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The s t r u c t u r e  of the p a n c r e a s  was i nves t i ga t ed  a f t e r  acute h y p o t h e r m i a  l a s t ing  1 h. The 
pa thomorpho log i ca l  p i c t u r e  c o m p r i s e d  acute  e d e m a  of the  s t r o m a ,  d i l a t a t ion  and conges t ion  
of the blood v e s s e l s  with p e r i v a s c u l a r  h e m o r r h a g e s ,  i n t r a v a s c u l a r  l eukocy tos i s ,  foci  of in f i l -  
t r a t i on  with l y m p h o c y t e s  and l eukocy tes ,  c a p i l l a r y  s t a s i s ,  and deg ranu la t ion  of f i -ce l l s  in the  
i s l e t s  of Langerhans .  

Exposure  to a high e x t e r n a l  t e m p e r a t u r e  and to inso la t ion  d e p r e s s e s  the e x t e r n a l  p a n c r e a t i c  s e c r e -  
t ion in an ima l s  [7, 8, 11, 13, 14]: the  vo lume of s e c r e t i o n  p roduced  is  r educed ,  the to ta l  dura t ion  of p e r i o d  
is shor tened ,  and changes  t ake  p l ace  in the d y n a m i c s  of s ec r e t i on .  B e s i d e s  a d e c r e a s e  in the to ta l  pan -  
c r e a t i c  s ec re t i on ,  an i n c r e a s e  in the enzyme  concen t ra t ion  in the e x t e r n a l  p a n c r e a t i c  s e c r e t i o n  has  been  
o b s e r v e d  [5, 9, 10, 12]. Unlike the e x o c r i n e  function of the p a n c r e a s ,  i t s  e n d o c r i n e  function is  s t imu la t ed  
by exposu re  to a high ex t e rna l  t e m p e r a t u r e  [4, 15]. The ac t iv i ty  and r e a c t i o n  of the p a n c r e a s ,  e s p e c i a l l y  
of i t s  i n s u l a r  a p p a r a t u s ,  a r e  i n t ima t e ly  connected  with the function of the hypo tha lamus ,  p i t u i t a ry ,  and 
a d r e n a l s  [2, 3, 4, 15]. 

The ob jec t  of the inves t iga t ion  was to s tudy changes  in the p a n c r e a s  caused  by  h y p e r t h e r m i a .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 110 guinea  p igs  and albino r a t s .  The an ima l s  were  kep t  for  1 h in a 
chambe r  at 45 °, and then s a c r i f i c e d  at i n t e r v a l s  of 1, 6, and 24 h and 2, 5, and 8 days  a f t e r  the end of e x -  
posu re .  P i e c e s  of  p a n c r e a s  were  f ixed in 10% neu t r a l  f o r m a l i n  and in Z e n k e r - f o r m o l  by  H e l l y ' s  method 
and embedded  in pa ra f f in  wax; sec t ions  were  cut to a t h i ckness  of 5 - 6 # .  The fol lowing methods  of i n v e s t i -  
gat ion w e r e  used:  s ta in ing  with hema toxy l in  and eosin,  with i r o n - h e m a t o x y l i n  by He idenha tn ' s  method,  by 
M a l l o r y ' s  method,  with a z o c a r m i n e  by Heidenhain,  s method,  with fuchse l in  and coun te r s t a ined  by Van 
Gieson,  s method,  i m p r e g n a t i o n  with s i l v e r  by the method of Gomor i  and Foot ,  s ta in ing  with a l d e h y d e - f u c h -  
sin and coun te r s t a in ing  by Halmi,  s method,  and the r e a c t i o n s  of B r a c h e t  and Feu lgen  f o r  nuc l eop ro t e in s .  

