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Whole-body x - r a y  i r rad ia t ion  of mice  in a dose of 600 R (LD65/30) inhibits cy~ochrome oxidase 
ac t iv i ty  in the epi thel ium of the jejunal vi l l i .  Although admin is t ra t ion  of sodium cyanide, a 
cy tochrome oxidase inhibitor,  before  i r r ad ia t ion  causes  a sha rp  initial  depress ion  of enzyme  
act ivi ty ,  this is followed by a m o r e  rapid  r ecove ry~  This indicates  the cyanide has  a p r o t e c -  
t ive act ion on the cy tochrome s y s t e m  agains t  radia t ion damage .  The surv iva l  r a t e  under  
these  c i r cums tances  is i nc rea sed  by 40%. 

An essential biochemical manifestation of the action of ionizing radiation on the animal organism is 
uncoupling of oxidation from phosphorylation, and this is necessarily accompanied by disturbance of the 
energy balance in the irradiated organism and, consequently, by a shift from normal metabolism toward 
increased hydrolysis and depression of synthesis~ The problem of which reactions or systems are pri- 
marily responsible for the uncoupling effect is at present being actively discussed. 

A question of particular interest in this field is t~e study of the activity of cytochrome oxidase 
(COase), an enzyme whose place is at the end of the tissue respiration chain, and which thus reflects the 
state and integral relationships of the basic energy-producing systems. 

In an early series of investigations the writer demonstrated the sensitivity of COase to irradiation, 
observable within a few hours after whole-body irradiation of animals in doses of 2000-4000 R. 

There is little information in the literature concerning the state of energy metabolism in the later 
stages of development of radiation sickness. However, there are indications that recovery after irradiation 
is dependent on the state of energy metabolism [3, 10, 11]. 

The object of the present investigation was to study the dynamics ~ of COase activity and to compare 
it with the dynamics of mortality among the animals from radiation sickness. In addition, to assess the 
possible importance of changes in activity of this enzyme in the course of radiation sickness, the character 
of this change and of mortality among the animals was studied after administration of sodium cyanide, a 
radioprotective substance which is also a specific inhibitor of COase. 

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

Expe r imen t s  were  c a r r i e d  out on 300 noninbred albino mice  weighing 19-22 g. Conditions of i r r a d i a -  
tion: RUM-3 appara tus ,  180 kV, 15 mA, dis tance f r o m  anode 30 cm,  f i l t e r s  0.5 m m  Cu and 1 m m  A1, dose 
r a t e  76 R / m i n .  

A modif ied pho tomet r i c  method was developed sui table for  h is tochemical  invest igat ion of oxidative 
e n z y m e s .  COase act ivi ty  was de te rmined  by Bur s tone ' s  method [7], using n -pheny l -p -pheny lened iamine  
and 1-hydroxynaphthoic acid.  
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Fig. 1. Survival r a t e  of mice  following i r rad ia t ion  
in dose of 600 R. Absc i s sa ,  days a f t e r  i r rad ia t ion ;  
ordinate ,  pe rcen tage  of surv iv ing  an imals  and 
COase act ivi ty (in pe rcen t  of control level) .  Con- 
tinuous line, pe rcen tage  of surv iv ing  an imals  in 
control;  broken l ine,  pe rcen tage  of surv iv ing  
i r r ad i a t ed  animals ;  columns denote COase act ivi ty  
in jejunum of i r r ad i a t ed  an ima l s .  
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Fig.  2. Survival r a t e  of mice  and COase act ivi ty 
in epithelial  cel ls  of jejunal vi l l i  a f t e r  i r r ad ia t ion  
in a dose of 600 R under  the rad iopro tec t ive  acting 
of sodium cyanide,  Legend as in Fig,  1o 

The animals  were  decapi ta ted without anes thes ia .  
P i eces  of smal l  intest ine were  f rozen with liquid 
ni t rogen.  

Two p ieces  of t i s sue  (from control and e x p e r i -  
mental  animals)  were  f rozen  s imul taneous ly  on the 
s tage of a r o t a ry  mic ro tome  in a c ryos ta t ,  and sect ions 
were  cut to a thickness  of 20 p. Incubation and s u b s e -  
quent t r e a t m e n t  of the sect ions  were  ca r r i ed  out on 
s l ides .  The pho tomicrographs  of the sect ions were  
made with the aid of f i l t e r s  allowing maximal  t r a n s -  
mis s ion  of the color  of the dye. A step wedge was 
fi t ted into the casse t t e  of the c a m e r a .  Pho tomet r i c  
examinat ion  of the negat ives  was ca r r i ed  out by 
means  of the MF-4  mic ropho tome te r .  The r e su l t s  
we re  e x p r e s s e d  in conventional units of optical  density 
and were  analyzed by s ta t i s t i ca l  methods .  Enzyme 
act ivi ty  was es t imated  in the epithelial  cel ls  of the 
jejunal villi~ 

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

The surviva l  ra te  and dynamic of COase activi ty 
in the epithelial  cel ls  of the jejunal vil l i  of mice  
i r r ad i a t ed  in a dose of 600 R a re  given in Fig. 1. 

