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Are Pepsinogens Activated in Gastric Mucosa After Aspirin-Induced Injury? 

I t  has  been known  for some years  t h a t  a n u m b e r  of 
substances ,  among  t h e m  aspirin,  m a y  b reak  the  gastr ic  
mucosal  barr ier  to  hydrogen  ion~-~ and  t h a t  admin i s t ra -  
t ion  of aspir in  m a y  be associa ted wi th  the  p roduc t ion  of 
gastr ic  mucosal  erosionsl,~.  Consumpt ion  of aspir in  has 
also been  associa ted in m a n  wi th  upper  gas t ro in tes t ina l  
hae lnor rhage  6-s and  has been pos tu la ted  as a factor  in t he  
deve lopmen t  of chronic pep t i c  ulcer 9,1~ I t  has  recen t ly  
been suggested t h a t  pyloric  reflux m a y  be i m p o r t a n t  in the  
genesis of gastr ic  ulcer and t h a t n ,  1~ bile salts  which  
en te r  the  s t om ach  produce  back  diffusion of hydrogen  ion 
in to  the  mucosa  which  is t hus  damaged .  A l though  it is 
general ly  bel ieved t h a t  en t ry  of hydrogen  ion in to  the  
mucosa  produces  damage  xa-l*, the  i n t ima t e  mechan i sm 
of th is  is unknown.  Some exper imen t s  in ra ts  by  PAL- 
LARES 16 d e m o n s t r a t e d  t h a t  af ter  pyloric  l igation,  in t ra-  
gastr ic  ins t i l la t ion of HC1 failed to  produce  mucosal  
lesions which,  however ,  could be induced  in such animals  
by  gastr ic  juice or a m ix tu r e  of hydrochlor ic  acid and 
pepsin.  The enzymica l ly  act ive  peps ins  are p roduced  f rom 
the i r  precursor  peps inogens  by  ac t iva t ion  wi th  acid. The 
act ive  pepsins  can be d is t inguished  f rom pepsinogens,  by  
the i r  in tense  mi lk-c lo t t ing  act iv i ty ,  and the i r  des t ruc t ion  
a t  neu t ra l  or alkaline pH.  The recent  deve lopmen t  of 

techniques  for s imul taneous  e lectrophoresis  of pepsino-  
hens and pepsins  has also made  possible the i r  d is t inc t ion  1~, 
the  enzymes  showing enhanced  e lec t rophore t ic  mobi l i ty  
when  compared  wi th  the  zymogens.  

The presen t  s t u d y  was unde r t aken  to  de te rmine  if the  
mechan i sm of gastr ic  mucosal  in jury  in ra ts  af ter  aspir in  
could be expla ined by  the  convers ion of peps inogens  to 
peps ins  in the  mucosa.  

M a t e r i a l s  a n d  methods.  Aspirin.  The aspir in  used was 
purif ied acetyl  sat icyclic acid purchased  f rom Mallinck- 
rod t  Chemical  Works,  New York, N.Y. All chemicals  
and reagents  were of analy t ica l  grade or bet ter .  

' p H  5.7 buffer '  was developed wi th  al lowed s imulta-  
neous e lec t rophore t ic  separa t ion  of peps inogens  and 
peps ins  17. 

Agar  gel e lectrophoresis  for the  s imul taneous  demon-  
s t ra t ion  of peps inogens  and  peps ins  was carried out  b y  a 
modi f ica t ion  of URIEL'S original  methodlS  as previously  
descr ibed 1~ using p H  5.7 buffer.  Agar  gel e lect rophoresis  
of peps inogens  was done at  p H  8.3 as before19. 

Milk coagulation.  The milk  coagulat ing capac i ty  of the  
mucosal  homogena te s  and a s t a n d a r d  peps in  solut ion 
was measured  by  a modif ica t ion  of W es t ' s  original 
t echnique  s0. 

