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A b s t r a c t  

R e c e n t  a n i m a l  r e s e a r c h  i n  o p i o i d  a d d i c t i o n  h a s  l e d  some 

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

a n d  i f  it were f r e e l y  a v a i l a b l e ,  a n y  mammal would  become 

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

e n v i r o n m e n t ,  p e r s o n a l i t y ,  a n d  s o c i a l  f ac tors  are  c o n s i d e r e d  

l a r g e l y  i r r e l e v a n t .  We b e l i e v e  t h a t  t h i s  c o n c l u s i o n  i s  a n  

o v e r - g e n e r a l i z a t i o n  o f  t h e  a n i m a l  s t u d i e s ,  i n  which s u b j e c t s  

h o u s e d  i n  small i n d i v i d u a l  c a g e s  s e l f - i n  ject morph ine  a s  

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

p r o p e r t i e s  of m o r p h i n e  may o b t a i n  o n l y  w i t h  these  

e x p e r i m e n t a l  me thods .  E v i d e n c e  f r o m  o u r  l a b o r a t o r y  s h o w s  

t h a t  r a t s  housed  i n  a  la rge  c o l o n y  c a g e  consume 

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

A l s o ,  f i n d i n g s  from o u r  l a b o r a t o r y  a n d  e l s e w h e r e  s u g g e s t  

t h a t  m o r p h i n e  i s  a v e r s i v e  when i t  is  a d m i n i s t e r e d  o r a l l y .  

' The p r e s e n t  e x p e r i m e n t  i s  a f u r t h e r  i n v e s t i g a t i o n  of 

t h e  a v e r s i o n  t o  o r a l l y  a d m i n i s t e r e d  morph ine .  T y p i c a l l y ,  

r a t s  reject t h e  d r u g  i n  o r a l  form,  b u t  t h i s  h a s  been  

a t t r i b u t e d  t o  its b i t t e r  t a s te .  I n  t h i s  e x p e r i m e n t ,  t w o  

m e t h o d o l o g i e s  were c o m b i n e d  ( r e p r e s e n t e d  a s  t w o  p h a s e s )  , t o  

overcome t h e  t a s t e  p r o b l e m .  I n  t h e  f i r s t  p h a s e ,  t h e  o n l y  

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

much more b i t t e r  q u i n i n e  s o l u t i o n .  Ten  o u t  o f  18 a n i m a l s  



~ e r s i s t e d  i n  a v o i d i n g  t h e  m o r p h i n e  a n d  s e l e c t e d  q u i n i n s .  I n  

t h e  s e c o n d  p h a s e ,  a  m o r p h i n e  a n t a g o n i s t  was a d d e d  t o  both 

s o l u t i o n s  t o  n e u t r a l i z e  t h e  effects  o f  morphine .  S e v e n t e e n  

a n i m a l s  t h e n  consumed 90% m o r p h i n e ,  i n d i c a t i n g  t h a t  t h e  

morph ine  a v e r s i o n  i n  t h e  f i rs t  p h a s e  was d u e  t o  t h e  

p h a r m a c o l c q i c a l  e f fec t  o f  m o r p h i n e ,  n o t  t h e  tas te .  

F u r t h e r m o r e ,  t h e r e  a r e  s e v e r a l  p i e c e s  of e v i d e n c e  t h a t  t h e  8 

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

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

m o r p h i n e  s o l u t i o n  i n  t h e  f i rs t  few d a y s  o f  d r i n k i n g .  

Second ,  t h e y  d r a n k  o n l y  e n o u g h  m o r p h i n e  t o  meet minimum 

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

a n  e q u a l l y  b i t t e r  q u i n i n e  s o l u t i o n  consumed i n  a c o m p a r i s o n  

e x p e r i m e n t .  

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

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

b e t w e e n  m o r p h i n e  a n d  t h e  a n t a g o n i s t ,  a n d  t h a t  t h e  a n t a g o n i s t  

d i d  ' n o t  c a u s e  c h a n q e s  i n  b i t t e r n e s s  a v e r s i o n .  

T h i s  e x p e r i m e n t  p r o v i d e s  s t r o n g  e v i d e n c e  t h a t  m o r p h i n e  

i s  s o m e t i m e s  a v e r s i v e  t o  r a t s ,  a n d  d i s p u t e s  t h e  n o t i o n  t h a t  

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

l e a d  t o  a d d i c t i o n .  



Ac k n o w l e d g e m e a t s  

I would  l i k e  t o  e x p r e s s  my g r a t i t u d e  t o  P a t r i c i a  F. 

Hadaway a n d  D r .  B r u c e  K .  A l e x a n d e r ,  f o r  v a l u a b l e  a d v i c e  a n d  

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

c o n t i n u e d  e n c o u r a g e m e n t .  Wendy N e v i s o n  p r o v i d e d  s u b s t a n t i a l  

a n d  i n v a l u a b l e  a s s i s t e n c e  i n  d a t a  c o l l e c t i o n .  A s  well, I 

would  l i k e  t o  e x t e n d  my a p p r e c i a t i o n  t o  D r .  C h r i s t o p h e r  M. 

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

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

I a l s o  w i s h  t o  e x p r e s s  my g r a t i t u d e  t o  Endo 

p h a r m a c e u t i c a l  L a b o r a t o r i e s ,  f o r  their d o n a t i o n  of 

n a l t r e x o n e  h y d r o c h l o r i d e .  

F i n a l l y ,  a n d  most i m p o r t a n t l y ,  I would l i k e  t o  t h a n k  

my wife, E l i s a b e t h  Klar for h e r  b o u n d l e s s  sympa thy ,  s u p p o r t ,  

a n d  e n c o u r a g e m e n t .  
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v i i  

L i s t  o f  T a b l e s  

T a b l e  I - F l u i d  c h o i c e s  ic t h e  t h r e e  e x p e r i m e u t a l  36 
p h a s e s .  

T a b l e  I1 - Assignmment  o f  r a t s  t o  c a t e g o r i e s  4 1 
a c c o r d i n g  t o  r e s u l t s  o f  Mann-Whitney 
U t e s t s .  - 

T a b l e  I11 - M o l e c u l a r  s t r u c t u r e s  o f  some i m p o r t a n t  74 
b i t t e r  a l k a l o i d s ,  a n d  q u i n o l i n e ,  
i s o q u i n o l i n  e 

Table  IV - Rank o r d e r  c o r r e l a t i o n  c o r r e l a t i o n  
c o e f f i c i e n t s  b e t w e e n  r e s p o n s e s  of r a t  
g l o s s o p h a r y n g e a l  n e r v e  f i b e r s  t o  4 common 
tastes  a n d  4 b i t t e r  t a s t e s  w i t h  
c i r c u m v a l l a t e  s t i m u l a t i o n  ( a f t e r  F r a n k ,  
1975) .  

T a b i e  V - Effects  of o a l t r e x o n e  (30 mg o r a l l y )  o n  9 1 
p h y s i o l o g i c  c h a n g e s  a n d  s u b j e c t i v e  s t a t e  
( a f t e r  M a r t i n  e t  a l . ,  1973) .  

T a b l e  V I  - Effects  o f  c h r o n i c a l l y  a d m i n i s t e r e d  9 3  
n a l t r e x o n e  (15 mg twice a d a y  o r a l l y )  on  
s u b c u t a n e o u s l y  a d m i n i s t e r d  m o r p h i n e  ( a f t e r  
M a r t i n  e t  a l . ,  1 9 7 3 ) .  
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L i s t  o f  ~ i g u r e s  

F i g u r e  1 - A l l  s u b j e c t s  -- T o t a l  f l u i d  c o n s u m p t i o n  42 
( M + Q )  i n  P h a s e  One. 

F i g u r e  2 - Female, Male s u b j e c t s  -- Morphine  4 3  
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  3 - Rat 1 ( f e m a l e ,  c a t e g o r y  M M )  Morphine  44 
c o n s u m p t i c c  as  p r o p o r t i o n  o f  z o t a l  f l u i d  
i n t a k e .  

F i g u r e  4  - R a t  2 ( f e m a l e ,  c a t e g o r y  Q M )  Morphine  4 5  
c o n s u m p t i o n  as  p r o p o r t i c n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  5 - Rat 3 (female, c a t e g o r y  Q M )  Morphine  46 
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  6 - Rat 4 (female, catsgory Q M )  Morphine  47 
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  7 - Rat 5 (female, c a t e g o r y  Q M )  Morphine  4 8  
c o n s u m p t i o n  as  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e ,  

F i g u r e  8 - R a t  6 (female, c a t e g o r y  Q M )  Morphine  49 
c o n s u m p t i o n  as  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  9 - Rat 7 ( f e m a l e ,  c a t e g o r y  MQ) Morphine  5 0 
c o n s u m p t i o n  a s  p r o p o r t i o c  o f  t o t a l  f l u i d  
i n  t a k e ,  

F i g u r e  10 - Rat 8 ( f e m a l e ,  c a t e g o r y  M M )  Morph ine  51 
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

F i q u r e  11 - Rat 9 (female, c a t e g o r y  Q M )  Morph ine  5 2  
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e ,  

F i g u r e  1 2  - R a t  10 ( m a l e ,  c a t e g o r y  Q M )  Morphine  53 
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  



F i g u r e  13 - R a t  1 1 (male, c a t e g o r y  Mt!) Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  I I )  - R a t  12 (male, c a t e g o r y  MH)  Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

~ i g u r e  1 5  - R a t  13 ( m a l e ,  c a t e g o r y  HM) Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

F i q u r e  16  - Rat 14 ( m a l e ,  c a t e g o r y  M M )  Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

F i g u r e  17 - Rat 1 5  (male, c a t e g o r y  Q M )  Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

F i g u r e  18 - Rat 16 ( m a l e ,  c a t e g o r y  Q M )  Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  1 9  - Rat 17 ( m a l e ,  c a t e g o r y  M M )  Morph ine  
c o n s u m p t i o n  a s  p r o p o r t i o n  o f  t o t a l  f l u i d  
i n t a k e .  

F i g u r e  20  - Rat 18 ( m a l e ,  c a t e g o r y  Q M )  Morph ine  
c o n s u m p t i o n  a s  p s o p o r t i o n  of t o t a l  f l u i d  
i n t a k e .  

F i g u r e  2 1  - A l l  s u b j e c t s ,  e a c h  r e p r e s e n t e d  
s e p e r a t e l  y. M o r p h i n e  c o n s u m p t i o n  as  
p r o p o r t i o n  of  t o t a l  f l u i d  i n t a k e .  

F i g u r e  2 2  - Q M  S u b j e c t s  -- M o r p h i n e  c o n s u m p t i o n  
a s  p r o p o r t i o n  of t o t a l  f l u i d  i n t a k e .  

F i g u r e  23 - M H  S u b j e c t s  -- M o r p h i n e  c o n s u m p t i o n  
a s  p r o p o r t i o n  o f  t o t a l  f l u i d  i n t a k e .  

F i g u r e  2 4  - Q M  S u b j e c t s  -- F l u i d  c o n s u m p t i o n ,  e a c h  
s o l u t i o n  r e p r e s e n t e d  s e p e r a t e l y .  

P i q u r e  2 5  - M M  S u b j e c t s  -- F l u i d  c o n s u m p t i o n ,  e a c h  
s o l u t i o n  r e p r e s e n t e d  s e p e r a t e l y .  



F i g u r e  26 - G r a p h s  f r o m  o n e  p a t i e n t ,  s h o w i n g  7 1 
s u b j e c t i v e  i n t e n s i t y  and n e u r a l  r e s p o n s e  
plotted a g a i n s t  m o l a r i t y  o f  c i t r i c  a c i d  
i n  a l o g - l o g  s c a l e  ( a f t e r  Z o t t e r m a n ,  1971) . 

F i g u r e  27 - R e s p o n s e s  (open circles) a n d  s u b j e c t i v e  7  1 
e s t i m a t i o n  p l o t t e d  a g a i n s t  m o l a r i t y  o f  
s u c r o s e  s o l u t i o n  ( a f t e r  Z o t t e r m a n ,  1 9 7 1 ) .  

F i g u r e  28  - Twenty r a t  g l o s s o p h a r y n g e a l - c i r c u m v a l l a t e  7 7  
n e r v e  f i b e r  r e s p o n s e  p r o f i l e s  t o  4 t a s t e s :  
f o r  5 f i b e r s  w h i c h  r e s p o n d  best ( l a r g e s t  
number o f  s p i k e s  i n  5 s) t o  , 3  M s u c r o s e  
( S ) ,  . 3  M NaCl (N),  .003 N HC1 ( H ) ,  a n d  
.001  M q u i n i n e  H C 1  ( Q )  ( a f t e r  F r a n k ,  1975) . 

F i g u r e  2 9  - Summary o f  t a s t e  i n t e r a c t i o n s  ( a f t e r  86 
Kamen et a l . ,  1 9 6 1 ) .  



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

H i s t o r i c a l  O v e r v i e w  -- 

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

b e f o r e  w r i t t e n  h i s t o r y  (Lewin,  193  l / l 9 6 4 )  . of a l l  t h e s e  

s u b s t a n c e s ,  op ium h a s  b e e n  o n e  o f  t h e  most p e r v a s i v e l y  u s e d .  

Mesopo tamia  i s  b e l i e v e d  t o  h a v e  b e e n  t h e  o r i g i n a l  home of 

t h e  opium poppy ( P a p a v e r  s o m n i f e r u m ) .  T h e  s u m e r i a n s ,  who 

s e t t l e d  t h e r e  i n  5000  o r  6 0 0 0  B.C., refer t o  opium on 

t a b l a t u r e  d a t i n g  f r o m  a b o u t  2000 B.C. T h i s  anonymous 

w r i t i n g  s p e a k s  of t h e  efff  c a c y  of t h e  p l a n t  i n  r e l i e v i n g  

p a i n  a n d  i n d u c i n g  s l e e p  (Emboden, 1 9 7 2 ) .  The  S u m e r i a n  

i d e o g r a m  u s e d  f o r  opium means  j o y t f ,  o r  " r e j o i c i n g t t  ( T e r r y  

a n d  P e l l e n s ,  l 9 2 8 / l W O )  . 
Opium was a l s o  o f t e n  c i t e d  i n  t h e  l i t e r a t u r e  of a n c i e n t  

Greece. Homer f z e q u e n t l y  m e n t i o n s  n e p e n t h e ,  a d r i n k  made 

from' op ium p o p p i e s .  I n  t h e  O d y s s e y  (H. n i n t h  c e n t u r y  

B . C . ) ,  H e l e n  of T r o y  o f f e r s  a f i l t e r  of n e p e n t h e  t o  

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

so r row."  H i p p o c r a t e s  (466-377 B .C .) a d v o c a t e d  poppy wine  a s  

a m e d i c i n e .  I n  some c o n n e c t i o n ,  t h e  poppy i s  m e n t i o n e d  by 

a l m o s t  e v e r y  m a j o r  writer of G r e e k  a n d  Roman a n t i q u i t y ,  

i n c l u d i n g  ~ r i s t o t l e ,  v i r g i l ,  and  ~ l i n y  The E l d e r .  T h i s  is  

p e r h a p s  n o t  s u r p r i s i n g ,  s i n c e  t h e  c u r a t i v e  p r o p e r t i e s  of 



s l e e p  were h i g h l y  e s t e e m e d  i n  Greece, a n d  opium was s e e n  a s  

a n  h e r b a l  v e h i c l e  t o  t h a t  s t a t e ,  C a l l e d  t h e  " p o t e n t  

d e s t r o y e r  of g r i e f1* ,  opium p o p p i e s  a p p e a r e d  o n  c o i n s ,  

v e s s e l s ,  j e w e l r y ,  u t e n s i l s ,  a n d  f i g u r i n e s .  Its u s e  was 

a s s o c i a t e d  w i t h  Nyx, g o d d e s s  o f  n i g h t ;  T h a n a t o s ,  god of 

d e a t h ;  Hypnos ,  god o f  s l e e p ;  and  Morpheus ,  g o d  o f  d r e a m s .  

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

a s s o c i a t i o n  w i t h  op ium f l o w e r s  a n d  c a p s u l e s  (Emboden, 1972,  

p. 2 3 ) .  

From G r e c i a n  times t o  t h e  p r e s e n t ,  o p i o i d s  h a v e  

c o n t i n u e d  t o  b e  o f  i n t e r e s t  t o  t h e  W e s t e r n  World. They h a v e  

b e e n  u s e d  a s  a remedy  fo r  a  wide  v a r i e t y  o f  human i l ls,  a n d  

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

f o r  o v e r  two t h o u s a n d  y e a r s  ( T e r r y  a n d  P e l l e n s ,  l928/197O) . 
I n  n i n e t e e n t h  c e n t u r y  Amer ica ,  p h y s i c i a n s  o f t e n  ref e r r e d  t o  

m o r p h i n e  a s  w G . O , f l . N  -- l lGodgs Own f l e d i c i n e . "  I n  D r .  H. H .  

K a n e ' s  t e x t b o o k ,  The H ~ ~ o d e r m i c  z p i e c t i o n  of Morphia.  its 

History,  A d v a n t a q e s  a n d  D a n q e r s ,  t h e  a u t h o r  l ists 5 4  - 
d i s e a s e s  w h i c h  were r e l i e v e d  by m o r p h i n e .  O f  c o u r s e  few i f  

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

were e s s e n t i a l  symptoms e l i m i n a t e d ;  o n l y  t h e  p a i n ,  

d i s c o m f o r t ,  a n d  w o r r y  associated wi th  i l l n e s s  were 

a l l e v i a t e d .  N e v e r t h e l e s s ,  o p i o i d s  were p a l l i a t i v e s  o f  

e n o r m o u s  c l i n i c a l  v a l u e  ( B r e c h e r ,  1972,  p.8) . 
It may b e  a r g u e d  t h a t  i t  i s  p r e c i s e l y  t h i s  o v e r e l i a n c e  



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

p r o h i b i t i o n .  S z a s z  (1974)  s u g g e s t s  t h a t  t h e r e  i s  a s t r o n g  

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

e i t h e r  p a n a c e a s ,  o r  p a n a p a t h o g e n s  (i .em c o m p l e t e l y  h a r m f u l )  . 
~e p o i n t s  o u t  t h a t  t h e  s t a t u s  of many d r u g s  h a s  u n d e r g o n e  

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

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

a n d  d e l e t e r i o u s  s i d e  e f f e c t s )  . T h i s  l e a d s  t o  i ts  i m p r o p e r  

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

o v e r  use .  

I n  s p i t e  o f  t h e  fac t  t h a t  t h e s e  d r u g s  were so w i d e l y  

u s e d ,  f o r  so many r e a s o n s  a n d  f o r  so l o n g ,  t h e r e  is n o  

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

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

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

o p i o i d s ,  t h e i r  a d d i c t i n g  ef f icacy seems t o  h a v e  been  

s u r p r i s i n g l y  weak ( T e r r y  a n d  P e l l e n s ,  1928/1970)  . 
9 T h r o u g h  t h e  c o u r s e  of h i s t o r y ,  t h e  m o t i v a t i o n s  f o r  

o p i o i d  u s e  h a v e  v a r i e d  c o n s i d e r a b l y .  I n  e a r l i e s t  times, 

op ium was u s e d  a s  a  t r a n q u i l i z e r ,  p a i n  r e l i e v e r ,  and  

s e d a t i v e .  S i n c e  t h a t  time t h e y  h a v e  b e e n  u s e d  by wounded 

s o l d i e r s  t o  a l l e v i a t e  p a i n ,  by  C h i n e s e  l a b o r e r s  t o  t o l e r a t e  

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

c r a m p s  a n d  menopause .  I n f a n t s  were f r e q u e n t l y  g i v e n  t h a  

d r u g  a s  a t e e t h i n g ,  o r  c h o l i c  remedy.  C u r r e n t l y ,  o p i o i d s  



are u s e d  a s  a n a l g e s i c s ,  a n t i t u s s i v e s ,  a n d  a n t i d i a r r h e a l s .  

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

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

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

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

c e n t u r y ,  m o s t  n a r c o t i c s  u s e r s  were women, o u t n u m b e r i n g  men 

b y  t w o  t o  o n e  ( L i n d e s m i t h ,  1968, p .210)  o r  t h r e e  t o  o n e  

( B r e c h e r  , 1 3 7 2 ,  p a  17) . They were t y p i c a l l y  m i d d l e  o r  u p p e r  

c l a s s ,  a n d  b e t w e e n  t w e n t y - f i v e  a n d  f i f t y - f i v e  y e a r s  o l d ,  

a v e r a g i n g  a b o u t  4 0  y e a r s  of a g e  f o r  b o t h  f e m a l e s  a n d  m a l e s  

( B r e c h e r ,  1972,  p. 18) . Some a p p a r e n t l y  became h a b i t u a l  

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

p a t e n t  m e d i c i n e s  s u c h  a s  Laudanum. 

