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ABSTRACT

Naloxonazine ,  a H i g h - A f f i n i t y  Opia te  Receptor  A n ta g o n is t :  E f f e c t s

Upon A n a lg es ic  and I n g e s t iv e  Processes

by
Donald A. Simone

Advisor :  P r o f e s s o r  R ich a rd  J .  Bodnar

One pr im ary  method in  i n v e s t i g a t i n g  th e  involvement  o f  endogenous 

o p i o i d s  in such b e h a v io r s  a s  a n a l g e s i a  and in g e s t io n  i s  t o  o b se rv e  

b e h a v io r a l  changes f o l l o w i n g  a d m i n i s t r a t i o n  o f  o p i a t e  a n t a g o n i s t s .

The pr imary  o p i a t e  a n t a g o n i s t  employed in b eh av io ra l  pharm aco log ica l  

r e s e a r c h  has been n a lo x o n e .  However, na loxone  does n o t  compete 

e q u a l l y  well  f o r  a l l  o p i a t e  r e c e p t o r  s u b - t y p e s ,  and t h e r e f o r e  may no t  

be an id e a l  a n t a g o n i s t  f o r  a s s e s s i n g  o p io id  involvement in b e h a v io r .  

Naloxonazine  i s  a l o n g - l a s t i n g  o p i a t e  a n t a g o n i s t  which s e l e c t i v e l y  

i n h i b i t s  MU1 b ind in g  s i t e s .  Morphine a n a l g e s i a  i s  e l i m i n a t e d  by 

na lo x o n az in e  (10 mg/kg) i n t r a v e n o u s l y  ( i v )  a d m in i s t e r e d  24 h p r i o r  to  

t h e  o p i a t e .  To examine c e n t r a l  e f f e c t s  o f  t h i s  a n t a g o n i s t ,  t h e  f i r s t  

exper im en t  e v a lu a t e d  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p s  o f  

i n t r a c e r e b r o v e n t r i c u l a r  ( i c v )  a d m i n i s t r a t i o n  o f  na loxonaz ine  upon 

b a sa l  pain t h r e s h o l d s  and morphine a n a l g e s i a .  Groups o f  s i x  male 

a l b i n o  Sprague-Dawley r a t s ,  matched f o r  b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  

and jump t h r e s h o l d s ,  f a i l e d  t o  d i s p l a y  changes in t h e s e  measures  f o r  

up t o  24 h fo l lo w in g  t h e  c e n t r a l  (1 ,  5 o r  50 ug, i cv )  i n j e c t i o n s .  

However, c e n t r a l  n a lo x o n a z in e  p r e t r e a tm e n t  d isp la y ed  d o se -dependen t



and t e s t - d e p e n d e n t  e f f e c t s  in red u c in g  or  e l i m i n a t i n g  morphine 

a n a lg e s i a  24 h l a t e r .

The second expe r im en t  examined t h e  e f f e c t s  o f  i n t r a v e n o u s  and 

c e n t r a l  na loxonaz ine  a d m i n i s t r a t i o n  upon f r e e l y  f e e d i n g ,  food d e p r iv e d  

and g lu c o p r iv i c  r a t s .  Rats  matched f o r  b a s e l i n e  food i n t a k e  r e c e iv e d  

an iv i n j e c t i o n  o f  e i t h e r  n a lo x o n az in e  (10 mg/kg) o r  v e h i c l e .  Food 

i n t a k e  was a s s e s s e d  24 h l a t e r .  P r e t r e a tm e n t  w i th  n a lo x o n a z in e  

s i g n i f i c a n t l y  reduced f r e e  f e e d in g  r e l a t i v e  to  v e h i c l e  t r e a t m e n t .  In 

c o n t r a s t ,  c e n t r a l  n a lo x o n az in e  p r e t r e a t m e n t  f a i l e d  t o  reduce  f r e e  

f eed in g  ov e r  a 24 h p e r i o d .  In a second s t u d y ,  food  i n t a k e  o f  s i x  

groups o f  r a t s  d e p r iv e d  o f  food  fo r  24 h ,  was a s s e s s e d  2 and 24 h 

t h e r e a f t e r .  P r e t r e a tm e n t  w i th  iv n a lo x o n a z in e ,  b u t  not n a lo x o n e ,  

p r i o r  to  d e p r i v a t i o n ,  s i g n i f i c a n t l y  reduced  d e p r i v a t i o n - i n d u c e d  i n t a k e  

a t  2 h fo l lo w in g  food r e i n s t a t e m e n t .  Naloxone was e f f e c t i v e  a t  

reduc ing  in ta k e  on ly  when a d m in i s t e r e d  s h o r t l y  (5-15 min) b e f o r e  food 

r e i n t r o d u c t i o n .  In c o n t r a s t ,  c e n t r a l  p r e t r e a t m e n t  w i th  n a lo x o n az in e  

(50 ug) p r i o r  t o  d e p r i v a t i o n ,  s i g n i f i c a n t l y  reduced  i n t a k e  a t  24 h,  

bu t  not a t  2 h, a f t e r  food r e i n s t a t e m e n t .  In a t h i r d  s t u d y ,  t h r e e  

groups o f  r a t s  r e c e i v e d  2-deoxy-D-g lucose  (2-DG) (400 mg/kg, ip )  

e i t h e r  24 h fo l lo w in g  n a lo x o n az in e  (10 mg/kg, iv )  o r  v e h i c l e ,  o r  

immedia te ly  fo l lo w in g  na loxone  (10 mg/kg, s c ) .  Food i n t a k e  was 

de termined a t  2 and 4 h f o l l o w i n g  2-DG a d m i n i s t r a t i o n .  Naloxone 

s i g n i f i c a n t l y  reduced  2-DG hyperphag ia  a t  2 and 4 h ,  and n a lo x o n az in e  

p o t e n t i a t e d  2-DG hyperphag ia  a t  4 h fo l l o w i n g  2-DG a d m i n i s t r a t i o n .

Naloxonazine a p p ea r s  t o  be a powerful t o o l  in a s s e s s i n g  o p io id  

involvement  in b e h av io r  s i n c e  i t  s e l e c t i v e l y  b locks  Mill b in d in g  s i t e s  

f o r  well over  24 h .

i v
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INTRODUCTION

Morphine and o t h e r  o p i a t e  compounds have been used c l i n i c a l l y  f o r  

many y e a r s .  Only r e c e n t l y ,  however,  have f i n d i n g s  sugges ted  some o f  

t h e i r  b a s i c  b i o l o g i c a l  mechanisms o f  a c t i o n .  New approaches  emerged 

in t h e  s tu d y  o f  o p i a t e s  and t h e i r  p h y s i o l o g i c a l  and b e h a v io r a l  

consequences  f o l lo w in g  th e  d i s c o v e r y  o f  the  o p i a t e  r e c e p t o r  in  1973, 

i n c l u d i n g  r e c e p t o r  b lockade  w i th  o p i a t e  a n t a g o n i s t s .  Naloxonaz ine  i s  

a r e c e n t l y  developed o p i a t e  a n t a g o n i s t  which s e l e c t i v e l y  b lo c k s  a 

s p e c i f i c  s u b - c l a s s  o f  o p i a t e  r e c e p t o r s  (MU1) a t  ve ry  low d o s e s .  The 

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

e f f e c t i v e n e s s  o f  c e n t r a l  and p e r i p h e r a l  n a lo x o n a z in e ,  and t h e r e b y  th e  

r o l e  o f  MU1 s i t e s ,  in morphine a n a l g e s i a  and i n g e s t i v e  b e h a v i o r s .  A 

review o f  th e  l i t e r a t u r e  on a )  o p i a t e  r e c e p t o r s ,  b) o p io id  p e p t i d e s ,  

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

o f  o p io id s  and t h e i r  a n t a g o n i s t s  in b e h av io r  i s  p ro v id e d .

A. OPIATE RECEPTORS

Numerous i n v e s t i g a t o r s  had a t t e m p ted  to  d e m o n s t ra te  t h e  e x i s t e n c e  

o f  o p i a t e  r e c e p t o r s  in  th e  b r a i n ,  but such work was i n c o n c l u s i v e  u n t i l  

G o l d s t e i n ,  Lowney and Pal (1971) used a c o m p e t i t i v e  b in d in g  a s s a y  to  

d e m o n s t ra te  th e  r a d i o l a b e l l e d  b in d in g  o f  t h e  o p i a t e  a g o n i s t  

l evo rphano l  t o  mouse b r a i n  homogenate.  This e f f e c t ,  however,  was 

n o n - s t e r e o s p e c i f i c .  Three s e p a r a t e  groups o f  i n v e s t i g a t o r s  ( P e r t  and 

Snyder ,  1973; T e r e n iu s ,  1973; Simon, H i l l e r  and Edelman, 1973) 

m od if ied  t h i s  r a d i o a c t i v e  l a b e l l i n g  t e c h n iq u e  and d em ons t ra ted

1



s t e r e o s p e c i f i c  b in d in g  of  t h e  a c t i v e  l e v o r o t a t o r y  (L) isomer o f  

o p i a t e s  t o  b r a in  membranes. Opia te  r e c e p t o r  b ind ing  has s i n c e  been 

dem ons t ra ted  in a number o f  s p e c i e s ,  i n c lu d in g  f i s h ,  b i r d s ,  r e p t i l e s ,  

amphibians  and mammals ( P e r t ,  Aposhian and Snyder,  1974).  The 

d i s t r i b u t i o n  o f  o p i a t e  r e c e p t o r s  in  humans, monkeys and r a t s  i s

s i m i l a r  (Kuhar, P e r t  and Snyder ,  1973; P e r t  and Yaksh, 1974; P e r t  e t

a l . ,  1974) with  t h e  g r e a t e s t  d e n s i t y  found in  the  amygdala.  Other 

a r e a s  w i th  high c o n c e n t r a t i o n s  o f  o p i a t e  r e c e p t o r s  i n c lu d e  t h e  

s t r i a t u m ,  th a lam u s ,  hypothalamus,  m idb ra in  p e r i a q u e d u c ta l  g r a y  (PAG), 

s u b s t a n t i a  n ig r a  (SN), red n u c l e u s ,  l a t e r a l  r e t i c u l a r  n u c l e u s ,  

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

d o r s a l  ho rn .  In t h e  p e r i p h e r a l  nervous  sys tem ,  h igh c o n c e n t r a t i o n s  o f  

o p i a t e  r e c e p t o r s  a r e  found in  the  guinea  p ig  i leum ( P e r t  and Snyder ,  

1973) and the  mouse vas d e f e r e n s  (Henderson, Hughes and K o s t e r l i t z ,  

1973).

B. OPIOID PEPTIDES

Once th e  e x i s t e n c e  of  o p i a t e  r e c e p t o r s  was d em o n s t ra t ed ,  a sea rch

began f o r  an endogenous compound t h a t  would bind  to  t h e  o p i a t e

r e c e p t o r  as  well  a s  d i s p l a y  t h e  b e h a v io r a l  e f f e c t s  induced by o p i a t e  

a g e n t s .  P a s t e r n a k ,  Goodman and Snyder (1975) showed t h a t  b r a i n  

e x t r a c t s  cou ld  compete w i th  o p i a t e s  f o r  o p i a t e  r e c e p t o r  b in d in g  s i t e s ,  

w h i l e  Hughes (1975) i d e n t i f i e d  b r a in  e x t r a c t s  which produced 

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

i leum and mouse vas d e f e r e n s .  This e f f e c t  was i d e n t i c a l  to  t h a t  o f  

morphine and was blocked by low doses  o f  t h e  o p i a t e  a n t a g o n i s t
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na loxone .  These m o rp h in e - l ik e  s u b s ta n c e s  were i s o l a t e d  in p o r c in e  

b ra in  (Hughes, Smith, K o s t e r l i t z ,  F o t h e r g i l l ,  Morgan and M o r r i s ,  1975) 

and w ere  found to  be two p e n t a p e p t i d e s :  m e th io n in e  ( m e t ) - e n k e p h a l in  

(Tyr-Gly-Gly-Phe-Met) and l e u c i n e  ( l e u ) - e n k e p h a l i n  

(T yr-G ly-G ly-Phe-Leu) .  A second c l a s s  o f  o p io id  p e p t i d e s ,  t h e  

e n d o rp h in s ,  were  then i s o l a t e d  in  th e  carboxyl t e rm in u s  o f  th e  

p i t u i t a r y  p e p t id e  b e t a - l i p o t r o p i n  hormone (B-LPH) (Li and Chung,

1976),  a lpha -en d o rp h in  (B-LPH: amino a c id s  6 1 -7 6 ) ,  b e t a - e n d o r p h in

(B-LPH: amino a c id s  6 1 - 9 1 ) ,  and gamma-endorphin (B-LPH: amino a c i d s

61-77) ( C h re t i e n ,  B en jan n e t ,  Dragon, Seidah and L i s ,  1976; G ra f ,  

S z e k e ly ,  Ronai,  Dunai-Kovacs and B a j sz ,  1976; L aza ru s ,  Ling and 

G u i l l em in ,  1976) .  M et-enkepha l in  i s  p r e s e n t  a t  t h e  N-te rminus  o f  a l l  

of t h e  endorphins  (B-LPH 61-650 (Bradbury ,  Smyth, S n e l l ,  Deakin and 

Wendlandt ,  1977) ,  however i t s  d i s t r i b u t i o n  i s  independen t  o f  t h e s e  

p e p t i d e s  (Watson, A k i l ,  Richard and Barchas ,  1978) .  A t h i r d  c l a s s  o f  

endogenous o p i o i d  p e p t i d e s ,  t h e  d y n o rp h in s ,  were e x t r a c t e d  from 

p o r c in e  p i t u i t a r y  ( G o l d s t e i n ,  Tach ibana ,  Lowney, H u n k a p i l l a r  and Hood, 

1979) and c o n s i s t  of 17 amino a c i d s  o f  which t h e  f i r s t  f i v e  a r e  

i d e n t i c a l  to  l e u - e n k e p h a l i n  ( G o l d s t e i n ,  F i s c h l i ,  Lowney, H u n k a p i l l a r  

and Hood, 1981).  However, dynorphin  i s  much more p o t e n t  in t h e  guinea 

pig i l eu m  b i o a s s a y ,  and  t h i s  s u g g e s t s  t h a t  dynorphin  i s  n o t  t h e  

p r e c u r s o r  f o r  l e u - e n k e p h a l i n .  Indeed ,  t h e  t h r e e  c l a s s e s  o f  endogenous 

o p i o i d s  appear  to  a r i s e  from t h r e e  d i f f e r e n t  p r e c u r s o r s :  t h e

e n k ep h a l in s  a r i s e  from p re -p ro e n k e p h a l in  (Kimura, Lewis,  S t e r n ,  

R o s s i e r ,  S te in  and Undenfr iend ,  1980),  th e  end o rp h in s  a r i s e  from 

p ro -o p io m e lan o c o r t in  (Mains,  E ip p e r  and Ling,  1977),  and dynorph in
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a r i s e s  from p re -p ro d y n o rp h in  (K ak idan i ,  F u r u t a n i ,  T akahash i ,  Noda, 

Morimoto,  H i ro se ,  A sa i ,  Inayama, Nakanishi and Numa, 1982).

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

e n k e p h a l in s  and b e ta - e n d o r p h in  show a g e n e ra l  d i s s o c i a t i o n .  The 

e n k ep h a l in s  have been found i n t r i n s i c a l l y  in c e l l s  and f i b e r s  o f  t h e  

g lobus  p a l l i d u s ,  c a u d a te  n u c l e u s ,  putamen, hypotha lamus,  th a la m u s ,  SN, 

' PAG, n u c leu s  raphe magnus (NRM), locus  c o e r u l e u s  (LC), amygdala,  

hippocampus.and  t h e  s u b s t a n t i a  g e l a t i n o s a  o f  th e  s p i n a l  cord  ( F i n l e y ,  

Lindstrom and P e t r u s z ,  1981; H o k f e l t ,  E ld e ,  Johansson ,  Te ren ius  and 

S t e i n ,  1977; P i c k e l ,  Sumal, Beckley,  M i l l e r  and R e i s ,  1980; Simantov, 

Kuhar, Uhl and Snyder ,  1977; Uhl,  Goodman, Kuhar, C h i ld e r s  and Snyder ,

1979).  The e n k e p h a l in s  a r e  a l s o  p r e s e n t  in th e  i n t e r m e d i a t e  lobe o f  

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

and th ro u g h o u t  t h e  d i g e s t i v e  system.

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

b e ta - e n d o r p h in  i s  c o n ta i n e d  w i t h i n  a w e l l - d e f i n e d  pathway o r i g i n  

o r i g i n a t i n g  in the  a r c u a t e  n u c leu s  o f  t h e  hypothalamus (Bloom, 

B a t t e n b e r g ,  R o s s i e r ,  Ling, Leppa luo to ,  Vargo and G u i l l em in ,  1978).  

F ib e r s  a r i s i n g  from t h e s e  c e l l s  ex tend  th ro u g h o u t  t h e  a n t e r i o r  

hypothalamus and p r o j e c t  to  s e v e r a l  m id l in e  s t r u c t u r e s ,  i n c l u d i n g  th e  

median eminence ,  p e r i v e n t r i c u l a r  nuc leu s  o f  th e  th a la m u s ,  d o r s a l  raphe  

n u c l e u s ,  t h e  PAG and th e  LC. B e ta -en d o rp h in  and a d r e n o c o r t i c o t r o p h i c  

hormone (ACTH) a r e  p r e s e n t  in  t h e  same a r c u a t e  c e l l s  in th e  

hypothalamus (Watson e t  a l . ,  1978),  t h u s  keeping w i th  t h e i r  

c o - e x i s t e n c e  in t h e  p r o - o p io m e la n o c o r t in  p r e c u r s o r .  B e ta -endorph in  i s  

a l s o  p r e s e n t  in  t h e  a n t e r i o r  and i n t e r m e d i a t e  lobes  o f  t h e  p i t u i t a r y
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gland (Bloom, B s t t e n d e r g ,  R o s s i e r ,  Lidd and G u i l lem in ,  1978),  where i t  

i s  s t o r e d  and c o - r e l e a s e d  w i th  ACTH (G u i l l em in ,  Vargo, R o s s i e r ,  Ling, 

R i v i e r ,  Vale and Bloom, 1977; P e l l e t i e r ,  L e c l e r c ,  L a b r i e ,  Coate,  

C h re t ien  and L i s ,  1977) .  In a d d i t i o n ,  b e t a - e n d o r p h in  i s  p r e s e n t  in 

plasma,  t h e  c e r e b r o s p i n a l  f l u i d  and small i n t e s t i n e  ( S c h u l t z ,  Wuster 

and H e r tz ,  1977; A k i l ,  R ichardson ,  Barchas and Li ,  1978; Forman, 

Sonntag ,  van Vugt and M ei te s ,  1981; J e f f c o a t e ,  MCLaghin, Hope, Rees,  

R a t t e r ,  Lowery and Besson, 1978).

Dynorphin,  l i k e  t h e  e n k e p h a l i n s ,  i s  w id e ly  d i s t r i b u t e d  th ro u g h o u t  

th e  c e n t r a l  nervous sys tem a l th o u g h  i t s  d i s t r i b u t i o n  systems a r e  no t  

i d e n t i c a l  w i th  th o se  o f  th e  e n k ep h a l in s  (G o ld s te in  and G haza ross ian ,  

1980; Watson e t  a l . ,  1981).  The h i g h e s t  l e v e l s  o f  dynorphin  a r e  in 

t h e  hypothalamus,  p a r t i c u l a r l y  th e  p a r a v e n t r i c u l a r  (PVN) and 

s u p r a o p t i c  n u c le i  where dynorphin  c o e x i s t s  w i th  v a so p r e s s in  (Watson, 

A k i l ,  F i s c h l i ,  G o l d s t e i n ,  Zimmerman, N i la v e r  and van Weinersman,

1982).  D ynorp h in -co n ta in in g  p e r ik a r y a  a r e  a l s o  found in o t h e r  a r e a s  

o f  t h e  hypothalamus a s  w e l l  as  th e  c e r e b r a l  c o r t e x ,  amygdala,  PAG, 

nuc leus  s o l i t a r i u s ,  b r a i n  stem r e t i c u l a r  fo rm a t io n  and the  d o r s a l  horn 

o f  th e  s p i n a l  c o rd .  In a d d i t i o n ,  d y n o r p h in - c o n ta in in g  f i b e r s  and 

t e r m i n a l s  a r e  found in  t h e  hypothalamus,  c a u d a t e ,  putamen, g lobus  

p a l l i d u s ,  nuc leu s  accumbens,  hippocampus,  SN p a rs  r e t i c u l a t a ,  LC, NRM, 

r e t i c u l a r  fo rm at ion  and t h e  d o r s a l  horn o f  t h e  s p in a l  cord  

(K h a ch a tu r i an ,  Watson, Lewis,  Coy, G o ld s te in  and A k i l ,  1982).

Dynorphin i s  a l s o  l o c a l i z e d  in the  a n t e r i o r  and i n t e r m e d i a t e  lo b e s  o f  

t h e  p i t u i t a r y  g land  a s  wel l  a s  ad ren a l  ch rom aff in  c e l l s  (G o ld s te in  and 

G haza ross ian ,  1980).
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C. OPIATE RECEPTOR SUB-TYPES

O pia te  r e c e p t o r s  a r e  no t  homogeneous o u t ,  l i k e  the  endogenous 

o p io id  l i g a n d s ,  can be c a t e g o r i z e d  i n t o  s e v e r a l  s u b - c l a s s e s  ( see  

rev iew :  Wood, 1982).  This concep t  was i n i t i a l l y  based on s t u d i e s  o f

t h e  a c t i o n s  o f  o p i a t e s  in s p i n a l l y  t r a n s e c t e d  dogs (M a r t in ,  Eades,  

Thompson, Huppler and G i l b e r t ,  1977).  They found t h a t  d i f f e r e n t  

o p i a t e  produce  d i f f e r e n t  b e h a v io r 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 ,  and 

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

na lo x o n e .  F ur therm ore ,  w h i l e  some o p i a t e s  a r e  c ap a b le  o f  s u p p r e s s in g  

w ithdrawal  symptoms in  th e  m orph ine-dependen t  dog, o t h e r s  p r e c i p i t a t e  

w i th d r a w a l .  Maratin  p o s t u l a t e d  th e  e x i s t e n c e  o f  a t  l e a s t  t h r e e  

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

p r o to t y p e  a g o n i s t s :  mu (m orph ine) ,  kappa ( k e t o c y c l a z o c i n e )  and sigma 

(SKF-10047: N - a l l y l n o r p h e n a z o c i n e ) . The guinea  p ig  i leum and mouse

vas d e f e r e n s  b io a s s a y s  a l s o  p rov ided  ev id en ce  f o r  t h e  e x i s t e n c e  o f  

m u l t i p l e  o p i a t e  r e c e p t o r s  (Lord ,  W a t e r f i e l d ,  Hughes and K o s t e r l i t z ,

1977) w i th  potency  d i f f e r e n c e s  among o p i a t e s  in i n h i b i t i o n  o f  

e l e c t r i c a l l y - i n d u c e d  c o n t r a c t i o n s  o f  t h e s e  t i s s u e s .  Kappa and mu 

r e c e p t o r  a g o n i s t s . a r e  most p o t e n t  in  th e  i l eu m ,  w h i l e  e n k e p h a l in  i s  

most p o t e n t  in t h e  vas d e f e r e n s ,  s u g g e s t i n g  th e  e x i s t e n c e  o f  a f o u r t h  

type  o f  o p i a t e  r e c e p t o r ,  t h e  d e l t a  r e c e p t o r ,  f o r  which e n k e p h a l in  i s  

th e  p r o t o t y p e  a g o n i s t .

Biochemical  and ana tom ica l  s t u d i e s  a l s o  su p p o r t  th e  n o t io n  o f  

m u l t i p l e  o p i a t e  r e c e p t o r  s i t e s .  Competi t ion and d i s p la c e m e n t  s t u d i e s  

u s in g  r a d i o l a b e l l e d  l ig a n d s  and r a d i o l a b e l l e d  o p i a t e  a n t a g o n i s t s  have 

d i s t i n g u i s h e d  among mu, kappa and d e l t a  r e c e p t o r  s u b - ty p e s  (Chang and
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C u a t r e c a s a s ,  1979; Chang, Cooper, Hazum and C u a t r e c a s a s ,  1979; 

K o s t e r l i t z  and P a t e r s o n ,  1980).  Displacement r e f e r s  t o  the  r e l e a s i n g  

o f  a bound l ig a n d  from t h e  b in d in g  s i t e .  While morphine e a s i l y  

d i s p l a c e s  r a d i o l a b e l l e d  morphine,  i t  does no t  e a s i l y  d i s p l a c e  

r a d i o l a b e l l e d  k e t o c y c l a z o c i n e .  A n a tom ica l ly ,  t h e  mu and d e l t a  

r e c e p t o r s  have been shown to  be d i s s o c i a t e d  by examining the  

l o c a l i z a t i o n  o f  o p i a t e  b in d in g  (Chang e t  a l . ,  1979; Goodman, Snyder ,  

Kuhar and Young, 1980) .  R ecep tor  b in d in g  s t u d i e s  have a d d i t i o n a l l y  

r e v e a l e d  th e  p resence  o f  h igh and l o w - a f f i n i t y  b ind in g  s i t e s  f o r  

t r i t i a t e d  o p i a t e  a g o n i s t s  and a n t a g o n i s t s  (P a s te rn a k  and Snyder ,  1975) 

and t r i t i a t e d  en k ep h a l in  (Lord e t  a l . ,  1977).  The te rm h i g h - a f f i n i t y  

( t h e  d e g re e  o f  a d h e s iv e n e s s  o f  t h e  l ig a n d  to  t h e  r e c e p t o r )  i s  used 

when ve ry  low c o n c e n t r a t i o n s  o f  a l ig a n d  d i s p l a y  a l a r g e  amount of  

r e c e p t o r  b in d in g .  The te rm l o w - a f f i n i t y  r e f e r s  t o  t h e  a d d i t i o n a l  

b in d in g  which t a k e s  p la c e  o n ly  a f t e r  much h ig h e r  c o n c e n t r a t i o n  o f  the  

l ig a n d  i s  added t o  t h e  a s s a y  s o l u t i o n .

D. OPIATE ANTAGONISTS

Naloxone has been th e  most w ide ly  used a n t a g o n i s t  in a s s e s s i n g  

o p i a t e  a c t i v i t y  in b e h a v i o r a l ,  pharm aco log ica l  and b iochem ica l  s t u d i e s  

( see  rev iew :  Sawynok, Pinsky  and L aB el la ,  1979) .  However, m u l t i p l e

o p i a t e  r e c e p t o r  su b - ty p e s  e x i s t  and na loxone may t h e r e f o r e  n o t  be th e  

id e a l  pharm acolog ica l  t o o l  f o r  e i t h e r  p u rp o se .  Naloxone does no t  

compete e q u a l l y  well  f o r  a l l  o p i a t e  r e c e p t o r  s u b - t y p e s ,  d i s p l a y i n g  a 

h igh  a f f i n i t y  f o r  t h e  mu r e c e p t o r ,  bu t  compet ing p o o r ly  f o r  t h e  o t h e r  

o p i a t e  r e c e p t o r  s u b - ty p e s  (Lord e t a l . ,  1977).  T h e re fo re ,  t h e  use  o f
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naloxone makes i t  d i f f i c u l t  to  a s s e s s  th e  r o l e  in b e h a v io r a l  o f  th e  

o t h e r  o p i a t e  r e c e p t o r  su b - ty p e s  and th e  endogenous o p io id  l i g a n d s  t h a t  

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

F ur therm ore ,  na loxone  has a s h o r t  d u r a t i o n  o f  a c t i o n  and must be g iven 

5 -30  min p r i o r  to  o p i a t e  a d m i n i s t r a t i o n .

R ec e n t ly ,  new o p i a t e  a n t a g o n i s t s  have been developed  which b lock  

s p e c i f i c  o p i a t e  r e c e p t o r  s u b - ty p e s  and have a long d u r a t i o n  o f  a c t i o n  

( P a s t e r n a k ,  C h i ld e r s  and Snyder ,  1980a; Hahn, B u a t t i  and P a s t e r n a k ,

1982).  Naloxazone, a hydrazone d e r i v a t i v e  o f  n a lo x o n e ,  b locks  f o r  

d u r a t i o n s  over  48 h t h e  h i g h - a f f i n i t y  component o f  b in d in g  s i t e s  f o r  

t h e  mu r e c e p t o r  l i g a n d s  na loxone and dihydromorphine  ( P a s te rn a k  e t  

a l . ,  1980a) ,  t h e  d e l t a  r e c e p t o r  l ig a n d  e n k ep h a l in  (Wolozin and 

P a s t e r n a k ,  1981),  t h e  kappa r e c e p t o r  l ig a n d  e t h y l k e t o c y c l a z o c i n e  

( P a s t e r n a k ,  1980) and th e  sigma r e c e p t o r  l ig a n d  SKF-10047 ( P a s t e r n a k ,  

Carrol  1- B u a t t i  and S p i e g e l ,  1981).  Naloxazone and naloxone  can 

compete s i m i l a r l y  f o r  th e  h i g h - a f f i n i t y  component o f  t h e  mu r e c e p t o r ;  

however,  n a lo x a z o n e ' s  lo n g e r  d u r a t i o n  o f  a c t i o n  makes i t  a more 

powerful t o o l .  Naloxazone a d m in i s t e r e d  24 h p r i o r  to  e i t h e r  o p i a t e s  

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

dose -dependen t  manner w i th o u t  a f f e c t i n g  o p i a t e - i n d u c e d  l e t h a l i t y  

(P as te rn a k  e t  a l . ,  1980a, P a s t e r n a k ,  1980; Wolozin and P a s t e r n a k ,

1981) .  This s u g g e s t s  t h a t  h i g h - a f f i n i t y  b in d in g  t o  r e c e p t o r s  i s  

n e c e s s a r y  f o r  th e  f u l l  e x p r e s s io n  o f  o p i a t e  and o p io id  p e p t id e  

a n a l g e s i a .  Na loxazone 's  i n h i b i t i o n  o f  h i < j h - a f f i n i t y  b ind ing  o f  a l l  

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

o p i a t e  a n a l g e s i a  has  led  P a s t e r n a k ,  C h i ld e r s  and Snyder,  (1980b) to

8



s u g g e s t  t h a t  t h e  h i g h - a f f i n i t y  b in d in g  s i t e s  r e p r e s e n t  one c l a s s  (MU1) 

o f  o p i a t e  r e c e p t o r s  which m ed ia te  o p i a t e  a n a l g e s i a .  Another more 

p o t e n t  a n t a g o n i s t ,  n a lo x o n a z in e ,  was s u b se q u e n t ly  developed  and 

d i s p l a y s  s i m i l a r  pha rm aco log ica l  and b iochem ica l  a c t i o n s  t o  na loxazone  

bu t  a t  much lower doses  (Hahn e t  a l . ,  1982) .  Like na loxazone ,  

n a lo x o n a z in e  i n j e c t e d  i n t r a v e n o u s l y  e l i m i n a t e s  morphine a n a l g e s i a  24 h 

a f t e r  i t s  a d m i n i s t r a t i o n  (Ling,, S p i e g e l ,  Nishimura and P a s t e r n a k ,

1983) ,  t h e  t im e  when i n h i b i t i o n  o f  Mill b in d in g  i s  maximal.

