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Experimental  erosions  and u lcers  of the glandular par t  of the stomach were produced in male 
CBA x C57BL hybrid mice weighing 20-23 g by immobilizing the animals daily for 30 rain 
over  a,period of 3-8 days and by injecting hydrocor t isone intraperi toneal ly in a dose of 0.3 
mg per  mouse daily for 8 days.  A significant decrease  in the daily number of epithelial cells 
of the gas t r ic  mucosa  of the experimental  groups of mice synthesizing DNA comparedwith  the 
control was demonstrated with the aid of thymidine-H 3. It is concluded f rom these inve s t iga-  
tions that the slowing of cell renewal in the epithelium of the gas t r ic  mueosa is the main cause of 
its lowered res is tance  and one of the main causes of formation of steroid gas t r ic  u l ce r s .  

Many recent  investigations have established the unity of influences of the nervous and endocrine s y s -  
tems  in the regulation of gastrointest inal  function and in the pathogenesis of peptic u lce r ,  [2, 3, 7-9].  It 
has also been shown that, if the res is tance  of the mucosa is normal  and trophic dis turbances are absent in 
the t isaues of the gastroduodena[ region, exposure to the peptic factor  alone is insufficient to cause the de-  
velopment of peptic u lce r  [7-9, 12, 15]. 

The concept of res is tance  of the mucosa  and the amount of protective mucus is linked with the p r o c -  
ess of renewal of the mucous cells of the epithelium composing it [4, 5, 16]. 

The cycle of development and the p rocesses  of prol i ferat ion of the surface-epi thel ia l  cells are  cha r -  
acterized by their  great  rapidity [11, 16]. The slowing of these p rocesses  leads to weakening of the mu-  
cosal protective b a r r i e r  [5, 15]. 

The work of Soviet and other invest igators  has demonstrated a decrease  in the number  of epithelial 
cells of the glands of the gast r ic  mucosa  synthesizing DNA during exposure to s t r e s s  or  af ter  injection of 
ACTH and glucocort icoids [5, 14, 16-18, 20]. Many repor ts  of the formation of gast r ic  and duodenal e r o -  
sions and u lcers  in response to s t ress  and to administrat ion of ACTH and glucocort icoids have been pub- 
lished [2, 3, 7, 10, 14, 16-21]. 

The investigation described below was accordingly car r ied  out in order  to produce experimental  gas -  
t r ic  u lce r s  in mice and to study changes in the daily number  of epithelial cells synthesizing DNA and in the 
mitotic index (MI) in the mucosa of the s ec r e to ry  par t  of the s tomach of these animals .  

EXPERIMENTAL METHOD 

Experiments were carried out on 84 male CBA • C57BL hybrid mice weighing 20-23 g (21 mice in 

the group). 

The animals of group 1 received hydrocortisone (Gedeon Richter, Hungary) in a dose of 0.3 mg per 

mouse daily for8 days. To mobilize the secretion of endogenous adrenoeortical hormones, stress was 
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T A B L E  1. F o r m a t i o n  of  G a s t r i c  
E r o s i o n s  and U l c e r s  in Mice  a f -  
t e r  E x p o s u r e  to  S t r e s s  and A d -  
m i n i s t r a t i o n  of H y d r o c o r t i s o n e  

Conditions 

Number of [ Number of 
animals with] animals with 
lesions of ] lesionsofgas- 

Sl:ress for 3 days 
Stre~s for 8 days 
Hyckocortisone 
(0.3 mg ~ r  
mouse daily 
for 8 days) 

TABLE 2. Daily Number of Cells Synthesizing DNA and MI in Epi- 
thelial C e l l s  of  M u c o s a  Of S e c r e t o r y  p a r t  o f  Mouse  S t o m a c h  (M ~m) 

Conditiom 

Control 
Stress for 8 days 
Hydrocortlsone (0.3 mg 
per mourn daily for 
8 days) 

Surface-epithelial cells 
of pyloric glands 

ILN, in ~o,'- 

19,3 ..+- 1,46 
10,8-~2,25 
7,4-- + 1,80 

11,1+2,81 

MI in ~ 

9,2-- 1,00 
3,9----- 0,80 

2,64-----0,80 
4,9--0,50 

t~eucus- for mi ng surface - e~pi- 
Hal + muco~as ceils of 

glands of gastric fundus 
ILN ~in qo,i: MI ~in~ 

48-+-3,90 6,7----- 1,08 
2924,20 3,220,92 

23,6• 1,8+--0,03 
33 + 1,82 2,7320,47 

induced  in  the  a n i m a l s  of  g r o u p s  2 and 3 b y  i m m o b i l i z a t i o n  ( ty ing to  a f r a m e  fo r  30 min) d a i l y  f o r  3 and 8 
d a y s ,  r e s p e c t i v e l y .  Group  4 ac t ed  as  the  c o n t r o l .  