I n  c o n t r a s t ,  t h e  c u r r e n t  p o p u l a t i o n  o f  N o r t h  American 

"street a d d i c t s "  are a p p r o x i m a t e l y  e i g h t y  p e r c e n t  male 

( B r e c h e r ,  1972,  p. 17) . They  o b t a i n  t h e i r  h e r o i n  on t h e  

b l a c k  m a r k e t ,  a n d  a r e  p r e d o m i n a n t l y  o f  the l o w e r  c l a s s .  I n  

t h e  U n i t e d  S t a t e s ,  t h e  m a j o r i t y  are u n d e r  t h i r t y - f i v e  

( B r e c h e r ,  1972,  p a  18) . 
T h e r e  are a t  l e a s t  t h r e e  i m p o r t a n t  f a c t o r s  which h a v e  

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

i s o l a t i o n  of m o r p h i n e  f rom opium i n  1803  by S e r t u r n e r  

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

q u a n t i t i e s  o f  o p i o i d s  ( B r e c h e r ,  1972, p a  46) . 
S e c o n d ,  t h e  i n v e n t i o n  of t i e  h y p o d e r m i c  s y r i n g e  



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

i n  a manner  which p roduced  i m m e d i a t e  effects. 

T h i r d ,  o p i o i d s  were p r o h i b i t e d  i n  Nor th  America a n d  

e l s e w e r e .  T h i s  i n h i b i t e d  c a s u a l  u s e ,  b u t  it c o n s o l i d a t e d  

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

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

i n c r e a s e d  p r i c e s  r e s u l t i n g  f rom b l a c k  marke t  t r a d i n g  

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

i n j e c t i o n s  i n  o r d e r  t o  r e c e i v e  maximum and  mos t  r a p i d  

b e n e f i t s  f rom t h e  l e a s t  amount  o f  the d r u g  ( B r e c h e r ,  1972, 

p.46) 

It s h o u l d  a l s o  b e  n o t e d  t h a t  o p i o i d s  seem t o  h a v e  a 

more p l e a s u r a b l e  effect when a p e r s o n  i s  u n d e r g o i n g  stress 

of some s o r t  ( s a n d o z ,  1922; Jaf f e  and  M a r t i n ,  1975) , a n d  may 

h a v e  "no p l e a s u r a b l e  effect  a t  a l l  on  a p r o s a i c  and s t o l i d  

p e r s o n  w i t h  no  s e n s e  o f  s t r a i n  o r  c o n f l i c t t 1  ( L i n d e s m i t h ,  

1968, p. 27)  . Hence, t h e  ac t  o f  c r i m i n a l i z i n g  o p i o i d  

p o s s ' e s s i o n  h a s  t h e  e f f e c t  o f  r e d u c i n g  c a s u a l  u s e ,  b u t  i t  may 

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

i n c r e a s i n g  t h e  s t r a i n  t h e y  e x p e r i e n c e .  The p o v e r t y ,  

m a l n u t r i t i o n ,  poor  h o u s i n g ,  d i s t r u s t ,  con• ’  l i c t  w i t h  t h i e v i n g  

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

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

l i f e s t y l e .  



c o n t e m a r a r y  P a t t e r n s  o f  Q ~ i o i d  Use - 

The mos t  o b v i o u s  c h a r a c t e r i s t i c  o f  t h e  c o n t e m p o r a r y  

lrstreet a d d i c t  *set b e h a v i o r  i s  a n  i n t e n s e  c r a v i n g  a n d  

s t r i v i n g  f o r  h e r o i n .  T h i s  d e s i r e  is n o t  c a s u a l  o r  vague,  

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

s e e k  g r a t i f i c a t i o n  i n  t h e  face o f  u n b e l i e v a b l e  sacr i f ices  

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

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

o r  h e r  t o  t h e  home e n v i r o n m e n e n t  are a l m o s t  c o m p l e t e l y  

u n s u c c e s s f u l ,  w i t h  u s u a l l y  more  t h a n  n i n e t y - t  wo p e r c e n t  o f  

t r e a t e d  i n d i v i d u a l s  r e l a p s i n g  w i t h i n  f i v e  years ( D a n s a u e r  

a n d  R i e t h ,  1 9 3 1 ;  0 8 D o n n e l l ,  1965; ~ i n d e s m i t h ,  1968,  p . 5 3 ) .  

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

t r e a t m e n t  i s  much b e t t e r .  P h y s i c i a n s ,  f o r  i n s t a n c e ,  h a v e  a 

p r o b l e m  w i t h  o p i o i d  a d d i c t i o n  -- a b o u t  o n e  p e r c e n t  a r e  

morph ine  a d d i c t s  ( N i c h o l s ,  1965) .  However, when t h e y  are  

t h r e ' a t e n e d  w i t h  t h e  c e r t a i n t y  o f  l o s i n g  t h e i r  l i c e n c e s  t o  

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

s t o p  u s i n g  t h e  d r u g .  I n  a t  l e a s t  o n e  f o l l o w - u p  s t u d y ,  

n i n e t y - t w o  p e r c e n t  were able  t o  s t o p  u s i n g  o p i o i d s  f o r  a  

p e r i o d  o f  f i v e  y e a r s  ( 0 8 D o n n e l l ,  1 9 6 5 ) .  

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

t r e a t m e n t  a l s o  h a v e  a n  e x t r e m a l y  low a d d i c t i o n  r a t e  ( J a f f e ,  

1975 ;  Z i n b e r g ,  1 3 7 4 ) .  D a n s a u e r  a n d  R i e t h  (1931)  r e p o r t e d  o n  



a large number  of p a t i e n t s  who were g i v e n  o r a l  a n d  

p a r e n t e r a l  o p i o i d s  f o r  l o n g  p e r i o d s  ( i n  some i n s t a n c e s  for  

more t h a n  t e n  years) w i t h o u t  i n d u c i n g  s u b s e q u e n t  

d r u g - s e e k i n g  b e h a v i o r .  T h e s e  i n d i v i d u a l s  u s u a l l y  s u f f e r  

w i t h d r a w a l  i f  t h e  d r u g  is  s t o p p e d  a b r u p t l y .  However, d r u g  

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

o u t  m o r p h i n e  from i l l i c i t  s o u r c e s .  O f t e n  t h e  p a t i e n t  s t a t e s  

t h a t  he  o r  s h e  h a s  n o  d e s i r e  f o r  t h e  d r u g ,  o r  t h a t  t h e  

effects a re  a v e r s i v e .  

The a d d i c t i o n  c a r e e r s  o f  U . S .  s o l d i e r s  r e t u r n i n g  f rom 

V i e t n a m  a l s o  d i f f e r  f r o m  "street a d d i c t s " .  I n  1971 ,  a b o u t  

4 2 %  o f  U.S. e n l i s t e d  men i n  V i e t n a m  u s e d  o p i o i d s  a t  l e a s t  

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

time d u r i n g  t h e i r  y e a r  t h e r e  t h e y  were p h y s i c a l l y  d e p e n d e n t  

( R o b i n s ,  1 9 7 4 )  . However,  v e r y  l a r g e  n u m b e r s  o f  u s e r s  were 

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

c i v i l i a n  l i f e  ( B o u r n e ,  1974)  . 

Soc ia l  a n d  P e r s o n a l i t y _ T h e a r i e s  o f  A d d i c t i o n  
-----UI--- -------- 

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

v a r i o u s l y  i n t e r p r e t e d .  A l a r g e  number of i n v e s t i g a t o r s  h a v e  

t h e o r i z e d  t h a t  t h e r e  i s  a n   addiction p r o n e  p e r s o n a l i t y f '  

(Yorke ,  1970;  B r a u c h r  e t  a l . ,  1973)  . ~ h a n t z i a n  e t  a l .  

(1974)  p r o p o s e d  t h a t  a d d i c t s  h a v e  r e s o r t e d  t o  h e r o i n  i n  



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

o t h e r  p r o b l e m s  of stress. Based  o n  t h e  M.M.P.I., G i l b e r t  

a n d  L o m b a r d i  (1967)  c o n c l u d e d  t h a t  t h e  a d d i c t  i s  

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

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

s t u d i e s  h a v e  shown t h a t  a d d i c t s  t e n d  t o  be p s y c h o n e u r o t i c  

( R o s e n b e r g ,  1968;  F e l i x ,  l 9 4 4 ) ,  a n d  t o  h a v e  a low t o l e r a n c e  

f o r  f r u s t r a t i o n  ( B e n d e r ,  1963  ; Zimmer ing  e t  a l .  , 1952) . 
However,  t h e s e  f i n d i n g s  c a n n o t  b e  t a k e n  as  

-- -- -- ---- --I__-..-- "- -- .----- ""-- 
u n c h a l l a n g e a b l e ,  s i n c e  t h e y  s u f f e r  from b a s i c  flaws 

.f- 

i' ( J a m i s o n ,  1 9 7 2  0 

matched  c o n t r o l  g r o u p s .  I n  a c a r e f u l  C a n a d i a n  s t u d y ,  

G e n d r e a u  a n d  Gendreau  ( 1970) c o m p a r e d  a d d i c t s  t o  c o n t r o l s  
n/ 

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

e x p e r i e n c e ,  a g e ,  a n d  o p p o r t u n i t y  f o r  d r u g  u s e .  They f o u n d  

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

S t e v e n s o n  et a l .  (1956)  f o u n d  s imi la r  r e s u l t s  i n  a  s t u d y  o f  

p r i s ' o n e r s  i n  B r i t i s h  Columbia .  The  p e r s o n a l i t y  

c h a r a c t e r i s t i c s  of t h e  d r u g - u s i n g  g r o u p  Mere v e r y  s imi la r  t o  

t h o s e  o f  t h e  n o n - d r u g - u s i n g  g r o u p .  The s e c o n d  flaw i s  t h a t  
--I_ 

c l i n  i ca l  s m e n t s  of a d d i c t s  a r e  b a s e d  o n  a n  e x  POS ,' 
f 2 *  
22^. 

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

n. A t h i r d  
h. 

p r o b l e m  i s  t h a t  most  a d d i c t  s a m p l e s  a r e  d e r i v e d  from t h o s e  



('' ) h e r o i n  u s e r s  who come t o  t h e  a t t e n t i o n  o f  t h e  a u t h o r i t i e s ;  i_, 

ese may not  

CI_--- &' -, 

p l a y  a p a r t  i n  t h e  a d d i c t i o n  p r o c e s s .  Encouragement  a n d  T ' f  

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

e x p e r i m e n t a t i o n  w i t h  o p i o i d s  (Che in  a n d  R o s e n f e l d ,  1957 ;  

Hughes a n d  Crawfo rd ,  1972; S t e v e n s o n  e t  a l . ,  1956) . 
The a d d i c t ' s  f a m i l y  e n v i r o n m e n t  a l s o  a p p e a r s  t o  b e  ~d 

i m p o r t a n t .  A v e r y  h i g h  p r o p c r t i o n  o f  young a d d i c t s  come 

f rom s i n g l e - p a r e n t  homes ( V a i l l a n t ,  1966; Willis, 196 9;  

C h e i n  e t  a l . ,  1964)  , l a c k i n g  c o h e s i v e n e s s ,  a n d  c h a r a c t e r i z e d  

by o p e n  h o s t i l i t y  be tween  f a m i l y  members (Che in  e t  a l . ,  

1964)  . In two p a r e n t  f a m i l i e s  where  t h e  a d d i c t  l i v e s  a t  

home, t h e  p a r e n t s  are e x t r e m e l y  o v e r i n d u l g e n t  t o w a r d  t h e  

a d d i c t ,  a n d  b o t h  a d d i c t  a n d  p a r e n t s  view t h e  a d d i c t  a s  

o v e r l y  p a s s i v e  a n d  d e p e n d s n t  ( A l e x a n d e r  and Dibb ,  1975;  

1977) 

P h ~ s i o l o u i c a l  T h e o r i e s  o f  AddictJgq - 

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

a d d i c t i o n  p s y c h o t h e r a p y  a n d  soc ia l  a d j u s t m e n t  p rog rams  h a s  

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

a d d i c t i o n  i s  b i o c h e m i c a l .  T h e r e  i s  a g rowing  body  o f  

e v i d e n c e  t o  s u p p o r t  t h i s  v i ew  (Dole, 1972) . 



A number o f  r e s e a r c h e r s  have shown t h a t  morphine 

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

mammals. S i g n s  of  a b s t i n e n c e  seem t o  c o n t i n u e  i n  a  m i l d  way 

f o r  l o n g  p e r i o d s  of time, o f t e n  a s  l o n g  a s  c r a v i n g  e n d u r e s .  

~ i m m e l s b a c h  ( 1942) s t u d i e d  a d d i c t  p a t i e n t s  a t  t h e  U n i t e d  

s t a t e s  P u b l i c  H e a l t h  H o s p i t a l  who had r ema ined  a b s t i n e n t  f o r  

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

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

i n c r e a s e d  r e s p i r a t o r y  r a t e .  M a r t i n  and  J a s i n s k i  (1 96 9) 

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

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

h y p o t  hermia ,  m i o s i s ,  d e c r e a s e d  b l o o d  p r e s s u r e  and  d e c r e a s e d  

s e n s i t i v i t y  o f  t h e  r e s p i r a t o r y  c e n t e r  t o  c a r b o n  d i o x i d e ) .  

Congruen t  w i t h  t h i s  i s  t h e  f i n d i n g  t h a t  r a t s  a l s o  show 

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

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

d e m o n s t r a b l e  d i f f e r e n c e s  i n  r e s p o n s e  t o  morphine  between 

op ioLd t r e a t e d  r a t s  a n d  c o n t r o l s  h a v e  been shown t o  o c c u r  

f o r  a s  l o n q  a s  a  y e a r  a f t e r  t e r m i n a t i o n  of morphine (Cochin 

a n d  K o r n e t s k y ,  1 9 6 4 ) .  Even a  s i n g l e  i n j e c t i o n  of morphine 

p r o d u c e s  p e r s i s t e n t  t o l e r a n c e  (Dole ,  1972) .  Way e t  a l .  

( 1 9 6 9 )  h a v e  a r g u e d  t h a t  t o l e r a n c e  i s  a n  a l t e r n a t e  e x p r e s s i o n  

f o r  p h y s i c a l  dependence.  I f  t h i s  i s  s o ,  t h e  p e r s i s t e n c e  o f  

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

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



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

Khazan a n d  C o l a s a n t i  (197 1 )  h a v e  t r e a t e d  p o s t - a d d i c t  r a t s  

w i t h  o p i o i d  a n t a g o n i s t s  a s  l o n g  a s  s i x  months  a f t e r  e x p o s u r e  

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

s imilar  to  w i t h d r a w a l  symptoms. 

The c o n v i c t i o n  t h a t  a d d i c t i o n  i s  p h y s i o l o q i c a l l y  b a s e d  

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

( 1 9 6 7 ) ,  who was a b l e  t o  s e l e c t i v e l y  b r e e d  r a t s  t o  i n c r e a s e  

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

o f  S n y d e r  ( l 9 7 7 ) ,  Hughes  ( 1 9 7 6 ) ,  a n d  o t h e r s ,  who h a v e  

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

 eta-lipotropin) , a n d  h a v e  made p r o g r e s s  i n  p i n p o i n t i n g  

m o r p h i n e  a n d  e n k e p h a l i n  b i n d i n g  s i tes .  

One t h e o r y  ( u n d e r  d i s p u t e )  which  ar ises from t h i s  work 

i s  t h a t  m o r p h i n e  a n d  h e r o i n  ac t  b y  b i n d i n g  t o ,  a n d  

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

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

T h i s '  p r o g r e s s i v e  r e d u c t i o n  p o t e n t i a l l y  e x p l a i n s  t h e  

phenomenon of to l e rance ,  since t h e  a d d i t i o n  of m o r p h i n e  

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

( m o r p h i n e  p l u s  e n k e p h a l i n )  i n  t h e  body.  It  c o u l d  a l s o  

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

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

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

p h y s i o l o g i c a l  f u n c t i o n i n g .  I f  t h i s  were i n  f a c t  t r u e ,  and  



r e l a t e d  t o  p h y s i c a l  d e p e n d e n c e  a s  it i s  now d e f i n e d ,  i t  is 

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

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

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

a l l e v i a t e .  T h i s  m i g h t  be  synonomous w i t h  o p i o i d  c r a v i n g .  

However, a t t r a c t i v e  a s  it may be, t h e  t h e o r y  t h a t  

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

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

t h a t  t h e  c o n t i n u a t i o n  o f  m o r p h i n e  I s  p h y s i o l o g i c a  1 e f f e c t s  o r  

w i t h d r a w a l  symptoms a re  i n  a n y  way r e l a t e d  t o  t h e  

c o n t i n u a t i o n  of p s y c h o l o g i c a l  c r a v i n g .  

S e c o c d ,  it s h o u l d  be p o i n t e d  o u t  t h a t  t h e  p h y s i o l o g i c a l  

c h a n g e s  a c c o m p a n y i n g  o p i o i d  e x p o s u r e  d o  n o t  seem t o  b e c o m ~  

more marked a s  a d d i c t i o n  i n c r e a s e s .  neF  e t  a l .  (1973) 

p e r f o r m e d  a n  e x p e r i m e n t  i n  which t w o  g r o u p s  o f  r a t s  were 

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

f rom t h e  d r u g .  One g r o u p  e x p e r i e n c e d  t h i s  c y c l e  r e p e a t e d l y ,  

t h e  o t h e r  o n l y  o n c e .  A f t e r  a f i n a l  m o r p h i n e  free p e r i o d ,  

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

e n d u r i n g  w i t h d r a w a l  symptoms. No d i f f e r e n c e  was f o u n d  

be tween  t h e  g r o u p s .  

T h i r d ,  t h e r e  is  good e v i d e n c e  t o  d i s p u t e  t h e  t h e o r y  

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

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

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



Vietnam war h a v e  d e m o n s t r a t e d  t h a t  i t  Is p o s s i b l e  to g i v e  up 

h e r o i n  o r  morph ine  c o m p l e t e l y ,  a n d  t o  e x p e r i e n c e  v i r t u a l l y  

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

Itstreet add ic t s11  t y p i c a l l y  show p a t t e r n s  o f  c o m p u l s i v e  d r u g  

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

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

o p i o i d s  t o  c a u s e  enduring a d d i c t i o n  i n  e v e n  "street 

a d d i c t s " .  Many s p o n t a n e o u s l y  g i v e  u p  o p i o i d s .  Winick 

(1962)  c a r r i e d  o u t  a c r o s s  s e c t i o n a l  s t u d y  o f  t h e  r e c o r d s  of 

arrest f o r  U.S. n a r c o t i c s  u s e r s .  I n  t h e s e  r e c o r d s ,  a d d i c t s  

a i e  l i s t e d  a s  ' i n a c t i v e 8  when a p e r i o d  o f  f i v e  y e a r s  h a s  

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

crime. A p p r o x i m a t e l y  80% o f  t h e  s u b j e c t  s a m p l e  became 

i n a c t i v e  by  t h e  time t h e y  were a g e  38. 

I n  a l o n g i t u d i n a l  s t u d y ,  R o b i n s  a n d  Murphy (1967) 

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

St. L o u i s  n e g r o  men, and  f o u n d  t h a t  a b o u t  7% b o t h  r e p o r t e d  

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

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

a d u l t h o o d .  O f  t h e s e ,  a t  t h e  time o f  t h e  s t u d y ,  when t h e  

s u b j e c t  p o p u l a t i o n  r a n g e d  be tween  + h e  a g e s  of 30 and  35, a t  

l eas t  t h r e e  q u a r t e r s  had c e a s e d  t o  be  a d d i c t s ,  u s i n g  t h e  

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

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

Viewed i n  t h e  l i g h t  o f  t h e s e  f i n d i n g s ,  i t  would seem 



u n l i k e l y  t h a t  t h e  mere e x p o s u r e  t o  o p i o i d s ,  e v e n  on a  

b a s i s ,  is s u f f i c i e n t  t o  c a u s e  c e r t a i n  a n d  

i r r e v o c a b l e  c r a v i o g  a n d  a d d i c t i o n .  B u t  t h e  n o t i o n  t h a t  

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

i m p o r t a n t  o n e  a n d  it w a r r a n t s  c a r e f u l  c o n s i d e r a t i o n .  It i s  

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

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

r e s e a r c h  i n  t h i s  area can tel l .  

c o n d & i o n i n q  T h g o r i e s  o f  A d d i c t i o n  

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

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

t h a t  c o n d i t i o n i n g  a l s o  p l a y s  a n  i m p o r t a n t  r o l e  (e.g. ,  D o l e ,  

1972 ;  U i k l e r ,  1 9 7 1 ) .  N i c h o l s  e t  a l .  (1356) were t h e  f irst  

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

a d d i c t i o n  i n  rats .  T h e i r  t e c h n i q u e  was t o  i n j e c t  a n i m a l s  

w i t h '  m o r p h i n e  d a i l y  f o r  o n e  month, a n d  t h e n  commence 

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

d i s t r e s s  f o r  two  d a y s  a n d  o n  t h e  t h i r d  d a y  t h e y  were 

p e r m i t t e d  t o  d r i n k  o n l y  m o r p h i n e  s o l u t i o n .  By t h i s  means,  

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

a l l e v i a t e  w i t h d r a w a l  symptoms. After s e v e r a l  s u c h  l e a r n i n g  

t r i a l s ,  t h e  a n i m a l s  came t o  consume s u b s t a n t i a l  a m o u n t s  o f  

morph ine .  N i c h o l s  p r o p o s e d  a d r i v e  r e d u c t i o n  t h e o r y  o f  



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

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

h u n g e r ,  s e x  a n d  a n x i e t y .  (However, t h i s  l a t t e r  t h e o r y  o f  

a d d i c t i o n  h a s  been  q u e s t i o n e d  by  t h e  s u b s e q u e n t  work o f  

~ o o d s  a n d  S c h u s t e r  (1 968) which i n d i c a t e s  t h a t  monkeys w i l l  

self  i n j e c t  morph ine  a n d  i n i t i a t e  l e v e r  p r e s s i n g  f o r  s e l f  

i n j e c t e d  d o s e s  o f  10 mcg/kg, which d i d  n o t  i o t e r f e r e  w i t h  

o t h e r  n o r m a l  a c t i v i t i e s  s u c h  as e a t i n g  o r  d r i n k i n g ) .  

