z ,  1975;  Zimmerman,  R o b i n s o n ,  

H u s a i n ,  A c o s t a ,  F r a n z ,  and Sawyer ,  1 9 7 4 ) .  In a d d i t i o n ,  VP 

has  been r e p o r t e d  to be p r e s e n t  i n  t he  s m a l l e r  n e u r o n s  of  

t he  s u p r a c h i a s m a t i c  n u c l e u s  (SCN) of  t he  h y p o t h a l a mu s  

( B u i j s ,  1978)  and in t he  v a r i o u s  a c c e s s o r y  h y p o t h a l a m i c  

n u c l e i ,  i n c l u d i n g  t he  n u c l e u s  c i r c u l a r i s ,  p r e o p t i c  

n u c l e u s ,  zona  i n c e r t a ,  and s u b s t a n t i a  i n n o m i n a t a  (Wiegand 

and P r i c e ,  1980;  s e e  r e v i e w:  S i l v e r m a n  and Zimmerman,

1 9 8 3 ) .  Whi l e  VP and OXY do n o t  c o - e x i s t  in t he  same 

c e l l s ,  o t h e r  p e p t i d e s  c o - e x i s t  w i t h  VP in t he  

h y p o t h a l a m u s ,  i n c l u d i n g  d y n o r p h i n  ( Wat son ,  A k i l ,  F i s c h i l i ,
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G o l d s t e i n ,  Zimmerman,  N i l a v e r ,  and van Wimersma G r e i d a n i s ,

1982)  and l e u - e n k e p h a l i n  ( M a r t i n  and V o i g t ,  1 9 8 1 ) .  OXY 

a l s o  c o - e x i s t s  w i t h  c h o l e c y s t o k i n a n  (CCK) ( V a n d e r h a e g h e n , 

L o t s t r a ,  and D i e r i c k x ,  1 9 8 1 ) .  D i s s o c i a t i o n  be t wee n  t he  

l o c a l i z a t i o n  of  VP and OXY i s  o b s e r v e d  in t he  B r a t t l e b o r o  

r a t  w h i c h ,  due  to an a u t o s o ma l  d e f e c t ,  t o t a l l y  l a c k s  VP 

and i t s  n e u r o p h y s i n  c a r r i e r  p r o t e i n  in t he  PVN, SON, and 

SCN, a l t h o u g h  OXY l e v e l s  a r e  normal  (Sokol  and V a l t i n ,  

1965;  V a l t i n ,  1962,  V a l t i n ,  1976;  V a l t i n ,  1982;  V a l t i n ,  

Sawyer ,  and S o k o l ,  1 9 6 5 ) .

b) Neur oana t omy of  t he  M a g n o c e l l u l a r  N e u r o s e c r e t o r y  

Sys t em : I n j e c t i o n s  of  h o r s e r a d i s h  p e r o x i d a s e  (HRP) i n t o

t he  p o s t e r i o r  l o be  of  t he  p i t u i t a r y  g l a n d  p r o d u c e s  

r e t r o g r a d e  l a b e l i n g  of  t he  me d i a l  and l a t e r a l  PVN (Hosoya

and M a t s u s h i t a ,  1 9 7 9 ) ,  t he  d o r s o m e d i a l  PVN (Ono,  S a s a k o ,

Muramoto,  Y a n o , and S i mpson ,  1 9 7 8 ) ,  t he  PVN a t  t he  l e v e l  

of  t he  a n t e r i o r  commi s s u r e  ( Ar m s t r o n g ,  War ach ,  Ha t on ,  and 

Mc Ne i l ,  1980;  Rhod e s ,  M o r r e l l ,  and P f a f f ,  1981;  Swanson 

and Sawchenko,  1980)  and t he  SON (Swanson and Sawchenko,  

1980;  Wiegand and P r i c e ,  1980,  Zimmerman,  1 981 ) .  Whi l e  

b o t h  t he  PVN and SON send n e u r a l  p r o j e c t i o n s  c o n t a i n i n g  VP 

and OXY to t he  p o s t e r i o r  l ob e  of  t he  p i t u i t a r y  g l a n d ,  

t h e s e  p r o j e c t i o n s  do no t  j o i n  i n t o  a s i n g l e  f i b e r  s y s t e m 

R a t h e r ,  axons  f rom t he  SON d e c u s s a t e  a t  t he  zona  i n t e r n a  

of  t he  medi an  emi nance  and c o n t i n u e  t h r o u g h  t he  

i n f u n d i b u l a r  s t a l k  to t he  n e u r o h y p o p h y s i s .  In c o n t r a s t ,

t he  PVN f i b e r s  c o u r s e  i p s i l a t e r a l l y  t h r o u g h  t he  zona
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i n t e r n a  of  t h e  medi an  emi nence  and i n f u n d i b u l a r  s t a l k  to 

t he  p o s t e r i o r  l o b e  of  t he  p i t u i t a r y  g l a n d  ( Al onso  and 

As s e n ma c h e r ,  1 9 8 1 ) .

c)  F u n c t i o n  of  t he  M a g n o c e l l u l a r  N e u r o s e c r e t o r y  

Sys t em:  In t h i s  n e u r o s e c r e t o r y  s y s t e m ,  VP i s  s e c r e t e d

i n t o  t he  c i r c u l a t i o n  f rom t he  p o s t e r i o r  l obe  of  t he  

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

e x t r a c e l l u l a r  s p a c e .  Th i s  r e s u l t s  in i n c r e a s e d

p e r m e a b i l i t y  to w a t e r  in t he  l o n g - c o l l e c t i n g  t u b u l e s  of  

t he  k i d n e y  ( B r o w n s t e i n ,  R u s s e l l ,  and G a i n e r ,  1 9 8 0 ) .  VP 

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

s u p r a - p h y s i o l o g i c a l  d o s e s  a r e  n e e d e d ,  as compared to t he  

VP dose  n e c e s s a r y  to i n d u c e  a n t i d i u r e s i s  ( Sawyer ,  19 61 ) .  

S i n c e  VP i s  a b s e n t  in t he  B r a t t l e b o r o  r a t ,  t h i s  an i ma l  i t  

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

p o l y u r i a  and p o l y d i p s i a  ( V a l t i n ,  1967;  1976) .  L i ke  VP, 

OXY i s  a l s o  r e l e a s e d  f rom t he  n e u r o h y p o p h y s i s  i n t o  t he  

c i r c u l a t i o n  wher e  i t  i n t e r a c t s  w i t h  t h o s e  t a r g e t  o r g a n s  

i n v o l v e d  in  l a c t a t i o n  and u t e r i n e  c o n t r a c t i o n s  ( B r o w n s t e i n  

e t  a l ,  1980;  M a r s h a l l ,  19 74 ) .

d)  Neur oana t omy of  t he  P a r v o c e l l u l a r  N e u r o s e c r e t o r y  

Sys t em:  The s u g g e s t i o n  t h a t  VP and i t s  n e u r o p h y s i n  a r e  

p r e s e n t  in g r a n u l e s  of  axon t e r m i n a l s  on or  n e a r  p o r t a l  

c a p i l l a r i e s  in t he  zona  e x t e r n a  of  t he  medi an  emi nence  

(Bargman and S c h a r r e r ,  1 951 ) ,  has  been c o n f i r m e d  by 

immunoe1e c t r o n m i c r o s c o p y  ( S i l v e r m a n  and Zimmerman,  19 75 ) .
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These  c a p i l l a r i e s  form a s p e c i a l i z e d  m i c r o c i r c u l a t i o n  t h a t  

d e l i v e r s  h i gh  c o n c e n t r a t i o n s  o f  neu r oho r mo ne s  d i r e c t l y  to 

t he  a n t e r i o r  l o b e  of  t he  p i t u i t a r y  g l a n d .  The 

p a r v o c e l 1u l a r  V P - c o n t a i n i n g  c e l l s  a r i s e  f rom t he

i p s i l a t e r a l  and m e d i a l  PVN ( S o f r o n i e w ,  We i n d l ,  S c h i n k o ,  

and W e t z s t e i n ,  1 9 7 9 ) .  A l t h o u g h  t h i s  s y s t e m c o n t a i n s  

p r e d o m i n a n t l y  VP, OXY and i t s  n e u r o p h y s i n  have  a l s o  been 

o b s e r v e d  in t he  zona  e x t e r n a  of  t he  medi an  emi nence  

(Wiegand and P r i c e ,  1980) .

e) F u n c t i o n  of  VP in t h e  P a r v o c e l 1u l a r  N e u r o s e c r e t o r y  

Sys t em:  The p o s t u l a t e d  r o l e  f o r  VP in an o r g a n i s m ’ s

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

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

(Bloom,  B a t t e n b e r g ,  R i v i e r ,  and V a l e ,  1982;  G i l l e s ,  

L i n t o n ,  and Lowry,  1982;  G i l l e s  and Lowry,  1979)  and w i t h  

ACTH ( s e e  r e v i e w:  McCann,  1 9 8 0 ) .  These  r e s p o n s e s ,  in

t u r n ,  a p p e a r  to be i n f l u e n c e d  by t he  a d r e n a l  g l a n d  s i n c e  

a d r e n a l e c t o m y  r e s u l t s  in i n c r e a s e d  s p r o u t i n g  of  VP- 

c o n t a i n i n g  axons  f rom t h e  PVN to t he  zona  e x t e r n a  of  the  

medi an  e mi n e n c e ,  an e f f e c t  t h a t  i s  p r e v e n t e d  by 

g l u c o c o r t i c o i d  p r e t r e a t m e n t  ( S i l v e r m a n  and Zimmerman,  

1 9 8 3 ) .

f )  Neur oana t omy of  t he  E x t r a h y p o t h a l a m i c  P r o j e c t i o n s :  

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

e f f e r e n t s  f a i l e d  to d i s c e r n  p r o j e c t i o n s  beyond the  

m i d b r a i n  ( Na u t a  and Haymaker ,  1974;  Lemmers and Lohmer ,



1 9 7 4 ) .  However ,  r e c e n t  n e u r o a n a t o m i c a l  t e c h n i q u e s ,  such  

as h i s t o f 1u o r e s c e n c e , i m m u n o c y t o c h e m i s t r y , and HRP, have  

i n d i c a t e d  p r o j e c t i o n s  as f a r  c a u d a l  as t he  s p i n a l  c o r d  

( e . g .  Conr ad  and P f a f f ,  1 9 7 4 ) .  The f o r m u l a t i o n  of  

s p e c i f i c  a n t i s e r a  r a i s e d  a g a i n s t  VP and OXY and t h e i r  use  

in i mmu n o c y t o c h e mi s t r y  has  e l u c i d a t e d  t he  i n d e p e n d e n t  

s y s t e ms  of  t h e s e  p e p t i d e s  i n  t he  c e n t r a l  n e r v o u s  s y s t e m .  

The s i t e  of  o r i g i n  f o r  e x t r a h y p o t h a l a m i c  VP and OXY 

p r o j e c t i o n s  a p p e a r  to be a l m o s t  e x c l u s i v e l y  f rom t he  PVN 

and SCN, s i n c e  SON c e l l s  a r e  no t  l a b e l e d  f o l l o w i n g  HRP 

i n j e c t i o n s  i n t o  t he  s p i n a l  c o r d  and b r a i n  s t em ( S a p e r ,  

Loewy,  Swansom,  and Cowan,  1 9 7 6 ) .  The t e r m i n a l  f i e l d s  of  

n e u r o p h y s i n - c o n t a i n i n g ,  V P - c o n t a i n i n g ,  and OXY- c o n t a i n i n g  

e f f e r e n t s  a r e  f ound in f o r e b r a i n  ( B u i j s  and Swabb,  1979;  

S o f r o n i e w  and We i n d l ,  1 9 7 8 ) ,  h i n d b r a i n ,  and s p i n a l  co r d  

(Swanson ,  1977;  Swanson and Sawchenko,  1980,  N i l a v e r ,  

Zimmerman,  W i l k e n s ,  M i c h a e l s ,  Hof fman,  and S i l v e r m a n ,  

1980,  B u i j s ,  1 9 7 8 ) .  F o r e b r a i n  VP and OXY p r o j e c t  f rom t he  

PVN and SCN to t h e  d o r s a l  and v e n t r a l  h i p p o c a mp u s ,  v e n t r a l  

s u b i c u l u m ,  t he  organum v a s c u l o s u m  of  t he  l ami na  t e r m i n a l i s  

(OVLT), t he  m e d i a l  and l a t e r a l  s e p t a l  n u c l e i ,  t he  

p e r i v e n t r i c u l a r  n u c l e u s  of  t he  h y p o t h a l a m u s ,  t he  l a t e r a l  

s e p t a l  n u c l e u s  ( B u i j s ,  1978;  1980;  S o f r o n i e w  and We i d l ,

1978;  1980;  Hoonerman and B u i j s ,  1 9 8 2 ) ,  t he  s u b c o mmi s s u r a l  

o r g a n  and t he  p i n e a l  g l a n d  ( B u i j s  and P e v e t ,  1980)  t h r o u g h  

t he  i n t e r n a l  c a p s u l e  and t he  s t r i a  t e r m i n a l i s  ( B u i j s ,  

Swabb,  Dogt e r om,  and van Leewen , 197 8 ) .  Cauda l  PVN
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p r o j e c t i o n s  t e r m i n a t e  i n  t h e  E d i n g e r - W e s t p h a l  n u c l e u s  of  

t he  t h i r d  c r a n i a l  n e r v e  (Swanson,  1977)  t he  l o c us  

c o e r u l e u s ,  t he  d o r s a l  mot or  n u c l e u s  of  t he  t e n t h  c r a n i a l  

n e r v e  and 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  ( Swanson,  1977;  

N i l a v e r  e t  a l  , 1 9 8 0 ) .  Whi l e  OXY i s  found in  a l l  o f  t he  

above  s i t e s ,  t he  l a t t e r  two b r a i n  s i t e s  c o n t a i n  p r i m a r i l y  

VP ( N i l a v e r  e t  a l , 1 9 8 0 ) .  PVN p r o j e c t i o n s  a l s o  t e r m i n a t e  

in  t he  m a r g i n a l  z ones  of  t he  d o r s a l  horn  of  t he  s p i n a l  

c o r d  t h r o u g h  t he  d o r s o l a t e r a l  f u n i c u l u s  (Swanson,  1977;  

N i l a v e r  e t  a l , 1 9 8 0 ) .  F i n a l l y ,  a n o t h e r  s y s t e m d e s c e n d s  to 

t h e  s p i n a l  c o r d  t h r o u g h  t he  c e n t r a l  g r a y  (Swanson and 

M c K e l l e r ,  1979;  N i l a v e r ,  Mu l h e r n ,  and Zimmerman,  1 98 2 ) .  

Whi l e  most  of  t h e s e  d e s c e n d i n g  f i b e r s  c o n t a i n  VP and a r e  

of  p a r v o c e l l u l a r  o r i g i n  (Swanson and Sawchenko,  1980) ,  

some c o n t a i n  OXY and a r e  o f  m a g n o c e l 1u l a r  o r i g i n  ( N i l a v e r  

e t  a l  , 1 9 8 0 ) .  D i f f e r e n t  s u b - p o p u l a t i o n s  of  PVN ne u r on s

p r o j e c t  to t he  p i t u i t a r y  and e x t r a h y p o t h a l a m i c  s t r u c t u r e s  

( Hos oya ,  1980;  Hosoya and M a t s u s h i t a ,  1979;  Ono e t  a l ,  

19 78 ) ,  s u g g e s t i n g  i n d e p e n d e n t  e n d o c r i n e  and n e u r o c r i n e  

a c t i o n s  of  VP. In  a d d i t i o n ,  VP and OXY s h a r e  many f i b e r  

s y s t e m s  w i t h  o t h e r  n e u r o p e p t i d e s ,  a p o i n t  t h a t  w i l l  be 

d e a l t  w i t h  in t e r ms  of  t h e i r  r e l e v e n c e  to b e h a v i o r a l  

phenomena in t he  d i s c u s s i o n  s e c t i o n .

Append i x  A p r o v i d e s  a d e t a i l e d  r e v i e w  of  t he  o n t o g e n y  

and n e u r o p h y s i o l o g y  of  VP and OXY n e u r o n s ,  and a h i s t o r y  

of  t he  m a g n o c e l l u l a r  n e u r o s e c r e t o r y  s y s t e m .
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I I  Rol e  of  VP and OXY in L e a r n i n g  and Memory P r o c e s s e s

The r e  i s  c o n t r o v e r s y  as  to t he  e f f e c t s  of  VP and OXY 

upon l e a r n i n g  and memory f u n c t i o n .  E v i d e n c e  s u p p o r t i n g  a 

r o l e  f o r  VP and OXY in memory c o n s o l i d a t i o n  and r e t r i e v a l  

has  been  d e r i v e d  p r i m a r i l y  f rom t he  e x p e r i m e n t s  c o n d u c t e d  

by De Wied and c o l l e a g u e s .  They found t h a t  r emoval  of  t he  

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

s h u t t l e - e s c a p e  p e r f o r m a n c e  (De Wied,  1 9 6 5 ) ,  w h i l e  s y s t e m i c  

or  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  of  

a r g i n i n e  VP (AVP) and VP f r a g m e n t s  i n c r e a s e d  r e s i s t a n c e  to 

e x t i n c t i o n  in a p o l e  jump t a s k  (De Wied,  19 76 ) .  In b o t h  of  

t h e s e  t a s k s ,  a n e u t r a l  s t i m u l u s  ( l i g h t  or  b u z z e r )  i s  

p r e s e n t e d  p r i o r  to a n o x i o u s  s t i m u l u s  ( e l e c t r i c  s h o c k ) .  In 

t he  s h u t t l e - e s c a p e  t a s k ,  t he  a n i ma l  can e s c a p e  t he  n o x i o u s  

s t i m u l u s  by moving to  t he  n o - s h o c k  p o r t i o n  of  t he  t e s t i n g  

chamber .  I n  t he  p o l e - j u m p  t a s k ,  t he  a n i ma l  can e s c a p e  by

j umpi ng on a p o l e .  A f t e r  a c q u i s i t i o n  of  t he  p r o p e r  e s c a p e

b e h a v i o r ,  shock  i s  no l o n g e r  p r e s e n t e d  f o l l o w i n g  the  

n e u t r a l  s t i m u l u s .  Memory f u n c t i o n  i s  d e f i n e d  as t he  number 

of  t r i a l s  i t  t a k e s  f o r  e i t h e r  e s c a p e  r e s p o n s e  to be

e x t i n g u i s h e d .  DeWied (1976)  found t h a t  a h i g h e r  s y s t e m i c ,  

as compared  to i n t r a v e n t r i c u l a r  ( i c v ) ,  VP dose  was 

n e c e s s a r y  to  i n h i b i t  e x t i n c t i o n  of  t h e  p o l e - j u m p  r e s p o n s e ,  

s u g g e s t i n g  e i t h e r  a c e n t r a l ,  or  c i r c u m v e n t r i c u l a r , s i t e  of  

a c t i o n .  Th i s  h y p o t h e s i s  i s  s u p p o r t e d  by t he  o b s e r v a t i o n  

t h a t  VP, in mi n i mal  a moun t s ,  c r o s s e s  t he  b l o o d - b r a i n



- 1 0 -

b a r r i e r .  I n t r a v e n o u s  i n f u s i o n  of  e i t h e r  VP or  i t s  

n e u r o p h y s i n  f a i l  to a l t e r  t h e i r  r e s p e c t i v e  l e v e l s  in t he  

c e r e b r o s p i n a l  f l u i d  ( Rob i ns on  and Zimmerman,  1973;  V o h e r r ,  

B r a d b u r y ,  H o g h o u g h i , and Kl eeman,  1 9 6 8 ) .  Mo r e o v e r ,  w h i l e  

p e r i p h e r a l l y  a d m i n i s t e r e d  t r i t i a t e d  l y s i n e  VP (LVP) 

a c c u m u l a t e s  in t h e  p i t u i t a r y  g l a n d  and k i d n e y ,  o n l y  0.04% 

of  t o t a l  amount  of  t r i t i u m  i s  found in t he  c e n t r a l  n e r v o u s  

s y s t e m ( J a n a k y ,  L a c z i , and L a s z l o ,  198 2 ) .

In a d d i t i o n  t o  i t s  e f f e c t s  upon a c t i v e  a v o i d a n c e  

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

p e r f o r m a n c e .  I n  one such  t a s k ,  a r a t  i s  p l a c e d  on an 

e xpos ed  l i g h t e d  p l a t f o r m  w i t h  a d a r k e n e d  chamber  a t t a c h e d .  

I f  t he  door  t o  t he  chamber  i s  o p e n e d ,  u n t r a i n e d  r a t s  w i l l

e s c a p e  i n s i d e ,  whe r eupon  t he  chamber  door  i s  c l o s e d  and

an i n t e n s e  e l e c t r i c a l  shock  i s  a d m i n i s t e r e d .  I n c r e a s e d  

l a t e n c y  to e n t e r  t he  chamber  i n  s u b s e q u e n t  t r i a l s  i s

i n t e r p r e t e d  as a c o n t i n u i n g  memory t r a c e .  Both s y s t e m i c  

and i cv  r o u t e s  of  a d m i n i s t r a t i o n  of  VP and VP a n a l o g u e s

e nh a nc e  r e t e n t i o n  on p a s s i v e  a v o i d a n c e  t a s k s  ( B o h u s ,

A d l e r ,  and De Wied,  1972;  Bohus ,  G i s p e n ,  and De Wied,

1 9 73 ) ,  as does  a VP m e t a b o l i t e  a t  i cv  d o s e s  as l i t t l e  as

100 pg ( B u r b a c h ,  K o v a c s , De Wied,  G i s p e n ,  and Gr e v e n ,

1 9 8 3 ) .  C o n v e r s e l y ,  c e n t r a l  a d m i n i s t r a t i o n  of  an 

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

(AVP) d e c r e a s e s  r e t e n t i o n  of  p a s s i v e  a v o i d a n c e  (van 

Wimersma G r e i d a n i s ,  Dogt e rom,  and De Wied,  1976;  van 

Wimersma G r e i d a n i s  and De Wied,  19 76 ) .  S i m i l a r l y ,
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Bra 111e b o r o  r a t s  d i s p l a y  t o t a l  i mp a i r me n t s  in p a s s i v e  

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

w i t h i n  normal  l e v e l s  f o l l o w i n g  VP a d m i n i s t r a t i o n  (De Wied,  

B o h u s , and van Wimersma G r e i d a n i s ,  1975;  B o h u s , van 

Wimersma G r e i d a n i s ,  and De Wied,  1975) .

Th e r e  i s  f u r t h e r  ev. i dence  of  a r o l e  f o r  VP as a 

m o d u l a t o r  of  memory f u n c t i o n .  VP a n t a g o n i z e s  t he  a m n e s t i c  

s t a t e s  i n duc e d  by e i t h e r  pur omyc i n  ( Lande ,  F l e x n e r ,  and 

F l e x n e r ,  1 972 ) ,  p e n t y l e n e t e t r a z o l  ( Book i n ,  and P f e i f e r ,

19 77 ) ,  c a r b o n  d i o x i d e  ( R i g t e r  and R e i z e n ,  197 8 ) ,  or

e l e c t r o c o n v u l s i v e  shock ( P f e i f e r  and Book i n ,  197 8 ) .  

P o t e n t i a t i o n  o f  e x t i n c t i o n  r e s p o n s e s  on t he  p o l e - j u m p  t a s k  

a r e  o b s e r v e d  f o l l o w i n g  s y s t e m i c  a d m i n i s t r a t i o n  of  the  

p o t e n t  VP a n t a g o n i s t ,  1 - d e a m i n o - p e n a c i 11 a mi n e - 2 ( O-

m e t h y 1 ) t y r o s i n e  AVP ( d PTyr ( me )AVP) (Koob,  Le M o a l ,

G a f f o r i ,  Manni ng ,  R i v i e r ,  and Bloom,  1 9 8 1 ) .  Mo r e o v e r ,  

p r e t r e a t m e n t  w i t h  t h i s  a n t a g o n i s t  p r e v e n t s  t he  i n h i b i t i o n  

of  p o l e - j u m p  e x t i n c t i o n  f o l l o w i n g  s y s t e m i c  or  c e n t r a l  

i n j e c t i o n s  of  VP (Le Moal ,  Koob,  Koda,  Bloom,  Manni ng ,  

Sawyer ,  and R i v i e r ,  1981;  Le Moal ,  Koob,  Mormede,  D a n t z e r ,  

and Bloom,  19 82 ) .

The i n i t i a l  i n v e s t i g a t i o n s  i n t o  t he  r o l e  of  VP in 

l e a r n i n g  and memory p r o c e s s e s  l ed  to t he  i d e a  t h a t  t h e s e  

a l t e r a t i o n s  in b e h a v i o r  were  b e i n g  m e d i a t e d  by i t s  

hormona l  a c t i o n s .  However ,  t he  s u b s e q u e n t  d i s c o v e r y  of  

t he  e x t e n s i v e  e x t r a h y p o t h a l a m i c  d i s t r i b u t i o n  of  VP
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s u p p o r t e d  t he  v i ew t h a t  i t  a c t s  as a c e n t r a l

n e u r o m o d u l a t o r ,  in a d d i t i o n  to  i t s  w e l l  d e s c r i b e d

ne u r o h o r mo n a l  f u n c t i o n s .  S i m i l a r  m u l t i f u n c t i o n a l  r o l e s  

have been  a s c r i b e d  to such  p e p t i d e s  as CCK, n e u r o t e n s i n ,  

bomb e s i n ,  s u b s t a n c e  P,  and t he  e n k e p h a l i n s  ( s e e  r e v i e w:  

Buchana n ,  1 9 8 2 ) .  The mai n  a n a t o m i c a l  s u p p o r t  f o r  a 

n e u r o m o d u l a t o r y , as  opp os e d  t o  n e u r o e n d o c r i n e ,  r o l e  f o r  VP 

in l e a r n i n g  and memory p r o c e s s e s  i s  t he  p r o j e c t i o n s  f rom 

t he  PVN to t h o s e  f o r e b r a i n  l i m b i c  a r e a s  ( B u i j s ,  1978)  

b e l i e v e d  to be i n v o l v e d  in  memory c o n s o l i d a t i o n  and 

r e t r i e v a l  ( S c o v i l l e  and M i l n e r ,  1 9 5 7 ) .  I n d e e d ,  i mprovement  

in p a s s i v e  a v o i d a n c e  p e r f o r m a n c e  has  been r e p o r t e d  

f o l l o w i n g  m i c r o i n j e c t i o n s  of  VP i n t o  t he  h i ppo c a mpa l

d e n t a t e  g y r u s  and d o r s a l  s e p t a l  n u c l e u s ,  b u t  no t  t he  

c e n t r a l  a my g d a l o i d  n u c l e u s  ( K o v a c s , Bohus ,  V e r s t e e g ,  De 

K l o e t ,  and De Wied,  1 9 7 9 ) .  VP ' s  e f f e c t s  upon b o t h  p a s s i v e  

and a c t i v e  a v o i d a n c e  b e h a v i o r  has  been l i n k e d  to i t s  

i n t e r a c t i o n  w i t h  t h e  n o r a d r e n e r g i c  s y s t e m .  The e l o n g a t i o n  

of  e x t i n c t i o n  by VP on p a s s i v e  a v o i d a n c e  t a s k s  can be 

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

a n t a g o n i s t s  ( Kov a c s ,  V e c s e i , Sz a bo ,  and T e l e g d y ,  1977)  or  

d e s t r u c t i o n  of  t he  a s c e n d i n g  d o r s a l  n o r a d r e n e r g i c  b un d l e  

( Ko va c s ,  Bohus ,  V e r s t e e g ,  1 9 7 9 ) .

