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synap t i c  cleft, i.e. w i th in  t he  i n t r a s y n a p t i c  region.  There  
is e x p e r i m e n t a l  ev idence  t h a t  such  a g r a d i e n t  does in  
fac t  exis t  in  th i s  t i s sue  d u r i n g  neurogen ic  a c t i v i t y  5. 
This  suggests  t h a t  on ly  t he  s m o o t h  muscle  cells d i rec t ly  
a d j a c e n t  to  t he  ne rve  p lexus  a n d  poss ib ly  on ly  t he  pos t -  
synap t i c  m e m b r a n e  c o n t a i n  a lpharecep tors .  

Accumulation and metabolism of 3H-l-norepinephrine in rat portal 
vein* 

Condition Incuba- 3H-1-NE + 3H-metabolites** 
tion time (moles/g tiss) • 10 -1~ 
(min) (mean ~: SE [nl) 

a) Control 20 S7.1 • 5.0 (5) 
b) Cocaine (10 4 M) 20 35.6 i 4.1 (5) 

Cocaine- 
sensitive (a-b) 20 49.3 ~ 2.0 (5) 

e) Control 40 200.3 4- 14.1 (5) 
d) Cocaine (10 -4 M) 40 87.9 -[: 9.9 (5) 

Cocaine- 
sensitive (c-d) 40 112.3 :~- 6.7 (5) 

(moles/g min) x 10 -1~ 

Rate of cocaine sensitive 3.15 4- 0.33 
accumulation and metabolism 
of aH-1-NE 

* Portal veins incubated in 3H-1-NE (2 • 10 _7 M) ; tissues assayed for 
3H-1-NE and 3H-metabolites; Krebs medium assayed for 3H-me- 
tabolites. 
** Metabolites: 3,4-dihydroxyphenylglyeol, 3-methoxy-4-hydroxy- 
phenylglycol, 3,4-dihydroxymandelic acid, 3-methoxy-4-hydroxy- 
mandelic acid, normetanephrine. 

Recen t ly ,  Apr ig l iano  e t  al. 1~ h a v e  r epo r t ed  on ly  a 
1.6fold sh i f t  of t h e  con t r ac t i l e  dose-response  cu rve  of r a t  
p o r t a l  ve in  to  exogenous  N E  a f t e r  t r e a t m e n t  in  v i t ro  
w i t h  6 - h y d r o x y d o p a m i n e .  H y p e r s e n s i t i v i t y  of th i s  order  
is c o m m o n l y  seen w i t h  o the r  b lood  vessel  s t r ips ,  and  
implies  a more  h o m o g e n e o u s  d i s t r i b u t i o n  of t he  a lpha-  
recep tors  t h r o u g h o u t  t he  l ong i t ud ina l  s m o o t h  muscle  
layer .  Th i s  v a l u e  is c o n s i s t e n t  w i t h  t he  d imens ions  of the  
ca lcu la ted  i n t r a - m u r a l  N E  g r a d i e n t  found  in th i s  s tudy ,  
However ,  i t  has  also been  s h o w n  4, 7,s t h a t  t he  l a t e n c y  of 
onse t  of t he  con t rac t i l e  response  to  exogenous  N E  dif- 
fusing in f rom e i the r  t h e  i n t i m a l  or a d v e n t i t i a l  b o r d e r  is 
cons i s t en t  w i t h  a l p h a - r e c e p t o r  loca l iza t ion  nea r  t he  ad-  
renergic  n e r v e  p lexus  a n d  b e t w e e n  t he  s m o o t h  muscle  
layers.  In  add i t ion ,  t he  p o r t a l  ve in  l ong i tud ina l  s m o o t h  
muscle  is capab le  of  myogen ic  c o n d u c t i o n  wh ich  could 
ef fec t ive ly  exci te  s m o o t h  muscle  cells t h r o u g h o u t  t he  lon- 
g i t ud ina l  muscle  layer  f rom layers  nea r  t he  ne rve  plexus.  
I t s  con t r ac t i l e  a c t i v i t y  is usua l ly  d o m i n a t e d  b y  pace-  
m a k e r  cells and  t he  c o n c e n t r a t i o n  of neurogen ic  N E  out-  
side t he  s y n a p t i c  clef t  is p r o b a b l y  too  low to be  biologi- 
ca l ly  effect ive  d u r i n g  phYsiological  ra tes  of s y m p a t h e t i c  
~ c t i v i t y  5. Thus ,  t he  t i ssue  seems to  possess a t r ue  neuro-  
effector  junc t ion .  In  o t h e r  t i ssues  w i t h  such  a j u n c t i o n  
t he re  is r e s t r i c t ion  of t he  recep tors  to  t he  pos t - synap t i c  
m e m b r a n e .  
I n  conclusion,  ev idence  has  been  der ived  f rom s tud ies  of 
n e u r o n a l  u p t a k e  and  m e t a b o l i s m  of 3H-1-NE t h a t  t he  
c o n c e n t r a t i o n  g r a d i e n t  of exogenous  N E  in t he  longi tu-  
d ina l  muscle  of t h e  r a t  p o r t a l  ve in  is n o t  suff ic ient  to  
a c c o u n t  for a h i g h  level  of d e n e r v a t i o n  or p r e j u n c t i o n a l  
hype r sens i t i v i t y .  I f  this ,  in fact ,  occurs  in  th i s  t issue,  i t  
m u s t  be  t he  consequence  of a h igh  i n t r a s y n a p t i c  concen-  
t r a t i o n  g r a d i e n t  a n d  a r e s t r i c t ion  of t he  a lpha -ad rene rg ic  
r ecep to r s  to  th i s  site. 

