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One of the early reactions of the intact  organism to influence of ionizing radiat ion is a sharp increase in the 

1eve1 of DNA metabol i tes ,  deoxycyt id ine  [4,8], thymidine [1,8], deoxyuridine [8], and g-aminoisobutyr ic  acid 
(BAIBA) [18,15] in the urine. The thymidine  and deoxycyt idine content in the animals  increases in proportion to the 

i r radiat ion dose, and, in the opinion of a number of authors E2,14], may serve as a sensitive early test of radiation 
injury. Of special  interest  is the intensif ied excret ion of thymidine with the urine. Massive loss of this b io logica i ly  
ex t remely  important  compound by the organism seems paradoxical ,  since thymidine  is a specific component of DNA, 

and atso part icipates in one of the control mechanisms of DNA biosynthesis [6]. This is evidence of profound changes 

in the DNA metabol ism in the i r radia ted  organism. 

!t is known that in the normal state, the degradation of thymidine is accomplished in several steps: 

hydropyrimidine hydratase 

phosphorylase NADP" H * 
thymidine  ~ thymine > dihydrothymine ~" 

carbamoyl  hydrolase 
~-ureidoisobutyric acid L ~ BAIBA + CO z + NH a. 

We have shown that i r radiat ion sharply reduces the effectiveness of the conversion of thymine to BAiBA in the 

in tac t  organism. We proposed that  the disturbance of thymidine breakdown by i r radiat ion is associated with a change 

in the effectiveness of the reduction of thymine to dihydrothymine,  and, consequently, to a disturbance of the con- 

version of thymine to BAIBA. 

In this work, we a t t empted  to determine whether the degradation of thymine to BAIBA is actual ly  disturbed 
after i rradiat ion,  and, if  this is so, what is the degree of radiat ion disturbance of the reduetive pathway of thymldine 

decomposit ion in the in tac t  organism. 

E X P E R I M E N T A L  PROv. EDURE 

The content of thymidine,  deoxyuridine,  and BAIBA in the urine of intact  and i r radiated rats was determined 

after parenteral  administrat ion of thymine. 

Nonpurebred male rats, weighing 190-260 g, were kept in metabol ic  cages on a normal diet. The urine was 

col lec ted  at 12-h intervals over a period of two days before irradiat ion and 6, 12, 24, and 48 h after irradiation; 
its volume was measured, and it was f i l tered and stored in a refrigerator at -16 to --20 ~ until  analysis. The animals 
were ki l led by decapi tat ion.  Experiments were conducted on 35 rats; five of them served as controls (they rece ived  
intravenous injections of 3 ml of physiological  saline). The 10 animals of the second group (" thymine")  received 
injections of 6 micromoles of thymine in 8 ml of physiological  saline. The rats of the third and fourth groups (10 
animals in each) were i r radia ted to ta l ly  on the RUM-3 apparatus (dose 650 R, voltage 190 kV, current strength 15 mA, 
filters 0.6 mm Cu and 1 mm A1, focal length 40 cm and dose rate 34 R/rain). Immedia te ly  after irradiat ion,  each 

*NADP" H -  reduced n ico t inamide  adenine dinucleot ide phosphate. 
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Fig. 1. Dynamics of the excretion of thymidine (I), BAIBA (II), and deoxyuridine 
(HI) in rats after the injection of 3 ml of physiological saline. Here and in Figs. 2, 
3, and 4, the excretion at the point "6 h after irradiation (or injection of solutions)" 
is given in micromoles in 6 h. Shaded portion, Mav ~ m of the norm for each 
period of observation; the differences in comparison with the norm are statistically 
reliable; the number of determinations per point is indicated in parentheses; the 
arrow denotes the moment of irradiation and administration of the solution. 
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Fig. 2. Dynamics of the excretion of thymidine (I), BAIBA (II), and deoxyuridine 
(III) in rats after the injection of 6 mieromoles of thymine. 

animal of the third group ("irradiation") received an intravenous injection of 3 ml of physiological saline; the ani- 
mals of the fourth group ("irradiation + thymine") received 6 micromoles of thymine in 3 ml of physiological saline. 
Thymidine and deoxyuridine were determined by the method that we described earlier [3] with slight modification, 
BAIBA by the Bawden method [7], which we modified (the cation exchange resin was replaced by the anion exchange 
resin Dowex-1, and the descending system n-butanol: formic acid: water, 75: 16: t0, was used for paper chroma- 
tography of the amino acid extract).* 

The data obtained were treated statistically according to the Student method. 

