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D i f f e r e n t i a l  H e a l i n g  P e r i o d s  of  the  Ace t i c  Ac id  U lcer  M o d e l  in  R a t s  a n d  Cats  

I t  is well known tha t  submucosal injection of several 
agents, including silver nitrate, formalin, nicotine, and 
epinephrine can induce gastric ulcers in experimental  
cats and dogs 1-a. These experimental  lesions grossly and 
histologically resemble human gastric ulcers, although 
they heal rapidly in 2-3 weeks. However, one of the 
authors (S.O.) recently developed a chronic gastric ulcer 
model in rats which requires the gastric submucosal 
injection of acetic acid 4, and produces an ulcer which 
persists for 150 days. Thus, it was of interest to test the 
acetic acid ulcer procedure in cats, in which the gross 
anatomy of the stomach is similar to tha t  of man, and 
compare the healing periods with the rat. 

Mater ia l s  and  methods. Gastric ulcers were induced in 
male Sprague-Dawley rats (230-260 g) under ether anes- 
thesia as described previously by TAKAGI et al. 4, by 
injection of 10% acetic acid (0.05 ml) into the submucosal 
layer of the stomach. After surgery the animals were fed 
normally (Purina Laboratory Chow) and sacrificed at 
5, 60, or 200 days by an overdose of ether. Stomachs 
were removed and fixed according to the technique of 
BRODIE et al. 5. Gastric ulcers were measured, and exam- 
ined histologically (hematoxylin and eosin stain). 

Male mongrel cats (2.3-2.7 kg) were subjected to a 
similar ulcerogenic procedure with the following varia- 
tions. Cats were anesthetized by Surital (sodium thi- 
amylal;  40 mg/kg, i.p.) and 20% acetic acid (0.5 ml) was 
injected into the submucosal layer of the gastric antrum 
on the lesser curvature. 10% acetic acid was not suf- 
ficiently ulcerogenic in the cat. The animals were main- 
tained on a normal diet and 2 or 3 cats per period were 
sacrificed at  7, 14, 21, 28, 42, or 70 days after surgery 
by an overdose of Surital. After gross examination of 
the stomachs and measurement of ulcers, the gastric 
lesions were studied histologically. 

Results .  B o t h  rats and cats withstood the procedure 
well, and adverse overt  symptoms were not observed at  
any t ime during the experimental  periods. The results 
for rats are delineated in Table I, and for cats are shown 
in Table II.  

Gastric ulcer in  rats. 5 rats sacrificed on the 5th day 
after the operation all had sharply defined, deep gastric 

ulcers (Figure l a). Histological examination confirmed 
that  the ulcers penetrated the entire gastric wall, and 
were characterized as confined perforations. By the 60th 
day the ulcers were markedly reduced in area and depth 
due to epithelial regeneration and connective tissue 
proliferation. However, at  200 days all rats had gross 
gastric ulcers of varying sizes (Table I). The gross 
appearance of a 200 day ulcer is illustrated in Figure lb ,  
and the histological character of this lesion is shown in 
Figure 2. 

Gastric ulcer i n  cats. At 7 days after the operation, 
large and deeply excavated ulcers (4 mm in depth) were 
observed in the antrum of the stomach on the lesser 
curvature (Figure 3). The margins of the ulcers were 
overhanging and the floor was nodular and covered by 
necrotic debris, food residue and ingested hair. His- 
tologically the lesion penetrated the entire gastric wall 
and in one of the cats the base of the ulcer consisted of 
omental  fat  adherent to the stomach (Figure 4). At  14 
days the ulcer in the cat  was smaller, but  sharply defined 
(Table II), and granulation tissue in the lesion approached 
the level of the surface of the mucosa. The defect size 
was smaller at  21 days, and newly-formed capillaries 
were observed in the granulation tissue. By the 28th day, 
a small mucosal defect with nodular granulation tissue 
in the floor was found at the center of the area originally 
ulcerated. At 42 days after surgery the ulcer was com- 
pletely healed, i.e., regenerated epithelia covered the 
entire surface of the ulcerated area. After 70 days the 
lesions remained healed, and there was no evidence of 
re-ulceration. 

Discussion.  The present experiments confirm the 
production of gastric ulcer in rats by submucosal injection 
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Fig. la. Experimental gastric ulcer in the rat at 5 days after Fig. lb. Experimental gastric ulcer in the rat at 200 days after 
induction, induction. 
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Table I. Healing process of gastric ulcer in rats  produced by submucosal injection of 10% acetic acid (0.05 ml) 
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No. Days after Diameter of ulcer Gross and histologic observations 
of ra ts  operation (mm) 

12 5 10 X 9, 8 X 8, 9 X 9, 8 × 6 Punched-out deep ulcer adherent  to adjacent liver (confined 
9 x 9, 9 x 9, 9 X 8, 8 x 8 perforation). 
6 x 5 ,  6X8,  4 x 6 ,  6 × 4  

5 60 3 x 3 ,  1 x 2 ,  l x l ,  O, 0 

4 2OO 12x12 ,  lOxlO,  2 x l ,  l x l  

Small, shallow ulcer. Well developed granulation tissue and limited 
epithelization. Healed ulcer in 2 rats.  
Clearly defined ulcer adherent  to liver. 