R e c e n t l y  t h e  h y p o t h e s i s  t h a t  VP e n h a n c e s  memory 

f u n c t i o n  has  been q u e s t i o n e d .  Gol d and B u r s k i r k (197 6) 

f a i l e d  to r e p l i c a t e  t he  f i n d i n g  of  an i mprovement  in 

p a s s i v e  a v o i d a n c e  b e h a v i o r  i n duc e d  by s y s t e m i c  VP
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a d m i n i s t r a t i o n .  Bu r e s ov a  and Skopkova  ( 1982)  found t h a t  

d e s - g l y  NH desamino-D-AVP s i g n i f i c a n t l y ,  b u t  m i n i m a l l y ,  

improved p e r f o r m a n c e  in r a t s  of  v a r i o u s  a g e s ,  on a 24 arm 

r a d i a l  maze .  In c o n t r a s t ,  AVP, or  a l o n g e r  l a s t i n g

s y n t h e t i c  VP a n a l o g u e ,  desamino-D-AVP (DDAVP), f a i l e d  to

a l t e r  p e r f o r m a n c e  on t h i s  t a s k .  F u r t h e r m o r e ,  o t h e r s  have  

r e p o r t e d  e f f e c t s  upon memory o p p o s i t e  to t h o s e  d e s c r i b e d  

p r e v i o u s l y  f o r  t he  B r a t t l e b o r o  r a t .  Whi l e  homozygous 

B r a t t l e b o r o  r a t s  d i s p l a y  i mp a i r e d  p a s s i v e  a v o i d a n c e

b e h a v i o r  r e l a t i v e  t o  t h e i r  h e t e r o z y g o u s  l i t t e r m a t e s ,  whi ch

have d e c r e a s e d  b u t  n o t  a b s e n t  VP c o n t e n t ,  bo t h  g r oups  

p e r f o r me d  b e t t e r  t h a n  i n t a c t  Long- Evans  c o n t r o l s  ( B a i l e y  

and W e i s s ,  1978;  B a i l e y  and W e i s s ,  1 9 7 9 ) .  These  d a t a  

s u g g e s t  t h a t  t he  a l t e r a t i o n s  in memory p r o c e s s e s  d i s p l a y e d  

by t he  B r a t t l e b o r o  r a t  may no t  be due  to t he  a b s e n c e  of  

VP. S t i l l  o t h e r s  ( B r i t o ,  1983;  Ca r ey  and M i l l e r ,  1982)  

found no d i f f e r e n c e s  be t ween  B r a t t l e b o r o  and c o n t r o l  r a t s  

in p a s s i v e  a v o i d a n c e  b e h a v i o r .

OXY has been  e v a l u a t e d  f o r  i t s  r o l e  in memory 

f u n c t i o n  s i n c e  i t  a l s o  p r o j e c t s  f rom t he  PVN to l i m b i c  

s t r u c t u r e s  b e l i e v e d  to be i m p o r t a n t  i n  l e a r n i n g  and memory 

p r o c e s s e s .  Bot h s y s t e m i c  and i cv  i n j e c t i o n s  of  OXY 

p r o l o n g  e x t i n c t i o n  on p o l e - j u m p  and s h u t t l e  e s c a p e  

p e r f o r m a n c e  (De Wied and G i s p e n ,  1977;  S c h u l z ,  Kovacs ,  and 

T e l e g d y ,  1976;  ( Bohus ,  Ur ban ,  G r e i d a n i s ,  and De Wied,

19 78 ) .  However ,  s y s t e m i c  OXY a d m i n i s t r a t i o n  r e l i a b l y  

r e t a r d s  p a s s i v e  a v o i d a n c e  p e r f o r m a n c e ,  an e f f e c t  o p p o s i t e
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to t h a t  of  VP ( Bohus ,  Kova cs ,  and De Wied,  1979;  Kovacs  

e t  a l  , 1 9 7 8 ) .  OXY a p p e a r s  t o  p o s s e s s  b e h a v i o r a l  a c t i v i t y  

o p p o s i t e  to t h a t  of  VP ( s e e  r e v i e w:  B a i l e y ,  1 982 ) .

However ,  t h i s  h y p o t h e s i s  s h o u l d  be r e g a r d e d  as t e n t a t i v e  

u n t i l  o p p o s i n g  e f f e c t s  of  t h e s e  p e p t i d e s  have been 

d e m o n s t r a t e d  ove r  a wi de  r a n g e  of  d o s e s  ( s e e  r e v i e w:  

B a i l e y ,  1982)  and a number  of  b e h a v i o r s .

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

f o o t  shock was used  as t he  c o n t i n g e n t  s t i m u l u s  w i t h  

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

b e h a v i o r .  R e c e n t l y  i t  has  been r e p o r t e d  t h a t  t he  memory 

e n h a n c i n g  p r o p e r t i e s  of  VP may depend upon i t s  a v e r s i v e  

p r o p e r t i e s  ( E t t e n b e r g ,  Van Der Kooy,  Le Moal ,  Koob,  and 

Bloom,  1 9 8 3 ) .  S i n c e  e l e c t r i c a l  f o o t  shock i s  known to 

a c t i v a t e  e ndogenous  p a i n - i n h i b i t o r y  s y s t e ms  ( s e e  r e v i e w:  

Bo dna r ,  1 9 8 3 ) ,  i t  i s  c o n c e i v a b l e ,  t h a t  t h e  d i f f e r e n c e s  in 

b e h a v i o r  o b s e r v e d  be t ween  g r o u p s  w i t h  d i f f e r i n g  VP or OXY 

l e v e l s ,  may no t  be due  to d i f f e r e n c e s  in memory f u n c t i o n ,  

b u t  r a t h e r  to d i f f e r e n t i a l  p e r c e p t i o n s  of  t he  n o x i o u s  

s t i m u l u s  ( B a i l e y ,  1982) .

I I I .  Endogenous  P a i n - i n h i b i t o r y  Sys t ems

a)  O p i a t e  A n a l g e s i a  (OA) : The a d v e n t  of  g a t e - c o n t r o l

t h e o r y  p r o v i d e d  a f r amework w i t h i n  whi ch  d e s c e n d i n g  

c o n t r o l  of  n o x i o u s  i n p u t  was p r o p o s e d  as a p r i m a r y  means 

of  a l l e v i a t i n g  p a i n  (Melzak and Wa l l ,  1 9 6 5 ) ,  and a means 

by whi ch a n a l g e s i c s  such as o p i a t e s  e x e r t  t h e i r  a c t i o n s .



With t he  d i s c o v e r y  o f  t he  o p i a t e  r e c e p t o r  ( P e r t  and

S n y d e r ,  1973;  Simon,  H i l l e r ,  and Edel man,  1973;  T e r e n i u s ,

1 9 7 3 ) ,  and t he  s u b s e q u e n t  i s o l a t i o n  of  t he  endogenous

l i g a n d s  t h a t  b i n d  to t h e s e  r e c e p t o r s ,  ( Hughes ,  S mi t h ,  

K o s t e r l i t z ,  F o t h e r g i l l ,  Morgan,  and M o r r i s ,  1975;  

G o l d s t e i n ,  1976,  G u i l l e m a n ,  L i n g ,  and B u r g u s , 1976)  t he  

means by whi ch  o p i a t e s  mi gh t  a c t i v a t e  p a i n - i n h i b i t o r y  

pa t hways  was e s t a b l i s h e d .  A d m i n i s t r a t i o n  of  e i t h e r  b e t a -  

e n d o r p h i n  ( J a c q u e t  and Ma r k s ,  1976;  Bloom and S e g a l ,  1976)  

or  t he  e n k e p h a l i n s  ( B e l l u z i ,  G r a n t ,  G a r s k y ,  S a r a n t a k i s ,  

Wi s e ,  and S t e i n ,  1976;  P e r t ,  P e r t ,  Chang,  and Fong,  197 6 ) ,  

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

t h r e s h o l d s ,  an e f f e c t  whi ch  i s  c o m p l e t e l y  e l i m i n a t e d  by 

a d m i n i s t r a t i o n  of  t he  o p i a t e  a n t a g o n i s t  n a l o x o n e  ( B e l l u z i  

e t  a l  , 1976;  J a c q u e t  e t  a l , 1 9 7 6 ) .  The l o c a l i z a t i o n  of  

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

such  as  t he  t h a l a m u s ,  p e r i a q u a d u c t a l  g r a y  (PAG),  r aphe  

magnus (nRM),  and d o r s a l  ho r n  of  t he  s p i n a l  c o r d ,  ( P e r t  

and S n y d e r ,  1973;  K u h a r , P e r t ,  and S n y d e r ,  1973) ,  

s u p p o r t e d  t he  v i e w t h a t  t h e r e  was an e nd oge nous  s y s t e m 

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

b u l b o s p i n a l  pa t hway  f rom t he  PAG to t he  nRM. In t u r n ,  nRM 

axons  d e s c e n d  to l a mi n a e  I I  and V of  t he  d o r s a l  horn  of  

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

r e v i e w:  F i e l d s  and Basbaum,  1 9 7 8 ) .  E l e c t r i c a l  s t i m u l a t i o n

of  t he  PAG, or  o p i a t e  m i c r o i n j e c t i o n  i n t o  t he  PAG, 

p r o d u c e s  a c t i v a t i o n  of  nRM n e u r o n s  ( Ol e s on  and L i e b e s k i n d ,
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1975;  O l e s o n ,  Twombly,  and L i e b e s k i n d ,  1974)  whi ch in t u r n  

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

t he  s p i n a l  c o r d  ( L e B a r s ,  M e n e t r e y ,  C o n s e i l l e r ,  and Be s s on ,

1 9 7 4 ) .  A d d i t i o n a l l y ,  m i c r o i n j e c t i o n s  of  o p i a t e s  i n t o  t he  

PAG, nRM, ( s e e  r e v i e w :  Yaksh and Rudy,  1978)  and

s u b a r a c h n o i d  s p a c e  of  t he  s p i n a l  c o r d  ( Yaksh ,  1978)  

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

s u b s t r a t e s  of  t h i s  pa t hway a p p e a r  t o  i n c l u d e  s e r o t o n i n ,  

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

p l a c e d  in s e r o t o n i n - r i c h  a r e a s ,  a t t e n u a t e  or  a b o l i s h  

o p i a t e  a n a l g e s i a  ( L y t l e ,  P h e b u s , F i s c h e r ,  and Me s i n g ,

1976;  Samani n ,  G h e z z i ,  Mauron,  and V a l z e l i ,  1973;  Tenen,

19 6 8 ) .  C o n v e r s e l y ,  e i t h e r  e l e c t r i c a l  s t i m u l a t i o n  of  5-HT 

b r a i n  f o c i ,  or  a d m i n i s t r a t i o n  of  5-HT a g o n i s t s ,  p o t e n t i a t e  

t he  a n a l g e s i c  e f f i c a c y  of  o p i a t e s  (Samani n  and V a l z e l i ,  

1971;  Me s s i n g ,  F i s c h e r ,  Ph e b u s ,  and L y t l e ,  1976;  Me s s i n g ,  

Ph e b u s ,  F i s c h e r ,  and L y t l e ,  1 9 7 5 ) .

b)  O p i a t e  and No n - Op i a t e  P a i n  I n h i b i t i o n :

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

no t  t he  o n l y  met hod f o r  i n c r e a s i n g  p a i n  t h r e s h o l d s .  

S t i m u l a t i o n  of  a number  of  b r a i n  l o c i ,  i n c l u d i n g  t he  PAG 

and nRM, i n c r e a s e s  p a i n  t h r e s h o l d s ,  as  me a s u r e d  by a 

number  of  r e f l e x i v e  and n o n - r e f l e x i v e  r e s p o n s e s  (Mayer ,  

W o l f l e ,  A k i l ,  C a r d e r ,  and L i e b e s k i n d ,  1971;  R e y n o l d s ,

1 9 6 9 ) .  S t i m u l a t i o n  p r o d u c e d  a n a l g e s i a  (SPA) and OA s h a r e  

s i m i l a r  mechani sms  s i n c e  t hey  d e v e l o p  p a r t i a l  c r o s s ­

t o l e r a n c e  w i t h  each  o t h e r  (Mayer  and Hayes ,  1 975 ) ,  and can
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be e l i c i t e d  f rom s i m i l a r  b r a i n  s i t e s  ( S h a r p e ,  G a r n e t t ,  and 

C i c e r o ,  1974;  b u t  s ee  Mayer  and L i e b e s k i n d ,  1 9 7 4 ) .  

A d d i t i o n a l l y ,  b o t h  forms of  a n a l g e s i a  a r e  i n t e r r u p t e d  

f o l l o w i n g  l e s i o n s  i n  t he  d o r s o l a t e r a l  f u n i c u l u s  (Basbaum,  

M a r l e y ,  O ' K e e f e ,  and C l a n t o n ,  1 9 7 7 ) .  L i k e  mor p h i ne  

a n a l g e s i a ,  a d m i n i s t r a t i o n  of  s e r o t o n e r g i c  a n t a g o n i s t s  

a t t e n u a t e  SPA ( Ak i l  and L i e b e s k i n d ,  1975;  Ak i l  and Mayer ,  

1 9 7 2 ) .  Some s t u d i e s  ( A k i l ,  Mayer ,  and L i e b e s k i n d ,  1976;  

O l i v e r a s ,  H o s o b u c h i , Re d j e mi ,  G u i l b a u d ,  and B e s s o n ,  1977)  

found t h a t  n a l o x o n e  r e v e r s e d  SPA, b u t  o t h e r s  f a i l e d  to 

o b s e r v e  t h i s  e f f e c t  ( P e r t  and W a l t e r ,  1976;  Ya ks h ,  Yeung,  

and Rudy,  1 976 ) .  These  a p p a r e n t l y  c o n t r a d i c t o r y  f i n d i n g s  

were  r e c o n c i l e d  by t he  d i s c o v e r y  t h a t  SPA c o u l d  be 

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

s i t e s .  S t i m u l a t i o n  of  t he  d o r s a l  or  v e n t r a l  PAG bo t h  

p r o d u c e  a n a l g e s i a ,  o n l y  t he  a n a l g e s i a  f rom t he  l a t t e r  

b r a i n  s i t e  i s  r e v e r s e d  by n a l o x o n e  ( Cannon,  P r i e t o ,  Lee ,  

and L i e b e s k i n d ,  1982)  or  d i s r u p t e d  by nRM l e s i o n s  ( P r i e t o ,  

Cannon,  and L i e b e s k i n d ,  1 9 8 3 ) .  S i m i l a r l y ,  o n l y

s t i m u l a t i o n  of  t he  v e n t r a l  PAG r e l i a b l y  e x c i t e s  nRM

n e u r o n s .  SPA can a l s o  be e l i c i t e d  f rom n u c l e i  t h a t  a r e  

no t  i n v o l v e d  in t h i s  d e s c e n d i n g  b u l b o s p i n a l  s y s t e m .  These

n u c l e i  i n c l u d e  t he  l a t e r a l  h y p o t h a l a mu s  ( B a l g u r a  and

R a l p h ,  197 3 ) ,  me d i a l  f o r e b r a i n  b u n d l e  ( Yu nge r ,  Ha r v e y ,  and 

L o r e n s ,  19 73 ) ,  c a u d a t e  n u c l e u s ,  and se p t um ( Sc hmi de k ,  

F o h a n n o , E r v i n ,  and Swee t ,  19 71 ) ,  i t  a p p e a r s  t h a t  t h e r e
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a r e  b o t h  o p i o i d  and n o n - o p i o i d  endo geno us  p a i n  i n h i b i t o r y  

sys  t e m s .

Yet  a n o t h e r  means to i n c r e a s e  p a i n  t h r e s h o l d s  i s  to 

a c u t e l y  expos e  a n i m a l s  to a wi de  v a r i e t y  of  p h y s i c a l  

s t r e s s o r s  ( s e e  r e v i e w:  Bodn a r ,  1983)  t h a t  a c t i v a t e  a d r e n o ­

c o r t i c a l  and s ympa t homedu1l a r y  s y s t e m s .  Some s t r e s s o r s ,  

b u t  n o t  o t h e r s ,  a p p e a r  t o  a c t i v a t e  endogenous  OA s y s t e ms  

in a s i m i l a r  f a s h i o n  to  SPA. For  i n s t a n c e ,  a c u t e  e x p o s u r e  

to i n e s c a p a b l e  f o o t  shock has  been r e p o r t e d  to p r o d u c e  a

n a l o x o n e - s e n s i t i v e  ( A k i l ,  Madden,  P a t r i c k ,  and B a r c h a s ,

1976;  Madden,  A k i l ,  P a t r i c k ,  and B a r c h u s , 1977)  or

n a l o x o n e - i n s e n s i t i v e  a n a l g e s i a  ( Ha ye s ,  B e n n e t t ,  Newlon,  

and Ma y e r ,  1 9 7 8 ) .  The r e a s o n  f o r  such  d i s c r e p a n t  e f f e c t s  

a p p e a r s  t o  be due  d i f f e r e n c e s  in t he  p a r a m e t e r s  of  shock 

u t i l i z e d .  Whi l e  p r o l o n g e d  i n t e r m i t t e n t  f o o t  shock 

a n a l g e s i a  (PI FS)  i s  r e v e r s e d  by n a l o x o n e ,  and i s  c r o s s -

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

a n a l g e s i a  (BCFS) i s  no t  (Lewi s  and L i e b e s k i n d ,  1980;  

L e wi s ,  She r man,  and L i e b e s k i n d ,  1 9 8 1 ) .  The number  of  

shocks  a d m i n i s t e r e d  i s  a l s o  an i m p o r t a n t  f a c t o r .  

P r e s e n t a t i o n  of  80,  b u t  n o t  20,  shoc ks  r e s u l t s  in a

n a l o x o n e  s e n s i t i v e  a n a l g e s i a  ( Gr a u ,  Hyson,  M a i e r ,  Madden,  

and B a r c h u s ,  1 9 8 2 ) .  O t h e r  s t r e s s o r s  whi ch  a l s o  e l e v a t e

p a i n  t h r e s h o l d s  have  been c a t e g o r i z e d  on t he  b a s i s  of  t he

a p p a r e n t  mechani sms  m e d i a t i n g  t h e r e  e x p r e s s i o n  ( Wa t k i ns

and Mayer ,  1 9 8 2 ) .  The a n a l g e s i c  r e s p o n s e s  f o l l o w i n g  c o l d -  

w a t e r  swim s t r e s s  and i n s u l i n  a d m i n i s t r a t i o n  a r e
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c l a s s  i f i ed as  h o r m o n a l l y  and n o n - o p i a t e  m e d i a t e d .  C o l d -  

w a t e r  swim a n a l g e s i a  i s  no t  r e v e r s e d  by n a l o x o n e  ( Bodna r ,  

K e l l y ,  S p i a g g i a ,  E h r e n b e r g ,  and Gl usman,  19 78 ) ,  i s  no t  

c r o s s - t o l e r a n t  w i t h  mor p h i n e  ( Bo d n a r ,  S t e i n e r ,  K e l l y ,  and 

Gl usman,  197 8 ) ,  i s  a t t e n u a t e d  f o l l o w i n g  hypophysec t omy 

( Bo d n a r ,  Gl usman,  B r u t u s ,  S p i a g g i a ,  and K e l l y ,  1979;  

Bodnar  e t  a l , 1979)  and i s  e nhanc ed  by a d r e n a l e c t o m y

( Gl usman,  Bod na r ,  Ma ns our ,  and K e l l y ,  1 9 8 0 ) .  S i m i l a r l y ,  

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

r e v e r s e d  by h ypo phys e c t omy  ( Bo d n a r ,  K e l l y ,  Ma ns our ,  and 

Gl usman,  19 79 ) .  Ne u r a l  and n o n - o p i a t e  f a c t o r s  a r e

i n v o l v e d  in t he  a n a l g e s i c  r e s p o n s e  f o l l o w i n g  2 - de ox y - D-  

g l u c o s e  (2-DG) a d m i n i s t r a t i o n ,  in t h a t  t h i s  g l u c o p r i v i c  

s t r e s s o r  e x h i b i t s  o n l y  p a r t i a l  c r o s s - t o l e r a n c e  w i t h  

m o r p h i n e ,  i s  no t  r e v e r s e d  by n a l o x o n e  ( Bod na r ,  K e l l y ,  and 

Gl usman,  1979)  and i s  p o t e n t i a t e d  f o l l o w i n g  hypophysec t omy 

(Bodnar  e t  a l , 1 9 7 9 ) .  Based upon t h e s e  d a t a ,  i t  i s

e v i d e n t  t h a t  b o t h  o p i a t e  and n o n - o p i a t e  endogenous  p a i n -  

i n h i b i t o r y  s y s t e ms  p l a y  a r o l e  i n  t he  m o d u l a t i o n  of  

n o c i c e p t i v e  s t i m u l i .  However ,  i t  s h o u l d  be n o t e d  t h a t  

s t r e s s  i s  n e i t h e r  a n e c e s s a r y  nor  s u f f i c i e n t  c o n d i t i o n  to 

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

e t h e r  i n h a l a t i o n ,  b o t h  s t r e s s o r s ,  f a i l  to e l e v a t e  p a i n  

t h r e s h o l d s  ( Ha yes ,  B e n n e t ,  Newlon,  and Mayer ,  197 6 ) ,  and 

t a i l - p i n c h  s t r e s s  d e c r e a s e s  p a i n  t h r e s h o l d s  on some p a i n  

t e s t s  (Simone and Bod na r ,  1982)
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RATIONALE

The e x t r a h y p o t h a l a m i c  a n a t o m i c a l  d i s t r i b u t i o n  of  VP 

and OXY to b r a i n  r e g i o n s  t h a t  m o d u l a t e  n o x i o u s  i mp u t ,  

i n c l u d i n g  t he  s e n s o r y  n u c l e i  of  t he  t r i g e m i n a l  and vagus  

n e r v e s ,  and t he  s p i n a l  c o r d  d o r s a l  horn  ( B u i j s ,  1978,  

Swanson,  1977,  N i l a v e r  e t  a l ,  1 9 8 0 ) .  s u g g e s t  a r o l e  f o r  

t h e s e  p e p t i d e s  i n  p a i n  p e r c e p t i o n .  S u p p o r t i n g  t h i s  v i ew,  

t a i l - f l i c k  l a t e n c i e s  a r e  i n c r e a s e d  f o l l o w i n g  e i t h e r  

c e n t r a l  ( B e r n t s o n  and B e r s o n ,  1980;  Kor dower ,  S i k o r z k y ,  

and Bo d n a r ,  1982)  or  s y s t e m i c  ( B e r n t s o n  and B e r s o n ,  1980)  

i n j e c t i o n  of  LVP and f o l l o w i n g  s y s t e m i c  i n j e c t i o n  of  AVP 

( B e r s o n ,  B e r n t s o n ,  Z i p f ,  T o r e l l o ,  and K i r k ,  1 9 8 3 ) .  Whi l e  

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

t h r e s h o l d s  and h o t  p l a t e  l a t e n c i e s  in mi ce  ( B e r k o w i t z  and 

Sher man,  1 9 8 2 ) ,  DDAVP o n l y  p r o d u c e s  a m a r g i n a l  a n a l g e s i a .  

In c o n t r a s t ,  B r a t t l e b o r o  r a t s  a r e  t y p i c a l l y  h y p e r a l g e s i c , 

a c o n d i t i o n  t h a t  can be r e i n s t a t e d  to w i t h i n  l i t t e r m a t e  

c o n t r o l  l e v e l s  f o l l o w i n g  t h r e e  days  o f  r e p e a t e d  AVP or  

DDAVP i n j e c t i o n s  ( Bo d n a r ,  Zimmerman,  N i l a v e r ,  Ma ns our ,  

Thomas,  K e l l y ,  and Gl usman,  1 9 8 0 ) .  In l i k e  f a s h i o n ,  

c e n t r a l  a d m i n i s t r a t i o n  of  an a n t i s e r u m  r a i s e d  a g a i n s t  AVP, 

d e c r e a s e s  t a i l - f l i c k  l a t e n c i e s  in normal  r a t s  ( Bo d n a r ,  

W a l l a c e ,  Kor dower ,  N i l a v e r ,  C o r t ,  Zimmerman,  1 9 8 2 ) .

VP a n a l g e s i a  a p p e a r s  to a c t  i n d e p e n d e n t l y  of  t he  

endogenous  o p i o i d s  s i n c e  i t  i s  u n a f f e c t e d  by o p i a t e  

a n t a g o n i s t s  ( B e r k o w i t z  and Sherman,  1982,  B e r n t s o n  and
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Be r s o n ,  1980,  Be r s on  e t  a l , 1 9 8 3 ) ,  and c h r o n i c  mor ph i ne

t r e a t m e n t  ( Be r s o n  e t  a l  , 1 9 8 3 ) .  F u r t h e r m o r e ,  n e i t h e r

p e r i p h e r a l  VP i n j e c t i o n s  in nor mal  r a t s  ( S c h m i d t ,  H o l i d a y ,  

L o h , and Way,  1 9 7 8 ) ,  nor  d i a b e t e s  i n s i p i d u s  i t s e l f  (Bodnar  

e t  a l , 1980)  a l t e r  m o r p h i n e  a n a l g e s i a .  VP a n a l g e s i a  i s  

a l s o  u n a f f e c t e d  by hypo phy s e c t o my  ( Be r s o n  e t  a l  , 1983)  and 

a p p e a r s  t o  a c t  i n d e p e n d e n t l y  of  i t s  p r e s s o r  a c t i o n s  

( B e r k o w i t z  and Sherman,  1982;  Be r s o n  e t  a l , 1 9 8 3 ) .