E. OPIOIDS AND BEHAVIOR

Two approaches  were employed t o  s tu d y  th e  r o l e s  o f  o p i a t e  

r e c e p t o r s  and o p io id  p e p t i d e s  in  b e h a v io r :  a )  ob se rv e  t h e  b e h a v io r a l

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

a g o n i s t s  o r  t h e  p e p t i d e s  th e m s e lv e s ,  and b) obse rve  t h e  b e h a v io r a l  

e f f e c t s  f o l l o w i n g  o p i a t e  r e c e p t o r  b lockade  induced by o p i a t e  

a n t a g o n i s t s .  I t  i s  p o s s i b l e  t o  a s s e s s  t h e  t o n i c  involvement  o f  o p i o i d  

p e p t i d e s  in b e h av io r  a s  well  as  t h e  e f f e c t s  fo l l o w i n g  o p i a t e  

a d m i n i s t r a t i o n  by b lo c k in g  th e  r e c e p t o r s .  These ty p es  o f  s t u d i e s  have 

r e v e a l e d  t h a t  t h e  o p i o i d  systems a r e  invo lved  in  a v a r i e t y  o f  

b e h a v io r 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 ,  i n c l u d i n g  sexual  b e h a v io r  

(M cIntosh ,  Vallano  and B a r f i e l d ,  1980; Myers and Baum, 1979),  reward 

mechanisms (B e l lu z z i  and S t e i n ,  1977),  l e a r n i n g  and memory ( K a s t i n ,  

S c o l l a n ,  E h ren s in g ,  Schal ' ly  and Coy, 1978; S t e i n  and B e l l u z z i ,  1979),  

t h e r m o r e g u l a t i o n  (Yehuda and K a s t i n ,  1980),  c a r d i o v a s c u l a r  r e s p o n s e s  

( F lo r e z  and M e d i a v i l l a ,  1977; Holaday, 1982) and r e s p i r a t i o n  (F lo r e z  

and M e d i a v i l l a ,  1977) .  The invo lvement o f  o p io id  systems in  pa in
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p e r c e p t i o n  and i n g e s t i v e  b e h a v io r ,  which i s  th e  p r imary  focus  o f  th e  

p r e s e n t  e x p e r im e n t s ,  i s  d e t a i l e d  below.

Opioid  systems and pa in  p e r c e p t i o n : Reynolds (1969) found t h a t

e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  PAG produced a powerful  a n a l g e s i a  

( s t i m u l a t i o n  produced a n a l g e s i a :  SPA) in r a t s .  This e f f e c t  was 

ex tended  t o  o t h e r  s u b c o r t i c a l  s t r u c t u r e s  i n c l u d i n g  th e  NRM (Oleson and 

L i eb e sk in d ,  1975; O l i v e r a s ,  Redjemi,  Guilbaud and Besson, 1975) ,  

l a t e r a l  hypothalamus (Balagura  and Ralph,  1972; Rose,  1974) and LC 

(Sandberg and S i e g e l ,  1977).  Naloxone was i n i t i a l l y  r e p o r t e d  to  b lock  

SPA by some l a b o r a t o r i e s  (A k i l ,  Mayer and L ieb e sk in d ,  1976; O l i v e r a s ,
S v

Hosobuchi,  Redjemi,  Gilbaud and Besson,  1977),  bu t  not o t h e r s  ( P e r t  

and W a l te r ,  1976).  However, r e c e n t  work has i n d i c a t e d  t h a t  t h e  s i t e  

s t i m u l a t e d  p la y s  a v i t a l  r o l e  in d e te r m in in g  naloxone an tagonism  in 

t h a t  SPA e l i c i t e d  from v e n t r a l ,  b u t  no t  d o r s a l  PAG s i t e s  d i s p l a y s  

n a l o x o n e - r e v e r s i b l e  e f f e c t s  (Cannon, P r i e t o ,  Lee and L ieb e sk in d ,  1982; 

P r i e t o ,  Cannon and L ieb e sk in d ,  1983).  In a d d i t i o n ,  m i c r o i n j e c t i o n s  o f  

morphine i n t o  t h e  PAG produces  a n a l g e s i a  which i s  r e v e r s e d  by naloxone 

( J a c q u e t  and L a j t h a ,  1976; Lewis and Gebhar t ,  1977; Sharpe ,  G a rn e t t  

and C ic e ro ,  1974).  I n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  th e  

e n k e p h a l in s  ( B e l l u z z i ,  G ran t ,  Garsky, S a r a n t a k i s ,  Wise and S t e i n ,

1976; Tseng, Ostwald ,  Loh and L i ,  1977) and b e t a - e n d o r p h in  (Bradbury  

e t  a l . ,  1977; Ueda, Amano, Seiomi and Takagi,  1979),  l i k e  morphine,  

produces  n a l o x o n e - r e v e r s i b l e  i n c r e a s e s  in  pain  t h r e s h o l d s . .  Repeated 

a d m i n i s t r a t i o n  o f  b e ta - e n d o r p h in  produces  t o l e r a n c e  to  t h e  a n a l g e s i a  

and c r o s s - t o l e r a n c e  t o  morphine (Tseng, Loh and L i ,  1976).  

M i c r o i n j e c t i o n s  o f  e n k ep h a l in  and b e t a - e n d o r p h in  i n t o  t h e  s u b a rach n o id
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space o f  t h e  s p in a l  cord  i n c r e a s e  pa in  t h r e s h o l d s  (Yaksh, Huang, Rudy 

and F r e d e r i c k s o n ,  1977; Yaksh and Henry,  1978) a s  does c e n t r a l  

a d m i n i s t r a t i o n  o f  th e  o p i o i d  p e p t i d e  dynorphin  ( P e t r i e ,  T i f f a n y ,  Baker 

and Dahl,  1982; P rzew lo ck i ,  Sherman and H er tz ,  Spencer ,  1976).

Systemic  a d m i n i s t r a t i o n  o f  t h e  e n k e p h a l in s  e l i c i t s  a weak a n a l g e s i a  

(Buscher ,  H i l l ,  Roemer, Card inaux ,  C lo sse ,  Hauer and P l e s s ,  1976; 

P l o t n i k o f f ,  K a s t in ,  coy ,  C h r i s t e n s e n ,  S c h a l ly  and S p r i t e s ,  1976) w h i l e  

in t r a v e n o u s  a d m i n i s t r a t i o n  o f  b e t a - e n d o r p h in  p roduces  a p o t e n t  

a n a l g e s i a ,  though a t  much h ig h e r  doses  than c e n t r a l  i n j e c t i o n s  (Tseng, 

Loh and L i , 1976).

Pain i n h i b i t i o n  can be t h e  consequence  o f  e i t h e r  o v e r a c t i v a t i o n  o f  

a t o n i c a l l y - a c t i v e  system o r  p h a s ic  a c t i v a t i o n  o f  a no rm a l ly  q u i e s c e n t  

sys tem .  I f  t h e  o p i o i d  system o p e r a t e s  in a t o n i c  manner,  b lo ck ad e  o f  

o p i a t e  r e c e p t o r s  by o p i a t e  a n t a g o n i s t s  should  i n t e r f e r e  w i th  such 

t o n i c  f u n c t i o n  and th e r e b y  induce  h y p e r a l g e s i a .  However, na loxone  has 

been r e p o r t e d  to  induce  e i t h e r  a n a l g e s i a  (Sewell and Spencer ,  1976) ,  

h y p e r a l g e s i a  (Carmody, C a r r o l l  and Morgans, 1979),  b i p h a s i c  changes  in 

pain  t h r e s h o l d s  (Woolf,  1980a; Woolf,  1980b) o r  no e f f e c t s  a t  a l l  

( G o l d s t e i n ,  P ry o r ,  O t i s  and La rsen ,  1976; North,  1977; W eisen fe ld  and 

H a l l i n ,  1983).  Systemic  na loxone  a t  doses  o f  5 mg/kg and h ig h e r  

i n c r e a s e s  t a i 1-wi thdrawal  l a t e n c y  in both  mice and r a t s  on th e  t a i l  

immersion t e s t  a t  w a te r  t e m p e r a t u r e s  o f  48-55°C (Sewell  and S p e n c e r ,  

1976).  Systemic  naloxone doses  o f  50 o r  100 ug/kg  d e c r e a s e  hindpaw 

withdrawal  l a t e n c i e s  in mice and r a t s  in re sponse  t o  e l e c t r i c a l  

s t i m u l a t i o n  (Carmody e t  a l . ,  1979) .  Pain t h r e s h o l d s  as  measured by 

e i t h e r  t h e  t a i l - i m m e r s i o n  (Woolf,  1980a) ,  shock e sc a p e  (G o ld s t e in  e t
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a 1 . ,  1976) o r  fo r m a l in  (N or th ,  1977) t e s t s  have been shown t o  be 

u n a f f e c t e d  by s y s tem ic  na loxone a d m i n i s t r a t i o n .  F u r therm ore ,  c h r o n ic  

sy s tem ic  i n f u s i o n  o f  na loxone  (80 o r  800 u g /h )  f a i l s  t o  a l t e r  ho t  

p l a t e  l a t e n c i e s  (W eisenfe ld  and Hall i n ,  1983).

Cent ra l  a d m i n i s t r a t i o n  o f  na loxone a l s o  produces  i n c o n s i s t e n t  

e f f e c t s  upon pain  t h r e s h o l d s .  Small though s i g n i f i c a n t  i n c r e a s e s  in 

t a i l - w i t h d r a w a l  l a t e n c i e s  a r e  observed  on t h e  t a i 1-immersion t e s t  

fo l l o w i n g  naloxone i n j e c t i o n s  i n t o  t h e  l a t e r a l  (10 ug o r  h i g h e r )  and 

t h i r d  (150 ug) v e n t r i c l e s ,  bu t  no t  i n t o  t h e  PAG o r  NRM (Sewell  and 

S pencer ,  1976; Woolf, 1980a) .  B ip h as ic  a l t e r a t i o n s  in t a i l - i m m e r s i o n  

t h r e s h o l d s  o ccu r  f o l l o w i n g  i n t r a t h e c a l  a d m i n i s t r a t i o n  o f  na loxone  w i th  

a 7.5 ug dose  e l i c i t i n g  a n a l g e s i a ,  and 50 o r  150 ug doses  p roduc ing  

h y p e r a l g e s i a  (Woolf, 1980b).  Fur the rm ore ,  w h i l e  t h e  7 .5  ug na loxone  

dose  f a i l s  t o  a l t e r  shock v o c a l i z a t i o n  t h r e s h o l d s  fo l l o w in g  

i n t r a t h e c a l  a d m i n i s t r a t i o n ,  a 50 ug dose produces  h y p e r a l g e s i a .

F a i l u r e  o f  c e n t r a l  i n j e c t i o n s  o f  l o n g - l a s t i n g  o p i a t e  a n t a g o n i s t s  to  

a l t e r  b a sa l  pa in  t h r e s h o l d s  have a l s o  been r e p o r t e d .  For example ,  

i n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  na loxazone  a t  a dose o f  

50 ug f a i l e d  to  a l t e r  jump t h r e s h o l d s  f o r  up t o  24 h a f t e r  i n j e c t i o n  

( K i r c h g e s s n e r ,  Bodnar and P a s t e r n a k ,  1982) .

On th e  b a s i s  o f  s t i m u l a t i o n  and m i c r o i n j e c t i o n  s t u d i e s ,  F i e l d s  and 

Basbaum (1978) h y p o th e s i ze d  an o p io id - m e d ia t e d  pa in  i n h i b i t o r y  system 

which o r i g i n a t e s  in  t h e  PAG, synapses  in t h e  NRM and p r o j e c t s  t o  th e  

d o r s a l  horn o f  th e  s p i n a l  cord  th rough  t h e  d o r s o l a t e r a l  f u n i c u l u s  

(DLF). Severa l  l i n e s  o f  ev idence  su p p o r t  t h i s  h y p o t h e s i s :  a )  SPA, as

wel l  a s  bo th  s y s tem ic  and c e n t r a l  morphine a n a l g e s i a ,  i s  b locked
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fo l l o w i n g  l e s i o n s  p la ce d  in t h e  DLF (Basbaum, Clanton and F i e l d s ,

1976; M urf in ,  Benne t t  and Mayer, 1976);  o) l e s i o n s  p laced  in t h e  PAG 

o r  NRM a t t e n u a t e  morphine a n a l g e s i a  and SPA (Dostrovsky  and Deakin,

1977; Garau, Mulas and Pepeu, 1975; P r o u d f i t  and Anderson, 1975; 

Samanin,  Ghezzi,  Mauron and V a l z e l l i ,  1973);  c )  s u b - a n a l g e s i c  

e l e c t r i c a l  s t i m u l a t i o n  summates w i th  s u b - a n a l g e s i c  doses  o f  morphine 

t o  produce a n a l g e s i a  (Samanin and V a l z e l l i ,  1971);  d) t o l e r a n c e  

deve lops  to  SPA and SPA i s  p a r t i a l l y  c r o s s - t o l e r a n t  w i th  morphine 

a n a l g e s i a  (Mayer and Hayes,  1975) ;  and e )  both e l e c t r i c a l  s t i m u l a t i o n  

o f  and o p i a t e  m i c r o i n j e c t i o n s  i n t o  t h e  PAG and NRM i n h i b i t  n o c i c e p t i v e  

neurons  in t h e  d o r s a l  horn o f  t h e  s p in a l  co rd  ( O l i v e r a s ,  Besson, 

Guilbaud and L ieb e sk in d ,  1974; Ruda, Hayes,  P r i c e ,  Hu and Dubner, 

1976).

An e f f o r t  to  d e f i n e  t h e  c o n d i t i o n s  under  which such a pain  

i n h i b i t o r y  system would be a c t i v a t e d  led  to  t h e  f i n d i n g  t h a t  a c u t e  

exposure  t o  c e r t a i n  env i ronm enta l  s t r e s s o r s  induces  a n a l g e s i a  

( s t r e s s - i n d u c e d  a n a l g e s i a ,  o r  SIA) (Hayes,  B e n n e t t ,  Newlon and Mayer, 

1976) .  Like SPA, n o t  a l l  forms o f  SIA a r e  a t t e n u a t e d  by na loxone o r  

c r o s s - t o l e r a n t  w i th  morphine (see  rev iew:  Bodnar,  1983).  For

example,  in e s c a p a b le  f o o t  shock e l i c i t s  a n a l g e s i a  t h a t  can be media ted  

by e i t h e r  o p io id  o r  n o n -o p io id  mechanisms a s  f u n c t i o n s  o f  a)  t h e  

tempora l p a ram e te rs  o f  t h e  shock (Lewis ,  Cannon and L ieb e sk in d ,  1980),  

b) th e  number of  shocks d e l i v e r e d  (Grau, Hyson, Hyson, Maier,  Madden 

and B archas ,  1981),  and c )  t h e  body r e g io n  shocked (Watkins and Mayer,

1982) .  Naloxone r e v e r s e s  th e  a n a l g e s i a  fo l l o w i n g  prolonged 

i n t e r m i t t e n t  shock (1 - s e c  p u l s e s  d e l i v e r e d  every  5 sec  f o r  30 m in ) ,

13



but no t  t h a t  fo l l o w i n g  b r i e f  c o n t in u o u s  (3 min) shock (Lewis e t  a l . ,

1980).  A na lges ia  fo l l o w i n g  80 sh o ck s ,  bu t  no t  20,  shocks ( 5 - se c  

p u l s e s )  d e l i v e r e d  on a v a r i a b l e  i n t e r v a l  s ch ed u le  i s  a t t e n u a t e d  by 

na loxone  (Grau e t  a l . ,  1981).  F u r the rm ore ,  na loxone  r e v e r s e s  

a n a l g e s i a  f o l l o w i n g  co n t in u o u s  shock ( 9 0 - se c  p u l s e )  d e l i v e r e d  to  t h e  

fo repaw s ,  bu t  has no e f f e c t  on a n a l g e s i a  fo l l o w in g  shock t o  t h e  

hindpaws (Watkins and Mayer, 1982).

Opioid systems and i n g e s t i v e  b e h a v i o r s : I t  i s  now a p p a r e n t  t h a t

t h e  o p io id  p e p t i d e s  have a d i r e c t  r o l e  in  t h e  m odu la t ion  o f  i n g e s t i v e  

b e h av io r s  ( see  rev iew :  Morley,  Lev ine ,  Yim and Lowy, 1983).  

A l t e r a t i o n s  in f e e d i n g  p a t t e r n s  have been observed  fo l l o w i n g  

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

p e p t i d e s ,  and o p i a t e  a n t a g o n i s t s .  In a d d i t i o n ,  hype rphag ic  r e sp o n se s  

fo l l o w in g  v a r i o u s  env i ronm enta l  m a n i p u l a t i o n s  a r e  a l t e r e d  f o l lo w in g  

th e  a d m i n i s t r a t i o n  o f  o p i a t e  a n t a g o n i s t s .  I n i t i a l l y ,  i t  was r e p o r t e d  

t h a t  m orph ine-dependen t  r a t s  i n c r e a s e d  food consumpt ion fo l lo w in g  

t h e i r  morphine i n j e c t i o n s  (M ar t in ,  W ik le r ,  Eadesand and P e sco r ,  1963),  

and r e c e n t  s t u d i e s  have r e v e a l e d  t h a t  sy s t e m ic  morphine a l s o  i n c r e a s e s  

food i n t a k e  in  non-dependen t  r a t s  ( J a l o w e i c ,  Panksepp,  Z o lo v ick ,  Najam 

and Herman, 1981; Sanger and McCarthy, 1980) .  O p ia te  a g o n i s t s ,  such 

as  k e t o c y c l a z o c i n e ,  e t h y l k e t o c y c l o c i n e ,  c y c l a z o c i n e  and SKF-10047 a l s o  

s t i m u l a t e  f e e d in g  fo l l o w i n g  sy s tem ic  a d m i n i s t r a t i o n  (Morley,  Levine ,  

Grace and Kneip,  1982b; Morley e t  a l . ,  1983; Sanger and McCarthy,

1981) s u g g e s t i n g  t h a t  m u l t i p l e  o p i a t e  r e c e p t o r  s u b - ty p e s  may be 

in v o lv e d .  The hyperphag ic  e f f e c t s  o f  o p i a t e  a g o n i s t s  a r e  r e v e r s e d  by 

na loxone  (Sanger  and McCarthy, 1981) .  F u r the rm ore ,  f e e d in g  d u r in g  the
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n i g h t - t i m e  h o u r s ,  th e  t ime o f  maximal f e e d in g  f o r  r a t s ,  i s  d e c r ea se d  

by na loxone  (Brands ,  T h o r n h i l l ,  H i r s t  and Gowdey, 1979; Cooper,  1981; 

Ja lo w e ic  e t  a l . ,  1981).

C en t ra l  a d m i n i s t r a t i o n  o f  o p i o i d  p e p t i d e s  have a l s o  been shown t o  

induce  consummatory b e h a v i o r s .  I n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  

o f  b e t a - e n d o r p h in  (McKay, Kennedy, Edens,  Will iams and Woods, 1981) o r  

dy.norphin (Morley and Levine ,  1981; Morley and Levine ,  1982; M orley , '  

Lev ine ,  Grace and Kneip,  1982b) i n c r e a s e s  food i n t a k e  in  s a t i a t e d  

r a t s ,  an e f f e c t  r e v e r s e d  by n a lo x o n e .  Fu r the rm ore ,  i n j e c t i o n s  o f .  

morphine (McLean and Hoebel,  1980; Tepperman, H i r s t  and Gowdy, 1981) 

o r  b e t a - e n d o r p h in  (Le ibow i tz  and Hor, 1980) i n t o  t h e  ven t rom ed ia l  

hypothalamus (VMH) o r  PVN o f  t h e  hypothalamus s t i m u l a t e  f e e d i n g .

These a r e a s  have p r e v i o u s l y  been shown to  be a pr im ary  an a to m ica l  s i t e  

in  t h e  modu la t ion  o f  a p p e t i t e  and s a t i e t y  ( L e ib o w i t z ,  1980).  

A d m in i s t r a t i o n  o f  n o r e p i n e p h r i n e  o r  e p i n e p h r i n e  i n t o  t h e  hypothalamus 

s t i m u l a t e  i n g e s t i o n  (Grossman, 1962) th rough  t h e  a l p h a - n o r a d r e n e r g i c  

r e c e p t o r s  in  t h e  PVN (Slangen and M i l l e r ,  1969) .  There a p p e a r s  t o  be 

an i n t e r a c t i o n  between b e t a - e n d o r p h in  and n o r e p in e p h r in e  in  t h i s  

f e e d i n g  r e sp o n se  s i n c e  p r e t r e a t m e n t  w i th  ph en to lam in e ,  an 

a l p h a - a d r e n e r g i c  a n t a g o n i s t ,  b locks  t h e  f e e d in g  re sp o n se  f o l l o w i n g  PVN 

i n j e c t i o n s  o f  b e t a - e n d o r p h in  (Le ibowitz  and Hor, 1980) .

S t u d i e s  employing g e n e t i c a l l y  obese  (ob /ob)  mice and Zucker f a t t y  

(F a /Fa)  r a t s  a l s o  d e m o n s t ra te  th e  involvement o f  endogenous o p i o i d s  in 

t h e  c o n t r o l  o f  food i n t a k e  in  t h a t  e l e v a t e d  l e v e l s  o f  b e t a - e n d o r p h in  

a r e  found in  t h e  p i t u i t a r y  g lands  o f  both  s p e c i e s  and in t h e  plasma o f  

t h e  obese  r a t s  (M argules ,  M o is s e t ,  Lewis,  Shibuya and P e r t ,  1978) .  In
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a d d i t i o n ,  t h e s e  two s p e c i e s  a r e  more s e n s i t i v e  t o  n a l o x o n e ' s  a n o r e c t i c  

e f f e c t s  ( toargules e t  a ' i . ,  1978).  I t  a p p ea r s  t n a t  an ex ce s s  o f  

b e ta - e n d o r p h in  may oe in vo lved  in t h e  o v e r e a t i n g  s i n c e  t h e  hype rphag ia  

i s  a t t e n u a t e d  fo l l o w i n g  hypophysectomy ( S p i e s s ,  1952).

Severa l  env i ronm enta l  m a n i p u l a t i o n s ,  i n c l u d i n g  food d e p r i v a t i o n ,  

2 -deoxy-D -g lucose  (2-DG) a d m i n i s t r a t i o n  and t a i l  p inch  s t r e s s  a l s o  

s t i m u l a t e  f e e d in g  in t h e  r a t .  Holtzman (1974) f i r s t  d em o n s t ra t ed  t h e  

involvement o f  endogenous  o p io id s  in s t r e s s - r e l a t e d  f e e d in g  by showing 

t h a t  na loxone  d e c r e a s e s  t h e  hyperphag ic  r e sp o n se  f o l lo w in g  food 

d e p r i v a t i o n ,  an e f f e c t  conf i rmed by o t h e r s  (Brown and Holtzman, 1979; 

Frenk and Rogers ,  1979; Lowy, Maickel and Yim, 1980) .  2-DG, by

i n t e r f e r i n g  w i th  g lu c o se  m etabo l ism ,  induces  hyperphag ia  (Smith and 

E p s t e i n ,  1969) t h a t  i s  b locked by na loxone  (Lowy e t  a l . ,  1980; Sewell  

and J a w a h a r l a l ,  1980) .  Ta i l  p inch in  t h e  r a t  r e l i a b l y  s t i m u l a t e s  

f e e d in g  (Antelman and Szechtman, 1975; Antelman, Szechtman, Chin and 

F i s h e r ,  1975) which i s  d e c rea se d  by na loxone  (Morley and Levine ,  1980) .
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RATIONALE

O p ia te  agon.i .sts ,  o p i a t e  a n t a g o n i s t s  and th e  endogenous o p i o i d s  a r e  

im p l i c a t e d  in  pa in  p e r c e p t i o n  and i n g e s t i v e  p r o c e s s e s .  In a d d i t i o n ,  

t h e r e  i s  a n a t o m i c a l ,  b iochem ica l  and pha rm aco log ica l  e v id en c e  which 

d e m o n s t ra t e s  t h e  e x i s t e n c e  o f  s e v e r a l  c l a s s e s  o f  o p io id  p e p t i d e s  and 

m u l t i p l e  o p i a t e  r e c e p t o r s .  I t  i s  a s  y e t  u n c l e a r ,  however,  w he ther  and 

to  what e x t e n t  s p e c i f i c  r e c e p t o r  s u b - ty p e s  and d i f f e r e n t  o p io id  

c l a s s e s  m ed ia te  n o c i c e p t i v e  and i n g e s t i v e  b e h a v i o r s .  For example,  

w h i l e  mu, kappa and d e i t a  o p i a t e  r e c e p t o r  a g o n i s t s  induce  a n a l g e s i a ,  

mu, sigma and kappa r e c e p t o r  a g o n i s t s  a l t e r  n o c i c e p t i v e  and f e e d i n g  

b e h a v i o r s .  In a d d i t i o n ,  o p i a t e  and o p i o i d  p e p t i d e s  d i s p l a y  h igh  and 

l o w - a f f i n i t y  b in d in g  which i s  most l i k e l y  r e l a t e d  t o  d i f f e r e n t  

r e c e p t o r  a f f i n i t i e s .  Because o f  the  h e t e r o g e n e i t y  o f  o p i a t e  r e c e p t o r s  

and t h e  f a c t  t h a t  na loxone competes d i f f e r e n t i a l l y  f o r  o p i a t e  r e c e p t o r  

s u b - t y p e s ,  an tagonism by na loxone  a p p ea rs  no t  t o  be t h e  i d e a l  method 

f o r  a s c e r t a i n i n g  th e  r o l e  o f  endogenous o p i o i d s  in b e h a v i o r .

T h e r e f o r e ,  n a l o x o n a z in e ,  a l o n g - l a s t i n g  and r e c e p t o r - s p e c i f i c  o p i a t e  

a n t a g o n i s t ,  was employed in th e  p r e s e n t  s tu d y  t o  c h a r a c t e r i z e  f u r t h e r  

t h e  b a s i c  o p io id  mechanisms involved  in a n a l g e s i a  and i n g e s t i o n .

The p r e s e n t  s t u d i e s  e v a l u a t e d :  a )  t h e  d o s e - r e s p o n s e  and t im e

c o u r se  r e l a t i o n s h i p s  o f  na lo x o n az in e  upon b a sa l  pa in  t h r e s h o l d s  and 

morphine a n a l g e s i a  fo l l o w i n g  i t s  c e n t r a l  a d m i n i s t r a t i o n ;  b) t h e  

involvement o f  h i g h - a f f i n i t y  o p io id  b in d in g  s i t e s  in t h e  c o n t r o l  o f  

food i n t a k e  fo l lo w in g  na loxonaz ine  a d m i n i s t r a t i o n ;  and c )  th e  e f f e c t s  

o f  c e n t r a l  v s .  p e r i p h e r a l  n a lo x o n az in e  a d m i n i s t r a t i o n  upon f e e d i n g ,
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t h e r e b y  s u g g e s t in g  c e n t r a l  v s .  p e r i p h e r a l  mechanisms as  a p o s s i b l e  

s i t e  o f  a c t i o n .  These s t u d i e s  c h a r a c t e r i z e d  th e  b a s ic  o p i a t e  r e c e p t o r  

mechanisms invo lved  in  o p i a t e  a n a l g e s i a  and in the  c o n t r o l  of  food 

i n t a k e .  S ince  one o f  th e  p r im ary  o b j e c t i v e s  o f  pa in  r e s e a r c h  i s  th e  

development o f  p o t e n t  a n a l g e s i c s  w i th o u t  th e  u n d e s i r a b l e  s i d e  e f f e c t s  

o f  p r e s e n t l y  used n a r c o t i c s ,  u n d e r s t a n d in g  o f  th e  b a s ic  r e c e p t o r  

mechanisms in vo lved  in  pain  i n h i b i t i o n  i s  e s s e n t i a l .  In a s i m i l a r  

f a s h i o n ,  c h a r a c t e r i z i n g  th e  r e c e p t o r  mechanisms a s s o c i a t e d  w i th  

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

a n o r e c t i c s  w i th o u t  s i d e  e f f e c t s .

