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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 .  
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Mater ials  and methods. Meth ion ine -  a n d  leucine-enke-  
pha l in  were  syn thes ized  b y  Dr  M. R i t t e l  of our  C h e m i s t r y  
D e p a r t m e n t .  P r o s t a g l a n d i n  E l  was  p u r c h a s e d  f rom Ono 
P h a r m a c e u t i c a l  Company ,  L td ,  Osaka  ( Japan) ,  and  
na loxone  hydroch lo r ide  f rom E n d o  L abo r a t o r i e s  Inc. ,  
G a r d e n  City,  N.Y. (USA). To locon ium m e t h y l s u l p h a t e  
(act ive pr inc ip le  of Desogen | was  o b t a i n e d  f rom our  
C h e m i s t r y  D e p a r t m e n t .  
Segmen t s  ( l eng th  of 5-6  cm) of t e r m i n a l  i l eum (excluding 
t he  10-cm-por t ion  n e x t  to  the  i leocoecal valve)  f rom male  
guinea-pigs  (P i rb r igh t  s t r a in  ; T i e r f a r m  AG, Sisseln;  
body  w e i g h t  b e t w e e n  350 and  550 g) were m o u n t e d  in a 
20 ml  o r g a n - b a t h  con ta in ing  T y r o d e ' s  so lu t ion  m a i n t a i n e d  
a t  38~ a n d  ae ra ted  w i t h  0 3. Usual ly ,  1-2 h e lapsed 
before  t h e  expe r imen t s  were  s t a r t ed .  Fo l lowing  a re- 
c o m m e n d a t i o n  m a d e  b y  J. H. G a d d u m  ~, we used a 
d e t e r g e n t  to  p r e v e n t  the  p e n t a p e p t i d e s  f rom be ing  ad-  
sorbed  on  to  glass and  o the r  foreign surfaces.  One d rop  of 
a 0.1~/o (w/v) t o locon ium m e t h y l s u l p h a t e  ( toloconium) 
so lu t ion  in dis t i l led wa te r  was  added  to 10 ml  s tock  solu- 
t ions  (0.1 to  1 mM) of the  pen t apep t ide s .  T he  s tock  solu- 
t ions  were p r epa red  less t h a n  1 h before  t h e  in v i t ro  
e x p e r i m e n t s  began .  F u r t h e r  d i lu t ion  of these  so lu t ions  was 
a lways  p receded  b y  the  add i t i on  of one d rop  of a 0 .1% 
to locon ium solut ion.  The  f inal  c o n c e n t r a t i o n  of t o locon ium 
in the  o r g a n - b a t h  never  exceeded 0.001%. T he  concen t r a -  
t ions  of PGE~ used in  t h i s  s t u d y  r a n g e d  f rom 0.1 to  0.3 ~g/ 
ml, 0.1 txg/ml be ing  t he  m o s t  f r e q u e n t l y  used dose. In -  
t e s t i na l  s egmen t s  which  did  no t  r e spond  in a reproduc ib le  
m a n n e r  to  P G E  1 were discarded.  
Results.  As can  be seen f rom the  figure,  v e r y  low concen-  
t r a t i o n s  of b o t h  e n k e p h a l i n s  p roduced  a d o s e - d e p e n d e n t  
i nh ib i t i on  of t he  con t r ac t i ons  el ici ted b y  P G E  1 in t he  
isola ted gu inea-p ig  i leum. The  e n k e p h a l i n  concen t r a -  
t ions  ac t ive  u n d e r  these  e x p e r i m e n t a l  cond i t ion  are  a l m o s t  
ident ica l  w i t h  those  r epor ted  to i n h i b i t  e lec t r ica l ly  evoked  
con t r ac t i ons  of the  guinea-p ig  i leum 5. The  specific na rco t i c  
a n t a g o n i s t  na loxone  was found  to reverse  t he  i n h i b i t o r y  
effects of t he  enkepha l in s  a t  c o n c e n t r a t i o n s  of 650 to  
1000 mM, i.e. concen t r a t i ons  s imi lar  to  those  q u o t e d  in t he  
a b o v e - m e n t i o n e d  paper .  A chance  o b s e r v a t i o n  deserves  
m e n t i o n  in th i s  connec t ion :  U n d e r  t he  g iven  e x p e r i m e n t a l  
condi t ions ,  t he  i l eum of t he  guinea-p ig  usua l ly  d i sp lays  no  
s p o n t a n e o u s  ac t i v i t y  or increase  in tone.  In  t he  p r e sen t  
series of expe r imen t s ,  s p o n t a n e o u s  c o n t r a c t i o n s  of t he  
l ong i tud ina l  a n d  c i rcular  muscle  a n d  increases  in tone  
were neve r the l e s s  obse rved  in a few segments .  I n  these  
cases, t he  add i t i on  of smal l  a m o u n t s  of e i t h e r  e n k e p h a l i n  
(10-30 mM) resu l ted  in a ve ry  r ap id  cessa t ion  of t he  con-  
t rac t i l e  a c t i v i t y  and  t o t a l  r e l axa t ion  of t he  in tes t ine .  
