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The ref lux of bile and intestinal contents and hypertension of the efferent  ducts p l a y s  role  in the de-  
~elopment of acute pancreat i t is .  The course  of the pancreat i t is  is par t icu lar ly  violent if all these fac tors  
a re  combined and superposed on increased pancrea t ic  function. 
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The most  import.xnt fac tors  causing acute pancreat i t l s  a re  considered to be the ref lux of kilo and In- 
test inal  contents into the pancreat ic  ducts (the enzyme theory [5, 9, 11]), an increase  of p r e s s u r e  in the pan-  
c rea t ic  ducts (the obstruction theory  [2, 6, 7-10]), and increased pancreat ic  function associa ted with a d i s -  
turbance of the outflow of secret ion,  or  of the innervation and blood supply to the pancreas  [3, 10,  11]. T h e s e  
fac tors  may act  separate ly  o r  in combination in the etiology and pathogenesis of acute pancrea t i t l s .  No ade -  
quate exper imenta l  evidence has yet  been adduced to indicate the importance of each of these fac tors ,  alone 
or  in combination, in the development of acute pancrea t i t i s .  

In an a t tempt  to solve these problems,  a s e r i e s  of chronic  ex-periments was pe r fo rmed  on dogs.  
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Fig. 1. Serum lipase acti~-ity of dogs de -  
veloping pancrcat i t i s  under different  con-  
ditions. 1) Ligation of main duct; 2) l iga-  
t.ion of all pancreat ic  ducts; 3) in ject ionof  
bile into main pancreat ic  duct; 4) combi-  
nation of duodenostasis with stimulation; 
5) duodenostasls with stimulation in the 
presence of cholecysto}ejunostomy. Ab- 
scissa: t ime a f t e r  procedures ;  ordinate:  
se rum lipase act ivi ty (in conventional units). 

E X P E R I M E N T A L  M E T H O D  

Acute pancreat i t i s  was caused by. producing duodenal 
hyper tension by K. D. roskin,  s method and by ligating t hepan -  
c rea t i c  ducts, with.or  without other  p rocedures  on the gland. 
To st imulate pancreat ic  function, the animals were  given 
subcutaneous injection of 1 ml of 1% pilocarpine soluti~Jn. To 
prevent  h) 'pertcnsive phenomena in the duodenum and p anc re -  
at ic  ducts, a cholecystojcjunostomy was pe r fo rmed  in a s e r i e s  
of exper iments ,  hi the course of the exper iments  the tipolytic 
act ivi ty of the animals '  blood serum was investigated by t i t r a -  
tion with olive oil emulsion [1]. The normal  s e rum lipoly'tic 
acti~ity of the dogs varied from 0.3+0.05 to 0.66+0.1 unit. At 
cer ta in  stages of the e.-cperiments the animals  were  sacr i f iced  
and the pancreas  examined m a c r o -  and microscop ica l ly .  

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

In the exper iments  of se r i e s  I on 7 dogs the main and 
a c c e s s o r y  pancreat ic  ducts were  ligated. Lu 2 animals  of this 
s e r i e s  only the main pancreat ic  duct was ligated. 

Ligation of the main pancreat ic  duct led to a ve ry  slight 
and t rans ient  increase  in serum lipase activity (Fig. 1). Under 
these exper imental  conditions the hypertension developing in 
the pancreat ic  tubules was of ve ry  short  duration, because tbe  
secre t ion  flowed out through the acces so ry  ducts.  At necropsy  
on these animals no visible changes were  found inthe txtncreas.  
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Fig.  2. P a n c r e a s  of a dog 19 days a f t e r  l tgatton of ducts .  
Cons ide rab le  inf i l t rat ion of connec t ive - t i s sue  sep ts  with 
leukocytes ,  m o s t  m a r ked  along the course  of the ducts .  
Hematoxy l in -eos in .  Object ive 8, ocular  i0 .  

In the case  of l igation of all  panc rea t i c  ducts  in fast ing dogs, an i nc r ea se  in s e r u m  l ipase  act ivi ty  was found 
in the f i r s t  2 weeks a f t e r  the opera t ion .  The highest  level  of act iv i ty  was found on the 3rd-5th  day a f t e r  li~'a- 
t ion of the ducts,  re turning to i ts  ini t ial  level by he end of the 2nd week.  The morphologica l  changes in the 
p a n c r e a s  were  of the c h a r a c t e r  of acute in te rs t i t i a l  pancrca t i t i s ,  p r o g r e s s i n g  into s c l e r o s i s  of the pan -  
c r e a s  {Fig.  2). 

Grave l  was found in the dilated ducts  of 2 an ima l s  sac r i f i ced  167-200 days f rom the beginning of the 
exper iment ,  in the region of the tai l  and head of the panc reas .  Consequently,  calculous pancrea t i t i s  had de -  
ycleped as  a r e su l t  of prolonged s t a s i s  of sec re t ion  in the p~.ncre'atic ducts  combined with inf lammat ion .  

