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Production of Duodenal Ulcers in the Rat by Administration of Digitoxin 

The  r a t  is sens i t ive  to  t he  f o r m a t i o n  of gas t r ic  ulcers, 
b u t  b y  compar i son  w i t h  o the r  species (guinea pig, cat ,  
dog, man)  is p a r t i c u l a r l y  r e s i s t an t  to  duodena l  ulcers. 
Recent ly ,  however ,  m e t h o d s  for p roduc ing  duodena l  
ulcers in  t he  r a t  were r epo r t ed  ( p a n t o t h e n i c  acid deft- 
c iencyl ,  2; infus ion  of secretogogues such  as h i s t amine ,  
p e n t a g a s t r i n  and  carachola ;  in jec t ions  of p rop ion i t r i l e  
3 t imes  a day  for 4 daysa ;  a single a d m i n i s t r a t i o n  of 
cysteamine4a;  a single s.c. i n j ec t ion  of h is tamineS) .  We  
descr ibe here  a n o t h e r  m e t h o d  of p roduc ing  duodena l  
ulcers in  rats ,  b y  a d m i n i s t e r i n g  d ig i toxin .  

Materials and methods. 100 male  and  100 female  r a t s  
(average b o d y  we igh t  222 g) were fed ad  l i b i t u m  w i t h  
pel le t  food, and  g iven  wa te r  to  dr ink.  Digi toxin ,  in  sal ine 
w i th  5 d rops  of Tween  80 per  50 ml, was g iven  i.p. a t  
0.75 r ag / r a t  in  0.5 ml,  once  a day.  A few an ima l s  d ied  
a f te r  3 days, and  these  were au tops i ed  as soon as poss ible  
a f t e r  dea th .  The  res t  were kil led w i t h  ch lo roform a f t e r  4 
days  of t r e a t m e n t .  The i r  s t o m a c h  and  d u o d e n u m  were 
dissected ou t  as a single uni t ,  opened  a long  t he  mesen te r i c  

a t t a c h m e n t  for t h e  d u o d e n u m  an d  the  g rea te r  c u r v a t u r e  
for the  s t o m a c h  an d  e x a m i n e d  w i t h  a 2 X b inocu la r  
magn i f i e r  for the  presence  of u lcera t ions .  The  incidence  
of an ima l s  w i t h  ulcers was  recorded.  I n  a sepa ra te  ex- 
pe r imen t ,  g roups  of 10 an ima l s  were sacrif iced a f t e r  1, 2, 
3 a n d  4 days  of t r e a t m e n t  to  s t u d y  t h e  evo lu t ion  of the  
duodena l  ulcers. In  each expe r imen t ,  5 con t ro l  an ima l s  of 
each sex received 0.5 ml  sal ine con ta in ing  Tween 80. 

Results. Only  2% of t h e  males  died du r ing  d ig i tox in  
t r e a t m e n t  c o m p a r e d  w i t h  18% of t h e  females  (Table).  
T h e  females  also lost  more  weigh~: t h a n  t h e  males.  
8% of t h e  males  developed convuls ions  du r ing  t r e a t m e n t ,  
as c o m p a r e d  to 83% of the  females.  D u o d e n a l  ulcers were 
p re sen t  a lmos t  exclus ively  in females  (50% of t h e  females  
versus  2% of t h e  males).  Usua l ly  a single ulcer was found,  
b u t  some t imes  2 were presen t ,  loca ted  w i t h i n  5 m m  f rom 
t h e  py lo rus  an d  oppos i te  to  t h e  mesen te r i c  a t t a c h m e n t .  
No ulcers were found  in con t ro l  an imals .  