Differential  effects of opiates  on the incorporat ion  of [14C] th iamine  in the central nervous  s y s t e m  
of the rat 

A. L. Misra  1, N. L. V a d l a m a n i  and  R . B .  P o n t a n i  

New York State Office of Drug Abuse Services, Testing and Research Laboratory, 80, Hanson Place, Brooklyn, (N. Y. 
11217, USA), 25 May 1976 

Summary. Opia t e  agonis t  (morphine) ,  pu re  a n t a g o n i s t  (naloxone),  mixed  a g o n i s t - a n t a g o n i s t  (na lorphine)  and  analge-  
s ical ly  i nac t ive  e n a n t i o m o r p h  (dex t ro rphan)  p roduced  d i f fe ren t ia l  s tereoselect ive  effects  on t h e  i nco rpo ra t ion  of El*C] 
t h i a m i n e  in t h e  cen t r a l  ne r vous  s y s t e m  of t he  ra ts .  The  possible  role of t h i a m i n e  in op ia te  effects  and  i ts  impl ica t ions  
are discussed.  

T h i a m i n e  a n d  i ts  p h o s p h o r y l a t e d  es ters  a p p e a r  to  p l ay  
a n  i m p o r t a n t  b iophys ica l  role in  n e r v e  c o n d u c t i o n  and  
exc i t a t i on  a t  t h e  molecu la r  level  2, 3, qu i t e  i n d e p e n d e n t l y  
of t h e i r  we l l -known c o e n z y m a t i c  a c t i v i t y  in t he  decar-  
b o x y l a t i o n  of a -ke to  acids a n d  2 t r a n s k e t o l a t i o n  s teps  of 
t h e  pen tose  p h o s p h a t e  p a t h w a y .  The  specific loca t ion  of 
t h i a m i n e  in t he  axona l  m e m b r a n e ,  r a t h e r  t h a n  in the  
c y t o p l a s m  as in  o the r  cells, i ts  ab i l i ty  to  fo rm complexes  
w i t h  sod ium a n d  c a l c i um  ions a n d  some n e u r o t r a n s m i t -  
ters,  i ts  release f rom severa l  neu ra l  t issues on  e lectr ical  
s t i m u l a t i o n  a n d  b y  d rugs  w h i c h  i n t e r a c t  w i t h  n e r v e  
m e m b r a n e s ,  a p p e a r  cons i s t en t  w i t h  i t s  p a r t i c i p a t i o n  in 
neu ra l  e x c i t a t i o n  a n d  t r a n s m e m b r a n e  ion t r a n s p o r t  in- 
vo lv ing  p e r m e a b i l i t y  changes  a t  t he  sod ium c h a n n e l  *. I n  
v iew of t he  i n v o l v e m e n t  of a p p r o x i m a t e l y  ha l f  of t he  
ce rebra l  t h i a m i n e  in p y r u v a t e  o x i d a t i o n  a n d  t h e  r ema in -  
ing in o t h e r  me tabo l i c  processes  in  b ra in ,  t he re  is l i t t le  if 