In the expe r imen t s  of s e r i e s  1I p e r f o r m e d  on 5 dogs, a f t e r  ligation of the main pancrea t i c  duct 0.5 ml 
bile was injected into its lumen.  Acute edema  of the panc rea s  developed 10-20 rain f rom the beginning of 
the exper iment ,  and a f t e r  1.5-2 h a r e a s  of s t ea r in  nec ro s i s  appeared .  The s e r u m  l tpase  act ivi ty rose  
sha rp ly  in the f i r s t  hour of the e x p e r i m e n t  (Fig. 1). 

�9 In the 15 dogs of the e x p e r i m e n t s  of s e r i e s  III, a f t e r  reac t ion  of the pylorus  the duodenal s tump was  
ex t e r i o r i zed  into a skin tube. C o m p r e s s i o n  of the skin tube produced signs of duodenostas is ,  s tony of the 
sph inc te r  of Oddi, and ref lux of in tes t ina l  contents into the panc rea t i c  ducts followed by dcvelopment  of tu-  
bu la r  hyper tens ion.  Under these  expe r imen ta l  conditions,  graded c o m p r e s s i o n  of the skin tube was a c c o m -  
panied by var ious  morphologica l  changes  in the panc rea s  (ranging f rom edema to nec ros i s  of its parenchyma)  
Pancrea t i c  edema developed 3 h a f t e r  c o m p r e s s i o n  of the tube, but an i nc rea se  in s e r u m  l ipase act ivi ty  was 
not a lways observed .  A cons iderab le  and pe r s i s t en t  i nc rea se  in the s e r u m  l ipase act ivi ty  of all  the dogs 
was  found a f t e r  prolonged duodenos tas i s  {6 h or  longer) ,  by which t ime  marked  des t ruc t ive  changes had de-  
veloped as  a rule in the p a n c r e a s .  The dogs in this s e r i e s  of e x p e r i m e n t s  surv ived  f rom between 24 and 36 h. 

In the expe r imen t s  of s e r i e s  IV on 10 dogs, duc<lenostasis produced by c o m p r e s s i o n  of the skin tube 
was  combined with s t imulat ion of panc rea t i c  function. In the an imals  of this group the pancrea t i t i s  followed 
a violent cou r seand  the dnZ, died 6-12 h a f t e r  the beginning of the expe r imen t s .  At nec ropsy  seve re  hy -  
p e r e m i a  of the abdominal  v i s c e r a  and mult iple  loci of s tear in  nec ros i s  were  found. Mass ive  loci of nec ro s i s  
w e r e  obse rved  in the p a r e n c h y m a  of the p a n c r e a s  (Fig. 3). The s e r u m  l ipase  act ivi ty  was skxrply  inc reased  
as  in the s e r i e s  of e x p e r i m e n t s  in which bile was injected into the main  panc rea t i c  duct, but higher  v~lues 
w e r e  a t ta ined.  

In the expe r imen t s  of s e r i e s  V on 10 dogs, in addition to ex te r io r i za t ion  of the duodenal s tump into a 
skin tube, cholecys to je junos tomy was p e r f o r m e d .  In half the dogs of this  group, c o m p r e s s i o n  of the tube 
was  combined with s t imulat ion of panc rea t i c  function, while in the r e s t  no s t imulat ion was given. In the 
an ima l s  of this group, s igns of duodenos tas i s  appeared  only in the f i r s t  2--3 h a f t e r  c o m p r e s s i o n  of the tube. 
The escape  of duodenal contents through the a n a s t o m o s i s  re l ieved tension on the tube, vomit ing ceased  and 
the dogs took food. t lowever ,  the d e c r e a s e  in p r e s s u r e  in the duodenum did not comple te ly  a r r e s t  the 

281 



Fig. 3. Pancreatic necrosis arising in a dog after a com- 
bination of duodenostasis with stimulation of pancreatic 
hmction by 1% pilocarpine solution. Hematoxylin-eosin~ 
Objective 20, ocular 10. 

development of pancreatitis and the dogs died on the 3rd-5th day of the e.xpertments. Infection of the pan- 
creatic ducts by duodenal contents, leading in  some animals to the development of suppurative pancreatif ls  
w~:_'~ abscess formation, played a definite role in the development of pancreatit is under these conditions, 

The serum enzyme activity was high throughout the experimental period, but was fluctuating in 
character .  

The results of these ex-pcriments show that prolonged tubular hypertension leads to the development 
of pancreatitis without acute destructive changes, followed by sclerosis  of the pancreas.  We do not agree 
with Popper [12] that the changes taking place in the pancreas during stasis of the secret ion in its ducts are  
not a sign of inflammation. In our observations considerable cellular infiltration always took place in the 
interstitial tissue, and v.'as especially marked along the course of the ducts, undoubtedly indicating pancre-  
atitis. Prolonged stasis of secretien after ligation of the ducts combined with inflammatory changes in abe 
pancreas ml.~ lead to calculous formation in its ducts, which we observed in two experiments.  However, 
the injuriou~ action of tubular hypertension on the pancreatic tissue alone, without activation of the enzymes 
by enterokinase and bile,is not sufficient to cause the violent development of pancreati t is .  

In all experiments the increase in pancreatic function was a factor accelerating the course of pan- 
creat i t is .  
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