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

c a n  a f f e c t  o p i o i d  c o n s u m p t i o n .  Thompson a n d  O s t l u n d  (1 965) 

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

d e p e n d e n t  o n  m o r p h i n e ,  t h e n  w i t h d r a w n ,  a n d  r e - e x p o s e d  t o  
q / k >  " , 

m o r p h i n e  i n  a nment ,  a r e  more s u s c e p t i b l e  t o  el' 
/ 

'I ,<* 
r e a d d i c t i o n  t h  s which h a v e  b e e n  r e - e x p o s e d  t o '  I 

m o r p h i n e  i n  t h e  o r i g i n 2 1  e n v i r o n m e n t .  C o n v e r s e l y ,  

r e - e x p o s i n q  a r a t  t o  m o r p h i n e  i n  t h e  same e n v i r o n m e n t  w h e r e  

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

S i m t l a r l y ,  i n  human r e s e a r c h ,  V a i l i a n t  (1966)  f o u n d  i n  a 

1 2 - y e a r  f o l l o w - u p  s t u d y  t h a t  a d d i c t s  who s u c c e s s f u l l y  

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

t h e i r  home e n v i r o n m e n t ,  a n d  many a b s t a i n e r s  had  moved t o  

d i f f e r e n t  e n v i r o n m e n t s  f rom t h o s e  i n  w 

- c,i/ d e p e n d e n c e  h a d  d e v e l o p e d .  

S e c o n d a r y  r e i n f o r c e m e n t  was a v a r i a b l e  i n  work b y  

S t o l e r m a n  a n d  Kumar ( 1 9 7 0 ) ,  i n  which r a t s  were first made 



ph ~ s i c a l  l y  d e p e n d e n t  on o r a l l y  a d m i n i s t e r e d  m o r p h i n e ,  t h e n  

, i t h d r a w n ,  a n d  f i n a l l y ,  g i v e n  a c c e s s  t o  q u i n i n e  w a t e r  ( a s  a n  

e q u a l l y  b i t t e r  s u b s t i t u t e  t o  t h e  m o r p h i n e )  . The a n i m a l s  

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

t h a t  t h e y  h a d  come t o  a s s o c i a t e  b i t t e r n e s s  w i t h  t h e  e f fec t s  

of morphine .  

P e r h a p s  t h e  mos t  p o w e r f u l  c o n t r i b u t i o n  t o  t h e  

c o n d i t i o n i n g  t h e o r y  v iew o f  a d d i c t i o n  o r i g i n a t e s  w i t h  t h e  

d e m o n s t r a t i o n  by Weeks (1964)  t h a t  se l f  i n j e c t i o n s  o f  

morph ine  c a n  be r e i n f o r c i n g .  I n  h i s  r e s e a r c h ,  r a t s  were 

f i t t e d  w i t h  i n d w e l l i n g  j u g u l a r  v e i n  c a t h e t e r s ,  which were 

c o n n e c t e d  t o  a n  i n j e c t i o n  pump. T h i s  a p p a r a t u s  p e r m i t t e d  

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

s e l f - i n j e c t  m o r p h i n e  by means o f  a  l e v e r  p r e s s .  I n  h i s  

i n i t i a l  work ( l 9 6 2 ) ,  h e  p r e m e d i c a t e d  r a t s  w i t h  m o r p h i n e  

p r i o r  t o  e x p o s u r e  t o  t h e  s e l f - i n j e c t i o n  a p p a r a t u s .  S i n c e  

t h e n ,  h o w e v e r ,  o t h e r  w o r k e r s  (Deneau e t  a l . ,  1965,  Woods a n d  

S c h u ' s t e r  , 1968)  h a v e  shown t h a t  no p r e t r e a t m e n t  i s  

n e c e s s a r y .  Some mammals w i l l  i n i t i a t e  l e v e r - r e s s i n g  f o r  a n  

i n t r a v e n o u s  i n j e c t i o n  o f  morph ine ,  e v e n  i n  s u c h  

c o m p a r a t i v e l y  low d o s e s  a s  1 0  mcg/kg. 

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

r e s e a r c h )  , a  number o f  t h e o r i s t s  (e. g . ,  G o l d s t e i n ,  1972 ; 

1976;  S c h u s t e r  a n d  Thompson, 1969; D o l e ,  1972)  h a v e  

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



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

monkeys a n d  humans t o  self a d m i n i s t e r  t h e  d rug .  O f  t h i s  

i s s u e ,   olds stein (1  976) s a y s :  

I f  h e r o i n  were u n i v e r s a l l y  a v a i l a b l e  a n d  

t h e r e  were n o  c o n s t r a i n t s  o n  i t s  u s e ,  i t  i s  

p r o b a b l e  t h a t  h e r o i n  a d d i c t i o n  would b e  much 
L 

more p r e v a l e n t  t h a n  it is  now. O t h e r  

p r i m a t e s ,  when given t h e  o p p o r t u n i t y  i n  t h e  

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

e x c l u s i o n  o f  no rma l  a c t i v i t i e s .  T h i s  i s  n o t  

t h e  a n o m a l o u s  b e h a v l o u r  o f  a few, b u t  t h e  

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

f u n d a m e n t a l  b i o l o g i c a l  g rounds ,  we may i n f e r  

t h a t  were It n o t  f o r  c o u n t e r v a i l i n g  

i n f l u e n c e s  on  human s o c i e t y ,  n a r c o t i c  

a d d i c t i o n  migh t  well b e  t h e  norm r a t h e r  t h a n  

' an a b e r r a t i o n .  (p. 353) L/ 
/" 

T h e  R e i n f o r c i n q  P r o j e r t i e s  o f  O v i o i d s  

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

a d d i c t i o n  a n d  mark t h e  c e n t r a l  t o p i c  o f  t h i s  t h e s i s .  I t  is  

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

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



o v e r  g e n e r a l i z a t i o n s  o f  t h e  e v i d e n c e .  I* c a n n o t  b e  d e n i e d  

t h a t  t h e r e  a re  c e r t a i n  c i r c u m s t a n c e s  i n  which mammals f i n d  

m o r p h i n e  r e i n f o r c i n g .  The a  f o r e m e n t i o n e d  r e s e a r c h  on 

s e l f - i n j e c t i o n  c l e a r l y  d e m o n s t r a t e s  t h a t  i n  some 

c i r c u m s t a n c e s ,  r a t s  a n d  monkeys w i l l  s e l f - a d m i n i s t e r  

morph ine .  What i s  a t  i s s u e ,  however ,  i s  t h e  p r o p o s i t i o n  

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

O p i o i d s  a r e  n o t  a l w a y s  p o s i , t i v e l y  r e i n f o r c i n g  f o r  , / /-, ,," - .I<, J *  A ." ,". {- 
humans. l l ~ o r r n a l  hdman s u b j e c t s  i h o  h a v e  n o t  b e e n  p r e v i o u s l y  

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

t h e  d r u g .  L a s a g n a  e t  a l .  (1955) e x t e n s i v e l y  s t u d i e d  t h e  

effects o f  m o r p h i n e  (8mg a n d  15mg S.C.) a n d  h e r o i n  (2mg a n d  

4mg S.C.) o n  o p i o i d  n a i v e  s u b j e c t s .  O f  t h o s e  who r e c e i v e d  

t h e  h i g h  m o r p h i n e  d o s e  (N = 1 1 )  6 c o n s i d e r e d  i t  h i g h l y  

u o p l e a s a n t ,  a n d  5 c o n s i d e r e d  t h e  e x p e r i e n c e  a s  a whole t o  be  

d y s p h o r i c .  A t  t h e  l o w e r  d o s e  o f  m o r p h i n e  ( N  = 9 )  3 f e l t  

t h a t  t h e  d r u g  itas p l e a s u r a b l e ,  2 c o n s i d e r e d  i t  n e u t r a l ,  a n d  

4  t h o u g h t  i t  u n p l e a s a n t .  

F o r  t h e  h i g h e r  d o s e  o f  h e r o i n  ( N  = l l ) ,  2 f o u n d  t h e  

d r u g  p l e a s u r a b l e ,  2 f o u n d  i t  n e u t r a l ,  a n d  7 c o n s i d e r e d  it 

u n p l e a s a n t .  F o r  t h e  l o w e r  d o s e  ( N  = 9 ) ,  3 f e l t  t h a t  t h e  

d r u g  was p l e a s u r a b l e ,  2 n e u t r a l ,  and  3 u n p l e a s a n t .  From * '  A 

T 1  * 

t h i s  work, i t  is e v i d e n t  t h a t  n e i t h e r  h e r o i r i  aor m o r p h i n e  

a r e  u s u a l l y  r e i n f o r c i n g  o n  i n i t i a l  e x p o s u r e  t o  humans. ,, i .- 
. , '  "" 1 I - ,  



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

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

b a s e d  on n e g a t i v e  r e i n f o r c e m e n t ,  i n  which o p i o i d s  a r e  u s e d  

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

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

r e s t r a i n t .  Morph ine  a n d  many o f  i t s  c o n g e n e r s  h a v e  p o w e r f u l  

a n x i e t y  r e d u c i n g  e f fec ts  w h i c h  mus t  be t a k e n  i n t o  a c c o u n t  

(The word l l t r a n q u i l i z e t r  was c o i n e d  i n  c o n n e c t i o n  w i t h  op ium 

by Thomas D e  Q u i n c e y  i n  h i s  book C o n f e s s i o n s  o f  a n  E n g l i s h  

Opium . E a t e x ,  1821/1930) . 
An e x t e n s i v e  l i t e r a t u r e  s e a r c h  by t h i s  a u t h o r  f o u n d  

t h a t  e v e r y  e x p e r i m e n t  which h a s  p u r p o r t e d  t o  show t h a t  

mammals f i n d  o p i o i d s  p o s i t i v e l y  r e i n f o r c i n g  was 

c h a r a c t e r i z e d  by r e s t r a i n t  o r  l a b o r a t o r y  c o n d i t i o n s  v e r y  

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

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

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

r e s t r a i n t  by s e l f - i n  j e c t i o n  a p p a r a t u s ,  a n d / o r  t h e  use o f  

r e s t r a i n i n q  c h a i r s .  With r e g a r d  t o  t h i s  i s s u e ,  K h a n t z i a n  

( 1  974) c o n c u r s :  

I b e l i e v e  t h a t  i t  is u n w a r r a n t e d  t o  

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

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

a c t i o n s  o f  o p i o i d s .  It is j u s t  a s  r e a s o n a b l e  /-,.--'*'''' 

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



b e c a u s e  o f  i ts  a b i l i t y  t o  r e l i e v e  stress 

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

h a n d l i n g ,  s i t u a t i o n s  f o r  which t h e  a n i m a l  i s  
". 

ill e q u i p p e d  i n s t i n c t i v e l y .  (p. 64) P 

The need  f o r  c a u t i o n  is e x e m p l i f i e d  by work i n  

s p o n t a n e o u s  a d d i c t i o n  c a r r i e d  o u t  by Woods a n d  S c h u s t e r  

( 1968) . I n  t h i s  s t u d y ,  r h e s u s  monkeys were p l a c e d  i n  

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

w i t h  i n d w e l l i n g  j u g u l a r  c a t h e t e r s .  Humans f i t t e d  w i t h  

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

u n c o m f o r t a b l e ,  and  s o m e t i m e s  p a i n f u l .  P l a c i n g  a monkey i n  a 

r e s t r a i n i n g  c h a i r  a p p e a r s  t o  be d i s t r e s s i n g  f o r  t h e  monkey 

(B.K. A l e x a n d e r ,  P e r s o n a l  Communicat ion,  1977).  Hence, i n  

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

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

s e l f - a d m i n  i s t r a t i o n .  

' T h e  r o l e  o f  h a n d l i n g  c o n d i t i o n s  a n d  h o u s i n g  

c i r c u m s t a n c e s  is v e r y  i m p o r t a n t .  A l e x a n d e r  e t  a l .  ( 1  978) 

a n d  Hadaway e t  a l .  ( i n  p r e s s )  h y p o t h e s i z e d  t h a t  s m a l l  

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

h o u s i n g  may r e n d e r  them p r o n e  t o  a d d i c t i o n .  They f o u n d  t h a t  

r a t s  r a i s e d  i n  a l a r g e  c o l o n y  c a g e  a re  much more r e s i s t i v e  

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

case f o r  a d d i c t i o n - p r o d u c i n g  m e t h o d o l o g i e s  u sed  by b o t h  



~ i c h o l s  e t  a l .  ( 1  956) and  K h a v a r i  a n d  R i s n e r  ( 1  973) . Hada way 

e t  a l .  c o n c l u d e d ,  I 1 I t  seems c l e a r  t h a t  t h e  r e i n f o r c e m e n t  

p r o p e r t i e s  o f  o p i a t e s ,  l i k e  t h o s e  of o t h e r  r e i n f o r c e r s ,  a r e  
d " ,  

^ , I  'ex 
2 - 

h i g h l y  s i t u a t i o n  dependen t l t .  

I n  a number o f  o t h e r  s t u d i e s ;  i t  would a p p e a r  t h a t  when 

a v e r s i v e  c o n t i n g e n c i e s  are l e s s e n e d ,  t h e  c e r t a i n t y  of 

i n d u c i n g  a d d i c t i o n  i n  a n i m a l s  is a l s o  r e d u c e d .  T h i s  was t h e  

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

a l .  (1965) .  I n  t h e i r  e x p e r i m e n t ,  4 r h e s u s  monkeys were 

g i v e n  a d  l i b i t u m  access t o  m o r p h i n e  s u l f a t e  (1%) s o l u t i o n  o r  

t a p  water. They were a p p a r e n t l y  k e p t  i n  small i n d i v i d u a l  

c a g e s ,  b u t  n o t  s u b j e c t e d  t o  o t h e r  c o n d i t i o n s  of stress. One 

monkey d r a n k  morph ine  s o l u t i o n  f o r  o n e  a e e k ,  t h e n  s t o p p e d  

v o l u n t a r i l y ,  A s e c o n d  monkey commenced d r i n k i n g ,  b u t  b e g a n  

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

d r o p p e d  from t h e  e x p e r i m e n t .  A t h i r d  monkey i n c r e a s e d  its 

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

8 0 t h '  day ,  b u t  r e d u c e d  Its i n t a k e  t o  b a s e l i n e  by t h e  e n d  o f  

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

i t s  m o r p h i n e  intake o v e r  t h e  c o u r s e  o f  t h e  e x p e r i m e n t ,  

r e a c h i n g  a maximum of 520  mg/morphine/day,  H e n c e ,  o n l y  o n e  

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

p a t t e r n  which would s u g g e s t  t h a t  m o r p h i n e  i s  p o s i t i v e l y  

r e i n f o r c i n g  (Thor ,  1 9 7 2 ) .  I t  would a p p e a r  t h a t  for t h e s e  

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



a n i m a l s ,  and ,  w i t h i n  e a c h  a n i m a l ,  o v e r  time. 

s i m i l a r  c o n c l u s i o n s  a r i s e  f rom work by Deneau et  a l .  

( 1  965) . I n  t h i s  e x p e r i m e n t ,  r h e s u s  monkeys were 

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

c h a i r s ,  were s u b j e c t e d  t o  c a t h e t e r i z a t i o n  and  f i t t e d  w i t h  a  

h a r n e s s  of s t a i n l e s s  s teel  t u b i n g  which c o n n e c t e d  t o  a 

r e s t r a i n i n g  arm. Thus,  t h e  monkey was p e r m i t t e d  some 

a c t i v i t y ,  b u t  was d e f i n i t e l y  n o t  p e r m i t t e d  free movement. 

o n e  migh t  e x p e c t  t h a t  u n d e r  t h e s e  c o n d i t i o n s ,  monkeys would 

s e l f - i n  ject o p i o i d s  somewhat less  r e a d i l y  t h a n  i n  

r e s t r a i n i n g  c h a i r s .  T h i s  was i n d e e d  t h e  c a s e ,  a n d  n o t  a l l  

a n i m a l s  s e l f - i n  j e c t e d  o p i o i d s  i n  t h e  e x p e r i m e n t .  Deneau 

s t a t e d  i n  a  l a t e r  a r t i c l e  (1968):  #*The monkey shows a  

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

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

m o d e r a t e l y  s o ,  some a r e  i n d i f f e r e n t ,  a n d  some a r e  c o m p l e t e l y  
a , )  /,: , 

r e s i s t a n t m  (p.  205) . 
&' 0 . "  

' T h i s  s t a t e m e n t ,  when compared t o  G o l d s t e i n ' s ,  s u g g e s t s  

t h a t  t h e  c o n c l u s i o n s  r e a c h e d  by t h e  r e s e a r c h e r s  t h e m s e l v e s  

are much more c a u t i o u s  t h a n  c o n c l u s i o n s  r e a c h e d  by some o f  

t h o s e  who a s s e s s  t h e  work. 

It s h o u l d  be  n o t e d  here t h a t  t h i s  r e v i e w  d i s c u s s e s  b o t h  

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

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

a d d i c t i o n .  Morphine i s  r e a d i l y  a b s o r b e d  from t h e  



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

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

i n j e c t i o n  ( Ja f fe  a n d  M a r l i n ,  1975, p255) . Although  t h e s e  

r o u t e s  d i f f e r  r e g a r d i n g  s p e e d  o f  o n s e t ,  r o u t e  of a b s o r p t i o n ,  

a n d  t h e  i n t e n s i t y  o f  effects p roduced  by a g i v e n  d o s e ,  o n c e  

a b s o r b e d ,  m o s t  o f  t h e  pharmacodynamics  are t h e  same. I n  

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

a re  t h a t  o r a i  d o s e s  a r e  a b o u t  1/6 t o  1/15 a s  e f f e c t i v e  a s  

p a r e n t e r a l  a d m i n i s t r a t i o n  ( Ja f fe  and  M a r t i n ,  1975,  p258) , 
a n d  t h e  d u r a t i o n  o f  a c t i o n  is  somewhat l o n g e r  w i t h  t h e  o r a l  

r o u t e  ( J a f f e  and  M a r t i n ,  1 9 7 5 ,  p255) . A l l  r o u t e s  p r o d u c e  

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

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

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

F u r t h e r m o r e ,  morph ine  i s  a d d i c t i n g  i n  e i t h e r  o r a l  o r  

p a r e n t e r a l  fo rms .  A s u r v e y  o f  h e r o i n  u s e r s  i n  N e w  York c i t y  

s u g q e s t s  t h a t  a s i z a b l e  p r o p o r t i o n ,  p o s s i b l y  a m a j o r i t y  , 
p r e f e r  i l l e g a l ,  non- f  n  j e c t a b l e  methadone  t o  i l l e g a l  

i n j e c t a b l e  h e r o i n  (Agar a n d  S t e p h e n s ,  1975) . D u r i n g  t h e  

U.S. m i l i t a r y  p r e s e n c e  i n  Vietnam,  when h e r o i n  was a b u s e d  

e x t e n s i v e l y  by s e r v i c e m e n ,  a s u b s t a n t i a l  p r o p o r t i o n  o f  u s e r s  

t o o k  t h e  d r u g  o r a l l y  ( B r e c h e r ,  1972 ,  p l g l ) .  

A d d i c t i o n  t o  o r a l l y  a d m i n i s t e r e d  o p i a t e s  was a l s o  

common i n  t h e  U n i t e d  S t a t e s  p r i o r  t o  t h e i r  l e g a l  p r o h i b i t i o n  

( B r e c h e r ,  1972, p3-6) . O p i a t e s  were f r e e l y  s o l d  f o r  o r a l  u s e  



b y  p h y s i c i a n s ,  p h a r m a c i e s  , g r o c e r y  stores 
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, g e n e r a l  s to res ,  

a n d  by mail o r d e r .  Opium was s o l d  i n  p e n n y  s t i c k s  a n d  

p i l l s ,  a s  well a s  s u c h  f o r m s  a s  Mrs. Winslow's S o o t h i n g  

S y r u p ,  D a r b y ' s  C a r m i n a t i v e ,  G o d f r e y 1 s  C o r d i a l ,  McMumm's 

E l i x e r  o f  Opium, D o v e r ' s  Powder ,  A y e r s  C h e r r y  P e c t o r a l ,  a n d  

Laudanum. Some o f  t h e s e  s u b s t a n c e s  may h a v e  b e e n  consumed 

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

n o t  c o n t a i n  a l c o h o l .  