a n y  excess of t h i a m i n e  in t he  CNS 5 a n d  d i s t u r b a n c e  of 
func t ion  in t he  CNS w i t h  i ts  m o d e r a t e  dep le t ion  is un-  
de r s t andab le .  
This  s t u d y  d e m o n s t r a t e s  t h a t  in  ch ron ica l ly -morph in -  
ised rats ,  a h igh ly  s ign i f ican t  decrease  as c o m p a r e d  
to  t he  cont ro ls  occur red  in t he  i n c o r p o r a t i o n  of Ethiazole- 
2-1~C]thiamine in t he  b r a i n  s t e m ;  c o n c u r r e n t  admin i s -  
t r a t i o n  of na loxone ,  t h e  pu re  na rco t i c  a n t a g o n i s t  w i t h  
m o r p h i n e  abol i shed  t h e  h igh ly  s ign i f i can t  increase  in t he  
i nco rpo ra t i on  of t h i a m i n e  r a d i o a c t i v i t y  in  cor t ica l  hemi -  
spheres,  cerebel lum,  b r a i n  s t e m  and  p l a s m a  of r a t s  
a c u t e l y - t r e a t e d  w i t h  a 10 m g / k g  s.c. dose of m o r p h i n e ;  
d e x t r o r p h a n ,  a n  ana lges ica l ly - inac t ive  m o r p h i n a n  did  
n o t  p roduce  a n y  s ign i f i can t  c h a n g e  in i nco rpo ra t i on  of 
t h i a m i n e  r a d i o a c t i v i t y  in  these  areas  of the  CNS a n d  
p l a sma ;  na loxone  p r o d u c e d  a s ign i f ican t  decrease  in the  
i nco rpo ra t ion  of t h i a m i n e  r a d i o a c t i v i t y  on ly  in t h e  b r a i n  
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s t e m .  T h e  b io log i c a l  i m p l i c a t i o n s  of t h e s e  o b s e r v a t i o n s  
a r e  d i s c u s s e d  he re .  
Materials and methods. [ T h i a z o l e - 2 - 1 ~ C ] t h i a m i n e ,  sp .  ac t .  
41.7 tzCi /mg a n d  N C S  s o l u b i l i z e r  were  o b t a i n e d  c o m m e r -  
c i a l l y  f r o m  A m e r s h a m - S e a r l e  Corp . ,  I l l inois .  M a l e  W i s t a r  
r a t s  ( 1 1 0 - 1 6 0  g) w e r e  u s e d  in  t h e s e  s t u d i e s .  O t h e r  d e t a i l s  
o n  m e t h o d s  a r e  d e s c r i b e d  in  t h e  l e g e n d s  to  t h e  f i g u r e s  
1 a n d  2. 
Results and discussion. T h e  d a t a  on  t h e  i n c o r p o r a t i o n  of  
[x~C] th iamine  r a d i o a c t i v i t y  in  a r e a s  of  t h e  C N S  a n d  
p l a s m a  of  con t ro l ,  a c u t e l y  a n d  c h r o n i c a l l y - m o r p h i n i z e d  
r a t s  a re  g i v e n  in  f i g u r e  1. A f t e r  a s ing le  10 m g / k g  s.c.  
i n j e c t i o n  of  m o r p h i n e ,  a h i g h l y  s i g n i f i c a n t  ( p <  0.01) in-  
c r e a s e  as  c o m p a r e d  t o  t h e  c o n t r o l s  o c c u r r e d  in  t h e  i n c o r -  
p o r a t i o n  of  t h i a m i n e  r a d i o a c t i v i t y  in  t h e  c o r t i c a l  h e m i -  
s p h e r e s  (21%) ,  c e r e b e l l u m  (44%) ,  b r a i n  s t e m  (29%)  a n d  
p l a s m a  (53%)  of  t h e  r a t s .  I n  m o r p h i n e  pe l l e t  (75 rag) -  
i m p l a n t e d  r a t s ,  3 d a y s  a f t e r  i m p l a n t a t i o n ,  o n l y  ce r ebe l -  
l u m  s h o w e d  a s i g n i f i c a n t  i n c r e a s e  (11%,  p < 0.05) in  
i n c o r p o r a t i o n  of  t h i a m i n e  r a d i o a c t i v i t y  as  c o m p a r e d  t o  
t h e  c o n t r o l s .  H o w e v e r ,  o n e  w e e k  a f t e r  i m p l a n t a t i o n ,  a 
s i g n i f i c a n t  d e c r e a s e  (9%,  p < 0.05) a p p e a r e d  in  t h e  c o r t e x  
a n d  t h e  b r a i n  s t e m  (15% , p < 0.01) a n d  2 w e e k s  a f t e r  
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Fig. 1. Incorporation of [~4C] thiamine radioactivity in selected areas 
of the CNS and plasma of control, acutely and ehronically-mor- 
phinised rats. The ordinate represents radioactivity as counts per 
min. (mean • S. E. M.) per g wet tissue weight or ml plasma of 5 
animals in each group. * and ** denote significant differences from 
control values at p < 0.05 and p < 0.01 respectively based on t-test. 
The rats in the control group (a) were injected s. e. with 0.9% saline 
(2 ml/kg); in the acute group (b) with a 10 mg/kg (free base) dose 
of morphine s. e. and in the chronic group a morphine pellet 
(75 mg) was implanted in each rat in the dorsal area. 15 min after 
injection of saline or morphine, [l~C] thiamine (1 mg/kg) was injected 
s. c. in each rat and blood and brain removed 30 min after this in- 
jection. Brain was dissected in different areas and blood immediately 
centrifuged to remove plasma. The tissue was homogenized in 0.9% 
saline to bring up to a total of 5 ml and an aliquot (0.5 ml) of homo- 
genate in duplicate (plasma samples similarly treated) taken in 
counting vials, dissolved in 1-1.5 ml NCS solution at 45~ on a 
Fisher-Slide Warmer  and the radioactivity determined using 10 ml 
toluence-phosphor solution in a liquid scintillation counter using 
conventional procedures. Duplicate determinations were performed 
on each tissue or plasma sample and the results averaged. In the 
chronically-morphinized group, brain and blood were removed 3 
days (c), 1 week (d) and 2 weeks (e) after the implantation of mor- 
phine pellet. [xlC] Thiamine injections were given at the end of these 
periods and 30 min later, tissue and plasma removed and processed 
exactly as described above. The morphine pellet remained in the 
dorsal area till the time of sacrifice. Cortex represents the cortical 
hemispheres. 
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i m p l a n t a t i o n  t h e  s a m e  s i g n i f i c a n t  d e c r e a s e  ( 1 5 % ,  
p < 0.05) p e r s i s t e d  o n l y  in  t h e  b r a i n  s t e m .  
T h e  d a t a  o n  t h e  i n c o r p o r a t i o n  of  t h i a m i n e  r a d i o a c t i v i t y  
in  t h e  a b o v e  a r e a s  of  t h e  C N S  a n d  p l a s m a  of  c o n t r o l  r a t s  
