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R O L E  OF I N T E S T I N A L  H O R M O N E S  IN THE P A T H O G E N E S I S  

OF E X P E R I M E N T A L  P A N C R E A T I T I S  

S. S. E l i z a r o v a  a n d  N.  N.  L e b e d e v  UDC 616.37-002-092.9-07:616.37-008.6-092 : 
616.342-008.6: 577.175.73 

The course of disturbances of secretory reactions of the pancreas in response to adequate 
stimulation by intestinal hormones was studied in acute experiments on dogs with preinduced 
pancreatitis. Activity of combined preparations of intestinal hormones obtained from the 
duodenal mucosa was found in the acute period of the disease in these dogs.  In chronic experi- 
ments an increased rate of acid formation in the stomach and a change in the pH of the duodenal 
contents toward the acid side in pancreatitis were found in chronic experiments. It is con- 
cluded that infestinal hormones play an important pathogenetic role in the mechanism of dis- 
turbances of the external secretory activity of the pancreas in pancreatitis. 

KEY WORDS: pancreas; experimental pancreatitis. 

The secretin test,  used in the differential diagnosis of diseases of the pancreas, is based on changes in 
the reactivity of the pancreas under pathological conditions to "e~ogenous" secretin [1, 5-7, 9-11]. To dis- 
cover whether these changes reflect general changes in the reactivity of the body during pancreatitis or 
whether they are directly related to the pathogenesis of the disturbances of external secretory activity of 
the pancreas, the investigation whose results  are given in this paper was undertaken. 

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

Experiments were carried out on 19 dogs. Acute pancreatitis was induced by injecting the dogs y own 
bile into the pancreatic duct in a volume of 0.5 ml /kg  body weight. To study the responses of the pancreas 
to ne~ogenousn intestinal hormones and also for biological standardization, a combined preparation of in- 
testinal hormones (CPIH) obtained in the laboratory by means of a standard technology [2], but without the 
final stages of purification, was used. 

In consequence of the technology of preparation and according to the results of biological standardization 
tests  on rabbits, the CPIH contained several intestinal hormones (secretin, pancreozymin-cholecystokinin) 
and a certain quantity of biologically inactive denatured protein. The preparation was obtained in sufficient 
quantity for all the series of experiments from the duodenal mucosa of healthy dogs, To determine changes 
in the activity of the intestinal hormones in pancreatitis, samples of CPIH were obtained by the same 
technology from the duodenal mucosa of dogs killed at different times after the beginning of the disease. 

To study changes in the reactivity of the pancreas to ,endogenous" secretin, responses to intraduodenal 
injection of 20 ml of 0.3% HC1, the physiological stimulus causing an increase in the secretin concentration 
in the portal blood and in the general circulation [8], were studied. 
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1 1 5 4  0007-4888/78/8609-1154507.50 ©1979 Plenum Publishing Corporation 



% of normal 

lfl0 

5 :  

Fig. 1. 

% of normal 

700 

I0 ZO 30 3 I0 ZO JO 3 70 20 30 

Days after beginning of disease 
Trypsin Amylase Lipase 

50 

10 20 30 3 m 20 30 S 70 zO 30 

Days after beginning of disease 
Trypsin Amylase Lipase 

Conten£ of e n z y m e s  in panc rea t i c  ju ice  of  dogs with panc rea t i t i s  at  d i f -  
f e r e n t  t i m e s  a f t e r  beg inn i .g  of d i s ea se  (in % of  control). 1) In sec re t i on  in r e -  
sponse  to CPIH, 2) in r e s p o n s e  to intraduodenal  inject ion of HC1 solution; un-  
shaded columns denote enzyme concentra t ions;  shaded columns  hour ly  r a t e  of 
s e c r e t i o n  of e n z y m e s .  

T h e r e  were  t h r e e  s e r i e s  of expe r imen t s .  In s e r i e s  I the  panc rea t i c  duct of dogs in which panc rea t i t i s  
had p rev ious ly  been  induced was cannulated 3, 10, 20, and 30 days  a f t e r  the beginning of the d i sease ,  under  
u re thane  anes thes ia ,  and the pure  sec re t ion  in r e sponse  to the above s t imul i  (CPIH, 2 m g / k g  in t ravenously ,  
o r  20 ml  of 0.3% tIC1 solution intraduodenally) was subject  to quanti tat ive and qual i ta t ive invest igat ion.  In the 
e x p e r i m e n t s  of  s e r i e s  I I  ac t iv i ty  of CPIH s a m p l e s  obtained f r o m  the duodenal mucosa  of dogs with panc rea t i t i s  
was  compa red  by biological  s tandard iza t ion  t e s t s  with the act ivi ty  of s a m p l e s  obtained f r o m  healthy dogs. In 
s e r i e s  HI obse rva t ions  were  made  in chronic  expe r imen t s  on seven dogs on the s e c r e t o r y  act ivi ty  of the  
s tomach  and the pH of the duodenal contents  in the cour se  of development  of panc rea t i t i s .  

