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A T P  admin i s t e r ed  to mice  before  i r r ad ia t ion  i n c r e a s e s  the su rv iva l  ra te  of the an ima l s .  The h e m o -  
poie t ic  s y s t e m  is d e p r e s s e d  to a l e s s e r  deg ree  and r e c o v e r s  sooner .  

Death of ce l l s  in an i r r ad i a t ed  an imal  is due to changes in the b iochemica l  m e c h a n i s m s  of the cel l  
nuclei .  An impor tan t  link in the chain of these  changes is  the metabo l ic  d i s o r d e r  a s s o c i a t e d  with d i s t u r b -  
ance  of the fo rmat ion  and ut i l izat ion of high--energy phosphorus  compounds ,  a leading m e m b e r  of which is 
A T P .  

The d e c r e a s e  in content of h i g h - e n e r g y  phosphorus  compounds in the t i s sues  of i r r ad i a t ed  an imals  
has  been  conf i rmed  repea ted ly  [1, 5, 7], and at tent ion has  been drawn to the  g r e a t e r  depth and durat ion of 
this  p r o c e s s  in rad iosens i t ive  organs  [2]. Other  work has  shown that  in m o s t  t i s s u e s  the ab i l i ty  of the ce l l s  
to accumula te  ef iergy l ibera ted  during Vital me tabo l i sm p r o c e s s e s  in the f0 rm of high--energy phosphate 
bonds is undisturbed a f t e r  exposure  to ionizing radiat ion [4]. Accord ing ly  a t t empt s  have p r e v i o u s l y  been 
made  to Use A T P  as  a rad iopro tec t ive  subs tance .  Some inves t iga to r s  [10-i2]  gave A T P  to mice  and ra t s  
before  i r r ad ia t}onand  obse rved  an i nc r ea s e  in surv iva l  ra te  and in the value of LDso of x - r a y s  of m o r e  
than 30%. When A T P  Was given in conjunction with o ther  r ad iop ro t ec to r s ,  the dose reduct ion  fac to r  (DRF) 
was  a l so  i nc rea sed  [6,10]. Meanwhile the absence  of e f fec t  of ATP  admin i s t r a t ion  be fo re  i r r ad ia t ion  has 
�9 a l so  been  r epor t ed  [4, 8, 9, 13]. When A T P  was used in the e a r l y  t r e a t m e n t  of i r r a d i a t e d  an ima l s ,  a s t i -  
mulant  ef fec t  on the blood s y s t em  was obse rved  [3]. In  the invest igat ions cited above ,  it will be noted, an i -  
m a l s  of different  spec ies ,  d i f ferent  doses  and methods of admin i s t r a t i on  of ATP,  and a l so  di f ferent  doses  
of i r r ad ia t ion  were  used. 

Because  of the conflicting nature  of data in the l i t e r a t u r e ,  the p r e s e n t  inves t iga t ion  was c a r r i e d  out 
to s tudy the rad iopro tee t ive  act ion of A T P  on the bas i s  of ana lys i s  of p e r i p h e r a l  blood indices .  

E X P E R I M E N T A L  METHOD 

Experiments were carried out on 538 male albino mice weighing 18-20 g. The animals were sub- 
jected to whole-body irradiation by a single dose of Co 6~ T-rays from a type EGO-2 apparatus, dose 650 R, 
dose  ra te  690 R / r a i n  (LD80_8~/30). A T P  ~ s  given to the an ima l s  of  the expe r imen ta l  group as  a t ~  solution 
(packed in ampules  at  the Ivaaovo Meat Combine).  The doses  and method and t imes  of admin i s t r a t i on  a re  
given in Table 1. The ef f icacy  of act ion of A T P  was e s t ima ted  f rom the su rv iva l  r a t e ,  the mean  durat ion 
of su rv iva l  of the dying an ima l s ,  and changes  in p e r i p h e r a l  blood indices .  Obse rva t i ons  were  kept  on the 
an ima l s  for  30 days a f t e r  i r rad ia t ion .  A fuI1 blood count on blood taken f rom the m i c e  a f t e r  decapi ta t ion 
was c a r r i e d  out on the exper imen ta l  a n i m a l s  rece iv ing  A T P  by in t raper i tonea l  inject ion in a dose of 350 
m g / k g  before  i r rad ia t ion  and on control  mice  on the 1st,  3rd,  7th, l ~ h ,  15th, 20th,  25th, and 30th days  of 
the exper imen t .  At each t ime 5 mice  f rom each group were  sac r i f i ced .  As or ig inal  data  p e r i p h e r a l  blood 
indices  of 15 intact  mice  were  used.  

E X P E R I M E N T A L  RESULTS 

The results of these experiments d~emormtrated the pro~eetive effect of ATP on mice irradiated with 
high-powe r 7-rays. Intraperi0toneal inje'ction of ATP into mice laa  dose of 350 mg/kg 15-20 rain before 
irradiation increased the survival rate to 41~ but had no significant effect on the mean life span(Table 1). 
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TABLE 1. 
Dose of 650 R 

Effect of ATP on Sarvival Rate and Mean Life Span of Mice Irradiated with Co ~ 7-RaYs in a 

Time of administra- 
tion of ATP 

15-20 rain before i r-  
radiation 

Mode of injection 

Intrape ritoneally 

Intramuscularl~r 
Intramuscularly 

Intramuscularly Control 

No . 