To d e t e r m i n e  the  d a i l y  n u m b e r  o f  c e l l s  s y n t h e s i z i n g  DNA (the i n d e x  of  l abe led  nuc le i ;  ILN),  e v e r y  4 h 
fo r  24 h a l l  the  mice  r e c e i v e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  of  t h y m i d i n e - H  3 in  a dose  of  0.7 g C i / g .  The  a n i -  
m a l s  w e r e  then  k i l l ed  b y  d e c a p i t a t i o n  a l l  a t  the  s a m e  t i m e .  The  s t o m a c h s  w e r e  f ixed wi th  C a r n o y ' s  m i x -  
t u r e  [11]. 

A f t e r  p r e l i m i n a r y  i n v e s t i g a t i o n  of  the  g a s t r i c  m u c o s a  u n d e r  a b i n o c u l a r  loupe fo r  e r o s i o n s  and u l -  
c e r s  (ob jec t ive  1, o c u l a r  7) a u t o r a d i o g r a p h s  of  the  p y l o r u s  and fundus of  the  s t o m a c h  w e r e  p r e p a r e d  in the  
u s u a l  w a y .  

The  va lue  of  ILN for  the  s u r f a c e - e p i t h e l i a l  c e l l s  of  50 long i tud ina l ly  d iv ided  g lands  of the  p y l o r u s  and 
in  the  m u c u s - f o r m i n g  c e l l s  of  the  fundus of  the  s t o m a c h  (the n u m b e r  of g lands  w a s  the  s ame)  w a s  c a l c u -  
la ted  in p e r c e n t .  The  m i t o t i c  index (MI) in p r o m i l l e  w a s  c a l c u l a t e d  in the  c e i l s  of the p y l o r i c  g lands  (o r  
the gland a s  a whole)  and in  the  m u c u s - f o r m i n g  c e l l s  of  the  g lands  in the  fundus of  the s t o m a c h .  

The  n u m e r i c a l  r e s u l t s  w e r e  s u b j e c t e d  to  s t a t i s t i c a l  a n a l y s i s  by  the  F i s h e r - S t u d e n t  me thod .  

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  of e x a m i n a t i o n  of the  s t o m a c h s  of the  e x p e r i m e n t a l  g r o u p s  of  m i c e  a r e  g iven  in T a b l e  1. 
The  l ease  m a r k e d  c h a n g e s  w e r e  o b s e r v e d  a f t e r  s t r e s s  fo r  3 days  and the m o s t  m a r k e d  changes  a f t e r  s t r e s s  
fo r  8 days  and a f t e r  a d m i n i s t r a t i o n  of  h y d r o c o r t i s o n e .  

C a l c u l a t i o n  o f  ILN for  the  s u r f a c e - e p i t h e l i a l  c e l l s  of  the  p y l o r i c  g lands  showed tha t  t h i s  p a r a m e t e r  
w a s  c o n s i d e r a b l y  h i g h e r  in the  i n t a c t  m i c e  t han  in  m i c e  e x p o s e d  to  s t r e s s  for  3 and 8 d a y s  and in m i c e  r e -  
c e i v i n g  h y d r o c o r t i s o n e  (Tab le  2). The  d i f f e r e n c e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (P - 0.002,  P -<- 0 .005,  P --< 
0.001).  

S t a t i s t i c a l l y  s i g n i f i e a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  MI for  c e l l s  of  the  p y l o r i c  g lands  of m ice  
of  the  c o n t r o l  and e x p e r i m e n t a l  g roups  (P -< 0 .01,  P ~-- 0 .003,  P - 0.001; T a b l e  2). 