This d i s s e r t a t i o n  w i l l  employ t h e  te rms  " a n a lg e s i a "  and 

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

d e c r e a s e s  in pa in  t h r e s h o l d s .  These te rms a r e  d e f in e d  o p e r a t i o n a l l y  

as  i n c r e a s e s  o r  d e c r e a s e s  in t a i l - f l i c k  l a t e n c i e s  o r  jump t h r e s h o l d s .
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GENERAL METHODS

S u b j e c t s :  Adult  male a l b i n o  Sprague-Dawley r a t s  (250-450 g) se rv ed  a s  

s u b j e c t s .  Animals were housed i n d i v i d u a l l y ,  m a in ta in e d  on a 12 h 

l i g h t  12 h dark  c y c l e  and were p rov ided  w i th  food (P u r ina  Rat Chow) 

and w a te r  ad l i b i t u m .  In exper im en t  1» an im a ls  were matched a c r o s s  

groups on t h e  b a s i s  o f  t h e i r  b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  and jump 

t h r e s h o l d s .  In ex per im en t  2,  th e y  were matched on th e  b a s i s  o f  t h e i r  

b a s e l i n e  food i n t a k e .

I n t r a c e r e b r o v e n t r i c u l a r  ( i c v )  c a n n u l a t i o n :  Rats  were p r e t r e a t e d  w i th

ch lo rp ro m az in e  (3 mg/ml/kg body w t ,  IP) and a n e s t h e t i z e d  20 min l a t e r  

w i th  Ketamine h y d r o c h lo r id e  (100 mg/ml/kg body w t ,  IM). A s t a i n l e s s  

s t e e l  22 gauge guide  cannu la  ( P l a s t i c  P r o d u c t s )  was s t e r e o t a x i c a l l y  

im plan ted  so t h a t  i t s  t i p  was p o s i t i o n e d  0 .3  mm above t h e  l e f t  l a t e r a l  

v e n t r i c l e .  With th e  i n c i s o r  ba r  s e t  a t  +5 mm, th e  c o o r d i n a t e s  were 

0 .5  mm a n t e r i o r  t o  t h e  bregma s u t u r e ,  1.5 mm l a t e r a l  to  t h e  

m i d - s a g i t t a l  s u t u r e  and 3 .6  mm from th e  to p  o f  t h e  s k u l l .  Three 

s t a i n l e s s  s t e e l  screws and d e n ta l  a c r y l i c  s ecu red  t h e  can n u la  t o  t h e  

s k u l l .  Animals were a l low ed  a minimum o f  seven days t o  r e c o v e r y  from 

s u r g e r y .

I n t r av e n o u s  ( i v )  c a t h e t e r i z a t i o n :  Rats were a n e s t h e t i z e d  w i th

Ketamine h y d r o c h lo r id e  (100 mg/ml/kg body w t ,  IM) and supplemented 

w i th  e t h e r  a s  n e c e s s a r y  t o  m a in ta in  a n e s t h e s i a .  S ince  ch lo rp ro m az in e  

can e x e r t  some p h y s i o l o g i c a l  e f f e c t s  over  a coup le  o f  d a y s ,  and s i n c e

19



t h e  t e s t i n g  p ro to c o l  in t h e  i n t r a v e n o u s l y - c a t h e t e r i z e d  r a t s  o c c u r r e d  

soon a f t e r  s u r g e r y  t o  i n s u r e  t h e  p a tency  o f  th e  c a t h e t e r ,  th e  

ch lo rp ro m az in e  p r e t r e a t m e n t  was e l i m i n a t e d .  An i n c i s i o n  was made on 

t h e  v e n t r a l  s u r f a c e  o f  t h e  neck ,  s l i g h t l y  to  th e  r i g h t  o f  m i d l i n e .

The f a s c i a  were s e p a r a t e d  and th e  j u g u l a r  ve in  exposed and i s o l a t e d .

A 22 gauge n e e d le  p i e r c e d  th e  ve in  and a v iny l  i n t r a v e n o u s  c a t h e t e r  

(Bo Labs; JO = 0 .023  i n ,  OD = 0 .039  in )  was i n s e r t e d  towards  t h e  h e a r t  

( a p p ro x im a te ly  20 mm). The c a t h e t e r  was t h re a d e d  under t h e  a n i m a l ' s  

s k in  and th rough  an opening  on t h e  d o r s a l  s u r f a c e  o f  th e  neck f o r  use  

in  i n j e c t i o n s .  Care was taken  to  i n s u r e  t h a t  blood flowed e a s i l y  

th rough  th e  c a t h e t e r  which was f i l l e d  w i th  h e p a r in  (50 U/ml) t o  

p r e v e n t  c l o t t i n g .  The c a t h e t e r  was c lo s e d  by k n o t t i n g  i t  a t  t h e  t i p .  

Animals were a l lowed  two days to  r e c o v e r  from t h e  s u r g e r y .  Before  and 

a f t e r  a l l  iv  i n j e c t i o n s ,  h e p a r in  (0 .3  ml) was f l u s h e d  th rough  th e  

t u b i n g .

T a i l - f l i c k  t e s t :  T a i l - f l i c k  l a t e n c i e s ,  a measure  o f  r e a c t i v i t y  t o

noxious  h e a t  (D'Amour and Smith,  1941),  were measured by mounting a 

r a d i a n t  h e a t  sou rce  (IITC) 8 cm above t h e  dorsum and 4 cm proximal  to  

t h e  t i p  o f  t h e  t a i l  o f  l i g h t l y  r e s t r a i n e d  a n i m a l s .  When h e a t  was 

a p p l i e d  t o  t h e  t a i l ,  a t im e r  was a u t o m a t i c a l l y  a c t i v a t e d .  When t h e  

animal f l i c k e d  i t s  t a i l ,  a p h o to c e l l  benea th  t h e  t a i l  was exposed 

which s topped  t h e  t i m e r , a n d  th e  l a t e n c y  to  th e  n e a r e s t  0.01 sec  was 

d i s p l a y e d .  P rev ious  work in our  l a b o r a t o r y  (Bodnar e t  a l . ,  1984) has 

d e m o n s t ra ted  t h a t  t h e  t e m p e ra tu re  o f  t h e  t a i l  r e a c h e s  th e  nox ious  

range  (49-53°C: P r i c e  and Dubner, 1977) w i t h i n  2 . 6 - 4 . 6  sec
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fo l l o w i n g  t h e  o n s e t  o f  th e  thermal  s t im u lu s  which e x p l a i n s  l a t e n c i e s  

o c c u r r i n g  below 3.5 s e c .  I f  an animal d id  no t  respond w i t h i n  6 s e c ,  

t h e  t r i a l  was a u t o m a t i c a l l y  t e r m in a t e d  to  avo id  t i s s u e  damage. The 

mean o f  f o u r  days o f  b a s e l i n e  t a i 1 - f l i c k  l a t e n c i e s  were computed on 

t h e  b a s i s  o f  d a i l y  means o f  t h r e e  t r i a l s  t h a t  were s e p a r a t e d  by 30 sec  

i n t e r t r i a l  i n t e r v a l s .

Jump t e s t :  Jump t h r e s h o l d s ,  a measure o f  r e a c t i v i t y  t o  e l e c t r i c  shock

(Evans,  1961),  were de te rm ined  by d e l i v e r i n g  e l e c t r i c  shocks to  t h e  

f e e t  o f  u n r e s t r a i n e d  r a t s  w i th  a 60-Hz c o n s t a n t  c u r r e n t  shock 

g e n e r a t o r  (BRS/LVE) and g r i d  s c r a m b le r  (Campaen In s t ru m e n ts )  th rough  a 

30 x 24 cm f l o o r  composed o f  16 g r i d s .  Using a m o d i f i c a t i o n  o f  an 

a scen d in g  method of  l i m i t s  p ro c e d u re ,  t h e  jump t h r e s h o l d  was d e f i n e a  

in mA as  t h e  lowest o f  two c o n s e c u t i v e  i n t e n s i t i e s  which e l i c i t e d  

s im u l tan eo u s  removal o f  both  h ind  paws from t h e  g r i d s .  Each t r i a l  

began w i th  t h e  animal r e c e i v i n g  a 300 msec f o o t  shock a t  a c u r r e n t  

i n t e n s i t y  o f  0.1 mA. Subsequent shocks were d e l i v e r e d  a t  5 sec  

i n t e r v a l s  and i n c r e a s e d  in i n t e n s i t y  in  0 .05 mA s t e p s  u n t i l  t h e  jump 

t h r e s h o l d  was d e te r m in e d .  A f te r  each t r i a l ,  t h e  c u r r e n t  i n t e n s i t y  was 

r e s e t  t o  0 .1  mA and t h e  p rocedu re  r e p e a t e d  u n t i l  s i x  t r i a l s  were 

com ple ted .  The use o f  a s t a t i c  s t a r t i n g  p o i n t  in  t h i s  s tu d y  was t o  

i n s u r e  congruence  w i th  o t h e r  exp e r im en t s  u t i l i z i n g  th e  jump t e s t  in 

our  l a b o r a t o r y  and th o s e  o f  o t h e r s  ( see  rev iew :  Bodnar,  e t  a l . ,  1980;

K e l l y ,  1982).  The s t a t i c  s t a r t i n g  p o i n t  in t h e  jump t e s t  mimics th e  

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

h o t - p l a t e  t e s t s  r e s p e c t i v e l y .  Work in t h i s  l a b o r a t o r y  has
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d em ons t ra t ed  r e p e a t e d l y  t h a t  t h e  use o f  t h i s  s t a t i c  s t a r t i n g  p o i n t  

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

In c o n t r a s t ,  t h e  h o t - p l a t e  t e s t  ap p ea rs  s u s c e p t i b l e  to  l e a r n i n g  

e f f e c t s  (Simone and Bodnar, 1982).  The a sc e n d in g  component o f  th e  

method o f  l i m i t s  p rocedure  was employed to  p re v e n t  th e  animal from 

r e c e i v i n g  shock in  th e  de scend ing  component t h a t  was wel l  above th e  

nox ious  r a n g e .  K e l ly  (1982) has shown t h a t  exposure  to  

s u p r a - t h r e s h o l d  v a lu e s  in one pa in  t e s t  can a l t e r  t h r e s h o l d s  in  a 

su b seq u en t  pa in  t e s t .  Four days  o f  b a s e l i n e  jump t h r e s h o l d s  were 

computed on t h e  b a s i s  o f  t h e  d a i l y  mean o f  t h e s e  s i x  t r i a l s .  In a l l  

e x p e r im e n t s ,  t h e  o r d e r  o f  t a i l - f l i c k  t e s t  fo l low ed  by t h e  jump t e s t  

was chosen because  t h i s  o r d e r  minimizes  c a r r y - o v e r  e f f e c t s  o f  one pa in  

t e s t  t o  a n o t h e r  ( K e l ly ,  1982).

H is to lo g y :  Fo llowing ex p e r im en ta l  t e s t i n g ,  an overdose  o f  sodium

p e n t o b a r b i t a l  was a d m i n i s t e r e d  (200 mg/kg, i p )  and an im a ls  underwent 

t r a n s c a r d i a c  p e r f u s i o n  w i th  normal s a l i n e  fo l low ed  by 10% b u f f e r e d  

Form al in .  The b r a i n s  were removed, b lo c k e d ,  s l i c e d  i n t o  40 urn co rona l  

s e c t i o n s  th rough  t h e  l a t e r a l  v e n t r i c l e ,  and s t a i n e d  w i th  c r e s y l  

v i o l e t .  Cannula placement was de te rm ined  w i th  a l i g h t  m ic roscope  and 

o n ly  an im a ls  w i th  a cannu la  p r o p e r l y  p la c e d  in  t h e  l a t e r a l  v e n t r i c l e  

were i n c lu d e d  in t h e  s t a t i s t i c a l  a n a l y s e s .

S t a t i s t i c a l  a n a l y s e s :  Analyses  o f  v a r i a n c e  (BMDP) were performed to

d e te rm in e  whe ther  any s i g n i f i c a n t  main o r  i n t e r a c t i o n  e f f e c t s  

o c c u r r e d .  Where a p p l i c a b l e ,  Dunnett  o r  Dunn compar ison between
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e x p e r im en ta l  and c o n t r o l  groups  and among time-matched p r e -  and 

p o s t - i n j e c t i o n  c o n d i t i o n s  were performed to  examine s p e c i f i c  dose and 

t im e e f f e c t s .

Drugs: Naloxonazine was s y n th e s i z e d  in t h e  l a b o r a t o r y  o f  Dr. G.W.

P a s t e r n a k ,  Memorial Sloan K e t t e r i n g  H osp i ta l  and Cornell  Medical 

C o l l e g e ,  and was d i s s o l v e d  in  normal s a l i n e  and 0,2% a c e t i c  a c i d .  

Naloxone (Endo L a b o r a t o r i e s )  and morphine s u l f a t e  (Pennick)  were 

d i s s o l v e d  in normal s a l i n e .  Normal s a l i n e  se rved  as  t h e  v e h i c l e  

s o l u t i o n  f o r  both  a g e n t s .  All icv  i n j e c t i o n s  were a d m i n i s t e r e d  in  a 

10 ul volume th rough  a 28 gauge i n t e r n a l  cannu la  ( P l a s t i c  P r o d u c t s )  a t  

a r a t e  o f  1 ul e v e ry  10 s e c .  All iv  i n j e c t i o n s  were a d m i n i s t e r e d  in  a 

5 mg/ml c o n c e n t r a t i o n .  In th e  morphine a n a l g e s i a  e x p e r im e n t s ,  each 

an im a ls  r e c e iv e d  a maximum o f  one n a lo x o n az in e  o r  na loxone i n j e c t i o n  

and one morphine i n j e c t i o n .  In a l l  e x p e r im e n t s ,  n a lo x o n az in e  was 

a d m i n i s t e r e d  24 h p r i o r  t o  any b e h a v io r a l  t e s t i n g .  This 24 h i n t e r v a l  

maximizes th e  s e l e c t i v e  b iochem ica l  an tagonism  o f  MU1 s i t e s  (Hahn e t  

a l . ,  1982) .  S h o r t - t e r m  a d m i n i s t r a t i o n  o f  na lo x o n az in e  r e s u l t s  in  

n o n - s e l e c t i v e  o p i a t e  r e c e p t o r  an tagonism  s i m i l a r  t o  t h a t  o f  na loxone .
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EXPERIMENT 1: E f f e c t s  o f  Naloxonazine Upon Basal T a i l - F l i c k

L a t e n c i e s ,  Jump Thresho lds  and Morphine A n a lg e s ia .

EXPERIMENT 1A: Cen t ra l  na lo x o n az in e  and b asa l  pa in  t h r e s h o l d s .

R a t i o n a l e :  S ince  t h e  d i s c o v e r y  o f  o p i a t e  r e c e p t o r s  and endogenous
i

o p i o i d  p e p t i d e s ,  a c e n t r a l  q u e s t i o n ' c o n c e r n i n g  th e  r o l e  o f  th e  

endogenous o p io id  system in pa in  p e r c e p t i o n  in v o lv e s  w he ther  i t  i s  

t o n i c a l l y  a c t i v e  o r  p h a s i c a l l y  a c t i v a t e d  by s t im u lu s  s i t u a t i o n s  t h a t  

e l i c i t  a n a l g e s i c  r e s p o n s e s .  One means o f  t e s t i n g  t o n i c  as  compared t o  

p h a s i c  i n f l u e n c e s  i s . t o  de te rm in e  w he ther  a d m i n i s t r a t i o n  o f  an o p i a t e  

a n t a g o n i s t  e l i c i t s  a h y p e r a l g e s i c  e f f e c t  in normal a n i m a l s .  To d a t e ,  

t h e  use  o f  na loxone in  t h i s  paradigm has produced in c o n c l u s i v e  

r e s u l t s .  While some s t u d i e s  have r e p o r t e d  d e c r e a se d  pa in  t h r e s h o l d s  

f o l l o w i n g  na loxone a d m i n i s t r a t i o n  (Carmody e t  a l . ,  1979, Woolf, 1980),  

o t h e r s  have r e p o r t e d  no e f f e c t s  (G o ld s te in  e t  a l . ,  1976; North ,  1977; 

W eisenfe ld  and H a l l i n ,  1983).  Moreover,  in t h o s e  c a s e s  when na loxone 

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

s m a l l ,  s h o r t  and dependent  upon t h e  pa in  t e s t  employed. F u r therm ore ,  

th e  l o n g e r - l a s t i n g  o p io id  a n t a g o n i s t ,  na loxonazone ,  f a i l e d  t o  a l t e r  

b a s e l i n e  jump t h r e s h o l d s  fo l l o w i n g  c e n t r a l  a d m i n i s t r a t i o n  

(K i r c h g e s s n e r  e t  a l . ,  1982) .  In t h e  p r e s e n t  e x p e r im e n t ,  t h e  e f f e c t s  

o f  c e n t r a l  a d m i n i s t r a t i o n  o f  t h e  o p i a t e  a n t a g o n i s t  na lo x o n az in e  upon 

b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  and jump t h r e s h o l d s  were examined o v e r  a 

24 h p o s t - i n j e c t i o n  t ime c o u r s e .
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METHOD

Twenty-four  male c a n n u la t e d  r a t s  were d iv id e d  i n t o  f o u r  equal 

g ro u p s .  Following c e n t r a l  a d m i n i s t r a t i o n  o f  e i t h e r  v e h i c l e  o f  1, 5 o r  

50 ug doses  o f  n a lo x o n az in e  r e s p e c t i v e l y ,  t a i l - f l i c k  l a t e n c i e s  and 

jump t h r e s h o l d s  were a s s e s s e d  a t  0 . 5 ,  1, 2 and 24 h.

RESULTS 

I n s e r t  F igu re  1 h e re

F igure  1 shows t h a t  t h e  1, 5 ,  o r  50 ug doses  o f  n a lo x o n az in e  d id  

no t  a l t e r  b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  o r  jump t h r e s h o l d s  a t  e i t h e r  

0 . 5 ,  1,  2 o r  24 h f o l l o w i n g  c e n t r a l  a d m i n i s t r a t i o n .  While s i g n i f i c a n t  

d i f f e r e n c e s  were o bse rved  a c r o s s  t ime  f o r  both  t a i l - f l i c k  l a t e n c i e s  (F 

(4 ,8 0 )  = 5 . 6 4 ,  p < .001) and jump t h r e s h o l d s  (F (4 ,8 0 )  = 4 . 1 8 ,  p < 

0 . 0 0 4 ) ,  d i f f e r e n c e s  f a i l e d  to  o ccu r  among doses  ( t a i l - f l i c k :  F (3 ,2 0 )

= 0 . 7 8 ;  jump: F (3 ,2 0 )  = 0 .0 0 )  o r  f o r  t h e  i n t e r a c t i o n  between doses

and t e s t  t im es  ( t a i l - c l i c k :  F (12 ,80 )  = 1 .2 0 ;  jump: F (1 2 ,80 )  =

1 . 2 0 ).

EXPERIMENT IB. C en t ra l  na lo x o n az in e  and morphine a n a l g e s i a .

R a t i o n a l e :  To a c h ie v e  maximal e f f e c t i v e n e s s  in a t t e n u a t i n g  o r

e l i m i n a t i n g  morphine a n a l g e s i a ,  na loxone  must be a d m in i s t e r e d  e i t h e r  

c e n t r a l l y  o r  s y s t e m i c a l l y  30 min o r  l e s s  p r i o r  to  th e  o p i a t e .
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Figu re  1. F a i l u r e  o f  c e n t r a l l y  a d m i n i s t e r e d  na lo x o n az in e  (1 ,  5 o r  50 

ug) to  a l t e r  t a i l - f l i c k  l a t e n c i e s  ( to p  p a n e l )  o r  jump t h r e s h o l d s  

(bot tom p a n e l ) .  In t h i s  and a l l  o t h e r  f i g u r e s ,  t h e  measure  o f  

d e v i a t i o n  o f  th e  mean ( s t a n d a r d  e r r o r )  was found t o  be so smal l  t h a t  

i t  i s  encompassed by th e  s i z e  o f  t h e  symbol used t o  i n d i c a t e  the  mean.
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Although c e n t r a l  (K i r c h g e s s n e r  e t  a l . ,  1982) o r  sy s tem ic  (P a s t e r n a k  e t  

a l . ,  1980) a d m i n i s t r a t i o n  o f  th e  l o n g - l a s t i n g  o p i a t e  a n t a g o n i s t  

na loxazone  e l i m i n a t e s  morphine a n a l g e s i a  when a d m in i s t e r e d  24 h p r i o r  

t o  t h e  o p i a t e ,  h igh  d o ses  a r e  n e c e s s a r y .  Lower doses  o f  n a lo x o n a z in e ,  

th e  a c t i v e  component o f  n a lo x az o n e ,  have s i m i l a r  b iochem ica l  e f f e c t s  

a s  na loxazone  (Hahn e t  a l . ,  1983) and a n t a g o n i z e  morphine a n a l g e s i a  

f o l l o w i n g  iv a d m i n i s t r a t i o n  (Ling e t  a l . ,  1983) .  S ince  t h e  p re v io u s  

s tu d y  (L ing e t  a l . ,  1983) employed on ly  one n a lo x o n az in e  dose  and one 

morphine d o s e ,  a knowledge o f  f u l l  d o s e - r e s p o n s e  r e l a t i o n s h i p s  between 

morphine and n a lo x o n az in e  has n o t  been e s t a b l i s h e d .  T h e r e f o r e ,  t h i s  

exper im ent  u t i l i z e d  a dose  range  o f  n a lo x o n a z in e  and a dose  range  o f  

morphine t o  a s s e s s  t h e  a b i l i t y  o f  n a lo x o n a z in e  t o  a t t e n u a t e  morphine 

a n a l g e s i a .  F u r t h e r ,  t h e  p r e s e n t  expe r im en t  employed an icv  r o u t e  o f  

a d m i n i s t r a t i o n  due to  a l i m i t e d  a v a i l a b i l i t y  o f  n a lo x o n a z in e .

METHOD

One hundred and f o r t y  f o u r  c a n n u la t e d  r a t s  were d iv id e d  i n t o  

tw enty  f o u r  equal g ro u p s .  Animals r e c e i v e d  a c e n t r a l  i n j e c t i o n  o f  

e i t h e r  v e h i c l e ,  o r  1,  5 o r  50 ug doses  o f  na lo x o n az in e  24 h p r i o r  t o  a 

subcu taneous  i n j e c t i o n  o f  morphine s u l f a t e  (15 ,  10,  5 ,  2 .5  o r  0.5 

mg/kg) .  T a i l - f l i c k  l a t e n c i e s  and jump t h r e s h o l d s  were a s s e s s e d  

immedia te ly  p r i o r  t o  and a t  30,  60 and 120 min f o l l o w i n g  morphine 

a d m i n i s t r a t i o n .  Morphine (5 mg/kg) a n a l g e s i a  in  th e  l a s t  f o u r  groups 

was e v a l u a t e d  over  a 6 h p o s t - i n j e c t i o n  t ime  c o u r s e ,  w i th  t a i l - f l i c k
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l a t e n c i e s  and jump t h r e s h o l d s  a s s e s s e d  im media te ly  p r i o r  t o  and a t  

0 . 5 ,  1,  2,  3, 4 ,  5 and 6 h a f t e r  i n j e c t i o n .

RESULTS

F ig u res  2 -6  show th e  d o s e - r e s p o n s e  r e l a t i o n s h i p s  o f  

c e n t r a l l y - a d m i n i s t e r e d  na lo x o n az in e  to  morphine a n a l g e s i a  measured by 

th e  t a i l - f l i c k  and jump t e s t s .  F igure  2 shows t h a t  morphine 

a n a l g e s i a ,  measured by th e  t a i l - f l i c k  t e s t ,  induced by t h e  h i g h e s t  (15 

mg/kg) dose o f  morphine,  was n o t  a n tag o n ize d  by n a lo x o n az in e  

p r e t r e a t m e n t .  S i g n i f i c a n t  d i f f e r e n c e s  in  t a i l - f l i c k  l a t e n c i e s  

o c c u r r e d  a c r o s s  t e s t  t im es  (F (3 ,6 0 )  = 5 6 9 .1 3 ,  p < .001) b u t  f a i l e d  t o  

occu r  among doses  (F (3 ,20 )  = 0 .7 8 )  o r  f o r  th e  i n t e r a c t i o n  between 

doses  and t e s t  t im es  (F (9 ,6 0 )  = 0 . 9 8 ) .  Following th e  10 mg/kg dose  

o f  morphine,  t a i l - f l i c k  l a t e n c i e s  were s i g n i f i c a n t l y  a l t e r e d  a c r o s s  

t e s t  t im e s  (F (3 ,6  = 715 .77 ,  p < .001) and approached s i g n i f i c a n c e  

among doses  (F (3 ,20  = 2 .9 0 ,  p < .06) and f o r  t h e  i n t e r a c t i o n  between 

doses  and t e s t  t im es  (F (9 ,60 )  = 1 .82 ,  p <  . 0 8 ) .  Dunnett  compar isons  

r e v e a l e d  t h a t  on ly  p r e t r e a t m e n t  w i th  th e  50 ug dose  o f  na lo x o n az in e  

s i g n i f i c a n t l y  d e c r e a s e d  morphine a n a l g e s i a  measured on t h e  t a i l - f l i c k  

t e s t  and on ly  a t  30 and 60 min fo l lo w in g  morphine (F ig u re  3 ) .  F igu re  

4 shows t h a t  w i th  5 mg/kg morphine ,  p r e t r e a t m e n t  w i th  t h e  50 ug, b u t  

n o t  th e  1 and 5 ug n a lo x o n az in e  d o ses ,  s i g n i f i c a n t l y  d e c rea se d  

a n a l g e s i a  measured on the  t a i l - f l i c k  t e s t  a c r o s s  t h e  e n t i r e  t ime 

c o u r s e  (Dunnet t  co m p ar i so n s ) .  T a i l - f l i c k  l a t e n c i e s  s i g n i f i c a n t l y  

d i f f e r e d  among doses  (F (3 ,2 0 )  = 4 .37 ,  p < 0 . 1 6 ) ,  a c r o s s  t e s t  t imes  (F
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(3 ,6 0 )  = 2 7 6 .5 5 ,p <  .001) and f o r  t h e  i n t e r a c t i o n  between doses  and 

t e s t  t im es  (F (9 ,6 0 )  = 4 .4 4 ,  p <  .0 0 1 ) .

A na lges ia  measured by th e  t a i l - f l i c k  t e s t  induced by a 2 .5  mg/kg 

dose o f  morphine was e l i m i n a t e d  in r a t s  p r e t r e a t e d  w i th  50ug 

n a lo x o n az in e  dose  (F ig u re  5 ) .  T a i l - f l i c k  l a t e n c i e s  s i g n i f i c a n t l y  

d i f f e r e d  among doses  (F (3 ,1 9 )  = 9 .6 2 ,  P < .0 0 1 ) ,  a c r o s s  t e s t  t im es  

(F (3 ,5 7 )  = 4 9 .1 6 ,  p < .001) and f o r  t h e  i n t e r a c t i o n  between doses  and 

t e s t  t imes  (F (9 ,5 7 )  = 3 .2 7 ,  p < . 0 0 3 ) .  However, t h i s  a n a l g e s i c  

e f f e c t  was on ly  a t t e n u a t e d  a t  120 min fo l l o w i n g  morphine in an im a ls  

p r e t r e a t e d  w i th  th e  1 ug dose  o f  n a lo x o n a z in e  (D unnet t  c o m p a r i so n s ) .  

Indeed , a c l e a r  d o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  na lo x o n az in e  e f f e c t s  

d id  n o t  o ccu r  s i n c e  p r e t r e a t m e n t  w i th  5 ug o f  na lo x o n az in e  f a i l e d  t o  

a l t e r  morphine a n a l g e s i a .  F igure  6 i l l u s t r a t e s  t h a t  t h e  low es t  (0 .5  

mg/kg) dose o f  morphine d id  no t  a l t e r  t a i l - f l i c k  l a t e n c i e s  f o r  any 

g roup .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in t a i l - f l i c k  l a t e n c i e s  

among doses  (F (3 ,2 0 )  = 0 . 3 0 ) ,  a c r o s s  t e s t  t im es  (F (3 ,60)  = 4 .1 8 )  o r  

f o r  t h e  i n t e r a c t i o n  between doses  and t e s t  t im e s  (F (9 ,60 )  = 0 . 8 8 .

I n s e r t  F igu res  2-6 he re

While none o f  t h e  na lo x o n az in e  doses  a l t e r e d  a n a l g e s i a  measured on 

t h e  t a i l - f l i c k  t e s t  induced  by th e  15 mg/kg dose  o f  morphine,  F igu re  2 

shows t h a t  t h e  a n a l g e s i a  measured on t h e  jump t e s t  induced by t h i s  

dose was s i g n i f i c a n t l y  a t t e n u a t e d  a t  30 and 60 min in  r a t s  p r e t r e a t e d  

w i th  1 and 50 ug o f  n a lo x o n a z in e ,  and a t  30 min in  r a t s  p r e t r e c t e d  

w i th  5 ug n a lo x o n az in e  (Dunnett  c o m p a r i so n s ) .  S i g n i f i c a n t  a l t e r a t i o n s
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Figu re  2.  Reduction in morphine a n a l g e s i a  (15 mg/kg) 24 h fo l l o w i n g  

c e n t r a l  n a lo x o n az in e  p r e t r e a t m e n t  on t h e  jump t e s t  bu t  no t  on th e  

t a i l - f l i c k  t e s t .  * i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  from th e  

v e h i c l e - t r e a t e d  g roup,  p < . 0 1 .
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F i g u r e  3 .  R e d u c t i o n  i n  m o r p h i n e  a n a l g e s i a  (10  m g /k g )  24 h f o l l o w i n g

c e n t r a l  n a l o x o n a z i n e  p r e t r e a t m e n t .  *  i n d i c a t e s  a  s i g n i f i c a n t

d i f f e r e n c e  f ro m  t h e  v e h i c l e - t r e a t e d  g r o u p ,  p < . 0 1 ) .

33



Jump ThresholdCmAD Tail—FIick LatencyCsec)
ro

■o-t
©

0  CO 
(A O

1
ET
© 
r»

O '
O

CO
O 
3 
r \

i .  o

« D

a t

B 0

>

t

o z
3 g l n - ° 2 | -
» ► B O O ? !

