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The toxic  p r o p e r t i e s  of the o r g a n s  and a c t i v i t y  of p r o t e o l y t i c  e n z y m e s  in t hem w e r e  s tud ied  in 
e x p e r i m e n t s  on g e r m f r e e  r a t s  a f t e r  t h e r m a l  bu rns .  In the a b s e n c e  of a pa thogen ic  m i c r o f l o r a  
a s t a t e  of t o x e m i a  was  found to deve lop  and the p r o t e o l y t i c  e n z y m e  a c t i v i t y  was  i n c r e a s e d .  
The  i n t ens i t y  of the  toxic  and c a t a b o l i c  r e a c t i o n s  depended  on the s e v e r i t y  of the bu rns .  The  
toxic  m a n i f e s t a t i o n s  and i n c r e a s e  in p r o t e o l y s i s  in the g e r m f r e e  r a t s  w e r e  in s o m e  c a s e s  
m o r e  m a r k e d  than in o r d i n a r y  a n i m a l s .  It is  conc luded  that  t i s s u e  s o u r c e s  of toxic  p r o d u c t s  
p l ay  an i m p o r t a n t  r o l e  in bu rns .  
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Burns  and, in p a r t i c u l a r ,  the p e r i o d  of t o x e m i a  have been  shown to be a c c o m p a n i e d  by i n c r e a s e d  b r e a k -  
down of t i s s u e  p r o t e i n s  [2, 7 - 9 ] .  Not only  is  the a c t i v i t y  of p r o t e o l y t i c  e n z y m e s  in the o r g a n s  i n c r e a s e d  u n d e r  
t h e s e  c i r c u m s t a n c e s ,  but  e x t r a c t s  of the o r g a n s  have m a r k e d  tox i c i t y  [1, 3, 5, 10].  The view that  in b u r n s  i n -  
c r e a s e d  b r e a k d o w n  of o r g a n  p r o t e i n s  is  due to a c t i va t i on  of t i s s u e  p r o t e i n a s e s  r e q u i r e s  s p e c i a l  e v i d e n c e  in i t s  
s u p p o r t ,  for  p r o t e o l y t i c  e n z y m e s  m a y  a l so  be b a c t e r i a l  in o r ig in .  The t o x i c i t y  of s e r u m  and o rgan  e x t r a c t s  
m a y  a l so  be due to p r o d u c t s  of b a c t e r i a l  m e t a b o l i s m .  

In th is  i n v e s t i g a t i o n  the d y n a m i c s  of the t o x e m i a  and the l eve l  of p r o t e o l y s i s  w e r e  s tud ied  in g e r m f r e e  
r a t s  a f t e r  bu rns .  

EXPERIMENTAL METHOD 

G e r m f r e e  W i s t a r  r a t s  w e r e  ob ta ined  f r o m  the C e n t e r  for  Se l ec t i on  and B r e e d i n g  of G e r m f r e e  A n i m a l s  
( O r l e a n s ,  F r a n c e ) .  The g e r m f r e e  r a t s  w e r e  r e a r e d  in g e r m f r e e  i s o l a t o r s  and g iven  s t e r i l e  d i e t s  [11]. The 
d i e t s  w e r e  s t e r i l i z e d  in a v a c u u m  a u t o c l a v e  at  123~ fo r  25 rain,  The  g e r m f r e e  r a t s  w e r e  s u b j e c t e d  to m i c r o -  
b i o l o g i c a l  c o n t r o l  t e s t s  in a c c o r d a n c e  with  the u sua l  s c h e m e  [12] .  P a r a l l e l  e x p e r i m e n t s  w e r e  c a r r i e d  out on 
non inb red  o r d i n a r y  r a t s  of the s a m e  weigh t  (150-200 g). A f l a m e  burn  c o v e r i n g  20% of the body s u r f a c e  was 
in f l i c t ed  on s o m e  a n i m a l s  of both g roups  for  an e x p o s u r e  of 50 s e c ,  and on o t h e r  a n i m a l s  f o r  20 sec .  The  a n i -  
m a l s  w e r e  d e c a p i t a t e d  on the e igh th  day  a f t e r  burn ing .  Blood was  taken  and o r g a n s  r e m o v e d  unde r  s t e r i l e  
cond i t i ons .  The p r o t e i n  c o n c e n t r a t i o n  (by L o w r y ' s  method)  and a c t i v i t y  of c a t h e p s i n  D, c a t h e p s i n  B, t r y p s i n -  
l ike  p r o t e a s e s  ( aga ins t  b e n z o y l - a r g i n i n a m i d e  at  pH 5.3 and 8.2 r e s p e c t i v e l y ) ,  and of l euc ine  a m i n o p e p t i d a s e  [ 1] 
w e r e  d e t e r m i n e d  in the s e r u m  and in s a l i n e  and g l y c e r o l  e x t r a c t s  f r o m  the o r g a n s .  The toxic  e f fec t  of the  
s e r u m  and s a l i n e  h o m o g e n a t e s  of the o r g a n s  was  d e t e r m i n e d  at  the s a m e  t i m e  on the b a s i s  of c ha nge s  in m i -  
g r a t i o n  of l e a k o c y t e s  in a l e u k o c y t e  f i lm c u l t u r e  [4, 6]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