E x p e r i m e n t a l  designs. 40 male  H o l t z m a n  ra ts  (150- 
175 g) were used for the  exper iments ,  20 in an exper imen-  
ta l  group and  20 serving as controls .  All were fas ted  for 
24 h before t he  exper iment .  Each  of the  20 an imals  in the  
exper imen ta l  group was given an i.m. in jec t ion  of aspir in  
600 mg/kg  b o d y  wt.) suspended  in 1% m e t h y l  cellulose. 
At  the  end of 4 h, anaes thes ia  was rap id ly  induced  wi th  
d ie thy l  ether,  the  a b d o m e n  was opened  and the  s t o mach  
removed.  The s tomach  was opened  along the  lesser 
curva ture  and  the  mucosa  i m m e d i a t e l y  examined  for the  
presence of lesions w i th  a hand  lens. The s t o mach  was 
then  quickly  washed  wi th  ice cold p H  5.7 buffer,  the  
mucosa  rap id ly  r emoved  f rom the  g landular  por t ion  of 
the  s tomach  by  b lunt  d issect ion and  homogenized  in 5 ml 
of the  same buffer.  20 animals  served as contro ls ;  10 
were placed in cages and  al lowed free access to wa te r  bu t  
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Fig. 1. Agar gel electrophoresis of rat gastric mucosa at pH 5.7'mixed 
buffer. First slot from top contains normal mueosa showing 4 bands 
of proteolytic activity. A similar pattern was seen in experimental 
group rats given 600 mg/kg of body weight of aspirin i.m. The second 
slot contains mueosa after activation to pH 2.0 in vitro by the 
addition of 0.2 N HC1. Note 3 bands of proteolytic activity and mar- 
kedly enhanced mobility of these bands. Similar patterns were seen 
when mucosa was incubated in unbuffered aspirin. Tracing of Figure 1 
is shown to show the relation of indistinct bands, not reproduced well 
in the picture. 
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were no t  o therwise  m a n i p u l a t e d  un t i l  t h e y  were anaes the -  
t ized  4 h later .  The  o the r  10 an imal s  were g iven  an  i .m. 
in jec t ion  of 1% m e t h y l  cellulose w i t h o u t  asp i r in  in  t h e  
same vo lume  as t h a t  used for the  asp i r in  in ject ions .  
These  were al lowed free access to  water .  A t  t he  end  of 
r h, t h e y  were a n a e s t h e t i z e d  a n d  t he  s t o m a c h  r e m o v e d  
and  t r e a t e d  as descr ibed above  21, e2. 

Time study. After  g iv ing  600 m g / k g  b o d y  we igh t  of 
asp i r in  i.in. 3 groups  of 5 r a t s  each  were ki l led 1, 2 a n d  3 h 
l a te r  as descr ibed  above.  2 rats ,  g iven  1% m e t h y l  cellu- 
lose, se rved  as cont ro ls  in  each  group. The  mucosa  f rom 
these  an imal s  were t r e a t e d  in t he  same m a n n e r  as 
descr ibed  in e x p e r i m e n t a l  design.  

E[]ect o] aspirin on mucosal homogenate in vitro. Aspi r in  
was suspended  in  w a t e r  and  t he  p H  a d j u s t e d  to 7.0 b y  
t he  add i t i on  of 0.1 M Na2CO a. Di f fe ren t  q u a n t i t i e s  of th i s  
neu t ra l i zed  so lu t ion  con ta in ing  f rom 0.05 to 0.5 m g  of 
asp i r in  were t h e n  added  to 1 ml  q u a n t i t i e s  of n o r m a l  r a t  
gas t r ic  mucosa l  hornogena te .  The  m i x t u r e  was homogen iz -  
ed f u r t h e r  for 5 ra in  in a t i ssue  homogen ize r  a n d  t h e n  

s tood a t  37 ~ for 4 h. A s imi lar  e x p e r i m e n t  was  done us ing  
unbuf f e r ed  aspir in.  The  p H  of a sp i r in  suspended  in 
m e t h y l  cellulose was 3.4. 

Results. On agar  gel e lec t rophores is  a t  p H  5.7 gas t r ic  
mucosa l  h o m o g e n a t e s  f rom n o r m a l  r a t s  showed  4 m a j o r  
b a n d s  of p ro teo ly t i c  a c t i v i t y  (Figure 1). T h e  add i t i on  of 
acid to  t h e  n o r m a l  gas t r ic  mucosa l  h o m o g e n a t e s  in  v i t ro  
p roduced  a change  in th i s  p a t t e r n  of pro te inases .  The  
4 b a n d s  of p ro teo ly t i c  a c t i v i t y  seen in the  n o r m a l  gas t r ic  
mucosa l  h o m o g e n a t e s  were no longer  seen an d  were 
replaced  b y  3 b a n d s  of p ro t eo ly t i c  a c t i v i t y  w i t h  m u c h  
e n h a n c e d  e lec t rophore t i c  mob i l i t y  (Figure 1). 