IQ QI J  u
W N

3*
©



F i g u r e  4 .  R e d u c t i o n  i n  m o r p h i n e  a n a l g e s i a  (5 m g /k g )  24 h f o l l o w i n g

c e n t r a l  p r e t r e a t m e n t  w i t h  n a l o x o n a z i n e .  * i n d i c a t e s  a s i g n i f i c a n t

d i f f e r e n c e  f rom  t h e  v e h i c l e - t r e a t e d  g r o u p ,  p < . 0 1 .
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F i g u r e  5 .  R e d u c t i o n  i n  m o r p h i n e  a n a l g e s i a  ( 2 . 5  m g /k g )  24 h f o l l o w i n g

c e n t r a l  p r e t r e a t m e n t  w i t h  n a l o x o n a z i n e .  A s i g n i f i c a n t  d i f f e r e n c e  f ro m

t h e  v e h i c l e - t r e a t e d  g r o u p  i s  i n d i c a t e d  by + (p < . 0 5 )  o r  * (p  < . 0 1 ) .
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Figure  6 .  F a i l u r e  o f  morphine (0 .5  mg/kg) t o  induce  a n a l g e s i a  on the  

t a i l - f l i c k  t e s t  o r  t h e  jump t e s t  in n a lo x o n az in e  o r  v e h i c l e - t r e a t e d  

r a t s .
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in  jump t h r e s h o l d s  were observed  a c r o s s  th e  t im e  c o u r se  (F (3 ,6 0  = 

137 .55 ,  p < .001) and f o r  t h e  i n t e r a c t i o n  between doses  and t e s t  

t im e s  (F (9 ,6 0 )  = 3 .1 0 ,  p < .0 0 4 ) ,  bu t  n o t  among doses  (F (3 ,2 0 )  = 

1 . 7 6 ) .  F u r t h e r ,  w h i l e  o n ly  th e  50 ug dose  o f  n a lo x o n az in e  reduced  

a n a l g e s i a  measured on t h e  t a i l - f l i c k  t e s t  induced by 5 and 10 mg/kg 

morphine was a t t e n u a t e d  a c r o s s  th e  e n t i r e  t im e  c o u r se  in  r a t s  

p r e t r e a t e d  w i th  1 and 50 ug n a lo x o n a z in e ,  and a t  30 and 60 min in r a t s  

p r e t r e a t e d  w i th  5 ug n a lo x o n a z in e  (Dunnett  c o m p a r i so n s ) .  S i g n i f i c a n t  

d i f f e r e n c e s  in jump t h r e s h o l d s  o c cu r red  among doses  (F (3 ,2 0 )  = 4 .9 4 ,  

p < . 0 1 ) ,  a c r o s s  t e s t  t im e s  (F (3 ,60 )  = 102.45,  p < .001) and f o r

t h e  i n t e r a c t i o n  between doses  and t e s t  t im es  (F (9 ,6 0 )  = 2 .4 1 ,  p < 

. 0 2 1 ) .  Indeed , F igure  4 shows t h a t  a n a l g e s i a  measured a c r o s s  th e  t ime 

c o u r se  by t h e  1 ug dose o f  n a lo x o n a z in e ,  e l i m i n a t e d  a t  30 and 120 min 

and a t t e n u a t e d  a t  60 min by t h e  50 ug n a lo x o n az in e  d o s e ,  and 

a t t e n u a t e d  a t  60 and 120 min fo l lo w in g  t h e  5 ug dose  (D unnet t  

c o m p ar i so n s ) .  Jump t h r e s h o l d s  d i f f e r e d  s i g n i f i c a n t l y  among doses  (F

( 3 ,2 0 )  = 6 .4 9 ,  p < . 0 0 3 ) ,  a c r o s s  t e s t  t im e s  (F (3 ,6 0 )  = 3 4 .4 9 ,  p < 

.001) and f o r  t h e  i n t e r a c t i o n  between doses  and t e s t  t im e s  (F (9 ,6 0 )  = 

5 . 9 0 ,  p < .0 0 1 ) .  Morphine a n a l g e s i a  measured on t h e  t a i l - f l i c k  t e s t  

induced  by 2 .5  mg/kg morphine was e l i m i n a t e d  on ly  by t h e  50 ug dose o f  

n a lo x o n a z in e ,  b u t  F igure  5 shows t h a t  a l l  t h r e e  d o ses  o f  n a lo x o n az in e  

e l i m i n a t e d  a n a l g e s i a  on th e  jump t e s t  (Dunnet t  c o m p a r i so n s ) .  

S i g n i f i c a n t  d i f f e r e n c e s  in  jump t h r e s h o l d s  were o bse rved  a c r o s s  t h e  

t im e  c o u r se  (F (3 ,5 7 )  = 3 . 8 7 ,  p < . 0 1 4 ) ,  bu t  jump t h r e s h o l d s  f a i l e d  

t o  d i f f e r  among doses  (F (3 ,1 9 )  = 2 .07 )  and t h e r e  was no i n t e r a c t i o n  

between doses  and t e s t  t im es  (F (9 ,5 7 )  = 1 .4 2 ) .  As on t h e  t a i l - f l i c k
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t e s t ,  t h e  lowest  morphine dose  (0 .5  mg/kg) f a i l e d  to  induce  a n a l g e s i a  

on t h e  jump t e s t  f o r  any group (F ig u re  6 ) .  S i g n i f i c a n t  d i f f e r e n c e s  in 

jump t h r e s h o l d s  o c c u r re d  a c r o s s  t e s t  t im es  (F (3 ,6 0 )  = 6 .3 0 ,  p <

. 0 0 1 ) ,  bu t  no t  among doses  (F (3 ,2 0 )  = 0 . 7 1 ) ,  no r  f o r  th e  i n t e r a c t i o n  

between doses  and t e s t  t im es  (F (9 ,6 0 )  = 0 . 5 2 ) .

I n s e r t  F igure  7 he re

F igu re  7 shows t h a t  t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  in morphine 

a n a l g e s i a  measured on th e  t a i l - f l i c k  t e s t  ove r  a 6 h p o s t - i n j e c t i o n  

t ime c o u r se  f o l l o w i n g  n a lo x o n az in e  p r e t r e d t m e n t  w i th  50  ug ,  b u t  no t  5 

o r  1 ug doses  (Dunnet t  c o m p a r i so n s ) .  S i g n i f i c a n t  d i f f e r e n c e s  in 

t a i l - f l i c k  l a t e n c i e s  o c c u r r e d  among th e  doses  (F (3 ,2 0 )  = 7 .9 5 ,  p <

.0 0 1 ) ,  a c r o s s  t h e  t e s t  t im es  (F (7 ,140 )  = 4 6 .0 6 ,  p < .001) and

approached s i g n i f i c a n c e  f o r  t h e  i n t e r a c t i o n  between doses  and t e s t  

t im es  (F (21 ,140)  = 1 .5 6 ,  p < . 0 6 7 ) .  These d a ta  con f i rm  our  f i n d i n g s  

in exper im en t  IB. In c o n t r a s t ,  a l l  t h r e e  n a lo x o n az in e  doses  

a t t e n u a t e d  morphine a n a l g e s i a  on t h e  jump t e s t .  S i g n i f i c a n t  

d i f f e r e n c e s  in jump t h r e s h o l d s  were observed  a c r o s s  th e  t ime c o u r s e  (F 

(7 ,1 4 0  = 4 0 .3 8 ,  p < .001) and f o r  t h e  i n t e r a c t i o n  between doses  and 

t e s t  t im es  (F (21 ,140)  = 2 .4 8 ,  p < .0 0 1 ) ,  bu t  n o t  among doses  (F

(3 ,2 0 )  = 2 . 3 7 ) .  Morphine a n a l g e s i a  was observed  in  a l l  groups f o r  up

to  2 h fo l l o w i n g  morphine a d m i n i s t r a t i o n ,  bu t  t h e s e  a n a l g e s i c

r e s p o n se s  were s i g n i f i c a n t l y  a t t e n u a t e d  in  a l l  n a l o x o n a z i n e - p r e t r e a t e d  

groups  (Dunnett  c o m p a r i so n s ) .  Fu r the rm ore ,  a l th o u g h  th e  1 and 5 ug 

n a lo x o n az in e  doses  reduced  morphine a n a l g e s i a  s i m i l a r l y ,  t h e  e f f e c t  was
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Figure  7.  Dose-dependent r e d u c t i o n s  in  morphine a n a l g e s i a  (5 mg/kg) 

on t h e  t a i l - f l i c k  t e s t  and jump t e s t  24 h f o l l o w i n g  c e n t r a l  

p r e t r e a t m e n t  w i th  n a lo x o n a z in e .  The open c i r c l e s  r e p r e s e n t  t h e  

v e h i c l e - t r e a t e d  g roup .  N a lo x o n a z in e - t r e a t e d  groups a r e  i n d i c a t e d  by 

t h e  open sq u a re s  (1 u g ) ,  s o l i d  sq u a re s  (5 ug) and open t r i a n g l e s  (50 

u g ) .  * i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  from v e h i c l e - t r e a t e d  r a t s ,

p <  . 0 1 ) .
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more pronounced fo l l o w i n g  p r e t r e a t m e n t  w i th  t h e  50 ug n a lo x o n az in e  

d ose .

EXPERIMENT 1C: C ent ra l  na loxone and morphine a n a l g e s i a .

R a t i o n a l e :  Both c e n t r a l  and sy s tem ic  a d m i n i s t r a t i o n  o f  na loxone

e l i m i n a t e  o r  a t t e n u a t e  morphine a n a l g e s i a  w i th  t h e  magnitude  o f  the  

r e v e r s a l  dependent  upon th e  na loxone  and morphine doses  employed. For 

na loxone  t o  be maximally  e f f e c t i v e ,  t h e  i n t e r v a l  between na loxone  and 

morphine i n j e c t i o n s  must t y p i c a l l y  be l e s s  than  30 min.  In c o n t r a s t ,  

bo th  c e n t r a l  and sy s te m ic  a d m i n i s t r a t i o n  o f  na loxazone  and 

na lo x o n az in e  a t t e n u a t e  o r  e l i m i n a t e  morphine a n a l g e s i a  even when th e  

i n j e c t i o n  i n t e r v a l  between t h e s e  a g e n t s  and morphine i s  24 h .  The 

p r e s e n t  exper im ent  i s  a c o n t r o l  exper im en t  d e s ig n e d  to  d e m o n s t r a t e  

n a l o x o n e ' s  f a i l u r e  t o  p o s se s s  l o n g - l a s t i n g  e f f e c t s  upon morphine 

a n a l g e s i a  even when i n j e c t e d  c e n t r a l l y  and th e r e b y  con f i rm  n a l o x o n e ' s  

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

METHOD

Two groups o f  s i x  c a n n u la t e d  r a t s  r e c e i v e d  icv  i n j e c t i o n s  o f  

e i t h e r  v e h i c l e  o r  50 ug o f  na loxone r e s p e c t i v e l y .  Twenty-four  h 

l a t e r ,  t a i l - f l i c k  l a t e n c i e s  and jump t h r e s h o l d s  were a s s e s s e d  

im m edia te ly  p r i o r  t o  and 0 . 5 ,  1 and 2 h fo l l o w i n g  a 10 mg/kg 

subcu taneous  dose o f  morphine.
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RESULTS

I n s e r t  F igure  8 he re

F ig u re  8 shows t h a t  c e n t r a l  p r e t r e a t m e n t  w i th  a 50 ug dose  o f  

na loxone  f a i l e d  t o  a l t e r  morphine a n a l g e s i a  measured on e i t h e r  t h e  

t a i l - f l i c k  o r  jump t e s t  a f t e r  24 h.  While s i g n i f i c a n t  i n c r e a s e s  in  

t a i l - f l i c k  l a t e n c i e s  and jump t h r e s h o l d s  were observed  a c r o s s  t e s t  

t im es  ( t a i l - f l i c k :  (F (7 ,7 7 )  = 6 5 6 .6 4 ,  p < .0 0 1 ) ;  jump: F (7 ,7 7 )  =

125 .36 ,  p < .0 0 1 ) ,  s i g n i f i c a n t  d i f f e r e n c e s  f a i l e d  t o  occur  among dose 

( t a i l - f l i c k :  F (1 ,1 1 )  = 1 .96 ;  jump: F (1 ,1 1 )  = 0 .4 9 )  o r  f o r  th e

i n t e r a c t i o n  between doses  and t e s t  t im es  ( t a i l - f l i c k :  F (7 ,7 7 )  =

1 .0 9 ;  jump: F (7 ,7 7 )  = 0 . 7 5 ) .

EXPERIMENT ID: I n t r av e n o u s  n a loxonaz ine  and morphine a n a l g e s i a .

R a t i o n a l e :  Both c e n t r a l  and sys tem ic  a d m i n i s t r a t i o n  o f  o p i a t e

a n t a g o n i s t s  such a s  na loxone  and na loxazone  a r e  e f f e c t i v e  in 

a t t e n u a t i n g  o r  e l i m i n a t i n g  morphine a n a l g e s i a .  In t r av en o u s  

p r e t r e a t m e n t  w i th  n a lo x o n az in e  red u ces  morphine a n a l g e s i a  in  mice on 

th e  t a i l - f l i c k  (Ling e t  a l . ,  1983).  The r e s u l t s  o f  Experiment  IB 

i n d i c a t e d  t h a t  c e n t r a l  p r e t r e a t m e n t  w i th  n a lo x o n az in e  reduced  morphine 

a n a l g e s i a  on th e  t a i l - f l i c k  t e s t  on ly  a t  ve ry  low morphine d o s e s .  Two 

p o s s i b i l i t i e s  may e x p l a i n  t h e s e  r e s u l t s :  i n j e c t i o n  r o u t e  d i f f e r e n c e s

o r  s p e c i e s  d i f f e r e n c e s .  The p r e s e n t  exper im en t  was a s y s t e m a t i c  

r e p l i c a t i o n  o f  th e  p re v io u s  s tu d y  (Ling e t  a l . ,  1983) e x ce p t  t h a t  r a t s

46



Figure  8 .  Lack o f  a l t e r a t i o n s  in morphine a n a l g e s i a  (10 mg/kg) 24 h 

fo l lo w in g  c e n t r a l  p r e t r e a t m e n t  w i th  na loxone  (50 u g ) .
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were used as  s u b j e c t s .  A compar ison o f  r o u t e  e f f e c t s  cou ld  tn u s  be 

made w i th o u t  the  p o s s i b l e  confounding  v a r i a b l e  o f  s p e c i e s  d i f f e r e n c e s .

METHOD

Two groups o f  s i x  r a t s  were used .  As in  a s tu d y  by Ling e t  a l .  

(1983) ,  t w e n ty - f o u r  h fo l l o w in g  i n t r a v e n o u s  p r e t r e a t m e n t  w i th  e i t h e r  

v e h i c l e  o r  10 mg/kg n a lo x o n a z in e ,  a l l  an im a ls  r e c e iv e d  an i n t r a v e n o u s  

i n j e c t i o n  o f  morphine (3 mg/kg) .  T a i l - f l i c k  l a t e n c i e s  and jump 

t h r e s h o l d s  were a s s e s s e d  j u s t  p r i o r  t o  and a t  0 . 5 ,  1, 2,  3,  4 ,  5 and 6 

h f o l l o w i n g  morphine a d m i n i s t r a t i o n .

RESULTS 

I n s e r t  F igu re  9 h e re

V

F igu re  9 shows t h e  a l t e r a t i o n s  in a n a l g e s i a  measured on th e  

t a i l - f l i c k  t e s t  and jump t e s t s  induced by 3 mg/kg morphine iv  24 h 

f o l l o w i n g  iv na lo x o n az in e  p r e t r e a t m e n t .  There were s i g n i f i c a n t  

d i f f e r e n c e s  in t a i l - f l i c k  l a t e n c i e s  o c c u r re d  a c r o s s  t h e  t e s t  t im e s  (F 

( 7 ,7 0 )  = 15 .19 ,  p < .0 0 1 ) ,  bu t  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

among t r e a t m e n t s  (F (1 ,1 0 )  = 0 .2 7 )  nor  f o r  t h e  i n t e r a c t i o n  between 

t r e a t m e n t  and t e s t  t ime  (F (7 ,7 0 )  = 0 . 5 5 .  T a i l - f l i c k  l a t e n c i e s  o f  

v e h i c l e - t r e a t e d  an im a ls  were s i g n i f i c a n t l y  e l e v a t e d  a c r o s s  t h e  e n t i r e  

6 h t im e  c o u r s e ,  b u t  n a l o x o n a z i n e - t r e a t e d  an im a ls  f a i l e d  t o  d i s p l a y  

a n a l g e s i a  a t  3 and a t  5 h f o l l o w i n g  t h e  i n j e c t i o n  (Dunnett

49



F igu re  9 .  E l im in a t io n  o f  morphine a n a l g e s i a  (3 mg/kg, iv )  on t h e  jump 

t e s t  w i th o u t  a l t e r a t i o n s  in morphine a n a l g e s i a  on th e  t a i l - f l i c k  t e s t  

24 h f o l l o w i n g  i n t r a v e n o u s  p r e t r e a t m e n t  w i th  n a lo x o n az in e  10 mg/kg.

The open c i r c l e s  r e p r e s e n t  t h e  v e h i c l e - t r e a t e d  group and t h e  open 

t r i a n g l e s  r e p r e s e n t  t h e  n a l o x o n a z i n e - t r e a t e d  g roup .  * r e f e r s  t o  a 

s i g n i f i c a n t  d i f f e r e n c e  from th e  v e h i c l e - t r e a t e d  g roup ,  p <  .0 1 .
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c o m p ar i so n s ) .  However, t h e  r e d u c t i o n  in a n a l g e s i a  in  na lo x o n az in e  

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

v e h i c l e - t r e a t e d  a n im a l s .  F igure  9 a l s o  shows t h a t  in t r a v e n o u s  

n a lo x o n az in e  e l i m i n a t e d  t h e  morphine a n a l g e s i a  seen on th e  jump t e s t .  

S i g n i f i c a n t  d i f f e r e n c e s  in jump t h r e s h o l d s  were o bse rved  a c r o s s  t e s t  

t imes  (F (7 ,7 0 )  = 1 1 .4 4 ,  p < .001) and f o r  t h e  i n t e r a c t i o n  between

t r e a t m e n t  and t e s t  t im e s  (F (7 ,7 0 )  = 2 .8 3 ,  p < .01 )  bu t  no t  among 

t r e a t m e n t s  (F (1 ,10 )  = 1 . 5 3 ) .
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DISCUSSION

These s t u d i e s  examined th e  e f f e c t s  o f  na loxonaz ine  upon b a sa l  pa in  

t h r e s h o l d s  and a n a l g e s i a  induced  by morphine 24 h s u b se q u e n t ly  and 

showed t h a t  a )  i n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  n a lo x o n az in e  

f a i l e d  to  a l t e r  e i t h e r  b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  o r  jump 

t h r e s h o l d s  f o r  up to  24 h fo l l o w i n g  i t s  a d m i n i s t r a t i o n ;  b) c e n t r a l  

p r e t r e a t m e n t  w i th  n a l o x o n a z i n e ,  bu t  n o t  n a lo x o n e ,  a t t e n u a t e d  o r  

e l i m i n a t e d  morphine a n a l g e s i a  in a dose -d ep en d en t  and t e s t - d e p e n d e n t  

manner measured on t h e  t a i l - f l i c k  and jump t e s t s ;  and c )  i n t r a v e n o u s  

n a lo x o n az in e  p r e t r e a t m e n t  a t t e n u a t e d  morphine a n a l g e s i a  measured on 

t h e  jump t e s t  bu t  n o t  t h e  t a i l - f l i c k  t e s t .

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

n a lo x o n az in e  d id  no t  a l t e r  b a sa l  t a i l - f l i c k  l a t e n c i e s  o r  jump 

t h r e s h o l d s  (Exper iment 1A) a r e  in agreement w i th  p re v io u s  s t u d i e s  

employing na loxone ,  and s u g g e s t  t h a t  t o n i c  i n f l u e n c e s  p la y  a t  b e s t  a 

minor r o l e  in  t h e  a c t i v a t i o n  o f  o p i o i d  systems in  a n a l g e s i a  (G o ld s te in  

e t  a l . ,  1976; North ,  1977; W eisenfe ld  and H a l l i n ,  1983).  I t  t h e r e f o r e  

a p p ea rs  t h a t  Mul o p i o i d  b in d in g  s i t e s  a r e  a c t i v a t e d  in a p h a s i c  manner 

in  p roduc ing  o p i a t e  a n a l g e s i a .  However, i t  shou ld  be no ted  t h a t  t h e  

p r e s e n t  s tu d y  employed n a lo x o n az in e  doses  s u f f i c i e n t  t o  produce  

a t t e n u a t i o n s  o f  morphine a n a l g e s i a  ( see  fo l l o w i n g  d i s c u s s i o n ) .  I t  i s  

p o s s i b l e  t h a t  a MU1-mediated t o n i c  system may be b locked  by h i g h e r  

n a lo x o n az in e  d o s e s .  F u r the rm ore ,  o t h e r  o p i a t e  r e c e p t o r  s u b - t y p e s  may 

p ro v id e  t o n i c  i n f l u e n c e s  on pa in  p e r c e p t i o n .  For example,  s i n c e  

na loxone  does n o t  d i s c r i m i n a t e  between MU1 and MU2 s i t e s ,  one canno t
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r u l e  ou t  t h e  p o s s i b i l i t y  t h a t  MU2 s i t e s  modula te  th e  r e p o r t e d  

h y p e r a l g e s i a  f o l l o w i n g  na loxone a d m i n i s t r a t i o n  (Carmody e t  a l . ,  1979; 

Jacob e t  a l . ,  1974; Woolf,  1980b) .  O p ia te  a n t a g o n i s t s  s p e c i f i c  f o r  

MU2 and o t h e r  o p i a t e  r e c e p t o r  s u b - ty p e s  need t o  be developed  in o r d e r  

t o  a d d re s s  t h i s  i s s u e .

The deg ree  t o  which c e n t r a l  a d m i n i s t r a t i o n  o f  n a lo x o n az in e  doses  

o f  1, 5 and 50 ug a t t e n u a t e  a n a l g e s i a  induced  by a range  o f  morphine 

doses  (1 5 -0 .5  mg/kg) measured on t h e  t a i l - f l i c k  and jump t e s t s  24 h 

l a t e r  (Exper iment IB) depended upon n a lo x o n az in e  and morphine doses  as  

w e l l  a s  t h e  n o c i c e p t i v e  t e s t .  In summary, c e n t r a l  p r e t r e a t m e n t  w i th  

50 ug o f  n a lo x o n az in e  was e f f e c t i v e  in s i g n i f i c a n t l y  r ed u c in g  morphine 

a n a l g e s i a  a t  15 mg/kg on t h e  jump t e s t  and a t  5 mg/kg on t h e  

t a i l - f l i c k  t e s t ,  a t h r e e - f o l d  d i f f e r e n c e  between t e s t s .  The 50 ug 

dose  o f  na lo x o n az in e  e l i m i n a t e d  morphine a n a l g e s i a  a t  5 mg/kg on th e  

jump t e s t  and a t  2.5 mg/kg on th e  t a i l - f l i c k  t e s t ,  a tw o - f o ld  

d i f f e r e n c e  between t e s t s .  In c o n t r a s t ,  f o l l o w i n g  a 1 ug dose  o f  

n a lo x o n a z in e ,  r e d u c t i o n s  in morphine a n a l g e s i a  a r e  observed  a t  15 

mg/kg on t h e  jump t e s t  and a t  2 .5  mg/kg on t h e  t a i l - f l i c k  t e s t ,  a 

s i x - f o l d  d i f f e r e n c e  between t e s t s .  E l im in a t io n  o f  morphine (5 mg/kg) 

a n a l g e s i a  was observed  f o l lo w in g  a 1 ug dose  o f  n a lo x o n az in e  on t h e  

jump t e s t ,  bu t  a n a l g e s i a  was n e v e r  c o m p le t e ly  e l i m i n a t e d  on t h e  

t a i l - f l i c k  t e s t  a t  t h i s  d o se .  However, s i n c e  a c u t - o f f  v a lu e  o f  6 sec  

was employed in  t h e  t a i l - f l i c k  t e s t ,  i t  i s  p o s s i b l e  t h a t  

n a l o x o n a z i n e ' s  e f f e c t s  w ere ,  in  p a r t ,  i n f l u e n c e d  by a c e i l i n g  e f f e c t  

on t h i s  n o c i c e p t i v e  m easu re .  I n t e r e s t i n g l y ,  c e n t r a l  p r e t r e a t m e n t  w i th  

na loxazone  50 ug d e c r e a s e s  morphine a n a l g e s i a  (5 mg/kg) by 49% on th e
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jump t e s t  (K i r c h g e s s n e r  e t  a l . ,  1982).  Naloxonazine e l i m i n a t e d  

morphine a n a l g e s i a  on t h i s  t e s t  f o l l o w i n g  th e  same drug and t e s t  t ime 

p a r a m e t e r s .  Although na loxazone  and n a lo x o n a z in e  have i d e n t i c a l  

b iochem ica l  e f f e c t s ,  t h e s e  d a ta  d e m o n s t r a t e  b e h a v i o r a l l y  t h e  s u p e r i o r  

po tency  o f  n a lo x o n az in e  t o  na loxazone  a t  eq u im o la r  d o s e s .

In i n v e s t i g a t i n g  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p s  between 

n a lo x o n az in e  and morphine ,  i t  appea red  i n i t i a l l y  t h a t  n a l o x o n a z i n e ' s  

d o s e - r e s p o n s e  cu rve  was no t  c o m p le te ly  un ifo rm  s i n c e  t h e  1 ug 

na lo x o n az in e  dose appeared  more e f f e c t i v e  in r e d u c in g  morphine  

a n a l g e s i a  than  t h e  5 ug dose  ( s e e  F ig u re s  2 - 5 ) .  However, f o r  t h e  l a s t  

f o u r  groups  o f  an im a ls  who were t e s t e d  f o r  morphine a n a l g e s i a  o v e r  an 

ex tended  t ime c o u r s e ,  t h e  1 and 5 ug n a lo x o n az in e  doses  f a i l e d  t o  

d i f f e r  from each o t h e r  and were l e s s  e f f e c t i v e  than  th e  50  ug dose 

( F ig u re  7 ) .  I t  i s  t h e r e f o r e  d i f f i c u l t  t o  make any d e f i n i t i v e  

s t a t e m e n t s  r e g a r d in g  t h e  r e l a t i o n s h i p  between t h e  1 and 5 ug doses  o f  

n a l o x o n a z in e .  F u r t h e r  s t u d i e s  a r e  iVi p r o g r e s s  r e - e v a l u a t i n g  

n a l o x o n a z i n e ' s  e f f e c t s  ove r  a l a r g e r  dose r a n g e .  I t  shou ld  be no ted  

t h a t  we were p r i m a r i l y  i n t e r e s t e d  in t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p s  

between n a lo x o n az in e  and morphine a n a l g e s i a  and t h e r e f o r e  a n a ly z e d  t h e  

e f f e c t s  o f  n a lo x o n az in e  upon morphine a n a l g e s i a .  However, one cou ld  

examine t h e  i n f l u e n c e  o f  morphine on n a l o x o n a z i n e ' s  e f f e c t s  in  

a n a l g e s i c  and o t h e r  b e h a v io r s  a l s o .

I n t r av e n o u s  n a lo x o n az in e  p r e t r e a t m e n t  (10 mg/kg) a l s o  r e s u l t e d  in 

t e s t  s p e c i f i c  e f f e c t s ,  w i th  t h e  jump t e s t  a p p e a r in g  more s e n s i t i v e  

th a n  t h e  t a i l - f l i c k  t e s t  t o  n a l o x o n a z i n e ' s  e f f e c t s .  Morphine (3 

mg/kg, i v )  a n a l g e s i a  was e l i m i n a t e d  on t h e  jump t e s t  b u t  was
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u n a f f e c t e d  on th e  t a i l - f l i c k  t e s t  (F ig u re  9 ) .  S ince  l e s s  than  0.1% of  

in t r a v e n o u s  n a lo x o n az in e  c r o s s e s  th e  b l o o d - b r a i n  b a r r i e r  (G.W. 

P a s t e r n a k ,  p e r so n a l  communica t ion) ,  t h e  i n t r a v e n o u s  n a lo x o n a z in e  dose 

and t h e  icv  doses  employed in t h e  p r e s e n t  s tu d y  a r e  comparable  in 

c o n c e n t r a t i o n  r e a c h in g  t h e  c e n t r a l  ne rvous  sys tem .  I t  i s  t h e r e f o r e  

s u r p r i s i n g  t h a t  i n t r a v e n o u s  n a lo x o n az in e  f a i l e d  t o  a l t e r  morphine 

a n a l g e s i a  (3 mg/kg, i v )  on t h e  t a i l - f l i c k  t e s t .  One p o s s i b i l i t y  i s  

t h a t  t h e  i c v  n a lo x o n az in e  and t h e  i n t r a v e n o u s  n a lo x o n az in e  which 

e n t e r s  t h e  c e n t r a l  nervous  system may be d i f f e r e n t i a l l y  a v a i l a b l e  to  

o p i a t e  r e c e p t o r s .  This  may be due t o  d i f f e r e n c e s  in t h e  d i f f u s i o n  o f  

n a lo x o n az in e  i n t o  t i s s u e  from t h e  v e n t r i c l e ,  o r  t h e  b lo o d s t r e a m .  The 

r a t e  and e x t e n t  o f  d i f f u s i o n  o f  n a lo x o n a z in e  from t h e  v e n t r i c l e  i s  

unknown bu t  may be a f a c t o r  in  d e t e r m in in g  t h e  d u r a t i o n  and e x t e n t  o f  

i c v  e f f e c t s .  F u r t h e r  s t u d i e s  u s in g  a u t o r a d i o g r a p h y  t o  d e te rm in e  

a c c e s s  o f  d i f f e r e n t  i n j e c t i o n  r o u t e s  may p ro v id e  a more d e f i n i t i v e  

answer  t o  t h i s  p o i n t .