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

The  volume of panc rea t i c  sec re t ion  in r e s p o n s e  to in t ravenous  inject ion of CPIH was much l e s s  than the 
control  at all t i m e s  of the d i sease .  The concentra t ion  and hourly  sec re t ion  of b i ca rbona tes  and pancrea t i c  
enzymes  ( t rypsin,  am y l a s e ,  l ipase)  also were  s ignif icant ly below the  control  values  (P < 0.05). Af te r  i n t r a -  
duodenal injection of HCI solutions s e c r e t o r y  r eac t ions  of the p a n c r e a s  we re  comple te ly  absent  on the th i rd  
day f r o m  the  beginning of the d i s ea se .  L a t e r  they r e a p p e a r e d  but r ema ined  low in all t he i r  p a r a m e t e r s .  

Some specia l  f ea tu re s  of the d i s tu rbances  of e n z y m e - s e c r e t i n g  act ivi ty of the p a n c r e a s  we re  noted de-  
pending on the type of the s t imulus  and the  s tage  of the d i sease .  

A c h a r a c t e r i s t i c  f ea tu re  of the r e s p o n s e s  to CPIH was  a gradual  d e c r e a s e  in the  concentra t ion and 
hour ly  r a t e  of  sec re t ion  of the cor responding  enzymes .  F o r  t r y p s i n  the value of t he se  indices was min imal  
on the 20th day of the d i sease ,  but fo r  a m y l a s e  on the 10th day.  In the th i rd  week of the d i sease  the changes 
in act ivi ty  and hour ly  sec re t ion  of the var ious  enzymes  showed a f o r m  of r ec ip roc i ty :  the lowest  indices 
of concentra t ion and quantity of t r yps i n  s e c r e t e d  on the 20th day cor responded  to the highest  values  of these  
indices  for  a m y l a s e  and l ipase .  L a t e r ,  on the 30th day,  indices  cha rac te r i z ing  t ryps in  sec re t ion  inc reased ,  
and this  coincided with t he i r  lowes t  va lues  fo r  the o ther  two enzymes  (Fig. 1, g raph  1). 

The  dynamics  of r e s p o n s e s  to intraduodenal  inject ion of HCI solutions was cha rac t e r i s t i ca l l y  different:  
the  concent ra t ions  and, in pa r t i cu l a r ,  the g r o s s  r a t e s  of  s e c r e t i o n  of e n z y m e s  during the exper imen t  i nc reased  
fo r  all e n z y m e s  re la t ive ly  s teadi ly  until the 30th day (Fig. 1, graph 2). F igu re  1 c l ea r ly  shows that  on the 
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TABLE 1. Indices  of Gas t r i c  Secre t ion  and pH of Duodenal Contents  of Dogs with Acute E x p e r i -  
menta l  Panc rea t i t i s  (mean r e s u l t s  of expe r imen t s  on 6 dogs, M • m) 

Group of animals ~ ,., 
~E 

1. Normal 69-+9 0,17-+0,01 3,1-+0,1 
2. Pancreatitis, days after 

beginning of disease 
3--5- 55-+6 0,25 ± 0,0114,3-+0,3 
7--10. 78-+8 0,2t ~: 0,0115,2-+0,4 

15 52 -+ 3 I0,19-+ 0,0219,8-+0 
20 53-+8 0 , 2 0 . + 0 , 0 2 2 , 8 + 0  '; 
30 173 -+ 5 |0,17_~ O, 0213,3_~0,3 
45 146 -+ 4 10,20 _____ 0,0212,6-+0 2 
,0  W - + 0 : ,  

Secretory responses 
to histamine to carbachol 

proteolytic free HCi free HC1 activity ~ 
~E 

]hourly cone. ~o~ly,=Ej couc..l]~o~ly cone., lprodn. "-~ .i ¢odfi., Iprodn., ,ug/ml o = 8% 
g % maeq ling. > .~ text 

40--+9 14,3-+2 49-+6 0,10-+0,04 1 , 6 ~ 0 , 2  340-+18 10,7-+4 
D 

I 
140~22  19,6-+4142-+7 0,16_.+0,04 1,9-4-0,4 540+28  25,6___6 

,=,-+3='4°-+3='63-+34 60-+, ,..0___=, 4,-+ 0 35-+5 i0..-+0,061 , .5_-;o. 3 12,0± 3 

proteolytic = = 
activity '~ 

conc. hourly "~,~ ~' ~ 
#g/m1 ~mg~.n. ~ 

7,5--8,0,  

3,5--4,0 
4,5--5,5 
5,5--6,0, 
6,5--7,0 
6,5--7,C~ 

7,5-6,0~ 

whole, for  r e s p o n s e s  both to CPIH and to HC1, the sec re t ion  of a m y l a s e  and l ipase  was  inhibited m o r e  than 
the sec re t ion  of t ryps in .  These  obse rva t ions  indicated a poss ib le  d i s turbance  of the fo rmat ion  of intest inal  
ho rmones  in the duodenal mucosa  in panc rea t i t i s .  

