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Gastric Mucus Effusion Elicited by Oral Copper Compounds: Potential Anti-Ulcer Activity 
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Summary .  In  rats,  b o t h  Cu(I) and Cu(II) show an i r r i tancy profile no t  shared wi th  Cu ~ or Zn(II) or Ni(II) .  The gastr ic  
response  to Cu(II),  i.e. copius fluid and  mucus  secretion,  can p ro t ec t  the  s tomach  f rom the  acute  ulcerat ive effects 
of aspir in  or physical  stress admin i s t e red  subsequent ly .  

Aqueous  solutions of CuC12 and Cu(II) sal icylate ad- 
minis te red  oralIy to ra ts  induce a marked  gastr ic  sweiIing 
wi th  copious effusion of mucus  a. This reflects  a p ro tec t ive  
response  by  the  gastr ic  mucosa  to cer ta in  in t ragas t r ic  
i r r i tants .  By  cont ras t ,  o ther  i r r i tan ts  (notably  aspir in  
and m a n y  an t i - i n f l ammato ry  acidic drugs induce 
ulcera t ions  in the  gastr ic  mucosa4, 5 wi th  considerable  
par ie ta l  cell in jury  6. However  bo th  classes of gastric ir- 
r i t an t s  (protect ive or ulcerogenic) induce a r a the r  similar 
i r r i t an t  response  wi th  local oedema  when  in jec ted  into the  
rear  foo tpads  of ra t s  ~,s, i.e. in a non-acidic  e n v i r o n m e n t  
w i thou t  par ie ta l  ceils. 

Experimental.  Outbred  Wis t a r  ra ts  of b o t h  sexes (180- 
220 g) were  s ta rved  for 24 h b u t  p e r m i t t e d  wa te r  ad 
l ib i tum before oral dosing wifl~ compounds  dissolved or 
d ispersed in saline or wa te r  s. They  were sacrificed 2 h 
la ter  and bo th  the  gastr ic  swelling and the  a m o u n t  of 
visible mucus  lining the  s t omach  were each  scored on a 
scale of 0 to 3 +a. Ulcera t ive  lesions were scored by  the  
lesion index  (LI) descr ibed previously% Pre fo rmed  Cu(I) 
complexes  were dissolved in 5 or 10% v /v  special ly puri-  
fied thiodiglycol  (Pierce Chemical  Co, Rockford,  Illinois) 
in saline. Other  me ta l  complexes  were p repa red  by  mixing 
meta l  chlorides in aqueous solut ion wi th  the  complexing 
agen t  (ligand) in the  propor t ions  1 : 1.1 or 1 : 2.2, ad jus t ing  
the  p H  to  6.5 wi th  NaHCO a and the  osmolar i ty  to 0.3 M 
wi th  NaC1, before in jec t ion  into the  rear  paws (2 amoles  
meta l  ion/paw) of 200-300 g rats.  Ensu ing  local oedema 
was measured  by  increase in paw thickness ,  de te rmined  
wi th  a mic romete r  screw gauge 1,2,6 and 24 h later. 

Results. The  Table  shows t h a t  the  i r r i t ancy  of Cu(II) 
complexes  in bo th  the  paw (causing local oedema) and in 
the  s tomach  (eliciting mucus  effusion and  gastr ic  swelling) 
is p robab ly  due to free Cu(II) ions, being grea tes t  wi th  
CuCI~ and  least  w i th  those  complexes  conta in ing  t igh t ly  
l iganded Cu (i.e. wi th  high s tab i l i ty  cons tants ) .  In  these  
expe r imen t s  the  p H  of the  (starved) ra ts '  s tomachs  was 
ca. 5.0: therefore  there  was still considerable  buffer ing of 
the  appl ied Cu(II) by  the  Cu-ligands. Calculat ions showed 
t h a t  only  his t id ine  and NTA, among  the  l igands listed in 
the  Table,  would apprec iab ly  buffer  Cu(II) a t  p H  2.5 
(pCu = 4.0 for 20 m M  Cu-Hist2, = 4.7 for 20 m M  Cu- 
NTA): 

Cu(II) p repara t ions  which were highly  i r r i ta t ing  out-  
side the  s t om ach  (~<1 b~mole/paw causing much  local 
oedema) never the less  caused no ulcerat ion when  appl ied 
i.g., bu t  a lways elicited a copious mucus  effusion into the  
s tomach.  This  non-u lce ran t  effect  was conf i rmed by  l ight  
microscopic observa t ions  of formal in-f ixed t issues s ta ined 
wi th  periodic acid-Schiff  reagentS, Alcian blue (pH 2.5)8 
or the  h a e m a t o x y l i n  and  eosin stains.  Mucus discharge 
f rom the  superficial  and  gastr ic  p i t  mucous  ceils was 
clearly ev iden t  af ter  adminis te r ing  CuC12 and  those  Cu(II) 
complexes  which elicited a visible mucus  effusion. Some 
d is rup t ion  of par ie ta l  cells was also seen, especial ly af ter  
giving h igh  doses of Cu(II) compounds .  