Much of t h e  r e s e a r c h  which d e m o n s t r a t e s  t h a t  mammals 

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

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

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

l e a r n i n g  t h a t  i t  a l l e v i a t e s  w i t h d r a w a l  symptoms,  

Thf s was most d r a m a t i c a l l y  d e m o n s t r a t e d  b y  N i c h o l s  e t  

a l .  (1956),  who, a s  d e s c r i b e d  a b o v e ,  f o r c e d  r a t s  t o  d r i n k  

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

i n d u c e d  a d r u g  p r e f e r e n c e  which  e n d u r e d  e v e n  when a t a p  

water a l t e r n a t i v e  was made a v a i l a b l e .  

w i t h d r a w a l  a v e r s i o n  may a l s o  e x p l a i n  e x p e r i m e n t a l  

r e s u l t s  o b t a i n e d  a t  t h e  U n i v e r s i t y  o f  London (Kumar e t  a l . ,  

1968 ;  S t o l e r m a n  a n d  Kumar, 1 9 7 0 ;  Kumar,  1972 ;  Kumar a n d  

S t o l e r m a n ,  1 9 7 3 ) .  T h e s e  r e s e a r c h e r s 1  t y p i c a l  p r o c e d u r e  was 

t o  l i m i t  r a t s 1  access t o  f l u i d  t o  a p e r i o d  b e t w e e n  1 0 . 0 0 h  

a n d  17.00h e a c h  day .  F o r  two d a y s ,  o n l y  m o r p h i n e  was 

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



s o l u t i o n  a n d  t a p  water ( c h o i c e  t r i a l s ) .  Wi thd rawa l  symptoms 

a l m o s t  c e r t a i n l y  d e v e l o p e d  i n  t h e  17 h o u r s  o f  f l u i d  

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

i n c r e a s e d  s u b s t a n t i a l l y  o v e r  b a s e l i n e .  I n  g e n e r a l ,  the 

e x p e r i m e n t a l  d e s i g n  r e s e m b l e s  t h a t  o f  N i c h o l s  e t  a l e  (1956), 

a n d  it i s  c o n c e i v a b l e  t h a t  t h e  i n c r e a s e d  morph ine  s e l e c t i o n  

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

wi thdraw a 1  symptoms, 

It s h o u d  a l s o  b e  emphas i zed  t h a t  t h e r e  i s  a s u b s t a n t i a l  

body of r e s e a r c h  which  s u p p o r t s  t h e  c o n c e p t i o n  t h a t  o p i o i d s  

.d 
a r e  c l e a r l y  a v e r s i v e  f o r  r a t s  a n d  monkeys. 

: '4 
G , Some o f  t h e  e a r l i e s t  work on morph ine  r e i n f o r c e m e n t  was 

k* "I 

$# ? .  c a r r i e d  o u t  by S p r a g g  (1 940) . He d e m o n s t r a t e d  t h a t  'q 

". ' :. c h i m p a n z e e s  would c h o o s e  morph ine  i f  t h e y  were u n d e r g o i n g  . 
6 

w i t h d r a w a l ,  b u t  n o t  a f t e r  t h e  w i t h d r a w a l  symptoms had worn 
"\ 

o f f .  I n  h i s  e x p e r i m e n t s ,  t h e  a n i m a l s  were i n  j a c t e d  by  t h e  
8 
k' 1 $ < " i n v e s t i g a t o r  i n  a  s p e c i a l  room. Chimpanzees  u n d e r g o i n g  

k\ :; 
4 3 \*< 

with ' a rawal  would c l a m o u r  t o  b e  t a k e n  t o  t h e  room, and  on  o n e  

o c c a s i o n ,  -.a c h i m p a n z e e  went t o  a c u p b o a r d  t o  o b t a i n  a  

hypode rmic  s y r i n g e  a n d  handed  i t  t o  t h e  i n v e s t i g a t o r  a n d  ?, @ Y$ 
"r 

- 
C\\ " *. w a i t e d .  T h e s e  a n i m a l s  would a l s o  c h o o s e  t h e  s y r i n g e  o v e r  a  
a '$ 

> 
banana  o r  o r a n g e  when f o o d  d e p r i v e d  b u t  u n d e r g o i n g  

w i t h d r a w a l .  However, t h e s e  p r e f e r e n c e s  d i s a p p e a r e d  a f t e r  

t h e  effects  o f  w i t h d r a w a l  had  s u b s i d e d .  



U s i n g  a n  e n t i r e l y  d i f f e r e n t  p a r a d i g m ,  Beach ( 1  957) 

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

a s s o c i a t e  o n e  arm o f  a  Y maze w i t h  a n  i n j e c t i o n  o f  m o r p h i n e  

t o  a l l e v i a t e  w i t h d r a w a l  symptoms would p r e f e r  t h a t  arm a f t e r  

t h e y  had  b e e n  w i t h d r a w n  f rom t h e  d r u g  f o r  t h r e e  weeks. I n  

a n  a t t e m p t  t o  d i s t i n g u i s h  b e t  ween t h e  c h a n g e - i n -  s t a t e  

effects o f  t h e  d r u g  i m m e d i a t e l y  a f t e r  i n j e c t i o n ,  a n d  t h e  

more e n d u r i n g  e u p h o r i c  effects  o f  t h e  d r u g ,  Beach  i n j e c t e d  

some a n i m a l s  20 m i n u t e s  p r i o r  t o  maze r u n n i n g .  T h e s e  

a n i m a l s  d i d  n o t  come t o  p r e f e r  t h e  m o r p h i n e - a s s o c i a t e d  arm, 

a n d  B e a c h  c o n c l u d e d  t h a t  " e u p h o r i c  e f fec t s  o f  m o r p h i n e  do 

n o t  c o n s t i t u t e  a r e i n f o r c e m e n t  which  makes fo r  a  d u r a b l e  

h a b i  t 4 I .  

O p i o i d - n a i v e  r a t s  do  n o t  s p o n t a n e o u s l y  d r i n k  

s i g n i f i c a n t  a m o u n t s  o f  morph ine  s o l u t i o n  when t h e y  h a v e  a  

t a p  water a l t e r n a t i v e  ( S t o l e r m a n  a n d  Kumar, 1970)  . T h i s  h a s  

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

o f  m o r p h i n e  r a t h e r  t h a n  d r u g  a v o i d a n c e  (Kumar e t  a l . ,  1968)  . 
However, t he re  is a c c u m u l a t i n g  e v i d e n c e  t h a t  t h e  

p h a r m a c o l o g i c a l  e f fec ts  are  a l s o  a v e r s i v e .  

One o f  t h e  mos t  c o n v i n c i n g  d e m o n s t r a t i o n s  of t h i s  was 

c a r r i e d  o u t  b y  C h i p k i n  a n d  R o s e c r a n s  ( 1978) . They employed  

methadone ,  which i s  q u a l i t a t i v e l y  i d e n t i c a l  t o  m o r p h i n e  

p h a r m a c o l o g i c a l l y ,  e x c e p t  t h a t  it is more e f f e c t i v e  when 

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



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

i n d i v i d u a l s  (Jaffe a n d  M a r t i n ,  1975) . C h i p k i n  a n d  

~ o s e c r a n s '  t e c h n i q u e  was t o  p r e s e n t  r a t s  w i t h  a  c h o i c e  of 

d r i n k i n g  q u i n i n e  o r  m e t h a d o n e  s o l u t i o n s ,  b o t h  i n  v a r y i n g  

c o n c e n t r a t i o n s .  E x p e r i m e n t a l  a n i m a l s  r e c e i v e d  d a i l y  

i n j e c t i o n s  o f  n a l t r e x o n e ,  a  p o t e n t ,  l o n g  a c t i n g ,  and  n e a r l y  

p u r e  o p i o i d  a n t a g o n i s t  (Blumberg a n d  Dayton ,  1 9 7 4 ) .  

C o n t r o l  a n i m a l s  d i d  n o t  r e c e i v e  n a l t r e x o n e  i n j e c t i o n s .  

When t h e  q u i n i n e  c o n c e n t r a t i o n  was l o w  e n o u g h ,  a l l  a n i m a l s  

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

c o n c e n t r a t i o n  was  h i g h ,  t h e  ra ts  s e l e c t e d  methadone.  

However, when t h e  two  f l u i d s  were t a s t e  b a l a n c e d ,  t h e  r a t s  

t r e a t e d  w i t h  n a l t r e x o n e  d r a n k  e q u a l  a m o u n t s  o f  each f l u i d ,  

w h i l e  s a l i n e  t r e a t e d  r a t s  a v o i d e d  t h e  methadone.  The 
E 

a v e r s i o n  a p p e a r e d  t o  become more p r o n o u n c e d  o v e r  t h e  c o u r s e  

o f  t h e  20  d a y  e x p e r i m e n t .  C h i p k i n  a n d  R o s e c s a n s  c o n c l u d e d  j 

E I 

t h a t  me thadone  i s  a v e r s i v e  f o r  ra ts ,  t h a t  t a s t e  f a c t o r s  
'\ 

a l o n e  c a n n o t  e x p l a i n  t h e s e  o b s e r v a t i o n s ,  a n d  t h a t  t h e  , ,' \ 
?. $ .  

a v e r s i o n  i s  c a u s e d  by t h e  n a r c o t i c  e f fec t  o f  methadone ,  , 
\, f 

J jl s i n c e  n a l t r e x o n e  b l o c k e d  it. 

o p i o i d  a v e r s i o n  was a l s o  o b s e r v e d  b y  W i k l e r  a n d  P e s c o r  
a -  

,*-\ 

(1 970) . They g a v e  r a t s  a c c e s s  t o  e t o n i t a z e n e  ( w h i c h  i s  

tasteless i n  t h e  c o n c e n t r a t i o n s  t h e y  u s e d ;  G o l d s t e i n ,  l976), 

e i t h e r  ( g r o u p  o n e )  a f t e r  a  f o u r  month d e p e n d e n c e  i n d u c i n g  

r e g i m e n  or ,  ( g r o u p  two)  a f t s r  n o  p r e v i o u s  o p i o i d  e x p o s u r e .  



I n  t h e  f o l l o w i n g  3 3 6  d a y s ,  r a t s  were g i v e n  8 # r e l a p s e  

tests', w h i c h  were t w o  b o t t l e  c h o i c e  t es t s  u s i n g  t a p  water 

a n d  e t o n i t a z e n e  s o l u t i o n  ( 5  mcq/ml) . Group o n e  c o n s i s t e n t l y  

consumed more  t h a n  g r o u p  two, b u t  r e d u c e 2  t h e i r  e t o n i t a z e n e  

s o l u t i o n  i n t a k e  f r o m  a p p r o x i m a t e l y  40  m l  t o  a p p r o x i m a t e l y  10 

m l s  p e r  d a y .  Group t w o  consumed a b o u t  1Oml t h e  first d a y ,  

b u t  s u b s e q u e n t l y  r e d u c e d  t h e i r  i n t a k e  t o  v i r t u a l l y  z e r o .  

T h e  downward t r e n d s  of  t h e s e  d a t a  seem i n c o m p a t i b l e  w i t h  t h e  

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

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

s e l f - a d m i n i s t r a t i o n .  T h i s  e s p e c i a l l y  a p p l i e s  t o  g r o u p  two, 

w h i c h  s e e m e d  t o  a v o i d  e t o n i t a z e n e  a f t e r  a few e x p o s u r e s .  

H u i d o b r o  (1964)  u s e d  d i f f e r e n t  m e t h o d s ,  b u t  a r r i v e d  a t  

s imi lar  r e s u l t s .  A l t h o u g h  h e  f a i l e d  t o  s u b m i t  h i s  d a t a  t o  
I 

r i g o r o u s  s t a t i s t i c a l  a n a l y s e s ,  h e  f o u n d  t h a t :  
' t" 

(1) r a t s  a v o i d  m o r p h i n e  i f  g i v e n  a c h o i c e  b e t w e e n  it 

a n d  t a p  w a t e r .  

' ( 2 )  t h e y  a l s o  a v o i d  m o r p h i n e  s o l u t i o n s  i f  t h e  m a j o r  

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

s e c t i o n e d .  

(3) when g i v e n  a c h o i c e ,  r a t s  w i l l  c h o o s e  water o v e r  

m o r p h i n e  s o l u t i o n  e v e n  w i t h  g u s t a t o r y  d e n e r v a t i o n  and  w 
-1 " 

u n d e r q o i n g  w i t h d r a w a l  d i s t r e s s .  

U s i n g  a n o t h e r  me thod ,  s imi la r  r e s u l t s  were o b t a i n e d  by  

Coambs (1977) . H i s  e x p e r i m e n t  was t o  d e r i v e  b y  t as te  



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

~ u i n i o e  S u l f a t e  (. lmg/ml) a n d  Morph ine  H y d r o c h l o r i d e  

(. Smg/ml) . Both  were i n  5% s u c r o s e  s o l u t i o n ,  a n d  the 

m o r p h i n e  s o l u t i o n  c o n t a i n e d  a  weak c o n c e n t r a t i o n  of ' T a n g s  

a r t i f i c a l  o r a n g e  j u i c e  which would p e r m i t  t h e  r a t  t o  

d i s t i n g u i s h  t h e  f l u i d s .  Rats were p r e s e n t e d  w i t h  b o t h  

f l u i d s  f o r  21 d a y s .  I n  t h e  first few h o u r s  o f  t h e  

e x p e r i m e n t ,  e q u a l  a m o u n t s  o f  e a c h  f l u i d  were consumed. 

w i t h i n  a few d a y s ,  however ,  morph ine  c o n s u m p t i o n  d r o p p e d  t o  

n e a r l y  n i l .  The a u t h o r s  p r o p o s e d  t h a t  t h i s  was due t o  t h e  

a v s r s i v e  q u a l i t i e s  o f  morph ine .  

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

m o r p h i n e  a r i s e s  f r o m  work w i t h  c o n d i t i o n e d  t a s t e  a v e r s i o n s  

(CTA) , The e s s e n c e  o f  t h i s  t e c h n i q u e  (first  r e p o r t e d  by 

Garcia e t  a l . ,  1955)  i n v o l v e s  p e r m i t t i n g  a n  a n i m a l  t o  

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

t h e  a n i m a l  i n  a  v a r i e t y  o f  ways. The a n i m a l  t h e r  t y p i c a l l y  

a v o i ' d s  t h e  n o v e l  s t i m u l u s ,  e v e n  i f  t h e  e x p e r i e n c e  o f  i l l n e s  

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

et a l .  (1974)  and  o t h e r s  h a v e  h y p o t h e s i z e d  t h a t  i n  r a t s  a n d  

p r i m a t e s ,  a n y  s u b s t a n c e  which  i s  p e r c e i v e d  t o  c a u s e  



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

pa r a d igm t o  i n d u c e  t a s t e  a v e r s i o n .  Some w o r k e r s  ( J a c q u e t ,  

1973;  C a p p e l 1  e t  a l , ,  1973; Le B l a n c  a n d  C a p p e l l ,  1974 ;  

F a r b e r  e t  a l e ,  1976) have  u s e d  morph ine .  A l l  o f  t h e s e  

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

o f  morph ine  i n j e c t i o n s  w i t h  t h e  p r e s e n t a t i o n  o f  a n o v e l  

f l u i d ,  t h e  a n i m a l s  s u b s e q u e n t l y  a v o i d  t h a t  f l u i d .  The 

n a r c o t i c  p r o p e r t i e s  o f  morph ine  a p p e a r s  t o  b e  t h e  s p e c i f i c  

c a u s e  o f  t h e  CTA, b e c a u s e  L e  B l a n c  a n d  C a p p e l l  ( 1  975) h a v e  

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

t h e  morph ine  effects ,  a l s o  r e d u c e s  t h e  s t r e n g t h  o f  t h e  

a v e r s i o n .  F u r t h e r m o r e ,  n a r c o t i c  a n t a g o n i s t s  c a n  p r e v e n t  t h e  

a v e r s i o n  f rom c c c u r r i n g .   his seems t o  r e p r e s e n t  c l e a r  

e v i d e n c e  t h a t  i n  t h i s  pa rad igm,  morph ine  h a s  a v e r s i v e  

p r o p e r i t i e s .  

T h e  P r e s e n t  E x p e r i m e n t  

I n  s u m m a r i z i n g  t h i s  body o f  r e s e a r c h ,  t h e  q u e s t i o n  of 

w h e t h e r  morph ine  i s  r e i n f o r c i n g  o r  p u n i s h i n g  r e m a i n s  

unanswered  b e c a u s e  o f  c o n f l i c t i n g  e v i d e n c e .  The a n s w e r  is  

d i f f i c u l t  t o  o b t a i n ,  b e c a u s e  s e l f - i n  j e c t i o n  p a r a d i g m s  

c o n t a i n  a n  i n e r a d i c a b l e  stress component ,  a n d  i n  o r a l  

pa r a d igms ,  a n y  r e j e c t i o n  o f  morph ine  may be a t k r i b u t e d  t o  

t h e  d r u g ' s  b i t t e r n e s s .  The  p r e s e n t  e x p e r i m e n t ' s  p u r p o s e  i s  



t o  p r e s e n t  morph ine  t o  r a t s  i n  s u c h  a  way t h a t  b i t t e r n e s s  

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

stress i s  min imized .  F o r  t h i s  p u r p o s e ,  t h e  o r a l  r o u t e  o f  

i n g e s t i o n  was selected. 

The p r e s e n t  e x p e r i m e n t  made u s e  o f  t h e  two  b o t t l e  

c h o i c e  tes t  t e c h n i q u e ,  w i t h  a v e r y  b i t t e r  q u i n i n e  

a l t e r n a t i v e ,  T h i s  was t o  e n s u r e  t h a t  a n y  morph ine  a v e r s i o n  

c o u l d  n o t  be a t t r i b u t e d  t o  taste ,  a n d  t o  i m p e l  e a c h  a n i m a l  

t o  s a m p l e  t h e  d r u g .  R e l a t i v e  b i t t e r n e s s  was d e t e r m i n e d  by 

t a s t e  t e s t i n g  -- t h e r e  is e x c e l l e n t  e v i d e n c e  t h a t  r a t s  have  

s imi lar  b i t t e r  t a s t e  t h r e s h o l d s  t o  humans (see D i s u s s i o n ) .  

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

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

ear l ier  r e s e a r c h  ( A l e x a n d e r  e t  a l . ,  1 9 7 8 ) .  The p r e s e n c e  o f  

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

would n o t  a f f e c t  p r e f e r e n c e s .  

I n  t h e  e v e n t  t h a t  some o f  t h e  a n i m a l s  r e j e c t e d  the 

morphine  a n d  d r a n k  q u i n i n e ,  i t  was d e c i d e d  t o  i m p l e m e n t  a 

s u b s e q u e n t  p h a s e  o f  t h e  e x p e r i m e n t ,  i n  which a n  o p i o i d  

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

effect o f  t h e  morph ine ,  t h e  a n t a g o n i s t  would make i t  

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

n a r c o t i c  effect .  F o r  t h i s  p u r p o s e ,  n a l t r e x o n e  was s e l e c t e d .  

N a l t r e x o n e  (N-cyclopropyfnoroxy-morphone) i s  a p o t e n t ,  

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



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

p h a r m a c o l o g i c a l  e f f e c t s  of m o r p h i n e  (Blumberg  a n d  D a y t o n ,  

1974) . Ir: o r d e r  t o  a v o i d  t h e  stress o f  i n j e c t i o n s ,  a n d  t o  

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

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

by  a d d i n g  it t o  t h e  e x i s t i n g  f l u i d s .  

F i n a l l y ,  a t h i r d  p h a s e  was t h o u g h t  n e c e s s a r y ,  i n  which  

t h e  q u i n i n e  was  removed  i n  o r d e r  t o  d e t e r m i n e  i f  r a d i c a l  

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

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



Method 

The s u b j e c t s  were 9 male a n d  9 female r a t s  o f  W i s t a r  

o r i g i n  p u r c h a s e d  f r o m  t h e  U n i v e r s i t y  o f  B r i t i s h  Co lumbia  

c o l o n y ,  45-55 d a y s  o l d  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .  

T h e  a n i m a l s  h a d  l i v e d  i n  i n d i v i d u a l  c a g e s  s i n c e  wean ing ,  20 

d a y s  before t h e  e x p e r i m e n t  began .  None of t h e s e  r a t s  had 

b e e n  p r e v i o u s l y  e x p o s e d  t o  o p i o i d  d r u g s .  Food was a v a i l a b l e  

a d  l i b i t u m  t h r o u g h o u t  t h e  e x p e r i m e n t ,  a n d  t a p  water was ----- 
present  u n t i l  t h e  first day.  

The r a t s  were h o u s e d  i n  s t a n d a r d  18 cm b y  15 cm by 18 

cm wire b o t t o m e d  l a b o r a t o r y  cages. L i q u i d  was d i s p e n s e d  

f rom'  s t a n d a r d  l a b o r a t o r y  water b o t t l e s ,  w i t h  r u b b e r  s t o p p e r s  

a n d  s t a i n l e s s  s t e e l  n i p p l e s ,  F l u i d  c o n s u m p t i o n  was m e a s u r e d  

by d a i l y  w e i g h i n g  of t h e  w a t e r  b o t t l e s  on e a c h  c a g e ,  A 

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

g e n e r a t e d  by  the u s e  of f o u r  c o n t r o l  b o t t l e s  a t t a c h e d  t o  

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

v a r i e d  b e t w e e n  .5 and  2 .5  g. B o t t l e  p o s i t i o n  was r e v e r s e d  

on d a y s  5, 12,  19 ,  a n d  26 of t h e  e x p e r i m e n t  t o  g u a r d  a g a i n s t  

p o s i t i o n  p r e f e r e n c e .  