The expe r imen t s  of s e r i e s  I I  showed that  the lowes t  s e c r e t o r y  ef fec t  was  caused by admin is t ra t ion  of 
CPIH samp le s  obtained f r o m  the duodenal m u c o s a  of dogs on the 3rd day of the d i sease .  Samples  obtained 
on the  10th, 20th, and 30th days  showed higher  act ivi ty,  although below the level  of the cont ro ls .  F o r  instance,  
inject ion of CPIH f r o m  healthy dogs in a dose of 2 m g / k g  induced pancrea t i c  s ec re t ion  in a volume of 1.55 ± 
0.11 ml,  whe reas  in dogs with panc rea t i t i s  the same  dose induced sec re t ion  of 0.73 ± 0.02 ml  on the 3rd day, 
0.88 • 0.03 ml on the 10th day, 1,1 • 0.01 ml on the 20th day, and 1.24 * 0.02 ml on the 30th day of the d i sease .  
The  lowest  level  of act ivi ty thus amounted to 47% of the control  value, with a subsequent  i nc rease  to 58, 70, 
and 80% respec t ive ly .  

De te rmina t ion  of the b ica rbona te  alkalinity and the concentra t ion and hourly product ion of pancrea t i c  
enzymes  in th is  s e r i e s  showed that  the  abili ty of the CPIH samples  to s t imulate  the sec re t ion  of t ryps in  was 
l e a s t  affected,  and the i r  act ion on a m y l a s e  and l ipase  sec re t ion  was much m o r e  m a r k e d .  Recovery  of the 
l eve l s  of sec re t ion  of t ryps in  took place  re la t ive ly  rap id ly  and s teadi ly .  F o r  ins tance,  a sample  of CPIH ob-  
ta ined f r o m  dogs with pancrea t i t i s  on the th i rd  day of the d i sease  induced a total  sec re t ion  of t ryps in  in the 
cou r se  of the exper iment  amounting to 35% of the initial value,  whe reas  fo r  a m y l a s e  and l ipase  the f igures  
w e r e  only 10 and 11%, respec t ive ly .  The CPIH sample  obtained on the 30th day of the d i sease  s t imula ted  s e c r e -  
tion of t ryps in  in an amount  equal to 75% of the initial volume,  compa red  with only 23 and 41%, r e spec t i ve ly  for  
a m y l a s e  and l ipase.  

The  exper imen t s  of s e r i e s  HI showed that  in acute panc rea t i t i s  during the f i r s t  7-10 days  a f t e r  the be -  
ginning of the d i sease  t he r e  was an i n c r e a s e  in the acidi ty and an i nc r ea se  in the proteoly t ic  activity of the 
g a s t r i c  juice obtained in r e s p o n s e  to injection of h i s tamine  and carbachol .  Th i s  was accompanied  by c o r r e -  
sponding acidif icat ion of the duodenal contents .  By the 15th-30th day the indices of s ec re t ion  gradual ly  ap-  
p roached  the i r  or iginal  level  (Table 1). 

T h e s e  r e s u l t s  were  s i m i l a r  to those  obtained p rev ious ly  in e x p e r i m e n t s  on r abb i t s  [3, 4]. They indicate 
that  in acute pancrea t i t i s  the appara tus  producing the combinat ion of intest inal  ho rmones  b e c o m e s  exhausted.  
Under  the influence of acidif ication of the duodenal contents and the accompanying duodenitis,  the sensi t iv i ty  
of  the p a n c r e a s  to the action of exogenous o r  endogenous intest inal  ho rmones  is  probably  changed. The p o s s i -  
bi l i ty of d i s turbances  of in terocept ive  r e s p o n s e s  of the duodenal m u c o s a  to adequate s t imulat ion by HC1 solu-  
t ions  and by o ther  s t imul i  l ikewise cannot be ru led  out. 

I t  can accordingly be  concluded that  the  d i s tu rbances  thus r evea l ed  a re  an impor tan t  pathogenetic m e c h -  
an i sm of the changes in the  externa l  s e c r e t o r y  activity of the panc rea s  in acute pancrea t i t i s .  
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