Soluble Cu(I) compounds  admin i s tmed  i.g. also caused 
considerable  mucus  effusion, gastr ic  swelling and paw 

oedema - w i th  the  except ion  of Cu(1)-penicillamine. 
F ine ly  powdered  metal l ic  copper,  i.e. Cu ~ (Brit ish Drug 
Houses,  chemical ly  precipi ta ted)  was iner t  in bo th  the  
s t o mach  and paw over  the  t ime  span of these  exper iments .  

Nickel sal ts  (CI-, NOa-,  SO4 =) were less p o t e n t  t h a n  the  
cor responding  Cu(II) salts  in eliciting a p ro tec t ive  gastric 
response.  Complexa t ion  of Ni(II) wi th  2 equivalents  of 
1 ,10-phenanthrol ine  (log K 1 = 8.6) a t  pt{ 2.9 p r even t ed  
gastric swelling. Unl ike  Cu(II),  Ni(II) did no t  cause signi- 
f icant  local i r r idat ion when in jec ted  in to  the  paw. 

By  cont ras t ,  zinc salts (CI-, SO4-, acetate)  had  no 
ev iden t  effects on the  s tomach  bu t  t h e y  were r a the r  ir- 
r i t an t  in the  paw, causing considerable  acute,  t hough  
shor t - l ived ( <  12 h), edema.  The paw i r r i tancy  of Zn(II) 
was blocked by  thiols  and the  zinc (penicillamine)2 com- 
plex caused no edema  at  all when  in jec ted  into the  paw. 

The po ten t i a l  ant i -ulcer  ac t iv i ty  of Cu(II) was de- 
m o n s t r a t e d  in the  two following sets  of exper iments :  
1. Pro longed phys ica l  stress, such as exposure  to 15 ~ 
for 3 h, induces considerable  gastr ic  ulcerat ion in s ta rved  
ra ts  (av. n u m b e r  of lesions = 4.8, lesion index = 10) 
wi th  massive haemor rhage  and mucosal  hyperemia .  Ani- 
mals predosed  wi th  CuC12 (300 gmoles/kg,  i.g.) before th is  
prolonged cold exposure  suffered no haemor rhage  or 
gastr ic  lesions. Lower  doses of CuC12 (~< 30 bmmles/kg) 
afforded par t i a l  p ro tec t ion  f rom these  effects of cold 
stress b u t  CuCI~ given paren te ra l ly  was to ta l ly  ineffective.  
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Paw irritancy (oedema) and gastric irritaney (mucus effusion, gastric swelling) of Cu, Zn and Ni ions in rats: Correlation with free Cu(II) 
applied in stomach after fasting or in extragastric tissue 

Compound pCu at Paw irritancy b Gastric irritancy o 

pH 4.5 pH 7.4 Mucus effusion Swelling 

CuCI~ 1.7 1.7 + -k + 3.0 3.0 
Cu(imidazole)2C1 ~ 2.3 4.7 + + + 3.0 3.0 
Cu(II}-earnosine 2.0 7.5 -}- + + 2.7 3.0 
Cu(II)-salieylat% 2.6 5.4 -t- -- 1.0 0.4 
Cu(II)-histidin% 8.2 12.6 + 1.3 1.3 
Cu(II)-TRIEN 6.8 14.7 0 0.3 0.5 
Cu(II)-Gly �9 His . Gly 3.7 10.3 0 0.4 0.2 
Cu(II)-Gly 2 �9 His . Gly 2 2.7 12.5 0 0.2 0.1 
Cu(II)-NTA 7.0 9.9 0 0 0 

Cu(I)C1 a + + + + 1.0 2.5 
Cu(thiourea)aC1 a + + + + 3.0 3.0 
Cu(CH3CN)4C104a + + 3.0 3.0 
Cu(I)-thiomalate, Na 2 + + 1.0 1.0 
Cu(I)-penicillamine 0 0 0.3 
10% thiodiglycol 0 0 0 

Cu ~ (metal powder) 0 0 0 
ZnC12 _c + + 0.3 0 
NiC12 + 2.3 2.3 

TRIEN,  triethylenetretralnine; NTA, nitrilotriacetic acid. 
~pCu/II } negative logarithm10 of the Cu(II) concentration (cf. pH), calculated from pK~'s and stability constants 1~ of the Cu-ligands, 

for total Cu 20 m M  using SPECON 18, a variant of the progranlme COMICS 12. 
b Paw irritancy scored by increase in paw thickness : < 1 r a m =  0; 1 2 r a m - -  - - ; 2 - 3 m m  = + + ; 3 - 4 r a m =  + + + ;  > 4 r a m =  + - - + + ,  

2 h after injecting 2 ~zmoles metal ion in isotonic saline; pH metaI complexes adjusted to 6-6.5. 
~2 h after 100 wnoles/kg p.o. in starved rats. 
aCuprous compounds stabilized in aqueous solution with 10% (v/v) thiodiglycol. 