One rea son  f o r  t h e  d i f f e r e n c e  between r e s u l t s  u s in g  d i f f e r e n t  

measures  o f  a n a l g e s i a  i s  t h a t  t h e  a n a l g e s i c  mechanism f o r  each  pa in  

t e s t  may be d i f f e r e n t .  To i l l u s t r a t e  t h i s  p o i n t ,  some o f  th e  

b iochem ica l  and an a to m ica l  mechanisms m e d ia t in g  o p i a t e  a n a l g e s i a  in 

g e n e r a l  w i l l  be r e v ie w ed ,  i n d i c a t i n g  t h a t  t h e s e  mechanisms can be 

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

employed. The o p io id - m e d ia t e d  pa in  i n h i b i t o r y  system proposed  by 

F i e l d s  and Basbaum (1978) o r i g i n a t e s  in  t h e  m idb ra in  PAG, synapses  in  

t h e  NRM and i n h i b i t s  d o r s a l  horn n o c i c e p t i v e  neurons  th ro u g h  i t s  

s e r o t o n e r g i c  p r o j e c t i o n .  That s e r o t o n i n  i s  i n t e g r a l  f o r  t h e
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e x p r e s s io n  o f  o p i a t e  a n a l g e s i a  ( see  r e v ie w s :  Mayer and P r i c e ,  1976;

Messing and L y t l e ,  1977; Yaksh and Rudy, 1978) i s  su p p o r te d  by th e  

f a c t  t h a t  o p i a t e  a n a l g e s i a  i s  reduced  fo l l o w i n g  l e s i o n s  p la ce d  in  t h e  

NRM ( P r o u d f i t  and Anderson,  1975; Samanin e t  a l . ,  1973) o r  t h e  DLF 

(Basbaum, Marley,  O 'Keefe ,  and C lan ton ,  1977) and f o l l o w i n g  s e r o t o n i n  

d e p l e t i o n  by 5 ,6 - d i h y d r o x y t r y p t a m i n e  (5 ,6  DHT) (Vogt,  1974) o r  

p - c h l o r o p h e n y l a l a n i n e  (Tenen, 1968).  In a d d i t i o n ,  n o r a d r e n e r g i c  

neurons  may modula te  t h e  a n t i n o c i c e p t i v e  e f f e c t s  o f  o p i a t e s .  

Biochemical and h i s to c h e m ic a l  s t u d i e s  have r e v e a l e d  n o r a d r e n e r g i c  

t e r m i n a l s  in t h e  NRM (Fuxe,  1965; L e v i t t  and Moore, 1979; Saaved ra ,  

Grobecker ,  and Z i n in ,  1976),  where i o n t o p h o r e t i c  a p p l i c a t i o n  o f  

n o r e p in e p h r in e  i n h i b i t s  NRM neurona l  a c t i v i t y  (W essendorf ,  P r o u d f i t ,  

and Anderson, 1981).  A d m in i s t r a t i o n  o f  a l p h a - a d r e n e r g i c  a n t a g o n i s t s  

such a s  phen to lam ine  i n t o  t h e  NRM produce  a n a l g e s i a  (Hammond, Levy, 

and P r o u d f i t ,  1980a) .  However, de scend ing  n o r a d r e n e r g i c  pathways i n t o  

t h e  s p i n a l  cord  (Nygren and O lsen ,  1977) a r e  d i f f e r e n t i a l l y  invo lv ed  

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

produces  a n a l g e s i a  (Reddy and Yaksh, 1980; Reddy, M anderdru t ,  and 

Yaksh, 1980).  The s u p r a s p i n a l  n o r a d r e n e r g i c  sys tem i n t e r a c t s  w i th  

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

fo l l o w i n g  phen to lam ine  a d m in i s t e r e d  i n t o  t h e  NRM i s  r e v e r s e d  by 

i n t r a t h e c a l  a p p l i c a t i o n  o f  e i t h e r  phen to lam ine  (Sagen and P r o u d f i t ,

1981) o r  m e th y se rg id e  (Hammond, Levy, and P r o u d f i t ,  1980b).  These 

s p i n a l  n o r a d r e n e r g i c  and s e r o t o n e r g i c  systems a l s o  a l t e r  o p i a t e  

a n a l g e s i a .  O p ia te s  have been shown t o  produce t h e i r  a n t i n o c i c e p t i v e  

e f f e c t s  th rough  s u p r a s p i n a l  and s p i n a l  mechanisms ( s e e  rev iew :  Yaksh
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and Rudy, 1977) .  A na lges ic  r e s p o n se s  on th e  t a i l - f l i c k  and ho t  p l a t e  

t e s t s  fo l l o w i n g  s y s tem ic  morphine a d m i n i s t r a t i o n  a r e  a t t e n u a t e d  e i t h e r  

by icv  o r  i n t r a t h e c a l  naloxone a d m i n i s t r a t i o n  (Yeung and Rudy,

1980a) .  F u r the rm ore ,  th e  a n a l g e s i c  e f f e c t s  o f  icv  and i n t r a t h e c a l  

morphine i n j e c t i o n s  p o t e n t i a t e  each o t h e r  (Yeung and Rudy, 1980a) .  

C o l l e c t i v e l y ,  t h e s e  s t u d i e s  d e m o n s t ra t e  t h a t  o p i a t e  a n a l g e s i a  i s  

m ed ia ted  th rough  s e v e r a l  n e u r o t r a n s m i t t e r  systems a t  both  s p i n a l  and 

s u p r a s p i n a l  an a tom ica l  l o c i .

Given bo th  s p i n a l  and s u p r a s p i n a l  mechanisms o f  o p i a t e  a c t i o n ,  i t  

has been d em o n s t ra ted  t h a t  t h e  n o c i c e p t i v e  s t im u lu s  employed i s  a 

c r i t i c a l  f a c t o r  in  d e te r m in in g  which mechanisms w i l l  be a c t i v a t e d .

For i n s t a n c e ,  l e s i o n s  p laced  in  e i t h e r  t h e  NRM o r  t h e  PAG a t t e n u a t e  

morphine a n a l g e s i a  on th e  t a i l - f l i c k  t e s t ,  b u t  f a i l  t o  do so on th e  

f o r m a l in  t e s t  (A bbo t t ,  Melzack, and Samuel, 1982).  F u r the rm ore ,  

l e s i o n s  p la ce d  in t h e  p o n t in e  tegmentum o r  median raphe  p o t e n t i a t e  

morphine a n a l g e s i a  on th e  t a i l - f l i c k  and f o r m a l in  t e s t s  r e s p e c t i v e l y  

(Abbott  and Melzack, 1982) .  Recent e v id en c e  s u g g e s t s  t h a t  th e  

involvement o f  s p i n a l  s e r o t o n e r g i c  and n o r a d r e n e r g i c  systems in 

morphine a n a l g e s i a  can be d i s s o c i a t e d  a c r o s s  pa in  t e s t s .  I n t r a t h e c a l  

a d m i n i s t r a t i o n  o f  t h e  ca te c h o lam in e  n e u r o t o x i n  6-hydroxydopamine,  bu t  

n o t  t h e  s e r o t o n i n  n e u ro to x in  ( 5 ,6  DHT), r e d u c es  morphine a n a l g e s i a  on 

t h e  t a i l - p i n c h  t e s t  ( K u r a i s h i ,  Harada,  A r a t a n i ,  Sa toh and Takag i ,  

1983) .  In c o n t r a s t ,  i n t r a t h e c a l  a d m i n i s t r a t i o n  o f  5 , 6  DHT a t t e n u a t e s  

morphine a n a l g e s i a  on th e  ho t  p l a t e  t e s t ,  b u t  n o t  on t h e  t a i l - f l i c k  o r  

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

more p o t e n t  than
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s e r o t o n i n  in p roduc ing  a n a l g e s i a  on th e  t a i l - p i n c h  t e s t  (K u ra i sh i  e t  

a l . ,  1983)J , s u g g e s t i n g  a pr im ary  r o l e  f o r  n o r a d r e n e r g i c  mechanisms in 

m o rp h in e ' s  a n a l g e s i c  re sponse  t o  mechanical  s t i m u l a t i o n  and a pr im ary  

r o l e  f o r  s e r o t o n e r g i c  mechanisms in m o rp h in e ' s  a n a l g e s i c  r e sp o n se  to  

thermal s t i m u l i .

S p e c i f i c  s p in a l  o p i a t e  r e c e p t o r  s u b - ty p e s  a l s o  appea r  t o  be 

in vo lved  in t h e  s e l e c t i v e  m odula t ion  o f  o p i a t e  a n a l g e s i a  as  a f u n c t i o n  

o f  th e  pa in  s t im u lu s  employed. I n t r a t h e c a l  a d m i n i s t r a t i o n  o f  

m u - r ec e p to r  (morphine) and d e l t a - r e c e p t o r  ( e n k e p h a l i n ) ,  bu t  n o t  

k a p p a - r e c e p to r  ( e t h y l k e t o c y c l a z o c i n e ,  bremazocine  o r  U50488H) a g o n i s t s  

produce dose -d ep en d en t  i n c r e a s e s  in  ho t  p l a t e  and t a i l - f l i c k  l a t e n c i e s  

(Schmauss and Yaksh, 1984).  In c o n t r a s t ,  t h e  mu and kappa a g o n i s t s ,  

but no t  d e l t a  a g o n i s t s ,  produce a n a l g e s i a  on th e  w r i t h i n g  t e s t .  These 

d a ta  su g g es te  t h a t  t h e  m u - r ec e p to r  i s  invo lved  in th e  e x p r e s s i o n  of  

o p i a t e  a n a l g e s i a  a c r o s s  many pain  s t i m u l i  w h i le  t h e  d e l t a  and kappa 

r e c e p t o r s  m ed ia te  o p i a t e  a n a l g e s i a  in r e sp o n se  t o  noxious  the rm al  o r  

v i s c e r a l  s t i m u l a t i o n  r e s p e c t i v e l y .  Fur the rm ore ,  b e t a - f u n a l t r d x a m i n e  

(B-FNA), a s h o r t - l a s t i n g  k a p p a - r e c e p to r  a g o n i s t  and l o n g - l a s t i n g  

m u - r ec e p to r  a n t a g o n i s t ,  induces  a n a l g e s i a  on th e  w r i t h i n g ,  bu t  n o t  t h e  

t a i l  f l i c k  t e s t  (Ward, P o r to g h ese ,  and Takemori,  1982).

The above s t u d i e s  dem o n s t ra t e  t h a t  o p i a t e  a n a l g e s i a  may be t h e  

r e s u l t  o f  a complex i n t e r a c t i o n  between o p i a t e  r e c e p t o r  s u b - t y p e s ,  

s p i n a l  and s u p r a s p i n a l  p e p t i d e  and t r a n s m i t t e r  sy s tem s ,  and t h e  t y p e  

o f  n o c i c e p t i v e  s t i m u l u s .  S ince  n a lo x o n az in e  i s  more e f f e c t i v e  in 

r e d u c in g  morphine a n a l g e s i a  on th e  jump t e s t  than  on th e  

s p i n a l l y - m e d i a t e d  t a i l - f l i c k  t e s t ,  i t  would a p p ea r  t h a t  i t  a c t s
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p r i m a r i l y  upon s u p r a s p i n a l  mechanisms by i n t e r a c t i n g  w i th  Mill o p i a t e  

b in d in g  s i t e s  (Ling and P a s t e r n a k ,  1983) .  T h e r e f o r e ,  o p i a t e  a n a l g e s i a  

as  measured by th e  jump t e s t ,  may invo lve  s u p r a s p i n a l  mechanisms w h i l e  

a n a l g e s i a  on th e  t a i l - f l i c k  t e s t  may be t h e  r e s u l t  o f  a complex 

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

p e p t i d e  and t r a n s m i t t e r  sys tem s ,  and t h e  ty p e  o f  n o c i c e p t i v e  

s t i m u l u s .  S ince  n a lo x o n az in e  i s  more e f f e c t i v e  in r ed u c in g  morphine 

a n a l g e s i a  on th e  jump t e s t  than  on th e  s p i n a l l y - m e d i a t e d  t a i l - f l i c k  

t e s t ,  i t  would appea r  t h a t  i t  a c t s  p r i m a r i l y  upon s u p r a s p in a l  

mechanisms by i n t e r a c t i n g  w i th  MU1 o p i a t e  b in d in g  s i t e s  (Ling and 

P a s t e r n a k ,  1983).  T h e r e f o r e ,  o p i a t e  a n a l g e s i a  as  measured by t h e  jump 

t e s t ,  may in v o lv e  s u p r a s p i n a l  mechanisms w h i l e  a n a l g e s i a  on th e  

t a i l - f l i c k  t e s t  may be media ted  by both s p i n a l  and s u p r a s p in a l  

mechanisms (Yeung and Rudy, 1980a, b ) .

I t  has been shown b io c h e m ic a l ly  t h a t  n a lo x o n az in e  e x e r t s  i t s  

e f f e c t s  by b ind in g  t o  t h e  high a f f i n i t y  b in d in g  s i t e  (Mill) o f  a l l  

o p i a t e  r e c e p t o r  s u b - ty p e s  (Hahn and P a s t e r n a k ,  1982).  Naloxone, 

a l th o u g h  i t  b inds  t o  both  h igh  and low a f f i n i t y  b in d in g  s i t e s ,  does 

no t  compete e q u a l l y  w e l l  f o r  a l l  r e c e p t o r  s u b - t y p e s  (Lord e t  a l . ,  

1977) .  However, b iochem ica l  s t u d i e s  a r e  done in v i t r o  and i t  i s  

p o s s i b l e  t h a t  n a lo x o n az in e  may be hav ing  i t s  in v ivo  e f f e c t s  by a 

c o n v e r s io n  i n t o  na loxone .  V e h i c l e - t r e a t e d  an im a ls  in Experiments  IB 

and 1C d i s p l a y e d  a s i m i l a r  a n a l g e s i c  r e sp o n se  f o l l o w i n g  a morphine 

dose o f  10 mg/kg. However, c e n t r a l  p r e t r e a t m e n t  w i th  e i t h e r  na loxone  

o r  n a lo x o n az in e  doses  o f  50 ug produced c l e a r l y  d i f f e r e n t  e f f e c t s  upon 

morphine a n a l g e s i a  (F ig u re s  3 and 8 ) .  S ince  na loxone ,  u n l i k e
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n a lo x o n a z in e ,  f a i l e d  to  a l t e r  morphine a n a l g e s i a  24 n l a t e r ,  t h i s  

s u p p o r t s  t h e  c o n t e n t i o n  t h a t  n a l o x o n a z i n e ' s  e f f e c t s  a r e  due t o  i t s  

lo n g - t e rm  a b i l i t y  to  bind t o  MU1 o p i a t e  b in d in g  s i t e s .  S ince  

n a lo x o n az in e  b inds  e q u a l l y  wel l  t o  t h i s  b in d in g  s i t e  o f  a l l  o p i a t e  

r e c e p t o r  s u b - t y p e s ,  i t  i s  no t  y e t  known which r e c e p t o r  ty p e  i s  most 

im p o r tan t  in  o p i a t e  a n a l g e s i a .  One h y p o th e s i s  i s  t h a t  t h e  MU1 s i t e s  

may a c t u a l l y  r e p r e s e n t  a d i s t i n c t  s u b - c l a s s  o f  r e c e p t o r s  which mediate,  

o p i a t e  a n a l g e s i a  ( P a s t e r n a k ,  1982).  F u r the rm ore ,  t h e  p r e c i s e  

l o c a l i z a t i o n  o f  t h e s e  MU1 b in d in g  s i t e s  r e l a t i v e  t o  MU2 and o t h e r  

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

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

an a tom ica l  l o c i  which may c o n t a i n  th e  Mill b in d in g  s i t e s  r e q u i r e d  f o r  

t h e  f u l l  e x p r e s s io n  o f  morphine a n a l g e s i a .
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EXPERIMENT 2: Naloxonaz ine  and i n g e s t i v e  p r o c e s s e s .

EXPERIMENT 2A: In t r av e n o u s  na loxonaz ine  and f r e e  f e e d i n g .

R a t i o n a l e :  Acute a d m i n i s t r a t i o n  o f  na loxone  d e c r e a s e s  n o c tu r n a l

f e e d in g  in  r a t s  (Holtzman, 1974; Brown and Holtzman, 1979; Cooper,  

1980; Brands e t  a l . ,  1979) .  Chronic i n f u s i o n  o f  na loxone a l s o  

a t t e n u a t e s  f r e e  f e e d in g  ( J a lo w e ic  e t  a l . ,  1981) .  The p r e s e n t  

expe r im en t  examined w he ther  in t r a v e n o u s  a d m i n i s t r a t i o n  o f  n a lo x o n az in e  

would reduce  f e e d in g  ove r  24 h fo l l o w i n g  th e  i n j e c t i o n .

METHOD

T h i r ty - tw o  r a t s  were im plan ted  w i th  iv  c a t h e t e r s  and a l low ed  a two 

day r e c o v e ry  p e r i o d .  Food i n t a k e  over  24 h was de te rm ined  by p l a c i n g  

a p re-weighed  food b in  o f  Pur ina  Rat Chow i n t o  t h e  r a t ' s  w i r e  mesh 

cage  a t  1-3 h i n t o  t h e  l i g h t  c y c l e ,  and weigh ing  t h e  b in  24 h 

t h e r e a f t e r .  The food s p i l l a g e  was c o l l e c t e d ,  weighed and accoun ted  

f o r  in  i n t a k e  m easu re s .  Following d e t e r m i n a t i o n  o f  b a s e l i n e  24 h food 

i n t a k e s  over  a two day p e r i o d ,  an im a ls  were matched i n t o  two equal 

groups  a c c o rd in g  t o  t h e i r  24 h food i n t a k e  and were g iven an iv  

i n j e c t i o n  o f  e i t h e r  n a lo x o n a z in e  (10 mg/2 ml/kg body wt)  o r  v e h i c l e .  

Food consumpt ion was a s s e s s e d  24 h t h e r e a f t e r .

RESULTS 

I n s e r t  Table  1 h e re
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TABLE 1. Reduc t ions  in mean food i n t a k e  (S tan d a rd  E r ro r  o f  t h e  Mean: 

SEM) over  a 24 h p e r io d  f o l l o w i n g  i n t r a v e n o u s  n a lo x o n az in e  (10 mg/kg) 

p r e t r e a t m e n t .

Food In tak e  (grams)

Group B a s e l in e  P o s t - i n j e c t i o n

V eh ic le  (n=16) 20 .2  ( 1 .0 )  18.1 ( 0 . 7 ) *

Naloxonazine  (n=16) 21 .7  ( 0 .7 )  14 .7  ( 0 .9 ) * +
10 mg/kg, iv

Note 1: * i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  from b a s e l i n e  and + 

i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  from v e h i c l e  (Dunnett  com par ison ,  

p < . 0 1 ) .
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Table 1 shows t h a t  t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  in f r e e  

f e e d in g  24 h fo l l o w i n g  iv  a d m i n i s t r a t i o n  o f  10 mg/kg o f  n a lo x o n a z in e .  

S i g n i f i c a n t  d i f f e r e n c e s  between t h e  groups in b a s e l i n e  food i n t a k e  

f a i l e d  t o  o ccu r  (F (1 ,3 0 )  = 1 . 0 2 ) ,  bu t  s i g n i f i c a n t  d i f f e r e n c e s  were 

observed  between b a s e l i n e  and i n j e c t i o n  c o n d i t i o n s  (F (1 ,3 0 )  = 4 3 .9 7 ,  

p < .001) and f o r  t h e  i n t e r a c t i o n  between groups and c o n d i t i o n s  (F

(1 ,3 0 )  = 12 .96 ,  p < .0 0 1 ) .  Oecreases  in food i n t a k e  were observed

in both  v e h i c l e - t r e a t e d  and n a l o x o n a z i n e - t r e a t e d  a n im a l s ;  however,  t h e  

magnitude  o f  hypophagia  was s i g n i f i c a n t l y  g r e a t e r  in  th e  

n a l o x o n a z i n e - t r e a t e d  group (68% o f  b a s e l i n e )  a s  compared t o  t h e  

v e h i c l e - t r e a t e d  group (90% o f  b a s e l i n e )  (Dunnett  c o m p ar i so n s ) .

EXPERIMENT 28: Acute na lo x o n az in e  o r  na loxone  a d m i n i s t r a t i o n  and

d e p r i v a t i o n - i n d u c e d  food i n t a k e .

R a t i o n a l e :  The o p i a t e  a n t a g o n i s t  na loxone has been shown to

produce i t s  g r e a t e s t  a n o r e c t i c  e f f e c t s  in r a t s  d e p r iv e d  o f  food 

(Holtzman, 1974; Frenk and Rogers ,  1979; Brown and Holtzman, 1979).  

However, i t  i s  s h o r t - a c t i n g  and ,  t o  produce i t s  a n o r e c t i c  e f f e c t ,  i t  

must be a d m i n i s t e r e d  j u s t  p r i o r  t o  t h e  r e i n t r o d u c t i o n  o f  fo o d .  The 

p r e s e n t  exper im en t  e v a l u a t e d  w he ther  iv  a d m i n i s t r a t i o n  o f  e i t h e r  

n a lo x o n az in e  o r  na loxone  would reduce  i n t a k e  a f t e r  a 24 h d e p r i v a t i o n  

p e r io d  in  a s i m i l a r  f a s h i o n  t o  t h a t  o f  sy s tem ic  naloxone a d m i n i s t e r e d  

j u s t  p r i o r  t o  t h e  r e i n t r o d u c t i o n  o f  food .
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METHOD

F o r t y - n i n e  r a t s  were d iv id e d  i n t o  f i v e  g ro u p s .  Three groups

r e c e i v e d  iv i n j e c t i o n s  o f  e i t h e r  v e h i c l e  o r  n a lo x o n az in e  a t  doses  o f

10 and 20 mg/kg r e s p e c t i v e l y ,  and were then  d e p r iv ed  o f  food f o r  
*»

24 h .  The f o u r t h  and f i f t h  groups  were d e p r iv e  o f  food f o r  24 h and 

then  r e c e i v e d  10 mg/kg na loxone e i t h e r  i n t r a v e n o u s l y  10 min p r i o r  t o  

food r e i n t r o d u c t i o n  o r  s u b cu ta n e o u s ly  immedia te ly  p r i o r  to  food 

r e i n t r o d u c t i o n .  Food i n t a k e  was a s s e s s e d  two and 24 h t h e r e a f t e r .

RESULTS

I n s e r t  Tables  2 and 3 h e re

S i g n i f i c a n t  d i f f e r e n c e s  in food i n t a k e  a t  2 h f o l l o w in g  food 

r e i n s t a t e m e n t  o c c u r r e d  among th e  groups (F (5 ,4 3 )  = 3 .4 1 ,  p < . 0 2 ) .  

Table  2 i n d i c a t e s  t h a t  t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  in  i n t a k e  a t  

2 h fo l l o w i n g  r e i n t r o d u c t i o n  o f  food in an im a ls  p r e t r e a t e d  

s y s t e m i c a l l y  w i th  e i t h e r  na lo x o n az in e  o r  na loxone  (Dunn c o m p a r i s o n s ) . 

A d m in i s t r a t i o n  o f  n a lo x o n az in e  a t  doses  o f  10 and 20 mg/kg 

a d m i n i s t e r e d  a t  t h e  beg in n in g  o f  t h e  24 h d e p r i v a t i o n  p e r io d  

s i g n i f i c a n t l y  a t t e n u a t e d  i n t a k e  2 h a f t e r  food r e i n t r o d u c t i o n  (67% and 

66% o f  c o n t r o l  r e s p e c t i v e l y ) .  In c o n t r a s t ,  na loxone  a d m i n i s t r a t i o n  a t  

t h i s  same t im e  i n t e r v a l  f a i l e d  t o  a l t e r  d e p r i v a t i o n - i n d u c e d  i n t a k e .  

However, i f  na loxone  was a d m in i s t e r e d  w i t h i n  15 min p r i o r  t o  t h e  

r e i n t r o d u c t i o n  o f  food by e i t h e r  i n t r a v e n o u s  o r  subcu taneous  r o u t e s  o f
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TABLE 2. Reduction in  24 h d e p r i v a t i o n - i n d u c e d  food i n t a k e  (grams: 

SEM) fo l l o w i n g  s y s te m ic  na loxone  o r  n a lo x o n az in e  p r e t r e a t m e n t  a t  2 h 

f o l l o w i n g  food r e i n s t a t e m e n t .

D i f f e r e n c e  in
D ru g / f eed in g

i n t e r v a l
Food i n t a k e  
o v e r  2 h

f e e d in g  from 
v e h i c l e

V eh ic le  (10) 24 h 8 . 2  g ( 0 .6 )
-

Naloxonazine  (7) 
10 mg/kg, iv

24 h 5 .5  g ( 1 .2 ) + -33%

Naloxonaz ine  (8) 
20 mg/kg, iv

24 h 5 . 4  g ( 1 .4 ) + -34%

Naloxone (8) 
10 mg/kg, iv

24 h 8 . 9  g ( 0 .8 )

Naloxone (10) 
10 mg/kg, iv

10 min 4 . 8  g (0 .9 ) + -42%

Naloxone (6) 
10 mg/kg, sc

0 min 5 . 0  g ( 0 .8 ) + -39%

Note 1. + i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  from v e h i c l e  (Dunnett

com par ison ,  p < . 0 5 ) .
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TABLE 3 . F a i l u r e  o f  sy s tem ic  naloxone o r  na lo x o n az in e  p r e t r e a t m e n t  to  

a l t e r  d e p r i v a t i o n - i n d u c e d  food i n t a k e  (grams) 24 h fo l l o w i n g  food 

r e i n s t a t e m e n t .

Group (n)
D rug / feed ing

i n t e r v a l
Food i n t a k e  
ov e r  24 h

V eh ic le  (10) 24 h 32.6

Naloxonazine  (7) 
10 mg/kg, iv

24 h 2 7 .3

Naloxonaz ine  (8) 
20 mg/kg, iv

24 h 22.9

Naloxone (8) 
10 mg/kg, iv

24 h 33.7

Naloxone (10) 
10 mg/kg, iv

10 min 29.7

Naloxone (6) 0 min 25 .8
10 mg/kg, sc

67



a d m i n i s t r a t i o n ,  i t  s i g n i f i c a n t l y  reduced  i n t a k e  (59% and 61% o f  

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

i n h i b i t i o n  f a i l e d  to  d i f f e r  between n a lo x o n az in e  a d m i n i s t e r e d  24 h 

p r i o r  and na loxone  a d m in i s t e r e d  15 min p r i o r  t o  food r e i n t r o d u c t i o n .  

However, w h i l e  n a lo x o n az in e  and na loxone i n h i b i t e d  i n t a k e  2 h 

f o l l o w i n g  r e i n t r o d u c t i o n  o f  food ,  Table  3 shows t h a t  s i g n i f i c a n t  

e f f e c t s  were no t  p r e s e n t  24 h a f t e r  food r e i n t r o d u c t i o n  (F (5 ,4 3 )  =

1 . 7 4 ) .

EXPERIMENT 2C: Acute n a lo x o n az in e  o r  na loxone  a d m i n i s t r a t i o n  and

2-DG-induced h y p e rp h a g ia .

R a t i o n a l e :  2-DG induces  g l u c o p r i v a t i o n  (Wick e t  a l . ,  1957) and

hyperphag ia  (Smith and E p s t e in ,  1969) which i s  a t t e n u a t e d  by na loxone  

(Lowy e t  a l . ,  1980; Sewell  and J a w a h a r l a l ,  1980) .  Maximal 2-DG 

h yperphag ia  o ccu rs  w i t h i n  4 h f o l l o w i n g  2-DG a d m i n i s t r a t i o n  and can be 

a t t e n u a t e d  by na loxone  given j u s t  p r i o r  t o  t h e  2-DG. To a s s e s s  

n a l o x o n a z i n e ' s  l o n g - t e rm  a n o r e c t i c  e f f e c t s ,  t h e  p r e s e n t  s t u d y  compared 

p r e t r e a t m e n t  w i th  n a lo x o n az in e  24 h p r i o r  t o  t h e  2-DG a d m i n i s t r a t i o n  

upon 2-DG hyperphag ia  w i th  na loxone  a d m i n i s t e r e d  j u s t  p r i o r  t o  t h e  

2-DG i n j e c t i o n .

METHOD

Three groups o f  e i g h t  r a t s  were u sed .  The f i r s t  two groups  

r e c e i v e d  in t r a v e n o u s  v e h i c l e  o r  10 mg/kg o f  na loxonaz ine  24 h p r i o r  t o
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i n t r a p e r i t o n e a l  2-DG (400 mg/kg) .  The t h i r d  group r e c e i v e d  10 mg/kg 

o f  na loxone  s u b c u ta n e o u s ly  j u s t  p r i o r  t o  2-DG a d m i n i s t r a t i o n ,  th u s  

r e p l i c a t i n g  p re v io u s  work (Lowy e t  a l . ,  1980; Sewell and J a w a h a r l a l ,  

1980) .  Food consumpt ion was a s s e s s e d  2 and 4 h fo l l o w i n g  t h e  2-DG 

i n j e c t i o n .