As Table I shows, on the eighth day after burns, activity of several proteolytic enzymes was increased 
in nearly all the organs and in the blood serum of the ordinary rats. The changes were greatest in the liver, 
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TABLE 1. Effec t  of T h e r m a l  Bu rns  on P r o t e o l y t i c  E n z y m e  Act iv i ty  and Tox ic i ty  of Blood 

S e r u m  and Organs  of G e r m f r e e  and O r d i n a r y  Rats  

Ordinary Ordinary Germfree [ G-ermfree 
Organs Index studied control rats burned Germfree rats burned ratsburned 

rats (15) for50sec(15 rats(5) forg0sec(5) for 20 sec (7) 

Blood serum 

Liver 

Kidneys 

Pancreas 

Spleen 

Heart 

Muscles 

Toxicity 
Cathepsin D 

i Trypsin-like proteases 
i iLeucine aminopeptidase 
Toxicity 
Cathepsin D 
Trypsin-like proteases 
Leucine aminopeptidase 
Toxicity 
Cathepsin D 
Trypsm-like proteases 
Leucine aminopeptidase 
Toxicity_ 
Gathepsin D 
Trypsin-like proteases. 
Leueine aminopeptidase 
Cathepsin D 
Trypsin-like proteases 
Le'ffcine aminopeptidase 
Cathepsin D 
Trypsin-like proteases 
Leueine aminopeptidase 
:athepsin D 
rrypsm-like proteases 
Leucine aminopeptidase 

-?20 
7,3• 

19,4~3,2 
257• 5 
+20 

4,5-+-0,4 
2,5-+-0,3 

15,8---+2 
- ? i 8 .  

8,6-----0,7 
4,7---+0,4 

20,1• 
+22 

6,8 + 1,2 
3,5• 

[7,3• 
I 1,9+0,9 
2,821 

17,4-+2,1 
5,8~0,2 
1,7• 
8,6-~ 1,3 
4,1• 
2,6m0,5 

11,22 2 

I 
i --19" 

26,0-+-7,7 * 
20,5 + 2 

254• 
--18" 

8,2• 
4,0• 

20,3• 1,9 
--14" 

11,4--0,9" 
4,1• 

28,7• 
--16" 

I 1,2-+ 1,7" 
9,1-----2,4" 
19~3,8 
13 + 1,1 
4,2• i ,5 
18,6• 
7,6• 1,5 
3,7-----0,2* 
9,3 + 1,5 
6,9--0,5 
3,4+0,6 

16,9+2,9 

-?10 
5,0• 

20,0• 
219~ 14 
-714 

2,4• 
1,7• 

15,4• 
-717 

5,3• 
1,5+0,4 

14,6• 

3,5-+0,2 
1,0• 
7,7• 
9.0~ 1,3 
t , 8 •  0,5 

14,1---0,8 
5,3-+0,1 
2,4----- 1 
7,7• 
6,9~0,8 
1,t• 
9,2• l,l 

--29" 
2l~7" 

24,4• 
243• 
--27* 

8,0• 
2,0• 

19,8• 
--30" 

10,3• 
1,4--+0,4 

14,3 + [,1 

8,0• 1,3" 
1 ,0~0 ,6  
9,0• 

21,6• 
3,6• 

22,4• 1,4* 
t 4,2 -+- 1,9" 
1,5• 

12,8 ~- 1,4* 
8,3• 
3,6--~0,8 * 

12,2• 1,8 

--16" 
21-+3" 
24 ~- 1 

238 -4-11 
--8" 