2. A s p i r i n  (100 m g / k g )  c a u s e s  c o n s i d e r a b l e  g a s t r i c  
l e s ions  - e v e n  in  u n s t r e s s e d  r a t s  w i t h i n  2 h 5, 9. P r e t r e a t i n g  
a g r o u p  of  a n i m a l s  w i t h  ora l  CuC12 (50 a m o l e s / k g )  60 m i n  
b e f o r e  a d m i n i s t e r i n g  t h i s  dose  of  a s p i r i n  ( =  550 ~zmoles/ 
kg) i n d u c e d  s u f f i c i e n t  e f f u s i o n  of  m u c u s  a n d  w a t e r y  
e x u d a t e  to  w h o l l y  p r o t e c t  t h e  m u c o s a  f r o m  t h e  d e l e t e r i o u s  
e f f ec t s  of  t h e  a s p i r i n .  [L es i on  i n d e x  w i t h  no  p r e t r e a t m e n t  
- -  17.2;  w i t h  CuCI~ p r e t r e a t m e n t  - -  0J. R e m o v i n g  t h e  
a v a i l a b l e  i .g.  C u ( I I )  b y  s u b s e q u e n t  a d m i n i s t r a t i o n  of  
T R I E N  or  N T A  (55 ~zmoles/kg) o r  L - h i s t i d i n e  (110 ixmoles /  
kg) 10 m i n  be fo r e  g i v i n g  a s p i r i n  d i d  n o t  b l o c k  t h e  a n t i -  
u l c e r a n t  e f f ec t  (i.e. l e s ion  i n d e x  w a s  s t i l l  zero).  T h i s  s h o w -  
ed  t h a t  i t  w a s  p r o b a b l y  m u c u s  r e l e a s e d  in  r e s p o n s e  t o  

Cu ( I I )  t h a t  a f f o r d e d  p r o t e c t i o n  f r o m  t h e  a s p i r i n  s ince  a) 
C u - T R I E N  a n d  C u - N T A  a r e  n o t  p r o t e c t i v e  i r r i t a n t s  in  
t h e  s t o m a c h s  of  f a s t e d  r a t s  (Tab le ) ,  a n d  b) t h i s  q u a n t i t y  
of  Cu ( I I )  c o u l d  ' n e u t r a l i z e '  o n l y  1 8 %  of t h e  a s p i r i n  a p -  
p l ied .  ( H o w e v e r ,  e v e n  C u ( I I ) - a s p i r i n  2 is u l c e r o g e n i c  3, 
b e i n g  d e c o m p o s e d  b y  t h e  n o r m a l  g a s t r i c  a c i d i t y  to  l iber -  
a t e  f ree  a sp i r i n ) .  

C u p r i c  c h e l a t e s  h a v e  b e e n  r e p o r t e d  to  h a v e  a n t i - u l c e r  
a c t i v i t y  in  t h e  S h a y  r a t  u l c e r  modeN3,1~.  O u r  f i n d i n g s  
s u g g e s t  t h a t  i t  is p r o b a b l y  u n c o m p l e x e d  C u ( I I ) ,  r a t h e r  
t h a n  t h e  c h e l a t e d  Cu  in  t h e  s t o m a c h ,  t h a t  h a s  t h e  u lce r -  
p r o t e c t a n t  a c t i v i t y .  

Effect  of S u l f a t e d  a nd  N o n - S u l f a t e d  G a s t r i n  a n d  O c t a p e p t i d e - C h o l e c y s t o k i n i n  on  Cat  Gal l  B l a d d e r  
in  v i t r o  1 
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Summary. T h i s  s t u d y  d e m o n s t r a t e s  t h a t  for  t h e  i s o l a t e d  c a t  ga l l  b l a d d e r  a s m a l l e r  m o l a r  d o s e  of  t h e  s u l f a t e d  f o r m  of  
O P - C C K  a n d  g a s t r i n  is r e q u i r e d  to  p r o d u c e  c o n t r a c t i o n  as  c o m p a r e d  to  t h e  r e s p e c t i v e  n o n - s u l f a t e d  f o r m s .  F o r  O P  t h e  Ds0 
for  t h e  s u l f a t e d  f o r m  v e r s u s  t h e  n o n - s u l f a t e d  f o r m  w a s  1.94. F o r  g a s t r i n  i t  w a s  1.10. 

S t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of  s e v e r a l  g a s t r o -  
i n t e s t i n a l  h o r m o n e s  a n d  t h e i r  a n a l o g u e s  h a v e  b e e n  s t u d i e d  
on  a v a r i e t y  of  t i s s u e s .  Of  p a r t i c u l a r  i n t e r e s t  h a s  b e e n  t h e  
i m p o r t a n c e  of  s u l f a t i o n  of  t h e  t y r o s i n e  r e s i d u e  in  t h e  
C - t e r m i n a l  7 t h  p o s i t i o n  in  c h o l e c y s t o k i n i n  (CCK) a n d  i t s  
a n a l o g u e s ,  a n d  in  t h e  6 t h  p o s i t i o n  in  g a s t r i n .  T h e  p r e s e n t  
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