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The effect of eontrycal  on the state of the enzyme sys tems  of the muscles ,  l iver,  kidneys, and 
heart  was investigated in ra ts  with developing granulation t issue.  This protease inhibitor was 
found to stimulate lactate and malate dehydrogenase activity and also the isozyme spectrum of 
these enzymes.  The action of the inhibitor was manifested as a change in the state of the enzyme 
sys tems  both at the site of injury (granulations and underlying tissue) and in cer tain internal o r -  
gans (liver and kidneys). 
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The therapeut ic  efficacy of protease  inhibitors during the healing of infected wounds and in the t rea tment  
of burns and other pathological states [1, 4, 6] depends on the study of their  effect on metabolic p rocesses  in the 
body and, in par t icular ,  on the biochemical  p rocesses  taking place during wound healing. In previous invest iga-  
tions the wr i te r s  showed [3] that contrycal  has a marked action on the morphological  s t ructure  and metabolism 
of granulation t issue.  On the other hand, it produces changes in metabol ism not only at the site of injury, but 
in the body as a whole [2], and for that reason it is essential  to elucidate the nature of its effect on metabolic 
p rocesses  in the organs and t issues  of animals with developing granulation tissue. 

In this investigation the effect of contrycal  was studied on the activity of enzym e of glycolysis  and the 
Krebs '  cycle,  namely lactate (LD) and malate (MD) dehydrogenases,  and their  isozyme spec t rum in the muscles 
and organs of animals.  

EXPERIMENTAL METHOD 

Male ra ts  weighing 150-200 g were used. Growth of granulation t issue was inducedby means ofa  nichrome 
coil, 35 mm and 4 mm in diameter ,  implanted subcutaneously in the dorsal  region. On the day of the operation 
and the next two days the control  animals received an intrape ritoneal injection of 1 ml 0.14 M Na C1 and  the exper i- 
mental animals an injection of contryeal  in a dose of 5000 units (ATU) in 1 ml of 0.14 M NaC1. The rats  of both 
groups were decapitated simultaneously on the seventh day after  the operation.  The liver,  kidneys, heart ,  and 
skeletal muscles  f rom two regions, adjacent to and remote f rom the zone of granulations,  were taken for inves-  
tigation. Total MD and LD activity was determined speetrophotometr ical ly  [5, 10] and expressed in activity 
un i t s /mg protein. Protein was determined by Lowry ' s  method. Fractionation into isozymes was ca r r i ed  out by 
e lec t rophores is  on agar  [7, 8]. 

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

Determination of total LD activity and its isozyme spectrum in skeletal muscle (Table 1) showed that both 
the total LD activity and its isozyme composit ion in the region adjacent to granulation t issue were vir tual ly  
indistinguishable f rom their  values in the remote  region. Injection of contrycal  led to a significant increase in 
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TABLE 1. E f fec t  of C o n t r y c a l  on A c t i v i t y  of  LD, MD, and  t h e i r  I s o z y m e s  in M u s c l e s  and  
O r g a n s  of R a t s  wi th  Deve lop ing  G r a n u l a t i o n  T i s s u e  (M =~ m) 

Tissue 
studied 

Mmcles 

Liver 

Kidneys 

Heart 

Sedes 

Control 
Adjacent region 

Remote region 
Experimen~ 
Adjacent region 

Remote region 
control 
Experiment 
Control 
Experiment 
Control 
Experiment 

total activity (in 
Wroblewski units/ 
mg protein) 

3833,8+-341,2 

4223,0m230,7 

5524,0-+ 250,0* 

4428,0+- 16,8 
4794,0+443,0 
4576,0.+- 263,0 
2404,0+- 171,4 
3054,0-----445,2 
4020,0_ 101,2 
4388,0--- + 221,0 

LD I 

16,4+-1,3 

14,8.+ 1,6 

17,0-+1,1 

19,0.+2,5 
16,8-+'2,5 
10,5-----0,6" 
29,3.+- 1,3 
30,0+- 1,5 
28,3+-0,9 
28,6-- + 1,6 

LD 
isozymes, % 

LDz ] LD3 

20,5+-0,6 I 17'0+-I'7 
18,5+1,0 15,0+-0,9 

20,5+3,4 21,9+2,4 

20,0• 20,5+- 1,2 
11,2+-0,7 8,5-----1,4 
12,4.+0,9 10,0.+-0,7 
23,3.+ 1,7 10,5-----0,0 
25,7 .+ 1,3 15,5.+2,2" 
27,8+---0,6 21,0 +- 1,2 
27,0+-- t ,4 22,8+- 0,0 

