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Acute pancrea t i t i s  developed 15 min a f t e r  injection of 0.65 mg  act ive e l a s t a s e  into the pan-  
c r ea t i c  duct. The his tological  changes in the gland t i s sue  inc reased  f rom the edematous  
f o r m  to necro t ic  panc rea t i t i s  with a h e m o r r h a g i c  component ,  and with an inc rease  in the 
dose of e l a s t a s e  injected up to 2.6 m g  the e las t ic  s t r u c t u r e s  of the blood v e s s e l s  were  de-  
s t royed .  Th e changes  desc r ibed  above were  accompanied  by a dec rea se  in the p r o e l a s t a s e  
content in the pancrea t i c  t i s sue  and a dec r ea se  in the inhibi tory power  of the blood s e r u m .  
The r e su l t s  a re  evidence of the impor tan t  role  of e l a s t a s e  in the pathogenesis  of  acute pan-  
c r ea t i t i s .  
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The his to logical  p ic ture  of acute pancrea t i t i s  in man and e x p e r i m e n t a l  an imals  as a rule is c h a r a c t e r -  
ized by definite changes in the v a s c u l a r  s y s t e m  of the p a n c r e a s .  Rich and Duff [5] postulated that  in the 
cour se  of  development  of acute panc rea t i t i s  ce r t a in  "necro t ic  subs t ances"  w i t h a n e c r o t i e  action on the wall  
of the a r t e r i e s  and veins of the p a n c r e a s  a re  l ibe ra ted  into the t i s s u e s  of the gland. It subsequently was 
d i scovered  that  the enzyme e l a s t a se  is produced in the pancreas :  unlike o ther  known pancrea t i c  enzymes ,  
e l a s t a s e  can des t roy  e l a s t i c  s t r u c t u r e s  and the reby  induce c h a r a c t e r i s t i c  changes in the organ [1, 2, 4]. 

The object  of this invest igat ion was to study changes in t h e  var ious  s t ruc tu r e s  of the panc reas  under  
the influence of act ive e i a s t a s e ,  changes  in the concent ra t ions  of p r o e l a s t a s e  and act ive e l a s t a s e  in the 
panc rea t i c  t i s sue ,  and changes in the inhibi tory power  of the blood s e r u m .  

EXPERIMENTAL METHOD 

Female rats weighing 160-180 g were used. Under ether-hexobarbitalalxesthesia, 0.65 or 2.6 mg 

e l a s t a s e  (1.65 and 6.6 units  r espec t ive ly )  in 0.2 m[  dis t i l led wa te r  was injected into the pancrea t i c  duct, 
a f t e r  which the duct was l igated.  

The an imals  were  decapi ta ted  a f t e r  va r ious  t i m e s  and h i s to log ica l ,h i s tochemica l ,  and e l e c t r o n -  
m i c r o s c o p i c  invest igat ions  c a r r i e d  out on the pancrea t i c  t i s sue .  Active e l a s t a s e  and p roe l a s t a se  in the 
panc rea t i c  t i s sue  and e l a s t a s e  inhibi tor  in the blood s e r u m  were  de te rmined  by a modif ied method of Geokas 
[3]. To de te rmine  the to ta l  e l a s t a s e  act ivi ty,  the t i s sue  homogenate  was p re - incuba ted  with c rys ta l l ine  
t ryps in .  

To de te rmine  the inhibi tory power  of  the blood s e r u m ,  the s e r u m  was f i r s t  incubated with act ive 
e l a s t a se  for  1 h at 37~ and the res idua l  e l a s t a s e  act ivi ty was then de te rmined  in a mix ture  consis t ing 
of 1 ml  blood s e r u m  in a dilution of 1 : 25, 1 ml  e l a s t a s e ,  and 1 m l  T r i s - b u f f e r .  The modif icat ion of the 
technique was that  at the end of the reac t ion  the pro te ins  were  not p rec ip i ta ted  with TCA and the co lor  
was not ex t r ac t ed  f rom the superna tant  with butanol.  
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Fig. 1. N e c r o s i s  of ac ina r  lobules.  
Venous congest ion.  P e r i v a s c u l a r  
h e m o r r h a g e s  in the s t r o m a .  H e m a -  
t o x y l i n - e o s i n ,  300 • 
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Changes in p r o e l a s t a s e  con-  
centra t ion in pancrea t i c  t i s sue  in 
" e l a s t a se "  pancrea t i t i s :  1) intact  r a t s ;  
2) injection of 0.3 m l  dis t i l led water ;  
3, 4) 15 and 60 min r e spec t ive ly  a f t e r  
injection of 0.65 mg e l a s t a s e .  
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Fig. 3. I l l -def ined outl ines of e las t i c  m e m -  
b rane  of ve ins .  Orcein ,  300• ~ 