In  t h e  an ima l s  kil led a f t e r  1 to  4 days  of t r e a t m e n t ,  t he  
duodena l  lesion f i rs t  appear ,  a f te r  2 days,  as t i n y  para l le l  
red  l ines on  t h e  serosal  surface, p e r p e n d i c u l a r  to  t h e  
duodena l  axis  an d  oppos i te  to  t h e  mesen te r i c  a t t a c h m e n t .  
These  red  lines seemed to  consis t  of t h r o m b a t i c  vessels 
since t h e y  d id  n o t  fade upon  pressure  w i t h  f ingers  
(however,  t h r o m b o s i s  could n o t  be  ver i f ied  histological ly) .  
W i t h  t ime,  t h e  red l ines increased in n m n b e r  an d  covered  
a progress ive ly  larger  area  (2-3 mm).  Af te r  open ing  t he  
d u o d e n u m ,  a smal l  ulcer was seen in t h e  mucosa,  exac t ly  
where  th i s  n e t w o r k  of red l ines was located.  Af te r  3 to  
4 days  of t r e a t m e n t ,  a well fo rmed  ulcer  h a d  deve loped  
t h a t  could be seen f rom the  outs ide  (Figure 1), some t imes  
bu lg ing  like a b l i s ter  an d  cons is t ing  of a p u n c h e d  ou t  
crater .  The  le3ion became  deeper  w i th  t ime  and,  in  a few 
cases, r eached  t h e  muscle  layer.  A duodena l  pe r fo ra t ion  
was seen in only  1 animal .  

Histological ly,  t h e  ulcer f i rs t  i nvo lved  on ly  t h e  duo-  
dena l  mucosa  (localized necrosis).  I n  some animals ,  t h e  
c ra t e r  p e n e t r a t e d  the  muscu la r i s  mucosae,  i n v a d e d  t he  
B r u n n e r ' s  g lands  an d  t h e  s u b m u c o s a  (Figure 2). Poly-  
m o r p h o n u c l e a r  cells were p re sen t  w i t h i n  an d  u n d e r  the  
necrot ic  layer,  b u t  no e d e m a  developed.  On each  side of 
an  ulcer, t h e  duodena l  mucosa  appea red  normal .  The  
ulcers were i n v a r i a b l y  covered  w i t h  a P A S  pos i t ive  
a m o r p h i c  s u b s t a n c e  t h a t  appea red  to  be  mucus .  This  
m u c u s  mater ia l ,  a b u n d a n t  and  a d h e r i n g  to the  lesion, d id  
no t  e x t e n d  b e y o n d  t h e  ulcer s i te  (Figure 2, C a n d  D). 

A l r eady  a f te r  1 d ay  of t r e a t m e n t ,  t h a t  is, p r io r  to  
duodena l  ulcer fo rmat ion ,  the  s t o m a c h  b e c a m e  d i s t ended  
w i t h  food, be ing  3 to  5 t imes  as large as t h a t  of con t ro l  
an imals .  So m u c h  food was p re sen t  t h a t  t h e  shape  of the  
s t o m a c h  was de fo rmed  (Figure 1). 

Gas t r i c  ulcers were rare  (20%) (Table) an d  found  on ly  
in an ima l s  t h a t  h a d  lost  m u c h  weight ,  were convu l s ing  
a n d  were cons idered  m o r i b u n d  or h a d  died. Such  ulcers  
were loca ted  in t h e  gas t r ic  corpus,  accord ing  to a t e rmi -  
no logy  of t h e  a n a t o m y  of t h e  r a t  s t o m a c h  p rev ious ly  
descr ibed  6. 

Fig. 1. Gross appeirance of digitoxin-induced duodenal ulcers. 
Stomach and duodenum before (top) and after (bottom) opening. 
Left: control. Right: digitoxin for 4 days. Marked distention of the 
stomach due to food retention in digitoxin treated animal. Also, well 
demarcated duodenal ulcer. The stomach is not ulcerated. 
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Discussion. T h e  m e c h a n i s m  b y  w h i c h  d i g i t o x i n  i n d u c e s  
d u o d e n a l  u lcers  is n o t  k n o w n ,  a) I t  is un l i ke ly  t h a t  t h e s e  
u lcers  r e s u l t e d  f r o m  gas t r i c  h y p e r s e c r e t i o n ,  s ince  t h e  
s t o m a c h  was  r e p l e t e  w i t h  d r y  food .  F o o d  is k n o w n  to  
b u f f e r  gas t r i c  a c id i t y ,  b) S ince  t h e  les ion  s t a r t s  w i t h  
t r a n s v e r s e  r e d  l ines,  i t  m a y  h a v e  a v a s c u l a r  or igin ,  s u c h  
as  h e m o r r h a g e  or  t h r o m b o s i s ,  a l t h o u g h  s u c h  c h a n g e s  were  

Toxic and ulcerogenic effects of digitoxin in male and female rats 

Males Females 

No. of animals 100 100 

Body weight 
Initial (g) 222 223 
After 4 days (g) 196 185 
Difference (g) - -  26 --  38 