EXPERIMENTAL RESULTS 

His to log ica l  examina t ion  of the  p a n c r e a s  1 and 6 h a f t e r  e x p o s u r e  of the an ima l s  in the c h a m b e r  r e -  
vea led  hemodynamic  changes :  a r t e r i e s  of d i f fe ren t  c a l i b e r  in the p a r e n c h y m a  of the gland and i n t e r s t i t i a l  
t i s s u e  were  g r e a t l y  d i l a ted  and conges ted ,  and m a r k e d  e d e m a  of the i n t e r l o b u l a r  connect ive  t i s s u e  was 
p r e s e n t  (Fig.  1). The ve ins  a lso  were  s h a r p l y  d i l a ted  e v e r y w h e r e  and conges ted ,  and the blood in them 
showed a r e d i s t r i b u t i v e  l e u k o c y t o s i s  of v a r i e d  deg ree .  Aga ins t  th is  background  t h e r e  were  f requent  p e r i -  
v a s c u l a r  h e m o r r h a g e s  around the a r t e r i e s  and ve ins  of d i f f e ren t  c a l i b e r  (Fig.  2). Smal l  h e m o r r h a g i c  foci  
were  found p r i n c i p a l l y  in the  c o n n e c t i v e - t l s s u e  s t r o m a  of the gland, while  l a r g e r  h e m o r r h a g e s  were  d i s -  
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Fig .  1. F ig .  2 

Fig .  1. M a r k e d  e d e m a  of the p a n c r e a t i c  s t r o m a  ( ra t  No. 1); 1 h 
a f t e r  h y p e r t h e r m i a ;  h e m a t o x y l i n - e o s i n ;  75 x. 

Fig.  2. P e r i v a s c u l a r  h e m o r r h a g e  a round  a g r o s s l y  d i l a ted  and 
conges ted  ve in  ( ra t  No. 7); 1 h a f t e r  h y p e r t h e r m i a ;  h e m a t o x y l i n -  
eos in ;  250 x. 

4 . - 

F ig .  3 Fig .  4 

F ig .  3. Di la ted  ac in i  with a liigh content  of  s e c r e t i o n  ( ra t  No. 11) ; 
1 h a f t e r  h y p e r t h e r m i a ;  Mal lo ry ;  250 ×. 

F ig .  4. I s l e t  of Lange rhans  with d i l a t ed  c a p i l l a r i e s ,  showing s igns  
of s t a s i s  and p e r i c a p i l l a r y  h e m o r r h a g e s  ( ra t  No. 9); 6 h a f t e r  hy -  
p e r t h e r m i a ;  Mal lo ry ;  500x. 

t r i b u t e d  in the  t i s s u e  of the gland,  caus ing  s e p a r a t i o n  and c o m p r e s s i o n  of  the Iobules .  Foc i  of disturbance~ 
of the n o r m a l  a r r a n g e m e n t  of the a c i n a r  ce l l s  of the gland were  s e e n .  The a r g y r o p h i l i c  ske l e ton  of the  
gland was swol len  in p l a c e s  and had l o s t  i t s  d e l i c a t e  p a t t e r n .  S u p e r i m p o s e d  on t h e s e  changes ,  s m a l l  focal  
c l u s t e r s  of l ymphocy tes  and l eukocy te s  were  common in the edema tous  i n t e r l o b u l a r  connect ive  t i s sue .  
Six hours  a f te r  exposu re ,  in ind iv idua l  c a s e s  m a s s i v e  a r e a s  of i n f i l t r a t i on  of  the  s a m e  c h a r a c t e r  were  found. 
The swol len  a c i n a r  c e l l s  of  the p a n c r e a s  had a high content  of s e c r e t i o n  (Fig.  3), and the  i n t r a l o b u l a r  and 
i n t e r l o b u l a r  ducts  of the gland were  d i l a t ed  and d i s t ended  with s ec re t i on .  Whole lobu les  and, s o m e t i m e s ,  
whole lobes  of  the  p a n c r e a s  were  occupied  by  foei  of vacuo la t ion  of g l andu la r  ce l l s .  