2,8-+0,5 
1,6-+0,2 

13,3-+ 1,2 
--13" 

8,6--- + 0,8" 
2,4--+0,4 

19,8~- 3 

10,9• 
2,4• 

11,6• 
8,5---+0,6 
2,5• 

15,220,2 
3,5• 
2,82---0,2 
4,3• 
8,1--~-0,5 
2,7• 
6,9~+0.9 

Legend. 1)Toxicity expressed in conventional units content of cathepsin D in •g tyrosine/mg protein of extract. 
activity of trypsinlike proteases and leucine aminopeptidase in gg nitrogen/rag protein of extract; 2) Indices dif- 
fering significantly (P < 0.05) in burned and control animals marked by asterisk. 

p a n c r e a s ,  and m u s c l e s .  The i n c r e a s e  in c a the ps i n  D ac t iv i ty  in the s e r u m  was s ign i f i can t  but va r i a b l e .  Ac t iv -  
i ty of p ro t eo ly t i c  e n z y m e s  in the k idneys  was i n c r e a s e d  by 30-40%. In the sp leen  and he a r t  m u s c l e  only a 
s m a l l  i n c r e a s e  was found in the ac t iv i ty  of c a the ps i n  B and t r y p s i n - l i k e  p r o t e a s e s ,  r e s p e c t i v e l y .  

Bes ides  the i n c r e a s e  in e n z y m e  ac t iv i ty ,  c o n s i d e r a b l e  toxic i ty  was detec ted  in the s e r u m  and in e x t r a c t s  
f r o m  the l i ve r ,  k idneys ,  and p a n c r e a s  of these  r a t s .  Ne i the r  the s e r u m  no r  the o rgans  of the con t ro l  r a t s  had 

any toxic p r o p e r t i e s .  

P ro t eo ly t i c  e n z y m e  ac t iv i ty  of the g e r m f r e e  r a t s  was iden t i ca l  with or a l i t t le  lower  than that of the 
o r d i n a r y  a n i m a l s .  Af ter  s e v e r e  b u r n s  (exposure  50 sec) of the g e r m f r e e  r a t s  c o n s i d e r a b l e  toxic i ty  developed 
and p ro teo ly t i c  e n z y m e  ac t iv i ty  i n c r e a s e d ;  in some  c a s e s ,  m o r e o v e r ,  these  changes  were  m o r e  s e v e r e  than in 
o r d i n a r y  a n i m a l s  (for example ,  a m u c h  g r e a t e r  i n c r e a s e  in ea theps in  D ac t iv i ty  was  o b s e r v e d  in the k idneys  
of the g e r m f r e e  ra t s ) .  F u r t h e r m o r e ,  ac t iv i ty  of m a n y  m o r e  e n z y m e s  appea red  in the g e r m f r e e  a n i m a l s .  F o r  
example ,  ac t iv i ty  of l euc ine  a m i n o p e p t i d a s e ,  which was not i n c r e a s e d  in o r d i n a r y  r a t s  a f t e r  b u r n s ,  i n c r e a s e d  
in the l i v e r  and p a n c r e a s  of the bu rned  g e r m f r e e  a n i m a l s ,  and ac t iv i ty  of t r y p s i n - l i k e  p r o t e a s e s  i n c r e a s e d  in 
t he i r  ske l e t a l  m u s c l e s .  P r o t e o l y t i c  e n z y m e  ac t iv i ty  a l so  was  i n c r e a s e d  in  o r g a n s  of g e r m f r e e  r a t s  w h e r e a s  
v i r t u a l l y  no i n c r e a s e  in e n z y m e  ac t iv i ty  could be de tec ted  in the c o r r e s p o n d i n g  o r g a n s  of the o r d i n a r y  ra t s .  
F o r  i n s t ance ,  ac t iv i ty  of al l  e n z y m e s  tes ted  - c a t he ps i n  D, e a t he ps i n  B, t r y p s i n - l i k e  p r o t e a s e s ,  and l euc ine  
aminopep t ida se  - i n c r e a s e d  in the sp leen .  