RESULTS 

I n s e r t  Table 4 h e re

S i g n i f i c a n t  d i f f e r e n c e s  in  food i n t a k e  were obse rved  among th e  

groups a t  2 h (F (2 ,21 = 15 .72 ,  p < .001)  and a t  4 h (F (2 ,21 = 9 .8 7 ,  

p < .001) f o l l o w i n g  2-DG a d m i n i s t r a t i o n .  Table  4 shows t h a t  

immediate p r e t r e a t m e n t  w i th  na loxone  s i g n i f i c a n t l y  a t t e n u a t e d  food 

i n t a k e  a t  2 and 4 h f o l l o w i n g  2-DG a d m i n i s t r a t i o n  (Dunnett  

c o m p a r i so n s ) .  In c o n t r a s t ,  l o n g - t e rm  p r e t r e a t m e n t  w i th  n a lo x o n a z in e  

f a i l e d  t o  a l t e r  i n t a k e  2 h fo l l o w i n g  2-DG and s i g n i f i c a n t l y  i n c r e a s e d  

food i n t a k e  2 h l a t e r .  These r e s u l t s  a r e  in  agreement w i th  p re v io u s  

f i n d i n g s  (Lowy e t a l . ,  1980; Sewell  and J a w a h a r l a l ,  1980) t h a t  

n a lo x o n e ,  when a d m i n i s t e r e d  j u s t  p r i o r  t o  2-DG, a t t e n u a t e s  t h e  2-DG 

induced hype rphag ic  r e s p o n s e ,  bu t  d e m o n s t r a t e s  a c l e a r  d i s s o c i a t i o n  

between n a l o x o n e ' s  s h o r t - t e r m  and n a l o x o n a z i n e ' s  l o n g - t e rm  e f f e c t s  on 

t h i s  m easure .

69



TABLE 4 .  A l t e r a t i o n s  in 2-DG (400 mg/kg) hyperphag ia  f o l l o w in g  

sy s tem ic  naloxone o r  na lo x o n az in e  p r e t r e a t m e n t .

Post-2-DG (h)
Food In ta k e  (grams: SEM)

Group (n) 2 4

V eh ic le  (8) 4 .3  ( 0 .7 )  6.1 ( 0 .8 )

Naloxonazine (8) 5 . 3  ( 0 .7 )  8 .5  ( 1 . 0 ) +
10 mg/kg, iv

Naloxone (8) 0 . 7  (0 .3 )+ +  3 .3  (0 .7 )+ +
10 mg/kg, sc

Note 1.  S i g n i f i c a n t  d i f f e r e n c e  from v e h i c l e  (Dunnett  c o m par i sons ,  

+ p < .0 5 ;  ++ p < . 0 1 ) .
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EXPERIMENT 20 :  C e n t r a l  a d m i n i s t r a t i o n  o f  n a l o x o n a z i n e  an d  f r e e

f e e d i n g .

R a t i o n a l e :  Cen t ra l  a d m i n i s t r a t i o n  o f  e i t h e r  morphine o r

endogenous o p io id  p e p t i d e s  e l i c i t s  f e e d in g  which i s  r e v e r s e d  by 

na loxone  (McKay e t  a l . ,  1979; Morley and Levine ,  1982; Le ibow itz  and 

Hor, 1980; McLean and Hobel, 1980) .  However, th e  l o n g - t e rm  e f f e c t s  o f  

c e n t r a l l y - a d m i n s i t e r e d  o p i a t e  a n t a g o n i s t s  upon i n g e s t i o n  has  n o t  been 

i n v e s t i g a t e d .  The purpose  o f  t h e  p r e s e n t  exp e r im en t  was t o  examine 

t h e  e f f e c t s  o f  c e n t r a l l y - a p p l i e d  na lo x o n az in e  upon f r e e  f e e d i n g  and t o  

d e te rm in e  i f  t h e s e  e f f e c t s  a r e  s i m i l a r  t o  t h o s e  produced f o l l o w i n g  iv  

a d m i n i s t r a t i o n .

METHOD

Twenty-four c a n n u la t e d  r a t s  were d iv id e d  i n t o  f o u r  g ro u p s .  S ince  

t h e s e  an im a ls  were t h e  same a s  t h o s e  used in  Experiment  1A, t h e y  were 

matched a cc o rd in g  to  t h e i r  b a s e l i n e  t a i l - f l i c k  l a t e n c i e s  and jump 

t h r e s h o l d s .  Each animal r e c e i v e d  icv  v e h i c l e  o r  n a lo x o n a z in e  a t  a 

dose o f  e i t h e r  1,  5 ,  o r  5 ug.  Food consumption was measured o v e r  24 h 

f o l l o w i n g  th e  i n j e c t i o n .

RESULTS 

I n s e r t  Table 5 h e re
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TABLE 5 .  F a i l u r e  o f  c e n t r a l  a d m i n i s t r a t i o n  o f  n a l o x o n a z i n e  t o  a l t e r

f r e e  f e e d i n g  o v e r  24 h .

Group

Vehic le

Naloxonazine (1 ug) 

Naloxonazine  (5 ug) 

Naloxonazine (50 ug)

Food In tak e  (grams: SEM)

16.7  ( 1 .4 )

11 .8  ( 1 .9 )

14 .9  ( 1 .5 )

17.6  (1 .5 )
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Free f e e d in g  was n o t  a l t e r e d  by any o f  the  n a lo x o n az in e  doses  

(Tab le  5 ) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in  food i n t a k e  among 

t h e  groups (F (3 ,4 2 )  = 2 .6 7 ,  p < . 0 6 ) .  The a p p a r e n t  r e d u c t i o n  in 

i n t a k e  o bse rved  in an im a ls  p r e t r e a t e d  w i th  t h e  1 ug n a lo x o n az in e  dose 

(71% o f  c o n t r o l )  f a i l e d  to  a ch ie v e  s t a t i s t i c a l  s i g n i f i c a n c e .

EXPERIMENT 2E: C en t ra l  na lo x o n az in e  o r  na loxone and

d e p r i v a t i o n - i n d u c e d  i n t a k e .

R a t i o n a l e :  I n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  na loxone

d e c r e a s e s  f e e d in g  fo l l o w i n g  d e p r i v a t i o n  (Jones  and R i c h t e r ,  1981) .  In 

o r d e r  t o  o b t a i n  t h i s  e f f e c t ,  na loxone  has been a d m i n i s t e r e d  a t  t h e  end 

o f  t h e  d e p r i v a t i o n  p e r i o d .  The p r e s e n t  s tudy  compared t h e  e f f e c t s  o f  

c e n t r a l  a d m i n i s t r a t i o n  o f  e i t h e r  n a lo x o n az in e  o r  na loxone  upon 

d e p r i v a t i o n - i n d u c e d  i n t a k e  when a d m in i s t e r e d  a t  t h e  beg in n in g  o f  t h e  

d e p r i v a t i o n  p e r i o d ,  24 h p r i o r  t o  food r e i n s t a t e m e n t .

METHOD

Twenty -four  c a n n u la t e d  r a t s  were matched i n t o  t h r e e  groups on th e  

b a s i s  o f  t h e i r  24 h food i n t a k e .  The groups  r e c e i v e d  icv  i n j e c t i o n s  

o f  e i t h e r  50 ug o f  n a lo x o n a z in e ,  50 ug o f  na lo x o n e ,  o r  v e h i c l e  

r e s p e c t i v e l y  and then  were d e p r iv e d  o f  food f o r  24 h.  Fo llowing 

d e p r i v a t i o n ,  food i n t a k e  was a s s e s s e d  a t  2 and 24 h .

RESULTS 

I n s e r t  Table 6 h e re
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TABLE 6 .  Reduction in 24 h d e p r i v a t i o n - i n d u c e d  i n t a k e  fo l l o w i n g  

c e n t r a l  n a lo x o n az in e  a t  24 h bu t  n o t  2 h f o l l o w i n g  r e i n t r o d u c t i o n  o f  

food .

P o s t - d e p r i v a t i o n  (h)
In ta k e  (grams: SEM)

Group (n) 2 24

V ehic le  (9) 4 . 3  ( 0 .4 )  31.5 ( 1 . 2 )

Naloxone (9) 4 .7  ( 0 .5 )  28 .2  ( 0 . 8 )

Naloxonazine (8) 3 . 0  ( 0 . 7 )  2 2 .8  ( 3 . 9 ) +

Note 1. All i n j e c t i o n s  were a d m i n i s t e r e d  a t  t h e  b e g in n in g  o f  th e  

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

(Dunn com par isons ,  p < . 0 1 ) .
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Table 6 shows t h a t  t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  in food 

in t a k e  o f  n a l o x o n a z i n e - t r e a t e d  an im a ls  a t  24 h ,  bu t  no t  a t  2 h (F 

(2 ,2 3 )  = 2 .62)  f o l l o w i n g  th e  d e p r i v a t i o n  p e r i o d .  S i g n i f i c a n t  

d i f f e r e n c e s  in food i n t a k e  a t  24 h o c c u r r e d  f o r  t h e  i n t e r a c t i o n  

between groups and c o n d i t i o n s  (F (2 ,2 3  = 5 . 1 6 ,  p < . 0 1 ) ,  bu t  no t  

among groups (F (2 ,2 3 )  = 1 .75)  o r  t r e a t m e n t  c o n d i t i o n s  (F (1 ,2 3 )  = 

2 . 4 3 ) .  P r e t r e a tm e n t  w i th  na loxone a t  t h e  beg in n in g  o f  t h e  d e p r i v a t i o n  

p e r i o d ,  24 h p r i o r  t o  t h e  r e i n t r o d u c t i o n  o f  fo od ,  f a i l e d  t o  a l t e r  

d e p r i v a t i o n - i n d u c e d  i n t a k e  a t  e i t h e r  2 o r  24 h fo l l o w i n g  

r e i n t r o d u c t i o n  o f  fo o d .

75



DISCUSSION

In a s s e s s i n g  th e  e f f e c t s  o f  n a lo x o n az in e  upon i n g e s t i v e  b e h a v io r s ,  

i t  was found t h a t  in t r a v e n o u s  a d m i n i s t r a t i o n  a )  was more e f f e c t i v e  

than  c e n t r a l  a d m i n i s t r a t i o n  in a t t e n u a t i n g  f r e e  f e e d i n g ;  b) was more 

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

hype rphag ia  induced by 24 h o f  food d e p r i v a t i o n ;  bu t  c )  f a i l e d  t o  

a l t e r  t h e  hype rphag ic  r e sp o n se  f o l l o w i n g  2-DG a d m i n i s t r a t i o n .  While 

n a lo x o n az in e  e x e r t e d  i t s  hype rphag ic  e f f e c t s  over  a 24 h p e r i o d ,  t h e  

d u r a t i o n  o f  n a lo x o n e- in d u ced  hypophagia  was shown to  be s h o r t - t e r m .

The i n i t i a l  o b s e r v a t i o n  t h a t  sy s tem ic  morphine i n c r e a s e d  food 

consumption  in r a t s  (Mart in  e t  a l . ,  1963) t o g e t h e r  w i th  t h e  subsequen t  

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

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

i n g e s t i v e  b e h a v i o r s .  I t  i s  now a p p a r e n t  t h a t  endogenous o p i o i d s  p lay  

a modu la to ry  r o l e  in f r e e  f e e d in g  as  wel l  as  t h e  hype rphag ic  r e sp o n se s  

which fo l lo w  c e r t a i n  s t r e s s f u l  s i t u a t i o n s .  Systemic  a d m i n i s t r a t i o n  o f  

t h e  m u - rec e p to r  a g o n i s t  morphine ( Ja lo w e ic  e t  a l . ,  1981; Sanger and 

McCarthy, 1980),  k a p p a - r e c e p t o r  a g o n i s t s  k e t o c y c l a z o c i n e ,  

e t h y l k e t o c y c l a z o c i n e  and c y c l a z o c i n e  (Lowy and Yim, 1982; Morley e t  

a l . ,  1982; Sanger and McCarthy, 1981),  and the  s i g m a - r e c e p t o r  a g o n i s t  

SKF-0047 (Gosnell  e t  a l . ,  1983) s t i m u l a t e  f e e d in g  in t h e  r a t ,  an 

e f f e c t  which i s  r e v e r s e d  by na loxone .  I n t r a c e r e b r o v e n t r i c u l a r  

a d m i n i s t r a t i o n  o f  e i t h e r  b e t a - e n d o r p h in  (McKay e t  a l . ,  1981) o r  

dynorphin  (Morley and Levine ,  1981) a l s o  induces  n a l o x o n e - r e v e r s i b l e  

i n c r e a s e d  f e e d in g  in  t h e  r a t .  Naloxone 's  s h o r t  d u r a t i o n  fo  a c t i o n
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induces  b r i e f  (1 -2  h) d e c r e a s e s  in f e e d in g  which a r e  o f t e n  fo l low ed  by 

compensa tory  f e e d in g  (Cooper,  1980).  T h e r e f o r e ,  na loxone does not 

produce  any l o n g - l a s t i n g  a n o r e c t i c  e f f e c t s  upon i n g e s t i o n .  In 

a d d i t i o n ,  t h e  s p e c i f i c i t y  o f  na loxone in r e d u c in g  food i n t a k e  has been 

q u e s t i o n e d  s i n c e  s e v e r a l  s t u d i e s  have r e p o r t e d  nausea and l e a r n e d  

t a s t e  a v e r s i o n s  fo l l o w i n g  na loxone a d m i n i s t r a t i o n  (Frenk and Rogers,  

1979; Goldberg ,  Morse, and Goldberg ,  1976; LeBlanc and C ap p e l l ,  1975).

The r e s u l t s  o f  Exper iment  2A a r e  in agreement w i th  p re v io u s  

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

was s i g n i f i c a n t l y  reduced  ove r  a 24 h p e r i o d  fo l l o w in g  i n t r a v e n o u s  

a d m i n i s t r a t i o n  o f  n a lo x o n a z in e  (10 mg/kg) ,  an e f f e c t  presumably  due to  

i t s  l o n g - t e rm  a b i l i t y  t o  b lock  MU1 b in d in g  s i t e s  (Hahn and P a s t e r n a k ,

1982) .  V e h i c l e - t r e a t e d  r a t s  a t e  l e s s  than  t h e i r  b a s e l i n e  va lue  over  

th e  24 h p e r i o d ,  b u t  t h i s  i n h i b i t i o n  was smal l  and on ly  observed  in 

t h i s  p a r t i c u l a r  g roup .  I t  shou ld  be no ted  t h a t  t h e  magnitude  o f  

i n h i b i t i o n  induced by na lo x o n az in e  ove r  a 24 h p e r io d  i s  comparable  to  

t h e  magnitude  o f  i n h i b i t i o n  induced by na loxone  ove r  a s h o r t  p e r i o d .  

This  s u g g e s t s  t h a t  bo th  na loxone and n a lo x o n az in e  a r e  a c t i n g  on 

s i m i l a r  mechanisms, presumably  t h e  Mill s i t e s ,  even though 

n a l o x o n a z i n e ' s  e f f e c t s  a r e  o f  lo n g e r  d u r a t i o n .  I n t r a c e r e b r o -  

v e n t r i c u l a r  n a lo x o n az in e  a t  doses  employed in t h e  p r e s e n t  s tu d y  

(Exper iment 2D) f a i l e d  t o  s i g n i f i c a n t l y  reduce  f r e e  f e e d i n g .  A c l e a r  

d o s e - r e s p o n s e  f u n c t i o n  was n o t  a p p a r e n t  s i n c e  t h e  most e f f e c t i v e  

c e n t r a l  dose was 1 ug .  Tnis  l a c k  o f  congruence  between in t r a v e n o u s  

and c e n t r a l  r o u t e s  o f  na lo x o n az in e  a d m i n i s t r a t i o n  upon f r e e  f e e d in g  i s  

in  c o n t r a s t  t o  t h e  s i t u a t i o n  w i th  morphine a n a l g e s i a ,  where both
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r o u t e s  o f  n a lo x o n az in e  a d m i n i s t r a t i o n  a r e  e q u a l l y  e f f e c t i v e .  One 

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

does n o t  a l low  a c c e s s  o f  n a lo x o n az in e  to  t h e  a p p r o p r i a t e  an a tom ica l  

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

a d m i n i s t r a t i o n ,  however,  a l lo w s  i r r i g a t i o n  o f  many a d d i t i o n a l  b r a i n  

s t r u c t u r e s .  A u to ra d io g ra p h ic a I  s t u d i e s  a r e  needed to  d e te rm in e  th e  

d i s t r i b u t i o n  o f  n a lo x o n a z in e  f o l lo w in g  both  r o u t e s  o f  a d m i n i s t r a t i o n .  

F u r th e rm o re ,  d e f i n i t i v e  s t a t e m e n t s  can n o t  be made r e g a r d i n g  th e  lack  

o f  a c e n t r a l  a n t a g o n i s t  e f f e c t  u n t i l  l a r g e r  s u b j e c t  samples ov e r  w id e r  

dose  ranges  and sampl ing p e r i o d s  a r e  a s s e s s e d .

Systemic  a d m i n i s t r a t i o n  o f  na loxone  has been shown t o  reduce  t h e  

hy pe rphag ia  a s s o c i a t e d  w i th  s e v e r a l  env i ronm en ta l  m a n i p u l a t i o n s ,  

i n c l u d i n g  food d e p r i v a t i o n  (Holtzman, 1974; Brown and Holtzman, 1979; 

Frenk and Rogers ,  1979; Lowy e t  a l . ,  1980) ,  2-DG a d m i n i s t r a t i o n  (Lowy 

e t  a l ,  1980; Sewell  and J a w a h a r l a l ,  1980) and t a i 1 - p i n c h  (Morley and 

Levine ,  1980).  P r e t r e a t m e n t  w i th  i n t r a v e n o u s  n a lo x o n az in e  (10 o r  20 

mg/kg) bu t  n o t  na loxone  (10 mg/kg) a t  t h e  b eg inn ing  o f  t h e  d e p r i v a t i o n  

p e r io d  a t t e n u a t e d  d e p r i v a t i o n - i n d u c e d  hype rphag ia  2 h a f t e r  food 

r e i n t r o d u c t i o n .  Seve ra l  l i n e s  o f  ev id en ce  s u g g e s t  t h a t  t h e s e  e f f e c t s  

a r e  m ed ia ted  th rough  n a l o x o n a z i n e ' s  l o n g - t e rm  a b i l i t y  t o  b ind  t o  MU1 

s i t e s .  F i r s t ,  n a lo x o n a z in e ,  bu t  n o t  n a lo x o n e ,  reduced  

d e p r i v a t i o n - i n d u c e d  i n t a k e  even i f  i t  was a d m in i s t e r e d  a t  t h e  

b e g in n in g  o f  t h e  d e p r i v a t i o n  p e r i o d .  This p rec lu d ed  th e  p o s s i b i l i t y  

t h a t  n a lo x o n az in e  was e x e r t i n g  such e f f e c t s  by c o n v e r t i n g  i n t o  

n a lo x o n e .  Second, s i n c e  lo n g - t e rm  p r e t r e a t m e n t  w i th  n a lo x o n a z in e  and 

s h o r t - t e r m  p r e t r e a t m e n t  w i th  na loxone produced s i m i l a r  m agni tudes  o f
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i n h i b i t i o n  o f  d e p r i v a t i o n - i n d u c e d  i n t a k e ,  i t  ap p ea rs  t h a t  t h e y  a r e  

a c t i n g  on s i m i l a r  mechanisms, presumably  Mill o p i o i d  b in d in g  s i t e s .  

T h i r d ,  s i n c e  l o n g - t e rm  p r e t r e a t m e n t  w i th  n a lo x o n az in e  and s h o r t - t e r m  

p r e t r e a t m e n t  w i th  na loxone  i n h i b i t e d  i n t a k e  a t  2 h bu t  n o t  24 h 

fo l l o w i n g  food r e i n t r o d u c t i o n ,  t h i s  s u g g e s t s  t h a t  t h e  MU1 s i t e  

m odu la tes  s h o r t - t e r m  hunger s i g n a l s ,  bu t  i s  supplemented by o t h e r  

n e u r a l . a n d / o r  hormonal mechanisms ove r  th e  lo n g e r  t e rm .

C entra l  a d m i n i s t r a t i o n  o f  e i t h e r  na loxone  (50 ug) o r  n a lo x o n az in e  

(50 ug) f a i l e d  t o  a l t e r  d e p r i v a t i o n - i n d u c e d  hyperphag ia  2 h f o l l o w i n g  

food r e i n s t a t e m e n t  t o  th e  same deg ree  a s  in t r a v e n o u s  i n j e c t i o n .  

P rev io u s  s t u d i e s  have shown t h a t  t h e  deg ree  o f  i n h i b i t i o n  o f  

d e p r i v a t i o n - i n d u c e d  i n t a k e  i s  l e s s  fo l l o w i n g  c e n t r a l  a s  compared to  

sy s tem ic  a d m i n i s t r a t i o n  o f  na loxone  (Jones  and R i c h t e r ,  1981).  The 

smal l  bu t  s i g n i f i c a n t  r e d u c t i o n  in n a l o x o n a z i n e - t r e a t e d  an im a ls  in 

d e p r i v a t i o n - i n d u c e d  i n t a k e  24 h a f t e r  food r e i n t r o d u c t i o n  i s  d i f f i c u l t  

t o  i n t e r p r e t ,  bu t  may have t o  do w i th  t h e  c l e a r a n c e  o f  t h e  a n t a g o n i s t  

front t h e  v e n t r i c u l a r  s p a c e .  The s i t e  o f  a c t i o n  i s  a s  y e t  unknown and 

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

shou ld  be c a r r i e d  o u t .  Yet,  i t  i s  im p o r tan t  to  n o te  th e  comparison 

between c o n s i s t e n t  and i n c o n s i s t e n t  e f f e c t s  o f  c e n t r a l  n a lo x o n az in e  

upon morphine a n a l g e s i a  and d e p r i v a t i o n - i n d u c e d  i n t a k e  r e s p e c t i v e l y .

Naloxonazine (10 mg/kg) a d m i n i s t e r e d  i n t r a v e n o u s l y  24 h p r i o r  t o  

2-DG (400 mg/kg) f a i l e d  t o  a l t e r  t h e  hyperphag ia  observed  2 o r  4 h 

f o l l o w i n g  o n s e t  o f  g l u c o p r i v a t i o n .  In f a c t ,  food  i n t a k e  was 

s i g n i f i c a n t l y  in c r e a s e d  a t  4 h r e l a t i v e  t o  v e h i c l e - t r e a t e d  c o n t r o l s .

In c o n t r a s t ,  immediate p r e t r e a t m e n t  w i th  na loxone s i g n i f i c a n t l y
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d e c r e a se d  2-DG hyperphag ia  a t  2 and 4 h ,  c o n f i rm in g  p re v io u s  r e p o r t s  

(Lowy e t  a l . ,  1980; Sewell  and J a w a h a r l a l ,  1980).  T h e r e f o r e ,  

n a l o x o n a z i n e ' s  e f f e c t s  upon i n g e s t i v e  b e h a v io r s  d i s s o c i a t e  between 

i n h i b i t i o n  o f  f r e e  f e e d in g  o r  d e p r i v a t i o n - i n d u c e d  hype rphag ia  and 

f a i l u r e  to  a l t e r  2-DG h y p e rp h a g ia .  On th e  o t h e r  hand, na loxone  

d e c r e a s e s  f e e d in g  in  a l l  t h r e e  pa rad igm s,  i n d i c a t i n g  a r o l e  f o r  o p i a t e  

r e c e p t o r s  in e a c h .  One e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e s  between t h e  

r e s p e c t i v e  a b i l i t i e s  o f  na loxone and n a lo x o n az in e  to  i n h i b i t  

2-DG-induced i n t a k e  may in v o lv e  o p i a t e  r e c e p t o r  s u b - t y p e s  w i th  which 

t h e s e  compounds i n t e r a c t .  S ince  n a lo x o n a z in e ,  l i k e  na loxone ,  

d e c r e a s e s  f r e e  f e e d in g  and d e p r i v a t i o n - i n d u c e d  h y p e rp h a g ia ,  t h i s  would 

s u g g e s t  a r o l e  f o r  Mill b in d in g  s i t e s  in t h e s e  two ty p e s  o f  f e e d i n g .  

S ince  na loxone  a lo n e  d e c r e a s e s  t h e  h y pe rphag ic  r e sp o n se  f o l l o w i n g  

2-DG, i t  would ap p ea r  t h a t  n a l o x o n a z i n e - i n s e n s i t i v e  MU2 o r  o t h e r  

o p io id  b ind in g  s i t e s  m e d ia te  t h i s  e f f e c t .  Fu tu re  s t u d i e s  employing 

n a lo x o n az in e  can d e te rm in e  w he ther  t h e  MU1 s i t e  m e d ia te s  t h e  f e e d in g  

re s p o n se s  f o l l o w i n g  a d m i n i s t r a t i o n  o f  mu, kappa and sigma r e c e p t o r  

a g o n i s t s .
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GENERAL DISCUSSION

The development o f  s p e c i f i c  and l o n g - l a s t i n g  o p i a t e  a n t a g o n i s t s  

has p rov ided  i n s i g h t  i n t o  t h e  mechanisms th rough  which o p i a t e s  produce 

t h e i r  e f f e c t s .  The p r e s e n t  r e s u l t s  have conf i rmed  t h e  im por tance  o f  

t h e  MU1 o p io id  b ind in g  s i t e s  in t h e  e x p r e s s i o n  o f  o p i a t e  a n a l g e s i a .  

A d d i t i o n a l l y ,  th rough  t h e  use  o f  n a lo x o n a z in e ,  they  p ro v id e  ev id en ce  

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

MU1 s i t e s  a r e  invo lv ed  in t h e s e  two d i s t i n c t  b e h a v i o r s ,  t h e i r  

mechanisms o f  a c t i o n  a p p ea r  t o  be d i f f e r e n t .  The o p i a t e  r e c e p t o r s  

i n v o lv ed  in a n a l g e s i a  appea r  t o  be p h a s i c a l l y  a c t i v a t e d ,  s i n c e  

n a lo x o n az in e  a t t e n u a t e d  morphine a n a l g e s i a  bu t  f a i l e d  t o  a l t e r  b a sa l  

pa in  t h r e s h o l d s .  In c o n t r a s t ,  o p i a t e  r e c e p t o r s  invo lved  in f e e d in g  

seem to  be t o n i c a l l y  a c t i v e ,  s i n c e  n a lo x o n az in e  s i g n i f i c a n t l y  reduced  

f r e e  f e e d i n g .

MU1 o p i o i d  b in d in g  s i t e s  have been i m p l i c a t e d  in o p i a t e  a n a l g e s i a ,  

f r e e  f e e d in g  and d e p r i v a t i o n - i n d u c e d  h y p e rp h a g ia .  Fu tu re  s t u d i e s  a r e  

p lanned  t o  examine t h e  r o l e  o f  t h e s e  b in d in g  s i t e s  in s e v e r a l  a s p e c t s  

o f  t h e s e  b e h a v i o r s .  For example ,  t h e  r o l e  o f  MU1 b in d in g  s i t e s  in  

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

(Lewis e t  a l . ,  1980) needs  t o  be e v a l u a t e d .  In a d d i t i o n ,  t h e  e f f e c t s  

o f  n a lo x o n az in e  upon p e p t i d e r g i c  a n a l g e s i a  should  be e v a l u a t e d  to  

d e te rm in e  w he ther  t h e s e  a n a l g e s i c  r e s p o n se s  p o s se s s  an o p i o i d  

component u n d e te c t e d  by na loxone .

Many s t r e s s o r s  induce  hyperphag ia  and o b e s i t y  which i s  r e v e r s e d  by 

n a lo x o n e .  The p r e s e n t  s t u d i e s  have d em ons t ra t ed  t h a t  MU1 s i t e s  a r e
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invo lv ed  in f r e e  f e e d in g  and d e p r i v a t i o n - i n d u c e d  f e e d i n g ,  b u t  no t  

hyperphag ia  f o l l o w i n g  2-DG a d m i n i s t r a t i o n .  This e f f e c t  may be 

m ed ia ted  th rough  MU2 o r  o t h e r  b ind ing  s i t e s  s i n c e  t h e  r e sp o n se  i s  

a t t e n u a t e d  by na lo x o n e .  I t  i s  im p o r tan t  t o  know under  which 

c o n d i t i o n s  t h e  MU1 s i t e s  m ed ia te  f e e d in g  and under  which c i r c u m s t a n c e s  

o t h e r  r e c e p t o r  s i t e s  a r e  in v o lv e d .  Perhaps c e r t a i n  c h a r a c t e r i s t i c s  o f  

s t r e s s  promote t h e  i n f l u e n c e  o f  one ty p e  o f  b in d in g  s i t e  w h i l e  o t h e r  

f a c t o r s  promote t h e  involvement  o f  a n o t h e r  ty p e  o f  b in d in g  s i t e .  

Through th e  use  o f  n a lo x o n a z in e ,  i t  shou ld  be p o s s i b l e  t o  d e te r m in e  

t h e  r o l e  o f  t h e  MU1 o p i o i d  b ind in g  s i t e s  in o t h e r  b e h av io r s  as  w e l l ,  

such as  t o l e r a n c e  and dependence.

While l o n g - l a s t i n g  o p i a t e  a n t a g o n i s t s  such as  n a lo x o n az in e  p ro v id e

in fo r m a t io n  abou t  t h e  b e h a v io r a l  r o l e  o f  t h e  MU1 o p io id  b in d in g  s i t e s ,

th e  neuroana tom ica l  l o c a l i z a t i o n  o f  t h e s e  b in d in g  s i t e s  i s  unknown.

A u to ra d io g ra p h ic a l  s t u d i e s  employing l a b e l l e d  n a lo x o n az in e  may p ro v id e

us w i th  t h i s  i n f o r m a t i o n .  Although one can o n ly  s p e c u l a t e  ab o u t  t h e i r
*

l o c a l i z a t i o n ,  p o s s i b l e  l o c i  o f  MU1 s i t e s  m e d ia t i n g  o p i a t e  a n a l g e s i a  

may be in  a r e a s  o f  t h e  b r a i n  stem such a s  t h e  PAG and NRM s i n c e  

o p i a t e s  i n j e c t e d  i n t o  t h e s e  a r e a s  produce n a l o x o n e - r e v e r s i b l e  

a n a l g e s i a .  The MU1 s i t e s  invo lved  in  i n g e s t i v e  p r o c e s s e s  may be 

w i th in  t h e  hypotha lam us,  s p e c i f i c a l l y  t h e  PVN and VMH s i n c e  o p i a t e s  

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

l o c a l i z a t i o n  o f  t h e s e  b in d in g  s i t e s  i s  e s t a b l i s h e d ,  t h e  l o c a l i z a t i o n  

s i g n i f i c a n c e  may be d e r i v e d  from i n t r a c e r e b r a l  m i c r o i n j e c t i o n  

s t u d i e s .  These an a to m ica l  s t u d i e s  a r e  e s s e n t i a l  in  u n d e r s t a n d i n g  th e  

o p io id - m e d ia t e d  pathways i n f l u e n c i n g  o p io id - m e d ia t e d  b e h av io r s
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a t t r i b u t e d  to  MU1 o p io id  b in d in g  s i t e s .