W h e n  asp i r in  (0.2--0.5 rags/1 cm a of gas t r ic  mucosa l  
homogena te )  was  homogen ized  w i t h  mucosa,  resul t s  
iden t i ca l  to  those  observed  a f t e r  t r e a t m e n t  of t h e  mucosa  
w i t h  HC1 were seen (Figure 1, second slot). However ,  t he  
add i t i on  of neu t ra l i zed  so lu t ions  of asp i r in  in  var ious  
co n cen t r a t i o n s  h a d  no effect on t h e  p a t t e r n  of p ro te inases  
observed  on aga r  gel e lec t rophores is  as c o m p a r e d  to  
n o r m a l  rnucosa (Figure 2). 

N o r m a l  r a t  gas t r ic  mucosa l  h o m o g e n a t e s  coagu la ted  
mi lk  in t h e  s t a n d a r d  assay  a f te r  some 2 ra in  of i n c u b a t i o n  
(normal  h u m a n  gas t r ic  mucosa l  h o m o g e n a t e s  do no t  
coagula te  milk),  b u t  t h e  mucosa l  h o m o g e n a t e s  wh ich  h a d  
been  acidif ied in vi t ro ,  all p roduced  coagu la t ion  in less 
t h a n  15 sec. Acid a c t i v a t i o n  an d  n e u t r a l i z a t i o n  of the  
n o r m a l  r a t  gas t r ic  mucosa l  h o l h o g e n a t e  p r e p a r a t i o n s  in  
v i t ro  resu l ted  in a loss of some 60~ of t h e  p ro teo ly t i c  
a c t i v i t y  (in h u man s ,  such  a t r e a t m e n t  resul t s  in a lmos t  
t o t a l  loss of p ro teo ly t i c  ac t iv i ty ) .  W h e n  these  a c t i v a t e d  
h o m o g e n a t e s  were sub jec ted  to  e lec t rophores is  a t  p H  
8.3, only  1 b a n d  of res idua l  p ro t eo ly t i c  a c t i v i t y  was 
vis ible  (Figure 3), t h e  o the r  2 b a n d s  h a v i n g  been des t royed  
b y  a lka l ine  p H  of 8.3. These  e x p e r i m e n t s  ind ica te  t h a t  r a t  
peps inogens  are d i f fe rent  f rom h u m a n  gast r ic  mueosa l  
peps inogens .  The  d i s a p p e a r a n c e  of 2 componen t s ,  h o w -  
ever, conf i rms  t h a t  ac id i f ica t ion  of t h e  peps inogens  
resu l ted  in t h e i r  a c t i v a t i o n  to  pepsins .  

The  s t o m a c h  mucosae  of t h e  18 r a t s  in  the  con t ro l  
group appea red  n o r m a l  on e x a m i n a t i o n  w i t h  a h a n d  
lens, whi le  2 revea led  3 erosions in one, an d  2 in a n o t h e r  
con t ro l  animal .  T h e  gast r ic  mucosa l  h o m o g e n a t e s  p repa r -  
ed f rom these  an ima l s  coagu la ted  mi lk  s lowly a f te r  some 
2 or 3 m i n  in a s imi la r  m a n n e r  to  o the r  n o r m a l  r a t  
mucosa l  homogena te s .  On e lec t rophores is  in  b o t h  p H  5.7 
an d  p H  8.3 buffer ,  these  h o m o g e n a t e s  d e m o n s t r a t e d  t he  
presence of the  4 b a n d s  of p ro t eo ly t i c  a c t i v i t y  seen in 
o the r  n o r m a l  r a t  mucosae.  On e lec t rophores is  a t  p H  8.3, 
the  b a n d s  were sti l l  seen, i n d i c a t i n g  t h a t  t h e y  were due  to  
the  presence  of zymogens .  The  20 e x p e r i m e n t a l  an i ma l s  
g iven  asp i r in  all showed b e t w een  15 an d  45 gas t r ic  
mucosa l  erosions w h e n  e x a m i n e d  w i t h  a h a n d  lens. The  
h o m o g e n a t e s  p r epa red  f rom these  mucosae  all  coagu la ted  
mi lk  r ap id ly  w i t h i n  15 sec in a s imi la r  m a n n e r  to  the  
mucosa  which  h a d  been  acidif ied w i t h  HC1 in vi t ro .  On 
electrophoresis ,  none  of t h e  20 mucosa l  h o m o g e n a t e s  
p r epa red  f rom these  e x p e r i m e n t a l  an ima l s  showed 3 
b a n d s  of p ro teo ly t i c  a c t i v i t y  wh ich  cor responded  in 
mob i l i t y  to  t h e  b a n d s  seen in v i t ro  acidif ied mucosa .  
F igure  3 is a d i a g r a m m a t i c  r e p r e s e n t a t i o n  of all  our  
resul t s  o n  agar  gel e lec t rophores i s  a t  p H  5.7. 