LD 4 

18,6~- 1,1 

22,6~0,8 

22,9.+3,3 

21,6ml,4 
13,7~---3,1 
14,1.+1,3 
15,4.+2,5 
11 ,O.+ 1,7 
I1,8.+0,9 
12,9.+ 1,7 

LD 5 

29,1.+0,9 

31,5~0,5 

39,9m2,4" 

31,2.+1,9 
47,3.+0,8 
52,9.+--- 1,5" 
21,4.+0,8 
17,3+-2,5 
11,6 +-- 0,9 
8,6+- 1,4 

Tissue 
control 

. Muscles 

Series 

Control 
Adjacent region 

Remote region 
Experiment 
Adjacent region 

Remote region 
Liver Control 

Experiment 
Control 

Kidneys Experiment 
Contlol 

Heart Experiment 

MD 
isozymes, % total activity (in 

Bueher unis/mg 
protein) 

I 

182,7+22,5 

262,0+-9,3 

237,6+- 5,1 * 

336,0+- 15;5" 
277,0+- 34,1 
301,7-----30,7 
311,2.+22,5 
362,4.+---39,8 
476,5.++'14,3 
528,7----- 13,8 

MD l 

7, 5.+--- 1,9 

6,2----- 1,7 

3,75+---0,9 

5,23+-0,4 
4,2----- 0,8 
3,3.++-0,l 

16,3----- 1,2 
16,7.++-0,8 

MD2 U~ 

22,4-- 0,7 35,2 + 0,6 

19,6+--2,8 37,0~ 1,2 

16,9--+3,2 41,5.+2,7 

18,8----- 1,7 39,4+-2,2 
7,8 + 1,7 44,3--+4,2 
5,9-+ 1,2 46,0• 
8,3.+ 3,1 55,6.+--- 2,5 
5,5-"- 0i6 48,8----- 1,9 

20,8.+'- 1,7 31,3 .+ 1,9 
22,5+- 1,2 30,2-+ 1,9 

MD4 

34,8+- 1,3 

37,1.+2,6 

40,1+-2,3 

36,4~0,5 
43,9.+2,4 
45,0.+ 1,7 
35,5.+ 1,0 
45,5~ 1,2" 
31,5+-2,6 
30,4+----0,3 

L e g e n d .  P c a l c u l a t e d  r e l a t i v e  to c o n t r o l ;  v a l u e s  for  which P < 0.05 m a r k e d  by  a s t e r i s k .  

t o t a l  LD a c t i v i t y  in the  a d j a c e n t  a r e a  wi th  a s i m u l t a n e o u s  change  in the  i s o z y m e  s p e c t r u m :  An i n c r e a s e  in the  
a c t i v i t y  the LD 5 f r a c t i o n  was  found c o m p a r e d  with  i t s  va lue  in the  r e m o t e  r e g i o n .  

The  s tudy  of  the  e f fec t  of  c o n t r y c a l  on the  LD i s o z y m e  p r o f i l e  in the  v a r i o u s  i n t e r n a l  o r g a n s  showed  tha t  
the  g r e a t e s t  c h a n g e s  o c c u r r e d  in the  l i v e r :  A c t i v i t y  of f r a c t i o n  LD 1 w a s  r e d u c e d  and tha t  of  f r a c t i o n  LD 5 was  
i n c r e a s e d  a l i t t l e .  T h i s  m o d i f i c a t i o n  of the  i s o z y m e  c o m p o s i t i o n  of  LD did  not a f fec t  the  t o t a l  a c t i v i t y ,  which  
r e m a i n e d  unchanged.  No s i g n i f i c a n t  c h a n g e s  in the  i n d i c e s  s t ud i e d  cou ld  be o b s e r v e d  in the  h e a r t  o r  k idneys .  