The i m m u n o l o g i c a l l y  in tac t  o r g a n i s m  thus r e sponded  m o r e  i n t e n s i v e l y  to b u r n  t r a u m a .  One pos s ib l e  ex-  
p l ana t ion  is that m e c h a n i s m s  of l i m i t a t i o n  of the ca tabo l i c  r e a c t i o n  develop  d u r i n g  the f o r m a t i o n  of the an t i -  
m i c r o b i a l  r e s i s t a n c e  of the an ima l .  The i n t e n s i t y  of the ca tabol ic  r e a c t i o n  of the g e r m f r e e  r a t s  depended qui te  
c l e a r l y  on the s e v e r i t y  of the l e s ion :  A f t e r t h e  m i l d e r  b u r n  (exposure  20 sec) no such  sha r p  i n c r e a s e  in p r o -  

teolyt ic  ac t iv i ty  was obse rved  in some  o rgans .  

Tox ic i ty  in the bu rned  g e r m f r e e  r a t s  was  d i s c o v e r e d  both in the  s e r u m  and in e x t r a c t s  of the l i v e r  and 
k idneys ;  the toxic i ty  was  much  g r e a t e r  a f t e r  b u r n i n g  for  50 sec  than a f t e r  b u r n i n g  for  20 sec.  Since toxic i ty  
appeared  in the o r g a n s  and p ro teo ly t i c  e n z y m e  ac t iv i ty  i n c r e a s e d  a f t e r  b u r n i n g  i r r e s p e c t i v e  of whe ther  the 
a n i m a l s  p o s s e s s e d  m i c r o f l o r a  or  not, but  in p ropo r t i on  to the s e v e r i t y  of the bu rn ,  it can be concluded that  
the p ro t eo ly t i c  e n z y m e s  whose ac t iv i ty  is u sua l l y  i n c r e a s e d  in the t i s s u e s  of the bu rned  a n i m a l  a re  t r ue  t i s s u e  
e n z y m e s .  The  toxic p r o p e r t i e s  of the o rgans  d u r i n g  this  per iod  a re  a l so  ev iden t ly  due in the s a m e  way to 
changes  in  t i s s u e  m e t a b o l i s m  and not  to p roduc t s  of b a c t e r i a l  m e t a b o l i s m .  

The r e s u l t s  d e s c r i b e d  above do not ,  of c o u r s e ,  r u l e  out the ro l e  of in fec t ion  in b u r n s .  Very  p robab ly  
when i m m u n i t y  is weakened as it  c h a r a c t e r i s t i c a l l y  is  in  b u r n s ,  p r o l i f e r a t i o n  of b a c t e r i a  in  the body a g g r a v a t e s  
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the course  of the toxemia and intensifies t issue breakdown. However, cor rec t ive  therapy must  take into ac- 
count not only the bacter ial ,  but also the t issue charac te r  of the toxemia in thermal burns. 
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PROPERDIN AND PROTEIN COMPOSITION OF 

THE LYMPH AND BLOOD IN BURNS 

V. I. Kurochkin and Yu. B. Lishmanov UDC 617-001.17-092.9-07:[ 
616.153.96 +616.4-008.839.6]-074 

Exper iments  on 25 dogs showed that burns are accompanied by a regular  redistr ibution of 
p lasma proteins between the body fluids and by increased lymphatic resorption.  Retention 
of properdin,  albumins, and el globulins in the t issues during burns was demonstrated in- 
directly.  The degree of burning was found to depend on the initial properdin level. 

KEY WORDS: burns; properdin; proteins; lymph. 

The concentration of properdin and proteins in the lymph and blood of dogs with thermal burns was in- 
vestigated. 

EXPERIMENTAL METHOD 

Experiments were carried out on 25 dogs of both sexes weighing 8-25 kg. A burn of the hind foot was 
produced in 20 dogs by immersing it in hot water (80~ for 30 see. Lymph from the afferent and efferent 
vessels of the popliteal lymph node and blood were obtained before burning and 3 and 24 h thereafter. Lymph 
and blood were obtained from five control dogs under the same conditions, but without burning. The properdin 
concentration was determined by a method based on its binding with inulin and subsequent mineralization of 
the properdin-inulin complex followed by isometric distillation of ammonia in Conway dishes, total protein by 
the IRF-22 refractometer, and the protein composition by electrophoresis in agar gel. The results were sub- 
jected to statistical analysis by the Fisher-Student method. 
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