P r o c e d u r e  ---- 

P r i o r  t o  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t ,  t h e  r a t s  were 

g i v e n  a c h o i c e  o f  t a p  w a t e r  a n d  8% s u c r o s e  s o l u t i o n  f o r  

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

s o l u t i o n s .  The s u b s e q u e n t  31 d a y s  were d i v i d e d  i n t o  t h r e e  

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

o f f e r e d  t h e  a n i m a l s  (see T a b l e  I) . T h r c u g h o u t  t h e  

e x p e r i m e n t ,  t h e  r a t s  had  a  c h o i c e  of two  f l u i d s ,  b o t h  o f  

which  c o n s i s t e d  o f  t a p  w a t e r  p l u s  8% s u c r o s e ,  p l u s  some 

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

a n d / o r  n a l t r s x o n e  h y d r o c h l o r i d e .  

P h a s e  One* Days 1-14 ----4- 

The r a t s  were o f f e r e d  a free c h o i c e  b e t w e e n  .5 mg/ml 

m o r p h i n e  h y d r o c h l o r i d e  i n  t h e  s u c r o s e  v e h i c l e  a n d  . 2  mg/ml 

q u i n i n e  s u l f a t e  i n  t h e  s u c r o s e  v e h i c l e .  I n  p r e v i o u s  

r e s e a r c h ,  (Coambs, 1977) , it was fauna t h a t  f o r  r a t s  a n d  

humans,  .5 mg/ml m o r p h i n e  was a b o u t  e q u a l l y  p a l a t a b l e  t o  . 1  

mg/ml q u i n i n e .  I n  t h i s  e x p e r i m e n t ,  t h e  q u i n i n e  

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

than t h e  m o r p h i n e ,  Thus ,  o n  t h e  g r o u n d s  of p a l a t a b i l i t y ,  

r a t s  would b e  i m p e l l e d  t o  d r i n k  t h e  morph ine .  T o  t h e  human 

p a l a t e ,  t h e  m o r p h i n e  t a s t e d  sweet a n d  s l i g h t l y  b i t t e r  -- 



much like t o n i c  water -- w h i l e  t h e  q u i n i n e  s o l u t i o n  was 

sweet, b u t  v e r y  much more b i t t e r .  

P h a s e  Two: Days 15-2 1 

I n  t h i s  p h a s e ,  . 1 mg/ml n a l t r e x o n e  h y d r o c h l o r i d e  was 

a d d e d  t o  b o t h  f l u i d s  u s e d  i n  P h a s e  One. A t  t h i s  

c o n c e n t r a t i o n  n a l t r e x o n e  d i d  n o t  a p p r e c i a b l y  c h a n g e  t h e  

t a s t e  of  e i ther  f l u i d ,  b u t  i t  c a n c e l l e d  t h e  p s y c h o a c t i v e  

effects  o f  t h e  m o r p h i n e  (Blumberg a n d  Dayton ,  1 9 7 4 ) ,  s o  

t h a t  f l u i d  p r e f e r e n c e s  were d e t e r m i n e d  o n l y  by tas te .  

p h a s e  T h r e e *  Davs 22-31 - - L . _  

I n  t h e  t h i r d  p h a s e ,  q u i n i n e  was removed f r o m  t h e  s e c o n d  

f l u i d .  Thus ,  t h e  r a t s  had a c h o i c e  b e t w e e n  .5 mg/ml 

m o r p h i n e  p l u s  .1 mg/ml n a l t r e x o n e ,  i n  t h e  s u c r o s e  v e h i c l e ,  

a n d  . 1  mg/ml n a l t r e x o n e  i n  t h e  s u c r o s e  v e h i c l e .  



TABLE I. F l u i d  c h o i c e s  i n  t h e  t h r e e  e x p e r i r u e n t a l  phases, 

PHASE 

CHOICE 1 . S  mg/ml 

m o r p h i n e  

h y d r o c h l o r i d e  

CHOICE 2 * 2  mg/ml 

q u i n i n e  

s u l f a t e  

85 mg/ml * 5  mg/ml 

m o r p h i n e  m o r p h i n e  

h y d r o c h l o r i d e  h  ydroch10r i .de  

a n d  . I mg/ml a n d  , I  mg/ml 

n a l t r e x o n e  n a l t r e x o n e  

h y d r o c h l o r i d e  h y d r o c h l o r i d e  

. 2  mg/ml 

q u i n i n e  

s u l f a t e  

a n d  , 1 mg/ml . I  mq/ml 

n a l t r e x o n e  n a l t r e x o n e  

h y d r o c h l o r i d e  h y d r o c h l o r i d e  



R e s u l t s  

P h a s e s  One a n d  Two -------- 

D u r i n g  t h e  first two d a y s  of t h e  e x p e r i m e n t ,  t o t a l  

f l u i d  c o n s u m p t i o n  by a l l  a n i m a l s  was s u b s t a n t i a l l y  b e l o w  

n o r m a l .  S e v e r a l  a n i m a l s  d r a n k  a l m o s t  n o t h i n g .  W i t h i n  f i v e  

d a y s ,  most  a n i m a l s  h a d  resumed  d r i n k i n g  n o r m a l  q u a n t i t i e s  

(see F i g u r e  1)  . S e v e r a l  showed e v i d e n c e  of d e h y d r a t i o n ,  a n d  

o n e  (number 8) showed s u c h  c r i t i c a l  s i g n s  t h a t  it, was 

n e c e s s a r y  o n  d a y  1 2  o f  t h e  e x p e r i m e n t  t o  i n j e c t  7 m l  o f  

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

body  f l u i d  l e v e l s .  The  a n i m a l  s u b s e q u e n t l y  r e c o v e r e d .  

B e c a u s e  v e r y  l i t t l e  f l u i d  was consumed  d u r i n g  t h e  f i rs t  

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

d a y s  is s u s p e c t ,  s i n c e  t h e y  are b a s e d  o n  v e r y  small 

q u a n t i t i e s .  F o r  e x a m p l e ,  a n  a n i m a l  which  consumed  .1 g 

q u i n i n e  a n d  n o  m o r p h i n e  t e c h n i c a l l y  p r e f e r r e d  100% q u i n i n e ,  

e v e n  t h o u g h  .1  g a m o u n t s  t o  a few d r o p s  of f l u i d ,  a n d  t h e  

a v e r a g e  d a i l y  s p i l l a g e  was a p p r o x i m a t e l y  1.5 g. F o r  t h e s e  

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

two d a y s  of c o n s u m p t i o n .  

I n  P h a s e  One, t h e  t o t a l  f l u i d  c o n s u m p t i o n  of t h e  r a t s  

was a p p r o x i m a t e l y  o n e  h a l f  m o r p h i n e  a n d  o n e  h a l f  q u i n i n e  

s o l u t i o n .  I n  P h a s e  Two, t h e  r a t s  consumed a l m o s t  90% 



n a l t r e x o n e - m o r p h i n e  s o l u t i o n .  Morph ine  c o n s u m p t i o n  a s  

p r o p o r t i o n  o f  t o t a l  f l u i d  i n t a k e  was compared i n  t h e  t w o  

p h a s e s  b y  means  o f  t h e  Wilcoxon matched  p a i r s  s i g n e d  r a n k s  

test  (siegel, 1956) . The c h a n g e  i n  f l u i d  p r e f e r e n c e  was 

s i g n i f i c a n t  (I= 18, z= 1 1 ,  g< .01 ,  two t a i l e d ) .  T h i s  

p a t t e r n  was  p r e s e n t  i n  b o t h  m a l e s  a n d  females (see F i g u r e  

2) 

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

One was  s t r o n g l y  b i m o d a l ,  a n d  t h i s  t r e n d  became more 

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

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

(see F i g u r e  2  1 ) .  B e c a u s e  o f  t h e  b i m o d a l i t y ,  no a n i m a l s  were 

a c c u r a t e l y  r e p r e s e n t e d  by a n y  m e a s u r e  o f  c e n t r a l  t e n d e n c y .  

T h e s e  f e a t u r e s  of t h e  d a t a  made p a r a m e t r i c  s t a t i s t i c s ,  w i t h  

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

i n a p p r o p r i a t e .  F u r t h e r m o r e ,  it was c l e a r  t h a t  t w o  s e p e r a t e  

p o p u l a t i o n s  h a d  e m e r g e d  i n  P h a s e  One: a n i m a l s  which  

consumed m o s t l y  q u i n i n e ,  a n d  a n i m a l s  which  consumed m o s t l y  

morph ine .  

The p r e d o m i n a n t  c h a n g e  b e t w e e n  P h a s e s  One a n d  Two was 

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

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

n o t  s h i f t ,  s e l e c t i n g  n a l t r e x o n e - m o r p h i n e  i n  P h a s e  Two. Most 

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

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



( F i g u r e s  3-20) . I n  o r d e r  t o  v e r i f y  t h i s ,  n o n - p a r a m e t r i c  

s t a t i s t i c a l  a n a l y s e s  were u n d e r t a k e n .  The p s o p o r t i o c  o f  

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

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

One a n d  Two, which were t h e n  compared b y  t h e  Mann-Whitney U 

test  ( S i e g e l ,  1 9 5 6 ) .  Based on t h e  r e s u l t s  of  t h e s e  t es t s ,  

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

p r e s e n c e  o r  a b s e n c e  o f  a  s i g n i f i c a n t  ( a l p h a  = E<. 05, t w o  

t a i l e d )  c h a n g e  i n  f l u i d  p r e f e r e n c e  b e t w e e n  P h a s e s  One a n d  

Two (see T a b l e  11) . Rats were c l a s s i f i e d  a s :  

Q H  S u u e c t s  (g=10;  6 f e m a l e s ,  4 m a l e s )  . Those  w h i c h  

consumed m o s t l y  q u i n i n e  s o l u t i o n  i n  P h a s e  One, a n d  consumed 

m o s t l y  n a l t r e x o n e - m o r p h i n e  i n  P h a s e  Two. T h e s e  r a t s  a l l  

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

P h a s e  One a n d  P h a s e  Two. 

MU S u b i e c t s  (3=7; 2 females, 5 males) . T h o s e  w h i c h  

consumed m o s t l y  m o r p h i n e  s o l u t i o n  i n  P h a s e  One, a n d  m o s t l y  

n a l t r e x o n e - m o r p h i n e  i n  P h a s e  Two. T h e s e  r a t s  d i d  n o t  show a 

s i g n i f i c a n t  c h a n g e  i n  m o r p h i n e  p r e f e r e n c e  b e t w e e n  P h a s s  One 

a n d  P h a s e  Two. 

m,Sgb iects (g=l ; female) . T h o s e  which consumed 

m o s t l y  m o r p h i n e  i n  P h a s e  One, a n d  m o s t l y  n a l t r e x o n e - q u i n i n e  

i n  P h a s e  Two. T h i s  r a t  showed a s i g n i f i c a n t  d e c r e a s e  i n  

m o r p h i n e  p r e f e r e n c e  b e t w e e n  P h a s e  One a n d  P h a s e  Two. 



Q O  s u b i e c t s  (N=O). T h o s e  which  consumed m o s t l y  q u i n i n e  

i n  P h a s e  One a n d  m o s t l y  n a l t r e x o c e - q u i n i n e  i n  P h a s e  T w o .  

~ l t h o u q h  no a n i m a l s  were p r e s e n t  i n  t h i s  c a t e g o r y ,  t h e y  

would  h a v e  b e e n  e x p e c t e d  t o  show n o  s i g n i f i c a n t  c h a n g e  i n  

q u i n i n e  p r e f e r e n c e  be tween  P h a s e  One a n d  P h a s e  Two. 

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

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

o v e r  t h e  n a l t r e x o n e - m o r p h i n e .  The Wilcoxon  matched p a i r s  

s i g n e d  r a n k s  test ( S i e g e l ,  1956) was u s e d  t o  compare  P h a s e  

Two a n d  P h a s e  T h r e e .  T h e  d e c r e a s e  i n  n a l t r e x o n e - m o r p h i n e  

c o n s u m p t i o n  was s i g n i f i c a n t  (I= 18, z= 0 ,  g < . 0 1 ,  two 

t a i l e d ) .  The v a r i a n c e  was r e l a t i v e l y  l a r g e ,  b u t  t h e  

d i s t r i b u t i o n  o f  p r e f e r e n c e s  was n o t  b i m o d a l  (see F i g u r e  2 1 ) .  

A l t h o u q h  a l l  a n i m a l s  p r e f e r r e d  n a l t r e x o n e  s o l u t i o n  f o r  t h e  

f i rs t  t w o  d a y s  o f  P h a s e  T h r e e ,  a s  it p r o g r e s s e d ,  t h e r e  was a  

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

The ~ i l c o x o n  matched p a i r s  s i g n e d  r a n k s  test was used t o  

c o m p a r e  t h e  f i rst  t h r e e  d a y s  of P h a s e  Three w i t h  t h e  l a s t  

t h r e e  d a y s .  T h i s  r e v e a l e d  a s t a t i s t i c a l l y  s i g n i f i c a n t  

i n c r e a s e  (I= 18, 'f= 18, P<.01, two t a i l e d ) .  



TABLE 11. A s s i g n m e n t  of rats t o  c a t e g o r i e s  a c c o r d i n q  t o  r e s u l t s  

of Mann-Whitnsy & tests. 

R AT GENDER P - 

N.S. 

< *  02  

<. 0 2  

<. 0 0 2  

<. 05  

<. 0 0 2  

<. 0 2  

N.S. 

<. 0 2  

<. 002  

N. S. 

N .  S. 

N.S. 

N.S. 

<. 0 0 2  

< .002  

N .  S. 

<. 002  

CATEGORY 

ASSIGNMENT 

M M  

Q M  

Q H  

Q M  

Q M  

Q M  

M Q  

M M  

Q M  

Q M  

M M  

M M  

H M  

M M  

Q M  

Qfl  

M M  

Q M  



Ffgure 1. All subjects  -- Total  f lu id  consumption 
(MtQ) i n  Phase One. 
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D i s c u s s i o n  

The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  complex ,  b u t  t h e y  

d e m o n s t r a t e  t h a t  t h e  p s y c h o a c t i v e  effect  o f  morph ine  w a s  

a v e r s i v e  t o  t h e s e  r a t s .  Q M  a n d  HM s u b j e c t s  w i l l  b e  

d i s c u s s e d  s e p e r a t e l y .  

QM S u b r i e c t s  

The 10 QM s u b j e c t s  a f f o r d  c lear  e v i d e n c e  o f  a n  a v 9 r s i o n  

l o  m o r p h i n e ' s  p s y c h o a c t i v e  effects  (see F i g u r e  2 ) .  I n  P h a s e  

One, t h e y  s e l e c t e d  q u i n i n e  e v e n  t h o u g h  i t  was much more 

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

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

i n  P h a s e  Two, Thus ,  t h e  a v e r s i o n  t o  m o r p h i n e  i n  P h a s e  One 

was a t t r i b u t a b l e  t o  t h e  p s y c h o a c t i v e  e f f e c t ,  r a t h e r  t h a n  t h 9  

t a s t e ,  

Bat_ T a s t e  R e s p o n s s g  

The r o l e  o f  r a t  t a s t e  r e s p o n s e s  i s  a n  i m p o r t a n t  i s s u e  

i n  t h e  i n t e r p r e t a t i o n  o f  t h i s  e x p e r i m e n t ,  a n d  i t  merits 

d e t a i l e d  c o n s i d e r a t i o n .  T h i s  is  b e c a u s e  it may be a r g u e d  by  

some t h a t  i t  is i m p o s s i b l e  t o  know what  a r a t ' s  t a s t e  

e x p e r i e n c e s  a r e ,  a n d  t h e r e f o r e  i t  i s  i m p o s s i b l e  t o  d raw firm 



c o n c l u s i o n s  f r o m  t h i s  e x p e r i m e n t .  I t  m i g h t  be  h y p o t h e s i z e d  

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

ways. The first i s  t h e  p o s s i b i l i t y  t h a t  r a t s '  p e r c e p t i o n s  

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

t h e  o p p o s i t e  of man, a n d  t h e  QM r a t s  p r e f e r r e d  q u i n i n e  i n  

P h a s e  One s i m p l y  b e c a u s e  i t  was t h e  l e a s t  b i t t e r  s o l u t i o n  t o  

them.  S e c o n d ,  p e r h a p s  complex  t a s t e  i n t e r a c t i o n s  o c c u r r e d  

be tween  t h e  morph ine ,  q u i n i n e ,  a n d  t h e  8% s u c r o s e  v e h i c l e ,  

s o  t h a t  t h e  m o s t  s t r o n g l y  b i t t e r  q u i n i n e  i n  some way 

a c q u i r e d  t h e  most p r e f e r a b l e  t a s t e .  

However, t h e s e  a r g u m e n t s  are e x t r e m e l y  u n l i k e l y  b e c a u s e  

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

p s y c h o p h y s i c s  of t a s t e  r e s p o n s e s  (e. g. D e n t o n  a n d  C o g h l a n ,  

1975; Be id le r ,  1971) .  T a s t e  r e s e a r c h  h a s  b e e n  v e r y  

p r o d u c t i v e ,  b e c a u s e  t a s te  is, a p p a r e n t l y ,  s i m p l e r  t h a n  o t h e r  

s e n s e  m o d a l i t i e s  ( f o r  e x a m p l e ,  v i s i o n  a n d  a u d i t i o n ) ,  a n d  

b e c a u s e  it i s  r e l a t i v e l y  s imi la r  across  mammalian s p e c i e s .  

T h e  g r e a t  b u l k  of t a s t e  r e s e a r c h  c o n c e n t r a t e s  o n  humans a n d  

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

o n  s u c h  t o p i c s  a s  t a s t e  p s y c h o p h y s i c s ,  t o n g u e  a n a t o m y  a n d  

h i s t o l o g y ,  n e u r a l  r e s p o n s e  p a t t e r n s  t o  tas te  s t i m u l i ,  

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

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

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



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

h a v e  l e d  many w o r k e r s  t o  c o n c l u d e  t h a t  t h e  g u s t a t o r y  

r e s p o n s e s  o f  r a t s  a n d  humans c l o s e l y  r e s e m b l e  o n e  a n o t h e r .  

F o r  e x a m p l e :  ' ( L a b o r a t o r y  r a t . . . r e s p o n s e s  t o  many t a s t e  

s t i m u l i  a r e  s imilar  t o  t h o s e  o f  men.l1 (Kare, 1 9 7 1 )  o r ,  "Man 

a n d  r a t . . . a r e  r e m a r k a b l y  s imi la r  i n  t h e i r  t h r e s h o l d s  a n d  

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

s i m i l a r i t i e s  a r e  b a s e d  on t h e  a n i m a l ' s  h a v i n g  s i m i l a r  

g u s t a t o r y  s y s t e m s ,  s imi lar  c o n v e r g e n c e  on g u s t a t o r y  a n d  

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

r e g u l a t o r y  mechanisms.  ( G a r c i a  et a l .  , 1974) . T h e s e  

s i m i l a r i t i e s  are m o s t  l i k e l y  d u e  t o  t h e  f a c t  t h a t ,  '$The 

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

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

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

 connection^.^^ ( P f a f f m a n n ,  1 3 7 5 ) .  

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

p r e f e r e n c e s  i n  r a t s ,  s u c h  as:  two b o t t l e  c h o i c e  t e s t s  (e.  g. 

Young, 1 9 5 7 ) ;  c o m p a r i s o n  o f  b a r  p r e s s  r a t e s  t o  o b t a i n  o n e  o f  

two p o s i t i v e l y  r e i n f o r c i n g  s u b s t a n c e s  (e. g. Gut tman ,  1954)  ; 

o r  m e a s u r e m e n t  o f  b a r  p r e s s i n g  t o  s t o p  a mouth f i s t u l a  

i n f u s i o n  o f  a n  u n p a l a t a b l e  s o l u t i o n  (Kissilef f ,  1975) . 
G u s t a t o r y  s e n s a t i o o  c a n  now be s t u d i e d  b y  d i r e c t  

r e c o r d i n g  of t a s t e  r e c e p t o r  i m p u l s e s ,  which  are  p r i n c i p a l l y  

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



It i s  p o s s i b l e  t o  d e r i v e  m e a n i n g f u l  r e s u l t s  f rom +his method 

b e c a u s e  o f  t h e  good a g r e e m e n t  i n  b o t h  r a t s  and  humans 

between t h e  p e r c e p t i o n  of t a s t e  and  t h e  f i r i n g  p a t t e r n s  of 

g u s t a t o r y  neu rons .  The work on humans h a s  been c a r r i e d  o u t  

i n  t h e  l a b o r a t o r y  o f  Y.  Zo t t e rman  (Diamant and  Zo t t e rman ,  

1959; Borg e t  a l . ,  1967;  Z o t t e r m a n ,  1971) on s u b j e c t s  

u n d e r g o i n g  o t o l o g i c a l  o p e r a t i o n s ,  i n  whom t h e  c h o r d a  t ympan i  

had  been s e v e r e d .  I m p u l s e s  which o r i g i n a t e d  i n  t h e  t a s t e  

r e c e p t o r s  were r e c o r d e d  a t  t h e  s e v e r e d  end.  P e a k  a m p l i t u d e s  

o f  t h e  summated n e u r o n a l  r e s p o n s e s  r e p r e s e n t e d  t h e  s t r e n g t h  

o f  t h e  t a s t e  r e s p o n s e .  P r i o r  t o  t h e  o p e r a t i o n ,  t h e  

p a t i e n t ' s  p e r c e p t i o n  o f  t a s t e  was measured by S t e v e n ' s  

(1 957) method of magni tude  e s t i m a t i o n  ( s u b j e c t s  were well 

t r a i n e d  i n  t h i s  t e c h n i q u e )  . The a g r e e m e n t  be tween  the 

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

a  v e r y  h i q h  o r d e r  (see F i g u r e s  26, 2 7 ) .  