The p e r c e n t a g e  of m u c u s - f o r m i n g  c e l l s  s y n t h e s i z i n g  DNA in  the  fandus of the s t o m a c h  in 24 h showed 
a m a r k e d  d e c r e a s e  in t h e i r  n u m b e r  in a l l  the  e x p e r i m e n t a l  g r o u p s  c o m p a r e d  wi th  the  c o n t r o l  (P -< 0.024,  
P --< 0 .008,  p -< 0.003) o MI of the  m u c u s - f o r m i n g  c e l l s  of  the  g a s t r i c  fundus of  the  e x p e r i m e n t a l  g r o u p s  
w a s  s i g n i f i c a n t l y  ~ower than  in  the  c o n t r o l  (P -< 0.003,  P -< 0.019,  p -< 0.009; T a b l e  2). 

ILN of  the  s u r f a c e - e p i t h e l i a l  c e l l s  both  of the  p y l o r u s  and of  the  m u c u s - f o r m i n g  c e l l s  of  the g a s t r i c  
fundus w a s  l owes t  in the  m i c e  e x p o s e d  to  s t r e s s  fo r  8 d a y s .  

D i f f e r e n c e s  b e t w e e n  the i n d i c e s  of  p r o l i f e r a t i o n  of th i s  and the o t h e r  e x p e r i m e n t a l  g r o u p s  w e r e  c l o s e  
to  s i g n i f i c a n t  (P --< 0.043,  P --< 0.027,  P ~ 0 .021) .  

The d i f f e r e n c e  b e t w e e n  ILN of  the  e p i t h e l i a l  c e l l s  o f  the  g a s t r i c  fundus in  the m i c e  of  g roups  2 and 3 
w a s  not  s t a t i s t i c a l l y  s i g n i f i c a n t  (P _-- 0.079).  
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Hence, both s t r e ss  and adminis t ra t ion of hydrocor t i sone  considerably lowered the activi ty of the p r o c -  
esses  of cell  renewal in the surface-epi thel ia l  ceils of the pyloric  glands and the mucus- fo rming  cells of 
the glands of the gas t r ic  fundus. These results  agree with those obtained by other workers  who found a de-  
c rease  in the number  of DNA-synthesizing ceils in the epithelium of the gas t r ic  mucosa during s t r ess  and 
adminis t ra t ion of ACTH and glucocort icoids [16-20]. 

In the present  experiments  u lce rs  and erosions of the gas t r ic  mucosa were found in mice exposed to 
s t r e ss  for 8 days or  receiving hydrocor t isone by daily injections in a dose of 0.3 mg for 8 days.  Small e r o -  
sions in the gas t r ic  fundus were  observed in only two animals exposed to s t r e ss  daily. Meanwhile, ILN for 
the mice of this group was reduced by a l e s se r  degree than by the mice in group 3, indicating that u lcer  
formation is d i rec t ly  dependent on the degree of lowering of epithelial prol i ferat ion during exposure to 
s t r e s s .  

The fact must also be noted that administrat ion of hydrocor t isone for 8 days gave r ise  to erosions 
and ulcers  of the mucosa  of equal intensity as exposure to s t ress  for 8 days.  Yet af ter  repeated injections 
of massive doses of hydrocor t i sone  the decrease  in ILN was sma l l e r  than during prolonged s t r e s s .  

Under normal  conditions the adrenals of mice do not produce hydrocor t i sone [13], and its action thus 
differs f rom that of endogenous hormones .  Besides its inhibitory action on prol i ferat ion hydrocor t isone 
may possibly also have a destruct ive action on the gas t r ic  epithelial cells like that observed in lymphoid 
organs [10]. However,  this is a problem for special  study. The investigations car r ied  out justify the con-  
clusion that slowing of cell renewal in the epithelium of the gas t r ic  mueosa is the main cause of the lower-  
ing of its res is tance  and one of the chief causes of the formation of stereoid gas t r ic  u lce r s .  

The format ion of gas t r ic  u lce r s ,  including steroid,  can be regarded as a special  case of a dystrophic 
disturbance of t issue integrity.  F rom that point of view the conclusion drawn f rom this investigation con-  
f i rms the general  principal first  enunciated by Lebedinskii [6] that all dystrophic u lce rs  are  based on a 
disturbance of physiological  regenerat ion of the t i ssues ,  i.e., a disturbance of the rat io between the num- 
ber  of t issue cells lost and the number formed by mitotic division. 
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