*The author would like to thank Senior Scientific Co-worker, O. Ya. Tereshchenko,for providing the BAIBA 
preparaNon. 
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Fig. 8. Dynamics of the excret ion of thymidine (D, BAIBA (II), and deoxyuridine 

( l i d  in rats after i r radiat ion in a dose of 660 R. 
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Dynamics of the excret ion of thymidine (I), BAIBA (II), and deoxyuridine 
(IiI) after i r radiat ion and inject ion of 6 micromoles of thymine. 

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

Figure 1 shows the dynamics of the excret ion of thymidine,  BAIBA, and deoxyuridine in rats in the normal 

state,  and Fig, 2, that  after the introduction of 6 micromoles of thymine; Fig. 3 shows the dynamics after i r radiat ion 
in a dose of 660 R, while Fig. 4 shows that  after i r radia t ion and the administrat ion of 6 micromotes of thymine.* 

As can. be seen from Fig, 1, the administrat ion of physiological  saline did not change the excret ion of deoxy- 
nucleosives and BAIBA in rats. 

*In the Figure, the l eve l  of excret ion of the invest igated substances at the point "48 h after i r radiat ion" was obtained 
by dividing the values of the excret ion in the period of 24-48 h by two. 
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The inject ion of in tac t  animals with thymine (Fig. 2) did not affect  the deoxynucleosive content in the urine 
and caused a 2.5-fold increase in the excret ion of BAIBA (P < 0.0t)  during the first 12 h after the inject ion.  The 
effectiveness of the conversion of the introduced thymine to BAIBA of the urine was 11.6%. Thus, about 12~ of the 
introduced thymine is decomposed in the normal  state along a reductive pathway, with the formation of BAIBA. 

After i r radiat ion of the rats in the minimum absolute le thal  dose (see Fig. 3), the excret ion of thymidine and 

deoxyuridine was sharply increased; the maximum amount of these substances was detected in the urine during the 
period 6-12 h after irradiation. Subsequentiy, their content dropped rapidly,  and by 48 h did not differ from the 
normal. The excret ion of BAIBA during the first 6 h after i r radiat ion was unchanged; by 12 h, i t  exceeded the in i t ia l  
leve l  by 8~o (P < 0.05), followed by a decrease to normal (24 h) and below the original  level .  By 48 h after i r radia-  
tion, the excret ion of BAIBA was only 48% (P < 0.001) in comparison with the norm. Consequently,  during the first 
12 h after i r radiat ion,  the excret ion of the three compounds studied with the urine is substantially increased.  

The adminis trat ion of 6 micromoles of thymine to the i r radiated animals did not change the nature and degree 

of increase in the excret ion of thymidine  and deoxyuridine with the urine. However, i r radiat ion disturbed the excre-  
t ion of BAIBA after the in jec t ion  of thymine,  so that in not one of the periods, with the except ion of 48 h, did the 
content  of this amino acid  in the urine differ from the norm. By 48 h after the influence,  the excret ion of BAIBA 

was lowered to 460]0 of the i n i t i a l  level  (0.05 > P > 0.02). During the first 12 h after irradiat ion,  only 2.5~ of the 

thymine (of the introduced amount) was converted to BAIBA in the rat organism. 

