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A sharp  inc rease  in the ac t iv i ty  of lacta te  dehydrogenase  (1.1.1.27), a ldolase (4.1.2.13), a spa r t a t e  
a m i n o t r a n s f e r a s e  (2.6.1.1), and c rea t ine  kinase  (2.7.3.2), accompanied  by marked  morpholog ica l  changes 
in the myoca rd ia l  t i s sue ,  were  found 60 h af ter  local  i r rad ia t ion  of the region of the r abb i t ' s  hea r t  on a 
l inear  a c c e l e r a t o r  (dose 10,000 rad). The enzyme act ivi ty  of the s a r c o p l a s m i c  prote ins  of the m y o c a r d i u m  
was the same  as in the control .  Changes were  also found in the i soenzyme spec t rum of lacta te  dehydrogen-  
ase in the blood s e r u m  of the i r rad ia ted  animals .  The composi t ion  of the myoca rd ia l  prote in  f rac t ions  and 
the i soenzyme s p e c t r u m  of lacta te  dehydrogenase  of the s a r c o p l a s m i c  pro te ins  of the m y o c a r d i u m  were  
unchanged a f te r  i r radia t ion.  

The s tudy of b iochemica l  changes following local exposure  of ~ndividual organs ,  and e spec ia l ly  the 
hea r t  musc le ,  to la rge  doses  of ionizing radiat ion has r ecen t ly  a s sumed  grea t  import2.nce. 

In the p resen t  invest igat ion the f rac t ional  composi t ion and enzyme act ivi ty  of pro te ins  of the myo-  
ca rd ium and blood s e r u m  were  studied a f te r  local  i r rad ia t ion  of the r a b b i t ' s  h e a r t  with ha rd  b r e m s s t r a h i -  
ung. 

EXPERIMENTAL METHOD 

Experiments were carried out on adult male chinchilla rabbits~ The animals received local irradia- 
tion with hard bremsstrahlung with an energy limit of 4.3 MeV on a Mullard linear accelerator. Dose 
I0,000 rad, dose rate 330 tad/rain, field 3 x 3 cm, exposure 30 rain. The animals were sacrificed by de- 

capitation 60 h after irradiation. 

The blood serum and myocardium were investigated. The fractional composition of the heart muscle 
was determined by the method of Ivanov and co-workers [i]. The activity of the following enzymes was 
determined in the blood serum, sarcoplasmie proteins, and proteins of fractton T obtained from the left 
ventricle: lactate dehydrogenase (LDH), aldolase (ALD), alanine aminotransferase (ALT), aspartate amino- 
transferase (AST), acetylcholinesterase (CE), and creatine kinase (CK). The protein content in the 
samples was estimated by Lowry's method. The isoenzyme spectrum of LDH in the blood serum and sar- 
coplasmic proteins of the myocardium was studied by Hellmann's method. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Histological  invest igat ion of spec imens  of the hea r t  musc le  r evea led  the p r e sence  of r eac t ive  inf lam- 
m a t o r y  changes ,  degenera t ions ,  and nec ro s i s  of the myoca rd ia l  t issue:  loci of h e m o r r h a g e  and nec ro s i s  
along the cou r se  of the smal l  veins and a r t e r i e s ,  in te rs t i t i a l  and p e r i v a s c u l a r  edema  of the connect ive t i s -  
sue,  single f ibers  or  groups of f ibe r s  with degenera t ive  changes ,  and foci of infi l t rat ion with leukocytes  
c lose  to the foci of nec ros i s  of these  f ibers .  

The enzyme act ivi ty  of the s e rum ,  s a r c o p l a s m i c  pro te ins ,  and pro te ins  of f rac t ion  T of the m y o c a r d i ,  
urn is given in Table 1. 

*Corresponding  Member  of the Academy of Medical  Sciences of the USSR. 

Department of Biochemistry, S. M. Kirov Military Medical Academy, Leningrad. Translated from 
Byulleten '  Ekspe r imen ta l ' no i  Biologii i Meditsiny,  Vol. 68, No. 9, pp. 55-57, Sep tember ,  1969. Original  a r -  
t icle submit ted November  14, 1968. 