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

VP p r o j e c t s  f rom t h e  PVN to t h e  zona  e x t e r n a  of  t he  medi an  

e mi nanc e  ( Va n d e s a n d e ,  D i e r i c k x ,  and DeMey, 1 9 7 4 ) .  I t  i s  a 

known r e l e a s e r  of  ACTH ( s e e  r e v i e w:  McCann,  1980)  and

p o t e n t i a t e s  CRF’ s r e l e a s e  of  ACTH ( G i l l e s ,  L i n t o n ,  and 

Lowry,  1 9 8 2 ) ,  a p e p t i d e  r e l e a s e d  in r e s p o n s e  to s t r e s s  

( S e l y e ,  1 9 5 3 ) .  In  a d d i t i o n ,  w h i l e  t he  B r a t t l e b o r o  r a t  

d i s p l a y s  normal  mo r p h i n e  a n a l g e s i a ,  i t  has  an i mp a i r e d  

a n a l g e s i c  r e s p o n s e  to c o l d - w a t e r  swim s t r e s s  (Bodnar  e t  

a l , 1 9 8 0 ) .

The f o c u s  o f  t h e  p r e s e n t  s e r i e s  of  e x p e r i m e n t s  

c o n c e r n s  a )  t he  r e l a t i v e  s p e c i f i c i t y  of  VP a n a l g e s i a ;  and 

b)  t he  r o l e  of  VP in s t r e s s - i n d u c e d  a n a l g e s i a .  As s t a t e d  

p r e v i o u s l y ,  AVP ( B e r k o w i t z  and Sher man,  1 9 8 2 ) ,  has  been 

shown to  i n c r e a s e  p a i n  t h r e s h o l d s ,  as  has  LVP ( B e r n t s o n  

and B e r s o n ,  1980;  Be r s on  e t  a l , 1983;  Kordower  e t  a l ,

1982)  and d e s g l y c i n a m i d e - L V P  (DGLVP)(Kordower e t  a l , 

1 9 8 2 ) ,  an LVP a n a l o g u e .  S i n c e  t he  m a j o r i t y  of  d e s c e n d i n g
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e x t r a h y p o t h a l a m i  c m a g n o c e l l u l a r  f i b e r s  c o n t a i n  OXY, as 

compared to VP ( N i l a v e r  e t  a l , 198 0 ) ,  and g i v e n  OXY’ s

s i m i l a r  n e u r o c h e m i c a l  s t r u c t u r e  to VP, OXY mi gh t  a l s o  

m o d u l a t e  n o x i o u s  i mp u t .  S y s t e mi c  a d m i n i s t r a t i o n  of  OXY i s  

w i t h o u t  e f f e c t  upon p a i n  t h r e s h o l d s  ( B e r k o w i t z  and 

Sherman,  1982)  b u t  i t s  c e n t r a l  e f f e c t s  have  y e t  t o  be

e x p l o r e d .  Thus ,  t he  f i r s t  e x p e r i m e n t  w i l l  compare  t he  

dose  and t e mp o r a l  p r o p e r t i e s  of  c e n t r a l l y  a d m i n i s t e r e d  

AVP, DDAVP, and OXY, r e s p e c t i v e l y  upon t a i l - f l i c k

l a t e n c i e s .  The t a i l - f l i c k  t e s t  m e a s u r e s  r e s p o n s i v i t y  to 

r a d i a n t  h e a t .  Th i s  b e h a v i o r a l  a s s a y  was c h o s e n  b e c a u s e  i t  

i s  t he  most  r e l i a b l e  c o r r e l a t e  of  a c u t e  an i ma l  mode l s  of  

p a i n  p e r c e p t i o n  w i t h  o p i a t e s  in humans (Grumbach,  1 9 6 6 ) .  

In a d d i t i o n ,  t he  VP and OXY p r o j e c t i o n s  to t he  m a r g i n a l  

zone o f  t he  d o r s a l  horn  s u g g e s t  t h a t  t h e s e  p e p t i d e s  mi gh t  

be p r e f e r e n t i a l l y  s e n s i t i v e  t o  a f f e r e n t s  m e d i a t i n g  t h e r ma l  

n o x i o u s  s t i m u l a t i o n  ( Koz l owski  e t  a l , 1 9 8 3 ) .  I n d e e d ,  VP

has been shown to a l t e r  p a i n  t h r e s h o l d s  on t e s t s  u t i l i z i n g  

h e a t  ( B e r n t s o n  and B e r s o n ,  1980;  Be r son  e t  a l , 1983;  

B e r k o w i t z  and Sher man,  1982;  Kordower  e t  a l , 1982)  r a t h e r  

t han  n o x i o u s  e l e c t r i c a l  shoc ks  (Kordower  e t  a l , 1982)  as 

t he  n o x i o u s  s t i m u l u s .  Th i s  t e s t  a l s o  a p p e a r s  to be 

s e n s i t i v e  to m a n i p u l a t i o n s  i n v o l v i n g  VP a d m i n i s t r a t i o n  

( B e r n t s o n  and B e r s o n ,  1980;  Ber son  e t  a l , 1983;  Kordower

e t  a l  , 1 9 8 2 ) .  A l l  p e p t i d e s  w i l l  be c e n t r a l l y  a d m i n i s t e r e d  

s i n c e  t h i s  r o u t e  of  d r ug  i n f u s i o n  has  been shown to 

e l e v a t e  t a i l - f l i c k  l a t e n c i e s  a t  much lower  d o s e s  t han  i s
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t he  c a s e  f o l l o w i n g  s y s t e m i c  a d m i n i s t r a t i o n .  We (Kordower  

e t  a l  , 1982)  have d e m o n s t r a t e d  t h a t  c e n t r a l  VP i n j e c t i o n s  

in t he  ng r a n g e  e l e v a t e  p a i n  t h r e s h o l d s ,  w h i l e  s y s t e m i c  

a d m i n i s t r a t i o n  r e q u i r e s  d o s e s  in t h e  ug r a ng e  ( B e r k o w i t z  

and Sherman,  1982;  B e r n t s o n  and B e r s o n ,  1980;  Be r s on  e t  

a l , 1983)  The d o s e  r a n g e  (Kordower  e t  a l , 1982)  and t ime

c o u r s e  of  t e s t i n g  ( B e r n t s o n  and B e r s o n ,  1980;  Kordower  e t  

a l  , 1982)  t o  be empl oyed wer e  c hos e n  in t he  b a s i s  of  p a s t  

e f f e c t i v e n e s s  .

VP a n a l g e s i a  a p p e a r s  n o t  t o  be m e d i a t e d  by t he  

endogenous  o p i o i d s  ( B e r k o w i t z  and Sherman,  1982;  B e r n t s o n  

and B e r s o n ,  1980;  Be r s on  e t  a l , 1983;  Schmi dt  e t  a l , 

1978) ,  a l t h o u g h  i t  i s  no t  known w h e t h e r  i t  a c t s  t h r o u g h  

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

a n t a g o n i s t s  t o  AVP have been d e v e l o p e d  (Bankowsk i ,  

Manni ng ,  H a i d a r ,  and Sawyer ,  1 9 7 8 ) ,  i n c l u d i n g  1 - d e a mi n o -  

penac  i 1 lami  ne - 2 ( O- me  t h y 1 ) t y r o s  i ne-AVP ( dPTyr ( me ) AVP),

whi ch  a n t a g o n i z e s  t he  p r e s s o r  b u t  no t  t he  a n t i d i u r e t i c

a c t i v i t y  of  AVP (Bankowski  e t  a l , 1 9 7 8 ) .  A d d i t i o n a l l y ,

dPTyr(me)AVP p o s s e s s e s  b e h a v i o r a l  e f f e c t s  o p p o s i t e  to

t h o s e  of  VP in a c t i v e  a v o i d a n c e  p a r a d i g ms  (Koob e t  a l ,

1981)  and i t  r e v e r s e s  t he  f a c i l i t o r y  e f f e c t s  of  VP in 

p o l e - j u m p  a v o i d a n c e  (Le Moal  e t  a l , 1981;  Le Moal e t  a l ,

1982)  and a p p e t i t i v e  l e a r n i n g  and memory t a s k s  ( E t t e n b e r g ,  

Le Moa l ,  Koob,  and Bloom,  1 9 8 3 ) .  The s e cond  e x p e r i m e n t  

w i l l  i n v e s t i g a t e  w h e t h e r  c e n t r a l  p r e t r e a t m e n t  w i t h  

dPTyr(me)AVP b l o c k s  AVP and DDAVP a n a l g e s i a  r e s p e c t i v e l y .
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Thi s  e x p e r i m e n t  w i l l  a l s o  compare  n a l o x o n e ' s  e f f e c t s  upon 

AVP and DDAVP a n a l g e s i a  when tho o p i a t e  a n t a g o n i s t  i s  

a d m i n i s t e r e d  c e n t r a l l y .  F i n a l l y ,  t h i s  e x p e r i m e n t  w i l l  

exami ne  w h e t h e r  VP a n t a g o n i s t s  e f f e c t s  a r e  due to c ha nge s  

i n  b a s a l  p a i n  t h r e s h o l d s  r a t h e r  t han  to t he  a n a l g e s i a  

i n d u c e d  by VP.

VP f a i l s  to e x h i b i t  s y n e r g y  w i t h  mor ph i ne  in normal  

a n i m a l s  ( Sc hmi d t  e t  a l , 1978)  and B r a t t l e b o r o  r a t s  d i s p l a y  

normal  mo r p h i n e  a n a l g e s i a  (Bodnar  e t  a l , 1 980 ) .  To e x t e n d  

and c o n f i r m  t h e s e  f i n d i n g s ,  t he  t h i r d  e x p e r i m e n t  a d d r e s s e s  

t he  q u e s t i o n  of  w h e t h e r  c e n t r a l  i n j e c t i o n s  of  n a l o x o n e ,  

b u t  n o t  d PTyr ( me ) AVP, woul d  a t t e n u a t e  s y s t e m i c  mo r p h i n e  

a n a l g e s i  a .

S i n c e  VP r e l e a s e s  ACTH ( s e e  r e v i e w:  McCann,  1980)  and 

p o t e n t i a t e s  CRF' s  r e l e a s e  of  VP ( G i l l e s  e t  a l ,  1 9 8 2 ) ,  and 

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

c i r c u m s t a n c e s  (Ami r ,  1981;  W a l k e r ,  A k i l ,  and Wat s o n ,  1980;  

Wa l k e r ,  B e r n t s o n ,  Sandman,  K a s t i n ,  and A k i l ,  1 9 8 1 ) ,  i t  i s  

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

r e l e a s e .  To t e s t  t h i s  p o s s i b i l i t y ,  VP a n a l g e s i a  was 

t e s t e d  in a n i m a l s  p r e t r e a t e d  w i t h  de x a me t h a s o n e  (DEX). 

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

i n  s u p p r e s s i n g  ACTH s e c r e t i o n  ( K r e i g e r  and Hughes ,  1 9 8 0 ) .

VP p r o j e c t s  to b r a i n  and s p i n a l  s i t e s  t h a t  a r e  

i m p o r t a n t  f o r  t he  m o d u l a t i o n  of  s t r e s s - r e l a t e d  b e h a v i o r s .  

These  s i t e s  i n c l u d e  t he  medi an  emi nence  (Swanson e t  a l ,
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1980)  and t he  t h o r a c i c  s e gmen t s  of  t he  s p i n a l  c o rd

(Swanson and M c K e l l e r ,  1 9 7 9 ) .  In  f a c t ,  VP i s  a r e l e a s e r  

of  ACTH ( s e e  r e v i e w:  McCann,  1980)  and p o t e n t i a t e s  CRF 

a c t i v i t y  ( G i l l e s  e t  a l , 1979;  G i l l e s  and Lowry,  198 2 ) .

Mo r e o v e r ,  t he  B r a t t l e b o r o  r a t  d i s p l a y s  an i mp a i r e d  

a n a l g e s i c  r e s p o n s e  to c o l d  w a t e r  s t r e s s  (Bodnar  e t  a l ,

1 9 8 0 ) .  The f i f t h  e x p e r i m e n t  a s s e s s e d  d i r e c t l y  t h e  r o l e  of  

VP upon o p i o i d  and n o n - o p i o i d  forms of  s t r e s s - i n d u c e d  

a n a l g e s i a .  R a t s  r e c e i v e d  i cv  p r e t r e a t m e n t  w i t h

dPTyr(me)AVP p r i o r  t o  e i t h e r  t he  o p i a t e - s e n s i t i v e  PIFS or  

o p i a t e - i n s e n s i t i v e  BCFS (Lewis  and L i e b e s k i n d ,  1980;  Lewis 

e t  a l  , 1 9 8 1 ) .  Th i s  t e mp o r a l  p a r a m e t e r  p a r a d i g m  was

s e l e c t e d  s i n c e  PIFS a n a l g e s i a  a p p e a r s  to be m e d i a t e d  

t h r o u g h  bo t h  hormonal  ( l e w i s ,  T o r d o f f ,  Sherman,  and 

L i e b e s k i n d ,  1982)  and n e u r o n a l  ( Le wi s ,  1982)  f a c t o r s .

GENERAL METHOD

S u b j e c t s :  Femal e  S p r a g u e  Dawley r a t s  ( 250- 350  g ) ,

b r e d  a t  Queens  C o l l e g e  b u t  d e r i v e d  f rom C h a r l e s  R i v e r

B r e e d i n g  L a b o r a t o r i e s ,  were  used  in a l l  e x p e r i m e n t s .

Ani mal s  o f  one  ge n d e r  were  used  to a v o i d  s t e r o i d

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

and f e ma l e s  d i s p l a y  VP a n a l g e s i a  ( e . g .  B e r n t s o n  and

B e r s o n ,  1980;  Kordower  e t  a l , 1 9 8 2 ) .  Femal es  were  c hosen

as t hey  have  been  shown to be s e n s i t i v e  on n o c i c e p t i v e  

me a s u r e s  to VP m a n i p u l a t i o n s  ( B e r n t s o n  and B e r s o n ,  1980;  

Kordower  e t  a l , 1 9 8 2 ) .  They were m a i n t a i n e d  on a 12h
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l i g h t :  12h d a r k  c y c l e ,  and were  housed  i n d i v i d u a l l y  w i t h  

food ( P u r i n a  Ra t  Chow) and w a t e r  a v a i l a b l e  ad l i b i t u m .

S u r g e r y :  R a t s  we r e  p r e m e d i c a t e d  w i t h  c h l o r p r o m a z i n e

HC1 (3mg/ml  no r ma l  s a l i n e / k g  body w e i g h t ,  IP)  and 

a n e s t h e t i z e d  20 min l a t e r  by Ke t ami ne  HC1 (95mg/ml  s t e r i l e  

w a t e r / k g  body w e i g h t ,  I M) . A s t a i n l e s s  s t e e l  22 gauge 

g u i d e  c a n n u l a  ( P l a s t i c  P r o d u c t s )  was t hen  s t e r e o t a x i c a l l y  

(Kopf )  p l a c e d  so t h a t  i t s  t i p  was p o s i t i o n e d  0 . 3  mm above 

t he  l e f t  l a t e r a l  v e n t r i c l e .  Wi t h  t he  i n c i s o r  ba r  s e t  a t  +5 

mm, c o o r d i n a t e s  wer e  0 . 5  mm a n t e r i o r  to t he  bregma s u t u r e ,  

1 . 3  mm l a t e r a l  t o  t he  s a g i t t a l  s u t u r e ,  and 3 . 6  mm f rom t h e  

top o f  t h e  s k u l l .  The c a n n u l a  was s e c u r e d  to  t h r e e  

s t a i n l e s s  s t e e l  a n c h o r  s c r e ws  w i t h  d e n t a l  a c r y l i c .  Al l  

a n i m a l s  were  a l l o w e d  10 days  to r e c o v e r  f rom s u r g e r y  

b e f o r e  b e h a v i o r a l  t e s t i n g  b e g a n .

T a i l - F l i c k  L a t e n c i e s :  A l l  r a t s  we r e  t e s t e d  f o r  t h e i r  

r e s p o n s i v e n e s s  to r a d i a n t  h e a t  in a m o d i f i c a t i o n  of  t he  

p r o c e d u r e  of  D’Amour and Smi t h  ( 1 9 4 1 ) .  A r a d i a n t  h e a t  

s o u r c e  ( I I TC Company)  was mount ed  8 cm above  t he  dor sum of 

t he  t a i l  o f  a l i g h t l y  r e s t r a i n e d  a n i m a l ,  6 cm p r o x i ma l  to 

t he  t a i l  t i p .  Upon o n s e t  of  t he  t h e r ma l  s t i m u l u s ,  a t i me r  

was s t a r t e d .  When t he  r a t  f l i c k e d  i t s  t a i l  away f rom t he  

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

t he  t i m e r .  The p a i n  t h r e s h o l d s  were  e x p r e s s e d  as t he  

l a t e n c y  f o r  t he  an i ma l  to f l i c k  i t s  t a i l  away f rom t he  

t h e r ma l  s t i m u l u s .  The i n t e n s i t y  of  t he  t he r ma l  s t i m u l u s
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was s e t  to p r o d u c e  s t a b l e  b a s a l  t a i l - f l i c k  l a t e n c i e s

b e t wee n  2 . 0  and 3 . 0  s e c .  In e a c h  e x p e r i m e n t ,  r a t s  were

ma t c he d  i n t o  g r o u p s  o f  8 r a t s  e a c h  b a s e d  upon b a s e l i n e

t a i l - f l i c k  l a t e n c i e s  u n l e s s  o t h e r w i s e  s t a t e d .  Ex c e p t

whe r e  n o t e d ,  e i g h t  b l o c k s  of  t a i l - f l i c k  l a t e n c i e s  were  

d e t e r m i n e d  10,  5,  and 0 min b e f o r e ,  and 5,  15,  30,  45,  and 

60 min f o l l o w i n g  d r u g  t r e a t m e n t .  Each b l o c k  c o n s i s t e d  of  

two l a t e n c y  d e t e r m i n a t i o n s ,  s e p a r a t e d  by a 20 sec  

i n t e r t r i a l  i n t e r v a l ,  and t r i a l s  we r e  a u t o m a t i c a l l y  

t e r m i n a t e d  i f  a r e s p o n s e  d i d  no t  o c c u r  w i t h i n  6 s e c  ( t o  

a v o i d  t i s s u e  d a ma ge ) .  A minimum of  72h e l a p s e d  be t ween  

e ach  e x p e r i m e n t a l  c o n d i t i o n .  To e l i m i n a t e  r e d u n d a n c y ,  i t

s h o u l d  be  n o t e d  t h a t  in a l l  e x p e r i m e n t s ,  p r e - i n j e c t i o n

l a t e n c i e s  f a i l e d  to d i f f e r  a c r o s s  t ime or  t r e a t m e n t

c o n d i t i o n s  and l a t e n c i e s  f a i l e d  to d i f f e r  in v e h i c l e  

t r e a t e d  a n i m a l s  a t  any t i m e .

Dr u g s :  Doses  o f  AVP ( P e n n i n s u l a  L a b s ) ,  DDAVP,

( P e n n i n s u l a  L a b s ) ,  d PTy r ( me ) AVP, ( Dr .  M. Manni ng ,  Me d i c a l  

C o l l e g e  of  O h i o ) ,  and n a l o x o n e  (Endo L a b o r a t o r i e s )  were  

d i s s o l v e d  in a 5 u l  volume and wer e  i n f u s e d  i n t o  t he  

l a t e r a l  v e n t r i c l e  t h r o u g h  a 28 gauge  i n t e r n a l  c a n n u l a ,  a t  

a r a t e  of  l u l  e v e r y  20 s e c .  The a g o n i s t s  wer e  d i s s o l v e d

in 0.5% c h l o r b u t a n o l  and 0.05M a c e t i c  a c i d  in normal  

s a l i n e  w h i l e  t h e  a n t a g o n i s t s  were  d i s s o l v e d  in normal

s a l i n e .  DEX (Si gma)  was d i s s o l v e d  in 20% e t h a n o l .  Mor ph i ne

s u l f a t e  ( P e n n i c k )  was d i s s o l v e d  in normal  s a l i n e .  These  

s o l v e n t s  s e r v e d  as t he  v e h i c l e  s o l u t i o n s  f o r  t h e i r
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r e s p e c t  i ve s o l u t e s .  Exce p t  wher e  n o t e d ,  a l l  i n j e c t i o n s  

were  made i c v .

H i s t o l o g y :  F o l l o w i n g  e x p e r i m e n t a l  t e s t i n g ,  a n i m a l s

wer e  a n e s t h e t i z e d  w i t h  sod i um p e n t o b a r b i t a l  (100mg/2ml

normal  s a l i n e / k g  body w e i g h t ,  i p )  and p e r f u s e d  t h r o u g h

t r a n s c a r d i a c  p u n c t u r e  w i t h  0.9% s a l i n e  f o l l o w e d  by 10% 

b u f f e r e d  f o r m a l i n .  Each b r a i n  was r emoved,  b l o c k e d ,  s l i c e d  

i n t o  40 urn s e c t i o n s ,  mount ed  and s t a i n e d  w i t h  c r e s y l  

v i o l e t  f o r  c e l l  body v i s u a l i z a t i o n .  Co r o n a l  s e c t i o n s

t h r o u g h  t he  l a t e r a l  v e n t r i c l e  were  a n a l y z e d  unde r  an

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

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

were  i n c l u d e d  in  t he  d a t a  a n a l y s i s .

S t a t i s t i c a l  A n a l y s i s :  Two-way a n a l y s e s  of  v a r i a n c e

(ANOVA) were  u s e d  to  d i s c e r n  s i g n i f i c a n t  main and

i n t e r a c t i o n  e f f e c t s .  Where a p p r o p r i a t e ,  t he  Du n n e t t  t e s t  

was empl oyed to compare  e x p e r i m e n t a l  and c o n t r o l

c o n d i t i o n s .  A d d i t i o n a l l y ,  Tukey c o m p a r i s o n s  were  c a r r i e d  

o u t  when c o m p a r i s o n s  be t wee n  two e x p e r i m e n t a l  c o n d i t i o n s  

were  n e c e s s a r y .  Co mp a r i s o n s  were  made r e l a t i v e  to p r e ­

i n j e c t i o n  l e v e l s  t o  a s c e r t a i n  w h e t h e r  a l t e r a t i o n s  in p a i n  

t h r e s h o l d s  o c c u r r e d .  A d d i t i o n a l l y ,  c o mp a r i s o n s  were  made

be t wee n  e x p e r i m e n t a l  and v e h i c l e  c o n d i t i o n s  to d e t e r m i n e

t he  r e l a t i v e  c o n t r i b u t i o n  of  t he  v e h i c l e  to t he  b e h a v i o r a l  

r e s p o n s e .
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E x p e r i me n t  1:  T a i 1 - F l i c k  L a t e n c i e s  A f t e r  AVP, DDAVP, and

OXY A d m i n i s t r a t i o n

Method

I n s e r t  T a b l e  1 a b o u t  h e r e

T a b l e  1 summar i ze s  t he  e x p e r i m e n t a l  p r o t o c o l .  Ra t s  

r e c e i v e d  i n j e c t i o n s  of  e i t h e r  AVP ( 0 ,  75,  150,  500 n g ) ,

DDAVP ( 0 ,  150,  500 ng)  or  OXY ( 0 ,  75,  150,  500,  1000 ng)  

r e s p e c t i v e l y ,  w i t h  t he  i n j e c t i o n  o r d e r  d e t e r m i n e d  

a c c o r d i n g  to an i n c o m p l e t e l y  c o n t e r b a l a n c e d  d e s i g n  

(D' Amat o ,  1 9 7 0 ) .

Resu 1 t s

AVP and T a i l - F l i c k  L a t e n c i e s :  S i g n i f i c a n t  e f f e c t s

were  o b s e r v e d  a c r o s s  t he  t ime of  t e s t i n g  

( F ( 7 , 3 5 ) = 8 . 50 ; p < . 0 0 1 )  and f o r  t he  i n t e r a c t i o n  be t ween  

d o s e s  and t ime (F(  2 1 , 1 0 5 ) = 1 . 8 9 ; p < .019 ) ,  b u t  no t  among

d o s e s  ( F ( 3 , 1 5 ) = 1 . 1 2 ) ,  be t wee n  i n j e c t i o n  o r d e r s

( F ( l , 5 ) = . 0 1 )  or  f o r  any o t h e r  i n t e r a c t i o n  t e r m.  T a b l e  2 

shows t h a t  AVP s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  l a t e n c i e s  

above  p r e - i n j e c t i o n  l e v e l s  a t  15 min f o l l o w i n g  t h e  75ng 

d o s e ,  a t  5 and 15 min f o l l o w i n g  t he  150ng d o s e ,  and a t  5 

and 15 min f o l l o w i n g  t he  500ng d o s e .  AVP a l s o  

s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  l a t e n c i e s  above

c o r r e s p o n d i n g  v e h i c l e  v a l u e s  a t  15 min f o l l o w i n g  t he  75ng 

d o s e ,  a t  5,  15,  and 30 min f o l l o w i n g  t he  150ng d o s e ,  and

a t  5 and 15 f o l l o w i n g  t he  500ng d o s e .
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T a b l e  1:  E x p e r i m e n t a l  P r o t o c o l  For  E x p e r i me n t  1 

Group 1:

P r e t e s t  AVP ( 0 ,  75 , 150,  500 n g ) ..................P o s t t e s t

1 0 - 5 - 0  (min)  5,  15,  30,  45,  60

Group 2:

P r e t e s t --------------- DDAVP ( 0,  150,  500 n g ) --------------- P o s t t e s t

1 0 - 5 - 0  (min)  5,  15,  30,  45,  60

(min)

(min)

Group 3:

P r e t e s t ---------- OXY ( 0,  150 , 500,  1000 n g ) ---------P o s t t e s t

1 0 - 5 - 0  (min)  5,  15,  30,  45,  60 (min)
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I n s e r t  T a b l e  2 a b o u t  h e r e

DDAVP and T a i l - F l i c k  L a t e n c i e s :  S i g n i f i c a n t  e f f e c t s

were  o b s e r v e d  a c r o s s  t h e  t ime o f  t e s t i n g s  

( F ( 7 , 4 2 ) = 2 . 3 6 ; p < . 0 4 ) ,  b u t  no t  among d o s e s  ( F ( 2 , 12  )= . 95 ) , 

be t wee n  i n j e c t i o n  o r d e r s  ( F ( 1 , 6 ) = . 2 8  ) ,  or  f o r  any 

i n t e r a c t i o n  e f f e c t s .  T a b l e  3 shows t h a t  DDAVP

s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  l a t e n c i e s  above  p r e ­

i n j e c t i o n  l e v e l s  a t  5 min f o l l o w i n g  t he  150ng d o s e ,  and a t  

5,  15,  30,  and 45 min f o l l o w i n g  t he  500ng d o s e .  DDAVP

a l s o  s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  l a t e n c i e s  above  

c o r r e s p o n d i n g  v e h i c l e  v a l u e s  a t  5 min f o l l o w i n g  t h e  150ng 

d o s e ,  and a t  15 min f o l l o w i n g  t he  500ng d o s e .

