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Dis turbance  of the internal  s e c r e t o r y  function of the panc reas  in chronic pancrea t i t i s  has a t t r ac ted  the 
at tention of m a n y  inves t iga to r s .  Mos t  of them have judged the functional s ta te  of the insu lar  appara tus  f rom 
the blood suga r  c a r v e s  a f te r  g lucose  loading. Only in the l a s t  few y e a r s  have invest igat ions based  on the r ad io -  
immune determinat ion of insulin been published [1-8, 10, 11]. However ,  data in the l i t e r a tu r e  on changes in 
ca rbohydra te  to le rance  and the p l a s m a  insulin concentra t ion in chronic  pancrea t i t i s  a r e  heterogeneous and often 
cont radic tory .  Among the poss ib le  explanations of this  fact  a r e  evidently d i f ferences  in the techniques used 
a s  an approach  to the study of the endocrine function of the panc reas  and the inadequacy of data on insulin s e -  
c re t ion  based on the study of the blood insulin concent ra t ion  in pe r iphe ra l  v e s s e l s .  

The w r i t e r s '  p revious  invest igat ion [1] showed that  the dynamics  of insulin secre t ion  is bes t  r e f l ec ted  
by the insulin concentra t ion in blood f rom the e f fe ren t  vesse l  of the pancreas .  Af ter  intravenous injection of 
glucose into dogs with chronic  panerea t i t i s  a definite tendency was found for  the level  of insulin secre t ion  to 
fall despi te  no change in glucose to le rance .  The f i r s t  phase  - the phase  of rap id  insulin r e l e a s e  - was pa r t i cu -  
l a r ly  sharply  inhibited [2]. 

The  object  of this invest igat ion was to study the ea r ly  changes in the insulin concentra t ion in the pan- 
c rea t i c  vein of  dogs with exper imenta l  panerea t i t i s  a f t e r  rap id  injection of glucose d i rec t ly  into the pancrea t ic  
a r t e r y .  

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

E xpe rhnen t s  were  c a r r i e d  out on 14 anes thet ized dogs weighing 18-20 kg a f te r  overnight  food deprivat ion.  
The  opera t ive  p rocedure  was the s a m e  as that  used p rev ious ly  [9]. After  l apa ro tomy a s i l i cone- t r ea ted  
ca the te r  was introduced Into the ma in  branch of the supe r io r  pancreat icoduodenal  vein aga ins t  the blood flow 
(Fig. 1), and i ts  distal  end was connected to a ca the te r . in t roduced  into the f emora l  vein (to ensure  a c losed 
s y s t e m  of c i rcu la t ion  of  blood). During taking of blood samples  f rom the pancreat icoduodenal  vein, the ca the -  
t e r s  were  disconnected.  To p reven t  the blood f r o m  clott ing in the ca the te r ,  another  ca the te r  was introduced 
into the duodenal b ranch  of the supe r io r  pancreat icoduodenal  vein. Throughout the exper iment ,  hepar in ized  
sal ine was introduced f rom it  through a drip sy s t em.  A thin Teflon ca the te r  was then pas sed  into the supe r io r  
pancreat icoduodenal  a r t e r y  through the gas t roepip lo ic  branch .  This  ca the te r  was connected to an infusion 
pump,  by means  of which the hepar in ized  sal t  solution was injected at the r a t e  of 0.25 m l / m i n .  Per fus ion  with 
hepar in ized  sal ine was stopped 1-1.5 h a f t e r  the end of the opera t ion,  before  the beginning of taking of theb lood  
samples ,  and blood flowed f ree ly  fo r  15-20 sec f rom the pancrea t ic  veim Severa l  initial blood samples  were  
then taken into hepar in ized tubes ,  a f t e r  which glucose was injected rapidly  into the pancrea t ic  a r t e r y  in a 
dose of 2 m g / k g  body weight in 0.2 ml  of  physiological  sal ine.  Next,  changing the tubes every  10 sec,  blood 
samples  were  col lected for  90 sec .  Subsequent blood samples  were  col lected 2, 3, 5, 10, and 20 rain l a t e r .  
T he exper imen t  was repea ted  3 or  4 t imes  at in te rva ls  of 30 rain (by which t ime  the g lucose  and insulin l eve l s  
had re tu rned  to the i r  initial values) .  The blood samples  thus obtained were  centr i fuged for  10 rain at  4~C and 
then f rozen  at - 20~ Glucose was de te rmined  by the o- toluidine method,  insulin by a rad io immune  method 
using s tandard  kits  (from CEA-IRE-Sor in ,  F rance) .  Expe r imen ta l  pancrea t i t i s  was induced by injection of 
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Fig. I. Perfusion of the pancreas in situ. I) Superior pancreati- 
coduodenal artery and vein; 2) gastroepiploic artery; 3) portal vein; 
4) duodenum; 5) three-way cock; 6) infusion pump; 7) heparinized 
physiological saline; 8) femoral vein; 9) pancreas. 

autologous bile (0.1 ml /kg)  into the pancrea t i c  duct, which was br ief ly  l igated.  The opera t ion wound was then 
sutured in l a y e r s  under  s t e r i l e  condit ions.  The expe r imen t s  with per fus ion  of the panc reas  in si tu in these  
an imals  were  c a r r i e d  out 1 month l a t e r .  The p r e s e n c e  of pancrea t i t i s  was conf i rmed  by morphologica l  in-  
ves t igat ion of the gland. 