a n d  t h o s e  a f t e r  s.c.  i n j e c t i o n s  of  d e x t r o r p h a n  (10 m g / k g ) ,  
n a l o x o n e  (10 m g / k g )  a n d  m o r p h i n e - n a l o x o n e  m i x t u r e  
(10 m g / k g  dose  for  e a c h  c o m p o n e n t )  a r e  g i v e n  in  f i g u r e  2. 
N o  s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  i n c o r p o r a t i o n  of  t h i a m i n e  
r a d i o a c t i v i t y  as  c o m p a r e d  t o  t h e  c o n t r o l s  o c c u r e d  in  a n y  
a r e a s  of  t h e  C N S  a n d  p l a s m a  of  r a t s  w i t h  d e x t r o r p h a n .  
N a l o x o n e  p r o d u c e d  a s i g n i f i c a n t  d e c r e a s e  (16%,  p < 0.05) 
in  i n c o r p o r a t i o n  o n l y  in  t h e  b r a i n  s t e m .  T h e  s.c.  i n j e c t i o n  
of m o r p h i n e - n a l o x o n e  m i x t u r e  a b o l i s h e d  al l  t h e  i n c r e a s e s  
o b s e r v e d  in  t h e  i n c o r p o r a t i o n  of  t h i a m i n e  r a d i o a c t i v i t y  
in  a r e a s  of  t h e  C N S  a n d  p l a s m a  of  r a t s  a c u t e l y - t r e a t e d  
w i t h  10 m g / k g  s.c.  d o s e  of  m o r p h i n e .  N a l o r p h i n e ,  a m i x e d  
a g o n i s t - a n t a g o n i s t  (10 m g / k g  s.c.) a l o n e  p r o d u c e d  s m a l l  
i n c r e a s e s  in  t h e  i n c o r p o r a t i o n  of  t h i a m i n e  r a d i o a c t i v i t y  in  
c e r e b e l l u m  (5%),  b r a i n  s t e m  (7%)  a n d  p l a s m a  (18%)  of  
r a t s  (n = 4), w h i c h  w e r e  s t a t i s t i c a l l y  n o t  s i g n i f i c a n t .  
T h e s e  s t u d i e s  on  t h e  i n c o r p o r a t i o n  of  t h i a m i n e  r a d i o -  
a c t i v i t y  in t h e  C N S  s h o w i n g  d i f f e r e n t i a l  s t e r e o s e l e c t i v e  
e f f e c t s  w i t h  o p i a t e  a g o n i s t ,  p u r e  a n t a g o n i s t ,  m i x e d  
a g o n i s t - a n t a g o n i s t  a n d  i n a c t i v e  e n a n t i o m o r p h  p r o v i d e  
e v i d e n c e  t h a t  m o r p h i n e  i n t e r f e r e s  a t  t h e  b r a i n  s t e m  w i t h  
t h e  b io log i ca l  p r o c e s s e s  in  w h i c h  t h i a m i n e  is i n v o l v e d  a n d  
a!so  i n d i c a t e  t h a t  t h e  b r a i n  s t e m  m a y  be  a n  i m p o r t a n t  
s i t e  of  m o r p h i n e  a n a l g e s i a  e-s  a n d  n a r c o t i c  a n t a g o n i s m .  
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Fig. 2. Incorporation of [lac] thiamine in selected areas of the CNS 
and plasma of rats (4 animals in each group) treated with saline 
(a), 10 mg/kg s.c. dose of dextrorphan (b), 10 mg/kg s.c. dose of nalo- 
xone (e) and 10 mg/kg s.c. dose each of morphine-naloxone in the 
same injection solution (d). * denotes significant differences from 
control values at p < 0.05 based on t-test. Other details as given in 
the footnote of figure I. 
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The  exac t  m e c h a n i s m  of pers i s ten t  localized decrease  in 
u p t a k e  of t h i a m i n e  r a d i o a c t i v i t y  induced  b y  m o r p h i n e  in 
b r a i n  s t e m  of t h e  ch ron ica l l y -morph in i sed  r a t s  is no t  
k n o w n  a t  t he  p r e sen t  t ime.  However ,  in  v iew of t h e  ac t ive  
t r a n s p o r t  of t h i a m i n e  in to  t he  neur0nesg,  a n  in te r fe rence  
b y  m o r p h i n e  w i t h  t he  t r a n s p o r t  car r ier  could p roduce  
such  a decrease,  even  t h o u g h  the re  m a y  be  suff ic ient  
t h i a m i n e  in b lood  to s u p p o r t  n o r m a l  ce rebra l  func t ion .  
Mobi l iza t ion  of t h i a m i n e  f rom axona l  m e m b r a n e  b y  
morph ine ,  pers i s tence  in r a t  b ra in  of p o t e n t  agonis t s  e.g. 
m o r p h i n e  10, m e t h a d o n e  11,12 levorphano113 which  h a v e  
h igh  to le rance  and  phys ica l  dependence  l i ab i l i ty ;  lack of 
pers i s tence  of t h e b a i n e  14, w i t h o u t  such  a l i ab i l i ty  m a y  
poss ib ly  be  o t h e r  c o n t r i b u t i n g  factors  in t h e  long- las t ing  
decrease  m u p t a k e  of t h i a m i n e  r a d i o a c t i v i t y  i nduced  by  
m o r p h i n e  in t he  b ra in  s tem.  
I n  v iew of t he  m e a s u r e m e n t s  of t o t a l  t h i a m i n e  rad io-  
a c t i v i t y  in  these  s tudies ,  i t  is n o t  possible to  s t a t e  w h e t h e r  
t h i a m i n e  or i ts  di  or t r i p h o s p h a t e  metabol i te (s )  is in- 
volved.  As t h i a m i n e  or coca rboxy lase  ne i t he r  p roduced  
d e t e c t a b l e  ana lges ia  in ra t s  15 no r  any  effect  on  i so la ted  
i n t e s t i ne  or gu inea-p ig  uterus16,17, our  f indings  m a y  no t  
be  r e l a t ed  in a p r i m a r y  w ay  to  th i amine .  The re  is ev idence  
however ,  t h a t  t h i a m i n e  decreased  the  i n t e n s i t y  of mor-  
p h i n e  w i t h d r a w a l  s y n d r o m e  in ra ts  16 a n d  da i ly  in jec t ions  
of t h i a m i n e  a t  f i rs t  p r e v e n t e d  and  a f t e rwards  de layed  t he  
progress ive  a p p e a r a n c e  of to le rance  to  m o r p h i n e  anal-  
gesia 15. H y p e r e x c i t a b i l i t y  a n d  aggressive b e h a v i o u r  nor- 
m a l l y  seen in ch ron ica l l y -morph in i zed  r a t s  d id  n o t  occur  
on in lec t ions  of t h i a m i n e  in t he  r a t s  a n d  the  r a t e  of re- 
covery  of m o r p h i n e  ana lgesm was also acce le ra ted  b y  
these  in jec t ions  15. T h i a m i n e  therefore ,  m a y  p lay  a n  in- 
d i rec t  role in  op ia te  effects  descr ibed  above.  Morph ine-  
i nd uced  t h i a m i n e  dep le t ion  in b ra in  s t e m  and  loss of 

