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Evidence is steadily being accumulated showing that tissue respiration is disturbed during the action 
of ionizing radiation. It has been found that the disturbance of oxidative phosphorylation caused by radiant 
energy is associated with inhibition of the electron transport system [6-11l. The idea is developing [3, 4] 
that the aerobic link in the chain of tissue respiration is vulnerable because of the effect of ionizing radia- 
tion on the metal-containing biochemical systems, including the oxidative enzymes. 

The facts and hypotheses described above draw attention to the investigation of the state of the enzyme 
systems of oxidative metabolism during the action of radiation. 

In the present investigation the activity of one of the enzymes of the oxidative cycle - succinate de- 
hydrogenase - was studied during the action of ionizing radiation. 

Most investigators consider that succinate dehydrogenase is a radioresistant system [1, 7, 10]. How- 
ever, reports have been given of changes regularly taking place in the activity of this enzyme in radiation 
sickness [2, 5]. 

In biochemical investigations, during treatment of the material structural changes may take place 
in the mitochondria, leading to dissociation of enzyme and substrate and also to their contamination by 
nuclear or cytoplasmic substances which may have a protective or inhibitory action on the enzyme. With 
this in mind, the histoehemical method of investigation was chosen, in which the structure of the mito- 
chondria is preserved and the reaction is observed in situ. 

Fig. 1. Deposit ion of fo rmazan  in sect ions of the smal l  
intes t ine of control  and exper imenta l  mice .  Dose 2000 R, 
2 h af ter  i r rad ia t ion .  On the left) control ,  on the right) 
exper iment .  The a r ea s  of intensive deposit ion of f o r m a z a n  
correspond~to +++. 140 x .  
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Effec t  of W h o l e - B o d y  X - R a y  I r r a d i a t i o n  on Oxida t ion  of Succ ina t e  
in Sec t ions  of S m a l l  I n t e s t i n e  
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* A s s e s s m e n t  of r e a c t i o n  of m u s c l e  l a y e r s .  

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  w e r e  c a r r i e d  out on 200 n o n i n b r e d  a lb ino  m i c e  we igh ing  19-22 g and on 100 n o n i n b r e d  
a lb ino  r a t s  we igh ing  160-180 g.  

The  s m a l l  i n t e s t i n e  was  i n v e s t i g a t e d ,  b e c a u s e  the  v a r i o u s  s t r u c t u r a l  e l e m e n t s  of the  i n t e s t i n a l  w a l l  
d i f f e r  g r e a t l y  in t h e i r  r a d i o s e n s i t i v i t y .  I t  t h e r e f o r e  p r e s e n t s  s p e c i f i c  p o s s i b i l i t i e s  fo r  a n a l y s i s  of  t he  a c -  
t ion  of r a d i a t i o n  on the e n z y m e .  

I r r a d i a t i o n  was  g iven  in  d o s e s  of 600, 2000, and 4000 R.  T h e  a n i m a l s  w e r e  s a c r i f i c e d  i m m e d i a t e l y ,  
and 5-10 ra in  and 1, 2, 4, 6, 48, and 72 h a f t e r  w h o l e - b o d y  x - r a y  i r r a d i a t i o n .  T h e  cond i t ions  of i r r a d i a t i o n  
w e r e  : RUIVI-3 a p p a r a t u s ,  vo l t age  180 kV, c u r r e n t  15 mA,  d i s t a n c e  f r o m  anode  30 cm,  f i l t e r s  0.5 m m  Cu+ 1 
m m  A1, d o s e  r a t e  76-86 

The  i n v e s t i g a t i o n s  w e r e  c a r r i e d  out  by  the  me thod  of N a c h l a s  and c o - w o r k e r s  [8l, u s ing  n i t r o - B T ,  
which r e c e i v e s  e l e c t r o n s  in the  e l e c t r o n - t r a n s p o r t  cha in  at  the  l e v e l  of s u c c i n a t e  d e h y d r o g e n a s e  - c y t o -  
c h r o m e  b [9]. D u r i n g  ox ida t ion  of s u c c i n a t e ,  the  c o l o r l e s s  t e t r a z o l i u m  s a l t  i s  r e d u c e d  and c o n v e r t e d  into 
the  c o l o r e d  f o r m a z a n .  