1001 



T A B L E  1. 
and P r o t e i n s  of F r a c t i o n  T of the M y o c a r d i u m  (in 

E n z y m e  A c t i v i t y  of Blood S e r u m ,  S a r c o p l a s m i c  P r o t e i n s ,  
~moles  s u b s t r a t e  

p e r  nag p r o t e i n / h  incuba t ion  

Matexial; 
group of CK CE 
animals 

Serum*: 
control 
experiment 

Sarcoplas- 
mie proteins 

control 
experiment 

LDH ALD 

5,57--- 0,47 6,68--- 0,40 
15,35-+ 2,01 12,32-+0,66 
P<0,001 P<0,001 

6,50---0,59 13,03+- 1,64 
5,91+-0,52 13,68+- 1,30 
P>0,05 P>0,05 

1,51--0,09 5,83-+ 0,41 
2,05--.0,18 8,15+-0,61 
P<0,05 P<0,01 

ALT AST 

3,34+-0,10 0,87"--0,05 
3,60"--0,34 1,34+-0, t4 

P>0,05 P<0,01 

8,87--- 0,98 20,63 + - 2,35 
9,03• 1,18 21,06-3,18 

P>0,05 P>0,05 

0,38_ + 0,02 0,84+- 0,02 
0,42+0,03 1,13+-O, lO 

P>O,05 P<O,02 

Proteins of 
fractioi1 T : 
corLtml 
experiment 

272"-- 19 
668"--30 
P<O,O0 

I182+- 23, 
~427-- + 42, 
P>O,05 

403--- 22 
370--- 36 
P>0,05 

37,7• 2,6 
37,8-2,7 

P>0,05 

0,15_+0,01 
0,17___0,01 

P>O,05 

0,39+0,03 
0,61+-0,05 

P<0,01 

* A c t i v i t y  g iven  in # m o l e s  s u b s t r a t e / m l  s e r u m / h  incuba t ion .  

F ig .  1. I s o e n z y m e  s p e c t r u m  of LDtt  in b lood s e r u m ,  a) Con t ro l ;  b) e x p e r i m e n t .  

As  T a b l e  1 s h o w s ,  a f t e r  l o c a l  i r r a d i a t i o n  of the h e a r t  r e g i o n  by  h a r d  b r e m s s t r a h l u n g  in a dose  of 
10,000 r a d ,  the  a c t i v i t y  of LDH, ALD,  AST,  and CK in the b lood  s e r u m  r o s e  s h a r p l y .  Meanwhi l e ,  the e n -  
z y m e  a c t i v i t y  of the s a r c o p l a s m i c  p r o t e i n s  r e m a i n e d  unchanged .  An i n c r e a s e  was  a l so  o b s e r v e d  in the  
LDH, ALD,  AST,  and CE a c t i v i t y  in the  p r o t e i n s  of f r a c t i o n  T of the  m y o c a r d i u m .  

The  LDH i s o e n z y m e  s p e c t r u m  of the  b lood  s e r u m  is  shown in F i g .  1. A f t e r  a s ing le  l o c a l  i r r a d i a -  
t ion  of the  h e a r t  r e g i o n  (dose 10,000 r a d )  a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  was  o b s e r v e d  in the  a c t i v i t y  
of LDH1, LDH3, and LDH 4 in the b lood  s e r u m ,  a c c o m p a n i e d  b y  a s h a r p  i n c r e a s e  in LDH5 ac t i v i t y .  

No d i f f e r e n c e s  w e r e  found in the  i s o e n z y m e  s p e c t r u m  of the s a r c o p l a s m i c  p r o t e i n s  of the h e a r t  
m u s c l e  in the c o n t r o l  and e x p e r i m e n t a l  a n i m a l s .  

The c o m p o s i t i o n  of the p r o t e i n  f r a c t i o n s  of the m y o c a r d i u m  f r o m  the i r r a d i a t e d  r a b b i t s  was  not  s i g -  
n i f i c a n t l y  d i f f e r e n t  f r o m  n o r m a l .  
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Hence, as these resu l t s  demons t ra te ,  the morphological  changes in the myocard ium af ter  local i r -  
radia t ion (dose 10,000 tad) were  accompanied by marked  biochemical  changes. An increase  in the act ivi ty 
of LDH, ALD, AST, and C K -  enzymes  specific for  muscle  t issue in general  and for the myoeard ium in 
par t icu la r ,  was observed in these  exper iments .  The act ivi ty of these enzymes  is known to r i se  espec ia l ly  
sharply  in myocard ia l  infarction,  when foci of necros i s  a r i se  in the hea r t  muscle  [3]. However,  no signifi-  
cant dec rease  in the enzyme activi ty of the sa rcoplasmic  proteins  of the myocard ium could be detected.  
This may indicate the exis tence of a more  complex mechanism of the increase  in act ivi ty of the se rum pro-  
teins both in myocard ia l  infarct ion and af ter  local i r radia t ion of the hear t  [2, 4]. 
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