m e m b r a n e - b o u n d  ca lc ium in t he  CNS prev ious ly  re- 
p o r t e d  19 wi th  m o r p h i n e  could conce ivab ly  cause a n  ab-  
n o r m a l i t y  in t h e  role of t h i a m i n e  a, 4, in  m a i n t a i n i n g  a n  
essent ia l  con f igu ra t ion  of t he  sod ium t r a n s p o r t  s y s t e m  of 
t he  exc i t ab le  m e m b r a n e s  a n d  consequen t  changes  in ion 
t r a n s p o r t  m a y  h a v e  a n  i m p o r t a n t  bea r ing  on  to le rance  to  
and  phys ica l  d e p e n d e n c e  on  morph ine .  
F ina l ly  our  resu l t s  w i t h  opia tes  a p p e a r  i n t e re s t ing  in 
v iew of t he  fac t  t h a t  single doses of a m o b a r b i t a l  (25 m g / k g  
i.p. / or e t h a n o l  (5 g /kg p.o.) in r a t s  d id  no t  p roduce  a n y  
s igni f icant  c h a n g e  in i nco rpo ra t ion  of t h i a m i n e  in a n y  
areas  of t he  CNS or p la sma .  I n t r a v e n o u s  in jec t ion  (5 mg /  
kg) of cocaine  however ,  p roduced  a s ign i f ican t  increase  
( P < 0 . 0 5 )  as compared  to t he  sal ine cont ro l s  in t he  in-  
co rpo ra t i on  of label led  t h i a m i n e  r a d i o a c t i v i t y  in  t h e  cor- 
t ica l  hemi sphe re s  (12.4%), ce rebe l lum (17.3%) and  b r a i n  
s t em (14.7%) bu t  no t  in p l a s m a  of r a t s  (Misra e t  al., 
unpub l i shed  observa t ions ) .  
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Summary. M e t h i o n i n e - e n k e p h a l i n  and  l euc ine -enkepha l in  (m-enk  and  1-enk) h a v e  been  s h o w n  to an tagon ize  con-  
t r a c t i o n s  of t he  i so la ted  gu inea-p ig  i n t e s t i ne  el ic i ted b y  P G E  1. The  i n h i b i t o r y  effect  of these  2 p e n t a p e p t i d e s  is abol-  
i shed  b y  na loxone .  