T h i s  t y p e  o f  ag reemen t  i s  a l s o  p r e s e n t  i n  r a t s .  T h e r e  

i s  g e n e r a l l y  good r a n k  o r d e r  c o r r e l a t i o n  betweer, t h e  

a m p l i t u d e s  of r a t  c h o r d a  t ympan i  i m p u l s e s  f o r  a  p a r t i c u l a r  

t a s t e ,  and  a  r a t ' s  b e h a v i o r a l l y  d e m o n s t r a t e d  s t r e n g t h  o f  

p r e f e r e n c e  f o r  t h a t  t as te .  Also,  S a t o  (1971) h a s  c o n d u c t e d  

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

t h e  r a t  c h o r d a  t ympan i ,  and c o n c l u d e d  t h a t  t h e y  a r e  

a p p r o x i m a t e l y  t h e  same as  humans. 



F i g u r e  26 - Graphs from one p a t i e n t ,  s h o v i n g  
s u b j e c t i v e  intensity and n e u r a l  r e s p o n s e  
p l o t t e d  a q a i n s t  no lar i ty  of citric acid 
i n  a log-log scale ( a f t e r  Zotterman, 1971).  

F igure  27  - Responses  (open circles) and s u b j e c t i v e  
e s t i m a t i o n  p l o t t e d  aga ins t  n o l a r i t y  of 
sucrose s o l u t i o n  ( a f t e r  Zotterman, 1971). 



~ h u s ,  a l t h o u g h  i t  is n o t  p o s s i b l e  t o  know d i r e c t l y  

what a  r a t  s u b j e c t i v e l y  e x p e r i e n c e s  when t a s t i n g  any 

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

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

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

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

p r e f e r e n c e s .  

One o f  t h e  most i m p o r t a n t  s u b j e c t s  t o  t h i s  d i s c u s s i o n  

i s  t a s t e  c h e m i s t r y .  G e n e r a l l y ,  c h e m i c a l s  which t a s t e  t h e  

same t e n d  t o  s h a r e  d i s t i n c t i v e  p r o p e r t i e s .  F o r  example ,  

n e a r l y  a l l  s o u r  t a s t e s  a r e  c a u s e d  by a c i d s  (Pfaf fmann e t  

a l . ,  1971) . The s t f m u l a t o r y  s t r e n g t h  o f  a n  a c i d  d e p e n d s  

upon t h e  hydrogen  i o n  and i ts  d e g r e e  of d i s s o c i a t i o n  i n  

s o l u t i o n .  S a l t  t a s t e  i s  c a u s e d  by sod ium c h l o r i d e ,  a n d  many 

o t h e r  s a l t s .  Sweet  t a s t e  i s  p r e d o m i n a n t l y  i n d u c e d  by  low 

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

( S h a l l e n b e r g e r  and  Acree, 197 1) . Most b i t t e r  c h i m i c a l s  a r e  

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

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

o f  t h e  cyc l ic  f o r m s  o f  t h e  s u g a r s  p y r a n o s e  a n d  f u r a n o s e .  

Some o f  t h e s e  s u b s t a n c e s  t a s t e  sweet a s  well a s  b i t t e r .  The 

common c a u s e  o f  b i t t e r n e s s  amonqs t  g l y c o s i d e s  is  n o t  well 

u n d e r t o o d  ( S h e l l e n b e r g e r  a n d  Acree, 197 1) . Much more i s  

known a b o u t  t h e  c o m m o n a l i t i e s  o f  s t r u c t u r e  which o c c u r  i n  

t h e  b i t t e r  a l k a l o i d s .  G e n e r a l l y ,  t h e y  c o n t a i n  a  



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

p y r i d i n e ,  p y r r o l e ,  q u i n o l i n e ,  a n d  i s o q u i n o l i n e .  They a re  

u s u a l l y  l e v o r o t a t o r y ,  a n d  of h i g h  m o l e c u l a r  w e i g h t .  T h e  

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

t as te .  Some i m p o r t a n t  a l k a l o i d s  which  a r e  b i t t e r  t o  man 

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

c a f f e i c e ,  n i c o t i n e ,  s o l a n i n e ,  a n d  c o d e i n e  (see Table  111). 

M o r p h i n e  i s  a n  a l k a l o i d ,  c o n t a i n i n g  a  h e t e r o c y c l i c  

n i t r o g e n  r i n g ,  a n d  i t  i s  a n  i s o q u i n o l i n e  d e r i v a t i v e  

( L e a v i t t ,  1 9 7 4 ,  p. 388) . It i s  o f  h i g h  m o l e c u l a r  w e i g h t ,  

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

l e v o r o t a t o r y  from ( S n y d e r ,  1977) .  L i k e  many b i t t e r  

a l k a l o i d s ,  it is p s y c h o a c t i v e ,  a n d  t o x i c  i n  h i g h  d o s e s .  

Based  o n  wha t  is known a b o u t  t a s te  c h e m i s t r y ,  i t  i s  

v e r y  l i k e l y  t h a t  m o r p h i n e  i s  a l s o  b i t t e r  t o  r a t s .  T h i s  is  

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

h a v e  b e e n  t e s t e d  o n  r a t s ,  a l l  are a v o i d e d .  A l t h o u g h  i t  is  

n o t  p o s s i b l e  t o  d i r e c t l y  t e s t  r a t s '  t a s t e  p r e f e r e n c e s  f o r  

a l l  a l k a l o i d s  ( b e c a u s e  many a r e  t o x i c ,  or  p s y c h o a c t i v e ,  a n d  

t h e r e f o r e  may be a v o i d e d  f o r  t h e s e  r e a s o n s  r a t h e r  t h a n  

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

m e a n s  a s  t h e  two b o t t l e  c h o i c e  test .  The most f r e q u e n t l y  

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

f o r m s ) .  It i s  a v o i d e d  by a l l  r a t s  a n d  monkeys  (Macaca 

m u l a t t a )  t e s t e d  ( P a t t o n  a n d  Ruch,  1944) .  T h i s  a v e r s i o n  



TABLE 1x1. flolecular structuzes sf sone important 
b i t t e r  alkaloids, and q u i n o l i n e ,  
i s o q u i n o l i n e .  

Codeine 

Q u i n i n e  

Caf f d n e  



r e s p o n s e  is s o  r e l i a b l e  t h a t  it is  u s e d  a s  a  d e t e r m i n a n t  o f  

t a s t e  t h r e s h o l d s ;  1.e. it i s  assumed  t h a t  when an  a n i m a l  c a n  

t a s t e  q u i n i n e  s o l u t i o n s ,  it w i l l  a v o i d  them,  Q u i n i n e  a l s o  

f i t s  v e r y  well i n t o  t h e  c l a s s  of b i t t e r  a l k a l o i d s ,  a n d  

c l o s e l y  r e s e m b l e s  m o r p h i n e  i n  b i t t e r n e s s  c r i t e r i a ;  it 

c o n t a i n s  h e t e r o c y c l i c  n i t r o g e n  r i n g s ,  i t  is d e r i v e d  from 

q u i n o l i n e  ( w h i c h  c l o s e l y  resembles t h e  m c r p h i n e  p a r e n t ,  

i s o q u i n o l i c e ) ,  i t  is of h i q h  m o l e c u l a r  w e i g h t ,  a n d  it i s  

l e v o r o t a t o r y .  However,  i n  tha d o s a g e s  u s e d  i n  t h i s  

e x p e r i m e n t ,  i t  i s  n e i t h e r  p s y c h o a c t i v e  o r  t o x i c .  

I n t e r e s t i n g  e v i d e n c e  c o n c e r n i n g  b i t t e r n e s s  p e r c e p t i o n  

i n  r a t s  ar ises from e x p e r i m e n t s  b y  F r a n k  (1975) a n d  P f a f f m a n n  

e t  a l , ,  ( 1  967) . U n t i l  t h e i r  work, most n e u r o p h y s i o l o g i c a l  

i n v e s t i g a t i o n s  of t a s t e  were c a r r i e d  o u t  on  t h e  c h o r d a  

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

i n t e r e s t i n g  a n d  t h o r o u g h l y  s t u d i e d  s e n s a t i o n s  of sweet, 

s a l t y ,  a n d  s o u r  ( b i t t e r  s u b s t a n c e s  e l i c i t  o n l y  v e r y  s p a r s e  

c h o r d a  t y m p a n i  r e s p o n s e s )  . T h e s e  researchers, however ,  

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

b a c k  o f  t h e  t o n g u e  f o r  b o t h  man a n d  r a t ,  a n d  r e s p o n d s  most  

v i g o r o u s l y  t o  b i t t e r  s u b s t a n c e s  ( P f a f f m a n n  et a l . ,  1 9 6 7 ) .  

T h e i r  t e c h n i q u e  was t o  free t h e  g l o s s o p h a r y n g e a l  from 

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

s t r a n d s  f r o m  which d i f f e r e n t i a l l y  a m p l i f i e d  s i g n a l s  from 

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



cf r c u m v a l l a t e  p a p i l l a e  t a s t e  r e c e p t o r s  a t  t h e  b a c k  of t h e  

t o n g u e  was p e r f o r m e d  v i a  a n  i n s e r t e d  p i p e t t e .  F i b e r s  were 

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

( s u c r o s e ,  N a C 1 ,  HC1,  q u i n i n e  HC1) t h e y  r e s p o n d e d  b e s t .  It 

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

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

d i f f e r e n t  s t i m u l i  o f  t h e  same class. 

Two f i n d i n g s  f r o m  t h i s  work a r e  r e l a v a n t  t o  t h i s  

d i s c u s s i o n .  F i r s t ,  a t y p e  o f  f i b r e  e x i s t s  which r e s p o n d s  

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

(see F i g u r e  2 8 ) .  It i s  t h e  most  common a n d  mos t  ' h i g h l y  

t u n e d '  o f  r a t  g l o s s o p h a r y n g e a l  c i r c u m v a l l a t e  f i b e r s ,  i n  t h e  

s e n s e  t h a t  it r e s p o n d s  q u i t e  e x c l u s i v e l y  t o  b i t t e r  s t i m u l i .  

T h e  s e c o n d  b e s t  r e s p o n s e  o f  t h e s e  n e u r o n s  was t o  

h y d r o c h l o r i c  a c i d ,  which  was  less  t h a n  20% o f  t h e  q u i n i n e  

r e s p o n s e .  T h i s  p r e s e n t s  s t r o n g  e v i d e n c e  t h a t  r a t s  h a v e  

q u i n i n e  r e c e p t o r s .  

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

a l s o  b i t t e r  t o  man a r e  g e n e r a l l y  i n  a g r e e m e n t  w i t h  t h e  

p a t t e r n s  e l i c i t e d  by q u i n i n e  (see T a b l e  I V )  . N o t e  t h a t  

c a f f e i n e ,  which  is a h e t e r o c y c l i c  n i t r o g e n o u s  a l k a l o i d ,  

c o r r e l a t e s  b e s t  w i t h  q u i n i n e  s t i m u l a t i o n .  

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

i s  a l s o  v e r y  similar i n  r a t s  and  non-human p r i m a t e s .  

A p p r o x i m a t e l y  t h e  same p r o p o r t i o n s  o f  c h o r d a  f i b r e s  r e s p o n d  



Figure 28  - Twenty rat  glossopha ryngeal-circuwvalla te 
nerve fiber response p r o f i l e s  t o  4 tastes: 
for 5 f i b e r s  which respond b e s t  ( l a r g e s t  
number of spikes i n  5 s) t o  . 3  H sucrose 
(S) , . 3  C l  HaC1 (N) ,  .003 H HC1 (8) , and 
.001 ?l q u i n i n e  H C 1  (Q) (after  Frank, 1975). 



TABLE I V ,  Rank o r d e r  c o r r e l a t i o n  c o e f f i c i e n t s  between 
r e s p o n s e s  o f  r a t  g l o s s o p h a r y n g e a l  n e r v e  
fibers t o  4  common t a s t e s  a n d  4  b i t t e r  t a s t e s  
w i t h  c i r c u m v a l l a t e  s t i m u l a t i o n  ( a f t e r  
F r a n k ,  1375) . 

SUCROSE N a C l  H C 1  QUININE N +  

U r e a  - 0 . 2 6  - 0 . 2 4  + O D  4 9  t 0 . 5 9  1 5  

C a f f e i n e  - 0  24  + O w  16 + 0 . 4 0  + 0 . 6 0 *  2 2  

* g < . 0 1 ,  t t e s t .  

The  mola r i t e s  f o r  t h e  common t a s t e s  are: . 3  s u c r o s e ,  . 3  
NaCl, . 0 0 3  HCl, a n d  . 0 0 1  q u i n i n e  h y d r o c h l o r i d e .  F o r  t h e  
o t h e r  t a s t e s  t h e y  are:  . 3  MgS04, 1.0 Urea, . 0 0 0 3  s u c r o s e  
o c t a - a c e t a t e  ( S . O .  A.)  , a n d  . 0 3  c a f f e i n e .  N i s  t h e  n u m b e r  o f  
f i b e r s  w h o s e  r e s p o n s e s  were u s e d  i n  e a c h  c o r r e l a t i o n .  



t o  s a l t ,  s u g a r ,  a c i d ,  and q u i n i n e  i n  b o t h  t h e  macaque monkey 

a n d  t h e  r a t  ( S a t o ,  1975) .  

I n  a d d i t i o n  t o  t h e  r a t ,  a  l a r g e  number o f  o t h e r  a n i m a l  

f o r m s  re ject s t i m u l i  which humans p e r c e i v e  a s  b i t te r .  

G a r c i a  a n d  Hank ins  (1975) o u t l i n e  t h e  e v i d e n c e  s u p p o r t i n g  

t h i s  c o n c l u s i o n :  

Morgan's  s c i e n t i f i c  c a n o n  a g a i n s t  
a n t h r o ~ o m o r p h i s m  l i m i t s  ou r  g e n e r a l i z a t i o n s  
c o n c e r n i n g  i n f e r e n c e s  o f  b i t t e r  s e n s a t i o n s  i n  
o r g a n i s m s  o t h e r  t h a n  humans o l d  enough t o  
v e r b a l l y  r e p o r t  t h e  q u a l i t y  o f  t h e  t e s t  
s u b s t a n c e .  However, it is d i f f i c u l t  t o  
resist t h e  a n t h r o p o m o r p h i c  t e m p t a t i o n  when 
one o b s e r v e s  t h e  c h a r a c t e r i s t i c  g r i m a c e  
d i s p l a y e d  by n e o n a t e  humans and nonhuman 
p r i m a t e s  i n d u c e d  by q u i n i n e  s o l u t i o n s ,  o r  f o r  
t h a t  m a t t e r ,  t h e  c h a r a c t e r i s t i c  groominq 
o b s e r v e d  i n  r a t s  when t h a y  e n c o u n d e r  b i t t e r  
food .  I n  f ac t ,  s p e c i e s  from v i r t u a l l y  e v e r y  
phylum reject s o l u t i o n s  which are a l s o  
r e j e c t e d  b y  man who d e s c r i b e s  them a s  b i t t e r .  

Fo r  example ,  S c h a e f f e r  ( 19 10) r e p o r t s  
t h a t  S t e n t o r  c a e r u l e u s ,  a  p r o t o z o a n ,  w i l l  n o t  
f e e d  on m a t e r i a l s  which have  been  soaked  i n  
q u i n i n e  and  t h e n  r i n s e d .  When t h e  s t r e a m  o f  
q u i n i n e  food r e a c h e s  t h e  o r a l  d i s c ,  t h e  
s t e n t o r s  c o n t r a c t ,  o r  bend away; P a r k e r  
(1910) h a s  f o u n d  t h a t  b o t h  t h e  o s t i a  and  
o c u l a  of s p o n g e s  S t v l o t e l l a  h e l i s p h i l a  c l o s e  
when s m a l l  amoun t s  (.0002M) o f  s t r y c h n i n e ,  a  
b i t t e r  compound, c o n t r a c t s  them. Q u i n i n e  i n  
.0003H s o l u t i o n  i n h i b i t s  t h e  f e e d i n g  o f  
wireworms A q r i o t e s  SPP. and .003M q u i n i n e  
r e d u c e s  b i t i n q  by  75% (Crombie and  Dar rah .  - - 
1947)  . Earthworms ~ u m b r i c u s  t e r r i s t r i ~  a r e  
a p p a r e n t l y  much more s e n s i t v e ,  w l t h d r a  wins - 
i m m e d i a t e l y  f rom .00001H q u i n i n e  
h y g r o c h P o r i d e  a p p l i e d  t o  t h e  prostomium 
(Lave rack ,  1960)  . 

Another  f a s c i n a t i n g  example  i s  t h e  
. a n c i e n t  a r t h r o p o d  Limu1us, o r  t h e  h o r s e s h o e  

c r a b  which is e q u i p p e d  w i t h  c h e m i c a l  s e n s o r s  



on i t s  m a n d i b l e  a n d  o n  i t s  legs. The l e g  
r e c e p t o r s  are  e x t r e m e l y  s e n s i t i v e  ( P a t t e n  
1894, Barber 1956) . A r t h r o p o d s  p r o v i d e  many 
o t h e r  examp le s .  Both a d u l t  and  l a r v a l  
i n s e c t s  a r e  s e n s i t i v e  t o  b i t t e r  s u b s t a n c e s .  
F o r  examp le ,  von F r i s c h  (1934) r e p o r t e d  t h a t  
some b e e s  would reject .0008H q u i n i n e  i n  1 M 
s u c r o s e  s o l u t i o n ,  and D e t h i e r  ( 1937) found  
t h a t  l e p i d o p t e r o u s  l a r v a e  P o r i h o t e r i a  d i s p g r  
" s p i t  o u t w  b i t t e r  s u b s t a n c e s .  

The m o l l u s c s  and  e c h i n o d e r m s  a p p e a r  t o  
b e  e x t r e m e l y  s e n s i t i v e  t o  b i t t e r  materials. 
M e a s u r i n g  t h e  o r a l  t e n t a c u l a r  r e t r a c t i o n  of 
o y s t e r s  Ostrea v i r x i n i c a ,  Hopk ins  (1 935) 
f o u n d  c l e a r  r e t r a c t i o n  r e s p o n s e s  t o  .000046M 
q u i n i n e  s u l f a t e ,  and  Wells ( 1  963) u s i n g  a  
b e h a v i o r a l  t a s k  found  t h a t  o c t o p i  O c t o p u s  
v u l c i a r i s  c o u l d  d i s c r i m i n a t e  .00000 l5M q u i n i n e  - 
s u l f a t e  i n  sea water. 

Olmsted (19  17) f o u n d  t h a t  sea c u c u m b e r s  
S v n a p t u l a  h y d r i f o r m i s  w i thd rew  f rom .0001M - 
q u i n i n e .  Sessile t u n i c a t e s  A s c i d i a  a t r a  
re t rac t  t h e i r  s i p h o n  t o  .00005M q u i n i n e  
s u l f a t e  (Hech t  1 9 18) . 