I n s e r t  T a b l e  3 a b o u t  h e r e

OXY and T a i l - F l i c k  L a t e n c i e s :  S i g n i f i c a n t  e f f e c t s

wer e  o b s e r v e d  among d o s e s  ( F ( 3 , 1 8 ) = 5 . 2 4 ; p < . 0 0 9 ) ,  among t he  

t ime of  t e s t i n g  ( F ( 7 , 4 2 ) = 5 . 9 5 ; p < . 0 0 0 1 ) ,  and f o r  t he  

i n t e r a c t i o n  be t ween  d o s e s  and t ime

( F ( 2 1 , 1 2 6 ) = 2 . 0 4 ; p < . 0 0 9 ) ,  b u t  no t  b e t wee n  i n j e c t i o n  o r d e r s

( F ( l , 6 ) = 4 . 11) or  any o t h e r  i n t e r a c t i o n  e f f e c t s .  T a b l e  4

shows t h a t  OXY s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  l a t e n c i e s  

above  p r e - i n j e c t i o n  l e v e l s  and above  c o r r e s p o n d i n g  v e h i c l e  

v a l u e s  a t  5 min f o l l o w i n g  b o t h  t he  150 and 500ng d o s e s ,

and a t  5,  15,  and 30 min f o l l o w i n g  t he  lOOOng d o s e .

However ,  p r o f o u n d  " b a r r e l  r o l l "  s e i z u r e  a c t i v i t y  was
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Ta b l e  2.  A l t e r a t i o n s  in t a i l - f l i c k  l a t e n c i e s  f o l l o w i n g  

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  of  a r g i n i n e  

v a s o p r e s s i n  (AVP).

P o s t - I n j e c t i o n  (min)

Dose (ng) PRE 5 15 30 45 60

0 X 2.  68 2 . 41 2 . 53 2.  30 2 . 78 2. 43

SEM 0. 19 0 . 16 0 . 50 0 . 18 0.  36 0 . 25

75 X 2. 48 3 . 27  + 3. 33  + 2 . 64 3. 20 2. 79

SEM 0. 17 0 . 35 0 . 3 7 0 . 19 0. 41 0. 17

150 X 2. 66 3 . 85* 3.  35 + 3 . 01  + 2. 75 2.  35

SEM 0. 18 0 . 31 0 . 36 0. 46 0. 43 0 . 21

500 X 2. 32 4 . 47* 4 . 3 5 2. 66 2. 99 2. 40

SEM 0. 15 0 . 6 3 0 . 31 0 .25 0 . 70 0. 49

Not e  1:  S i n c e  in  t h i s  and a l l  s u b s e q u e n t  e x p e r i m e n t s ,  t he  

p r e - i n j e c t i o n  v a l u e s  f a i l e d  t o  d i f f e r  f rom each  o t h e r  

a c r o s s  d o s e s  or  a c r o s s  t i m e s ,  t h e s e  v a l u e s  a r e  p o o l e d  

( PRE) .

Not e  2: S i g n i f i c a n t  d i f f e r e n c e s  f rom c o r r e s p o n d i n g  v e h i c l e  

v a l u e - D u n n e t t  c o mp a r i s o n  (p<05) +  and ( p < . 0 1 ) * .
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T a b l e  3.  A l t e r a r i o n s  i n  t a i l - f l i c k  l a t e n c i e s  f o l l o w i n g  i cv 

a d m i n i s t r a t i o n  o f  l - d e a m i n o - 8 - D - a r g i n i n e  v a s o p r e s s i n  

(DDAVP).

P o s t - I n j e c t  i on (min)

Dose (ng) PRE 5 15 30 45 60

0 X 3. 07 3 . 03 2 . 81 3 . 19 3 . 03 2 . 94

SEM 0.  32 0 . 22 0 . 19 0. 41 0 . 42 0.  23

150 X 2. 75 3 . 8 4  + 3. 02 3 . 05 2 . 87 2 . 96

SEM 0. 27 0 . 60 0.  39 0 . 38 0 .46 0 . 31

500 X 2. 63 3 . 6 5  + 3 . 91* 3.  58 + 3 . 61  + 3. 22

SEM 0 . 22 0 . 40 0 . 50 0 . 45 0 . 55 .018

Not e  1:  S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  v e h i c l e  

v a l u e - D u n n e t t  c o m p a r i s o n  ( p < . 0 5 ) +  and p < . 0 1 ) * .
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o b s e r v e d  i n  f i v e  r a t s  f o l l o w i n g  t he  1000 ng dos e  and in 

one r a t  f o l l o w i n g  t h e  500 ng d o s e .

I n s e r t  Ta b l e  4 a b o u t  h e r e  

D i s c u s s  i on

S i m i l a r  d o s e s  of  AVP and DDAVP s i g n i f i c a n t l y  e l e v a t e d  

t a i l - f l i c k  l a t e n c i e s .  However ,  i t  i s  known t h a t  t he  r o u t e  

of  a d m i n i s t r a t i o n  p l a y s  a c r u c i a l  r o l e  as t o  w h e t h e r ,  to 

wha t  e x t e n t ,  and a t  what  d o s e ,  a p a r t i c u l a r  form of  VP or 

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

t h a t  c e n t r a l  a d m i n i s t r a t i o n  of  AVP ( 75 - 500  ng)  i n c r e a s e d  

r a t s  t a i l - f l i c k  l a t e n c i e s  f o r  15 mi n .  B e r k o w i t z  and 

Sherman ( 1982)  r e p o r t e d  t h a t  s u b c u t a n e o u s  (400 ug)  b u t  no t  

i n t r a v e n o u s  (120 ug)  AVP a d m i n i s t r a t i o n  i n c r e a s e d  t a i l -  

f l i c k  l a t e n c i e s ,  w h i l e  l ower  s y s t e m i c  d o s e s  (30 ug ,  s c )  of 

AVP i n c r e a s e d  h o t - p l a t e  l a t e n c i e s  f o r  up to 60 min and 

w r i t h i n g  t h r e s h o l d s  f o r  up to 15 min in mi c e .  The p r e s e n t  

s t u d y  showed t h a t  c e n t r a l  a d m i n i s t r a t i o n  of  DDAVP ( 150- 500  

ng)  i n c r e a s e d  t a i l - f l i c k  l a t e n c i e s  f o r  up t o  45 min in 

r a t s .  O t h e r s  ( Be r s o n  e t  a l , 1983)  have f ound t h a t  s u b ­

c u t a n e o u s  DDAVP (128 ug)  i n j e c t i o n s  p r o d u c e  a m a r g i n a l ,  

b u t  s i g n i f i c a n t  a n a l g e s i a  on t h i s  m e a s u r e .  Mo r e o v e r ,  w h i l e  

c e n t r a l  LVP (500 ng)  i n j e c t i o n s  i n c r e a s e d  t a i l - f l i c k  

l a t e n c i e s ,  b u t  no t  f l i n c h - j u m p  t h r e s h o l d s  f o r  up to 15 min 

i n  r a t s  (Kordower  e t  a l , 1 9 8 2 ) ,  s u b c u t a n e o u s  LVP

i n j e c t i o n s  i n c r e a s e d  t a i l - f l i c k  l a t e n c i e s  o n l y  a t  a d o s e s  

r a n g i n g  be t wee n  16-128  ug ( B e r n t s o n  and B e r s o n ,  1980;
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T a b l e  4.  A l t e r a t i o n s  in t a i l - f l i c k  l a t e n c i e s  f o l l o w i n g  i cv 

a d m i n i s t r a t i o n  of  o x y t o c i n .

P o s t - I n j e c t i o n  (min)

Dose (ng) PRE 5 15 30 45 60

0 X 2. 10 2 . 10 2 . 27 2 . 16 2 . 09 2 . 44

SEM 0. 12 0 . 17 0 . 22 0 . 08 0 . 1 6 0 .21

150 X 2. 23 2 . 91* 2 . 04 1 . 84 2 .07 1. 80

SEM 0. 10 0 . 30 0 . 1 6 0 . 14 0 . 06 0. 10

500 X 2. 16 2 . 7 5  + 2 . 51 2 . 43 2. 08 1. 87

SEM 0 . 1 4 0 . 29 0 . 22 0 . 42 0 . 12 0 .06

1000 X 2 . 2 4 3 . 9 6* 3 . 04* 2 . 70  + 2 . 23 2. 50

SEM 0 . 1 4 0 .47 0 . 43 0 . 33 0 . 12 0 . 40

Note  1:  S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  v e h i c l e  

v a l u e s  ( p < . 0 5 ) +  and p < . 0 1 ) * .
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Be r s on  e t  a l  , 1983)  and no t  l ower  (Kordower  e t  a l , 1982 ) .  

F i n a l l y ,  w h i l e  c e n t r a l  a d m i n i s t r a t i o n  of  DGLVP (500 ng)  

i n c r e a s e d  t a i l - f l i c k  l a t e n c i e s ,  b u t  no t  f l i n c h - j u m p

t h r e s h o l d s  f o r  up to 60 min (Kordower  e t  a l , 1 982 ) ,  

s y s t e m i c  a d m i n i s t r a t i o n  of  DGLVP (128 ug)  i s  i n e f f e c t i v e  

( Be r s o n  e t  a l , 1 9 8 3 ) .

I t  a p p e a r s  t h a t  t he  t h r e s h o l d  dose  of  v a r i o u s  VP 

p e p t i d e  forms and a n a l o g u e s  n e c e s s a r y  to e l i c i t

s i g n i f i c a n t  a n a l g e s i a  i s  l ower  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 ,  as  compar ed  to s y s t e m i c  VP i n j e c t i o n s .  In 

c o n t r a s t ,  t he  m a g n i t u d e  of  VP a n a l g e s i a  i s  l a r g e r

f o l l o w i n g  t he  l a r g e r  s y s t e m i c ,  as compared t o  c e n t r a l ,  VP 

d o s e .  Thus p a r a m e t r i c  v a r i a b l e s  a r e  i m p o r t a n t  in 

a n a l y z i n g  VP a n a l g e s i a ,  j u s t  as  t h e y  a r e  in t he  a n a l y s i s  

of  a n a l g e s i a  i n d u c e d  by o t h e r  p e p t i d e s .  Th i s  i s  a p p a r e n t  

f o r  two p e p t i d e s  t h a t  have been s t u d i e d  e x t e n s i v e l y ,

s u b s t a n c e  P and n e u r o t e n s i n .  Whi l e  c e n t r a l  a d m i n i s t r a t i o n  

of  low d o s e s  o f  s u b s t a n c e  P p r o d u c e  a n a l g e s i a ,  s i m i l a r  

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

( F r e d e r i c k s o n , B u r g i s ,  H a r r e l l ,  and Edwards ,  19 78 ) .

A d d i t i o n a l l y ,  t he  same dose  of  s u b s t a n c e  P i s  c a p a b l e  of  

e l i c i t i i n g  a n a l g e s i a  in r a t s  w i t h  low b a s a l  p a i n  

t h r e s h o l d s  and h y p e r a l g e s i a  in r a t s  w i t h  h i gh  b a s a l  p a i n  

t h r e s h o l d s  (Oehme,  H i l s e ,  M o r g e n s t e r n ,  and G o r e s ,  1 9 8 0 ) .  

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

P a n t a g o n i s t ,  p r o d u c e s  a p r o l o n g e d  t h e r ma l  a n a l g e s i a

( Yaksh ,  F a r b ,  Leeman,  and J e s s e l l ,  1 9 7 9 ) ,  i cv
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a d m i n i s t r a t i o n  of  c a p s a i c i n  p r o d u c e s  h y p e r a l g e s i a  to 

e l e c t r i c  shock  ( Bo d n a r ,  K i r c h g e s s n e r , N i l a v e r ,  Mu l h e r n ,

and Zimmerman,  1 9 8 2 ) .  Mo r e o v e r ,  n e u r o t e n s i n ,  a d m i n i s t e r e d  

i n t r a t h e c a l l y  ( Ya ks h ,  Schmaus s ,  Mi c e v y v h ,  A b a y , and Go, 

1 9 8 2 ) ,  i n t r a c i s t e r n a l l y  , and i n t r a v e n t r i c u l a r l y

( C l i n e s c h m i d t , M a r t i n ,  and V e b e r ,  1982 ; Cl  i n e s c h m i d t , 

Mc Guf f i n ,  and B u n t i n g ,  1979)  b u t  n o t  i n t r a v e n o u s l y  

( C l i n e s c h m i d t  e t  a l , 1982)  e l e v a t e  p a i n  t h r e s h o l d s  on the  

ho t  p l a t e  t e s t ,  b u t  n o t  t he  t a i l - f l i c k  t e s t .

OXY i s  s y n t h e s i z e d  i n  t he  same b r a i n  n u c l e i  as  VP

( s e e :  Koz l owski  e t  a l , 1 9 8 3 ) ,  p r o j e c t s  to s i m i l a r

h y p o t h a l a m o - h y p o p h y s e a l  ( s e e :  S i l v e r m a n  and Zimmerman,

1982)  and e x t r a h y p o t h a l a m i c  b r a i n  s i t e s  ( s e e :  Koz l owski  e t  

a l , 1 9 8 3 )  and d i f f e r s  s t r u c t u r a l l y  f rom VP o n l y  in two of  

t he  n i n e  amino a c i d s  o f  i t s  p e p t i d e  c h a i n .  Though the  

p r e s e n t  s t u d y  showed t h a t  c e n t r a l  a d m i n i s t r a t i o n  of  OXY 

e l e v a t e s  t a i l - f l i c k  l a t e n c i e s ,  t h i s  e f f e c t  a p p e a r s  no t  to 

be a d i r e c t  c o n s e q u e n c e  of  a c t i v a t i o n  of  a p a i n - i n h i b i t o r y  

s y s t e m ,  b u t  r a t h e r  an ep i phenomenon of  c o n c o m mi t t a n t  

s e i z u r e  a c t i v i t y .  These  s e i z u r e s  r e s e mb l e d  c l o s e l y  t h o s e  

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

( K r u s e ,  Van Wimersma G r e i d a n i s ,  and De Wei d,  1 9 7 8 ) .  Soon 

a f t e r  d r u g  i n f u s i o n ,  r a t s  e x h i b i t  f o r e l i m b  and t r unk  

r i g i d i t y  f o l l o w e d  by i p s i l a t e r a l l y  t i l t i n g  t oward  t he  

i n j e c t e d  s i d e .  Th i s  was f o l l o w e d  by r a p i d  " b a r r e l  r o l l "  

s e i z u r e s  in whi ch  t he  r a t  m a i n t a i n s  a r i g i d  body p o s t u r e  

and q u i c k l y  r o t a t e s  i p s i l a t e r a l l y  to t he  i n j e c t i o n  s i t e .
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Such s e i z u r e s  l a s t  f o r  a few m i n u t e s  a f t e r  whi ch  t he  r a t ' s  

t r u n k  becomes s l i g h t l y  f l a c c i d .  Whi l e  t h e  a n i m a l s  in t he  

p r e s e n t  s t u d y  a p p e a r e d  t o  have  r e c o v e r e d  f rom t he  b a r r e l -  

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

t h e  i n c r e a s e  in t a i l - f l i c k  l a t e n c i e s  f o l l o w i n g  i cv  OXY 

a d m i n i s t r a t i o n  mi g h t  b e s t  be i n t e r p r e t e d  in t e r ms  of  t he  

a n a l g e s i c  p r o p e r t i e s  of  s e i z u r e s  ( H o l i d a y  and Be l e n k y ,  

1980;  Le wi s ,  Cannon ,  C h u d l e r ,  and L i e b e s k i n d ,  1981)  and 

r o t a t i o n  ( Ha ye s ,  e t  a l , 1978)  r a t h e r  t han  a d i r e c t  e f f e c t  

of  OXY i t s e l f  upon p a i n - i n h i b i t o r y  me c h a n i s ms .  Tha t  OXY 

f a i l s  t o  a l t e r  p a i n  t h r e s h o l d s  i s  f u r t h e r  s u p p o r t e d  by t he  

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

p l a t e  l a t e n c i e s  i n  mi ce  ( B e r k o w i t z  and Sherman,  198 2 ) .  

Thus ,  w h i l e  VP and OXY s h a r e  n e u r o a n a t o m i c a l  and 

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

e f f e c t s  upon n o c i c e p t i v e  p r o c e s s e s .

Ex p e r i me n t  2: E f f e c t s  of  dPTyr ( me)  and Na l oxone  upon AVP 

and DDAVP a n a l g e s i a

Method

T a b l e  5 summar i ze s  t he  e x p e r i m e n t a l  p r o t o c o l .  Four  

g r o u p s  of  r a t s  r e c e i v e d  p a i r s  of  i n j e c t i o n s ,  w i t h  a 10 min 

i n t e r -  i n j e c t i o n  i n t e r v a l  w i t h i n  e a c h  p a i r .  The f i r s t  

g r oup  of  r a t s  r e c e i v e d  f o u r  s e r i e s  of  i n j e c t i o n s :  

a ) s a l i n e - v e h i c l e ; b)  s a l i n e - A V P  (500 n g ) ;  c)  n a l o x o n e  

( l u g ) -AVP (500 n g ) ;  and d) dPTyr(me)AVP (500 ng)-AVP (500 

n g ) .  A s e cond  g r o u p  r e c e i v e d  n a l o x o n e  (10 ug)  f o l l o w e d  by
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AVP (500 ng)  to d e t e r m i n e  i f  a h i g h e r  dose  of  t he  o p i a t e  

a n t a g o n i s t  woul ds  a l t e r  VP a n a l g e s i a .  A t h i r d  g r oup  of  13 

r a t s  r e c e i v e d  an i d e n t i c a l  i n j e c t i o n  s e q u e n c e  as t he  f i r s t  

g r oup  e x c e p t  t h a t  DDAVP (500 ng)  was a d m i n i s t e r e d  in l i e u  

of  AVP. A l a r g e r  number of  r a t s  were  used  in t h i s  g roup  

to b e t t e r  d i s c e r n  s i g n i f i c a n t  d i f f e r e n c e s .  A f o u r t h  group  

r e c e i v e d  dPTyr(me)AVP ( 0 , 5 0 0  ng)  f o l l o w e d  by an i n j e c t i o n  

of  v e h i c l e .

I n s e r t  t a b l e  5 a b o u t  h e r e  

R e s u l t s

dPTyr (me)AVP, Na l o x o n e ,  and AVP A n a l g e s i a :  

S i g n i f i c a n t  e f f e c t s  were  o b s e r v e d  a c r o s s  t r e a t m e n t s  

( F ( 3 , 3 5 ) = 6 . 6 4 ; p < . 0 0 0 4 ) ,  a c r o s s  t he  t ime c o u r s e  of  t e s t i n g  

( F ( 7 , 2 8 ) = 1 3 . 1 8 ; p < . 0001)  , and f o r  t he  i n t e r a c t i o n  be t ween  

t r e a t m e n t s  and t i me  ( F ( 2 8 , 2 4 5 )  = 2 . 94  ; p < . 0001 ) ,  b u t  not  

among i n j e c t i o n  o r d e r s .  T a b l e  6 shows t h a t  AVP i t s e l f  

s i g n i f i c a n t l y  e l e v a t e d  l a t e n c i e s  a t  5,  15,  and 30 min

f o l l o w i n g  i n j e c t i o n  r e l a t i v e  b o t h  to p r e - i n j e c t i o n  l e v e l s  

and c o r r e s p o n d i n g  s a l i n e - v e h i c l e  v a l u e s .  When

dPTyr(me)AVP was p a i r e d  w i t h  AVP, t a i l - f l i c k  l a t e n c i e s  

f a i l e d  t o  d i f f e r  f rom t h o s e  e l i c i t e d  by t he  s a l i n e -  

v e h i c l e  c o n d i t i o n ,  and were  s i g n i f i c a n t l y  l ower  t han  the  

s a l i n e - A V P  c o n d i t i o n  an 5,  15,  and 30 min a f t e r  i n j e c t i o n .  

P a i r i n g  t he  1 or  10 ug n a l o x o n e  d os e s  w i t h  AVP y i e l d e d  

l a t e n c i e s  t h a t  f a i l e d  t o  d i f f e r  f rom t h o s e  e l i c i t e d  by
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T a b l e  5:  E x p e r i m e n t a l  P r o t o c o l  For  E x p e r i me n t  2 

Group 1:
P r e t e s  t  Sa l  i n e  10 mi n ----Vehi  c l e ------------------Pos t t e s  t
1 0 - 5 - 0  (min)  5,  15,  30,  45 ,  60
(min)

P r e t e s t  S a l i n e  10 m i n ----AVP ( 500 n g ) --------P o s t t e s t
1 0 - 5 - 0  (min)  5,  15,  30,  45,  60
(mi n)

P r e t e s t — N a l o x o n e — 10 mi n ----AVP (500 n g ) --------P o s t t e s t
(1 ug)

1 0 - 5 - 0  (min)  5,  15,  30,  45,  60
(min)

P r e t e s t — dPTyr (me)AVP- lO min-AVP ( 500 n g )  P o s t t e s t
(500 ng)

1 0 - 5 - 0  (min)  5,  15,  30,  45,  60
(mi n)

Group 2:
P r e t e s t  N a l o x o n e - ^ - l O  mi n  AVP (500 n g )  P o s t t e s t

(10 ug)
1 0 - 5 - 0  (min)  5,  15,  30,  45,  60
(min)

Group 3:
P r e t e s  t - - d P T y r  (me) AVP-10 mi n — V e h i c l e ---------------Pos t t e s  t

(500 ng)
1 0 - 5 - 0  (min)  5,  15,  30,  45,  60
(mi n )
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t h e  s a l i n e - A V P  c o n d i t i o n ,  and t h a t  were  s i g n i f i c a n t l y  

h i g h e r  t ha n  t he  s a l i n e - v e h i c l e  c o n d i t i o n  a t  5,  15,  and 30 

min a f t e r  i n j e c t i o n .  L a t e n c i e s  were  a l s o  s i g n i f i c a n t l y  

e l e v a t e d  above  p r e - i n j e c t i o n  l e v e l s  60 min f o l l o w i n g  the  

t he  n a l o x o n e ( l u g ) - A V P  c o n d i t i o n .

I n s e r t  T a b l e  6 a b o u t  h e r e

dPTyr (me)AVP, Na l oxone  and DDAVP a n a l g e s i a :  

S i g n i f i c a n t  e f f e c t s  were  o b s e r v e d  a c r o s s  t he  t ime c o u r s e  

of  t e s t i n g  ( F ( 8 , 8 8 ) = 7 . 6 4 ; p < . 0 0 0 1 ) ,  and f o r  t he  i n t e r a c t i o n  

b e t wee n  t r e a t m e n t  and t i me  ( F ( 2 4 , 2 6 4 ) = 1 . 6 7 ; p < . 0 3 6 ) ,  bu t  

no t  among t r e a t m e n t s  ( F ( 3 , 3 3 ) = 2 . 2 4 ) ,  be t ween  o r d e r s  

( F ( l , 6 ) = . 2 8 )  or  f o r  any o t h e r  i n t e r a c t i o n  e f f e c t s .  Tab l e  

7 shows t h a t  DDAVP i t s e l f  s i g n i f i c a n t l y  e l e v a t e d  

l a t e n c i e s  a t  5 and 15 min f o l l o w i n g  i n j e c t i o n  r e l a t i v e  to 

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

When dPTyr(me)AVP was p a i r e d  w i t h  DDAVP, t a i l - f l i c k  

l a t e n c i e s  f a i l e d  to d i f f e r  f rom t h o s e  f o l l o w i n g  t he  

s a l i n e - v e h i c l e  c o n d i t i o n  and wer e  s i g n i f i c a n t l y  l ower  t han  

t h e  sa l i ne-DDAVP c o n d i t i o n  a t  5 and 15 min a f t e r  

i n j e c t i o n .  A g a i n ,  p a i r i n g  n a l o x o n e ( l u g ) w i t h  DDAVP

y i e l d e d  l a t e n c i e s  t h a t  f a i l e d  to d i f f e r  f rom t h o s e

e l i c i t e d  by t he  sa l ine-DDAVP c o n d i t i o n  and were

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

5 and 15 min a f t e r  i n j e c t i o n .

I n s e r t  T a b l e  7 a b o u t  h e r e
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T a b l e  6.  R e v e r s a l  o f  AVP (500 ng)  a n a l g e s i a  by 1 - d e a mi n o -  

p e n i c i 1 l a m i n e - 2 ( O - m e t h y l ) t y r o s i n e  AVP ( d P T y r ( me ) AVP: 500 

ng)  b u t  no t  n a l o x o n e  (NAL:1,  10 u g ) .

Pos t - I n j e c t i o n (min)

Cond i t i on PRE 5 15 30 45 60

SAL-VEH X 2 . 4 2 2 . 36 2. 32 2 . 24 2 . 48 2.  33

SEM 0. 10 0 .15 0 . 15 0 . 1 3 0 . 1 4 0 .13

SAL-AVP X 2.  54 3 . 84* 3 . 96* 3. 59  + 2 . 86 2 . 23

SEM 0 . 1 4 0 . 36 0 . 19 0 . 46 0. 11 0 . 13

NAL 1-AVP X 2.  51 3.  59* 3 . 77* 3 . 23 * 2 . 93 3 . 12

SEM 0. 11 0 . 57 0 . 42 0.  26 0.  23 0 . 38

NAL 10-AVP X 2. 48 3 . 41* 3 . 89* 3 . 95* 2. 64 2 . 63

SEM 0. 08 0 . 45 0 . 36 0 .45 0 .15 0 . 22

dPTyr(me)AVP-

AVP X 2.  30 2 . 57 2 . 28 2 . 48 2 . 31 2 . 43

SEM 0. 07 0 . 22 0 . 13 0. 19 0 .15 0. 27

Note 1:  S i g n i f i c a n t  d i f f e r e n c e s  f rom c o r r e s p o n d i n g  s a l i n e -  

v e h i c l e  v a l u e s  ( SAL-VEH)-Dunnet t  c o mp a r i s o n  ( p < . 0 5 ) +  and 

( p < . 0 1 ) * .



