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During the last  few yea r s  the wr i t e r s  have studied the effect of various opioid peptides and their  syn- 
thetic analogs on experimental  ulcer  production in rats .  Some of these peptides have been shown to have a 
marked protect ive action on the duodenal mucosa  [1-3]. 

In the investigation descr ibed below the antiulcer action of a number of endogenous o p i o i d s -  ~-endorphin, 
7-endorphin ,  Met-enkephalin, Leu-enkephalin,  and d ino rph ine -  which are  formed in the body from the various 
h igh-molecular -weight  p r e c u r s o r s -  pro-opiomelanocor t in  (fl- and 7-endorphins),  proenkephalin A (Met- and 
Leu-enkepha[ins),  and proenkephaHa B (dinorphine and Leu-enkephalin) [91 , -  was studied. 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on 495 male Wister  ra t s  weighing 180-220 g. Duodenal ulcer  formation 
was induced by cysteamine hydrochloride (Fluka, Switzerland), which was injected subcutaneously in a single 
dose of 350 mg/kg.  Administrat ion of the test  peptides began immediately after cysteamine was given, as four 
subcutaneous injections with intervals  of 12 h between them. The ra t s  were decapitated 48 h later, the stomach 
and duodenum were removed,  and the state of their  mucosa was evaluated visually. The sever i ty  of the u lcers  
(SU) in the duodenal mucosa was assessed  in points [3]. The frequency of the u lcers  (FU) in groups also was 
counted. For  each group of animals a special  ulcer  index (UI) was determined by the formula UI = SU + 2FU. 
Animals which died before the resul ts  were read were disregarded when ulcer  formation was evaluated (mor-  
tality was 22~). 

Dinorphine 1-13 was obtained from Calbiochem (USA}. All other peptides were synthesized in the Lab- 
o ra to ry  of Peptide Synthesis (Head, M. I. Titov), All-Union Cardiologic Scientific Center, Academy of Medical 
Sciences of the USSR. 

The results were subjected to statistical analysis for SU by Student's t test, and for FU by Pearson's 

ehi-square test. Differences were taken to be significant at the 9~ level (P < 0.05). 

EXPERIMENTAL RESULTS 

The resul t s  are given in Table 1. The peptide fi-endorphin prevented the development of duodenal ulcers ,  
and the effect iveness of its action depended on dose. In the most  effective dose (500 nmoles/kg)  it reduced the 
UI by more  than half. ~/-Endorphin had much s t ronger  antluleer activity than fi-endorphin. I ts  maximal effec- 
tive dose was 10 t imes  smaller ,  and in this dose T-endorphin reduced UI more  than sevenfold. With an increase 
in dose, the ant[ulcer activity of the peptide decreased.  Met- and Leu-enkephalins had a moderate  antiulcer 
action, depress ing  UI in a dose of 20 nmoles /kg  by 30 and 39% respectively.  A decrease  in effect iveness with 
an increase in dose was observed for both peptides, but by a g rea te r  degree for Met-enkephalin. Dinorphine, 
used in a dose of 20 nmoles/kg,  reduced UI by 3.5 times. In a dose of 200 nmoles /kg  dinorphine had virtually 
no antiulcer action. 

All endogenous opioid peptides tested thus possessed  antiulcer activity to a g rea t e r  or  l e s se r  degree.  
This effect is probably mediated by opiate receptors ,  for it is blocked by their  specific antagonist naloxone 
[13]. All opioid peptides except fl-endorphin are  charac ter ized  by a phenomenon of "sliding" of the effect with 
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T A B L E  1. Ef fec t  of E n d o r p h i n s ,  Enkepha l in s ,  and 
Dinorph ine  on D e v e l o p m e n t  of E x p e r i m e n t a l  Duo-  
dena[  U l c e r s  (M:~m) 

Substance ~ E SU FU 

Control 
B - Endo rphin 

y- Endorphin 

Met- Enkephalin 

Leu-Enkephalin 

Dinorphine 

125 
5oo 

20 
2oo 

20 
2oo 

2( 
20( 

104 1,76--+0,13 
6 1,33-+0,42 

28 1,00-+0,24" 
31 0,84--+0,20* 
22 0,86+0,29* 
8 1,13-+0,48 

14 0,29-+0,16" 
10 0,50• 
10 0,80--+0,33* 
lO 2,00+_0,31 
34 1,18-+0,19" 
21 1,57-+0,25 
lO 1,90+_0,37 
33 1,00-+0,20" 
21 1,19-+0,25" 
9 0,67-+0,35* 
9 0,44-+0,29* 
8 1,50+--0,47 