Mortality (~o) 2 18 

Convulsion (%) 8 83 

Duodenal ulcers (%) 2 50 

Gastric ulcers (%) 0 20 

n o t  o b s e r v e d  h i s to log ica l ly .  Ca rd i ac  g lycos ides  (s t ro-  
p h a n t i n ,  s t r o p h a n t i d i n )  w e r e  r e p o r t e d  to  p r o d u c e  
v a s o c o n s t r i c t i o n  b o t h  in  v i t r o  ~ a n d  in  v i v o  8. c) I t  is a lso  
pos s i b l e  t h a t  d i g i t o x i n  e x e r t s  a spec i f ic  c y t o t o x i c  e f fec t  
on  c e r t a i n  l aye r s  of  t h e  d u o d e n u m ,  in  t h e  s a m e  sense  as  
a l l o x a n  is c y t o t o x i c  for  t h e  b e t a  ceils  of  t h e  p a n c r e a s .  
d) T h e  m a r k e d  food  r e t e n t i o n ,  so  p r o n o u n c e d  t h a t  i t  
d i s t o r t e d  t h e  n a t u r a l  s h a p e  of t h e  s t o m a c h ,  m a y  p l a y  a 
role  in  t h e  d e v e l o p m e n t  of  d u o d e n a l  les ions .  T h e  p r e s e n c e  
of s u c h  l a rge  a m o u n t s  of  food  in  t h e  s t o m a c h  m i g h t  
m e c h a n i c a l l y  i n t e r f e r e  w i t h  t h e  p r o p e r  b l o o d  f low to  t h e  
d u o d e n u m ,  e) D u o d e n a l  u lce r s  c a n  a lso  b e  p r o d u c e d ,  as 
m e n t i o n e d  ear l ier ,  b y  s.c. a d m i n i s t r a t i o n  of  p r o p i o n i t r i l e  4. 
B o t h  d i g i t o x i n  a n d  p r o p i o n i t r i l e  i n d u c e  t r e m o r  a n d  
c o n v u l s i o n s  w h e n  g i v e n  a t  t o x i c  doses .  W h e t h e r  convu l -  
s ions  a n d  d u o d e n a l  n i ce r  f o r m a t i o n  a re  c o i n c i d e n t a l  o r  
i n t e r r e l a t e d  c a n n o t  be  d e t e r m i n e d  a t  t h e  p r e s e n t .  

T h e  sex  d i f f e r ence  is u n e x p l a i n e d ,  a n d  was  a su rp r i s e  
f i nd ing .  Male  r a t s  a r e  d e f i n i t e l y  m o r e  r e s i s t a n t  to  digi-  
t o x i n  i n t o x i c a t i o n ,  s ince  t h e y  s h o w e d  a l m o s t  n o n e  of  t h e  
s igns  of  ove rdose ,  n a m e l y ,  m a r k e d  loss of  w e i g h t ,  con-  
vu l s ions ,  d u o d e n a l  ulcers ,  a n d  m o r t a l i t y .  W h e t h e r  t h i s  
r e s i s t a n c e  is due  to  a n d r o g e n i c  h o r m o n e s  is u n k n o w n .  

Digitoxin: 0.75 mg per rat. i.p. 2 males and 18 females died after 
3 days. The rest were sacrificed after 4 days. 

7 ~;. LEONARD, Am. J. Physiol. 789, 185 (1957). 
s D. T. MAsoN and E. BRAUNWALD, J. clin. Invest. d3, 532 (1964). 

Fig. 2. Microscopic appearance of digitoxin-indueed ulcers. Sections stained with PAS technique. • 25. A) Normal duodenum. The black spots 
represent mucus contained in goblet ceils. B) Ulcer involving the mucosa and part of the submucosa. Little tissue has been lost; the lesion 
consists mainly of a necrotic mass surrounded by an inflammatory barrier (arrow). C) Ulcer in a more advanced stage. Much of the mueosa 
has been lost and the surface of the lesion contains free mucus (arrow). D) The mucosa has disappeared and, again, free amorphous mucus 
(arrow) covers the sides of the large crater. Only the muscle layer and part of the submucosa are left at the center of the defect. 
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The gastr ic ulcers, found in a small  percentage  of 
animals,  appeared to be typ ica l  stress ulcers, s imilar  to 
those produced by  exer t ion 9 and res t ra in t  10, and probab ly  
resulted from the  severe stress of d ig i toxin  intoxicat ion.  
On the o ther  hand,  the  duodenal  ulcers produced by 
dig i toxin  are not  due to stress, since other  types  of stress, 
e.g. restraint ,  exert ion,  exposure to cold, s tarvat ion,  fail 
to produce duodenal  ulcers while regular ly  producing 
gastric ulcers. Therefore,  the duodenal  ulcers described in 
the present  s tudy  are due to a specific effect of digi toxin.  