A f t e r  d e c a p i t a t i o n  a p i e c e  of the  s m a l l  i n t e s t i n e  was  qu ick ly  e x c i s e d  f r o m  the  e x p e r i m e n t a l  a n i m a l s  
and p l a c e d  in a f r e e z i n g  m i c r o t o m e .  Sec t ions  cut to  a t h i c k n e s s  of  15-20 # w e r e  t r a n s f e r r e d  to  an i n c u b a -  
t ion  m e d i u m  in w h i c h  t h e r e  w e r e  kep t  at  37 ~ f o r  15 ra in .  The  s t a i n e d  s e c t i o n s ,  a f t e r  s u i t a b l e  t r e a t m e n t  
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Fig .  2. D e p o s i t i o n  of f o r m a z a n  in s e c t i o n s  of the  s m a l l  
i n t e s t i n e  of c o n t r o l  and e x p e r i m e n t a l  m i c e .  Dose  4000 R, 
72 h a f t e r  i r r a d i a t i o n .  On the  left)  i c o n t r o l ,  on the  r igh t )  
e x p e r i m e n t .  The  r e m a i n i n g  c e l l s  of the  e p i t h e l i u m  of 
t he  v i l l i  and the  m u s c l e  l a y e r s  a r e  s t r a i n e d .  The  c r y p t s  
a r e  t o t a l l y  d e s t r o y e d .  140 •  

and  f ixa t ion  in f o r m a l i n ,  w e r e  t r a n s f e r r e d  to  s l i d e s  and moun ted  in g l y c e r o l - g e l a t i n .  T h e  d i f f e r e n c e  b e -  
tween  the  i n t e n s i t i e s  of s t a i n i n g  of the  i n t e s t i n a l  s e c t i o n s  of the  i r r a d i a t e d  and u n i r r a d i a t e d  a n i m a l s  w e r e  
d e t e r m i n e d  by  m e a n s  of a c o m p a r a t o r  m i c r o s c o p e  and a s s e s s e d  by  the  s i g n s  +, ++, +++. The  s ign  "0" d e -  
no ted  no d i f f e r e n c e .  

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

It  was  found by  the  h i s t o c h e m i c a l  m e t h o d  u s e d  in the  i n v e s t i g a t i o n  tha t  the  w a l l  of the  s m a l l  i n t e s t i n e  
is  h e t e r o g e n e o u s  as  r e g a r d s  s u c c i n a t e  d e h y d r o g e n a s e  ac t i v i t y .  The  c r y p t s  and the  e p i t h e l i u m  of t he  v i l l i  
w e r e  c h a r a c t e r i z e d  by  h igh  e n z y m  e a c t i v i t y ,  w e a k e r  a c t i v i t y  was  found in the  m u s c l e  l a y e r s ,  wh i l e  t he  c o n -  
n e c t i v e - t i s s u e  s t r u c t u r e s  of the  i n t e s t i n a l  w a l l  showed h a r d l y  any e n z y m e  ac t iv i t y .  

A c h a r a c t e r i s t i c  l o c a l i z a t i o n  of the  e n z y m e  was  a l s o  o b s e r v e d  at  t he  c e l l u l a r  l e v e l .  In the  e p i t h e l i a l  
c e i l s  f o r m a z a n  g r a n u l e s  w e r e  c o n c e n t r a t e d  in g r e a t e s t  n u m b e r s  in the  a p i c a l  po r t i on ,  i . e . ,  tha t  f ac ing  the  
l u m e n  of the  i n t e s t i n e .  In  the  b a s a l  p a r t  of the  c e l l s  t h e r e  w e r e  no t ab ly  f e w e r  f o r m a z a n  g r a n u l e s  and the  
nuc l eus  showed  no e n z y m e  a c t i v i t y .  

The  ef fec t  of v a r i o u s  d o s e s  of r a d i a t i o n  on the ox ida t i on  of s u c c i n a t e  at  v a r i o u s  t i m e s  a f t e r  i r r a d i a -  
t ion  i s  i l l u s t r a t e d  in the  t a b l e  and in F i g s .  1 and 2. The  s t a i n i n g  of the  e p i t h e l i u m  of t he  v i l l i  and c r y p t s  
was  t a k e n  into accoun t .  In co lumn  1 of t he  t a b l e  t he  i n t e n s i t y  of s t a in ing  of p a i r s  of s e c t i o n s  o b t a i n e d  f r o m  
the  i n t e s t i n e  of c o n t r o l  a n i m a l s  i s  c o m p a r e d .  