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

Af te r  inject ion of g lucose  into the control  an imals  a rapid r i s e  in i ts  level  in blood f rom the pancrea t i c  
vein was obse rved ,  s t a r t ing  f rom the 5th second, andi t  r eached  a m a x i m u m  at the 10th second (Fig. 2). By 
this  t ime  the plasrna insulin concentra t ion  began to show a definite i n c r e a s e .  The max ima l  insulin r e sp o n se  
was obse rved  40-50 sec a f t e r  i n t r a a r t e r i a l  injection of glucose,  when its  concentra t ion was beginning to fall .  
The insulin level  in the pancrea t ic  vein re tu rned  to i ts  initial value with effect  f rom the 90th second. The ra t e  
of the blood flow r ema ined  s ignif icant ly  unchanged throughout  the exper iment .  In exper imenta l  panc rea t i t i s  
the character of the early changes in the glucose and insulin concentrations in blood from the pancreatic vein 
in response to rapid injection of glucose differed from that in the control. The maximal rise in the glucose 
level took place, just as in the control animals, at the 10th second. However, the glucose concentration, both 
during fasting and during the 90 sec after intraarterial injection ol glucose, was lower in these animals than 
in the control. The results of these investigations correspond to previous observations showing some increase 
in tolerance to glucose in the intravenous glucose tolerance test on dogs with experimental pancreatitis. Insu- 
lin secretion during rapid injection of glucose into the pancreatic artery was inhibited. The rise in the insulin 
concentration was slower, the curve was flatter, and the maximum was delayed and was less well defined. 
By the 90th minute there was no tendency for restoration of the original insulin level. The rate of the blood 
flow in experimental pancreatitis was indistinguishable from the control throughout the experiment. The re- 
serve insulin production is known to be reflected in the ratio of its concentration to the glucose concentration. 
During intraarterial injection of glucose, this index fell distinctly in the dogs with experimental pancreatitis. 
The rise in the glucose level at the time of the maximal increase in its concentration (at the 10th second) com- 
pared with its initial level was less marked in the dogs with experimental pancreatitis (274 �9 45.5 rag %) than 
in the control animals (353 • 28.6 mg %). The ratio of the glucose level at the time of maximal rise of its 
concentration to the initial level showed no significant change under these circumstances (4.73 �9 0.48 in the 
control, 5.0 ~= 1.06 in dogs with pancreatitis). The rise in the insulin level at the time of the maximal increase 
in its concentration was sharply reduced (control 1793 ~: 637 microunits/ml). The ratio of the insulin level 
at the time of its maximal value to the initial value in dogs with experimental pancreatitis was reduced by 
more than half (8.97-* 2.58 in the control, 3.9 �9 0.97 in dogs with pancreatitis). The total increase in insulin 
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Fig.  2. Dynamics  of  insulin and glucose con-  
cent ra t ions ,  t he i r  ra t io ,  and veloci ty  of 
blood flow in pancreat icoduodenal  vein a f t e r  
rapid  inject ion of  glucose into pancrea t ic  
a r t e r y  of  dogs with exper imenta l  pancrea t i t i s .  
Absc i ssa :  t ime  of taking blood samples  (in 
sec); ordinate:  a) g lucose  concentra t ion (in 
m g  %); b) insulin concentra t ion (in m i c r o -  
u n i t s / m l ) ;  c) ra t io  of  insulin concentrat ion 
(in m i c r o u n i t s / m l )  to glucose concentra t ion 
(in rag %); d) veloci ty  of blood flow (in m l / 1 0  
sec) .  1) Control;  2) pancrea t i t i s .  

and g lucose  is an impor tan t  indicator  of the internal  s e c r e t o r y  function of the pancreas .  In dogs with e x p e r i -  
menta l  pancrea t i t i s  the total  inc rease  in insulin o v e r  a per iod of 90 sec  was sharply  reduced  (7126 • 3037 
m i c r o u n i t s / m l  in the control ,  3268 �9 1013 m i c r o u n i t s / m l  in dogs with pancrea t i t i s ) .  The  total  i nc r ea se  in 
the g lucose  in the exper imenta l  an imals ,  however,  was not inc reased  but, on the con t ra ry ,  was actually slightly 
reduced (1720 �9 335 rag%in  the control ,  1082 �9 2.81 mg  % in dogs with pancrea t i t i s ) .  The insulinogenic index 
(the ra t io  of the total  i nc rea se  in the insulin to the total  i nc rease  in glucose) ove r  this per iod was cons iderably  
reduced  in the dogs with exper imenta l  pancrea t i t i s  (3.27 �9 1.09, compared  with 6.98 �9 3.49 in the control),  in 
a g r e e m e n t  with the view e x p r e s s e d  prev ious ly  that  t he re  is a definite deficiency in the insu l in - sec re t ing  
m e c h a n i s m  in exper imenta l  pancrea t i t i s .  