D e t e r m i n a t i o n  of  t h e  t o t a l  a c t i v i t y  of MD and  a c t i v i t y  of i t s  i s o z y m e s  (Table  1) showed  a s i g n i f i c a n t  d e -  
c r e a s e  of  30.6% of t o t a l  a c t i v i t y  of the  e n z y m e  in the  c o n t r o l  g roup  of a n i m a l s  in the  m u s c l e s  a d j a c e n t  to  the  
g r a n u l a t i o n  t i s s u e  c o m p a r e d  with the  c o r r e s p o n d i n g  MD a c t i v i t y  in the  d i s t a n t  m u s c l e  (P < 0.01).  No d i f f e r e n c e s  
w e r e  found in t h e  i s o z y m e  p r o f i l e  of  the  r e g i o n s  of  m u s c l e  t i s s u e  c o m p a r e d .  

A d m i n i s t r a t i o n  of c o n t r y c a l  c a u s e d  a s i g n i f i c a n t  i n c r e a s e  in the  t o t a l  a c t i v i t y  of  the  e n z y m e  in both  t e s t  
m u s c l e s  by  30 and  28%, r e s p e c t i v e l y .  The  r a t i o  b e t w e e n  the  v a l u e s  of  MD a c t i v i t y  in  the  a d j a c e n t  and  d i s t an t  
m u s c l e s  r e m a i n e d  unchanged ,  i . e . ,  the  r e l a t i v e  d e c r e a s e  in t o t a l  MD a c t i v i t y  was  p r e s e r v e d  in the  r e g i o n  a d j a -  
cen t  to  the  zone  of  g r a n u l a t i o n s ,  and  the  p e r c e n t a g e  inh ib i t ion  was  the  s a m e  a s  in the  g roup  of a n i m a l s  not  r e -  
c e i v i n g  c o a t r y e a l  (30%). No s i g n i f i c a n t  c h a n g e s  w e r e  o b s e r v e d  in the  MD i s o z y m e  s p e c t r u m  u n d e r  the  in f lu -  
ence  of  e o n t r y e a l .  

D u r i n g  i n v e s t i g a t i o n  of MD a c t i v i t y  in the  i n t e r n a l  o r g a n s  a f t e r  a d m i n i s t r a t i o n o f c o n t r y c a l ,  d e f i n i t e  c h a n g e s  

w e r e  found in i s o z y m e  p r o f i l e  of  the  k i d n e y s :  MD 4 a c t i v i t y  was  i n c r e a s e d  by  28.1% w h e r e a s  MD 3 a c t i v i t y  w a s  
s l i g h t l y  r e d u c e d .  No s i g n i f i c a n t  c h a n g e s  in the  i s o z y m e  c o m p o s i t i o n  of the  l i v e r  and  h e a r t  w e r e  found a f t e r  a d -  
m i n i s t r a t i o n  of c o n t r y c a l  unde r  the  cond i t i ons  of  t h e s  e e x p e r i m e n t s ,  The  m a r k e d  t e n d e n c y  t o w a r d  an  i n c r e a s e  
in  t o t a l  MD a c t i v i t y  under  the  inf luence  of c o n t r y c a l  in the  o r g a n s  s t u d i e d  wi l l  be noted .  

The r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  thus  a g r e e  wi th  the  e x i s t i n g  v i ew  tha t  m u s c l e  t i s s u e  a d j a c e n t  to  a zone  
of  g r a n u l a t i o n s  is  i nvo lved  in the  p a t h o l o g i c a l  p r o c e s s .  E v i d e n c e  of t h i s  i s  g iven  the m a r k e d  inh ib i t ion  of  t o t a l  
MD a c t i v i t y  found in t h e s e  e x p e r i m e n t s .  
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According to data in the l i terature  adminis t ra t ion of contrycal  in the t rea tment  of suppurative wounds and 
burns led to more rapid healing and to normalizat ion of protein metabolism in the case of lesions produced by 
heat [1]. 

Metabolic changes in the same direction, namely activation of aerobic p rocesses ,  under the influence of 
contrycal  were observed previously  in granulation t issue:  the aerobic fract ions LD 1 and LD 2 were inhibited and 
the anaerobic LD 5 fract ion was activated, with a slight increase  in total activity [3]. 

It can be concluded f rom these resul ts  that contrycal  s t imulates  activity both of MD, an enzyme of anae ro -  
bic p rocesses .  This effect is not confined to a change purely in the total activity of the enzymes,  but it a lso ex-  
tends to their  i sozyme spectrum.  The action of pretense inhibftors is manifested as  a disturbance of the state 
of the enzyme sys tems  both at the site of injury (granulations and adjacent tissue) and in certain internal organs  
(liver and kidneys). 
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