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Abstract: We t e s t e d  t h e  hypothes i s  t h a t  s u c r a l f a t e ,  which con- 
t a i n s  e i g h t  s u l f a t e  and aluminum molecules  on a sucrose  and its 
o t h e r  components might decrease  ethanol-induced v a s c u l a r  i n j u r y  
and hemorrhagic mucosal l e s i o n s  through a s u l f h y d r y l  (SH)- 
s e n s i t i v e  process .  Experiments performed i n  r a t s  revea led  t h a t  
t h e  e n t i r e  s u c r a l f a t e  molecule is n o t  a p r e r e q u i s i t e  f o r  protec-  
t i o n  a g a i n s t  e thanol- induced mucosal v a s c u l a r  i n j u r y  and ero- 
s i o n s .  It appears  t h a t  s u l f a t e  and s u c r o s e  o c t a s u l f a t e  a r e  po- 
t e n t  components o f  s u c r a l f a t e ,  a l though  a n  equimolar  amount of 
s u c r a l f a t e  is a t  l e a s t  twice  a s  e f f e c t i v e  i n  g a s t r o p r o t e c t i o n  
than  i ts  components. The SH a l k y l a t o r  N-ethylmaleimide abol i shed  
t h e  g a s t r o p r o t e c t i o n  by s u c r a l f a t e ,  sugges t ing  SH-sensi t ive pro- 
c e s s  i n  t h e  mucosal p r o t e c t i o n  which seems t o  be a s s o c i a t e d  w i t h  
t h e  prevent ion  of  r a p i d l y  developing v a s c u l a r  i n j u r y  i n  t h e  
stomach of r a t s  g i v e n  e thanol .  0 1987 Soc ie ty  f o r  Experimental Biology and 

Medicine 

t r o d u c t i o n  
S u c r a l f a t e  is  one of  t h e  few unusu- 

a l  d rugs  which e x e r t s  a c u t e  g a s t r i c  
mucosal p r o t e c t i o n  and a c c e l e r a t e s  
h e a l i n g  of  c h r o n i c  g a s t r i c  and duode- 
n a l  u l c e r s  wi thout  i n h i b i t i n g  g a s t r i c  
a c i d  s e c r e t i o n  o r  n e u t r a l i z i n g  in -  
t r a l u m i n a l  a c i d  ( 1 ) .  T h i s  unexpected 
wide spectrum of  a c t i o n  is due, a t  
l e a s t  i n  p a r t ,  t o  s t i m u l a t i o n  of syn- 
t h e s i s  o f  endogenous p r o s t a g l a n d i n s  
(PG) (2), enhanced b i c a r b o n a t e  secre- 
t i o n  ( 3 ) ,  p r o t e c t i o n  of mucosal p r o l i -  
f e r a t i v e  zone (4) which, i n  p a r t ,  may 
be a s s o c i a t e d  wi th  p revent ion  of vas- 
c u l a r  i n j u r y  and maintenance of  blood 
flow ( 5 )  

Since endogenous s u l f h y d r y l s  (SH) 
were i m p l i c a t e d  i n  t h e  mechanism of  
a c u t e  g a s t r i c  mucosal p r o t e c t i o n  by 
PG, m e t a l s  and c e r t a i n  d rugs  (6-81, we 
t e s t e d  t h e  hypothes i s  t h a t  endogenous 
SH which can be a l k y l a t e d  by N- 
ethylmaleimide (NEM) might a l s o  be in-  
volved i n  g a s t r o p r o t e c t i o n  by s u c r a l -  
f a t e .  One should r e c a l l  t h a t  t h e  
s u c r a l f a t e  molecule c o n t a i n s ,  i n  addi-  
t i o n  t o  sucrose ,  e i g h t  molecules  o f  
s u l f a t e  and aluminum which may i n f l u -  

ence endogenous p r o t e i n  o r  nonpro te in  
5;H groups, 

Recent s t u d i e s  a l s o  i n d i c a t e  t h a t  
v a s c u l a r  i n j u r y  might be a common t a r -  
g e t  o f  i n t e r a c t i o n  of damaging and 
p r o t e c t i v e  a g e n t s  i n  t h e  stomach 
(9 ,10) .  We t h u s  a l s o  examined whether 
s u c r a l f a t e  and its components might 
p r o t e c t  a g a i n s t  ethanol-induced vascu- 
lar i n j u r y .  

M a t e r i a l s a R d H e t h p a S  
Sprague-Dawley female r a t s  ( 150-200 

g )  i n i t i a l l y  had un l imi ted  a c c e s s  t o  
Pur ina  l a b o r a t o r y  chow and t a p  wate r ,  
and every  experiment  was performed a t  
l e a s t  twice  and t h e  r e s u l t s  were 
pooled ( t o t a l  n = 6-81. 