After  i r r ad ia t ion  in a dose of 600 R the an imals  
began  to die on the 4th day, and this f i r s t  peak of 
mor t a l i t y  ("intestinal death") l a s t ed  8 days.  The 
second wave of mor t a l i t y  ( "bone -mar row  death") 
co r responded  to the l l t h -14 th  days,  a f t e r  which the 
curve  of mor t a l i t y  of the an imals  followed a smoo the r  
cou r se  until the end of the per iod  of invest igat ion 

(LDss/30). 
COase act ivi ty  in the epithelial  cel ls  of the 

jejunal vi l l i  was studied a t  va r ious  t imes :  until 1 h, at  
24-48-72 h, and 4-10-15-30  days a f t e r  i r rad ia t ion .  
The f i r s t  s ignif icant  dec r ea se  in COase act ivi ty  was 
r e c o r d e d  24 h a f t e r  i r r ad ia t ion  (inhibition 20%). The 
g r e a t e s t  depress ion  of enzyme act ivi ty  was obse rved  
a f t e r  3-4 days  (inhibition r eached  38-34%,respect ively) ,  
a f t e r  which act ivi ty  began to i nc rease ,  although it 
r ema ined  significantly lower  for  10 days a f t e r  
i r rad ia t ion .  After  14 days it had re tu rned  to i ts  
initial  l eve l .  

Compar i son  of the resu l t s  of this s e r i e s  of ex -  
p e r i m e n t s  sugges ts  a co r re la t ion  between surv iva l  

ra te  and level  of enzyme act ivi ty in the i r r ad ia t ed  an imals .  Mortal i ty  ("intestinal death") begins at the 
moment  of g r e a t e s t  depress ion  of act ivi ty  of the ene rgy-produc ing  s y s t e m  in the jejunum (3-4 days) .  The 
peak of intest inal  death continues during a per iod  cha rac t e r i zed  by a low level  of act iv i ty  of this s y s t e m .  
The r e c o v e r y  per iod  is  accompanied  by  normal i za t ion  of enzyme act ivi ty .  

It  is sugges ted  that  the ene rgy  deficiency due to d is turbance  of t i s sue  r e sp i r a t i on  in the epithelial  
cel ls  of the vil l i  a f t e r  i r rad ia t ion  may  mani fes t  i t se l f  as inhibition of synthes is ,  and in pa r t i cu la r ,  it may  
inhibit the synthes is  of inver tase  [2], and a lso  o t h e r p r o c e s s e s  l inked with the ut i l izat ion of energy,  such as 
the absorpt ion  and t r a n s p o r t  of glucose [1]. 
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This would explain the co r re l a t ion  between the s tate  of act ivi ty of COase, ref lec t ing in tegra l  r e l a t i o n -  
ships between energy-produc ing  s y s t e m s  in the intest ine,  and the s eve r i t y  of the subsequent  les ions  causing 
" intest inal  death." 

In the next s e r i e s  of expe r imen t s  the surv iva l  r a t e  and dynamics  of act ivi ty of COase in epithel ial  
cei ls  of the jejunal vil l i  were  studied in mice  i r r ad i a t ed  with a dose of 600 R and rece iv ing  the rad iopro tec~  
t i r e  agent  cyanide.  

Sodium cyanide, in a concentration of 5 ~g/g body weight, was injected intraperitoneally immediately 
before irradiation. These results are given in Fig. 2. 

As a result of the radioproteetive action of cyanide, 10% of the animals (of the 25% dying throughout 
the whole period of investigation) died on the 1st day after irradiation. Both peaks-"intestinal" and 
"bone-marrow ~ death - were considerably flattened; after the 17th day after irradiation no more animals 
died. The radioprotection afforded by cyanide was 40%. The curves of survival in animals protected and 
unprotected by cyanide thus differed sharply~ There was a corresponding difference in the dynamics of 
changes in COase activity in the protected and unprotected animals. The most important factor in radiation 
protection was the initial inhibition of COase, due to the action of the poison, and coinciding with the time 
of irradiation (inhibition by 27%), followed by a relatively rapid recovery during the 4 days after irradia- 
tion; the COase level did not fall further throughout the remainder of the period of investigation. There are 
many reports in the literature of investigations into the mechanisms of the radioproteetive action of cyanide. 
The most widely held view is that the protective action of cyanide consists essentially of a vasoconstrictor 
effect, accompanied by hypoxia of the blood supplying the tissues. However, this hypothesis by no means 
gives a complete explanation of the many different effects of cyanide, and it cannot interpret many of the 
facts. For example, during the protective action of cyanide the 02 tension in the brain tissues is not lowered; 
in vitro, cyanide protects systems in which the O 2 tension is unchanged [5, 6]. 

Many workers consider that the most important biochemical effect of cyanide is reversible inactivation 
of COase as a result of the formation of a COase- CN complex which cannot transfer atmospheric 02 to 
electron carriers~ In this state, cytochrome oxidase displaces the equilibrium of electron carriers toward 
reduction, and thus helps to increase their radioresistanee [9]. This point of view is in agreement with the 
r e su l t s  of the p r e s en t  e x p e r i m e n t s .  As a r e s u l t  of the fo rmat ion  of a C O a s e -  CN complex,  COase act ivi ty  
is sharp ly  reduced  at  the t ime  of i r rad ia t ion ,  but la te r ,  with d issocia t ion of this complex,  COase act ivi ty  
i n c r e a s e s  and contr ibutes  to the p rov i s ion  of energy  for  reduct ion p r o c e s s e s .  

Cer ta in  other  compounds fo rming  complexes  with COase, such as cys te ine  [8], may  also  have a r a d i o -  
p ro tec t ive  action s i m i l a r  to that  of cyanide.  
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