A v e r s i v e  r e a c t i o n s  t o  b i t t e r  s u b s t a n c e s  
h a v e  b e e n  r e p o r t e d  f o r  a l l  c l a s s e s  o f  
c h o r d a t e s .  Q u i n i n e  s t i m u l a t i o n  o f  o r a l  
r e c e p t o r s  i n  f i s h  p r o d u c e  a v o i d a n c e  r e a c e '  o n s  
( S h e l d o n ,  1303; H s r r i c k ,  1902;  B a r d a c h  and  
citse, 1965; B a r d a c h  a n d  Atema, 1971) . L i t t l e  
work h a s  b ~ e n  d o n e  w i t h  t h e  s e n s i t i v i t y  o f  
a m p h l b i a ,  b u t  some s a l a m a n d e r s  g r i t u r u s  do 
r e s p o n d  t o  b i t t e r  t a s t e  q u a l i t i e s  (Ba rdach ,  
1967)  . F e r a l  p i g e o n s ,  Columba l i v i a ,  
(Duncan, 1960)  a n d  r a t s  R a t t u s  n o r v e q i c q s  
( C i  ca la  a n d  Mcklichael , 1 364) reject q u i n i n e  
h y d r o c h l o r i d e  i n  a l l  d e t e c t a b l e  
c o n c e n t r a t i o n s .  (p. 40) 

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

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

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

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

tastes.  More t h a n  t e n  p e r c e n t  o f  p l a n t  s p e c i e s  c o n t a i n  

b i t t e r  a n d  t o x i c  a l k a l o i d s  a n d / o r  g l y c o s i d e s  ( K i n g s b u r y ,  



1 9 6 4 ) .  Hence  a n i m a l s  ( e x p e c i a l l y  w i d e - r a n g i n g  o m n i v o r e s )  

w h i c h  h a v e  m e c h a n i s m s  t o  reject b i t t e r  s u b s t a n c e s ,  h a v e  a 

g o o d  c h a n c e  t o  a v o i d  f a t a l  p o i s o n i n g .  Not s u r p r i s i n g l y ,  

r a t s 1  r e s p o n s e s  t o  e i ther  t o x i c  o r  i n t e n s e l y  b i t t e r  f o o d  i s  

v e r y  s i m i l a r .  They  d i g  it o u t  of t h e  f o o d  d i s h ,  t h e n  groom 

t h e m s e l v ~ s  v i g o r o u s l y  a n d  r u b  t h e i r  m u z z l e s  on t h e  f l o o r  

( G a r c i a  a n d  H a n k i o s ,  1975) . 
Many b i t t e r  s u b s t a n c e s  a re  n a t u r a l l y  o c c u r r i n g  

c h e m i c a l s  which  h a v e  n o  a p p a r e n t  p u r p o s e  i n  t h e  p l a n t ' s  

m e t a b o l i s m .  Some are q u i t e  c o m p l e x ,  a n d  r e q u i r e  a 

c o n s i d e r a b l e  e x p e n d i t u r e  of e n e r g y  t o  p r o d u c e .  Brower 

(1969) s u g g e s t s  t h a t  some o f  these may b e  s y n t h e s i z e d  

s p e c i f i c a l l y  f o r  t h e i r  t o x i c  p r o p e r t i e s .  I n  a d d i t i o n ,  he 

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

d i g i t a l i s - l i k e  c a r d i a c  g l y c o s i d e s  p r o d u c e d  b y  t h e  M i l k  weed, 

Asclepiqa c u r a s s a v i c a .  T h e s e  s u b s t a n c e s  are  p o w e r f u l  -- 

emetics t o  mammals, a n d  a s  a r e s u l t ,  c a t t l e  a n d  o t h e r  

h e r b i v o r e s  l e a r n  t o  a v o i d  t h i s  p l a n t ,  The l a r v a e  of  t h e  

Monarch b u t t e r f l y  Danaus  p l e x i ~ p u s ,  h c w e v e r ,  f e e d s  on  t h e  

mi lkweed ,  a s s i m i l a t i n g  and s t o r i n g  t h e  p o i s o n  -- a p p a r e n t l y  

w i t h o u t  t o x i c  effect .  But when b i r d s  f e e d  o n  t h e  b u t t e r f l y ,  

t h e y  become ill a n d  s u b s e q u e n t l y  a v o i d  it. 

The o p i u m  poppy P a p a v e r  s o m n i f e r u m  might. well 

s y n t h e s i z e  o p i a t e s  f o r  t h e  same r e a s o n :  t o  q e n e r a t e  

t o x i c o s i s .  O p i a t e s  a r e  p r o d u c e d  by t h e  s e e d  pod i m m e d i a t e l y  



p r i o r  t o  t h e  r i p e n i n g  and d i s p e r s a l  of t he  s e e d s .  T h i s  i s  a  

c r u c i a l  p a r t  o f  the p l a n t ' s  l i f e  c y c l e ,  and i t  would make 

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

s e e d  pod f rom h e r b i v o r e s .  Morphine, i n  a d d i t i o n  t o  b e i n g  

b i t t e r  t o  man, o f t e n  p r o d u c e s  n a u s e a ,  vomi t ing ,  and 

d y s p h o r i a  when first a d m i n i s t e r e d  ( J a f  f e  and M a r t i n ,  1975) . 
From t h i s  e v i d e n c e ,  it i s  r e a s o n a b l e  t o  c o n c l u d e  t h a t  

r a t s  r e s p o n d  t o  n i t r o g e n o u s  a l k a l o i d s  i n  t h e  same way a s  

humans, and  t h a t  t h e y  t h e r e f o r e  c o u l d  be e x p e c t e d  t o  reject  

b o t h  morphine  and q u i n i n e  b e c a u s e  of t a s t e .  

L e t  u s  now t u r n  t o  t h e  c e n t r a l  q u e s t i o n  r e g a r d i n g  

t a s t e :  w h e t h e r  t h e  r a t s  found  t h e  morphine less b i t t e r  t h a n  

t h e  q u i n i n e  i n  t h e  p r e s e n t  e x p e r i m e n t .  The re  i s  good 

e v i d e n c e  t h a t  r a t s  r a n k  t a s t e  i n t e n s i t i e s  a s  humans d o ,  and  

t h i s  a l s o  a p p e a r s  t o  be t h e  c a s e  w i t h  t h e  t h r e e  o t h e r  t a s t e  

m o d a l i t i e s .  

U n f o r t u n a t e l y ,  n o t  enough  r e s e a r c h  on t h e  r a n k i n g  o f  

t a s t e  i n t e n s i t i e s  h a s  been c a r r i e d  o u t  fo r  b i t t e r n e s s .  

If B i t t e r n e s s  s c o r e s l ' ,  o r  f i n e l y  d i s c r i m i n a t e d  s t i m u l u s  

r a t i n q s  f o r  c l o s e l y  r e l a t e d  compounds a r e  n o t  a v a i l a b l e .  A t  

b e s t ,  b i t t e r  t a s t e s  h a v e  b e e n  r a n k e d  a s  f f s l i g h t l y  b i t t e r " ,  

" b i t t e r " ,  o r  If e x t r e m e l y  b i t t e r "  ( S h a l l e n b e r g e r  a n d  Acree,  

1971 ) .  Also ,  when measu r ing  n e u r a l  r e s p o n s e s ,  t h e r e  i s  a 

t e n d e n c y  t o  c h o o s e  t h e  cho rda  t ympan i  i n  p r e f e r e n c e  t o  t h e  

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



Mste  m o d a l i t i e s ,  t h e  l a t t e r  o n l y  o n e .  T h i s  l e a v e s  t h e  

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

 everth he less, some work h a s  b e e n  d o n e  i n  t h i s  a r e a .  

Coambs e t  a l . ,  ( 1  977) f o u n d  t h a t ,  t o  t h e  e x p e r i m e n t e r ' s  

p a l a t e s ,  0 . 1  mg/mi q u i n i n e  s u l f a t e  i n  5% s u c r o s e  s o l u t i o n ,  

a n d  0.5 mg/ml m o r p h i n e  h y d r o c h l o r i d e  i n  5 %  s u c r o s e  s o l u t i o n ,  

were a b o u t  e q u a l l y  b i t t e r .  I n  t h e  f i r s t  few h o u r s  of 

f r e e - c h o i c e  e x p o s u r e ,  r a t s  consumed a b o u t  e q u a l  a m o u n t s  of 

t h e s e  same c o n c e n t r a t i o n s  (Coambs, 1 977) . We c o n c l u d e d  t h a t  

these s o l u t i o n s  are a b o u t  e q u a l l y  p r e f e r a b l e ,  p r i o r  t o  t h e  

o n s e t  o f  p h a r m a c o l o g F c a 1  effects. 

S t o l e r m a n  a n d  Kumar (1370)  u s e d  t w o  g r c u p s  of r a t s  t o  

a r r i v e  a t  a s imi la r  c o n c l u s i o n .  Group  1 w i i s  g i v e n  a  c h o i c e  

b e t w e e n  q u i n i n e  h y d r o c h l o r i d e  s o l u t i o n  (.25mg/ml) o r  t a p  

water. G r o u p  2 was g i v e n  a c h o i c e  b e t w e e n  m o r p h i n e  

h y d r o c h l o r i d e  s o l u t i o n  (.Smg/ml), o r  t a p  water. Both  q r o u p s  

h a d  access t o  t h e s e  f l u i d s  f o r  a  s e v e n  h o u r  p e r i o d .  The 

mean amount  of m o r p h i n e  o r  q u i n i n e  s o l u t i o n  c o n s u m p t i o n  

e x p r e s s e d  a s  p r o p o r t i o n  o f  t o t a l  l i q u i d  i n t a k e  were . 1 5 ,  a n d  

- 1 8  f o r  g r o u p s  1 a n d  2 r e s p e c t i v e l y .  S i n c e  t h e s e  d i d  n o t  

d i f f e r  s i q n i f i c a n t l y  , t h e  a u t h o r s  c o n c l u d e :  "It t h e r e f o r e  

a p p e a r s  t h a t  t h e  q u i n i n e  ( h y d r o c h l o r i d e )  s o l u t i o n  of 

.25mg/ml was  a b o u t  a s  a v e r s i v e  a s  t h e  m o r p h i n e  

( h y d r o c h l o r i d e )  s o l u t i o n  o f  . 5mg/mletr T h e s e  two f i n d i n g s  a re  

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



, lmg/ml q u i n i n e  s u l f a t e ,  w h e r e a s  S t o l e r m a n  a n d  Kumar u s e d  

. 2  5mg/ml q u i n i n e  h y d r o c h l o r i d e .  However, f o r  humans, 

q u i n i n e  s u l f a t e  is a b o u t  twice a s  b i t t e r  a s  q u i n i n e  

h y d r o c h l o r i d e  ( t h e  tas te  t h r e s h o l d s  a re  . Img/ml and  .2mg/ml, 

r e s p e c t i v e l y ;  P f a f f m a n n  e t  a l . ,  1971) , 

D o u b l i n g  t h e  q u i n i n e  s u l f a t e  c o n c e n t r a t i o n  t o  .2mg/ml 

i n  t h e  p r e s e n t  e x p e r i m e n t  made i t  much more b i t t e r  t h a n  

.5mq/ml m o r p h i n e  f o r  humans, and  i t  would be e x p e c t e d  t o  d o  

t h e  same f o r  ra ts ,  i n  v iew o f  r e s e a r c h  on t h e  p s y c h o p h y s i c a l  

s c a l i n g  o f  taste. T h e  r e l a t i o n s h i p  b e t w e e n  s e n s a t i o n  a n d  

i n t e n s i t y  i s  most c l o s e l y  d e s c r i b e d  by S t e v e n s '  Power 

F u n c t i o n  (1960)  : 
n  

R = KS 
Where R = r e s p o n s e  a s  measured  b y  u n i t  o f  s e n s a t i o n  

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

mo d a l i t  ies  

F o r  t a s t e ,  t h e  e x p o n e n t  is g e n e r a l l y  a r o u n d  1 

( P f a f f m a n n ,  1971) . S a t o  (1971)  r e p o r t s  t h a t  t h i s  e x p o n e n t  

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

r e s p o n s e s  i n  humans,  a n d  i s  a l s o  v a l i d  f o r  n e u r a l  r e s p o n s e s  

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

f o r  r a t s ,  the m o r p h i n e  s o l u t i o n  u s e d  i n  t h e  p r e s e n t  

e x p e r i m e n t  was much more p a l a t a b l e  t h a n  t h e  q u i n i n e  

so . lu  t i o n ,  



A s e c o n d  i m p o r t a n t  q u e s t i o n  r e g a r d i n g  r a t  t a s t e  

r e s p o n s e s  i s  whether  complex t a s t e  i n t e r a c t i o n s  o c c u r r e d  

between t h e  morphine,  q u i n i n e ,  a n d  t h e  8% s u c r o s e  v e h i c l e ,  

s o  t h a t  t h e  most  s t r o n g l y  b i t t e r  q u i n i n e  i n  some way 

a c q u i r e d  t h e  most p ro  f e r a b l e  t a s t e .  F o r  example ,  a l t h o u q h ,  

.5mg/ml morphine  h y d r o c h l o r i d e  s o l u t i o n  b y  i t s e l f  i s  more 

p a l a t a b l e  t h a n  .2mg/ml q u i n i n e  s u l f a t e ,  c o u l d  it be t h a t  

r a t s  f i n d  8% s u c r o s e  e x c e s s i v e l y  sweet, and  t h e r e f o r e  p r e f e r  

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

T h e r e  i s  s u b s t a n t i a l  e v i d e n c e  t h a t  s u c h  complex t a s t e  

i n t e r a c t i o n s  do n o t  o c c u r  i n  e i t h e r  r a t s  o r  humans. The 

most  r e l e v a n t  r e s e a r c h  on human t a s t e  i n t e r a c t i o n  was 

c a r r i e d  o u t  b y  Ramen e t  a l . ,  ( 1  96 1 )  . T h e i r  f i n d i n g s  a r e  

b a s e d  on c a r e f u l  p s y c h o p h y s i c a l  t e s t i n g  o f  80 s u b j e c t s  u s i n g  

c a f f e i n e  and  s u c r o s e  s o l u t i o n s  a s  s t i m u l i .  They show t h a t  

i n c r e a s i n g  t h e  c a f f e i n e  c o n c e n t r a t i o n  of a s u c r o s e - c a f f e i n e  

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

sweet t a s t e  (see F i g u r e  2 9 ) .  T h i s  is t r u e  f o r  a l l  

c o n c e n t r a t i o n s  used.  The effect of s u c r o s e  on  b i t t e r  t a s t e  

i s  somewhat more complex.  It would a p p e a r  t h a t  i n c r e a s i n q  

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

r e d u c e s  t h e  s u b j e c t i v e  i n t e n s i t y  o f  t h e  b i t t e r  t a s t e .  T h i s  

o c c u r s  i n  a  c u r v e l i n e a r  way, w i th  b i t t e r n e s s  a t t e n u a t e d  t o  

a n  i n c r e a s i n g  e x t e n t  a s  s u c r o s e  c o n c e n t r a t i o n  i n c r e a s e s .  

However, t h i s  effect i s  f a i r l y  c o n s t a n t  f o r  a l l  l e v e l s  of 



C I BITTERNESS 

F u r  29 - Summary of  taste i n t e r a c t i o n s  (after 
Kaeen et a l . ,  1 9 6 1 ) .  

T h e  abscissa r e p r e s e n t s  i n c r e a s i n g  c o n c e n t r a t i o n s  of t h e  
s e c o n d a r y  s t i m u l u s .  Tbs f o u r  curves on each graph are for 
t h e  four  levels o f  t h e  primary s t i m u l u s  whose taste q u a l i t y  
i s  shown o n  t h e  i n n e r  scsle o f  t h e  o r d i n a t e .  P r i a s r y  
s t i m u l u s  c o n c e n t r a t i o n s  a r a  o n  t h e  o u t e r  scale. Curve 
f i t t i n g  was  q u i d e d  by the s i g n i t i c a n c a  of the s o u r c e s  of 
v a r i a t i o n  i n  t h e  a n a l y s e s  of v a r i a n c e ,  r a t h e r  t h a n  by l e a s t  
s q u a r e s  methods* 



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

o c c u r .  I n  summary, i n  humans, b i t t e r  t as tes  d o  n o t  h a v e  t h e  

effect of  c o u n t e r a c t i n g  sweet tas tes ,  b u t  t h e  8% s u c r o s e  

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

However, t h i s  would  a f f e c t  b o t h  s o l u t i o n s  e q u a l l y :  t h e  

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

T h e r e  is  a n o t h e r  i s s u e  t o  b e  c o n s i d e r e d  r e g a r d i n g  t h e  

d r i n k i n g  p a t t e r n s  o f  t h e  Q M  r a t s  -- t h e y  c o n t i n u e d  t o  

s p o r a d i c a l l y  d r i n k  v e r y  small a m o u n t s  o f  m o r p h i n e  i n  P h a s s  

One (see F i g u r e  2 4 ) .  It m i g h t  be a r g u e d  t h a t  t h e s e  r a t s  i n  

f ac t  f i n d  m o r p h i n e  r e w a r d i n g ,  b u t  i n  l o w  d o s e s .  However,  

t h e r e  are  f o u r  s e a s o n s  why t h i s  i n t e r p r e t a t f  o n  i s  u n l i k e l y  

t o  b e  c o r r e c t .  

F i r s t ,  t h e  m o r p h i n e  c o n s u m p t i o n  i n  t h e  g r o u p  of r a t s  

w h i c h  d r a n k  m o s t l y  q u i n i n e  was v e r y  s p o r a d i c ;  some d a y s  n o n e  

was consumed.  T h e s e  p r e f e r e n c e s  d o  n o t  a p p e a r  t o  b e  r e l a t e d  

t o  t h e  d a y s  o n  which  b o t t l e  p o s i t i o n  was s h i f t e d  ( F i g u r e  2 4 ) .  

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

S e c o n d ,  i f  m o r p h i n e  were r e i n f o r c i n g  t o  t h i s  g r o u p  of 

r a t s ,  o n e  would  e x p e c t  s t ab l e  c o n s u m p t i o n ,  o r  a g r a d u a l  

i n c r e a s e ,  i n  o r d e r  t o  o v e r c o m e  t h e  effect  of p r o q r e s s i v e  

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



o v e r  t h e  c o u r s e  o f  P h a s e  One. ~ o r p h i n e  p r e f e r e n c e  i n  Q M  

r a t s ,  e x p r e s s e d  a s  p r o p o r t i o n  of t o t a l  f l u i d  i n t a k e ,  

m e a s u r i n g  mean p r e f e r e n c e s  i n  two  i n d e p e n d e n t  b l o c k s  o f  

m e a s u r e s  ( d a y s  3 - 6  v s ,  1 1- 14 )  d e c r e a s e d  s i g n i f i c a n t l y  

( H i l c o x o n  Matched P a i r s  S i g n e d  Ranks  test ,  S i e g e l ,  1956,  I= 

10,  g= 0, 2<.01 ,  two t a i l e d )  . T o t a l  morph ine  c o n s u m p t i o n  

measured  a s  mg morph ine /day  a l so  d e c l i n e d .  The mean 

morphine  c o n s u m p t i o n  f o r  t h i s  g r o u p  o f  r a t s  i n  t h e  l a s t  4 

d a y s  o f  P h a s e  One was .8mg. 

T h i r d ,  t h e  m o r p h i n e  s o l u t i o n  was s u b s t a n t i a l l y  more 

p a l a t a b i e  t h a n  t h e  q u i n i n e  s o l u t i o n .  T h e r e f o r e ,  a l l  a n i m a l s  

would h a v e  b e e n  m o t i v a t e d  t o  consume morph ine ,  a n d  some 

s a m p l i n q  i s  n o t  s u r p r i s i n g ,  

F o u r t h ,  it s h o u l d  be p o i n t e d  o u t  t h a t  i n  p r e v i o u s  work 

w i t h  t h i s  s t r a i n  o f  r a t ,  i t  h a s  become clear t h a t ,  t h e y  are 

e x t r e m e l y  r e s i s t a n t  t o  t h e  e f f e c t s  o f  morph ine  -- i t  is  v e r y  

u n l i k e l y  t h a t  t h e s e  s m a l l  amoun t s  are a p h a r m a c o l o g i c a l l y  

e f f e c t i v e  d o s e  f o r  them. 

P o s s i b l e  A v e r s i v e  P r o p e r t i e s  o f  N a l t r e x o n e  ------.-.-- 

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

b e h a v i o r  o f  the Q M  S u b j e c t s ,  which rests o n  two  p o s t u l a t e s .  

The  f i r s t  c o n c e r n s  n a l t r s x o n e q s  b i o c h e m i c a l  a c t i v i t y .  T h e  

most  w i d e l y  a c c e p t e d  t h e o r y  o f  a c t i o n  of morph ine  



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

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

m o r p h i n e  f r o m  h a v i n g  a n y  effect ( J a f f e  a n d  t l a r t i n ,  1975). 

The  first p o s t u l a t e  asserts t h a t  t h e  c o r o l l a r y  i s  a l s o  trus; 

t h a t  by c o m ~ e t e i n g  w i t h  n a l t r e x o n e  a t  t h e  b i n d i n g  s i te ,  

m o r p h i n e  i s  a 'Qia l t rexone a n t a g o n i s t t t ,  c a p a b l e  o f  b l o c k i n g  

a n y  p h a r m a c o l o g i c a l  e f fec ts  o f  t h e  o a l t r e x o n e .  

The s e c o n d  p o s t u l a t e  t h e n  f o c u s e s  o n  t h e  

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

proof)  t h a t  n a l t r e x o n e  i s  a v e r s i v e  t o  r a t s .  

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

n a l t r e x o n e  i n  P h a s e  Two would  h a v e  a f f e c t e d  t h e  m o r p h i n e  a n d  

q u i n i n e  s o l o t i o n s  d i f f e r e n t l y ,  The n a l t r e x o n e  would h a v e  

i n c r e a s e d  t h e  a v e r s i v e n e s s  o f  t h e  q u i n i n e ,  b u t  would n o t  

h a v e  a d d e d  t o  t h e  a v e r s i v e n e s s  o f  t h e  morph ine ,  b e c a u s e  t h e  

m o r p h i n e  would  h a v e  " a n t a g o n i z e d "  (i. e. n e u t r a l i z e d )  

n a l t r e x o n e l  s a v e r s i v e n e s s .  

T h i s  means  t h a t  when t h e  q u i n i n e  p r e f e r r i n g  - r a t s  o f  

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

Two, t h e y  d i d  s o  b e c a u s e  t h e  q u i n i n e  h a d  become more 

a v e r s i v e .    his d i s p u t e s  the e x p l a n a t i o n  t h a t  t h e  q u i n i n e  

p r c f e r s i n q  r a t s  s w i t c h e d  t o  n a l t r e x o n e - m o r p h i n e  b e c a u s e  

n a l t r e x o n e  b a d  n e u t r a l i z e d  m o r p h i n e 1  s a v e r s i v e  

p h a r m a c o l o g i c a l  p r o p e r t i e s .  