S u c r a l f a t e  (Marion Labora tor ies ,  
Inc.  ) was s o l u b i l i z e d  i n  0.1 N HC1 o r  
i n  t h e  nonionic d e t e r g e n t  po lysorba te  
Tween 80 and admin is te red  i n t r a g a s t r i -  
c a l l y  ( i .g .  ) by rubber  stomach tube  t o  
groups o f  r a t s  i n  i n i t i a l  dose 
response experiments  a t  2, 10 o r  50 
mg/100 g 30 min before  i - g .  100% 
e t h a n o l  ( 1  ml).  NEM (Sigma) was in-  
j e c t e d  subcutaneously (s .c . )  a t  5 
mg/100 g 10 min a f t e r  s u c r a l f a t e  (20 
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Table 1 

mefrectpfmStlalKvlatorbl-- (mi) 
Ptl _the m t e c t i v e  effect af sucralfate again& 

ethanoligm- 

GrouD Pretreatment AuaQfnucosallesions 
(% o f  g l andu l a r  stomach) 

-- - 

1. None 

2. S u c r a l f a t e  ( i .g.  1 

3 NEK (s.c.1 

4. S u c r a l f a t e  + NE1.I 

= p < 0.001 , comparison between groups  2 and 4. 

S u c r a l f a t e  (10 mg/100 g )  was g iven  i.g. 30 min before  100% 
e thano l  ( 1  rd1, i .g.1 which was adminis te red  t o  r a t s  of  a l l  
groups. ME); ( 5  mg/100 g )  was i n j e c t e d  s.c. 10 min a f t e r  suc r a l -  
f a t e  ( i . e . ,  20 n i n  before  e t h a n o l ) .  Animals were k i l l e d  1 h r  
a f t e r  a lcohol .  

t h e  a r e a  o f  hemorrhagic e r o s i o n s  (Fig.  t i r e  molecule  i s  n o t  a p r e r e q u i s i t e  
2). f o r  p r o t e c t i o n  a g a i n s t  a c u t e  e thano l -  

induced g a s t r i c  e r o s i o n s .  It appears  
P i s c u s s i o n  t h a t  sodium s u l f a t e  and s u c r o s e  oc- 

Our s t u d i e s  p resen ted  h e r e  conf i rm t a s u l f a t e  ( t h e  moiety c o n t a i n i n g  t h e  
t h e  g a s t r o p r o t e c t i v e  p r o p e r t i e s  o f  s u l f a t e  r a d i c a l s )  a r e  p o t e n t  com- 
s u c r a l f a t e  and r e v e a l e d  t h a t  t h e  en- ponents  o f  * s u c r a l f a t e  a l though  a n  

Dye staining 
E3 Mucosal lesions 

Ethanol Sucralfate SOS NaoS04 AICI3 
(100 XI +Ethanol +Ethanol +Ethanol +Ethanol 

Figure  2. I n f l uence  of  s u c r a l f a t e  
(50 mg/100 g) and equimolar amounts of  
its components on va scu l a r  i n j u r y  a s  
r evea l ed  by monas t ra l  b lue  s t a i n i n g  of  
damaged blood v e s e e l s  and g a s t r i c  mu- 
c o s a l  l e s i o n s  1 min a f t e r  e t hano l  i n  
f a s t e d  r a t s .  Pre t rea tment  w i th  drugs  
was g iven  30 min and t h e  va scu l a r  
t r a c e r  dye was i n j e c t e d  i.v. 3 rnin be- 
f o r e  a lcohol .  

equimolar  amount o f  s u c r a l f a t e  is a t  
l e a s t  twice a s  e f f e c t i v e  i n  p r o t e c t i n g  
t h e  g a s t r i c  mucosa a g a i n s t  e t h a n o l  
t h a n  its a c t i v e  c o n s t i t u e n t s .  An ad- 
d i t i v e  o r  p o t e n t i a t i n g  i n t e r a c t i o n  
among components o f  s u c r a l f a t e  can 
t h u s  be p o s t u l a t e d .  