- 4 3 -

T a b l e  7.  R e v e r s a l  of  DDAVP (500 ng)  a n a l g e s i a  by 

dPTyr(me)AVP (500 n g ) ,  b u t  n o t  by NAL (1 u g ) .

P o s t - i n j e c t i o n (mi n )

Condi  t i o n PRE 5 15 30 45 60

SAL-VEH X 2. 37 2. 72 2 . 46 2 . 24 2 . 59 2 . 60

SEM 0. 0 5 0 . 28 0 . 24 0 . 3 4 0 .47 0 . 23

SAL-DDAVP X 2 . 4 5 3.  55* 3 . 22  + 2 . 92 2. 90 2 . 73

SEM 0. 12 0.  37 0 . 27 0 . 27 0 . 18 0 . 24

NAL-DDAVP X 2 . 70 3 . 6 2* 3 . 33  + 2. 85 2 . 79 3. 07

SEM 0. 1 5 0 . 30 0 . 33 0 . 18 0 .17 0. 17

dPTyr(me)AVP-

DDAVP X 2 . 62 2 . 93 2 . 90 3 . 08 2 . 82 3. 07

SEM 0. 17 0 . 3 6 0 . 21 0 . 24 0 . 23 0 . 28

Not e  1:  S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  s a l i n e -  

v e h i c l e  v a l u e s  ( SAL-VEH)-Dunnet t  c o mp a r i s o n  ( p < . 0 5 ) +  and

( p < . 0 1 ) * .
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dPTyr(me)AVP and T a i l - F l i c k  L a t e n c i e s :  S i g n i f i c a n t

d i f f e r e n c e s  wer e  o b s e r v e d  be t ween  d P T y r ( me ) AVP - v e h i c l e  and 

s a l i n e - v e h i c l e  t r e a t m e n t s  ( F ( 1 , 5 ) = 6 . 6 5 ;  P < . 0 5 ) ,  b u t  no t

a c r o s s  t he  t i me  c o u r s e  of  t e s t i n g  ( F ( 7 , 3 5 ) = . 9 6 ) ,  or  f o r  

t he  i n t e r a c t i o n  be t we e n  t r e a t m e n t  and t i me  ( F ( 7 , 3 9 ) =  . 6 1 ) .  

However ,  p o s t - i n j e c t i o n  v a l u e s  f a i l e d  to d i f f e r  f rom 

c o r r e s p o n d i n g  p r e - i n j e c t i o n  l e v e l s  ( d a t a  no t  shown) .

D i s c u s s  ion

P r e v i o u s  e v i d e n c e  has  shown t h a t  i n t e r a c t i o n s  o c c u r  

be t wee n  p e r i p h e r a l  VP and t he  endogenous  o p i o i d s  s i n c e  

b e t a - e n d o r p h i n  and mo r p h i n e  each  i n h i b i t  p l a s ma  VP r e l e a s e  

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

b a s a l  h y p o t h a l a mu s  (Knepel  and Re i man,  1 982 ) ,  e x p o s u r e  to 

f o o t  shock ( K n e p e l ,  N u t t o ,  and H e r t t i n g ,  1982)  or  

i s o p r e n a l i n e  a d m i n i s t r a t i o n  ( K n e p e l ,  N u t t o ,  and H e r t t i n g ,

1 9 8 1 ) .  An a t o mi c a l  s u p p o r t  f o r  V P - o p i o i d  i n t e r a c t i o n s  

a p p e a r s  to be t w o - f o l d .  F i r s t ,  VP c o - e x i s t s  wi t h

d y n o r p h i n  in t he  PVN (Wat son e t  a l , 1980)  and w i t h  l e u -  

e n k e p h a l i n  in t h e  n e u r o h y p o p h y s i s  ( M a r t i n  and V o i g t ,

1 9 8 1 ) .  Mo r e o v e r ,  t he  VP p r o j e c t i o n s  to t he  m a r g i n a l  zones  

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

( N i l a v e r  e t  a l , 1980;  Swanson e t  a l , 198 0 ) ,  t he  f i b e r

b u n d l e  i n t e g r a l  t o  t he  f u l l  e x p r e s s i o n  of  OA ( s e e  r e v i e w:
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F i e l d s  and Basbaum,  1 9 7 8 ) .  D e s p i t e  t he  f a c t  t h a t  t h i s

e v i d e n c e  s u g g e s t s  an i n t e r a c t i o n  be t wee n  t h e  e ndogenous

o p i o i d s  and a n a l g e s i c  p r o c e s s e s ,  t he  p r e s e n t  e x p e r i m e n t  

i n d i c a t e s  t h a t  VP a n a l g e s i a  i s  m e d i a t e d  i n d e p e n d e n t l y  of  

t he  endogenous  o p i o i d s .  C e n t r a l  p r e t r e a t m e n t  w i t h  e i t h e r  

1 or  10 ug d o s e s  of  n a l o x o n e  f a i l e d  t o  a l t e r  t he  a n a l g e s i c  

e f f e c t s  of  AVP or  DDAVP even though t he  h i g h e r  n a l o x o n e  

dos e  i s  c a p a b l e  of  e l i m i n a t i n g  t he  a n a l g e s i c  e f f e c t s

i nduce d  by a s y s t e m i c  75 mg/kg mo r p h i n e  d o s e  (Yeung and 

Rudy,  1 9 8 0 ) .  The s e  d a t a  s u p p o r t  and e x t e n d  p r e v i o u s

f i n d i n g s  showi ng t h a t  a)  a d m i n i s t r a t i o n  of  e i t h e r  n a l o x o n e  

( B e r n t s o n  and B e r s o n ,  1980;  Be r s on  e t  a l , 1983)  or

n a l t r e x o n e  ( B e r k o w i t z  and Sherman,  1982)  f a i l  t o a l t e r  VP 

a n a l g e s i a ;  b) m o r p h i n e - t o l e r a n t  r a t s  d i s p l a y  normal  VP

a n a l g e s i a  ( Be r s o n  e t  a l  , 198 3 ) ;  c)  B r a t t l e b o r o  r a t s

e x h i b i t  normal  mo r p h i n e  a n a l g e s i a  (Bodnar  e t  a l , 19 80 ) ;

and d)  s y s t e m i c  VP a d m i n i s t r a t i o n  had no e f f e c t  upon

mor ph i ne  a n a l g e s i a  ( Sc hmi d t  e t  a l  , 1978 ) .

VP a n a l g e s i a  a p p e a r s  to be d e p e n d e n t  upon

i n t e r a c t i o n s  w i t h  i t s  own b i n d i n g  s i t e s .  The VP

a n t a g o n i s t  dPTyr(me)AVP b l o c k s  t he  p r e s s o r  b u t  no t  t he  

a n t i d i u r e t i c  r e s p o n s e s  of  AVP (Bankowski  e t  a l , 1978)  and 

e x e r t s  e f f e c t s  o p p o s i t e  to t h o s e  of  VP on t he  p o l e - j u m p  

t a s k  (Koob e t  a l , 1 9 8 1 ) .  I t  a l s o  r e v e r s e s  VP ' s  e f f e c t s  

upon a p p e t i t i v e  ( E t t e n b e r g  e t  a l , 1982)  and a v e r s i v e  

l e a r n i n g  and memory p a r a d i g ms  (Le Moal e t  a l , 1981;  Le 

Moal  e t  a l , 1 9 8 2 ) ,  and b l o c k s  t he  i s o p r e n a l i n e - i n d u c e d
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r e l e a s e  of  VP ( K n e p e l ,  B e n n e r ,  and H e r t t i n g ,  1 9 8 2 ) .  The 

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

e q u i m o l a r  dos e  of  dPTyr(me)AVP c o m p l e t e l y  b l o c k e d  t he  

a n a l g e s i a  f o l l o w i n g  b o t h  i cv  AVP and DDAVP. Th i s  

e l i m i n a t i o n  o f  AVP and DDAVP a n a l g e s i a  was no t  due  to a 

c o mp e n s a t o r y  d e c r e a s e  in b a s a l  t a i l - f l i c k  l a t e n c i e s  s i n c e  

t he  dose  s u f f i c i e n t  t o  b l o c k  VP a n a l g e s i a  f a i l e d  to a l t e r  

t a i l - f l i c k  l a t e n c i e s .  B e r k o w i t z  and Sherman (1982)  have  

r e p o r t e d  t h a t  s y s t e m i c  a d m i n i s t r a t i o n  of  a n o t h e r  VP 

a n t a g o n i s t , l - ( B - M e r c a p t o - B , B - c y c l o p e n t a m e t h y l e n e

p r o p r i o n i c  a c i d )  2 - O - e t h y l - t y r o s i n e  4 v a l i n e )  AVP, 

r e v e r s e d  s y s t e m i c  VP a n a l g e s i a  i n  m i c e .

R e c e p t o r s  and r e c e p t o r  s u b - t y p e s  have been 

c h a r a c t e r i z e d  f o r  t h e  endogenous  o p i o i d s  ( s e e :  M a r t i n ,

1981)  and f o r  n e u r o t e n s i n  ( Fox,  S a k a i ,  J u r y ,  McLean,  

D a n i e l ,  1982;  J o l i c o e u r ,  B a r b e a u ,  Q u i r i o n ,  R i o u x ,  and S t -  

P i e r r e ,  1982)  t h r o u g h  b i o - a s s a y  and c o m p e t i t i v e  b i n d i n g  

a s s a y  p r o c e d u r e s .  However ,  t he  r e c e p t o r  f o r  VP, as w e l l  

as  f o r  o t h e r  p e p t i d e s ,  have  y e t  to be f u l l y  c h a r a c t e r i z e d .  

The use  of  VP a g o n i s t s  and a n t a g o n i s t s  t h a t  m o d u l a t e  

some,  b u t  no t  a l l ,  of  VP ' s  a c t i o n s  s u g g e s t s  t h a t  d i f f e r e n t  

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

e x i s t .  Th i s  i s s u e  w i l l  be e x p l o r e d  in more d e t a i l  in t he  

g e n e r a l  d i s c u s s i o n .

Ex p e r i me n t  3:  E f f e c t s  of  dPTyr(me)AVP and Na l oxone  upon 

Mor ph i ne  a n a l g e s i a
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Method

Tab l e  8 s ummar i ze s  t he  e x p e r i m e n t a l  p r o t o c o l .  Th r e e  

g r o ups  of  r a t s  r e c e i v e d  a s i n g l e  i n j e c t i o n  of  e i t h e r  

dPTyr(me)AVP ( l u g ) ,  n a l o x o n e  ( l u g ) ,  or  s a l i n e  r e s p e c t i v e l y  

10 min p r i o r  to a s u b c u t a n e o u s  i n j e c t i o n  o f  mor ph i ne  

( lOmg/kg body w e i g h t ) .  T a i l - f l i c k  l a t e n c y  d e t e r m i n a t i o n s  

were  made as b e f o r e ,  e x c e p t  f o r  an a d d i t i o n a l  

d e t e r m i n a t i o n  a t  120 min f o l l o w i n g  mo r ph i ne  

admi n i s t r a t  i o n .

I n s e r t  t a b l e  8 a b o u t  h e r e  

Re s u l  t s

S i g n i f i c a n t  e f f e c t s  we r e  o b s e r v e d  a c r o s s  t r e a t m e n t s  

( F ( 2 , 2 1 ) = 6 . 5 9 ; p < . 0 5 ) ,  a c r o s s  t he  t i me  c o u r s e  of  t e s t i n g  

( F ( 8 , 1 6 8 ) = 1 2 9 . 5 7 ; p < . 0 0 0 1 ) ,  and f o r  t he  i n t e r a c t i o n  be t ween  

t r e a t m e n t s  and t i me  ( F ( 1 6 , 1 6 8 ) = 2 . 4 4 ; p < . 0 0 2 5 ) .  Ta b l e  9 

shows t h a t  mo r p h i n e  s i g n i f i c a n t l y  e l e v a t e d  t a i l - f l i c k  

l a t e n c i e s ,  a t  a l l  p o s t - i n j e c t i o n  t e s t  i n t e r v a l s ,  f o l l o w i n g  

p r e t r e a t m e n t  w i t h  e i t h e r  s a l i n e  or  d PTy r ( me ) AVP. In 

c o n t r a s t , ,  w h i l e  t he  n a l o x o n e - m o r p h i n e  g r oup  d i s p l a y e d  

a n a l g e s i a  a t  15,  30,  45,  60,  and 120 min a f t e r  i n j e c t i o n ,

t h e s e  e f f e c t s  we r e  s i g n i f i c a n t l y  l e s s  t h a n  t he  s a l i n e -  

mor p h i n e  g r oup  a t  15,  30,  45,  and 60 min f o l l o w i n g

in j ec t i on .

I n s e r t  T a b l e  9 a b o u t  h e r e
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T a b l e

Group

P r e t e s

1 0 - 5 - 0

Group 

Pre  t e s

1 0 - 5 - 0

Group

P r e t e s

1 0 - 5 - 0

: E x p e r i m e n t a l  P r o t o c o l  For  E x p e r i me n t  3

— dPTyr  (me)AVP 

(1 ug)

(mi n)

 Na l oxone

(1 ug)

(mi n )

 S a l i n e  10 mi n  Mo r p h i n e -----------P o s t t e s t

(10 mg/ kg)

(min)  5,  15,  30,  45 ,  60,  120 (min)

10 m i n - M o r p h i n e  P o s t t e s t

(10 mg/kg)

5,  15,  30,  45,  60,  120 (min)

- - 1 0  m i n - M o r p h i n e  P o s t t e s t

(10 mg/ kg)

5,  15,  30,  45,  60,  120 (min)



- 4 9 -

T a b l e  9.  R e v e r s a l  of  m o r p h i n e  (MOR: 10 mg/ kg)  a n a l g e s i a  by 

NAL (1 u g ) ,  b u t  n o t  dPTyr(me)AVP (1 u g ) .

P o s t - I n j e c t i o n  (min)

Cond i t i on PRE 5 15 30 45 60 120

VEH-MOR X 2. 32 3. 02 4 . 4 4 5.  66 5 . 8 2 6 . 0 0 5. 55

SEM 0. 15 0 . 40 0 . 47 0 . 18 0 . 15 0 . 00 0 . 30

NAL-MOR X 2. 25 2 . 46 2 . 71* 4 . 63 * 5 . 17* 5 . 46 4 . 73

SEM 0. 16 0.  38 0 . 36 0 . 34 0.  34 0. 29 0 . 49

dPTyr ( me ) AVP-

MOR X 2. 24 2 . 79 4 . 8 5 5 . 74 6 . 00 5 . 98 5 . 69

SEM 0. 13 0 . 31 0 . 46 0 . 13 0 . 00 0. 02 0.  22

Not e  1:  S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  v a l u e  in 

VEH-MDR c o n d i t i o n :  Du n n e t t  c o m p a r i s o n  ( p < . 0 5 ) +  and

( p < . 0 1 ) .
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D i s c u s s i o n

As d e s c r i b e d  p r e v i o u s l y ,  c e n t r a l  VP a n a l g e s i a  a p p e a r s  

to a c t  i n d e p e n d e n t l y  o f  t he  endogenous  o p i o i d  s y s t e m 

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

i n t e r a c t i o n s  be t we e n  t h e s e  two p e p t i d e s .  The p r e s e n t  d a t a  

s u p p o r t  t h i s  v i e w.  C e n t r a l  p r e t r e a t m e n t  w i t h  t he  VP

a n t a g o n i s t  d PTy r ( me )AVP, a t  a do s e  t wi c e  as l a r g e  as t h a t

needed  to e l i m i n a t e  AVP or  DDAVP a n a l g e s i a ,  f a i l e d  to 

a l t e r  t he  a n t i n o c i c e p t i v e  r e s p o n s e  of  a 10 mg/kg s y s t e m i c  

i n j e c t i o n  of  m o r p h i n e .  Th i s  e x t e n d s  t he  f i n d i n g  t h a t

p e r i p h e r a l  m a n i p u l a t i o n s  of  VP f a i l  to a l t e r  VP a n a l g e s i a  

( Sc hmi d t  e t  a l , 1978)  to i n c l u d e  c e n t r a l  m a n i p u l a t i o n s .

However ,  i cv  p r e t r e a t m e n t  w i t h  1 ug of  n a l o x o n e ,  a dose  

t h a t  f a i l e d  to a l t e r  AVP or  DDAVP a n a l g e s i a ,  s i g n i f i c a n t l y  

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

Da t a  d i s s o c i a t i n g  VP f rom o p i a t e s  and endogenous  

o p i o i d s  i n  a n a l g e s i c  p r o c e s s e s  have  been d e r i v e d  p r i m a r i l y  

f rom work u s i n g  n a l o x o n e ,  n a l t r e x o n e ,  and m o r p h i n e .  J u s t  

as t h e r e  a r e  d i f f e r e n t  s u b - t y p e s  of  o p i a t e  r e c e p t o r s  ( s e e  

r e v i e w:  Wood,  1 9 8 2 ) ,  t h e r e  a r e  d i f f e r e n t  c l a s s e s  of

endogenous  o p i o i d s ,  i n c l u d i n g  t he  e n k e p h a l i n s  (Hughes e t  

a l , 197 5 ) ,  t he  e n d o r p h i n s  (Li  and Chung,  1976)  and

d y n o r p h i n  ( G o l d s t e i n ,  F i s c h i l i ,  L o wn e r , H u n k a p i l l e r ,  and 

Hood,  1 9 8 1 ) .  Each c l a s s  of  e ndogenous  o p i o i d s  has 

d i f f e r e n t  a f f i n i t i e s  f o r  t he  r e c e p t o r  s u b - t y p e s  ( s e e
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r e v i e w:  Wood,  1 9 8 2 ) .  The p r e s e n t  s t u d y  and o t h e r s  whi ch

have used  n a l o x o n e ,  n a l t r e x o n e ,  and m o r p h i n e ,  a r e  o n l y  

i n v e s t i g a t i n g  one r e c e p t o r  s u b - t y p e ,  t he  mu r e c e p t o r  

( M a r t i n ,  1 9 8 1 ) .  Dy n o r p h i n ,  whi ch  c o - e x i s t s  w i t h  VP in t he  

PVN (Watson e t  a l , 1981)  a p p e a r s  t o  be a c t i n g  t h r o u g h

a n o t h e r  r e c e p t o r  s u b - t y p e ,  t he  kappa  r e c e p t o r  ( Ch a u k i n ,  

and G o l d s t e i n ,  1981)  and t h e r e f o r e  c o u l d  c o n c e i v a b l y  s t i l l  

m o d u l a t e  VP a n a l g e s i a  d e s p i t e  t he  i n e f f e c t i v e n e s s  of  mu

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

in t he  PVN B r a t t l e b o r o  r a t  (Watson e t  a l , 19 81 ) ,  whi ch  

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

mo r ph i n e  a n a l g e s i a  (Bodnar  e t  a l , 1 9 8 0 ) .  F u t u r e  s t u d i e s  

mi gh t  p r e f e r a b l y  employ o t h e r  o p i a t e  a n t a g o n i s t s ,  such  as 

n a l o x o n a z i n e ,  wh i c h  b l o c k  t h e  h i g h  a f f i n i t y  b i n d i n g  s i t e s

o f  a l l  o p i a t e  r e c e p t o r  s u b - t y p e s  (Hahn,  C a r r o l 1- B u a t t i ,

and P a s t e r n a k ,  1 9 8 2 ) .

Ex p e r i me n t  4:  E f f e c t  of  De xame t hasone  Upon AVP A n a l g e s i a

Method

T a b l e  10 summar i ze s  t he  e x p e r i m e n t a l  p r o t o c o l .  Four  

g r o u p s  of  r a t s  s e r v e d  as  e x p e r i m e n t a l  s u b j e c t s .  The f i r s t  

and s e cond  g r o u p s  r e c e i v e d  DEX i n j e c t i o n s  24 h ( 0 . 4mg / kg  

body w e i g h t ,  IP)  and 1 h ( 0 . 2 mg / k g  body w e i g h t ,  IP)  p r i o r  

to  an i n j e c t i o n  of  e i t h e r  AVP (500ng)  or  v e h i c l e  

r e s p e c t i v e l y .  T h i s  dose  r eg i men  of  DEX has been shown to 

e l i m i n a t e  t he  r i s e  in ACTH f o l l o w i n g  i n t e n s e  f o o t - s h o c k  

s t i m u l a t i o n  ( F r e n c h ,  Bloom,  R i v i e r ,  G u i l l e m i n ,  and
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R o s s i e r ,  1 9 7 8 ) .  Gr oups  t h r e e  and f o u r  r e c e i v e d  i d e n t i c a l  

d r ug  t r e a t m e n t  e x c e p t  t h a t  v e h i c l e  i n j e c t i o n s  were

a d m i n i s t e r e d  in  l i e u  of  t he  d e x a m e t h a s o n e . T a i l - f l i c k

d e t e r m i n a t i o n s  wer e  made as  d e s c r i b e d  e a r l i e r ,  e x c e p t  f o r

t he  a d d i t i o n  of  a t a i l - f l i c k  d e t e r m i n a t i o n  24h a f t e r  

p e p t i d e  a d m i n i s t r a t i o n .

I n s e r t  Ta b l e  10 a b o u t  h e r e  

R e s u 1t s

DEX and AVP a n a l g e s i a :  S i g n i f i c a n t  e f f e c t s  were

o b s e r v e d  a c r o s s  t r e a t m e n t s  (F(  1 , 2 8 ) = 4 . 47 ; p < . O i l ) ,  a c r o s s  

t h e  t i me  c o u r s e  of  t e s t i n g  ( F ( 9 , 2 5 2 ) = 8 . 8 4 ; p < . 0 0 0 1 ) ,  and 

f o r  t he  i n t e r a c t i o n  be t ween  t r e a t m e n t s  and t ime 

( F ( 2 7 , 2 5 2 ) = 4 .82 ;p< . 0001)  . S i g n i f i c a n t  d e c r e a s e s  in

l a t e n c i e s  wer e  o b s e r v e d  r e l a t i v e  t o  b a s e l i n e  l e v e l s  a t  15 

and 30 min f o l l o w i n g  t he  DEX- ve h i c l e  c o n d i t i o n  and a t  30 

and 45 min f o l l o w i n g  t he  v e h i c  l e - v e h i c  l e  c o n d i t i o n .

However ,  l a t e n c i e s  o f  t h e s e  g r o ups  f a i l e d  to d i f f e r  when 

one compared t he  p r e - i n j e c t i o n  and p o s t - i n j e c t i o n  v a l u e s .  

T a b l e  11 shows t h a t  AVP t r e a t e d  r a t s  d i s p l a y e d  

s i g n i f i c a n t l y  e l e v a t e d  l a t e n c i e s  a t  5 and 15 min a f t e r  

i n j e c t i o n  r e l a t i v e  to to p r e - i n j e c t i o n  and b a s e l i n e  l e v e l s  

and a t  5,  15,  30,  and 45 min a f t e r  i n j e c t i o n  r e l a t i v e  to

c o r r e s p o n d i n g  v e h i c l e - v e h i c l e  l a t e n c i e s .  The DEX-AVP 

gr oup  d i s p l a y e d  s i g n i f i c a n t l y  e l e v a t e d  l a t e n c i e s  a t  5,  15 

and 30 min a f t e r  i n j e c t i o n  r e l a t i v e  to t he  p r e - i n j e c t i o n ,
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T a b l e  10:  E x p e r i m e n t a l  P r o t o c o l  For  E x p e r i me n t  4 

Group 1:

DEX------ 23 h -----------DEX----- l h --------P r e  t e s  t -----AVP-------Pos t t e s  t

( 0 . 4  mg) ( 0 . 2  mg) (500 ng)

P r e t e s t  1 0 - 5 - 0  min P o s t t e s t  5,  15,  30,  45,  60 mi n;  24h

Group 2:

DEX-------23h -----------DEX----- l h --------P r e t e s  t -Sa l  i ne — Pos t t e s  t

( 0 . 4 mg) ( 0 . 2  mg)

P r e t e s t  1 0 - 5 - 0  min P o s t t e s t  5,  15,  30,  45,  60;  min 24h

Group 3:

SAL-------23h-----------SAL----- l h --------P r e t e s  t -----AVP---------Pos t t e s  t

(500 ng)

P r e t e s t  1 0 - 5 - 0  min P o s t t e s t  5,  15,  30,  45,  60 mi n ;  24h

Group 4:

S a l -------2 3 h -----------S a l ----- l h --------P r e t e s t -----SAL---------Pos t t e s  t

P r e t e s t  1 0 - 5 - 0  min P o s t t e s t  5,  15,  30,  45,  60 mi n;  24h
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b a s e l i n e ,  and c o r r e s p o n d i n g  DEX- v e h i c l e  l e v e l s .  Tukey 

c o m p a r i s o n s  showed t h a t  DEX s i g n i f i c a n t l y  p o t e n t i a t e d  t he  

m a g n i t u d e  of  AVP a n a l g e s i a  a t  5,  15,  and 30 min a f t e r

i n j e c t i o n .