350 180 

500 20 
350 196 
200 20 

342 

No, surviving 

abs. ,~ 

106 59 

15 75 
91 46.4 

4 2O 
61 17.8 

t Compared Mean life 
with con- span of d~dng 
t rol  ~nimals 

9.8 15.5 

5.7 12.0 
6.8 15.8 

- -  17.5 
-- 14.2 

Value of t calculated by alternative variation method. Results considered significant ff t ~_ 3. 
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Fig. 1. ChangeS in erythrocyte count and hemo- 
globin concentration in ATP~-protected and con- 
trol  mice. Curves  show erythr0cyte count in 
experimental  (1) and control (2) mice; c lear  ' 
c i rc les  on curves indicate si~aificant differ-  
ences.  Hemoglobin concentration shown by 
black (experimental) and shaded (control) col-  
umns. Unshaded column shows normal level. 
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Fig. 3. Changes in platelet count in blood�9 of 
ATP--protected and control mice. Legend as la 
Fig, 1. 
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Fig. 2. Changes in ret iculo-  
cyte count in blood of ATP-  
protected and control mice. 
L e ~ n d  as in Fig. 1. 

Intramusc.ular injection of ATP in a dose of 200 
mg/kg  gave no significant increase in the survival 
rate of the animals and prolonged the mean life span 
only slightly. 

An increase in the dose to 350 and 500 mg/kg,  
using the same method of administration, increased 
the survival ra te  of the i r radiated mice by 28.6 and 
57% respectively,  but af ter  administration of the 
lat ter  dose the life span was shortened. 

The peripheral  blood picture of the controI 
mice was typical of acute radiation sickness.  The 
erythrocyte count, a f t e r  a period of slight osci l la-  
t ion at  a lower level than normal, began to fall p ro -  
gressively from the 7th day to reach 5,400,000 by 
the 15th d~y compared with a normal count of 9,800, 
000 (Fig, 1). The hemoglobin concentration c o r r e -  
lated fully with these changes and by the 15th d a y  
had fallen to 9 g% (normal 13.6 g%). Later  an increase 
in the e ry throcy te  count was observed. 

In the group of animals receiving ATP int ra-  
peritoneM!y in a dose of 350 mg/kg  15-20 min be- 
fore irradiat ion the erythrocyte count fluctuated 
throughout the period of observation within the limits 
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of s ca t t e r  of normal  values,  and differed significantly from the control on the 7tb, 10th, 15th, and 30th days 
(P = 0.05). The hemoglobin concentra[ion corresponded to the level of the er}r co,ant. The re t ieuto-  
cyte count fell s imul taneously  in both groups to a minimum on the 3rd day (Fig. 2). La~er it rose ,  and by 
the 20th day was above its original  level. The ptatetet count in the control mice fell p rog re s s ive ly  to reach 
69 ,000 /mm 3 by the 10th day (Fig. 3). In  the animals r ece iv ingAT1 ~ the changes in the platelet  count were 
in the same direct ion,  but until the 20th day inclusive the platelet  count ~v~s higher titan in the control 
s e r i e s ,  the difference being significant on the 7th~ 10th, 15th, and 20th days. The dynamics  of the leukocyte 
count in mice of the exper imenta l  groups was the same as in the control ,  although the difference between 
them was significant on the 7th, 10th, and !hth d~_ys. 

It follows f rom the resu l t s  of these exper iments  that adminis t ra t ion of Aq:P to mice  before i r r ad ia -  
tion ir lcreases the survival  ra te  and reduces  the dis turbances in the hemopoiet ic  sys tem.  A significant dif- 
ference between the control  and experimental  groups ~ s  obtained with respec t  to indices such as the e r}r  
rocyte  and ret iculocyte  counts and the hemoglobin concentrat ion.  These may  indicate that ATP can reduce  
the depress ion  of e ry th ropoies i s  and lead to its ea r l i e r  r ecovery .  A s imi la r  re la t ionship  was observed also 
in re lat ion to the ptatelet  count. So far  as the changes in the leukocyte count a re  concerned,  all that could 
be observed  here  was an e a r l i e r  onset  of r e c o v e r y  (7th, 10th, and 15th days),  but the s e v e r i t y  of the leuko- 
penia was identical in the an imals  of the two groups.  

In a s s e s s i n g  the radioprotect ive  act ion of ATP,  attention must  be paid to its par t ic ipat ion in various 
biosynthet ic  react ions .  In pa r t i cu la r ,  it par t ic ipates  in the synthesis  of 5-hydroxytrypt~a~nine (serotonin), 
as  is conf i rmed by the increase  in amount of l iberated serotonin assoc ia ted  with lowering of the blood ATP 
level [12]. Evidence has a lso  been found [11, 12] tt'~t ATP,  if injected into animals  before i rradiat ion,  p r o -  
motes  r e c o v e r y  Of dis turbed serotonin  synthesis .  Serotonin in know"n to have marked  radioprotect ive action. 
On the o ther  hand, the protec t ive  action of ATP may  be due to hypoxia and to a fall in the oxygen tension in 
radiosensi t ive  t i s sues ,  caused by c i rcu la to ry  d i so rders  cha rac te r i s t i ca l ly  found a f t e r  parentera l  i~jection 
of this p repara t ion .  
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