0,67 
0,67 
0,43" 
0,39* 
0,32* 
0,38 
0,07* 
0,20" 
0,40 
0,80 
0,53 

.0,71 
0,80 
0,45* 
0,52 
0,33" 
0,22* 
0,63 

UI 

3.10 
2,67 
1,86 
1.62 
1,50 
1,89 
0,43 
0,90 
1.60 
3,60 
2,24 
2,99 
3,50 
1,90 
2,23 
1,33 
0,88 
2,76 

Legend .  *P < 0.05 c o m p a r e d  with the con t ro l .  

an i n c r e a s e  in d o s e ,  which was  o b s e r v e d  by the w r i t e r s  p r e v i o u s l y  in a s tudy of the a n t i u l c e r  ac t ion  of  a syn-  
the t ic  enkepha l i n  ana log  [2]. A s i m i l a r  change  in p h a r m a c o l o g i c a l  a c t i v i t y  of o p i o i d s  depend ing  on dose  h a s  
been  o b s e r v e d  by  o t h e r  w o r k e r s  a l so .  It can be t e n t a t i v e l y  s u g g e s t e d  tha t  it  i s  connec t ed  with c o m p l e x  i n t e r -  
a c t i o n s  be tween  o p i o i d s  and d i f f e r e n t  p o p u l a t i o n s  of  op ia t e  r e c e p t o r s  [4]. I nc ide n t a l l y ,  a l l  b i o s y n t h e t i c  p r e c u r -  
s o r s  of the p e p t i d e s  s tud ied ,  n a m e l y  p r o - o p i o m e l a n o c o r t i n  and p r o e n k e p h a l i n s  A and B, have  been  found in 
l a r g e  q u a n t i t i e s  in p e r i p h e r a l  t i s s u e s  and, in p a r t i c u l a r ,  in the g a s t r o i n t e s t i n a l  t r a c t  [6-8] .  They m a y  p e r h a p s  
e x e r t  t h e i r  a c t i v i t y  not on ly  by the e n d o c r i n e ,  but  a l so  by  the p a r a c r i n e  rou te .  I t  can  be p o s t u l a t e d  tha t  d u r i n g  
duodena l  u l c e r  f o r m a t i o n  endogenous  op io id  p e p t i d e s  e x e r t  a s y n e r g i c  p r o t e c t i v e  ac t ion  on the duodena l  m u -  
c o s a .  B e c a u s e  of th i s  d u p l i c a t i o n  of funct ion ,  the n e c e s s a r y  r e s e r v e  of s t r e n g t h  is  c r e a t e d ,  and f a i l u r e  of one 
o r  even  s e v e r a l  p r o t e c t i v e  m e c h a n i s m s  wi l l  not  l ead  i n e v i t a b l y  to the d e v e l o p m e n t  of  the  p a t h o l o g i c a l  p r o c e s s .  
In a s tudy  of the  r o l e  of t h e s e  s u b s t a n c e s  in the p a t h o g e n e s i s  of d i s e a s e s  of the  g a s t r o i n t e s t i n a l  t r a c t ,  the  
whole  s p e c t r u m  of endogenous  op iods  m u s t  be s tud ied ,  b e c a u s e  c h a n g e s  in l e v e l s  of one o r  two of t hem do not 
enab le  the s t a t e  of the op io id  s y s t e m  as  a whole  to be e va lua t e d ,  e s p e c i a l l y  if c e r t a i n  p e p t i d e s  have  a c o m m o n  
precursor. 

One of the functions of endogenous opioids of different origin is therefore to protect the duodenal mucosa 
when exposed to ulcerogenic influences. Further investigations will show whether the sphere of their protec- 
tive action is limited to pathological states of the digestive system. Very probably the cytoprotective effect of 
opioids is the basis of their physiological action on the viscera. This conclusion is supported by the absence 
of correlation between the analgesic (central) potential of the peptides studied [5] and their peripheral effects. 
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