I n s e r t  Ta b l e  11 a b o u t  h e r e  

D i s c u s s  i on

VP r e l e a s e s  ACTH from t he  a d e n o h y p o p h y s i s  i n t o  t he  

g e n e r a l  c i r c u l a t i o n , ( s e e  r e v i e w :  McCann,  1980)  and

p o t e n t i a t e s  CRF- i nduc ed  ACTH r e l e a s e  ( G i l l e s  and Lowry,  

1979;  G i l l e s  e t  a l , 1 9 8 2 ) .  The s i t e  of  a c t i o n  f o r  t he  

l a t t e r  e f f e c t  p r o b a b l y  o c c u r s  a t  t he  medi an e mi ne n c e ,

s i n c e  PVN n e u r o n s  c o n t a i n i n g  e i t h e r  VP or  CRF p r o j e c t  to 

t he  zona  e x t e r n a  of  t he  medi an  emi nence  (Bloom e t  a l , 

1982;  s e e :  Koz l ows k i  e t  a l , 1 9 8 3 ) .  Such a r e l a t i o n s h i p

s u g g e s t s  t h a t  VP a n a l g e s i a  i s  d e p e n d e n t  upon ACTH r e l e a s e ,  

e s p e c i a l l y  in l i g h t  of  t he  a n a l g e s i c  p r o p e r t i e s  of  ACTH 

(Ami r ,  1981;  Wal ke r  e t  a l , 1980)  and ACTH a n a l o g u e s

( Wal ker  e t  a l , 1 9 8 1 ) .  T h e r e f o r e ,  any i n h i b i t i o n  of  ACTH

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

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

DEX ( e . g .  K r i e g e r  and Hughes ,  1 9 8 0 ) ,  s h o u l d  a t t e n u a t e  or

e l i m i n a t e  VP a n a l g e s i a .  Yet  t he  p r e s e n t  d a t a  show t h a t

d e x a me t h a s o n e  p r e t r e a t m e n t  p o t e n t i a t s  VP a n a l g e s i a ,  

s u g g e s t i n g  an a l t e r n a t i v e  r o l e  f o r  ACTH. In t he  model  

p r e v i o u s l y  s u g g e s t e d ,  ACTH m e d i a t e d  VP a n a l g e s i a  t h r o u g h  

VP s y n a p s e s  upon C R F - c o n t a i n i n g  n e u r o n s  in t he  med i a l
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T a b l e  11.  P o t e n t i a t i o n  of  AVP (500 ng)  a n a l g e s i a  by 

d e x a me t h a s o n e  (DEX) p r e t r e a t m e n t .

P o s t - I n j e c t i o n  (min)

Cond i t  i on PRE 5 15 30 45 60 24h

VEH-VEH X 2. 11 2 . 18 1. 98 1 . 86 1. 81 1 . 9 4 2. 66

SEM 0. 14 0 . 1 8 0 . 13 0. 17 0. 17 0 . 23 0 . 34

VEH-AVP X 1. 97 3 . 18* 3 . 27 * 2 . 4 5  + 2 . 40  + 2. 09 2. 10

SEM 0. 15 .056 0 . 49 0 . 4 4 0 . 38 0 . 32 0 . 15

DEX-VEH X 1. 91 1 . 90 1. 80 1 . 66 2 . 06 2. 17 2. 21

SEM 0. 17 0 . 17 0 . 11 0 .19 0 . 26 0 . 25 0 . 12

DEX-AVP X 2. 06 4 . 5 6 # 4 . 2 0 # 3 . 4 7 # 2 . 14 2. 11 2 . 43

SEM 0. 16 0 . 52 0.  51 0 . 61 0 . 25 0 . 31 0 . 23

Note  1:  S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  VEH-VEH 

v a l u e s :  Du n n e t t  c o mp a r i s o n  ( p < . 0 5 ) +  and ( p < . 0 1 ) * .

S i g n i f i c a n t  d i f f e r e n c e  f rom c o r r e s p o n d i n g  VEH-AVP v a l u e s :  

Tukey c o mp a r i s o n  ( p C . O l ) .
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b a s a l  h y p o t h a l a mu s  ( S a p e r  e t  a l  , 1976;  Zimmerman,  1981) .  

Two o t h e r  mod e l s  mi g h t  b e t t e r  e x p l a i n  t he  p r e s e n t  r e s u l t s .  

The f i r s t  model  woul d  f o c u s  upon t he  s y n a p s e  of  ACTH- 

c o n t a i n i n g  n e u r o n s  upon V P - c o n t a i n i n g  c e l l s  in t he  PVN 

(Sawchenko,  Swanson,  and J o s e p h ,  1 9 8 2 ) .  Th i s  s y n a p s e  

woul d  have  t o  be i n h i b i t o r y ,  and DEX woul d  t h e r e b y

d i s i n h i b i t  VP, p o t e n t i a t i n g  VP a n a l g e s i a .  S i n c e  s y s t e m i c  

AVP a n a l g e s i a  i s  u n a f f e c t e d  by h ypo phys e c t omy  ( Be r s on  e t  

a l  , 1 9 8 3 ) ,  any p r o p o s e d  ACTH-VP i n t e r a c t i o n  would

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

a l t e r n a t i v e  model  a s sumes  d i r e c t  i n h i b i t i o n  o f  c e n t r a l  VP 

by d e x a m e t h a s o n e  p r e t r e a t m e n t  w i t h  t he  r e s u l t i n g  

p o t e n t i a t i o n  of  VP a n a l g e s i a  due to a n a l g e s i a  due to 

r e c e p t o r  s u p e r s e n s i t i v i t y . T h i s  h y p o t h e s i s  i s  s u p p o r t e d  

by t he  q u i c k  o n s e t  of  d e x a m e t h a s o n e - i n d u c e d  a l t e r a t i o n s  

of  p e p t i d e  a c t i v i t y ,  w i t h  t he  24 gap be t ween  d e x a me t h a s o ne  

and VP a d m i n i s t r a t i o n  p r o v i d i n g  a window f o r  t he  

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

t he  m o d e l s ,  o t h e r  e x p e r i m e n t s  i n c l u d i n g  a l t e r i n g  the  

i n t e r v a l  be t we e n  d e x a m e t h a s o n e  and VP s h o u l d  be c a r r i e d  

o u t .  In summary,  w h i l e  VP a n a l g e s i a  does  no t  a p p e a r  to be 

d e p e n d e n t  upon ACTH n e u r o n s  f o r  i t s  e f f e c t s ,  bu t  i t  

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

o f  m o d u l a t i n g  VP a n a l g e s i a .

E x p e r i me n t  5:  E f f e c t s  of  dPTyr(me)AVP Upon PIFS and BCFS

A n a l g e s i a



Method

Ta b l e  12 summar i zes  t he  e x p e r i m e n t a l  p r o t o c o l .  Nine 

g r o u p s  of  r a t s  wer e  t e s t e d  f o r  t h e i r  r e s p o n s i v e n e s s  to 

e i t h e r  PIFS or  BCFS s t r e s s  as d e s c r i b e d  by Lewis and

c o l l e g u e s  ( 1 9 8 1 ) .  Except  where  n o t e d ,  t he  t he r ma l  

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

to r e s p o n d  w i t h i n  7 s e c .  Ra t s  were  p l a c e d  i n t o  one of 

t h r e e  e x p e r i m e n t a l  c o n d i t i o n s .  Groups  1- 4  r e c e i v e d  PIFS 

c o n s i s t i n g  of  1 s e c  shocks  d e l i v e r e d  e v e r y  5 s e c ,  a t  an 

i n t e n s i t y  of  2.5mA, f o r  20 mi n .  Groups  4-8  r e c e i v e d  BCFS 

c o n s i s t i n g  of  a 17 min r e s t  p e r i o d  f o l l o w e d  by 3 min of

c o n t i n o u s  f o o t  shock a t  an i n t e n s i t y  of  2.5mA. Group 9

was a 20 min n o - s h o c k  c o n t r o l  c o n d i t i o n .  P r i o r  to t he  

s h o c k ,  f i v e  t a i l - f l i c k  t r i a l s ,  of  one l a t e n c y  

d e t e r m i n a t i o n  e a c h ,  were  c o n d u c t e d  a t  1 min i n t e r v a l s .  

A f t e r  s t r e s s ,  s i m i l a r  d e t e r m i n a t i o n s  r esumed 1 min l a t e r ,

c o n t i n u i n g  a t  1 min i n t e r v a l s  f o r  9 mi n ,  and s u b s e q u e n t l y

a t  2 min i n t e r v a l s  u n t i l  15 min had e l a p s e d .  Group 1

r e c e i v e d  dPTyr(me)AVP ( l u g )  j u s t  p r i o r  t o  PIFS.  Group 2

r e c e i v e d  an i d e n t i c a l  t r e a t m e n t  e x c e p t  t h a t  s a l i n e  was

a d m i n i s t e r e d  in l i e u  of  t he  d PTy r ( me ) AVP. A f t e r  p r e ­

s t r e s s  t e s t i n g ,  group  3 r e c e i v e d  an i n j e c t i o n  of 

dPTyr(me)AVP f o l l o w e d  i mm e d i a t e l y  by a s u b c u t a n e o u s  ( s c )  

i n j e c t i o n  of  n a l o x o n e  ( l Omg / k g ) .  An a d d i t i o n a l  n a l o x o n e

(10 mg/ kg ,  s c )  i n j e c t i o n  was a d m i n i s t e r e d  i mme d i a t e l y  

a f t e r  t he  f o o t - s h o c k .  Group 4 was t r e a t e d  in an i d e n t i c a l  

f a s h i o n  as g r oup  3 e x c e p t  t h a t  s a l i n e  was a d m i n i s t e r e d  in
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l i e u  of  t he  dP T y r ( me )AVP. A f t e r  p r e - s t r e s s  t e s t i n g ,  g r oup  

5 was a d m i n i s t e r e d  an i n j e c t i o n  of  dPTyr(me)AVP ( l u g )  

w h i l e  g r oup  6 r e c e i v e d  an i n j e c t i o n  of  s a l i n e .  These  two 

g r o u p s  t hen  r e c e i v e d  BCFS t r e a t m e n t .  To e l i m i n a t e  any 

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

g r o ups  7 and 8 u n d e r we n t  i d e n t i c a l  t r e a t m e n t  and t e s t i n g  

as g r o u p s  5 and 6 r e s p e c t i v e l y ,  e x c e p t  t h a t  t he  t h e r ma l  

s t i m u l u s  was now t e r m i n a t e d  i f  t he  a n i ma l  f a i l e d  to 

r e s p o n d  w i t h i n  12 s e c .  A d d i t i o n a l l y ,  to m i n i m i z e  t i s u e  

damage,  p o s t - s t r e s s  d e t e r m i n a t i o n s  were  made a t  e v e r y  

o t h e r  min f o l l o w i n g  s t r e s s ,  f o r  15 mi n .  L a s t l y ,  g r oup  9 

r e c e i v e d  an i n j e c t i o n  of  s a l i n e  f o l l o w e d  by a 20 min n o ­

shock p e r i o d .  Th i s  was f o l l o w e d  by an i d e n t i c a l  t e s t i n g  

s e q u e n c e  as d e s c r i b e d  f o r  g r o u p s  1 - 6 .

I n s e r t  t a b l e  12 a b o u t  h e r e  

R e s u l t s

dPTyr (me)AVP, n a l o x o n e ,  and PIFS a n a l g e s i a :

S i g n i f i c a n t  e f f e c t s  were  o b s e r v e d  a c r o s s  t r e a t m e n t s

( F ( 4 , 3 5 ) = 5 . 58 ;  p < . 0 0 2 ) ,  a c r o s s  t h e  t ime c o u r s e

( F ( 1 6 , 5 6 0 ) = 2 2 . 8 6 ;  p < . 0 0 0 1 ) ,  and f o r  t he  i n t e r a c t i o n

be t ween  t r e a t m e n t s  and t ime ( F ( 6 4 , 5 6 0 ) = 2 . 4 4 ;  p < . 0 0 0 1 ) .

F i g u r e  1 shows t h a t  PIFS s i g n i f i c a n t l y  e l e v a t e d  l a t e n c i e s  

when compared to t he  no shock c o n d i t i o n .  In a d d i t i o n ,  

l a t e n c i e s  of  t h e  s a l i n e - t r e a t e d  r a t s  were  were

s i g n i f i c a n t l y  e l e v a t e d  as compared to t h e i r  r e s p e c t i v e  

p r e - s t r e s s  l e v e l s .  L a t e n c i e s  of  d P T y r ( m e ) A V P - t r e a t e d  r a t s
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Tabl e  12: Ex pe r i me n t a l  P r o t o c o l  For Exper i ment  5

Group 1:
P r e t e s t ---------- dPTyr (me)AVP-

(1 ug) 
4 - 3 - 2 - 1 - 0  (min)

■PIFS Pos t t e s  t

min 1-9;  11 , 13 , 15

Group 2:
P r e t e s t ---------- S a l i  n e -------------------------PIFS-------- Pos t t e s  t
4 - 3 - 2 - 1 - 0  (min) min 1-9;  11,  13,  15

Group 3:
P r e t e s t - d P T y r ( m e ) AVP-0 min-NAL-PIFS-0 mi n- NAL- Pos t t e s t  

(1 ug) (10 mg) (10 mg)
4 - 3 - 2 - 1 - 0  (min)  min 1-9;  11,  13,  15

Group 4:
P r e t e s t - S a l i n e  — r--------0 mi n-NAL-PIFS-0 mi n-NAL-Pos t t e s  t

(10 mg) (10 mg)
4 - 3 - 2 - 1 - 0  (min)  min 1-9;  11,  13,  15

Group 5:
P r e t e s t ----- dPTyr (me) AVP--------------BCFS (7 s e c ) ------- P o s t t e s t

(1 ug)
4 - 3 - 2 - 1 - 0  (min)  min 1-9;  11,  13,  15

Group 6:
P r e t e s t ----------- S a l i n e -------------------BCFS (7 s e c ) ------- P o s t t e s t
4 - 3 - 2 - 1 - 0  (min) min 1-9;  11,  13,  15

Group 7:
P r e t e s t ----- dPTyr(me)AVP--------------BCFS (12 s e c ) ------P o s t t e s t

(1 ug)
4 - 3 - 2 - 1 - 0  (min)  (min)  1, 3,  5,  7,  9,  11,  13,
15

Group 8:
P r e t e s t  S a l i n e -------------------------BCFS (12 s e c ) ----- P o s t t e s t
4 - 3 - 2 - 1 - 0  (min)  (min)  1, 3,  5, 7,  9,  11,  13,
15

Group 9:
P r e t e s  t  Sal  i ne
4 - 3 - 2 - 1 - 0  (min)

no s h o c k -----------------------P o s t t e s t
min 1-9;  11,  13 , 15
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wer e  e l e v a t e d  ove r  p r e - s t r e s s  l e v e l s  f o r  t he  f i r s t  s i x  and 

t hen  a t  8 and 13 min f o l l o w i n g  PI FS,  bu t  were  

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

a t  1,  3,  4,  5,  7,  9,  and 15 min f o l l o w i n g  t he  f o o t - s h o c k

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

I n s e r t  F i g u r e  1 a b o u t  h e r e

F i g u r e  2 shows t h a t  t a i l - f l i c k  l a t e n c i e s  were  

e l e v a t e d  by PIFS f o l l o w i n g  t he  a d m i n i s t r a t i o n  of  s a l i n e -  

n a l o x o n e ,  or  d PT y r ( me ) AVP - n a l o x o n e . L a t e n c i e s  were  

r e d u c e d  in t he  dPTyr ( me) AVP- na l oxone  g r oup  3,  4,  5,  6,  and 

15 min f o l l o w i n g  PIFS r e l a t i v e  to bo t h  t he  s a l i n e  and 

s a l i n e - n a l o x o n e  c o n d i t i o n s .  In c o n t r a s t ,  t he  s a l i n e -

n a l o x o n e  t r e a t e d  a n i m a l s  d i s p l a y e d  l a t e n c i e s  whi ch  were  

e l e v a t e d  r e l a t i v e  to t he  s a l i n e  g r ou p  8 and 13 min

f o l l o w i n g  t he  s t r e s s o r .

I n s e r t  F i g u r e  2 a b o u t  h e r e

dPTyr(me)AVP and BCFS: S i g n i f i c a n t  e f f e c t s  were

o b s e r v e d  a c r o s s  t r e a t m e n t s  ( F ( 2 , 2 1 ) = 4 1 . 82;  p < . 0 0 0 1 ) ,

a c r o s s  t he  t ime c o u r s e  of  t e s t i n g  ( F ( 1 6 , 3 3 6 ) = 5 3 . 25 ;  

p < . 0 0 0 1 ) ,  and f o r  t he  i n t e r a c t i o n  be t ween  t r e a t m e n t s  and 

t ime ( F ( 3 2 , 3 3 6 ) = 1 2 . 47 ;  p < . 0 0 0 1 ) ,  when t he  s t i m u l u s  was

t e r m i n a t e d  i f  a r e s p o n s e  d i d  no t  o c c u r  w i t h i n  7 s e c .  As 

summar i zed  in f i g u r e  3,  l a t e n c i e s  were  e l e v a t e d  f o l l o w i n g  

BCFS a c r o s s  a l l  i n t e r v a l s  r e l a t i v e  to t he  n o - s h o c k
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F i g u r e  1:  A t t e n u a t i o n  o f  PIFS a n a l g e s i a  f o l l o w i n g

a d m i n i s t r a t i o n  of  dPTyr(me)AVP (1 u g ) .  The x d e n o t e s  a 

s i g n i f i c a n t  d i f f e r e n c e  f rom s a l i n e  t r e a t e d  r a t s  ( Du n n e t t  

c o m p a r i s o n ,  p < . 0 5 ) .  L a t e n c i e s  f a i l e d  to d i f f e r  i n  t he  no 

shock c o n d i t i o n  a t  any t ime i n t e r v a l .  Open s q u a r e s  = no 

shock c o n d i t i o n ;  open c i r c l e s  = v e h i c l e  t r e a t m e n t ;  c l o s e d  

c i r c l e s  = dPTyr(me)AVP t r e a t m e n t .
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F i g u r e  2: F a i l u r e  of  s y s t e m i c  n a l o x o n e  ( l Omg/ kg;  b e f o r e  

and a f t e r  s t r e s s )  to a t t e n u a t e  PIFS a n a l g e s i a .  The

p a i r i n g  of  n a l o x o n e  and dPTyr(me)AVP (1 ug)  f a i l e d  to

d e c r e a s e  l a t e n c i e s  beyond t h a t  of  dPTyr(me)AVP a l o n e .

S a l i n e  and dPTyr(me)AVP d a t a  a r e  f rom f i g u r e  1 f o r  

c o mp a r i s o n  p u r p o s e s .  The x d e n o t e s  a s i g n i f i c a n t  d e c r e a s e  

be l ow s a l i n e - t r e a t e d  r a t s  ( D u n n e t t s  c o m p a r i s o n ,  p < . 0 5 ) .  

Open c i r c l e s  = v e h i c l e  t r e a t m e n t ;  open s q u a r e s  = n a l o x o n e  

t r e a t m e n t ;  c l o s e d  c i r c l e s  = dPTyr(me)AVP t r e a t m e n t ;  c l o s e d  

s q u a r e s  = n a l o x o n e  + dPTyr(me)AVP t r e a t m e n t .
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c o n d i t i o n .  dPTyr(me)AVP t r e a t m e n t  s i g n i f i c a n t l y

p o t e n t i a t e d  BCFS a n a l g e s i a ,  r e l a t i v e  to s a l i n e  t r e a t e d  

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

I n s e r t  F i g u r e  3 a b o u t  h e r e

S i g n i f i c a n t  e f f e c t s  o b s e r v e d  a c r o s s  t r e a t m e n t s  

( F ( 2 , 2 1 ) = 1 0 . 74 ;  p < . 0 0 0 6 ) ,  a c r o s s  t he  t ime c o u r s e  of

t e s t i n g  ( F ( 1 2 , 2 5 2 ) = 2 3 . 5 3 ,  p < . 0 0 0 1 ) ,  and f o r  t he

i n t e r a c t i o n  b e t we e n  t r e a t m e n t s  and t ime ( F ( 2 4 , 2 5 2 ) = 5 . 8 0 ;  

p C . 0 0 0 1 ) ,  when t he  s t i m u l u s  was t e r m i n a t e d  i f  a r e s p o n s e  

d i d  no t  o c c u r  w i t h i n  12 s e c .  As summar i zed  in f i g u r e  4,  

l a t e n c i e s  we r e  e l e v a t e d  f o l l o w i n g  BCFS r e l a t i v e  to t he  no 

shock c o n d i t i o n .  dPTyr(me)AVP t r e a t m e n t  s i g n i f i c a n t l y  

p o t e n t i a t e d  BCFS a n a l g e s i a ,  r e l a t i v e  to s a l i n e  t r e a t e d  

r a t s ,  5 and 9 min f o l l o w i n g  t he  f o o t - s h o c k  s t r e s s .

I n s e r t  f i g u r e  4 a b o u t  h e r e  

D i s c u s s  ion

As d e s c r i b e d  p r e v i o u s l y ,  V P - c o n t a i n i n g  n e u r o n s  

p r o j e c t  t o  b r a i n  and e n d o o c r i n e  s i t e s  t h a t  a r e  i n v o l v e d  in 

m e d i a t i n g  s t r e s s  r e s p o n s e s .  One VP pa t hway p r o j e c t s  f rom 

t he  PVN and t e r m i n a t e s  in t he  zona  e x t e r n a  of  t h e  medi an  

e mi nence  (Swanson e t  a l , 1980)  where  i t  a p p e a r s  to

p o t e n t i a t e  t he  c o r t i c o t r o p h i c  a c t i v i t y  of  CRF ( G i l l e s  e t  

a l  , 1982;  G i l l e s  and Lowry,  1979 ) .  Ano t he r  VP pa thway 

d e s c e n d s  to t he  i n t e r m e d i o l a t e r a l  s egmen t s  of  t he  t h o r a c i c  

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



F i g u r e  3:  P o t e n t i a t i o n  o f  BCFS a n a l g e s i a  by p r e t r e a t m e n t

w i t h  dPTyr(me)AVP (1 u g ) .  The s t i m u l u s  was t e r m i n a t e d  i f  

t he  a n i ma l  f a i l e d  t o  r e s p o n d  w i t h i n  7 s e e .  The x d e n o t e s  

a s i g n i f i c a n t  d i f f e r e n c e  f rom s a l i n e  t r e a t e d  r a t s  ( Du n n e t t  

c o m p a r i s o n ,  p < . 0 5 ) .  Da t a  f rom n o - s h o c k  t r e a t e d  r a t s  i s  

t he  same as shown in f i g u r e  1.  Open s q u a r e s  = no shock 

c o n d i t i o n ;  open c i r c l e s  = v e h i c l e  t r e a t m e n t ;  c l o s e d  

c i r c l e s  = dPTyr(me)AVP t r e a t m e n t .
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F i g u r e  4: P o t e n t i a t i o n  o f  BCFS a n a l g e s i a  f o l l o w i n g

p r e t r e a t m e n t  w i t h  dPTyr(me)AVP (1 u g ) .  The s t i m u l u s  i s  

now t e r m i n a t e d  i f  t he  r a t  f a i l s  to r e s p o n d  w i t h i n  12 s e c .  

The x d e n o t e s  a s i g n i f i c a n t  d i f f e r e n c e  f rom s a l i n e  t r e a t e d  

a n i m a l s .  Open c i r c l e s  = v e h i c l e  t r e a t m e n t ;  c l o s e d  c i r c l e s  

= dPTyr(me)AVP t r e a t m e n t .
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p r e g a n g l i o n  i c f i b e r s  (Swanson and M c K e l l e r ,  1 9 7 9 ) .  Acu t e  

e x p o s u r e  to a wi de  v a r i e t y  of  p h y s i c a l  s t i m u l i  t h a t  

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

t h r e s h o l d s  as  me a s u r e d  by a number  of  d i f f e r e n t  an i mal  

p a i n  t e s t s  ( s e e  r e v i e w:  Bo d n a r ,  1 9 8 3 ) .  Ac u t e  e x p o s u r e  to 

one such  s t r e s s o r ,  i n e s c a p a b l e  f o o t  s h o c k ,  a p p e a r s  t o  

a c t i v a t e  e i t h e r  o p i o i d  or  n o n - o p i o i d  p a i n - i n h i b i t o r y

s y s t e m s ,  d e p e n d i n g  upon t he  t e mp o r a l  p a r a m e t e r s  of  t he

shock (Lewis  e t  a l , 198 0 ) ,  t he  body r e g i o n  shocked

( Wat k i ns  and Mayer ,  1 9 8 2 ) ,  or  t he  number of  shocks

a d m i n i s t e r e d  (Grau e t  a l , 1 9 8 1 ) .  The p r o c e d u r e s  d e s c r i b e d  

by Lewis  and c o l l e a g u e s  ( 1980)  e mp l o y i n g  PIFS and BCFS 

p a r a m e t e r s  of  shock  wer e  c hos e n  f o r  i n v e s t i g a t i o n  b e c a u s e ,  

l i k e  VP, t he  a n a l g e s i a  r e s u l t i n g  f rom i t s  a p p l i c a t i o n  

a p p e a r s  to work t h r o u g h  b o t h  p i t u i t a r y - a d r e n a l  and 

n e u r o n a l  me c h a n i s ms .  The a n a l g e s i c  r e s p o n s e  f o l l o w i n g  PIFS 

i s  r e d u c e d  f o l l o w i n g  hypophys e c t omy  ( L e wi s ,  C h u d l e r ,  

Cannon ,  and L i e b e s k i n d ,  1981)  and e nha nc e d  by

a d r e n a l e c t o m y  and a d r e n a l d e m e d u l l a t i o n  ( L e wi s ,  T o r d o f f ,  

Sherman,  and L i e b e s k i n d ,  1 9 8 2 ) .  In c o n t r a s t ,  BCFS 

a n a l g e s i a  i s  e nha n c e d  by hyp ophys e c t omy  (Lewis  e t  a l , 

1981) and u n a f f e c t e d  by a d r e n a l  m a n i p u l a t i o n s  (Lewi s  e t  

a l  , 1 9 8 2 ) .  Mo r e o v e r ,  PIFS a n a l g e s i a  i s  r e d u c e d

f o l l o w i n g  e i t h e r  d e s t r u c t i o n  of  t he  nRM or  t r a n s e c t i o n  of  

t he  d o r s o l a t e r a l  f u n i c u l u s ,  w h i l e  BCFS i s  r e d u c e d  by the  

l a t t e r ,  and no t  f o r m e r ,  m a n i p u l a t i o n  ( L e wi s ,  1982)  The 

a n a l g e s i a  i nd uc e d  by PIFS i s  t h o u g h t  to be o p i a t e
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m e d i a t e d  s i n c e  i t  i s  a t t e n u a t e d  in n a l o x o n e - t r e a t e d

(Lewi s  e t  a l ,  1 9 8 0 ) ,  and m o r p h i n e - t o l e r a n t  r a t s  (Lewis  e t  

a l  , 1 9 8 1 ) .  In  c o n t r a s t ,  a n a l g e s i a  i nd u c e d  by BCFS i s

u n a f f e c t e d  by t h e s e  m a n i p u l a t i o n s  (Lewis  e t  a l , 1980;

Lew is e t  a l , 1981)  .

The p r e s e n t  e x p e r i m e n t  d e m o n s t r a t e s  t h a t  VP i s  

i n v o l v e d  in b o t h  PIFS and BCFS a n a l g e s i a .  C e n t r a l  

p r e t r e a t m e n t  w i t h  t he  VP a n t a g o n i s t ,  dPTyr (me)AVP, 

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

PI FS,  y e t  p o t e n t i a t e d  t he  a n a l g e s i c  e f f e c t s  of  BCFS. 