Results of timed study. After  I h 5-15 erosions were seen 
an d  af te r  2 h 10-25. Af ter  3 h t he re  were f rom 10-30 
erosions. No difference in t h e  p a t t e r n  on aga r  gel electro- 

Fig.  2. N o r m a l  m u c o s a  in the  top slot.  Note  t h a t  no c h a n g e  in p a t t e r n  
was  obse rved  when  0.05, 0.2, a n d  0.5 m g  of neu t r a l i zed  asp i r in  was  
homogenized with 1 cm ~ of normal rat mueosal extract. 
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phores i s  p a t t e r n  was observed  in the  e x p e r i m e n t a l  and  
con t ro l  animals .  There  was, therefore ,  no ev idence  of 
peps inogen  a c t i v a t i o n  f rom 1 to 3 h a f t e r  a d m i n i s t r a t i o n  
of aspir in.  

Discussion. H u m a n  gas t r ic  mucosa l  peps inogens  are 
a c t i v a t e d  to  peps ins  b y  acid, t he  enzymes  lose t h e i r  
a c t i v i t y  on  n e u t r a l i z a t i o n  and  c a n n o t  be  de t ec t ed  on  
e lec t rophores is  a t  p H  8.3 23 a p H  5.7 buffer  be ing  neces- 
sa ry  to  d e m o n s t r a t e  t h e m  b y  aga r  gel e lectrophoresis l~.  
I n  t h i s  l a t t e r  buffer ,  b o t h  peps inogens  a n d  peps ins  m a y  
be  s e p a r a t e d  a n d  de tec ted  s imul t aneous ly ,  t he  peps ins  
showing  a m a r k e d l y  g rea te r  e lec t rophore t ic  m o b i l i t y  t h a n  
the  peps inogens  2,. 

A l t h o u g h  i t  seemed possible  t h a t  i n t r a m u c o s a l  ac t iva -  
t ion  of peps inogens  to peps ins  m i g h t  occur  on asp i r in  
a d m i n i s t r a t i o n ,  due to  a b r e a k  in t he  mucosa l  ba r r i e r  and  
the  b a c k  dif fus ion of acid, no ev idence  was found  in t he  
p re sen t  s t u d y  to  s u p p o r t  t h i s  hypo thes i s .  However ,  a lo t  
of i n t e r e s t i ng  d a t a  was col lected d u r i n g  these  exper imen t s .  

The  e x p e r i m e n t s  w i t h  n o r m a l  r a t  gas t r ic  m u c o s a  
d e m o n s t r a t e d  t h a t  4 b a n d s  of p ro t e inase  a c t i v i t y  could be  
de t ec t ed  on  elec~rophoresis  a t  p H  5.7 a n d  8.3. Th i s  
pers i s tence  of t h e  b a n d s  a t  p H  8.3 ind ica tes  t h a t  u n d e r  
n o r m a l  cond i t ions  . these enzymes  exis t  in  t he  fo rm of 
zymogens  in t he  mucosa.  U p o n  ac id i f ica t ion  and  sub-  
s equen t  e lec t rophores i s  a t  p H  5.7, t h r ee  more  r a p i d l y  
m o v i n g  b a n d s  were ident i f ied.  Two of these  were des t royed  
b y  neu t r a l i za t ion .  This  was conf i rmed  b y  t he  electro- 
phores is  a t  p H  8.3 wh ich  d e m o n s t r a t e d  t he  pers i s tence  of 
on ly  1 b a n d  in t he  acidif ied mucosa  (Figure  3). The  quan -  
t i t a t i v e  m e a s u r e m e n t  of the  pers i s tence  of p ro t e inase  
a c t i v i t y  in  t he  acidif ied mucosa l  h o m o g e n a t e  a f te r  neu t r a l -  
i za t ion  also i nd i ca t ed  t h a t  pa r t i a l  d e s t r u c t i o n  of t h e  
p ro te inase  a c t i v i t y  occur red  on  neu t r a l i za t i on .  F u r t h e r  
ev idence  of t he  a c t i v a t i o n  of t he  mncosa l  zymogens  b y  
acid was g iven  b y  t he  m a r k e d  increase  in mi lk -c lo t t i ng  
a c t i v i t y  obse rved  in t he  p r e p a r a t i o n s  a f t e r  ac idi f ica t ion,  