The r e su l t s  of  the p r e s en t  invest igat ion a r e  evidence of a d is turbance of the  ea r ly  insulin r e sponse  to 
g lucose  in an imals  with exper imenta l  pancrea t i t i s .  They conf i rm previous  observa t ions  [2] obtained by the 
intravenous glucose to le rance  t e s t ,  according  to which the level  of insulin sec re t ion  is reduced  in exper imenta l  
pancrea t i t i s ,  e spec ia l ly  in the f i r s t  phase  of the acute r e l e a s e  of insulin. It m u s t  be a s sumed  that  the rapid  
outflow of insulin was dis turbed in exper imenta l  pancrea t i t i s ,  probably as  a r e su l t  of its mobi l iza t ion before  a 
m e a l .  

The r e su l t s  also indicate that  the potential  p rospec t s  fo r  development  of d iabetes  in an imals  with e x p e r i -  
menta l  pancreaf i t i s  can be m o r e  c l ea r ly  revea led  by the study of the dynamics  of insulin sec re t ion  a f t e r  in-  
ject ion of glucose d i rec t ly  into the pancrea t i c  a r t e r y .  This  exper imenta l  model  of  p e n s i o n  of the panc reas  
in s[tu is  also p romis ing  for  the study of the act ion of var ious  subs tances  which s t imula te  insulin secre t ion .  
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A cons iderab le  i nc rea se  in the incidence of acute pancrea t i t i s  (A P) has been r eco rded  eve rywhe re  in 
r e cen t  yea r s ,  and the mor t a l i t y  in this d i sease  still  r e m a i n s  high [4, 5]. Methods of conse rva t ive  and o p e r a -  
t ive t r e a t m e n t  of  AP have not been finally set t led.  In the pathogenesis  of AP a basic  ro le  is p layed by ac t i -  
vation of pancrea t i c  enzymes ,  followed by injury to the organ by act ivated p ro te inases  [1, 2]. 

The  ma in  s t ruc tu ra l  fea ture  dist inguishing the exocr ine  cell  of  the panc reas  is the w e l l - m a r k e d  develop-  
men t  of its endoplasmic  re t i cu lum and the high density of its r i bosome  populations [10], e ssen t ia l  for  enzyme 
product ion and sec re t ion .  This  is r e spons ib l e  for  the  high r a t e  of  pro te in  synthes is  in the ac inar  cel ls  of the 
panc reas ,  d i rec t ly  propor t iona l  to the r a t e  of  RNA synthes is  [13]. 

It was accordingly  decided to study the effect  of  5 - f luorourac i l  (5-FU) on the act ivi ty  of some pancrea t i c  
enzymes  in r a t s  with AP .  The m o l e c u l a r  m e c h a n i s m  of the act ion of 5-FU is based on the fact  that ,  f i r s t ,  it 
inhibits DNA synthes is  by depress ing  act ivi ty  of  thymidyla te  synthetase ,  an enzyme which me thy la t e s  deoxy-  
ur idyl ic  acid into deoxythymidylie  acid,  and second, that  it blocks prote in  synthes is  by incorpora t ing  a m e t a b o -  
lit~ of  u rac i l  ins tead of normal  urac i l  into the newly synthes ized RNA. 

It  has been shown [9] that  t r e a t m e n t  of  an imals  with acute exper imenta l  pancrea t i t i s  by 5-FU inhibits 
enzyme sec re t ion  by the pancrea t i c  a c i na r  ce l l s  and that in sma l l  doses  5-FU preven t s  digest ion of pancrea t i c  
t i s sue  by ac t iva ted  pancrea t i c  p ro t e inases .  The authors  ci ted [9] t e s t ed  the effect  of 5-FU on the course  of 
AP only as re f l ec ted  in the change in the s e r u m  a - a m y l a s e  level  and they did not m e a s u r e  the act ivi ty  of 
o ther  s e c r e t o r y ,  as well as nonsec re to ry ,  in t r ace l lu la r  pancrea t ic  enzymes .  

To obtain a deeper  insight into the m e c h a n i s m  of action of 5-FU on the cour se  of AP, i ts  effect  on the 
act ivi ty of s eve ra l  s e r u m  and pancrea t ic  enzymes  was studied, including an enzyme specif ic  fo r  the panc reas ,  
namely  t r ansa rn inase  (TA). 

A. V. Vishnevski i  Inst i tute of Surgery ,  Academy  of  Medical  Sciences  of  the USSR, Moscow. (Presen ted  
by Academic ian  of the Academy of Medical  Sciences  of the USSR M. I. Kuzin.) T rans l a t ed  f rom Byul le ten '  
Ekspe r imen ta l ' no i  Biologii  i Meditsiny,  Vol. 90, No. 8, pp. 155-157, August,  1980. Original  a r t i c l e  submit ted 
July 10, 1979. 

0007-4888/80/9008-1047507.50 �9 1981 Plenum Publishing Corpora t ion  1047 