mentaire .  La  pathog6nie de l 'ulc~re duod6nal  par  la 
d igi toxine  reste inexpliqu6e. 

A. ROB]~RT, J.  ]~. NEZAMIS, C. LANCASTER and 
J. 2q. BADALAMENTI 

The Upjohn Company, Experimental Biology, 
Kalamazoo (Michigan 49002, USA ), 
18 June 1973. 

Rdsumd. L 'admin i s t r a t ion  i.p. de digi toxine (0,75 mg) 
k des rats  femelles de 220 g produi t  en 3 & 4 jours un 
ulc~re duod6nal  chez 50% des animaux.  L 'es tomac  reste 
intact .  Les rats  m&les sont presque to t a l emen t  r6fractaires. 
La digi toxine  dis tent  aussi l ' es tomac par  r6tent ion ali- 

9 A. ROBERT, J.  I. NORTVIA~, J. E. NEZAMIS and J. P. PHILLIPS, 
Am. J. Digest. Dis. 15, 497 (1970). 

10 G. Rosst, S. BONFILS, F. LIEEFOGH and A. LAMBLING, C. r. Soc. 
Biol., Paris 150, 2124 (1956). 

A n h y d r o t i c  E f f e c t  o f  B e n z o d i a z e p i n e s  i n  M i c e  

Benzodiazepines  are not  bel ieved to inhib i t  secret ion;  
however  we have  been able to show an inhib i tory  effect 
of the  drugs on pa lmar  sweat ing in mice. 

Methods. Swiss mice weighing 16-20 g, randomized  
into groups of 10, were used in accordance wi th  a method  
a l ready fully described 1. The anhydro t ic  effect was 
assessed by  the  inhibi t ion  of pa lmar  skin conduc t iv i ty  
( IPSC %). The benzodiazepines tes ted were adminis tered 
in increasing doses ; the  animals  of each group all received 
the  same concentra t ion.  The drugs were g iven i.p. as a 
suspension in carboxymethylce l lu lose  20 min  before 
reading the  PSC. 

Results. Adminis t ra t ion  of benzodiazepines  to mice 
resul ted in I P S C  secondary to an inhibi t ion  of sweating. 
This  I P S C  is dosebound,  as can be seen f rom the graphs of 
the  regression equat ions  in the  Figure.  

Calculated f rom the  corresponding regression equations,  
the  doses (mg/kg) producing a 50% inhib i t ion  of the 
conduc t iv i ty  ( IPSC 50) as follows: n i t razepam:3 .82  
(3.09-4.95) ; lo razepam:4 .87  (3.62-7.50) ; d iazepam:  5.21 
(3.57-9.56) ; c lorazepate  : 37.61 (15.04-129.30) ; oxazepam : 
46.98 (22.0-128.90) ; ch lord iazepoxide :  54.19 (24.70- 
143.10) ; t e t r azepam:  72.10 (37.52-156.90) ; medazepam : 
105.10 (25.55-866.90). 

Discussion. The occurrence of I P S C  by benzodiazepines 
is established by the preceding regression equations.  
Now, m a n y  writers agree tha t  PSC depends on the  in- 
t ens i ty  of sweat ing 2 7, so this I P S C  can be in terpre ted  as 

a n  inhibi t ion of pa lmar  sweat ing (IPS). If  this  is so, 
what  mechan ism is involved  in the phenomenon  ? 

Actual ly ,  i t  can hard ly  be said tha t  benzodiazepines 
have  a not iceable  ant ichol inergic  effect. Indeed  the  
antagonis t ic  ac t iv i ty  of d iazepam on acetylchol ine in the  
guinea-pig i leum test  is 20,000 t imes  lower than  tha t  of 
a t ropine  s. 
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