E X P E R I M E N T A L  RESULTS 

Inject ion of act ive e l a s t a s e  into the pancrea t i c  
duct was found to produce acute pancrea t i t i s  a c c o m -  
panied by a dec rea se  in the p r o e l a s t a s e  content in the 
pancrea t i c  t i s sue  and a dec rease  in the inhibi tory 
power  of the blood s e r u m .  

The m i c r o s c o p i c  pic ture  under  these  c i r c u m -  
s tances  was c h a r a c t e r i z e d  by the va r ious  changes in 
the his tological  s t ruc tu re  and u l t r a s t r uc tu r e  of the 
acini that  depended on the t ime  a f t e r  injection of the 
act ive e l a s t a s e .  The morphologica l  changes in the 
panc reas  15 rain a f t e r  the injection of 0.65 mg active 
e l a s t a se  were  those of the edematous  fo rm of acute 
pancrea t i t i s :  edema ,  congest ion of the blood v e s s e l s ,  
r ecen t  focal  h e m o r r h a g e s ,  and in f l ammato ry  foci of 
inf i l t ra t ion of lymphocytes  and polynuclear  cel ls  in 
the s t r o m a  of the panc rea se ,  loss  of the no rma l  c o m -  
plex s t ruc tu re  i n t h e  ae ina r  lobules of the gland, ac -  
companied by necrob ios f s  and nec ro s i s  of the ac ina r  
cel ls  with a m a r k e d  dec r ea se  in s ize of the zymogen 
granules  in t h e i r  cy top lasm.  Some of the zymogen 
granules  lay f r ee ly  in the pe r [ ce l lu l a r  space .  Side by 
side with acini  showing the changes descr ibed  above 
the re  were  exocr ine  lobules of n o r m a l  s t ruc tu re .  The 
in te r lobula r  and in t ra lobu la r  ducts and the i s le ts  of 
Langerhans  were  unchanged. The epi thel ium lining 
the ducts was intact  throughout the i r  extent .  Severe 
congest ion and dilatat ion of the in t ra lobular  veins were  
conspicuous ,  

The morpholog ica l  changes in the panc reas  60 
rain a f t e r  the inject ion of e l a s t a se  were  p r o g r e s s i v e :  
a pic ture  of acute necro t ic  pancrea t i t i s  with a h e m o r -  
rhagic  component  developed.  Most of the lobu~es 
were  d isorganized,  with m a r k e d  necro t ic  changes in 
the pa renchymatous  ce l l s ,  with poorly  dist inguishable 
[n t ra lobular  ducts,  sharp ly  dilated and congested veins ,  
and diapedetic  h e m o r r h a g e s  in the p e r i v a s c u l a r  spaces  
(Fig. I)o 

The integrity of the cell membrane of the re- 
maining acinar cells was disturbed. The pericellular 
space contained numerous zymogen granules. The in- 
flammatory infiltration of the gland was slight in de- 
gree. 

l 

The RNA content in the cytoplasm of the acinar 
cells was sharply reduced. 