I t  fo l lows  f r o m  c o l u m n  1 of the  t a b l e  tha t  in the  o v e r w h e l m i n g  m a j o r i t y  of c a s e s  t he  s e c t i o n s  ob ta ined  
f r o m  two in t ac t  a n i m a l s  of the  s a m e  s p e c i e s  in one e x p e r i m e n t  gave  the  s a m e  i n t e n s i t y  o f  c o l o r .  The  d i f -  
f e r e n c e s  (in one of the  8 e x p e r i m e n t s  on r a t s  and in 2 of the  9 e x p e r i m e n t s  on m i c e ) d i d n o t  e x c e e d o n e +  s ign .  

I r r a d i a t i o n  of m i c e  in a d o s e  of 600 R.  Wi th  t h i s  d o s e  no changes  w e r e  o b s e r v e d  in t he  f o r m a t i o n  of 
f o r m a z a n  g r a n u l e s  in the  s e c t i o n s  f r o m  the  i n t e s t i n e  of 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  s a c r i f i c e d  
i m m e d i a t e l y  a f t e r  i r r a d i a t i o n .  Sl ight  a c t i v a t i o n  of t he  r e a c t i o n  of f o r m a z a n  f o r m a t i o n  was  o b s e r v e d  1 h 
a f t e r  the  ac t ion  of r a d i a t i o n ,  and a f t e r  2 h the  a c t i v a t i o n  e f fec t  r e a c h e d  i t s  m a x i m u m  f o r  t h i s  d o s e .  A f t e r  
4 and 6 h the  a c t i v a t i o n  was  l e s s  m a r k e d ,  and at  the  end of 24 h t h e r e  was  a t e n d e n c y  fo r  t he  n o r m a l  r e -  
ac t ion  to  be  r e s t o r e d .  

I r r a d i a t i o n  of m i c e  in a d o s e  of 2000 R.  W i t h  t h i s  dose ,  a s  wi th  the  d o s e  of 600 R, i m m e d i a t e l y  a f t e r  
i r r a d i a t i o n  no e f fec t  of the  r a d i a t i o n  was  o b s e r v e d  on the  a c t i v i t y  of s u e c i n a t e  ox ida t i on .  A f t e r  1 h t he  
a c t i v a t i n g  e f fec t  of the  r a d i a t i o n  w a s  g r e a t e r  than  at  the  s a m e  t i m e  a f t e r  the  dose  of 600 R, and as  wi th  
the  dose  of 600 R, the  e f fec t  r e a c h e d  i t s  m a x i m u m  2 h a f t e r  i r r a d i a t i o n ,  a l though i t  was  much  s t r o n g e r .  
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In some expe r imen t s  the i n c r e a s e  in the in tens i ty  of s ta ining of the sec t ions  f rom the i r r a d i a t e d  an imals  
by compar i son  with the con t ro l  was a s s e s s e d  at +++ ( s ee  Fig.  1). The degree  of act ivat ion of the reac t ion  
fel l  24 h af te r  i r r ad i a t i on ,  but i t  was s t i l l  h igher  than the cont ro l  level .  

I r r a d i a t i o n  of r a t s  and m i c e  in a dose  of 4000 R. With this  dose  a lso ,  the effect of r ad ia t ion  on the 
oxidation of succ ina te  was not apparent  immed ia t e ly  af ter  i r r ad i a t i on .  Subsequently the c h a r a c t e r  of the 
changes in the ac t iv i ty  of the r e a c t i o n s  d i f fered  f rom that  with doses  of 600 and 2000 R. Act ivat ion  was 
not only p r e s e n t  1 h af ter  i r r ad i a t i on ,  but it  had r eached  i ts  maximum (for th is  dose),  and af te r  2 h the 
effect was  somewhat weake r .  La te r ,  48-72 h af te r  i r r ad ia t ion ,  ma rked  morpholog ica l  changes began to 
appea r  in the mucous m e m b r a n e  of the intest ine,  so that it became difficult  to a s s e s s  the reac t ion .  The 
c ryp t s  d i s appea red  72 h af ter  i r r a d i a t i o n .  The epi thel ium of the vi l l i  a lso showed marked  changes (Fig.  2). 
In the r ema in ing  a r e a s  of epi the l ium of the vi l l i  the ac t iv i ty  of the r eac t ion  r eached  a high level .  Another  
c h a r a c t e r i s t i c  fea tu re  was that  in the musc le  l a y e r s  of the intest ine,  the e lements  of which a r e  mos t  r a d i o -  
r e s i s t a n t  and which no morpho log ica l  in jury  could be de tec ted  by the method used, even 72 h af te r  i r r a d i a -  
t ion the fo rmat ion  of fo rmazan  during oxidation of succinate  exceeded the control  level .  