However ,  t h e s e  r e s u l t s  c a n n o t  p r e s e n t l y  be i n t e r p r e t e d  in 

t e r ms  of  p o s s i b l e  m o d u l a t i o n  by VP of  b o t h  o p i o i d  vs n on ­

o p i o i d  forms of  s t r e s s - i n d u c e d  a n a l g e s i a  b e c a u s e  t h i s  

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

r e d u c e s  PIFS a n a l g e s i a  (Lewi s  e t  a l , 1980) .  I n d e e d ,

a d m i n i s t r a t i o n  of  dPTyr(me)AVP and n a l o x o n e  t o g e t h e r  

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

dPTyr(me)AVP a l o n e ,  s u g g e s t i n g  t h a t  t he  r e d u c t i o n  o b s e r v e d  

in t he  f o r me r  g r o u p  was due s o l e l y  t o  t he  a d m i n i s t r a t i o n  

of  t h e  VP a n t a g o n i s t .  The d i v e r g e n t  r e s u l t s  do no t  a p p e a r  

to be due to ge n d e r  d i f f e r e n c e s  s i n c e  o t h e r s  (Marek,  

1983)  have  r e p o r t e d  t h a t  n a l o x o n e  r e v e r s e s  PIFS a n a l g e s i a  

in f e ma l e  r a t s .  O t h e r  f a c t o r s ,  such  as p o s s i b l e

d i f f e r e n c e s  in t he  amount  and i n t e n s i t y  of  t he  shock mi gh t  

b e t t e r  e x p l a i n  t he  d i s c r e p a n t  e f f e c t .  The a n a l g e s i c  

r e s p o n s e  f o l l o w i n g  b o t h  PIFS and BCFS r e p o r t e d  by Lewis  

(Lewis  e t  a l , 1981)  was b o t h  l ower  in m a g n i t u d e  and of



s h o r t e r  d u r a t i o n  t h a n  t h a t  found in t he  p r e s e n t  s t u d y .  

Lewis and c o - w o r k e r s  ( 1981)  found PIFS a n a l g e s i a  l a s t i n g  

f o r  up to 11 min f o l l o w i n g  s h o c k ,  w i t h  an a v e r a g e  

m a g n i t i d e  of  1 . 9  s e c  f o r  t h o s e  i n t e r v a l s  e l i c i t i n g  a 

s i g n i f i c a n t  e f f e c t .  The p r e s e n t  s t u d y ,  found PIFS 

a n a l g e s i a  l a s t i n g  f o r  t h e  f u l l  15 min t i me  c o u r s e  w i t h  an 

a v e r a g e  m a g n i t i u d e  of  2 . 7  s e c .  Lewis  and c o l l e a g u e s  

( 1981)  d e m o n s t r a t e d  BCFS a n a l g e s i a  l a s t i n g  f o r  4 min w i t h  

an a v e r a g e  m a g n i t u d e  of  2 . 7  s e c .  The p r e s e n t  s t u d y  found 

BCFS a n a l g e s i a  l a s t i n g  f o r  t he  f u l l  15 min w i t h  an a v e r a g e  

m a g n i t u d e  of  3 . 2  s e c .  I n d e e d ,  in our  e x p e r i m e n t ,  

l a t e n c i e s  were  s t i l l  e l e v a t e d  by 2 . 75  s e c  and 3 . 58  sec  

f o l l o w i n g  t he  PIFS and BCFS s t r e s s o r s  r e s p e c t i v e l y ,  a t  t he  

l a s t  t e s t  i n t e r v a l ,  s u g g e s t i n g  t h a t  t he  a n a l g e s i c  e f f e c t s  

p r o b a b l y  woul d have  p e r s i s t e d  l o n g e r .  The d i f f e r e n c e  in 

a n a l g e s i c  p o t e n c i e s  s u g g e s t  t h a t  t he  s t i m u l i  i n  t he  two 

e x p e r i m e n t s  we r e  d i f f e r e n t .  The b a s i s  f o r  u s i n g  f o o t -  

shock in t h i s  i n v e s t i g a t i o n  c e n t e r e d  a r o u n d  t he  knowl edge  

t h a t  d i f f e r e n t  p a r a m e t e r s  to a c t i v a t e  d i f f e r e n t  p a i n -  

i n h i b i t o r y  s y s t e m s .  I n d e e d ,  t he  mechani sms  m e d i a t i n g  some 

forms of  a n t i n o c i c e p t i o n  have  been  r e p o r t e d  to depend  upon 

t he  m a g n i t u d e  of  t h e  a n a l g e s i c  r e s p o n s e .  Bot h  o p i o i d  and 

n o n - o p i o i d  mechan i sms  m e d i a t e  t he  a n a l g e s i c  r e s p o n s e  

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

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

mechan i sms  a p p e a r  to m e d i a t e  t he  a n a l g e s i c  r e s p o n s e  

f o l l o w i n g  swims f o r  t h o s e  a n i m a l s  d i s p l a y i n g  a weaker
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a n a l g e s i c  e f f e c t  ( Bodnar  and S i k o r z k y ,  1 9 8 3 ) .  T h e r e f o r e ,  

i f  t he  a c t u a l  i n t e n s i t y  of  t he  shock was d i f f e r e n t  a c r o s s  

t he  two s t u d i e s ,  as  t he  d i f f e r i n g  t ime c o u r s e  and 

ma g n i t u d e  of  a n a l g e s i a  woul d  i mp l y ,  t hen  d i f f e r e n t ,  as  y e t  

u n d e t e r m i n e d ,  p a i n - i n h i b i t o r y  pa t hways  mi g h t  be i n v o l v e d .  

In f a c t ,  i t  has  r e c e n t l y  been r e p o r t e d  t h a t  a n o n - o p i o i d  

a n a l g e s i c  e f f e c t  can be e l i c i t e d  f o l l o w i n g  PIFS w i t h  

a l t e r a t i o n s  i n  t he  i n t e n s i t y  or  d u r a t i o n  of  t he  shock 

a d m i n i s t e r e d  ( Cannon,  Maro,  T e l e p ,  and C a r t y ,  1983; Ter man 

and L i e b e s k i n d ,  1 9 8 3 ) .

The f a c t  t h a t  dPTyr(me)AVP p o t e n t i a t e s  BCFS s u g g e s t s  

t h a t  VP m o d u l a t e s  t h i s  form of  a n a l g e s i a  in a f a s h i o n  

o p p o s i t e  t o  t h a t  o f  PI FS.  I t  has  been p r o p o s e d  t h a t  t he  

m u l t i p l e  p a i n - i n h i b i t o r y  s y s t e ms  do no t  a c t  t o t a l l y  

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

form of  c o l l a t e r a l  i n h i b i t i o n  ( K i r c h g e s s n e r , Bo d n a r ,  and 

P a s t e r n a k ,  1 9 8 2 ) .  In t h i s  mo d e l ,  a c t i v a t i o n  of  one p a i n -  

i n h i b i t o r y  s y s t e m  by t h o s e  endogenous  or  exogenous  s t i m u l i  

t h a t  m a x i m a l l y  i n t e r a c t  w i t h  i t ,  i n h i b i t s  t he  a c t i v a t i o n  

of  o t h e r  p a i n - i n h i b i t o r y  s y s t e m s ,  w i t h  t he  m a g n i t u d e  of  

t he  e f f e c t  d e p e n d e n t  upon each  s y s t e m ’ s t o n i c  a c t i v a t i o n a l  

s t a t e  and t he  m a g n i t u d e  of  t he  a c t i v a t i n g  s t i m u l i .  The 

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

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

i ncomi ng  e n v i r o n m e n t a l  s t i m u l i .  I t  woul d seem m a l a d a p t i v e  

i f  a l l  s y s t e ms  d e s i g n e d  to  i n h i b i t  p a i n  wer e  to be 

a c t i v a t e d  in r e s p o n s e  to a p a r t i c u l a r  s t i m u l u s .  R a t h e r ,
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t he  s u p p r e s s i o n  of  s y s t e m A by s y s t e m B woul d s e r v e  to 

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

o v e r e x t e n d e d .  In t h o s e  c a s e s ,  s y s t e m A woul d  be r e l e a s e d  

f rom i n h i b i t i o n ,  t hus  b e i n g  a b l e  t o  t a k e  ove r  t he  p a i n -  

i n h i b i t o r y  r o l e .  I n  t h e  p r e s e n t  s t udym dPTyr(me)AVP 

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

b l o c k e d  VP f rom i t s  b i n d i n g  s i t e s .  Th i s  s u g g e s t s  t h a t  a 

VP pa t hway t y p i c a l l y  a c t s  to i n h i b i t  p a i n - i n h i b i t o r y  

s y s t e ms  m e d i a t i n g  BCFS. As woul d  be p r e d i c t e d  f rom t he  

c o l l a t e r a l  i n h i b i t i o n  mo d e l ,  dPTyr(me)AVP d e c r e a s e d  PIFS 

a n a l g e s i a ,  s u g g e s t i n g  t h a t  VP s y n a p s e s  i s  i m p o r t a n t  in 

a c t i v a t i n g  t h e  p a i n - i n h i b i t o r y  s y s t e m m e d i a t i n g  PI FS.  

F u r t h e r  s u p p o r t  f o r  t h i s  model  of  m u t u a l l y  i n h i b i t i n g  

p a i n - i n h i b i t o r y  s y s t e ms  has  been found u s i n g  t h i s  f o o t -  

shock p a r a d i g m .  R e s e r p i n e ,  a c a t e c h o l a m i n e  d e p l e t o r ,  

e l i m i n a t e s  PIFS a n a l g e s i a  w h i l e  p o t e n t i a t i n g  BCFS 

a n a l g e s i a  (Lewis  e t  a l , 1 9 8 2 ) .  C o n v e r s e l y ,  hypophysec t omy

a t t e n u a t e s  t he  a n a l g e s i c  r e s p o n s e  to PIFS w h i l e  

p o t e n t i a t i n g  t he  a n a l g e s i c  r e s p o n s e  to BCFS (Lewi s  e t  a l ,

19 81 ) .  S u p p o r t  f o r  t he  h y p o t h e s i s  i s  no t  l i m i t e d  to  d a t a  

a c q u i r e d  w i t h  f o o t - s h o c k  s t r e s s .  M a n i p u l a t i o n s  t h a t  

r e d u c e  c o l d  w a t e r  swim a n a l g e s i a ,  such  as hypophysec t omy 

(Bodnar  e t  a l , 1 9 7 9 ) ,  p o t e n t i a t e  mor p h i ne  a n a l g e s i a

( Bodn a r ,  K e l l y ,  Ma ns ou r ,  and Gl usman,  1979;  H o l i d a y ,  Law, 

Ts e n g ,  Loh,  and L i ,  1 9 8 0 ) .  C o n v e r s e l y ,  m a n i p u l a t i o n s  t h a t  

p o t e n t i a t e  mo r p h i n e  a n a l g e s i a ,  such  as d - p h e n y l a l a n i n e  

a d m i n i s t r a t i o n  d e c r e a s e  c o l d  w a t e r  swim a n a l g e s i a  ( Bo d n a r ,
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L a t t n e r ,  and W a l l a c e ,  1 9 8 0 ) .  F i n a l l y ,  m a n i p u l a t i o n s  t h a t  

d e c r e a s e  m o r p h i n e  a n a l g e s i a ,  such  as n a l o x a z o n e  

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

( K i r c h g e s s n e r  e t  a l , 1 9 8 2 ) .

I n  t h e  p r e s e n t  s t u d y ,  PIFS p r o d u c e d  an a n a l g e s i a  t h a t  

a p p e a r e d  t o  a c t  i n d e p e n d e n t l y  of  t h e  endogenous  o p i o i d s .  

The a n a l g e s i a  f o l l o w i n g  BCFS has  been p r e v i o u s l y  r e p o r t e d  

to  be m e d i a t e d  t h r o u g h  n o n - o p i o i d  mechan i sms  (Lewis  e t  a l , 

19 80 ) .  A d d i t i o n a l l y ,  t he  B r a t t l e b o r o  r a t  d i s p l a y s  an 

i mp a i r e d  a n a l g e s i c  r e s p o n s e  to c o l d - w a t e r  s t r e s s  (Bodnar  

e t  a l , 1 9 8 0 ) ,  an n o n - o p i o i d  a n a l g e s i c  m a n i p u l a t i o n

( s e e : B o d n a r ,  1 9 8 3 ) .  These  d a t a ,  t h e r e f o r e  s u p p o r t  t he  

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

p r o c e s s e s  t h r o u g h  i n t r i n s i c  VP pa t h wa y s  and no t  t h r o u g h  an 

endogenous  o p i o i d  p a i n - i n h i b i t o r y  s y s t e m .  However ,  i t  

s h o u l d  be n o t e d  t h a t  n a l o x o n e  r e v e r s i b i l i t y  i s  no t  t he  

s o l e  c r i t e r i o n  f o r  t he  d e t e r m i n a t i o n  of  o p i o i d  i n v o l v e me n t  

in PI FS.  A d d i t i o n a l  e x p e r i m e n t s  u s i n g  c r o s s - t o l e r a n c e  and 

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

r o l e  f o r  VP in t h e  mechani sms  u n d e r l y i n g  t h e s e  s t r e s s o r s .

GENERAL DISCUSSION

VP e l e v a t e s  n o c i c e p t i v e  t h r e s h o l d s  by i n t e r a c t i n g  

w i t h  i t s  own b i n d i n g  s i t e s ,  and a c t i n g  i n d e p e n d e n t l y  of  

t he  endogenous  o p i o i d  and ACTH s y s t e m s .  In a d d i t i o n ,  VP 

p l a y s  a m o d u l a t o r y  r o l e  in t he  e x p r e s s i o n  of  a n a l g e s i c  

r e s p o n s e s  f o l l o w i n g  a c u t e  e x p o s u r e  to f o o t - s h o c k  s t r e s s ,
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w i t h  t he  d i r e c t i o n  of  e f f e c t  d e p e n d e n t  upon the

d i f f e r e n t i a l  s y s t e m s  a c t i v a t e d  by t he  p a r a m e t e r s  of  t he  

s h o c k .  The i m p l i c a t i o n s  of  t h e s e  f i n d i n g s  w i l l  be t he  

s u b j e c t  of  t h i s  s e c t i o n

The a c t i o n  o f  VP upon p a i n  t h r e s h o l d s  a p p e a r s  t o  be a

s p e c i f i c  on e .  I t  i s  no t  s i mp l y  a g e n e r a l  m a g n o c e l 1u l a r

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

w h i l e  OXY i n d u c e d  e l e v a t i o n s  in t a i l - f l i e k  l a t e n c i e s

o c c u r r e d  o n l y  a t  h i g h e r  d o s e s  and were  a cc ompa n i e d  by

s e i z u r e  a c t i v i t y .  I t  was d e m o n s t r a t e d  t h a t  VP - i nd uc e d

e l e v a t i o n s  of  p a i n  t h r e s h o l d s  were  due to i n t e r a c t i o n s  of  

VP w i t h  i t s  r e c e p t o r s  s i n c e  t he  VP a n t a g o n i s t ,

dPTyr (me)AVP, e l i m i n a t e d  VP a n a l g e s i a .  F u r t h e r m o r e ,  VP 

and end ogen ous  o p i o i d  a n a l g e s i a  a p p e a r e d  i n d e p e n d e n t  s i n c e  

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

s y s t e m ' s  a n a l g e s i c  r e s p o n s e .  Two i n t e r p r e t a t i o n s  can be 

o f f e r e d  r e g a r d i n g  VP a n a l g e s i a :  a)  VP a l t e r s  p a i n

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

p r o c e s s e s ;  or  b)  VP a n a l g e s i a  i s  an ep i phenomenon of  some 

o t h e r  r e s p o n s e  s y s t e m  t h a t  i s  a c t i v a t e d  by VP.

dPTyr(me)AVP has  many a c t i o n s ,  i n c l u d i n g  d e c r e a s i n g  the  

p r e s s o r ,  b u t  n o t  t he  a n t i d i u r e t i c ,  e f f e c t s  of  VP 

(Bankowski  e t  a l , 1 9 7 8 ) .  S i n c e  h y p e r t e n s i o n  i t s e l f

e l e v a t e s  p a i n  t h r e s h o l d s  ( Dwor k i n ,  F i l e w i c h ,  M i l l e r ,  

C r a i g m y l e ,  and P i c k e r i n g ,  1979;  Zamir  and S e g a l ,  1979;  

Zami r  and S h u b e r ,  1980;  Za mi r ,  S i ma n t o v ,  and S e g a l ,  1980) ,  

VP - i n d u c e d  i n c r e a s e s  in t a i l - f l i c k  t h r e s h o l d s  may be due
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t o t he  a c t i v a t i o n  of  b a r o r e c e p t o r s  ( s e e  r e v i e w:  A i s e n b r e y  

and B e r l ,  1 9 8 2 ) ,  whi ch  in t u r n  e l e v a t e  b o t h  b l oo d  

p r e s s u r e  and n o c i c e p t i v e  t h r e s h o l d s .  However ,  b o t h  DDAVP 

and DGLVP e l e v a t e  p a i n  t h r e s h o l d s  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  (Kordower  e t  a l , 1982)  and p o s s e s s  mi n i mal  

p r e s s o r  e f f e c t s  ( C o r t  and S c h w a r t z ,  1978;  s e e :  Kordower  e t  

a l  , 1 9 8 2 ) .  M o r e o v e r ,  w h i l e  VP, v a s o t o c i n ,  and

p h e n y l e p h r i n e ,  p o s s e s s  s i m i l a r  a c t i o n s  upon p r e s s o r  

r e s p o n s e s ,  o n l y  VP p r o d u c e s  a n a l g e s i a .  ( B e r k o w i t z  and 

Sherman,  1982;  Be r s o n  e t  a l , 1 9 8 3 ) .  These  d a t a  a r g u e  

s t r o n g l y  f o r  t he  i n t e r p r e t a t i o n  t h a t  VP e x e r t s  i t s  e f f e c t s  

upon p a i n  t h r e s h o l d s  i n d e p e n d e n t l y  of  i t s  p r e s s o r  e f f e c t s .

A l t h o u g h  VP r e c e p t o r s  have  y e t  to be f u l l y  

c h a r a c t e r i z e d ,  t h e  p r e s e n t  s e r i e s  of  e x p e r i m e n t s  s u g g e s t  

t he  e x i s t e n c e  of  m u l t i p l e  VP r e c e p t o r  s u b - t y p e s ,  whi ch  can 

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

by a g o n i s t  and a n t a g o n i s t  a d m i n i s t r a t i o n .  S i n c e  b o t h  AVP 

and DDAVP e l e v a t e  p a i n  t h r e s h o l d s ,  and o n l y  AVP 

a p p r e c i a b l y  e l e v a t e s  b l ood  p r e s s u r e  ( Co r t  and S c h w a r t z ,

1978) ,  i t  woul d  a p p e a r  t h a t  d i f f e r e n t  r e c e p t o r  p o p u l a t i o n s  

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

p e p t i d e s .  However ,  dPTyr(me)AVP d e c r e a s e s  b o t h  t he  

p r e s s o r  and a n a l g e s i c  e f f e c t s  of  AVP s u g g e s t i n g  the  

e x i s t e n c e  of  e i t h e r  a r e c e p t o r  s u b - t y p e  whi ch  i s  

d i f f e r e n t i a l l y  c a p a b l e  of  m e d i a t i n g  i ncomi ng  p r e s s o r  and 

n o c i c e p t i v e  i n f o r m a t i o n ,  or  one or  more s u b - t y p e s  

m e d i a t i n g  each  of  t h e s e  r e s p o n s e s .  An exampl e  of  t he
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l a t t e r  form of  i n t e r a c t i o n  i s  t he  n o r a d r e n e r g i c  r e c e p t o r  

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

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

n e r v o u s  t i s s u e  and d i f f e r e n t i a l l y  b i n d  endogenous

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

p r e f e r e n t i a l  a f f i n i t y  and b i n d i n g  f o r  n o r e p i n e p h r i n e ,  

f o l l o w e d  by e p i n e p h r i n e  and t he n  i s o p r o t e r e n o l ,  and the

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

( s e e :  I v e r s o n  and I v e r s o n ,  1 9 7 5 ) .  However ,  a l p h a -

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

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

s u g g e s t i n g  an i n t e r a c t i o n  , and no t  t o t a l  i n d e p e n d e n c e ,  of  

t he  two r e c e p t o r  s u b - t y p e s .  Mo r e o v e r ,  c e r t a i n  s u b s t r a t e s

( e . g .  p r o p r a n a l o l ,  t i m e l o l ,  a t e n a l o l )  a n t a g o n i z e  b e t a -

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

p h e n o x y b e n z a mi n e )  a n t a g o n i z e  a l p h a - n o r a d r e n e r g i c

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

r e c e p t o r  a l i g n m e n t .  VP, t h e n ,  l i k e  n o r e p i n e p h r i n e ,  may

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

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

u n de r  some c o n d i t i o n s  and i n t e r a c t  u n d e r  o t h e r  c o n d i t i o n s .

I n  a d d i t i o n  to m u l t i p l e  r e c e p t o r  s u b - t y p e s ,  t he

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

s y s t e m s .  VP a l t e r s  n o c i c e p t i v e  t h r e s h o l d s  i n d e p e n d e n t l y  of  

t he  e ndo genous  o p i o i d s .  However ,  i f  VP m o d u l a t e s  p a i n  

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

woul d  be s h a r i n g  t h i s  d o r s o l a t e r a l  f u n i c u l i  p r o j e c t i o n
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w i t  h f i b e r s  i n v o l v e d  in t h e  e x p r e s s i o n  of  OA and SPA 

( s e e :  r e v i e w  F i e l d s  and Basbaum,  1 9 7 8 ) .  However ,  b a s a l

p a i n  t h r e s h o l d s  a r e  no t  a f f e c t e d  by d o r s o l a t e r a l  f u n i c u l u s  

t r a n s e c t i o n  ( s e e :  Mayer  and P r i c e ,  1976)  s u g g e s t i n g  t h a t  

b o t h  t h e  VP and o p i o i d  s y s t e ms  a r e  a c t i v a t i o n a l , r a t h e r  

t han  t o n i c .  A c c o r d i n g  t o  t h i s  v i ew,  t h e s e  p a i n - i n h i b i t o r y  

pa t h wa ys  a r e  do r man t  u n t i l  t he y  a r e  r e c r u i t e d ,  wher eupon  

t he y  a r e  a c t i v a t e d  to d e c r e a s e  t he  s e n s a t i o n  of  n o x i o u s  

s t i m u l i .  Th i s  h y p o t h e s i s  was s u p p o r t e d  by t he  f a c t  t h a t  

c e n t r a l  a d m i n i s t r a t i o n  of  a VP a n t a g o n i s t ,  a t  a dose

s u f f i c i e n t  to e l i m i n a t e  AVP and DDAVP a n a l g e s i a ,  f a i l e d  to 

a l t e r  b a s a l  t a i l - f l i c k  l a t e n c i e s .  I f  t he  VP p a i n -

i n h i b i t o r y  s y s t e m  i s  a c t i v a t i o n a l  in n a t u r e ,  as t he

p r e s e n t  r e s u l t s  s u g g e s t ,  r e c e p t o r  b l o c k a d e  would n o t  be 

e x p e c t e d  to a l t e r  b a s a l  p a i n  t h r e s h o l d s .  I f  t h e  VP 

pa t hway i n h i b i t i n g  p a i n f u l  s t i m u l a t i o n  was t o n i c a l l y  

a c t i v e ,  i t  wou l d  be e x p e c t e d  t h a t  a d m i n i s t r a t i o n  of  a VP 

a n t a g o n i s t  woul d  d e c r e a s e  t h e  a c t i v i t y  of  t h a t  p a t h wa y ,  

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

be p o i n t e d  o u t ,  howe ve r ,  t h a t  t h e r e  i s  d a t a  a l s o  

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

(Bodnar  e t  a l  , 1980)  and normal  r a t s  p r e t r e a t e d  w i t h  an 

a n t i - s e r u m  r a i s e d  a g a i n s t  VP ( Bodnar  e t  a l , 1982) ,  d i s p l a y  

a s l i g h t  h y p e r a l g e s i a .  F u r t h e r m o r e ,  in c o n t r a s t  to VP,

dPTyr(me)AVP f a c i l i t a t e s  e x t i n c t i o n  (Koob e t  a l , 1981)  a t  

a do s e  much h i g h e r  t h a n  i s  needed  f o r  dPTyr(me)AVP to 

r e v e r s e  VP ' s  e f f e c t s  (LeMoal  a l , 1981;  LeMoal e t  a l ,
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19 82) .  I t  i s  c o n c e i v a b l e  t h a t  much h i g h e r  do s e s  of  t he  

a n t a g o n i s t  a r e  n e c e s s a r y  to  e l i c i t  t h i s  s ma l l  e f f e c t .  In 

any c a s e ,  t he  p r e s e n t  r e s u l t  i s  s i m i l a r  t o  t he  f i n d i n g s  

r e p o r t e d  w i t h  t he  endogenous  o p i o i d  s y s t e m .  Na l oxone  

p r o d u c e s  e i t h e r  no e f f e c t s  or  mi n i ma l  d e c r e a s e s  upon b a s a l  

p a i n  t h r e s h o l d s  ( s e e  r e v i e w:  S a w t n o k , P i n s k y ,  and L a B e l l a ,

1979) .

One q u e s t i o n  a r i s i n g  f rom t he  p r e s e n t  d a t a  c o n c e r n s  

t he  s i g n i f i c a n c e  f o r  an o r g a n i s m  of  p o s s e s s i n g  more t han  

one p a i n - i n h i b i t o r y  s y s t e m .  Cannon ( 1939)  s u g g e s t e d  t h a t  

t he  r e s p o n s e  t o  n o x i o u s  or  t h r e a t e n i n g  s t i m u l i  i s  one of  

t he  b a s i c  a d a p t i v e  mechani sms  of  a n i m a l s  and humans .  I t  

woul d  be m a l a d a p t i v e  f o r  an o r g a n i s m  to have o n l y  one 

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

t he  o r g a n i s m s  d e f e n s e l e s s  a g a i n s t  p o t e n t i a l l y  i n j u r i o u s  

s t i m u l a t i o n .  Which p a i n  s y s t e m i s  a c t i v a t e d  may depend 

upon t he  q u a l i t y  or  t ype  of  n o x i o u s  s t i m u l u s ,  a p o i n t  t h a t  

was r a i s e d  i n  t h e  d i s c u s s i o n  of  d i f f e r e n t i a l  e f f e c t s  of  VP 

upon PIFS and BCFS a n a l g e s i a .  I t  woul d  a p p e a r  t h a t  one 

r o l e  f o r  VP in p a i n - i n h i b i t i o n  mi gh t  be t o  p r o t e c t  an 

o r g a n i s m  f rom n o x i o u s  t h e r ma l  s t i m u l a t i o n .