The c a p i l l a r i e s  of the i s l e t s  of  Lange rhans  were  d i l a t ed  and t h e i r  l u m e n  packed  with e r y t h r o c y t e s ;  
s i gns  of  s t a s i s  we re  p r e s e n t  (Fig.  4). F o c i  of exudat ion  of p l a s m a  were  numerous .  H e m o r r h a g e s  and 
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s m a l l  foci  of  i n f i l t r a t i on  with l ymphocy te s  and l eukocy tes  were  much l e s s  common  and were  l e s s  well  
deve loped  than in the s t r o m a .  I r r e g u l a r  deg ranu la t ion  of  the c y t o p l a s m  was o b s e r v e d  in the f l - c e l l s  of the 
i s l e t s  of  Langerhans ,  and in some  c a s e s  the  g r a n u l e s  had a l m o s t  c o m p l e t e l y  d i s a p p e a r e d .  

The morpho log i ca l  changes  d e s c r i b e d  above we re  l e s s  m a r k e d  24 h a f t e r  the end of the expe r imen t .  
E d e m a  of the s t r o m a  was reduced ,  the lumen of the blood v e s s e l s  of the gland was con t r ac t ed ,  the d e g r e e  of  
t h e i r  conges t ion  was lower ,  and the i n t r a v a s c u l a r  l eukocy tos i s  was l e s s  s e v e r e .  The changes  in the p a n -  
c r e a s  we re  s t i l l  l e s s  m a r k e d  48 h a f t e r  the expe r imen t .  The s t r u c t u r e  of the gland was a l m o s t  back  to n o r -  
mal  a f t e r  5 and 8 days.  

Under  the inf luence  of h y p e r t h e r m i a  p a n c r e a t i c  s e c r e t i o n  is  reduced .  E x p e r i m e n t s  [6] have shown 
a c o r r e l a t i o n  be tween  the ve loc i t y  of  the  blood flow and the r a t e  of  p a n c r e a t i c  s ec r e t i on ,  which is  d e p r e s s e d  
when the blood flow is  r educed  [5]. Acco rd ing  to the r e s u l t s  of the  p r e s e n t  e x p e r i m e n t s ,  acute  g e n e r a l  h y p e r -  
t h e r m i a  in s m a l l  an ima l s  i s  accompan ied  by p r e d o m i n a n t l y  h e m o d y n a m i c  d i s t u r b a n c e s  in the p a n c r e a t i c  
b lood v e s s e l s  and by a c h a r a c t e r i s t i c  pa tho log ica l  p i c t u r e  r e f l ec t i ng  t h e i r  e f fec t s  on the s e c r e t o r y  function 
of the gland.  

The  e x p e r i m e n t s  now d e s c r i b e d  r e v e a l e d  n u m e r o u s  zymogen  g ranu l e s ,  an i n c r e a s e  in the vo lume of 
the a c i n a r  c e l l s ,  d i s t en s ion  of the d i la ted  i n t r a l o b u l a r  and i n t e r l o b u l a r  duc ts  with s ec r e t i on ,  and a r e a s  of 
m a r k e d  vacuola t ion  of the g landu la r  c e l l s .  Most  p r ev ious  i n v e s t i g a t o r s ,  however ,  o b s e r v e d  d e p r e s s i o n  of 
the ex te rna l  s e c r e t i o n  of the p a n c r e a s .  In the  wr i t e r ,  s opinion, the d i s c r e p a n c y  between the m o r p h o l o g i c a l  
and c l in i ca l  da ta  can  be explained by s t a s i s  of the s e c r e t i o n  in the g l andu la r  c e l l s  and ducts  b e c a u s e  of d i s -  
tu rbance  of the output of s e c r e t i o n :  