In summary, th e  p r e s e n t  s t u d i e s  have d em ons t ra ted  th e  

e f f e c t i v e n e s s  o f  n a lo x o n az in e  in  m odu la t ing  o p i a t e  a n a l g e s i a  and 

i n g e s t i v e  b e h a v i o r s .  Biochemical and pharm aco log ica l  r e s e a r c h  in 

t h e s e  a r e a s  i s  aimed a t  t h e  development o f  p o w e r fu l ,  y e t  n o n - a d d i c t i n g  

a n a l g e s i c s ,  as  wel l  a s  t h e  development o f  s a f e  a n o r e c t i c s  in t h e  

c o n t r o l  o f  o b e s i t y .  However, t h e  involvement  o f  m u l t i p l e  r e c e p t o r  and 

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

t a s k .  In o r d e r  f o r  such m e d ic a t io n s  t o  be dev e lo p ed ,  t h e  b a s i c  

r e c e p t o r  and t r a n s m i t t e r  mechanisms must be u n d e r s to o d .  Naloxonaz ine  

has proven to  be a powerful t o o l  in  c h a r a c t e r i z i n g  some o f  t h e  o p i a t e  

r e c e p t o r  mechanisms in v o lv e d .

83



REFERENCES

A bbot t ,  F.V. and R. Melzack. B ra ins tem l e s i o n s  d i s s o c i a t e  t h e  n eu ra l  

mechanisms of  morphine a n a l g e s i a  in d i f f e r e n t  k inds  o f  p a i n .

Bra in  R ese a rch , 1982, 251: 149-155.

A bbo t t ,  F .V . ,  R. Melzack and C. Samuel. Morphine a n a l g e s i a  in  t h e  

t a i l - f l i c k  and fo r m a l in  pa in  t e s t s  i s  med ia ted  by d i f f e r e n t  n eu ra l  

s y s t e m s .  Experimenta l  Neurology, 1982, 75_: 644-665.

A k i l ,  H.,  D .J .  Mayer and J .C .  L ie b e sk in d .  Antagonism o f  s t i m u l a t i o n -  

produced a n a l g e s i a  by na lo x o n e ,  a n a r c o t i c  a n t a g o n i s t .  S c i e n c e , 

1976, V91_: 961-962.

A k i l ,  H., D.E. R ich a rd so n ,  J .D .  Barchas  and C.H. L i .  Appearance o f  

b e t a - e n d o r p h i n - l i k e  im m u n o reac t iv i ty  in  human v e n t r i c u l a r  c e r e b r o ­

s p i n a l  f l u i d  upon a n a l g e s i c  e l e c t r i c a l  s t i m u l a t i o n .  P roceed ings  o f  

t h e  Nat ional  Academy o f  S c i e n c e s ,  U .S .A . ,  1978, 7 5 ( 1 0 ) ; 5170-5172.

Antelman, S.M. and H. Szechtman. Ta i l  p inch  induces  e a t i n g  in s a t e d  

r a t s  which appea rs  t o  depend on n i g r o - s t r i a t a l  dopamine.  S c i e n c e , 

1975, 189: 731-733.

Antelman, S.M.,  H. Szechtman, P. Chin and A.E. F i s h e r .  T a i l  p in c h -  

induced e a t i n g ,  gnawing, and l i c k i n g  b e h a v io r  in  r a t s :  Dependence

on t h e  n i g r o - s t r i a t a l  dopamine sy s tem .  Bra in  R e s e a r c h , 1975, 99 : 

319-337.

84



B alag u ra ,  S. and T. Ralph .  The a n a l g e s i c  e f f e c t  o f  e l e c t r i c a l

s t i m u l a t i o n  o f  t h e  d ie n ce p h a lo n  and mesencephalon . Bra in  R e s e a r c h , 

1973, 60: 369-379.

Basbaum, A . I . ,  C.H. Clanton and H.L. F i e l d s .  O p ia te  and s t i m u l u s -

produced a n a l g e s i a :  f u n c t i o n a l  anatomy o f  a m e d u l lo s p in a l  pa thway.

P roceed ings  o f  t h e  N a t iona l  Academy o f  S c i e n c e s ,  U.S.A. ,  1976, 73: 

4685-4688.

Basbaum, A . I . ,  N . J .E .  Marley ,  J .  O 'Keefe  and C.H. C lan ton .  Reversa l  o f

morphine and s t i m u l a t i o n - p r o d u c e d  a n a l g e s i a  by s u b t o t a l  s p i n a l  co rd
\

l e s i o n s .  P a i n , 1977, 3: 43-56 .

B e l u z z i ,  J . ,  N. G ran t ,  V. Garsky,  0.  S a r a n t a k i s ,  C. Wise and L. S t e i n .  

Ana lges ia  induced in v ivo  by c e n t r a l  a d m i n i s t r a t i o n  o f  e n k e p h a l in  

in r a t .  N a tu r e , 1976, 260: 625-626.

B e l l u z z i ,  J .  and L. S t e i n .  Enkephalin  may m e d ia te  e u p h o r ia  and d r i v e -  

r e d u c t i o n  rew ard .  N a tu r e , 1977, 266 : 556-558.

Bloom, F . ,  E. B a t t e n b e r g ,  J .  R o s s i e r ,  N. Lidd and R. G u i l l e m in .

Neurons c o n t a i n i n g  b e t a - e n d o r p h in  in  r a t  b r a i n  e x i s t  s e p a r a t e l y  

from th o s e  c o n t a i n i n g  e n k e p h a l in :  immunocytochemical s t u d i e s .

P roceed ings  o f  t h e  N a t iona l  Academy o f  S c i e n c e s ,  U .S .A . , 1978,

75 ( 3 ) : 1591-15 95.

Bloom, F . ,  E. B a t t e n b e r g ,  J .  R o s s i e r ,  N. Ling, J .  L e p - p a lu o to ,

T. Vargo and R. G u i l l e m in .  Endorphins  a r e  l o c a t e d  in t h e  

i n t e r m e d i a t e  and a n t e r i o r  lobes  o f  t h e  p i t u i t a r y  g la n d ,  n o t  in the  

neu ro h y p o p h y s i s .  L i fe  S c i e n c e s , 1977, 20: 43-48 .

85



Bodnar,  R . J . ,  J .H .  Kordower,  M.M. Wal lace and H. Tamir .  S t r e s s  and 

morphine a n a l g e s i a :  A l t e r a t i o n s  fo l l o w i n g  p - c h l o r o p h e n y l a l a n i n e .

Pharmacology,  B iochem is t ry  and B e h a v io r , 1881, J_4: 645-651 .

Bodnar,  R . J . ,  6 .  N i l a v e r ,  M.M. W al lace ,  D. B a d i l l o - M a r t in e z  and

E.A. Zimmerman. Pain t h r e s h o l d  changes  in  r a t s  fo l l o w i n g  c e n t r a l  

i n j e c t i o n  o f  b e t a - e n d o r p h i n ,  m e t - e n k e p h a l in ,  v a s o p r e s s i n  o r  

o x y to c in  a n t i  s e r a .  I n t e r n a t i o n a l  Jou rna l  o f  N e u ro sc ie n c e , 1984,

24: 149-160.

Bradbury ,  A .F . ,  D.G. Smyth, C.R. S n e l l ,  J .F .W. Deakin and S.  Wendlandt .  

Comparison o f  t h e  a n a l g e s i c  p r o p e r t i e s  o f  l i p o t r i n  C-fragment and 

s t a b i l i z e d  e n k e p h a l in s  in  t h e  r a t .  B iochem is t ry  and B iophys ics  

Research  Communications, 1977, 74: 748-754.

Brands ,  B . ,  J .A .  T h o r n h i l l ,  M. H i r s t  and C.W. Gowdey. Su p p res s io n  o f  

food i n t a k e  and body w e igh t  ga in  by na loxone  in r a t s .  L i fe  

S c i e n c e s , 1979, 24: 1773-1778.

Brown, D.R. and S.G. Holtzman. Su p p res s io n  o f  d e p r i v a t i o n - i n d u c e d  food 

and w a te r  i n t a k e  in r a t s  and mice by n a lo x o n e .  Pharmacology, 

B iochem is t ry  and B eh a v io r , 1979, U_: 567-573.

B u rk h a rd t ,  C.,  R.C. F r ed e r i c k s o n  and G.W. P a s t e r n a k .  Metkeamid 

(Try-D-ala-Gly-Phe-N(Me)Met-NH2),  a p o t e n t  o p i o i d  p e p t i d e :  

r e c e p t o r  b in d in g  and a n a l g e s i c  p r o p e r t i e s .  P e p t i d e s , 1982, 3: 

869-871.

86



Buscher,  H.,  R. H i l l ,  D. Roemer, F. Card inaux,  A. C losse ,  D. Hauser and 

J .  P l e s s .  Evidence f o r  a n a l g e s i c  a c t i v i t y  o f  e n k ep h a l in  in th e  

mouse.  N a tu re , 1976, 261: 423-425.

Cannon, J . T . ,  G .J .  P r i e t o ,  A. Lee and J .C .  L ieb e sk in d .  Evidence f o r  

o p io id  and nonop io id  forms o f  s t im u la t io n - p r o d u c e d  a n a l g e s i a  in 

t h e  r a t .  Brain R es e a r c h , 1982, 243: 315-321.

Carmody, J . J . ,  P.R. C a r r o l l  and D. Morgans.  Naloxone i n c r e a s e s  pa in  

p e r c e p t i o n  in r a t s  and mice .  L i fe  S c i e n c e s , 1979, 24: 1149-1152.

Chang, K . J . ,  B.R. Cooper,  E. Hazum and P. C u a t r e c a s a s .  M u l t i p l e  o p i a t e  

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

d i f f e r e n t i a l  b in d in g  o f  o p i a t e s  and o p i o i d  p e p t i d e s .  M olecu la r  

Pharmacology, 1979, 16.: 91-104.

Chang, K .J .  and P. C u a t r e c a s a s .  M u l t ip l e  o p i a t e  r e c e p t o r s .

Enkephal ins  and morphine bind to  r e c e p t o r s  o f  d i f f e r e n t  

s p e c i f i c i t y .  Jou rna l  o f  B io lo g ic a l  Chem is t ry , 1979, 25 4 :

2610-2618.

C h r e t i e n ,  M., S. B en jan n e t ,  N. Dragon, N. Se idah and M. L i s .  I s o l a t i o n  

o f  p e p t i d e s  w i th  o p i a t e  a c t i v i t y  from sheep  and human p i t u i t a r i e s :  

R e l a t i o n s h i p  t o  B e t a - l i p o t r o p i n .  B iochem is t ry  and B iophys ics  

Research  Communications, 1976, 72; 472-478.

Cooper,  S . J .  Naloxone: e f f e c t s  on food and w a te r  consumption in  t h e  

n o n -d ep r iv ed  and d e p r iv e d  r a t .  Psychopharmacology, 1980, 71_: 1 -6 .

87



D'Amore, F.E. and D.L. Smith .  A method f o r  d e te r m in in g  l o s s  o f  pa in  

s e n s a t i o n .  Jo u rn a l  o f  Pharmacology and Experimenta l  T h e r a p e u t i c s , 

1941, 72: 74-79.

Dos t rovsky ,  J . O . ,  J .F .W. Deakin.  P e r i a q u e d u c ta l  gray  l e s i o n s  reduce  

morphine a n a l g e s i a  in  th e  r a t .  Neurosc ience  L e t t e r s , 1977, 4: 

99-103.

Evans,  W.O. A new t e c h n iq u e  f o r  t h e  i n v e s t i g a t i o n  o f  some a n a l g e s i c  

d rugs  on a r e f l e x i v e  b e h av io r  in th e  r a t .  Psychopharmaco1o gy , 

1961, 2: 318-325.

F i e l d s ,  H.L. and A . I .  Basbaum. Bra ins tem  c o n t r o l  o f  s p i n a l  p a i n -  

t r a n s m i s s i o n  n e u ro n s .  Annual Review o f  P h y s io lo g y , 1978, 4 0 : 

217-248.

F i n l e y ,  J .C .W . ,  P. Lindst rom and P. P e t r u s z .  Immunocytochemical 

l o c a l i z a t i o n  o f  b e t a - e n d o r p h i n - c o n t a i n i n g  neurons  in t h e  r a t  

b r a i n .  Neuroendocrino 1ogy , 1981, 33: 28-42.

F i n l e y ,  J .C .W . ,  L. Manderdrut and P. P e t r u s z .  The immunocytochemical 

l o c a l i z a t i o n  o f  e n k e p h a l in  in  t h e  c e n t r a l  ne rvous  system o f  the  

r a t .  Jou rna l  o f  Comparative Neurology, 1981, 198: 541-565 .

F l o r e z ,  J .  and A. M e d i a v i l l a .  R e s p i r a t o r y  and c a r d i o v a s c u l a r  e f f e c t s  

o f  m e t - e n k ep h a l in  a p p l i e d  t o  t h e  v e n t r a l  s u r f a c e  o f  th e  r a t .  

N eu ro sc ien ce ,  1977, I :  349-351.

88



Forman, L . J . ,  W.E. Sonntag ,  D.A. Van Vugt and J .  M e i t e s .  Immuno- 

r e a c t i v e  B-endorphin  in t h e  p lasm a,  p i t u i t a r y  and hypothalamus o f  

young and o ld  r a t s .  Neurobio logy o f  Aging, 1981, 2: 281-284.

Frenk,  H. and G.H. Rogers .  The s u p p r e s s a n t  e f f e c t s  o f  na loxone  on

food and w a te r  i n t a k e  in th e  r a t .  Behav io ra l  Neural B io lo g y , 1979, 

26: 23-40.

Fuxe, K. Evidence f o r  t h e  e x i s t e n c e  o f  monoamine neurons  in  t h e

c e n t r a l  nervous  sys tem .  The d i s t r i b u t i o n  o f  monoamine t e r m i n a l s  in 

t h e  c e n t r a l  nervous  sys tem .  Acta P hys io logy  S c a n d i n a v i a , 1965,

247: 37-84.

Garau,  L . ,  M.L. Mulas and G. Pepeu. The i n f l u e n c e  o f  raphe  l e s i o n s  on 

the- e f f e c t  o f  morphine on n o c i c e p t i o n  and c o r t i c a l  Ach o u t p u t .  

Neuropharmacology, 1975, J4k 259-263.

Goldberg ,  S . R . ,  W.H. Morse and O.M. Goldberg .  Some b e h a v io r a l  e f f e c t s  

o f  morphine ,  na loxone  and n a l o r p h i n e  in t h e  s q u i r r e l  monkey and th e  

p ig e o n .  Jou rna l  o f  Pharmacology and Exper imenta l  T h e r a p e u t i c s , 

1976, 296: 625-636.

G o l d s t e i n ,  A . ,  W. F i s c h l i ,  L . I .  Lowmney, M. H u n k a p i l l a r  and L. Hood. 

Po rc ine  p i t u i t a r y  dynorph in :  Complete amino a c i d  sequence  o f  t h e

b i o l o g i c a l l y  a c t i v e  h e p t a d e c a p e p t i d e .  P roceed ings  o f  t h e  Nat ional  

Academy o f  S c i e n c e s ,  U .S .A . , 1981, 78: 7219-7223

G o l d s t e i n ,  A. and V.E. G h aza ro s s ian .  Immunoreactive dynorph in  in 

p i t u i t a r y  and b r a i n .  P roceed ings  o f  t h e  N a t iona l  Academy o f  

S c i e n c e s ,  U .S .A . ,  1980, 77: 6207-6210.

89



G o l d s t e i n ,  A . ,  L . I .  Lowney and 6.K. P a l .  S t e r e o s p e c i f i c  and non­

s p e c i f i c  i n t e r a c t i o n s  o f  th e  morphine congener  l evo rphano l  in 

s u b c e l l u l a r  f r a c t i o n s  o f  t h e  mouse b r a i n .  Proceed ings  o f  the  

Na t iona l  Academy o f  S c i e n c e s ,  U .S .A . , 1971, 68: 1742-1747.

G o l d s t e i n ,  A . ,  S. T ach ibana ,  L . I .  Lowey, M. H u n k a p i l l a r  and L. Hood. 

Dynorphin -  ( 1 - 1 3 ) ,  an e x t r a o r d i n a r y  p o t e n t  o p io id  p e p t i d e .  

P roceed ings  o f  t h e  N a t iona l  Academy o f  S c i e n c e s ,  U .S .A . , 1979,

76: 6666-6670.

G o l d s t e i n ,  A . ,  G.T. P r y o r ,  L .S .  O t i s  and F. Larsen .  On t h e  r o l e  o f  

endogenous o p io id  p e p t i d e s :  F a i l u r e  o f  na loxone t o  i n f l u e n c e  shock 

e scape  t h r e s h o l d s  in t h e  r a t .  L i f e  S c i e n c e s , 1976, U3: 599-604 .

Goodman, R .R . ,  S.H. Snyder ,  M.J.  Kuhar and W.S. Young. D i f f e r e n t i ­

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

microscope  a u to r a d i o g r a p h y .  P roceed ings  o f  t h e  N a t iona l  Academy o f
>

S c i e n c e s ,  U .S .A . , 1980, 77_: 6239-6243.

G o s n e l l ,  B .A . , A.S. Levine and J . E .  Morley.  N - a l l t y l n o r m e t a z o c i n e  

(SKF-10 ,047) : t h e  i n d u c t i o n  o f  f e e d in g  by a p u t a t i v e  sigma 

a g o n i s t .  Pharmacology, B io chem is t ry  and B eh a v io r , 1983, 19 : 

737-742.

G ra f ,  L . ,  J .  S z e k e ly ,  A. Ronai ,  Z. Dunai-Kovacs and S.  B a ju sz .  

Comparative s tu d y  on a n a l g e s i c  e f f e c t  o f  M et5-enkepha l in  and 

r e l a t e d  l i p o t r o p i n  f r a g m e n t s .  N a tu re ,  1976, 263: 240-241.

90



Grau, J .W . ,  R.L. Hyson, S .F .  Hyson, S .F .  M aier ,  J .  Madden and

J .D .  Barchas .  Long-term s t r e s s - i n d u c e d  a n a l g e s i a  and a c t i v a t i o n  

o f  t h e  o p i a t e  sy s tem .  S c i e n c e , 1981, 213: 1409-1411.

Grossman, S .P .  D i r e c t  a d r e n e r g i c  and c h o l i n e r g i c  s t i m u l a t i o n  o f

hypotha lam ic  mechanism. American Jo u rn a l  o f  P h y s io lo g y , 1962, 202: 

1230-1236.

G u i l l e m in ,  R . ,  T. Vargo, J .  R o s s i e r ,  N. L ing, C. R i v i e r ,  W. Vale and

F.D. Bloom. B-endorphin  and a d re n o c o r t i c o t r o p o m  a r e  s e c r e t e d  

c o n c o m i t a n t l y  by t h e  p i t u i t a r y  g l a n d .  S c i e n c e , 1977, 197: 

1367-1369.

Hahn, E . F . ,  M.C. B u a t t i  and G.W. P a s t e r n a k .  I r r e v e r s i b l e  o p i a t e

a g o n i s t s  and a n t a g o n i s t s :  t h e  14-Hydroxydohydromorphinone a z i n e s .

J o u r n a 1 o f  N e u ro sc ie n ce , 1982, 2} 572-576 .

Hammond, D .L . ,  R.A. Levy and H.K. P r o u d f i t .  Hypoalges ia  f o l l o w i n g  

m i c r o i n j e c t i o n  o f  n o r a d r e n e r g i c  a n t a g o n i s t s  in t h e  n u c leu s  raphe  

magnus.  P a i n , 1980a, £ :  85-101.

Hammond, D .L . ,  R.A. Levy and H.K. P r o u d f i t .  Hypoalges ia  induced  by 

m i c r o i n j e c t i o n  o f  a n o r e p in e p h r in e  a n t a g o n i s t  in t h e  raphe  magnus: 

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

Bra in  R esea rch , 1980b, 201: 475-479.

Hayes,  R . L . , ,  G .J .  B en n e t t ,  P. Newlon, and D .J .  Mayer.  A na lges ic

e f f e c t s  o f  c e r t a i n  noxious  and s t r e s s f u l  m a n ip u la t i o n s  in th e  r a t .  

S o c i e t y  f o r  Neurosc ience  A b s t r a c t s ,  1976, 2: 939.

91



Henderson, 6 . H . ,  J .  Hughes and H.W. K o s t e r l i t z .  A new example o f  

morphine s e n s i t i v e  n e u r o - e f f e c t o r  j u n c t i o n :  a d r e n e r g i c

t r a n s m i s s i o n  in t h e  mouse vas d e f e r e n s .  B r i t i s h  Jo u rn a l  o f  

Pharmacology, 1972, 46: 764-766.

H o k f e l t ,  T . ,  R. E ld e ,  0 .  Johansson ,  L. T e ren iu s  and L. S t e i n .  The 

d i s t r i b u t i o n  o f  en k ep h a l in - im m u n o re ac t iv e  c e l l  b o d ie s  in t h e  r a t  

c e n t r a l  ne rvous  sys tem .  Neurosc ience  L e t t e r s , 1977, 5̂ : 25-31 .

Holaday, J.W. C a r d i o r e s p i r a t o r y  e f f e c t s  o f  mu and d e l t a  o p i a t e  

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

P e p t i d e s , 1982, 3: 1023-1029.

Holtzman, S.G. B eh av io ra l  e f f e c t s  o f  s e p a r a t e  and combined 

a d m i n i s t r a t i o n  o f  na loxone  and d-amphetamine.  Jo u rn a l  o f  

Pharmacology and Experimenta l  T h e r a p e u t i c s , 1974, 189: 51 -6 0 .

Hughes, J .  I s o l a t i o n  o f  an endogenous compound from t h e  b r a i n  w i th  

pha rm aco log ica l  p r o p e r t i e s  s i m i l a r  t o  morphine .  Bra in  R e s e a r c h ,

1975, 88: 295-308.

Hughes,  J . ,  T.W. Smi th ,  H.W. K o s t e r l i t z ,  L.A. F o t h e r g i l l ,  B.A. Morgan 

and H.R. M o r r i s .  I d e n t i f i c a t i o n  o f  two r e l a t e d  p e n t a p e p t i d e s  from 

t h e  b r a i n  w i th  p o t e n t  a g o n i s t  a c t i v i t y .  N a tu re , 1975, 26 2 : 

782-783.

J a c q u e t ,  Y.F. and A. L a j t h a .  The p e r i a q u e d u c t a l  g ray :  s i t e  o f

morphine a n a l g e s i a  and t o l e r a n c e  a s  shown by 2-way c r o s s  t o l e r a n c e  

between s y s tem ic  and i n t r a c e r e b r a l  i n j e c t i o n s .  Bra in  R e s e a r c h ,

1976, 103: 501-513 .

92



J a lo w e ic ,  J . E . ,  J .  Panksepp, A .J .  Z o lo v ick ,  N. Najam and B.H. Herman. 

Opio id  m odula t ion  o f  i n g e s t i v e  b e h a v i o r .  Pharmacology, 

B iochem is t ry  and B e h a v io r , 1981, j5_: 477-484.

J e f f c o a t e ,  W .J . ,  L. McLaughlin,  J .  Hope, L.H. Rees ,  S . J .  R a t t e r ,

P . J .  Lowery, and 6.M. B es se r .  B e ta -endorph in  in human 

c e r e b r o s p i n a l  f l u i d .  L a n c e t , 1978, 2 ( 8 0 8 1 ) : 119-121.

J o n e s ,  J . 6 .  and J .A .  R i c h t e r .  The s i t e  o f  a c t i o n  o f  n a lo x o n e in

s u p p r e s s in g  food and w a te r  i n t a k e  in r a t s .  L i fe  S c i e n c e s , 1981, 

18: 2055-2064.

K a s t i n ,  A . J . ,  E.L. S c o l l a n ,  R.H. E h ren s in g ,  A.V. S c h a l ly  and D.H. Coy. 

Enkephalin  and o t h e r  p e p t i d e s  reduce  p a s s i v e n e s s .  Pharmacology, 

B iochem is t ry  and B eh a v io r , 1978, j): 515-519.

K h a c h a tu r i a n ,  H.,  S . J .  Watson, M.E. Lewis,  D. Coy, A.S. G o ld s te in  and 

H. A k i l .  Dynorphin immunocytochemistry  in t h e  r a t  c e n t r a l  nervous  

sys tem .  P e p t i d e s , 1982, 3k 941-945.

K o s t e r l i t z ,  H.W. and P a t e r s o n ,  S . J .  C h a r a c t e r i z a t i o n  o f  o p i o i d

r e c e p t o r s  in ne rvous  t i s s u e .  P roceed ings  o f  t h e  Royal S o c i e ty  o f  

London, 1980, 210: 113-122.

Kuhar ,  M., C. P e r t  and S.H. Snyder .  Regional  d i s t r i b u t i o n  o f  o p i a t e  

r e c e p t o r  b in d in g  in  monkey and human b r a i n .  N a tu re , 1974, 24 5 : 

447-450.

93



K u r a i s h i ,  Y., Y. Harada,  S. A r a t a n i , M. Satoh and H. T a k a g i . S e p a ra te  

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

morphine a n a l g e s i a :  t h e  d i f f e r e n c e s  in mechanical  and thermal

a n a l g e s i c  t e s t s .  Bra in  R ese a rch , 1983, 273: 245-252.

L aza ru s ,  L .H . ,  N. Ling and R. G u i l l e m in .  B - l i p o t r o p i n  a s  a prohormone 

f o r  t h e  morphinomimetic  p e p t i d e s  e n d o rp h in s  and e n k e p h a l i n s .  

P roceed ings  o f  t h e  Nat ional  Academy o f  S c i e n c e s ,  U .S .A . , 1976, 73 : 

2156-2159.

L e ib o w i tz ,  S .F .  Neurochemical systems o f  t h e  hypotha lamus:  c o n t r o l  of  

f e e d in g  and d r i n k i n g  b e h av io r  and w a t e r - e l e c t r o l y t e  e x c r e t i o n .  In:  

Handbook o f  t h e  Hypothalamus , e d i t e d  by P . J .  Morgan and 

J .  Panksepp. New York: Marcel Dekker,  1980, 2 : 299-437.

L e ib o w i tz ,  S .F .  and L. Hor. B ehav io ra l  e f f e c t  o f  b e t a - e n d o r p h in  and 

n o r e p in e p h r in e  in t h e  hypo tha lam ic  p a r a v e n t r i c u l a r  n u c l e u s .

S o c i e t y  f o r  N eurosc ience  A b s t r a c t s , 1980, 6: 318.

L e v i t t ,  P. and R . J .  Moore. O r ig in  and o r g a n i z a t i o n  o f  b r a in s t e m  

ca tech o lam in e  i n n e r v a t i o n  in  t h e  r a t .  Jo u rn a l  o f  Comparative 

Neurology, 1979, 186: 505-528 .

Lewis ,  J .W . ,  J . T .  Cannon and J .C .  L i e b e sk i n d .  Opioid  and n o n -o p io id  

mechanisms o f  s t r e s s  a n a l g e s i a .  S c i e n c e , 1980, 208 : 623-625.

94



Lewis, V.A. and D.F. Gebhar t .  E v a lu a t io n  o f  the  p e r i a q u e d u c t a l  c e n t r a l  

g ray  (PAG) as  a m o r p h i n e - s p e c i f i c  locus  o f  a c t i o n  and exam ina t ion  

o f  m orph ine- induced  and s t i m u l a t i o n - p r o d u c e d  a n a l g e s i a  a t  

c o i n c i d e n t  PAG l o c i .  Bra in  R es e a r c h , 1977, 124: 283-303.

L i ,  C.H. and D. Chung. I s o l a t i o n  and s t r u c t u r e  o f  an u n t r i k o n t a -  

p e p t id e  w i th  o p i a t e  a c t i v i t y  from camel p i t u i t a r y  g l a n d s .  

P roceed ings  o f  t h e  Nat ional  Academy o f  S c i e n c e s , 1976, 73: 

1145-1148.

Ling, G .S .F .  and G.W. P a s t e r n a k .  Sp ina l  and s u p r a s p i n a l  o p i o i d  

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

b in d in g  s i t e s .  Bra in  R e s e a r c h , 1983, 271 : 152-156.

Ling, G . S . F . , K. S p i e g e l ,  S .L .  Nishimura and G.W. P a s t e r n a k .

D i s s o c i a t i o n  o f  m o rp h in e ' s  a n a l g e s i c  and r e s p i r a t o r y  d e p r e s s a n t  

a c t i o n s .  S o c i e ty  f o r  Neurosc ience  A b s t r a c t s , 1983, £ :  288.

Locke, K.W., D.R. Brown, and S.G. Holtzman. E f f e c t s  o f  o p i a t e  

a n t a g o n i s t s  and p u t a t i v e  mu- and k a p p a - a g o n i s t s  on mi lk  i n t a k e  

in r a t  and s q u i r r e l  monkey. Pharmacology,  B iochem is t ry  and 

B eh av io r , 1982, 1_7: 1275-1279.

Lord,  J . A . H . ,  A.A. W a t e r f i e l d ,  J .  Hughes, and H.W. K o s t e r l i t z .  

Endogenous o p io id  p e p t i d e s :  m u l t i p l e  a g o n i s t s  and r e c e p t o r s .  