It will be clear from Fig. 2 that the histological 
changes described above were accompanied by changes 
in the p r o e l a s t a s e  concent ra t ion  in the panc rea t i c  t i s -  
sue.  Severa l  causes ,  vary ing  in impor tance ,  could be 
respons ib le  for  this fact .  To a l e s s e r  d e g r e e , e s p e c i a l -  
ly in the ea r ly  s tages  a f t e r  injection of actiw~ e l a s -  
t a se ,  this  could evident ly  be due to a dec rea se  in the 
synthes is  of the enzyme.  The zymogen act ivi ty  in the 
unchanged ac ina r  cel ls  was normal ,  and in some it 
was actual ly  inc reased .  The mos t  l ikely explanation 
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is that  the dec rease  in the concentra t ion  of p r o e l a s t a s e  was due to its act ivat ion and convers ion  into the 
act ive fo rm.  The p r o c e s s  of act ivat ion of p r o e l a s t a s e  by act ive e l a s t a se  in v i t ro  takes  place v e r y  rapidly .  
Under  ce r t a in  conditions in r i ve  a s i m i l a r  p r o c e s s  can also take place (for example ,  a f t e r  regurg i ta t ion  of 
the in tes t inal  contents) ,  and, consequently,  changes in the gland t i s sue  a re  connected not only with the a c -  
t ion of the injected e l a s t a s e ,  but a lso  with the effect  of the newly act ivated e l a s t a s e .  However ,  the content 
of act ive e l a s t a s e  in the p a n c r e a s e  did not r i se  pa ra l l e l  with the dec rea se  in the p r o e l a s t a s e  level .  The 
level  of act ive e l a s t a se  in the pancrea t i c  t i s sue  evident ly  r ema ined  a lmos t  unchanged during the develop-  
ment  of acute pancrea t i t i s  for  at l eas t  two r e a s o n s .  

1. Act ivated p roe l a s t a se ,  like act ive e l a s t a s e  injected f rom an outside source ,  is pa r t ly  inhibited. 
The blood s e r u m  inhibi tor  a lso  pa r t i c ipa te s  in this  p r o c e s s .  A sha rp  dec rea se  in its concentra t ion w a s  
found a f t e r  15 min (100%in the control ,  46.8% af te r  15 min and 42 .7%af te r  60 min  in the exper iment ) .  

2. The changes in e l a s t a se  act ivi ty  were  evident ly  l a rge ly  explained by its action on the pancrea t i c  
t i s sue .  E l e c t r o n - m i c r o s c o p i c  invest igat ion revea led  des t ruc t ion  of the ac ina r  cel ls ,  c h a r a c t e r i z e d  by 
m a r k e d  dilatat ion and degranulat ion,  followed by f ragmenta t ion  and dis in tegra t ion  of the c i s t e rn s  of the 
rough endoplasmic  re t i cu lum,  was obse rved .  The cel l  m e m b r a n e  of the ac ina r  cel ls  was des t royed .  La rge  
a r e a s  of u l t r a s t r u c t u r a l  components  of exocr ine  cel ls  not bounded by a cel l  m e m b r a n e  were  fo rmed  in the 
acini .  

In some cel ls  defects  were  obse rved  in the apica l  cel l  m e m b r a n e  fo rming  in te rce l lu la r  ducts.  

The mos t  impor tan t  fac tor  in the action of e l a s t a s e  on the pancrea t i c  t i s sue  was fixation of the e l a s t a se  
on the e las t ic  f ibe r s .  The s eve r i t y  of the v a s c u l a r  changes under  these  c i r c u m s t a n c e s  depended on the dose 
of e l a s t a se  injected.  If  the dose of e l a s t a s e  was inc reased  to 2.6trig, the e las t ic  m e m b r a n e  of the vein wall  
in some a r e a s  s ta ined poor ly  with the oroetn  dye, evidence of d i s tu rbances  of i ts  s t ruc tu re  (Fig. 3). 

Acitve e l a s t a s e ,  as a pro teoly t ic  enzyme with specif ic  e las to ly t ic  p rope r t i e s ,  thus acts  both on ac inar  
ce i l s ,  caus ing des t ruc t ion  of t he i r  s t r uc tu r a l  e l e m e n t s ,  and on the e las t i c  f ibers  of  the blood v e s s e l  wall  
of the organ.  The sequence of the p r o c e s s e s  under  these  c i r c u m s t a n c e s  can evidently be r ep re sen t ed  as 
follows: act ive e l a s t a s e ,  b reak ing  down d e s m o s o m a l  compounds,  p a s s e s  through defects  in the la rge  and 
sma l l  panc rea t i c  ducts into the p e r i a c i n a r  spaces  and induces des t ruct ion of the ac ina r  cei ls ,  as a resul t  
of which act ive e l a s t a s e  accumula tes  in the t i s sue  of the gland (on account of the act ivat ion of p roe la s t a se ) ,  
and d i rec t  contact  between act ive e l a s t a s e  and the blood v e s s e l  wall  a lso  becomes  poss ib le .  
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