Table II.  Healing process of gastric ulcer in cats produced by submucosal  injection of 20% acetic acid (0.5 ml) 

Cat Days  after Diameter of ulcer Gross and histologic observations 
number  operation (cm) 

1, 2, 3 7" 1.8×1.5,  1.9×1.1,  1 .9×1.5 

4, 5 14 1.0 × 0.8, 0.9 × 0.7 
6, 7 21 0.9 × 0.6, 0.6 x 0.4 

8, 9 28 0.5 × 0.4, 0.2 × 0.2 
10, 11 35 0, 0 

12, 13 70 O, 0 

Sharply defined ulcer penetrat ing the s tomach wall, and confined 
and adhered to liver. Necrotic, nodular  floor. 
Marked granulation tissue proliferation a t  the base. 
Smaller, clearly defined, shallow ulcer with advanced proliferation 
of mucosal epithelium and connective tissue. 
Small ulcer with necrotic material  on surface. 
Complete covering of regenerated epithelium on ulcer surface 
without interposition of museularis  mucosae and muscle layer. 
Similar to 35 day response. 

s Initially, gastric ulcers in cats were of similar size, in proportion to the entire stomach, as rat  ulcers. 

Fig. 2. Photomicrograph of the gastric ulcer 
in the ra t  at  200 days after surgery. × 18. 

o f  a c e t i c  ac id ,  a n d  d e m o n s t r a t e  t h a t  t h e s e  l e s i o n s  p e r s i s t  
f o r  a t  l e a s t  200 d a y s .  I t  s e e m s  l i k e l y  t h a t  t h e  e x p e r i m e n t a l  
u l c e r  i n  t h e  r a t  u n d e r g o e s  p a r t i a l  h e a l i n g  a n d  r e - u l c e r a t i o n  
u n d e r  c h r o n i c  c o n d i t i o n s  s i n c e  l a r g e  u l c e r s  w e r e  o b s e r v e d  
a t  200 d a y s .  I n  c o n t r a s t ,  g a s t r i c  u l c e r s  p r o d u c e d  i n  t h e  
c a t  w e r e  s i m i l a r  i n  a p p e a r a n c e  i n i t i a l l y ,  a n d  o f  s i m i l a r  
s ize  in  p r o p o r t i o n  t o  t h e  s t o m a c h ,  b u t  c o m p l e t e l y  h e a l e d  
a t  35 d a y s .  T h e  d i f f e r e n c e  i n  h e a l i n g  w a s  n o t  a t t r i b u t a b l e  
t o  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  a c e t i c  a c i d  u s e d  i n  t h e  
r a t  a n d  c a t  s i n c e  a s t r o n g e r  c o n c e n t r a t i o n  was.  u s e d  w i t h  
t h e  ca t .  A l t h o u g h  i t  is  p o s s i b l e  t h a t  t h e  d i f f e r e n t i a l  
h e a l i n g  p e r i o d s  r e l a t e d  t o  t h e  d i f f e r e n t  r e g i o n s  o f  t h e  
s t o m a c h  in  w h i c h  t h e  u l c e r  w a s  i n d u c e d  (ca t  a n t r u m ,  
r a t  f u n d u s ) ,  t h i s  is  n o t  l i k e l y  s i n c e  p r e l i m i n a r y  s t u d i e s  

i n  o u r  l a b o r a t o r y  6 i n d i c a t e d  t h a t  a c e t i c  a c i d  u l c e r  h e a l i n g  
( p a i n t i n g  m e t h o d  ~) is  s l o w e r  in  t h e  r a t  a n t r u m  t h a n  i n  
t h e  r a t  f u n d u s .  I n  t h e  p r e s e n t  s t u d y  t h e  a n t r a l  r e g i o n  
w a s  s e l e c t e d  i n  t h e  c a t  b e c a u s e  h u m a n  u l c e r s  s i t u a t e d  o n  
t h e  a n t r u m  a r e  f r e q u e n t l y  c h r o n i c  l e s i o n s  s. H o w e v e r ,  
in  t h e  r a t ,  w h i c h  h a s  a m u c h  s m a l l e r  s t o m a c h ,  i t  is  
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Fig. 3. Gross appearance of gastric ulcer in the cat antrum at 7 days 
after induction. 