Our r e s u l t s  on t h e  e f f e c t i v e n e s s  of 
sodium s u l f a t e  a g a i n s t  g a s t r i c  ero-  
s i o n s  a r e  i n  agreement w i t h  s t u d i e s  
demons t ra t ing  t h a t  s u l f a t e  is a n  ac- 
t i v e  i n g r e d i e n t  o f  s u c r a l f a t e  i n  pro- 
t e c t i n g  t h e  esophageal  mucosa a g a i n s t  
acid- induced i n j u r y  ( 1 2 ) .  Sodium 
t h i o s u l f a t e  p r o t e c t s  a g a i n s t  a s p i r i n -  
induced v a s c u l a r  i n j u r y  and subsequent  
hemorrhagic e r o s i o n s  i n  t h e  stomach 
( 13). Thus, a l though  examples e x i s t  
concern ing  mucosal p r o t e c t i o n  by s u l -  
f a t e ,  i t  is n o t  c l e a r  whether  s u l f a t e  
is d i r e c t l y  r e s p o n s i b l e  f o r  t h e  bene- 
f i c i a l  e f f e c t  o r  i n t e r a c t i o n  w i t h  pro- 
t e i n  SH o r  o t h e r  g roups  is  requ i red .  
Recent s t u d i e s  w i t h  o t h e r  i o n s ,  espe- 
c i a l l y  w i t h  heavy m e t a l s ,  copper  and 
aluminum, sugges t  t h a t  t h e  i n t e r a c t i o n  
is  w i t h  p r o t e i n  SH (7,8). Our p r e s e n t  
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d a t a  on t h e  complete  c o u n t e r a c t i o n  by 
NEM o f  t h e  g a s t r o p r o t e c t i v e  a c t i o n  of  
s u c r a l f a t e  sugges t  a n  involvement o f  
p r o t e i n  SH. So f a r ,  o n l y  endogenous PG 
were i m p l i c a t e d  i n  media t ing  t h e  ac- 
t i o n  of  s u c r a l f a t e  s i n c e  indomethacin 
p a r t i a l l y  counte rac ted  t h e  g a s t r o p r o -  
t e c t i o n  by s u c r a l f a t e  ( 2 ) .  G a s t r i c  SH 
might t h u s  be a n o t h e r  endogenous medi- 
a t o r  o f  s u c r a l f a t e .  Endogenous SH 
were i m p l i c a t e d  i n  t h e  mechanism of  
a c t i o n  of  PG a s  w e l l  s i n c e  t h e  SH 
a l k y l a t o r  NEM o r  iodoacetarnide abol- 
i s h e d  t h e  g a s t r o p r o t e c t i o n .  NEM does  
no t  a f f e c t  mucus s e c r e t i o n  (14)  bu t  
i t s  e f f e c t  on PG s y n t h e s i s  and b i c a r -  
bonate  s e c r e t i o n  have n o t  been exam- 
ined.  

Aluminum was r e c e n t l y  shown t o  
s t i m u l a t e  b i c a r b o n a t e  s e c r e t i o n  which 
might c o n t r i b u t e  t o  mucosal p r o t e c t i o n  
( 3 ) .  Our s t u d i e s ,  however, demon- 
s t r a t e d  t h a t  on ly  a l w n i n m  c h l o r i d e  
and n o t  t h e  hydroxychlor ide,  which is 
a p p a r e n t l y  t h e  p r e c u r s o r  i n  t h e  syn- 
t h e s i s  of  s u c r a l f a t e ,  was a c t i v e  
a g a i n s t  e thanol- induced mucosal l e -  
s i o n s .  The r o l e  o f  aluminum and bi-  
ca rbona te  s e c r e t i o n  i n  t h e  mechanism 
of  a c u t e  g a s t r o p r o t e c t i o n  by s u c r a l -  
f a t e  remains t o  be determined. 

A n o v e l t y  of  t h e  p r e s e n t  r e s u l t s  is  
t h a t  s u c r a l f a t e  and i t s  components 
p r o t e c t  a g a i n s t  v a s c u l a r  i n j u r y ,  which 
might be t h e  t a r g e t  o f  a n  i n t e r a t i o n  
of  d i v e r s e  mucosal damaging and pro- 
t e c t i v e  a g e n t s  (7-10). The p reven t ion  
o r  decrease  o f  e thanol- induced en- 
d o t h e l i a l  i n j u r y  i n  mucosal c a p i l -  
l a r i e s  may r e s u l t  i n  t h e  maintenance 
o f  blood f low ( P i h a n  & Szabo, i n  
p r e p a r a t i o n ) .  Tarnawski e t  a l .  demon- 
s t r a t e d  t h a t  t h e  p r e s e r v a t i o n  of  t h e  
p r o l i f e r a t i v e  zone i n  t h e  g a s t r i c  nu- 
cosa  is  c r u c i a l  f o r  g a s t r i c  cytopro-  
t e c t i o n  ( 4 ) .  C e l l  p r o l i f e r a t i o n  and 
r a p i d  r e s t i t u t i o n  (15)  a r e  enerey- 
r e q u i r i n g  p r o c e s s e s  f o r  which a supp ly  
o f  oxygenated blood is e s s e n t i a l .  
P reven t ion  of v a s c u l a r  i n j u r y  and 
maintenance of  mucosal blood f low may 
t h u s  be a common l i n k  i n  t h e  proposed 
mechanisms o f  a c t i o n  of  mucosal pro- 
t e c t i v e  agen ts .  
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