These  resu l t s  i nd i ca t e  t h a t  t he re  are 4 m a j o r  zymogens  
in  r a t  mucosa  a n d  1 zymogen  m a y  resemble  more  closely 

the  zymogen  of t he  h u m a n  gas t r ic  mucosa l  c a t h e p s i n  23 
which  is r e s i s t an t  to  d e s t r u c t i o n  on  acid a c t i v a t i o n  a n d  
s u b s e q u e n t  n e u t r a l i z a t i o n  and  shows e n h a n c e d  m o b i l i t y  
on  aga r  gel e lec t rophores is  a f te r  acid a c t i v a t i o n  24-27. The  
presence  o f  on ly  3 b a n d s  a f te r  ac id i f i ca t ion  (Figure 1) 
on ly  means  t h a t  2 peps ins  merge  w i t h  one a n o t h e r  a n d  
c a n n o t  be  s epa ra t ed  b y  t h i s  t echn ique .  

Whi le  h u m a n  peps inogens  do no t  clot  mi lk  a f te r  2 m i n  20, 
r a t  mucosa l  peps inogens  were shown  to c lot  m i lk  a f t e r  
2 m i n  of i ncuba t ion .  H u m a n  peps inogens  are a lmos t  
comple te ly  des t royed  a f t e r  ac id i f ica t ion  and  s u b s e q u e n t  
neu t r a l i z a t i on  ~9, whi le  t he  resul t s  of th i s  s t u d y  show t h a t  
in  a r a t  on ly  60% des t ruc t i on  occurs  a f te r  such  a t r ea t -  
men t .  W h y  we could no t  ach ieve  the  a c t i v a t i o n  of pep-  
s inogens  to peps ins  a t t e r  asp i r in  i n j u r y  to r a t  gas t r ic  
mucosa  needs  f u r t h e r  work  to be  unders tood .  

Conclusions. Aspi r in  was p o s t u l a t e d  to p roduce  gas t r ic  
mucosa l  i n j u r y  b y  b a c k  d i f fus ion  of t-I+ i o n s t - L  HC1 
causes a c t i v a t i o n  of peps inogens  to  pepsins.  I n t r a m u c o s a l  
a c t i v a t i o n  of peps inogens  to peps ins  was p o s t u l a t e d  as a 
m e c h a n i s m  of a sp i r in - induced  r a t  gas t r ic  mucosa l  injuries .  

No ev idence  of i n t r a m u c o s M  a c t i v a t i o n  of peps inogens  
to  peps ins  in  v ivo  was found  b y  t he  p r e sen t  t e chn iques ;  
however ,  i t  was  shown t h a t  r a t  gas t r ic  mucosa l  pep-  
s inogens  are a c t i v a t e d  to peps ins  b y  unbuf f e r ed  asp i r in  in  
t he  t e s t  tube ,  whi le  neu t r a l i zed  asp i r in  d id  no t  a l t e r  t he  
peps inogens  in t he  e x p e r i m e n t s  done  in th i s  s tudy .  R a t  
peps inogens  were a l i t t l e  d i f fe ren t  c o m p a r e d  to  h u m a n  
gast r ic  mucosa l  peps inogens .  Whi l e  h u m a n  peps inogens  
are des t royed  on acid a c t i v a t i o n  and  s u b s e q u e n t  neu t ra l -  
izat ion,  no t  all r a t  peps inogen  b e h a v e  in th i s  way.  One of 
the  b a n d s  resists  th i s  t r e a t m e n t :  H u m a n  peps inogens  do 
no t  coagu la te  mi lk  even  a f te r  2 rain,  whi le  r a t  mucosa l  
peps inogens  were shown  to  clot  mi tk  a f te r  2 rn in  of 
i ncuba t ion .  

Rdsumd. La  convers ion  i n t r a m u q u e u s e  du  peps inog6ne  
en peps ine  a 6t6 consid6r6e c o m m e  Fun  des fac teurs  
responsab les  des 16sions gas t r iques  p rodu i t e s  pa r  l ' a sp i r ine  
chez le ra t .  Les exp6riences  r4alis6es in  v i t ro  se ra ien t  en  
en f aveu r  de ce t te  hypoth~se ,  mats  elle n ' a  pas  pu  ~tre 
conf i rm6e in vivo.  
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Fig. 3. Composite diagram of agar gei eleetrophoresis of rat gastric 
mucosa. Slot 1, normal mncosa. Slot 2, mucosa homogenized with 
unbuffered aspirin in vitro. Slot 3, mueosa after i.m. aspirin injection. 
Slot 4, mucosa after acid activation to pH 2 in a test tube. Slot 5, 
mucosa activated to pH 2.0, then neutralized to pH 7.0. Slot 6, 
mueosa after i.m. methyl cellulose injection N.M., normal mucosa; 
Asp., aspirin. 
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