The f a c t  t h a t  VP a n a l g e s i a  i s  u n a f f e c t e d  by 

hypophysec t omy ( Be r s o n  e t  a t ,  1983)  and p o s s e s s e s  d i f f u s e  

e x t r a h y p o t h a l a m i c  p r o j e c t i o n s ,  s u g g e s t s  t h a t  VP may a c t  in 

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

p r o d u c i n g  a n a l g e s i a .  As d e s c r i b e d  e a r l i e r ,  i t  has  been
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p o s t u l a t e d  t h a t  VP p l a y s  a n e u r o m o d u l a t o r y  r o l e  in 

l e a r n i n g  and memory p r o c e s s e s .  Th i s  s u g g e s t i o n  was b a s e d  

upon VP’ s l o c a l i z a t i o n  in l i m b i c  s t r u c t u r e s ,  i n c l u d i n g  t he  

h i ppocampus  ( B u i j s  e t  a l  , 1978;  Kovacs  e t  a l , 1979 ) ,

b e l i e v e d  to  be i n v o l v e d  in  l e a r n i n g  and memory f u n c t i o n  

( S c o v i l l e  and M i l n e r ,  1957 ) .  e t  a l  , 1979 ) .  VP- i nduc ed  

e f f e c t s  upon l e a r n i n g  and memory,  howe ve r ,  may be due  to 

i t s  a b i l i t y  t o  a l t e r  p e r c e p t i o n  of  n o x i o u s  s t i m u l i  

( B a i l e y ,  1 9 8 2 ) .  Most  of  t he  s t u d i e s  r e p o r t i n g  p o s i t i v e  

e f f e c t s  of  VP upon memory employed a v e r s i v e  s t i m u l a t i o n .  

I n d e e d ,  i t  has  been p o s t u l a t e d  t h a t  t he  a v e r s i v e  

p r o p e r t i e s  of  VP i t s e l f  may a c c o u n t  f o r  i t s  p u t a t i v e  r o l e  

in memory ( E t t e n b e r g  e t  a l  , 19 83 ) .  Ra t s  d e v e l o p e d  bo t h  

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

r e s p e c t i v e  p a i r i n g  w i t h  AVP. Whi l e  VP e f f e c t s  upon 

l e a r n i n g  and memory f u n c t i o n  may be e x p l a i n e d  in  t e r ms  of  

e f f e c t s  upon n o c i c e p t i v e  p r o c e s s e s ,  t he  c o n v e r s e  does  no t  

a p p e a r  t o  be t r u e .  I f  VP’ s e f f e c t s  upon p a i n  t h r e s h o l d s  

wer e  due  to i mpr oved  memory,  and e s p e c i a l l y  r e s i s t a n c e  to 

e x t i n c t i o n ,  i t  wou l d  be e x p e c t e d  t h a t  VP woul d d e c r e a s e  

me a s u r e s  of  p a i n  t h r e s h o l d s  by s h o r t e n i n g  t he  l a t e n c y  to 

e s c a p e  f rom n o x i o u s  s t i m u l i .  However ,  VP a d m i n i s t r a t i o n  

r e s u l t s  in i n c r e a s e d  r e s p o n s e  l a t e n c i e s  on me a s u r e s  in 

whi ch  t he  a p p r o p r i a t e  e s c a p e  r e s p o n s e  r e s u l t s  in t he  

t e r m i n a t i o n  of  t h e  n o x i o u s  s t i m u l u s  ( B e r k o w i t z  and 

Sher man,  1982;  B e r n t s o n  and Be r s o n ,  1980;  Ber son  e t  a l , 

1983;  Kordower  e t  a l , 1 9 8 2 ) .  T h e r e f o r e ,  i t  a p p e a r s  t h a t
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VP a n a l g e s i a  i s  due t o  s p e c i f i c  i n t e r a c t i o n s  w i t h  

n o c i c e p t i v e  p r o c e s s e s ,  r a t h e r  t ha n  b e i n g  an ep i phenomenon 

of  VP’ s n e u r o m o d u l a t i o n  o f  memory.

The p r e s e n t  s t u d y  empl oyed a n o c i c e p t i v e  me a s u r e  

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

p r e v i o u s  r e p o r t s  of  VP a n a l g e s i a  in r e s p o n s e  to  h e a t  

s t i m u l i ,  such  as h e a t  to t h e  t a i l  ( B e r n t s o n  and B e r s o n ,  

1980;  Be r s on  e t  a l , 1983;  Kordower  e t  a l , 1 9 8 2 ) ,  h e a t  to 

t he  f e e t ,  and i n t r a p e r i t o n e a l  i n j e c t i o n s  of  a c e t i c  a c i d  

( B e r k o w i t z  and Sher man,  1 9 8 2 ) .  C e n t r a l  a d m i n i s t r a t i o n  of

e i t h e r  VP or  i t s  a n a l o g u e  f a i l s  to a l t e r  p a i n  t h r e s h o l d s

on t he  jump t e s t  (Kordower  e t  a l , 1 9 8 2 ) ,  whi ch  me a s u r e s

r e a c t i v i t y  to e l e c t r i c  s h o c k ,  s u g g e s t i n g  t h a t  VP 

a n a l g e s i a  may be s e l e c t i v e  f o r  n o x i o u s  t he r ma l  

s t i m u l a t i o n .  An a t o mi c a l  c o n s i d e r a t i o n s  s u p p o r t  t h i s  v i ew.  

V P - c o n t a i n i n g  n e u r o n s  p r o j e c t  f rom t he  PVN n u c l e u s  to t he

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

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

n o x i o u s  i n p u t  ( B u i j s ,  1978,  Swanson e t  a l , 1 980 ) ,  VP-

con t a i  n i ng  n e u r o n s  a l s o  send a d i r e c t  p r o j e c t i o n  to t he  

m a r g i n a l  zone  of  t he  s p i n a l  c o r d  d o r s a l  ho r n  ( B u i j s ,  1978;  

Swanson e t  a l , 1980;  N i l a v e r  e t  a l , 19 80 ) ,  a t e r m i n a t i o n

s i t e  i m p o r t a n t  f o r  t he  p e r c e p t i o n  of  b o t h  n o c i c e p t i v e  and 

t h e r ma l  s t i m u l i .  T o g e t h e r ,  t he  a n a t o m i c a l  and b e h a v i o r a l

e v i d e n c e  s u g g e s t  t h a t  VP’ s e f f e c t s  upon n o x i o u s  i n p u t  may

be m e d i a t e d  by t h i s  d e s c e n d i n g  p a t h wa y ,  a h y p o t h e s i s

s u g g e s t e d  by o t h e r s  ( s e e  r e v i e w:  Koz l owsk i  e t  a l , 1 983 ) .
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VP p l a y s  a r o l e  in t he  e x p r e s s i o n  of  s t r e s s - i n d u c e d  

a n a l g e s i a  w i t h  t h e  d i r e c t i o n  of  t he  e f f e c t  d e p e n d e n t  upon 

whi ch  p a i n - i n h i b i t o r y  s y s t e m i s  a c t i v a t e d .  dPTyr ( me ) AVP 

d e c r e a s e s  PIFS a n a l g e s i a ,  y e t  p o t e n t i a t e s  BCFS a n a l g e s i a .  

A d d i t i o n a l l y ,  t he  B r a t t l e b o r o  r a t  d i s p l a y s  an i mp a i r e d  

a n a l g e s i c  r e s p o n s e  to c o l d  w a t e r  swim s t r e s s  (Bodnar  e t  

a l  , 1 9 8 0 ) .  An i n c r e a s e  in p a i n  t h r e s h o l d s  i s  o n l y  one of  

t he  many c o p i n g  r e s p o n s e s  an an i ma l  makes upon e x p o s u r e  to 

a s t r e s s f u l  e n v i r o n m e n t .  O t h e r  a d j u s t m e n t s  i n c l u d e

c h a nge s  in h e a r t  r a t e ,  mu s c l e  v a s o d i l a t i o n ,  p u p i l l a r y  

d i l a t i o n ,  g l u c o s e  and f a t  m o b i l i z a t i o n ,  c o n s t r i c t i o n  of  

c a p i l l a r y  beds  i n  t h e  s k i n ,  and a l t e r e d  r e s p i r a t i o n ,  as 

w e l l  as  a compl ex  b u t  i n t e g r a t e d  n e u r o e n d o c r i n e  r e s p o n s e ,  

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

m e d u l l a r y  a c t i v a t i o n  ( S e l y e ,  1 9 5 3 ) .  Of t h e s e  r e s p o n s e s ,  

VP i s  c a p a b l e  of  a l t e r i n g  b l oo d  p r e s s u r e  ( s e e  r e v i e w:  

A i s e n b r e y  and B e r l ,  1982)  h e a r t  r a t e  ( G a r d i n e r  and 

B e n n e t t ,  1 9 8 2 ) ,  n e u r o e n d o c r i n e  s e c r e t i o n  ( e . g .  ACTH ; s e e :  

McCann,  1 9 8 0 ) ,  and p i t u i t a r y - a d r e n a 1- c o r t i c a l  f u n c t i o n  

(McCann,  A n t u n e s - R o d r i q u e z , N a i l e r ,  V a l t i n ,  1 9 6 6 ) .  I t  i s  

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

e i t h e r  of  two me c h a n i s ms :  a)  d i r e c t  i n t e r a c t i o n s  w i t h

p a i n - i n h i b i t o r y  pa t h wa y s  t h a t  a r e  e x p o s e d  to  s t r e s s ;  b) 

a l t e r a t i o n s  of  t h e  o r g a n i s m ’ s p e r c e p t i o n  of  t he  s t r e s s f u l  

c o n s e q u e n c e s  of  t h e  s t i m u l u s .  In t h i s  r e g a r d ,  n e o n a t a l  

a d m i n i s t r a t i o n  of  monosodi oum g l u t a m a t e  a t t e n u a t e s  c o l d  

w a t e r  swim a n a l g e s i a  ( Bo d n a r ,  Abrams,  Zimmerman,  K r e i g e r ,
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N i c h o l s o n ,  and K i z e r ,  1 9 8 0 ) ,  and p o t e n t i a t e s  2-DG 

a n a l g e s i a  ( B a d i 1 l o - M a r t i n e z , N i e o t e r a ,  B u t l e r ,

K i r c h g e s s n e r , S p e r b e r ,  and Bod na r ,  1982)  i n  t he  a d u l t  r a t .  

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

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

s t r e s s o r s ,  s u g g e s t i n g  t h a t  MSG i nduce d  damage p r o d u c e s  an 

a bnor ma l  p e r c e p t i o n  of  t he  s t r e s s f u l  p r o p e r t i e s  of  t h e s e  

m a n i p u l a t i o n s .  At  t he  p r e s e n t  t i me ,  i t  i s  no t  known

w h e t h e r  VP a l t e r s  t h e  a n a l g e s i c  r e s p o n s e  to s t r e s s  t h r o u g h

a c t i v a t i o n  of  p a i n - i n h i b i t o r y  pa t hways  or  t h r o u g h  a l t e r i n g  

t he  p e r c e p t u a l  c o n s e q u e n c e s  of  s t r e s s .  C e r t a i n l y ,  t h e r e  

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

s y s t e m .  However ,  VP se nds  p r o j e c t i o n s  to t he  zona  e x t e r n a  

of  t h e  medi an  emi nenc e  where  i t  i n t e r a c t s  w i t h  CRF 

( G i l l e s ,  C l i n t o n  and Lowry,  1979;  G i l l e s  and Lowry,  1982) ,  

and to  t he  t h o r a c i c  r e g i o n s  of  t he  s p i n a l  c o r d  (Swanson

and M c K e l l e r ,  1 9 7 9 ) ,  t he  s o u r c e  of  s y m p a t h e t i c  o u t f l o w

from t he  c e n t r a l  n e r v o u s  s y s t e m .  These  pa t hways  s u g g e s t

t h a t  VP may p l a y  a r o l e  in a more compl ex  and i n t e g r a t e d  

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

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

and m u l t i f u n c t i o n e d  p e p t i d e .
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Append i x  A 

On t oge ny  of  VP and OXY Neurons

O n t o g e n e t i c a l l y , VP, OXY, and t h e i r  n e u r o p h y s i n s  can 

be d e t e c t e d  in t he  b r a i n  by i mmunocy t ochemi ca l  and 

r a d i o i mmu n o a s s a y  t e c h n i q u e s  as  e a r l y  as  f e t a l  day 16-19 in 

t he  r a t  ( B u i j s ,  V e l i s ,  and Swabb,  1982)  and by mi d ­

t r i m e s t e r  in t he  human ( B u r f o r d  and R o b i n s o n ,  1 9 8 2 ) .  VP 

a p p e a r s  in t he  PVN and p i t u i t a r y  g l a n d  by f e t a l  day 18 in 

t he  r a t  ( B u i j s  e t  a l  , 1982)  w i t h  l e v e l s  o f  VP i n c r e a s i n g  

d r a m a t i c a l l y  u n t i l  t e r m in  b o t h  r a t s  and humans ( B u i j s  e t  

a l , 1982;  B u r f o r d  and R o b i n s o n ,  1 9 8 2 ) .  OXY l e v e l s

d e c r e a s e  be t wee n  f e t a l  days  16-18 and t hen  i n c r e a s e  on 

f e t a l  days  18-22 in t h e  r a t ,  however  t he  l e v e l  of  OXY is 

a b o u t  f i v e  p e r c e n t  of  t h a t  f o r  VP ( B u i j s  e t  a l  , 1 9 8 2 ) .  In 

c o n t r a s t ,  VP f i r s t  a p p e a r s  in t he  SCN on t he  s e cond  p o s t ­

n a t a l  day ( d e V r i e s ,  B u i j s ,  and Swabb,  1 981 ) .

H i s t o r i c a l  P e r s p e c t i v e  of  t he  M a g n o c e l l u l a r  N e u r o s e c r e t o r y

Sys tern

The m a g n o c e l l u l a r  n e u r o s e c r e t o r y  s y s t e m  was t he  f i r s t  

p e p t i d e r g i c  s y s t e m  t o  be c h a r a c t e r i z e d  in d e t a i l .  In 1894,  

Raymon y C a j a l  d e s c r i b e d  n e u r a l  p r o j e c t i o n s  f rom t he  

h y p o t h a l a mu s  to  t he  p o s t e r i o r  l o be  of  t he  p i t u i t a r y  g l a n d  

( s e e :  Ande r son  and Haymaker ,  1 9 7 4 ) .  However i t  was not  

u n t i l  t he  1 9 4 0 ' s  t h a t  i t  was p o s t u l a t e d  t h a t  t h e s e  

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

and t r a n s p o r t e d  t h e s e  s u b s t a n c e s  to t he  n e u r o h y p o p h y s i s
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f o r  s u b s e q u e n t  r e l e a s e  ( S c h a r r e r  and S c h a r r e r ,  1 9 4 0 ) .  

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

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

t he  p a r a v e n t r i c u l a r  n u c l e u s  (PVN) and s u p r a o p t i c  n u c l e u s  

(SON) o f  t h e  h y p o t h a l a m u s  c o u l d  p r o d u c e  p h y s i o l o g i c a l  

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

s u b s t a n c e  ( S c h a r r e r  and S c h a r r e r ,  1 9 5 4 ) .  Th i s  was l a t e r  

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

of  Gomori  ( 1941 ;  1 9 5 0 ) .  At  t h e  same t i me ,  t he  p e p t i d e s  

VP and OXY wer e  b e i n g  c h a r a c t e r i z e d ,  s e q u e n c e d  (du 

V i g n e a u d ,  1 9 5 6 ) ,  and s y n t h e s i z e d  (du V i g n e a u d ,  G i s h ,  and 

K a t s o y a n n i s ,  1954;  du V i g n e a u s ,  R e s s l e r ,  Swan,  R o b e r t s  and 

K a t s o y a n n i s ,  1954;  du Vi g n e a u d ,  R e s s l e r ,  Swan,  R o b e r t s ,  

K a t s o y a n n i s ,  and Gor don ,  1953)  in b o t h  t he  c e n t r a l  and 

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

c a r r i e r  m o l e c u l e s ,  t he  n e u r o p h y s i n s  wer e  d i s c o v e r e d  (van 

Dyke,  Chow, G r e e p ,  and Ro t h e n ,  1 9 4 1 ) ,  a l t h o u g h  a s i d e  f rom 

t h e i r  d e s i g n a t i o n s  as  ' c a r r i e r  m o l e c u l e s ' ,  l i t t l e  i s  known 

a b o u t  t h e i r  f u n c t i o n .  I t  i s  known t h a t  b o t h  VP and OXY 

have n e u r o c h e m i c a l l y  d i s t i n c t  n e u r o p h y s i n s  ( Ro b i n s o n  and 

F r a n z ,  1973)  and t h a t  b o t h  t he  p e p t i d e s  and t h e i r  c a r r i e r  

m o l e c u l e s  a r e  p r o b a b l y  d e r i v e d  f rom t he  to be f u l l y  

e l u c i d a t e d  ( B r o w n s t e i n  e t  a l , 1980;  M a r s h a l l ,

N e u r o p h y s i o l g y  of  t he  M a g n o c e l l u l a r  N e u r o s e c r e t o r y  Sy s t e m-

Whi l e  C r o s s  and Green  ( 1959)  i n i t i a l l y  d e m o n s t r a t e d  

t h a t  n e i t h e r  t h e  s ha pe  of  a c t i o n  p o t e n t i a l s  nor  t he



p a t t e r n s  of  e l e c t r i c a l  a c t i v i t y  were  s i g n i f i c a n t l y  

d i f f e r e n t  i n  t h e  m a g n o c e l l u l a r  h y p o t h a l a mu s  as compared  to 

any o t h e r  p a r t  of  t he  c e n t r a l  n e r v o u s  s y s t e m ,  t h e s e  

e x p e r i m e n t s  were  h i n d e r e d  by t he  i n a b i l i t y  to i d e n t i f y  t he  

m a g n o c e l l u l a r  n e u r o n s  unde r  s t u d y .  In  t he  s o l e  r e p o r t  of  

e l e c t r i c a l  a c t i v i t y  f o l l o w i n g  i n t r a c e l l u l a r  r e c o r d i n g  f rom 

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

Y a m a s h i t a ,  1 9 7 2 ) ,  t he  r e s t i n g  p o t e n t i a l  ( - 40  mV) and s p i k e  

a m p l i t u d e  ( 50 - 80  mV) d i d  no t  d i f f e r  f rom non-

n e u r o s e c r e t o r y  n e r v e  c e l l s .  However t he  a c t i o n  p o t e n t i a l s  

were  of  l ong d u r a t i o n  (5 msec)  and d i s p l a y e d  a g r a d e d

p o t e n t i a l ,  p r o b a b l y  due t o  t he  numerous  a f f e r e n t  i mput s

o n t o  t h e s e  n e u r o n s  ( s e e  r e v i e w :  K o z l o w s k i ,  N i l a v e r ,  and

Zimmerman,  1 9 8 3 ) .  The a p p l i c a t i o n  of  a n t i d r o m i c

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

n e u r o n s  ( Y a g i , Azuma,  Ma t s u d a ,  1966)  c o n s t i t u t e d  a

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

can e a s i l y  be s t i m u l a t e d  i n  t he  n e u r o h y p o p h y s i s  t h r o u g h  

t r a n s a u r a l  ( D y b a l l ,  1 9 6 9 ) ,  d o r s a l  ( L i n c o l n  and Wa k e r l e y ,

1974;  Negoro and H o l l a n d ,  1972)  and v e n t r a l  ( D r e i f u s s  and 

Ru f ,  1972;  S u n d s t e n ,  Novi n ,  and C r o s s ,  1970)  a p p r o a c h e s .  

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

of  b a c k g r o und  f i r i n g  of  m a g n o c e l l u l a r  n e u r o n s :  1-  a s l ow 

i r r e g u l a r  p a t t e r n  c h a r a c t e r i z e d  by a v e r y  low mean f i r i n g  

r a t e  (<3 s p i k e / s e c ) ;  2-  a f a s t  c o n t i n u o u s  p a t t e r n

c h a r a c t e r i z e d  by a mean f i r i n g  r a t e  > 3 s p i k e s / s e c ;  3-  and

a p h a s i c  p a t t e r n  c h a r a c t e r i z e d  by s u c c e s s i v e  p e r i o d s  of
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e l e c t r i c a l  a c t i v i t y  and e l e c t r i c a l  s i l e n c e  o c c u r r i n g  in a 

more or  l e s s  r e g u l a r  manne r .

Exogenous  s t i m u l i  w i l l  s e l e c t i v l y  e l i c i t  t he

e l e c t r i c a l  d i s c h a r g e  and s u b s e q u e n t  r e l e a s e  o f  VP or  OXY. 

Upon s u c k l i n g ,  OXY i s  r e l e a s e d ,  e l i c i t i n g  t he  mi l k  

e j e c t i o n  r e f l e x  in b o t h  awake and a n e s t h e t i z e d  r a t s  

( L i n c o l n  and W a k e r l e y ,  1974;  Wa k e r l e y  and L i n c o l n ,  1973)  

a l l o w i n g  e x t r a c e l l u l a r  r e c o r d i n g  f o r  up to 4 - 5 h .  Du r i ng

most  of  t he  s u c k l i n g  p e r i o d ,  OXY n e u r o n s  in t he  PVN or  SON 

a r e  u n r e s p o n s i v e  t o  t he  s u c k l i n g  e f f o r t s  of  t he  pups 

( L i n c o l n  and Wa ke r l e y  1974;  Wa ke r l e y  and L i n c o l n ,  1973)  

and a r e  c h a r a c t e r i z e d  by s y n c h r o n o u s  s l ow i r r e g u l a r  or  

f a s t  c o n t i n u o u s ,  b u t  no t  p h a s i c  a c t i v i t y .  However ,  j u s t

p r i o r  t o  ( 15 - 20  s e c )  t he  p e r i o d i c  m i l k  e j e c t i o n  t h e s e  

n e u r o n s  f i r e  r a p i d l y  and s y n c h r o n o u s l y  w i t h  70-80  s p i k e s  

o c c u r i n g  w i t h i n  2 - 4  s e c ,  f o l l o w e d  by a b r i e f  p e r i o d  of  

q u i e s c e n c e .  G r e a t e r  a c t i v i t y  i s  n o t e d  f o r  OXY n e u r o n s  in 

t he  PVN. In  c o n t r a s t  to OXY n e u r o n s ,  many VP n e u r o n s  

d i s p l a y  p h a s i c  a c t i v i t y .  In u n a n e s t h e t i z e d

m o n k e y s , d e p r i v e d  of  w a t e r  f o r  f i v e  d a y s ,  t he  p e r c e n t a g e  of  

SON c e l l s  d i s p l a y i n g  a p h a s i c  p a t t e r n  r o s e  f rom 10% on day 

1 t o  50-60% on day 5 ( A r n a u l d ,  Dufy,  and V i n c e n t ,  1 9 7 5 ) .  

I n  t he  a n e s t h e t i z e d  r a t ,  6 h of  w a t e r  d e p r i v a t i o n  r e s u l t e d  

i n  p h a s i c  a c t i v i t y  in 94% of  VP ( Waker l ey  e t  a l  , 1 9 7 8 ) .

The f u n c t i o n a l  s i g n i f i c a n c e  of  t he  f i r i n g  p a t t e r n s  of  

t h e s e  n e u r o n s  r ema i ns  in q u e s t i o n .  In  t he  r a t ,  t he  b r i e f
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a c t i v a t i o n  of  OXY f i b e r s  i n duc e d  by pup s u c k l i n g  

c o r r e s p o n d s  to t h e  p u l s a t i l e  n a t u r e  of  OXY r e l e a s e  a t  mi l k  

e j e c t i o n  ( P o u l a i n  and W a k e r l e y ,  1 9 8 2 ) .  However ,  t he  sudden 

and b r i e f  e x c i t a t i o n  of  OXY n e u r o n s  c a n n o t  be e n t i r e l y  

e x p l a i n e d  by t h e  c o n t i n u o u s  s t i m u l a t i o n  by t he  p u p s .  From 

a n a t o m i c a l  e v i d e n c e  ( F i n d l a y ,  1 9 6 6 ) ,  i t  woul d  seem t h a t  

t he  s u c k l i n g  o f  t h e  pups  would p r o v i d e  a l a r g e  amount  of  

i n p u t  t o  t he  s p i n a l  c o r d  of  t he  dam.  Even i f  t he  pa t hway 

f rom t he  s p i n a l  c o r d  t o  t he  h y p o t h a l a mu s  i s  m u l t i s y n a p t i c , 

t he  i mp u l s e  woul d  r e a c h  t he  h y p o t h a l a mu s  w i t h i n  

m i l l i s e c o n d s ,  and p r e s u m a b l y  woul d  r e a c h  b o t h  t he  SON and 

PVN s i m u l t a n e o u s l y  t o  a c c o u n t  f o r  t he  sync honous  f i r i n g  of  

t h e s e  two n u c l e i  ( P o u l a i n  and W a k e r l e y ,  1 9 8 2 ) .  T h e r e f o r e ,  

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

e f f e t s  i s  unkown.  A d d i t i o n a l l y ,  t he  f u n c t i o n s  of  VP and 

OXY in r e g u l a t i n g  n e u r o e n d o c r i n e  f u n c t i o n  a p p e a r  to be 

d e p e n d e n t  upon o t h e r  n e u r o t r a n s m i t t e r  a n d / o r  n e u r o p e p t i d e  

s y s t e ms  in t h a t  many s y s t e ms  t h a t  s y n a p s e  upon or  c o - e x i s t  

w i t h i n  t he  PVN and SON ( s e e  r e v i e w:  Koz l owsk i  e t  a l ,

1 9 8 3 ) ,  and p h a r m a c o l o g i c a l  or  a n a t o m i c a l  m a n i p u l a t i o n s  of  

t h e s e  s y s t e ms  can  a l t e r  t he  f i r i n g  p a t t e r n s  of  VP and OXY 

n e u r o n s  ( P o u l a i n  and Wa k e r l e y ,  1 9 8 2 ) .
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