N a tu re , 1977, 267: 495-499.

Lowy, M.T.,  P. Maickel and G.K. Yim. Naloxone r e d u c t i o n  o f  s t r e s s -  

r e l a t e d  f e e d i n g .  L i fe  S c i e n c e s ,  1980, 26: 2113-2118.

95



Mains,  R .E . ,  B.A. E ipper  and N. Ling.  Common p r e c u r s o r  t o  c o r t i c o ­

t r o p i n s  and e n d o r p h in s .  P roceed ings  o f  t h e  N a t iona l  Academy o f  

S c i e n c e s ,  U .S .A . , 1977, 74: 3014-3018.

M argu les ,  O .L . ,  B. M o is s e t ,  M.J.  Lewis ,  H. Shibuya and C.B. P e r t .  

B e ta -en d o rp h in  i s  a s s o c i a t e d  w i th  o v e r e a t i n g  in  g e n e t i c a l l y  obese  

mice (ob /ob)  and r a t s ' ( f a / f a ) .  S c i e n c e , 1978, 202: 988-991.

M ar t in ,  W.R., C.6 .  Eades ,  J .A .  Thompson, R.E. Huppler ,  and

P.E .  G i l b e r t .  The e f f e c t s  o f  morphine and n a l o r p h i n e - l i k e  d rugs  

in t h e  nondependent and m orph ine-dependen t  c h r o n ic  s p i n a l  dog. 

Jo u rn a l  o f  Pharmacology and Exper imenta l  T h e r a p e u t i c s , 1976, 197: 

517-532.

M ar t in ,  W.R., A. W ik le r ,  C.G. Eades and and F.T. P e s c o r .  To le ran ce  to  

and p h y s ic a l  dependence on morphine in  r a t s .  Psychopharmacology, 

1963, 4: 247-260.

Mayer,  D.,  T. Woolf,  H. A k i l ,  B. Carder  and J .  L i eb e sk in d .  A na lges ia  

from e l e c t r i c a l  s t i m u l a t i o n  in t h e  b r a in s t e m  o f  t h e  r a t .  S c i e n c e , 

1971, 174: 1351-1354.

McIntosh ,  T .K . ,  M.L. Vallano  and R . J .  B a r f i e l d .  E f f e c t s  o f  morphine ,  

b e t a - e n d o r p h in  and na loxone  on c a te c h o lam in e  l e v e l s  and sexua l  

b e h a v io r  in t h e  male r a t .  Pharmacology, B iochem is t ry  and 

B eh a v io r , 1980, J3.: 435-441.

McKay, L .D . ,  N .J .  Kennedy, N.K. Edens,  R.H. Wil l iams and S .C .  Woods. 

I n t r a c e r e b r o v e n t r i c u l a r  b e ta - e n d o r p h in  i n c r e a s e s  food i n t a k e  o f  

r a t s .  L i f e  S c i e n c e s ,  1981, 29: 1429-1434.

96



McLean, S. and B.6 .  Hoebel.  Local i n j e c t i o n  o f  morphine o r  an o p i a t e  

p e p t i d e  i n t o  t h e  hypotha lam ic  p a r a v e n t r i c u l a r  n u c leu s  e l i c i t s  

f e e d i n g .  S o c i e t y  f o r  Neurosc ience  A b s t r a c t s , 1980, 6: 532.

Messing , R.B. and L.D. L y t l e .  S e r o t o n i n - c o n t a i n i n g  n eu ro n s :  t h e i r

p o s s i b l e  r o l e  in  pa in  and a n a l g e s i a .  P a i n , 1977, £ :  1 -21 .

Morley,  J . E .  and A.S.  Levine .  S t r e s s  induced e a t i n g  i s  m ed ia ted  

th rough  endogenous o p i a t e s .  S c i e n c e , 1980, 209: 1259-1261.

Morley,  J . E .  and A.S. Lev ine .  Dynorphin (1-13  induces  spontaneous- 

f e e d in g  in  r a t s .  L i fe  S c i e n c e s , 1981, 29: 1901-1903.

Morley,  J . E .  and A.S. Lev ine .  Involvement o f  dynorphin  and t h e  kappa 

o p i o i d  r e c e p t o r  in  f e e d i n g .  P e p t i d e s , 1983, £ :  797-800.

Morley,  J . E . ,  A.S. Lev ine ,  M. Grace and J .  Kneip.  An i n v e s t i g a t i o n  o f  

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

f e e d i n g .  L i fe  S c i e n c e s , 1982, 31_: 2617-2626.

Morley,  J . E . ,  A.S. Lev ine ,  G.K. Yim and M.T. Lowy. Opioid  m odu la t ion  

o f  a p p e t i t e .  N eurosc ience  B io b e h av io ra l  Reviews, 1983, 7_: 281-305.

M urf in ,  R . ,  J .  B enne t t  and D . J .  Mayer.  The e f f e c t  o f  d o r s o l a t e r a l  

s p i n a l  co rd  (DLF) l e s i o n s  on a n a l g e s i a  from morphine m i c r o i n j e c t e d  

i n t o  t h e  p e r i a q u e d u c t a l  g rey  m a t t e r  (PAG) o f  t h e  r a t .  S o c i e t y  f o r  

Neurosc ience  A b s t r a c t s , 1976, 2 : 946.

Myers,  B.M. and M.J.  Baum. F a c i l i t a t i o n  by o p i a t e  a n t a g o n i s t s  o f

sexua l  pe rform ance  in t h e  male r a t .  Pharmacology,  B iochem is t ry  and 

B ehav io r ,  1979, 10: 615-618.

97



North ,  M.A. Naloxone r e v e r s a l  o f  morphine a n a l g e s i a  bu t  f a i l u r e  t o  

a l t e r  r e a c t i v i t y  t o  pa in  in t h e  fo r m a l in  t e s t .  L i fe  S c i e n c e s ,

1978, 22: 295-302.

O leson ,  T.D. and J .C .  L i eb e sk in d .  R e l a t i o n s h i p  o f  n e u ra l  a c t i v i t y  to  

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

a n a l g e s i a .  P h y s i o l o g i s t , 1975, _^8: 338.

O l i v e r a s ,  J . L . ,  J.M. Besson, G. Guilbaud and J . C .  L ie b e sk in d .

B ehaviora l  and e l e c t r o p h y s i o l o g i c a l  ev id en ce  o f  pa in  i n h i b i t i o n  

from m idbra in  s t i m u l a t i o n  in  t h e  c a t .  Exper im enta l  Bra in  R es e a r c h , 

1975, 20: 32-44.

O l i v e r a s ,  J . L . ,  G. Hosobuchi,  F. Redjemi,  G. Gui lbaud, and J.M. Besson. 

Opia te  a n t a g o n i s t  na loxone  s t r o n g l y  re d u c es  a n a l g e s i a  induced by 

s t i m u l a t i o n  o f  a raphe  n u c l e u s  ( c e n t r a l i s  i n f e r i o r ) .  Bra in  

R esea rch , 1977, 120: 221-229.

O l i v e r a s ,  J . L . ,  F. Redjemi,  G. Guilbaud and J.M. Besson. A na lges ia  

induced by e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  i n f e r i o r  c e n t r a l i s  n u c leu s  

o f  t h e  raphe  in t h e  c a t .  P a i n , 1975, J_: 139-145.

P a s t e r n a k ,  G.W. M u l t ip l e  o p i a t e  r e c e p t o r s :  3 H - e t h y l k e t o c y c l a z o c i n e

r e c e p t o r  b in d in g  and ke to cy ck azo c in e  a n a l g e s i a .  P roceed ings  o f  t h e  

N a t iona l  Academy o f  S c i e n c e s , 1980, 77: 3691-3694.

P a s t e r n a k ,  G.W., S .R . C h i ld e r s  and S.H. Snyder .  Naloxonazone, a lo n g -  

a c t i n g  o p i a t e  a n t a g o n i s t :  E f f e c t s  on a n a l g e s i a  in i n t a c t  an im als

and on o p i a t e  r e c e p t o r  b in d in g  in  v i t r o .  Jo u rn a l  o f  Pharmacology 

and Experimenta l  T h e r a p e u t i c s , 1980a, 214: 455-462.

98



P a s t e r n a k ,  G.W., S.R. C h i ld e r s  and S.H. Snyder .  Opia te  a n a l g e s i a :  

Evidence f o r  m e d ia t io n  by a s u b p o p u la t io n  o f  o p i a t e  r e c e p t o r s .  

S c i e n c e , 1980b, 208: 514-516.

P a s t e r n a k ,  G.W., M. C a r r o l 1 - B u a t t i  and K. S p i e g e l .  The b i n d in g  and 

a n a l g e s i c  p r o p e r t i e s  o f  a sigma o p i a t e ,  SKF 10 ,047. Jo u rn a l  o f  

Pharmacology and Exper imenta l T h e r a p e u t i c s , 1980, 214: 192-198.

P a s t e r n a k ,  G.W. and S.H. Snyder .  I d e n t i f i c a t i o n  o f  novel h i g h - a f f i n i t y  

o p i a t e  r e c e p t o r  b in d in g  in r a t  b r a i n .  N a tu re , 1975, 253: 563-565.

P a s t e r n a k ,  G.W., R. Goodman and S.H. Snyder .  An endogenous m orph ine ­

l i k e  f a c t o r  in mammalian b r a i n .  L i f e  S c i e n c e s , 1975, 16:

1765-1769.

P e l l e t i e r ,  G. ,  R. L e c l e r c ,  F. L a b r i e ,  J .  Coate ,  M. C h re t ien  and M. L i s .  

Immunohistochemical l o c a l i z a t i o n  o f  B - l i p o t r o p i c  hormone in  t h e  

p i t u i t a r y  g la n d .  Endo c r in o lo g y , 1977, 100: 770-776.

P e r t ,  A. and T. Yaksh. S i t e s  o f  morphine induced a n a l g e s i a  in  p r im a te  

b r a i n :  r e l a t i o n  to  pa in  pathways .  Brain R es e a r c h , 1974, 8 0 :

135-140.
f

P e r t ,  C .,  D. Aposhian and S.H. Snyder .  P h y lo g e n e t i c  d i s t r i b u t i o n  o f  

o p i a t e  r e c e p t o r  b i n d i n g s .  Bra in  R es e a r ch , 1974, 75̂ : 356-361 .

P e r t ,  C. and S.H. Snyder .  O p ia te  r e c e p t o r :  Demonstra tion  in  nervous

t i s s u e .  S c ie n c e ,  1973, 179: 1011-1014.

99



P e r t ,  C. and M. W a l t e r .  Comparison between naloxone r e v e r s a l  o f  

morphine and e l e c t r i c a l  s t i m u l a t i o n  induced a n a l g e s i a  in t h e  r a t  

mesencephalon . L i fe  S c i e n c e s , 1976, 2£ :  1023-1032.

P e t r i e ,  E .C . ,  S .T . T i f f a n y ,  T .8 .  Baker and J . L .  Dahl.  Dynorphin

(1 - 1 3 ) :  a n a l g e s i a ,  h y po the rm ia ,  c r o s s - t o l e r a n c e  w i th  morphine and 

B -endorph in .  P e p t i d e s , 1982, 3: 41-47 .

P i c k e l ,  V.M., K. Sumal,  S . C . ,  Beckley,  R . J .  M i l l e r  and D .J .  R e i s .  

Immunocytochemical l o c a l i z a t i o n  o f  en k ep h a l in  in t h e  n e o s t r i a t u m  

o f  r a t  b r a i n :  A l i g h t  and e l e c t r o n  m ic ro sco p ic  s t u d y .  Jou rna l  o f

Comparative Neurology, 1980, 189: 721-740.

P l o t n i k o f f ,  N.,  A .J .  K a s t i n ,  D. Coy, C. C h r i s t e n s e n ,  A. S c h a l l y  and 

M. S p r i t e s .  Neuropharmacological  a c t i o n s  o f  e n k e p h a l in s  a f t e r  

s y s t e m a t i c  a d m i n i s t r a t i o n .  L i fe  S c i e n c e s , 1976, J_9: 1283-1287.

P r i c e ,  D.D. and Dubner,  R. Neurons t h a t  s u b se rv e  t h e  s e n s o r y -  

d i s c r i m i n a t i v e  a s p e c t s  o f  p a i n .  P a i n , 1977, 3: 307-338.

P r i e t o ,  G . J . ,  J . T .  Cannon and J .C .  L ieb e sk in d .  N. raphe  magnus l e s i o n s  

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

m idb ra in  a r e a s  in t h e  r a t .  Bra in  R ese a rch , 1983, 261: 53-5 7.

P r o u d f i t ,  H.K. and E.G. Anderson. Morphine a n a l g e s i a :  b lockade  by

raphe  magnus l e s i o n s .  Bra in  R ese a rch , 1975, 98: 612-618.

P rze w lo c k i ,  R . ,  G.T. Sherman and A. Herz.  Mixed o p io i d / n o n o p i o i d  

e f f e c t s  o f  dynorphin  and dynorphin  r e l a t e d  p e p t i d e s  a f t e r  t h e i r  

i n t r a t h e c a l  i n j e c t i o n  in r a t s .  N e u ro p e p t id e s , 1983, 3; 233-240.

100



Reddy, S .V .R . ,  J . L .  Manderdrut and T.L. Yaksn. Sp ina l  cord

pharmacology o f  a d r e n e r g i c  a g o n i s t - m e d i a t e d  a n t i n o c i c e p t i o n .

Jo u rn a l  o f  Pharmacology and Experimenta l  T h e r a p e u t i c s , 1980, 213: 

525-533.

Reddy, S.V.R. and T.L.  Yaksh. A n t i n o c i c e p t i v e  e f f e c t s  o f  lanthanum, 

neodymium and europium fo l lo w in g  i n t r a t h e c a l  a d m i n i s t r a t i o n .  

Neuropharmacology, 1980, 1_9: 181-185.

Reynolds ,  A. Surgery  in t h e  r a t  d u r in g  e l e c t r i c a l  a n a l g e s i a  induced by 

b r a i n  s t i m u l a t i o n .  S c i e n c e , 1969, 164: 444-445.

Rose,  M.D. P a in - r e d u c in g  p r o p e r t i e s  o f  rew ard ing  e l e c t r i c a l  b r a i n  

s t i m u l a t i o n  in t h e  r a t .  Journa l  o f  Comparative  and P h y s io lo g ic a l  

Psycho logy , 1974, 87: 607-617.

Ruda, M.A., R.L. Hayes, D.O. P r i c e ,  J.W. Hu and R. Oubner.  I n h i b i t i o n  

o f  n o c i c e p t i v e  r e f l e x e s  in t h e  p r im a te  by e l e c t r i c a l  s t i m u l a t i o n  o f  

n a r c o t i c  m i c r o i n j e c t i o n  a t  media l  m esencepha l ic  and k i e n c e p h a l i c  

s i t e s :  b e h a v io r a l  and e l e c t r o p h y s i o l o g i c a l  a n a l y s e s .  S o c i e ty  f o r

Neurosc ience  A b s t r a c t s , 1976, 2: 952.

S aav ed ra ,  J .M . ,  H. Grobecker and J .  Z i n i n .  Catecholamines  in t h e  raphe  

n u c l e i  o f  t h e  r a t .  Brain R es e a r c h , 1976, 114: 339-345.

Sagen,  J . ,  M.A. Winker and H.K. P r o u d f i t .  Hypoalges ia  induced by lo c a l  

i n j e c t i o n  o f  phen to lam ine  in t h e  n u c le u s  raphe  magnus: Blockade by

d e p l e t i o n  o f  s p i n a l  cord  monoamines.  P a i n , 1983.

101



Samanin,  R. and L. V a l z e l l i .  I n c r e a s e  o f  m orphine- induced  a n a l g e s i a  by 

s t i m u l a t i o n  o f  t h e  n u c leu s  raphe  d o r s a l i s .  European Jou rna l  o f  

Pharmacology, 1971, 1_6: 298-302.

Samanin,  R . ,  D. Ghezz i ,  C. Mauron and L. V a l z e l l i .  E f f e c t  o f  m idbra in  

raphe  l e s i o n  on t h e  a n t i n o c i c e p t i v e  a c t i o n  o f  morphine and o t h e r  

a n a l g e s i c s  in  r a t s .  Psychopharmacology, 1973, 33: 365-368.

S ange r ,  D .J .  and P .S .  McCarthy. D i f f e r e n t i a l  e f f e c t s  o f  morphine on 

food and w a te r  i n t a k e  in food d e p r iv e d  and f r e e l y - f e e d i n g  r a t s .  

Psychopharmacology, 1980, 72 : 103-106.

S an g e r ,  D .J .  and P .S .  McCarthy. In c re a s e d  food and w a te r  i n t a k e

produced in r a t s  by o p i a t e  r e c e p t o r  a g o n i s t s .  Psychopharmacology, 

1981, 74: 217-220.

Sawynok, J . ,  C. P insky  and F .S .  L aB el la .  Mini rev iew on th e

s p e c i f i c i t y  o f  na loxone as  an o p i a t e  a n t a g o n i s t .  L i fe  S c i e n c e s , 

1979, 25: 1621-1632.

Schmauss,  C .,  and T.L. Yaksh. In v ivo  s t u d i e s  on s p i n a l  o p i a t e

r e c e p t o r  systems m ed ia t in g  a n t i n o c i c e p t i o n .  I I .  Pharm acolog ica l  

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

kappa r e c e p t o r s  w i th  v i s c e r a l  chemical and cu taneous  thermal 

s t i m u l i  in t h e  r a t .  Jo u rn a l  o f  Pharmacology and Exper im enta l  

T h e r a p e u t i c s , 1984, 228: 1 -12 .

S c h u l t z ,  R . ,  M. Wuster and A. H e r tz .  D e te c t io n  o f  t h e  long  a c t i n g  

endogenous o p io id  in b lood and smal l  i n t e s t i n e .  L i f e  S c i e n c e s , 

1977, 21: 105-116.

102



S e w e l l ,  R.D.E. and K. J a w a h a r l a l .  Antagonism o f  2 -deoxy-D -g lucose -  

induced hyperphag ia  by na loxone:  p o s s i b l e  involvement o f

e n d o r p h in s .  Jo u rn a l  o f  Pha rm aceu t ica l  Pharmacology, 1980, 32 : 

148-149.

S e w e l l ,  R.D.E. and P . S . J .  Spencer .  A n t i n o c i c e p t i v e  a c t i v i t y  o f

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

in the  t a i l - i m m e r s i o n  t e s t  in mice and r a t s .  Neuropharmacology,

1976, l i :  683-688.

S harpe ,  L .G . ,  J . E .  G a r n e t t ,  and T.G. C ice ro .  A na lges ia  and h y p e r -
s

r e a c t i v i t y  produced by i n t r a c r a n i a l  m i c r o i n j e c t i o n  o f  morphine.  

Behaviora l  B io lo g y , 1974, Jj_: 303-313.

Simantov, R . ,  M.J.  Kuhar, G.R. Uhl and S.H. Snyder .  Opia te  p e p t i d e  

e n k e p h a l in :  Immunohistochemical mapping in  r a t  c e n t r a l  nervous

sys tem .  Proceed ings  o f  t h e  N a t iona l  Academy o f  S c i e n c e s ,  U .S .A . ,

1977, 74: 2167-2171.

Simon, E . J . ,  J .M. H i l l e r  and I .  Edelman. S t e r e o s p e c i f i c  b in d in g  o f  th e  

p o t e n t  n a r c o t i c  a n a l g e s i c  3H -e to rph ine  t o  r a t  b r a i n  homogenate.  

P roceed ings  o f  t h e  Nat ional  Academy o f  S c i e n c e s ,  U .S .A . , 1973,

70: 1947-1949.

Simone, D.A. and R . J .  Bodnar. Modulation o f  a n t i n o c i c e p t i v e  r e sp o n se s  

fo l l o w in g  t a i l  p inch  s t r e s s .  L i f e  S c ien ces  1982, 30: 719-729. '

103



Smith ,  G.P. and A.N. E p s t e i n .  I n c re a se d  f e e d in g  in  r e s p o n se  to  

d e c r e a s e d  g lu c o se  u t i l i z a t i o n  in t h e  r a t  and monkey. American 

Jo u rn a l  o f  P hys io logy  1969, 217: 1083-1087.

S o f ro n iew ,  M.V. Immunoreactive B-endorphin  and ACTH in  t h e  same

neurons  o f  th e  hypo tha lam ic  a r c u a t e  n u c leu s  in t h e  r a t .  American 

Jo u rn a l  o f  Anatomy, 1979, 154: 283-289.

S p i e s s ,  R .S.  In:  Conference  on t h e  Obese Mouse. Bar Harbor ,  ME:

Jackson L a b o ra to ry ,  1952, 4 -6 .

S t e i n ,  L. and J .D .  B e l u z z i .  Brain  e n d o rp h in s :  P o s s i b l e  r o l e  in  reward

and memory f o r m a t i o n .  F e d e ra t io n  P r o c e e d in g s , 1979, 38: 2468-2474.

Tsnen, S .S .  Antagonism o f  t h e  a n a l g e s i c  e f f e c t  o f  morphine and o t h e r  ' 

d rugs  by p - c h l o r o p h e n y l a l a n i n e ,  a s e r o t o n i n  d e p l e t o r .  

Psychopharmacology, 1968, 1^: 278-285.

Tepperrnan, F . S . ,  M. H i r s t  and C.W. Gowdey. Hypothalamic i n j e c t i o n  

o f  morphine: Feeding  and t e m p e r a t u r e  r e s p o n s e s .  L i f e  S c i e n c e s ,

1981, 28: 2459-2467.

T e r e n i u s ,  L. C h a r a c t e r i s t i c s  o f  t h e  " r e c e p t o r "  f o r  n a r c o t i c  a n a l g e s i c s  

in  s y n a p t i c  plasma membrane f r a c t i o n s  from r a t  b r a i n .  Acta 

Pharmacology and T ox ico logy , 1973, 2 : 377-384.

Tseng, L . F . ,  H. Loh and C. L i .  B-endorphin  a s  a p o t e n t  a n a l g e s i c  by 

in t r a v e n o u s  i n j e c t i o n .  N a tu re ,  1976, 263: 239.

104



Tseng, L . F . ,  T . J .  Ostwald ,  H.H. Loh and C.H. L i .  Behav io ra l  a c t i v i t i e s  

o f  o p i o i d  p e p t i d e s  and morphine s u l f a t e  in golden ham ste rs  and 

r a t s .  Psychopharmacology, 1979, 64: 215-218.

Ueda, H.» H. Amano, H. Seiomi and H. Takag i .  Comparison o f  th e  

a n a l g e s i c  e f f e c t s  o f  v a r io u s  o p io id  p e p t i d e s  by a newly d e v i se d  

i n t r a c i s t e r n a l  i n j e c t i o n  te c h n iq u e  in c o n sc io u s  m ice .  European 

Journa l  o f  Pharmacology, 1979, 56: 265-268.

U hl , 6 . R . ,  R.R. Goodman, M.J.  Kuhar,  S.R. C h i ld e r s  and S.H. Snyder .  

Immunocytochemical mapping o f  e n k ep h a l in  c o n t a i n i n g  c e l l  b o d i e s ,  

f i b e r s  and ne rve  t e r m i n a l s  in t h e  b r a i n  stem o f  t h e  r a t .  Brain 

R es e a r ch , 1979, 116: 75-94 .

Vogt,  M. The e f f e c t  o f  lowering  t h e  5 -h y d ro x y t ry p ta m in e  c o n t e n t  o f  the  

r a t  s p i n a l  cord  on a n a l g e s i a  produced by morphine .  Jou rna l  o f  

P h y s io lo g y , 1974, 236: 483-498.

Ward, S . J . ,  P .S .  P o r toghese  and A.E. Takemori.  Pharm acolog ica l  

c h a r a c t e r i z a t i o n  in  v ivo  o f  t h e  novel o p i a t e ,  b - f u n a l t r e x a m i n e .  

Journa l  o f  Pharmacology and Exper imenta l  T h e r a p e u t i c s , 1982,

220 : 494-498.

W atkins ,  L.R. and D . J .  Mayer.  The n e u ra l  o r g a n i z a t i o n  o f  endogenous 

o p i a t e  and n o n - o p i a t e  pa in  c o n t r o l  sy s te m s .  S c i e n c e , 1982, 216: 

1185-1192.

105



Watson, S . J .  and H. Aki1. Anatomy o f  b e t a - e n d o r p h in  c o n t a i n i n g  

s t r u c t u r e  in p i t u i t a r y  and b r a i n .  In:  Hormonal P r o t e i n s  and

P e p t i d e s , Vol. 10, e d i t e d  by C.H. L i .  New York: Academic P r e s s ,

1981, 171-201.

Watson, S . J . ,  H. A k i l ,  W. F i s c h l i ,  A. G o l d s t e i n ,  E. Zimmerman,

G. N i la v e r  and T.B. van Weinersman G re idanus .  Dynorphin and 

v a s o p r e s s i n :  Common l o c a l i z a t i o n  in m a g n o c e l lu la r  n eu ro n s .

S c i e n c e , 1982, 216: 85-87 .

Watson, S . J . ,  H. A k i l ,  V.E. Ghazaross ian  and A. G o ld s t e i n .

Dynorphin immunocytochemical l o c a l i z a t i o n  in b r a i n  and 

p e r i p h e r a l  ne rvous  system: P r e l i m i n a r y  s t u d i e s .  P roceed ings

o f  t h e  Nat ional  Academy o f  S c i e n c e s ,  U .S .A . , 1981, 78: 1260-1263.

W iesen fe ld ,  Z. and R.G. H a l l i n .  Continuous na loxone a d m i n i s t r a t i o n  v ia  

osmot ic  mini pump d e c r e a s e s  autonomy bu t  has no e f f e c t  on 

n o c i c e p t i v e  t h r e s h o l d  in t h e  r a t .  P a i n , 1983, J6.: 145-153.

Wolozin,  B .L . ,  S.  Nishimura and G.W. P a s t e r n a k .  The b in d in g  o f  k -  and 

o - o p i a t e s  in r a t  b r a i n .  Jou rna l  o f  N eu ro sc ie n ce , 1982, 2: 708-713.

Wolozin,  B.L. and G.W. P a s t e r n a k .  C l a s s i f i c a t i o n  o f  m u l t i p l e  morphine 

and e n k ep h a l in  b in d in g  s i t e s  in t h e  c e n t r a l  nervous  system..  

P roceed ings  o f  t h e  N a t iona l  Academy o f  S c i e n c e s ,  U .S .A . , 1981,

78 : 6181-6185.

Wood, P .L .  M u l t i p l e  o p i a t e  r e c e p t o r s :  Suppor t  f o r  un ique  mu, e l t a

and kappa s i t e s .  Neuropharmacology, 1982, 21_: 487-497.

106



Woolf,  C .J .  A n a lges ia  and h y p e r a l g e s i a  produced in t h e  r a t  by i n t r a ­

t h e c a l  na lo x o n e .  Brain R e s e a r c h , 1980a, 189; 593-597.

Woolf, C .J .  I n t r a c e r e b r a l  na loxone and th e  r e a c t i o n  to  thermal  noxious  

s t i m u l a t i o n  in t h e  r a t .  Bra in  R esea rch ,  1980b, 189: 578-583 .

Wuster ,  M. and A. Herz.  D e tec t io n  o f  t h e  long a c t i n g  endogenous 

o p io id  in blood and small  i n t e s t i n e .  L i fe  S c i e n c e s , 1977, 218: 

105-116.

Yaksh, T.L. and J . L .  Henry.  A n t i n o c i c e p t i v e  e f f e c t s  o f  i n t r a t h e c a l l y  

a d m i n i s t e r e d  human b -endorph in  in  t h e  r a t  and c a t .  Canadian 

Jo u rn a l  o f  Phys io logy  and Pharmacology, 1978, 5(5: 754-760.

Yaksh, T . L . , S .P .  Huang, T.A. Rudy, and R.C.A. F r e d e r i c k s o n .  The 

d i r e c t  and s p e c i f i c  o p i a t e - l i k e  e f f e c t  o f  M et-enkepha l in  and 

an a logues  on t h e  s p i n a l  c o r d .  N e u ro sc ie n ce , 1977, 2: 593-596.

Yaksh, T.L. and T.A. Rudy. N a rco t ic  a n a l g e s i c s :  CNS s i t e s  and

mechanisms o f  a c t i o n  a s  r e v e a l e d  by i n t r a c e r e b r a l  i n j e c t i o n  

t e c h n i q u e s .  P a i n , 1978, £ :  299-359.

Yehuda, S. and A .J .  K a s t i n .  P e p t id e s  and t h e r m o r e g u l a t i o n .

Neurosc ience  B io b eh av io ra l  Reviews, 1980, £ :  59 -72 .

Yeung, J .G .  and T.A. Rudy. S i t e s  o f  a n t i n o c i c e p t i v e  a c t i o n  o f

s y s t e m i c a l l y  i n j e c t e d  morphine: Involvement o f  s u p r a s p i n a l  l o c i

a s  r e v e a l e d  by i n t r a c e r e b r o v e n t r i c u l a r  i n j e c t i o n  o f  n a lo x o n e .  

Jo u rn a l  o f  Pharmacology and Exper im enta l  T h e r a p e u t i c s , 1980a,

215: 626-632.

107



Yeung, J .C .  and T.A. Rudy. M u l t i p l i c a t i v e  i n t e r a c t i o n  between 

n a r c o t i c  agonisms e x p re s s ed  a t  s p i n a l  and s u p r a s p i n a l  s i t e s  o f  

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

and i n t r a c e r e b r o v e n t r i c u l a r  i n j e c t i o n s  o f  morphine .  Jo u rn a l  o f  

Pharmacology and Experimenta l  T h e r a p e u t i c s , 1980b, 215: 633-642.

Zukin ,  S.R. and Zukin ,  S .R. M u l t i p l e  o p i a t e  r e c e p t o r s :  emerging

c o n c e p t s .  L i f e  S c i e n c e s ,  1981, 29: 2681-2690.

108