Recen t ly ,  t he  ex is tence  of an  endogenous  s u b s t a n c e  in t he  
b ra in ,  t h a t  ac ts  as a n  agonis t  a t  op ia t e - r ecep to r  sites, has  
been  r epo r t ed l -~ .  H u g h e s  e t  al. cha rac t e r i zed  th i s  sub-  
s tance ,  wh ich  t h e y  n a m e d  e n k e p h a l i n  as a low-molecular -  
we igh t  pep t ide  4. E n k e p h a l i n  has  since been  found  to 
cons is t  of 2 pen t apep t i de s ,  m e t h i o n i n e - e n k e p h a l i n  and  
l euc ine -enkepha l in  (hereaf te r  a b b r e v i a t e d  to  m - e n k  a n d  
1-enk, respect ively) ,  wh ich  h a v e  been  iden t i f i ed  a n d  
syn thes i zed  5. B o t h  h a v e  been  shown to  p roduce  a dose- 
r e l a t ed  i n h i b i t o r y  effect  on  e lect r ica l ly  evoked  con t rac -  
t ions  of t he  mouse  va s  deferens  and  t he  gu inea-p ig  
i l eum 5, 6. The  same  a u t h o r s  n o t e d  some s l igh t  q u a n t i t a t i v e  
differences  b e t w e e n  t he  2 pept ides ,  1-enk be ing  on  t he  
whole  s o m e w h a t  less ac t ive  t h a n  m-enk.  T h e y  also de- 
m o n s t r a t e d  t h a t  na loxone  reverses  t he  d e p r e s s a n t  effects  
of m - e n k  a n d  l=enk on  e lect r ica l ly  i nduced  c o n t r a c t i o n s  
of t he  vas  deferens  of t he  mouse.  C h a n g  e t  al. 7 h a v e  
s tud ied  t he  op ia t e - r ecep to r  aff ini t ies  of s y n t h e t i c  m - e n k  
a n d  1-enk a n d  h a v e  found  t h a t :  