Some t ime  ago, R i c k e r  [16] d e s c r i b e d  the s t ages  of d i s t u rbance  of the h e m o d y n a m i c s .  Acco rd ing  to 
his  obse rva t i ons ,  to begin  with the  v e s s e l s  d i l a t e  and the blood flow b e c o m e s  f a s t e r ,  but  th is  is  soon fol lowed 
by slowing, i n i t i a l ly  of the c a p i l l a r y  and venous,  and l a t e r  of the g e n e r a l  b lood flow, with exudat ion  of p l a s m a  
and pa l i s ad ing  of l eukocy tes  in t he ' ve in s ,  fol lowed by t h e i r  mig ra t ion  into the t i s sue .  Al l  these  phenomena 
were  o b s e r v e d  in the p a n c r e a t i c  v e s s e l s  in d i f fe ren t  p a r t s  as a r e s p o n s e  to h y p e r t h e r m i a ,  thus  ind ica t ing  that  
the v a s c u l a r  r eac t i on  is  focal  in na tu re  and v a r i e d  in degree .  A b r i k o s o v  [1] a t t ached  g r e a t  i m p o r t a n c e  to 
the d i s tu rbance  of the c i r c u l a t i o n  in the p a n c r e a s  as  a cause  of d i s t u r b a n c e  of i ts  function and c o n s i d e r e d  
that  a f requent  r e s u l t  of th is  d i s o r d e r  i s  h e m o r r h a g e s ,  in h i s  opinion r e f l e x  in c h a r a c t e r .  

Inves t iga t ion  of  the a d r e n a l s  of  a n i m a l s  has  shown that  t h e r m a l  t r a u m a  causes  the  deve lopmen t  of 
t i s s u e  r e a c t i o n s  typ ica l  of the gene ra l  adapta t ion  syndrome .  The changes  in the a d r e n a l s  a r e  ev iden t ly  
d i r e c t l y  dependent  on changes  in the p a n c r e a s ,  and they a r e  due to the c lose  funct ional  l inks  be tween  the 
endoc r ine  glands.  M o r e o v e r  the whole endocr ine  s y s t e m  p a r t i c i p a t e s  in the  r e s p o n s e  to s t r e s s  and the  
adapta t ion reac t ion .  In an ima l s  under  h y p e r t h e r m i a  i t  can be  seen  v e r y  c l e a r l y  how the a d r e n a l s  and p a n -  
c r e a s  r e a c t  to an acute  s t imulus ;  th is  is  p a r t i c u l a r l y  t rue  of the i n s u l a r  appa ra tu s  of the p a n c r e a s ,  c o n t r o l -  
l ing c a r b o h y d r a t e  me tabo l i sm.  Dur ing  h y p e r t h e r m i a  t h e r e  is  deg ranu la t ion  of the E - c e l l s ,  s e v e r e  in p laces .  
This  sugges t s  that  the r e a c t i o n  of the i n s u l a r  appa ra tus  i s  s t e r e o t y p e d  in c h a r a c t e r ,  s i m i l a r  to the r e a c t i o n  
to o the r  e x t r e m a l  f a c t o r s :  i r r a d i a t i o n ,  r e p e a t e d  e l e c t r i c a l  s t imula t ion ,  chron ic  t e t r a c y c l i n e  poisoning  [3]. 

The f indings d e s c r i b e d  above a re  evidence  of the complex i ty  of the p r o c e s s e s  deve loping  in the an i -  
mal  body dur ing h y p e r t h e r m i a  and, in p a r t i c u l a r ,  in the p a n c r e a s .  The r e a c t i o n  of i t s  v a s c u l a r  s y s t e m  
can h a r d l y  be a p u r e l y  loca l  phenomenon,  and t h e r e  is  no quest ion that  the changes  d e s c r i b e d  above a r e  one 
of the components  of a p r o t e c t i v e  r e a c t i o n  of the body, d i r e c t e d  at compensa t ion  of the e f fec t s  of e x p o s u r e  
to the e x t r e m a l  f ac to r  and at  r e s t o r I n g  the n o r m a l  function of the organ,  so that  the complex  p r o c e s s  of 
adapta t ion  of  the new e x t e r n a l  env i ronmen ta l  condi t ions  can take  p lace .  
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