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Inhibitory effect of methionine-enkephalin (shaded circles) and 
leueine-enkephalin (circles in outlines) on contractions of the isolated 
guinea-pig ileum elicited by PGE v Each plot represents the mean of 
5 determinations :k SD. 

F r o m  the  f ind ings  p u b l i s h e d  b y  o the r  a u t h o r s  conce rn ing  
t he  var ious  opia te- l ike  ac t iv i t i es  of e n k e p h a l i n s  a n d  f rom 
t h e  resu l t s  o b t a i n e d  in  t h e  p r e sen t  s tudy ,  c e r t a i n  in t e re s t -  
ing genera l  fea tures  emerge.  I t  is obv ious  t h a t  t h e  enke-  
pha l i n s  exe r t  ac t ions  s imi la r  to  those  of m o r p h i n e  a n d  
na rco t i c  analgesics ,  a n d  the i r  r e p e a t e d  a d m i n i s t r a t i o n  
likewise leads to  d e v e l o p m e n t  of to l e rance  12 and  depen-  
dence 13. Like  m o r p h i n e  and  o the r  na rco t i c  analgesics ,  
enkepha l i n s  i nh ib i t  t h e  effect  of P G E  1 on  s m o o t h  muscle .  
I t  would the re fore  seem t h a t  p r o s t a g l a n d i n s  are imp l i ca t -  
ed a t  some p o i n t  in t he  pa thogenes i s  of pa in .  Th i s  v iew is 
co r robo ra t ed  b y  f ind ings  r ecen t ly  descr ibed  b y  L e m b e e k  
e t  al. 1~, who  also quo te  r e l e v a n t  d a t a  p u b l i s h e d  b y  o t h e r  
au thors .  A l t h o u g h  t h e y  h a v e  no t  ye t  been  d e m o n s t r a t e d  
in t he  in tes t ine ,  i t  is t e m p t i n g  to specula te  t h a t  enke-  
pha l in s  or enkepha l in - l ike  pep t ides  could occur  in  t h i s  
organ,  for example  in pep t iderg ic  neu rones  of t he  mes-  
en te r ic  plexus.  Such  a v iew is s u p p o r t e d  b y  t he  fo l lowing 
f ind ings :  a} ' t h e  re la t ive  a f f in i ty  of d rugs  (opiates) a n d  
the  degree of s te reospeei f ic i ty  for i n t e s t ina l  b i n d i n g  si tes 
are closely s imi la r  to  these  p roper t i e s  in t h e  b r a i n ' 6 ;  
b) t h a t  e n k e p h a l i n s  exe r t  op ia te  agonis t  a c t i v i t y  w h e n  
a d m i n i s t e r e d  in to  t h e  b r a i n  s,15 b u t  also i n t e r a c t  w i t h  
op ia te  recep tors  in  b r a i n  homogena tes ,  t he  gu inea -p ig  
i leum a n d  the  mouse  vas  deferenst~;  a n d  e) t he  r e c e n t  
i sola t ion f rom h u m a n  blood of a pep t ide  ( anodyn in )  t h a t  
has  been  shown  to i n t e r a c t  w i t h  op ia te  r ecep to r s  in  
b r a in  h o m o g e n a t e s  a n d  to  cause ana lges ia  w h e n  i n j ec t ed  
in t racerebra l ly t~ .  These  var ious  o b s e r v a t i o n s  could  
ind ica te  t h a t  pep t ides  w i t h  agonis t  a c t i v i t y  m i g h t  be 
p re sen t  in  t h e  in tes t ine .  I f  t h i s  were so, i t  would  be  con-  
ce ivable  t h a t  an  i n t e r a c t i o n  be tween  p r o s t a g l a n d i n s  a n d  
e n k e p h a l i n s  could p l a y  a n  i m p o r t a n t  role in r e g u l a t i n g  
gas t ro - in t e s t ina l  mot i l i ty .  N o r m a l  phys io logica l  gas t ro -  
i n t e s t i na l  m o t i l i t y  could  reflect  a s t a t e  of b a l a n c e  b e t w e e n  
p r o s t a g l a n d i n  and  e n k e p h a l i n  p r o d u c t i o n ;  cons t ipa t ion ,  
on  the  o the r  hand ,  could be  due to  exagge ra t ed  enke-  
p h a l i n  p r o d u c t i o n  or a def ic iency in PGE1 p roduc t ion ,  or 
bo th ,  and  d i a r rhoea  m i g h t  resu l t  f rom exagge ra t ed  P G E  1 
p r o d u c t i o n  or a decrease  in  t he  f o r m a t i o n  a n d  release of 
enkepha l in .  
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