a) m - e n k  ha s  s l igh t ly  g rea t e r  a f f in i ty  for op ia te - recep to r s  
in  t he  r a t  b r a i n  t h a n  1-enk, and  
b) m - e n k  i n j ec t ed  i n t r a c e r e b r a l l y  p roduces  a t r a n s i e n t  
ana lges ia  t h a t  is r eversed  b y  na loxone .  W h e n  m - e n k  a n d  
1-enk were a d m i n i s t e r e d  t h r o u g h  p e r m a n e n t l y  indwel l ing  
cannu lae  in t he  l a t e ra l  ven t r ic les  of ra ts ,  b o t h  were f o u n d  
to induce  a p r o f o u n d  ana lges ia  t h a t  was  comple te ly  abol-  
i shed b y  na loxone  s. 
W e  h a v e  s h o w n  t h a t  m o r p h i n e  and  o the r  na rco t i c  
analgesic  agen t s  i n h i b i t  t h e  c o n t r a c t i o n s  el ici ted b y  pros-  
t a g l a n d i n  E 1 in t h e  i so la ted  guinea-p ig  i l eum 9, a n d  t h a t  
b y  u s ing  t h i s  s imple  in  v i t r o  t echn ique ,  i t  is possible  to  
d i s t ingu i sh  b e t w e e n  na rco t i c  agonis t  a n d  a n t a g o n i s t  
ac t iv i t i es  of d rugs  1~ I t  t he re fo re  seemed possible  t h a t  
e n k e p h a l i n s  m i g h t  also a n t a g o n i z e  i n t e s t i n a l  c o n t r a c t i o n s  
el ici ted bY PGE1 and,  if SO, t h a t  t h i s  i n h i b i t o r y  effect  
w o u l d  also be  revers ib le  t h r o u g h  t he  i n t e r ac t i on  o f  a n  
op ia te  an t agon i s t ,  viz. na loxone .  T h e  fol lowing exper i -  
m e n t s  were ca r r ied  ou t  to  t e s t  t h i s  hypo thes i s .  