Thus, supplementary thymine loading of the thymine-BAIBA system of the i r radiated organism permit ted the 
detect ion of insufficiency of this system. The indica ted  insufficiency is character ized by the absence of any increase 

in the excret ion of BAIBA during the first 12 h after i r radiat ion and by a signif icant  lowering of the effectiveness of 
the conversion of the introduced thymine to BAIBA after i rradiat ion,  but not by s t imulat ion of further conversions of 
BAIBA, since this amino acid  is one of the final products of the decomposit ion of thymine [9,10]. 

Consequently, the degree of radia t ion disturbance of the decomposit ion of thymidine in the rat  organism is 
character ized by a sharp decrease in the effectiveness of the reductive pathway of the degradation of thymine during 
the first h after the radiat ion influence. 

Bates, Smith, and Smith [6] adminis tered 13-80/13 of labe led  thymine to rats several  h (up to 24 h) after 
i r radiat ion and arrived at  the conclusion that  radiat ion does not disturb the process of reduetive c leavage  of the thy- 

mine ring. 

Our da ta  on the excret ion of BAIBA with the urine, if  represented in the form of excret ion in micromoles in 
24. h before and after i r radiat ion,  also show that  i r radiat ion not only does not lower the effectiveness of the reductive 
pathway of thymine decomposit ion,  but also gives rise to a certain intensif icat ion of the formation of BAIBA (paral le l  

with a sharp increase in the excret ion of thymidine)  form 0.9 micromoles in 24 h in the normal state to 1.84 micro-  
moles in 24 h after irradiat ion.  However, fraetionated col lect ion of the urine after short periods of t ime ,  used in our 
experiments,  as wel l  as the use of loading of the in tac t  organism with thymine in the normal  state and after i r radia-  

tion, revealed a disturbance of the reduct ive conversions of thymine during the first h after irradiation.  This disturb- 
ance,  as can be seen from Fig. 3, is an early react ion,  is temporary,  and is rapidly e l imina ted .  Consequently, the 

conclusion drawn by Bates et al. [6] is correct  only for several  h after the radiat ion influence.  Thus, the data ob- 
t a i n e d b y  the indica ted  authors are refined by the results of our work. 

In our ear l ier  experiments with thymidine  loading of i r radiated rats, i t  was found that the formation of BAIBA 
from thymidine is substantially reduced during irradiation. We propose that,  in addit ion to a disturbance of the con- 
version of thymine to dihydrothymine,  this is due to a part ia l  inhibi t ion of the thymidine  phosphorylase ac t iv i ty  on 
account of the accumula t ion  of thymine in the tissues. Actual ly ,  in experiments in vitro [11,12] i t  was shown that  
an increase in the thymine concentrat ion in the incubat ion medium leads to an inhibi t ion of the thymidine  phos- 
phorylase ac t iv i ty  and lowers the rate  of phosphorylytic c leavage  of thymidine.  However, the disturbance of the 
decomposit ion of thymidine  to BAIBA after i r radiat ion evident ly  is not associated with any inhibi t ion of the phos- 
phorylase act ivi ty ,  since after the adminis trat ion of thymine to i r radiated rats, the excret ion of thymidine  s ta t is t ical ly  
did not exceed the excret ion of this deoxynucleoside in the i r radia ted rats that did not rece ive  thymine injections. 

Thus, i t  may be assumed that  the disturbance of the decomposit ion of thymidine to BAIBA in rats during radia-  
t ion sickness is not associated with any change in the phosphoryiase act ivi ty ,  but is determined by the substantial de-  
crease in the  effectiveness of the reduct ive pathway of the degradation of thymine during the first h after the 
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radiation influence. As for the "fate" of thymine introduced into the irradiated organism, this will require a special 
study. It may be assumed that most of the thymine is decomposed by an oxidative pathway, the effectiveness of 

which may increase after irradiation [7]. 
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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  a b o v e  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 i o n s  of  t h e  a b b r e v i a t i o n s  a s  g i v e n  in the  o r i g i n a l  R u s s i a n  journal .  Some or all of  th is  peri-  

od i ca l  l i t e ra ture  may we l l  be a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  b a c k  of  t h i s  i s s u e .  
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