Some s u p p o r t  f o r  t h e  two p o s t u l a t e s  may s u b s i s t  i n  t h e  

r e s u l t s  o f  P h a s e  T h r e e ,  where  3 ,  o r  p o s s i b l y  4 of  t h e  1 0  Q M  

S u b j e c t s  e v e n t u a l l y  came t o  consume more n a l t r e x o n e - m o r p h i n e  

m i x t u r e  t h a a  t h e  n a l t r e x o n s - o n l y  s o l u t i o n  (see f i g u r e s  4, 6 ,  

7 ,  1 2 ,  & 1 8 ) .  T h e i r  p r e f e r e n c e  f o r  n a l t r e x o n e - m o r p h i n e  may 

be e v i d e n c e  t h a t  n a l t r e x o n e 8  s h y p o t h e s i z e d  a v e r s i v e n e s s  i s  

a t t e n u a t e d  when i t  i s  c c m b i n e d  w i t h  morph ine .  

However,  t h e r e  i s  good e v i d e n c e  t h a t  t h e s e  a r g u m e n t s  

a r e  false.  A key q u e s t i o n  i s  w h e t h e r  n a l t r e x o o e  by i t se l f  is 

a v e r s i v e .  I n  humans,  t h e r e  is  l i t t l e  o r  no  s u b j e c t i v e  

effect o f  n a l t r e x o n e ,  and  n a l t r e x o n s - m o r p h i n e  m i x t u r e s  a r e ,  

i f  a n y t h i n g ,  s l i g h t l y  a v e z s i v e .  M a r t i n  e i  a l . ,  (1973) 

e x t e n s i v e l y  s t u d i e d  t h e  p s y c h o p h a r m a c o l o g i c a 1  e f fec ts  of 

n a l t r e x o n e  o n  humans. They c o n c l u d e d  t h a t ,  I t i t  i s  v i r t u a l l y  

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

i n d u c e  n a l o r p h i n e - l i k e  d y s p h o r i c  effects.  O f  e l e v e n  

p r i s o n e r  p o s t a d d i c t  s u b j e c t s  who r e c e i v e d  n a l t r e x o n e  

s u b c u t a n e o u s l y ,  most i d e n t i f i e d  i t  a s  a " b l a n k u ,  a n d  

r e p o r t e d  t h a t  i t  p r o d u c e d  e i t h e r  no  s u b j e c t i v e  c h a n g e s ,  or  

r e l a x a t i o n ,  which i s  a l s o  a common r e s p o n s e  t o  a p l a c e b o .  

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

effect,  a l t h o u g h  two s u b j e c t s  became s l e e p y  a n d  i d e n t i f i e d  

n a l t r e x o n e  a s  a b a r b i t u r a t e .  T a b l e  V s u m m a r i z e s  t h e  r e s u l t s  

of a n  e x p e r i m e n t  t o  c o m p a r e  o r a l  n a l t r e x o n e  (30mg/7Okg) t o  

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



TABLE V .  E f f e c t s  of rial-zrexoae (30 mg o r a l l y )  on 
p h y s i o l o g f  c c h a n g e s  a n d  s u b j e c t i v e  
s t a t e  * ( a f t e r  M a r t i n  st a l .  1973) . 

S y s t o l i c  b l o o d  p r e s s u r e  
r e s s u r e  D i a s t o l i c  b l o c d  p, 

P u p i l l a r y  d i a m e t e r  

T e m p e r a t u r e  
P u l s e  rate 
R e s p i r a t o r y  ra te  

O p i a t e  s i g n s  
O p i a t e  symptoms  
L i k i n g  -- o b s e r v e r s  

~ i k i n q  -- p a t i e n t s  
LeSsD, *** 
M a B a G *  *** 

VEHICLE NALTREXONE DIFFERENCE 

* E a c h  v a l u e  is  t h e  mean, f o r  f i v e  s u b j e c t s ,  o f  t h e  sum 
o f  t h e  d i f f e r e n c s s  b e t w e e n  t h e  mean c o n t r o l  v a l u e  a n d  t h e  
t r e a t m e n t  v a l u e s  o r  t h e  sum o f  o b s e r v a t i o n s  f o r  t h e  f i r s t  5 
h o u r s  a f t e r  d r u g  a d m i n i s t r a t i o n .  

** T h i s  s y m b c l  i n d i c a t e s  t h o s e  d i f f e r e n c e s  t h a t  were 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  .05 l e v e l  ( t - t e s t )  . 

*** L.S.D. i s  t h e  L.S.D. scale;  M.B.G. 1s t h e  morph ine -  
b e n z a d r i n e  g r o u p  s c a l e  which measures f e e l i n g s  of e u p h o r i a  
a n d  well b e i n g ;  a n d  P.C.A.G. is t h e  p e n t o b a r b i t a l -  
c h l o r p r o r n a z i n e - a l c o h o l  g r o u p  scale w h i c h  m e a s u r e s  f e e l i n g s  
of  a p a t h e t i c  s e d a t i o n ,  



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

m o n i t o r e d  by o b s e r v e r s ,  were d e r i v e d  f rom a s u b j e c t i v e  

effect  q u e s t i o n n a i r e  ( J a s i n s k y  e t  a l e ,  1968) . It would 

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

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

t e m p e r a t u r e ,  b u t  n o  a p p a r e r t  s u b j e c t i v e  e f f e c z s  i n  humans. 

The n e u t r a l i t y  o f  n a l t r e x o n e - o n l y  s o l u t i o n s  i s  

s u p p o r t e d  by  t h e  d r i n k i n g  p a t t e r n s  i n  P h a s e  T h r e e .  Rats  

r e q u i r e  a p p r o x i m a t e l y  25-35 m l  o f  w a t e r  p e r  d a y  t o  meet 

f l u i d  r e q u i r e m e n t s .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  t o t a l  f l u i d  

c o n s u m p t i o r  r o s e  f r o m  a  mean o f  a p p r o x i m a t e l y  30 m l  t o  a 

mean o f  a p p r o x i m a t e l y  50  m l  i n  P h a s e  T h r e e .  T h i s  s h i f t  i s  

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

s o l u t i o n ,  o f  which most  a n i m a l s  consumed s u b s t a n t i a l l y  more 

t h a n  was r e q u i r e d  t o  meet t h e i r  fluid n e e d s  (see F i g u r e s  24 

& 25) .  T h e r e f o r e ,  t h e  s e c o n d  p o s t u l a t e  o f  t h e  a r g u m e n t  i s  

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

t h e s e  r a t s .  

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

a p p e a r  t o  h a v e  o n l y  m i l d  c o n s e q u e n c e s .  Table V I  s u m m a r i z e s  

t h e  r e s u l t s  o f  a n  e x p e r i m e n t  by M a r t i n  e t  a l .  (1973) t o  

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

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

c o n t r o l  g r o u p  r e c e i v e d  15 o r  30 mg o f  morph ine ,  w h i l e  t h e  

e x p e r i m e n t a l  g r c u p  r e c e i v e d  50 o r  100 mg o f  morph ine  p l u s  15 



TABLE V I .  Effects  o f  c h r o n i c a l l y  a d m i n i s t e r e d  n a l t r e x o n e  
(15 mg twice a d a y  o r a l l y )  o n  s u b c u t a n e o u s l y  
a d m i n i s t e r e d  m o r p h i n e  * ( a f t e r  M a r t i n  e t  31. 1373) . 

DOSE OF MORPHINE (mg) 

F e e l  e f fec t  -- p a t i e n t s  
F e e l  e f f e c t  -- o b s e r v e r s  
I d e n t i f i c a t i o n  -- p a t i e n t s  

I d e n t i f i c a t i o n  -- o b s e r v e r s  
Symptoms 
S i g n s  

L i k i r ~ g  -- p a t i e n t s  
L i k i n g  -- o b s e r v e r s  
M.B.G. scale  

P u p i l s  

CONTROL NALTREXONE 

15 3 0 5 0 100 
I ------------- I I--------- ---- I 
2. 4 4 a 9 0.4 Om7 
5.9 5.7 5.3 3.3 
1 a 3  3.5 0 0 

5.6 5.7 5.1 3.3 
2.6  19.6 0.3 0.7 

12.7 20.4 15.7 11.4 

2.5 9.7 0 0.7 
6.6 11.6 7.3 4.9 
4.3 14.0 2.9 2.6 

* E a c h  v a l u e  r e p r e s e n t s  the mean, f o r  s i x  s u b j e c t s ,  o f  
t h e  sum o f  r e s p o n s e s  f o r  t h e  f i r s t  f i v e  h o u r s  a f t e r  t h e  
a d m i n i s t r a t i o n  of m o r p h i n e  f o r  s u b j e c t i v e  r e s p o n s e s .  F o r  
p u p i l s  t h e  mean i s  f o r  t h e  sum o f  t h e  d i f f e r e n c e s  b e t w e e n  
t h e  mean c o n t r o l  v a l u e  and  t h e  o b s e r v a t i o n s  f o r  t h e  f i v e  
h o u r  p e r i o d  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  of morph ine .  



mg o f  n a l t r e x o n e  twice d a i l y .  Note  t h a t  t h e  s u b j e c t s  wers 

u n a b l e  t o  i d e n i f y  t h e  d r u g ,  a n d  showed n o  a p p a r e n t  l i k e  o r  

d i s l i k e  o f  t h e  effects.  

 arti in et a l . ,  ( 1973) a l s o  r e p o r t  o n  a 9 s u b j e c t  

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

2 4 0  mg/day; n a l t r e x o n e ,  30 o r  5 0  mg/day) f o r  14 d a y s  

f o l l o w e d  by a b r u p t  t e r m i n a t i o n  o f  t h e  morph ine .  S u b j e c t s  

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

They r e p o r t e d  a m i l d  a v e r s i o n  t o  t h e  c o m b i n a t i m  o f  t h e  t w o  

d r u g s ,  a n d  g e n e r a l l y  fe l t  somewhat w o r s e  f o r  a b o u t  o n e  week 

a f t e r  t h e  t e r m i n a t i o n  o f  t h e  morphine .  A p p r o x i m a t e l y  h a l f  

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

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

n a l t r e x o n e - m o r p h i n e  c o m b i n a t i o n :  " (1)  When s u b j e c t s  wera 

s t a b i l i z e d  on morph ine ,  the i n g e s t i o n  o f  n a l t r e x o n e  would  

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

would  become m a n i f e s t  w i t h i n  15 t o  30 m i n u t e s  a n d  would 

s u b s i d e  o v e r  the f o l o w i n g  hour .  ( 2 )  T h e  fac t  t h a t  t h e  

p a + i e n t s  d i d  n o t  e x p e r i e n c e  e u p h o r i a  with t h e  a d m i n i s t r a t i o n  

o f  m o r p h i n e  was a d i s a p p o i n t m e n t  t o  them." I n  summary, i t  

would  a p p e a r  t h a t  i n  m o d e r a t e  d o s e s ,  n e i t h e r  n a l t r e x o n e  n o r  

n a l t r e x o n e - m o r p h i n e  c o m b i n a t i o n s  a re  a v e r s i v e  t o  humans. I n  

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

however ,  some m i l d l y  d i s a g r e e a b l e  s e n s a t i o n s  may emerge .  



One mus t  u s e  e x t r e m e  c a u t i o n  i n  g e n e r a l i z i r g  t h e s e  

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

p r e s e n t ,  e x p e r i m e n t ,  i f  a n y t h i n g ,  t h e  n a l t r e x o n e - m o r p h i n e  may 

h a v e  become s l i g h t l y  a v e r s i v e .  However,  t h i s  p o s s i b l e  

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

17  o f  18 r a t s  s t r o n g l y  p r e f e r r e d  t h e  n a l t r e x o n e - m o r p h i n e  

s o l u t i o n .  

I t  s h o u l d  z l s o  be p o i n t e d  o u t  t h a t  t h e  h y p o t h e s i z e d  

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

o f  t h i s  a v e r s i v e n e s s ,  i s  a n  e x p l a n a t i o n  o n l y  f o r  e v e n t s  i n  

P h a s e s  Two a n d  T h r e e ,  It d o e s  n o t  a c c o u n t  f o r  t h e  c e n t r a l  

f i n d i n g  o f  t h i s  e x p e r i m e n t ,  which Is t h a t  t h e  Q M  r a t s  

r e j e c t e d  m o r p h i n e  i n  P h a s e  One e v e n  t h o u g h  it h a d  t h e  mos t  

p r e f e r a b l e  tas te .  T h e r e f o r e ,  t o  c h a l l e n g e  t h e  v a l i d i t y  o f  

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

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

d r i n k i n g  i n  P h a s e  One. T h i s  a u t h o r  would  a r g u e  t h a t  s u c h  a 

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

s i n c e  it i s  n o t  t h e  s i m p l e s t  way t o  e x p l a i n  t h e  d a t a .  It 

r e q u i r e s  t h a t  t w o  i n d e p e n d e n t  a n d  u n l i k e l y  e x p l a n a t i o n s  b e  

i n v o k e d  t o  a c c o u n t  f o r  P h a s e s  One and  Two. I n  

c o n t r a d i s t i n c t i o n ,  the morphine  a v e r s i o n  h y p o t h e s i s  is  

u n i t a r y ,  s i m p l e ,  a n d  l i k e l y .  



T h e r e  a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  

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

morph ine  i n  P h a s e  One. One i s  t h a t  t h e  n a r c o t i c  effect  o f  

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

t h e  t a s t e  o f  t h e  q u i n i n e  a l t e r n a t i v e  was e v e n  more  

r e p e l l a n t .  A n o t h e r  e x p l a n a t i o n  i s  t h a t  t h e  m o r p h i n e  was 

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

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

effects. A t h i r d  i s  t h a t  m o r p h i n e ' s  p s y c h o a c t i v e  e f fec t s  

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

morph ine  s i m p l y  b e c a u s e  o f  i t s  p r e f e r a b l e  t as te .  

T h e r e  i s  some e v i d e n c e  i n  s u p p o r t  o f  t h e  first 

e x p l a n a t i o n .  I n  t h e  first 3  d a y s  o f  P h a s e  One, t h e  mean 

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

t a p  water i n t a k e  o f  25-359. Day 1 was 1 2 , 4 g ,  Day 2  was 

13 ,6g ,  and Day 3 was 1 8 , l g ,  i n d i c a t i n g  t h a t  b o t h  f l u i d s  were 

i n i t i a l l y  a v e r s i v e  (see F i g u r e  1) . T h i s  o b t a i n e d  e q u a l l y  

f o r  M M  a n d  QM s u b j e c t s .  However, m o r p h i n e  combined w i t h  

n a l t r e x o n e  i s  n o t  a v e r s i v e ,  4 s  d e p i c t e d  i n  F i g u r e  25 ,  r a t s  

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

i n  P h a s e  T h r e e ,  They  d i d  t h i s  u n d e r  no  c o m p u l s i o n ,  s i n c e  

t h e  n a l t r e x o n e  s o l u t i o n ,  which  was t h e  a l t e r n a t i v e ,  was v e r y  

sweet. The  p o s i t i v e l y  r e i n f o r c i n g  c h a r a c t e r  cf t h i s  



a l t e r n a t i v e  i s  e v i d e n t  i n  t h a t  s u b s t a t i a l  q u a n t i t i e s  of it 

were consumed.  T h e r e f o r e ,  t h e  n a l t r e x o n e - m o r p h i n e  s o l u t i o n  

c a n n o t  b e  a v e r s i v e ,  s i n c e  t h e  r a t s  consumed s u b s t a n t i a l  

q u a n t i t i e s  o f  i t  when t h e r e  was n o  c o m p u l s i o n  t o  do s o .  

~ n e s s  on T h e r e  is a d d i t i o n a l  e v i d e n c e  of t h i s  a v e r s i v -  

d a y s  4 t o  1 4  i n  F i q u r e  25. O n  t h e s e  d a y s ,  t h e  mean d a i l y  

m ~ r p h i n e  c o n s u m p t i o n  of t h e  M M  r a t s  was 25.2g. T h i s  i s  

s u f f i c i e n t  t o  s u s t a i n  l i f e ,  b u t  i s  much less t h a n  wha t  one  

would e x p e c t  i f  t h e  p s y c h o a c t i v e  e f f e c t  were r e w a r d i n g  o r  

e v e n  n e u t r a l .  I n  a  p r e v i o u s  e x p e r i m e n t  (Coambs 1977) 

r a t s  o f  t h e  same a g e ,  s t r a i n ,  s e x ,  a n d  h o u s i n g  c o n d i t i o n  

were g i v e n  a c c e s s  t o  . I  mg/ml q u i n i n e  s u l f a t e  i n  a 

5% s u c r o s e  s o l u t i o n .  F o r  human j u d g e s  t h i s  was a b o u t  

e q u a l l y  p a l a t a b l e  t o  t h e  .5 mg/ml m o r p h i n e  h y d r o c h l o r i d e  i n  

5 %  s u c r o s e  which was t h e  r a t s 1  a l t e r n a t i v e .  T h u s ,  t h e  

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

e x p e c t e d  t o  b e  l ess  p a l a t a b l e  t h a n  t h e  morph ine  i n  t h i s  

e x p e r i m e n t ,  b u t  i n  f a c t  t h e  r a t s  consumed s u b s t a n t i a l l y  more 

o f  i t  -- a mean o f  58.9g f o r  d a y s  4 - 13. T h e  d i f f e r e n c e  is 

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

o f  m o r p h i n e .  

However, i n  s p i t e  o f  t h e s e  a r g u m e n t s ,  it i s  n e v e t h e l e s s  

t r u e  t h a t  t h e  fiB r a t s  d i d  consume m o s t l y  m o r p h i n e  i n  Phase 

One o f  t h e  p r e s e n t  e x p e r i m e n t ,  a n d  o n e  c a n n o t  s a y  w i t h  

c e r t a i n t y  wheth ,er  t h e  m o r p h i n e  was o r  was n o t  r e i n f o r c i n g  t o  

them. 



Some U n e m a c t e d  R e s u l t s  ---- ----- 

One u n e x p e c t e d  o u t c o m e  of t h i s  e x p e r i m e c t  was  t h a t  no  

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

ea r l i e r  e x p e r i m e n t s  ( A l e x a n d e r  e t  a l . ,  1978; Hadaway e t  a l . ,  

i n  p r e s s ;  H i l l ,  1978) , s t r o n g  sex d i f  f e r s n c e s  h a d  b e e n  

o b s e r v e d ,  w i t h  t h e  females consuming  s u b s t a n t i a l l y  more 

m o r p h i n e  t h a n  t h e  males, 

A n o t h e r  p u z z l i n g  o b s e r v a t i o n  was t h e  b e h a v i o r  o f  r a t  

number s e v e n  ( F i g u r e  9) . T h i s  a n i m a l  p r e f e r r e d  m o r p h i n e  i n  

P h a s e  One, b u t  r e j e c t e d  n a l t r e x o n e - m o r p h i n e  i n  P h a s e  Two, 

w h i c h  s u g g e s t s  t h a t  s h e  was c o n s u m i n g  m o r p h i n e  i n  P h a s e  One 

b e c a u s e  it was r e i n f o r c i n g ,  

Summary 

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

commonly h e l d  v iew t h a t  o p i o i d s  are a d d i c t i v e  b e c a u s e  t h e y  

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

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

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

o f  t h e  c a u s e s  o f  a d d i c t i o n .  As shown i n  t h e  i n t r o d u c t i o n ,  

many e m i n e n t  r e s e a r c h e r s  a l s o  seem t o  b e  s u b j e c t  t o  t h i s  

m i s c o n c e p t i o n ,  a l t h o u g h  t o  them,  t h e  word ' p l e a s u r e a  is  



u s u a l l y  t r a n s l a t e d  i n t o  t h e  term ' p o s i t i v e  r e i n f o r c e m e n t ' .  

But morph ine  and  h e r o i n  are n o t  p l e a s u r a b l e  t o  a l l  

humans ( L a s a g n a  e t  a l . ,  1955)  . S i m i l a r l y ,  a s  d e m o n s t r a t e d  

by +-he p r e s e n t  e x p e r i m e n t ,  morph ine  i s  n o t  p o s i t i v e l y  

r e i n  f o r c i n g  f o r  o t h e r  mammals. 

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

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

For e x a m p l e ,  e x - a d d i c t s  g i v e n  morph ine  i n  a n x i e t y  p r o v o k i n g  

s i t u a t i o n s  e x h i b i t  a much more i n t e n s e  n a r c o t i c  effect  t h a n  

o t h e r w i s e  ( J a f f e  a n d  M a r t i n ,  1975) .  S imi lar  effects h a v e  

been  d e m o n s t r a t e d  i n  r a t s  ( H i l l  e t  a l . ,  1 9 5 4 ) .  O t h e r  

e n v i r o n m e n t a l  v a r i a b l e s  a l s o  a f fec t  morph ine  r e s p o n s e s  (Ka t z  

a n d  S t e i n b e r g ,  1970;  D e f s u d i s  e t  a l . ,  1976;  S k l a r  and  A m i t ,  

1977; A l e x a n d e r  e.L, a l . ,  1978) .  T h i s  t y p e  of r e s e a r c h  may 

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

a d d i c t i o n .  
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