d i f f icu l t  t o  i nduce  e x p e r i m e n t a l  ace t ic  acid ulcers  in  t h e  
a n t r u m  b y  t h e  i n j e c t i o n  m e t h o d .  T h e  r a p i d  h e a l i n g  of 
t h e  gas t r i c  u lcer  p r o d u c e d  in  ca t s  b y  ace t ic  ac id  obse rved  
here  is s imi l a r  to  t h e  r ap id  hea l i ng  r e p o r t e d  a f t e r  n ico t ine ,  
f o rma l in  a n d  s i lver  n i t r a t e  i n j ec t ion  in ca t s  l-s, a n d  a f t e r  
t he  m e c h a n i c a l  i n d u c t i o n  of gas t r i c  defec ts  in  ca t s  as 
descr ibed  b y  GUNTER g. Thus ,  i t  c an  be  conc luded  t h a t  
t h e  c h r o n i c i t y  of t h e  gas t r i c  u lcer  in  t h e  r a t  is n o t  neces-  
sa r i ly  r e l a t ed  to  t h e  acet ic  ac id  itself,  b u t  to  a special  
cha rac t e r i s t i c  of t h e  r a t .  P r e s u m a b l y ,  n o r m a l  gas t r i c  
mucosa l  r e g e n e r a t i o n  t i m e s  a re  s imi l a r  for  b o t h  spe- 
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Fig. 4. Photomicrograph of the cat ulcer shown in Figure 3. × 18. 

cies 10-18. I n a s m u c h  as t h e  c h r o n i c i t y  of t h e  e x p e r i m e n t a l ,  
ace t ic  acid ulcer  mode l  in  t h e  r a t  u n i q u e l y  r e sembles  
h u m a n  pep t i c  ulcer,  t h i s  mode l  m a y  be  qu i t e  useful  for  
t h e  s t u d y  of h u m a n  ulcer  a n d  t h e  e v a l u a t i o n  of p h a r -  
macologic  a g e n t s  used  for  t h i s  disease.  

Zusammen]assung. M e t h o d e  zu r  e x p e r i m e n t e l l e n  E r -  
zeugung  eines  Magengeschwi i res  b e i m  Tier,  das  weit-  
g e h e n d  m i t  d e m  m e n s c h l i c h e n  Magengeschwi i r  i iber-  
e i n s t i m m t .  

S. OKABE, J. L. A. I{OTH 
a n d  C. J .  PFEIFFER 

Institute o] Gastroenterology, Presbyterian University of 
Pennsylvania Medical Center, 51 North 39th Street, 
Philadelphia (Pennsylvania 19104, USA), 3 August 1970. 

P h o t o - O r i e n t a t i o n  in  the  L a r v a e  of  the  W a x m o t h  Galleria mellonella L. R e a r e d  U n d e r  C o n s t a n t  D a r k  
and  C o n s t a n t  L ight  C o n d i t i o n s  

T h e  l a r v a e  of G. rnellonella l ive  in  t h e  p e r m a n e n t  da rk -  
ness  of t h e  beehives ,  where  t h e y  feed on  wax.  I n  t h e  
l abo ra to ry ,  t h e y  show d i s t i n c t  n e g a t i v e  p h o t o t a x i s .  T h e  
p r e s e n t  c o m m u n i c a t i o n  deals  w i t h  t h e  e f fec t  of c o n s t a n t  
d a r k n e s s  a n d  c o n s t a n t  l i gh t  on  t h e  p a t t e r n  of p h o t o t a c t i c  
b e h a v i o u r  in  t he se  l a rvae .  

T h e  l a r v a e  were  r ea red  in t h e  l a b o r a t o r y  a t  30 °C a n d  
40% re l a t i ve  h u m i d i t y  u n d e r  t h e  two  d i f f e ren t  l i gh t i ng  
cond i t ions  m e n t i o n e d  above .  T h e  a p p a r a t u s  for  t e s t i n g  
t h e  p h o t o t a c t i c  b e h a v i o u r  cons i s ted  of a b l a c k  c i rcu la r  
a r e n a  50 cm in  d i ame te r .  Th i s  was  i l l u m i n a t e d  f rom one  

s ide b y  a p r o j e c t o r  l a m p  in  such  a w ay  t h a t  u n i f o r m a l l y  
dec reas ing  l i gh t  i n t ens i t i e s  were  o b t a i n e d  on  i t  oppos i t e  
t h e  source  of i l l umina t i on .  T h e  i n t e n s i t y  a t  t h e  cen t r e  
of t h e  a r e n a  was  3800 Lux .  

D u r i n g  a n  e x p e r i m e n t ,  10 l a r v a e  were  re leased,  1 a t  
a t ime ,  in  t h e  c e n t r e  of t h e  a rena .  T h e y  c rawled  a w a y  
e i t h e r  s t r a i g h t  a long  t h e  r a d i u s  co inc id ing  w i t h  t h e  l i g h t  
axis,  or  o f t en  a t  a c e r t a i n  ang le  to  it. T h e  ang le  m a d e  
b y  each  of t h e m  w i t h  t h e  l igh t  axis  whi le  c rawl ing  
across  t h e  p e r i p h e r y  of t h e  a r e n a  was  recorded .  T h e  
angles  to  t h e  r i g h t  a n d  lef t  of t h e  l i gh t  axis  were  t r e a t e d  