It may thus be concluded f rom these  r e s u l t s  that whole-body x - r a y  i r r a d i a t i o n  of an imals  is  ac -  
companied by ac t iva t ion  of the reduct ion  of the t e t r azo l i um sal t  dur ing oxidation of succ ina te .  A d i rec t  
r e l a t ionsh ip  was found between the r a t e  of development  of the act ivat ion effect  and i ts  degree ,  on the one 
hand, and the dose of i r r a d i a t i o n  on the other  hand (600, 2000, 4000 R). 

What is  the mechan i sm of this  effect? It appea r s  that the re  a re  at l eas t  two poss ib le  explanat ions  
of the act ivat ing effect of r ad ia t ion  on fo rmazan  format ion  during oxidation of succinate .  F i r s t ,  the effect 
may  be due to ac t iva t ion  of the succinate  dehydrogenase ,  and second, it  may be due to rad ia t ion  in jury  to 
the e lec t ron  t r a n s p o r t  sy s t em.  This  second explanat ion is based on the au thor ' s  e a r l i e r  expe r imen t s  in 
which inhibit ion of the cy tochrome  sys t em and of cy tochrome oxidase  was demons t ra t ed  following the action 
of ionizing rad ia t ion .  In jury  to the e lec t ron  t r a n s p o r t  chain in t e r rup t s  the flow of e l ec t rons  to oxygen, 
the reby  removing  compet i t ion  for  e l ec t rons  during the oxidation of succinate  between oxygen and the t e t r a -  
zol ium sal t ,  and fac i l i t a t ing  i ts  reduct ion.  

The following obse rva t ions  support  this  hypothes is .  Act ivat ion of reduct ion  of the t e t r a z o l i u m  sal t  
and inhibition of the cy toch rome  s y s t e m  a re  equal ly  dependent on the dose and become s t r o n g e r  with t ime .  
In addition, the author has shown that inhibit ion of the cytochrome s y s t e m  caused by the action of NaCN, 
l ike the inhibition caused by i r r ad i a t i on ,  is accompanied by in tens i f ica t ion of the reduct ion  of n i t r o - B T  
dur ing oxidation of succ ina te .  

The r e s u l t s  of this  inves t igat ion a re  in ag reemen t  with other  obse rva t ions  [11] accord ing  to which 
act ivat ion of the oxidation of succinate  (as shown by the format ion  of fo rmazan  using another  t e t r a z o l i u m  
sal t  - INT) in the thymocytes  of r a t s  t akes  place  during the action of r ad ia t ion .  The s u c c i n a t e - I N T - r e -  
ductase  act ivi ty  was in tens i f ied  s t i l l  fu r the r  if the expe r imen t s  were  c a r r i e d  out in condit ions blocking 
t r a n s f e r  of e l ec t rons  to oxygen (in an a tmosphe re  of ni trogen,  the act ion of KCN). The r e s u l t s  of the d i -  
r e c t  spec t ropho to f luoromet r i c  de te rmina t ion  of the succinate  dehydrogenase  content as f lavine showed 
that the enzyme concent ra t ion  in the mi tochondr ia  of the thymocytes  was unchanged af te r  i r r a d i a t i on .  

It may thus be concluded f rom the au thor ' s  inves t iga t ions  and data  in the l i t e r a t u r e  that  succ ina te  
dehydrogenase  is a r a d i o r e s i s t a n t  sys t em.  The i n c r e a s e  in the ftow of e l ec t rons  to the t e t r a z o l i u m  sa l t  
dur ing oxidation of succinate  in i r r a d i a t e d  an imals  may evident ly  be r e g a r d e d  as the r e s u l t  of in jury  to 
the cy tochrome sys tem,  which is sens i t ive  to the action of ionizing rad ia t ion .  
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t ions  of the a b b r e v i a t i o n s  as g i v e n  in  the o r ig ina l  R u s s i a n  journa l .  S o m e  or a l l  o f  th is  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A comple t e  l i s t  of the cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at  the back of the f i r s t  i s s u e  of t h i s  year.  
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