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In experiments on rats [1,4] and during radiat ion therapy of patients with mal ignant  neoplasms [8], a marked 
increase has been observed in the urinary excretion of the specific DNA component  thymidine,  the excret ion being 

proportional to the dose of ionizing radiation.  A high level  of thymidine  in the urine may be employed  as an indi-  
cator of radiat ion damage and a convenient  early test for the diagnosis of radiatJ.on sickness [3]. However, the 
mechanism by which the increased excret ion of thymidine in the urine is caused in the i r radia ted organism has not 
been clarif ied.  Yu. A. Zharkov, T. A. Fedorova, and L. F. Mikhailova [4] suggested that the pr incipal  cause for in-  
creased thymidine excret ion by rats in the first 24 h after i r radia t ion is the breakdown of DNA in rapidly regenerat ing 
tissue. Moreover, the increased excret ion of thymidine by i r radia ted  rats, in the opinion of these authors, may be in 
part associated with inhibi t ion of DNA synthesis and accumula t ion  of unuti l ized DNA precursors in the tissues. 

We have indica ted  [5] that an addit ional  factor, leading to e levated  thymidine excretion in i r radia ted rats, 
may be a disturbance in the degradation of desoxynucleosides to 8-aminoisobutyr ic  acid (BAIBA). The present 
series of experiments on the in jec t ion  of i r radiated rats with thymidine was designed to verify this theory. 

The supplemental  loading experiments with the substrate for the thymidine-BAIgA system after i r radiat ion 
would indicate  any insufficiency of the conversion i f  this existed. To assess the effectiveness of thymidine  metabo-  
lism, the urine of the exper imenta l  rats was examined for thymidine,  for desoxyuridine, its i m m e d i a t e  precursor [17], 

and for BAIBA, one of the products of thymidine  catabol ism [12]o 

M E T H O D S  

Non-inbred male rats weighing 160-190 g were housed in metabol ism cages and maintained on the conven- 
t ional  diet. The urine was col lec ted  every 12 h for 2 days before i r radiat ion and at 6, 12, 24, and 48 h following 

irradiation,  the volume was measured, the urine was f i l tered and then stored in a freezer at --16 to --20 ~ until  ana ly-  
sis. The animals were ki l led by decapi tat ion.  The experiments were carried out on 38 animals.  The rats in the 
control group (5 animals)  were each given 3 ml of physiological  saline. Ten animals in the second group (" thymi-  
dine") rece ived  6 ~M thymidine  int raper i toneal ly  in 3 ml of physiological  saline. Groups 3 and 4 (10 rats each) 
were given total  radiat ion in the RUM-3 apparatus at a 680 r dose level  (potential  190 kv, 15 ma current strength, 
f i l ter 0.g mm Cu and 1 mm A1, focal  distance 40 cm, dose intensity 34 r /min) .  Immedia te ly  after irradiat ion,  each 
animal  in the third group (" i r radia ted")  received 3 ml of physiological  sal ine inr.raperitoneally, and those in the 
fourth group (" i r radiated + thymidine")  received 6 #M of thymidine in the same volume of physiological  saline. 

Thymidine  and desoxyuridine were determined in the urine according to a method we described previously 
[5] with minor modifications. Estimation of BAIBA in urine was carried out by the method of Bawden [8] but with 
our fundamental  al terations.  The essential feature of this modificat ion was the rep lacement  of the cat ion exchanger 
with the anion exchanger Dowex-1 and the appl ica t ion  of descending paper chromatography to the amino acid  ex-  
tract  using the system n-bu tano l - fo rmic  ac id-wate r  (78: 18: 10)* as the developing solvent. 

*The authors are grateful to O. Ya. Tereschchenko for the BAItIA preparat ion generously contributed for our work. 
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Fig. 1. Urinary excretion of thymidine (I), desoxyuridine (II) and BAIBA (III) by rats 
after intraperitoneal administration of physiological saline. The shaded portions show 
M ~ m (normal); (3 indicates M 4- m (data on the respective periods of observation); 
o indicates M 4- m (deviation from normal being statistically significant), l shows 
time radiation and/or solutions were administered. 
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Fig. 2. Urinary excretion of thymidine (I), desoxyuridine (IT), and BAIBA (IID by rats 
after injection of 6 VM thymidine. Points on the figure correspon ing to 6-h periods 
after irradiation or injection of solutions indicate M ~ m (in VM/6 h). The remaining 
symbols are like those in Fig. 1. 

R E S U L T S  

It may be seen from Fig. 1 that administration of physiological saline did not change the desoxyuridine or 
BAIBA excretion by the rats. 

After injection of thymidine into intact rats (Fig. 2), the thymidine excretion did not differ from the initial 
level during the first 12 h, the output of desoxyuridine increased 31% (p < 0.02) and the BAIBA excretion increased 
by 3 times (p < 0.001). In this period, the conversion of administered thymidine into BAIBA was calculated to be 
16%. Twenty-four h after administration, the thymidine excretion was doubled (p < 0.05) and remained at this 
level to the end of observation. Thus, the administration of thymidine exerted no influence on thymidine output up 
to 24 h after injection but it caused a marked and rapidly appearing elevation of BAIBA excretion. 
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Fig. 3. Urinary excret ion of thymidine (I), desoxyuridine (II), and BAIBA (III) by rats 

after i r radiat ion at  the 650 r level .  Symbols are the same as in Figs. 1 and 2. 
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Fig. 4. Urinary excret ion of thymidine (I), desoxyuridine (II), and BAIBA (III) by rats 

after i r radiat ion at  a dose of 650 r and inject ion with 6 pM of thymidine.  Symbols 
are ident ica l  with those used in Figs. 1-3. 

Irradiation appl ied  to the rats at the minimum le thal  dose level  (Fig. 3) sharply increased the output of thymi-  
dine and desoxyuridine; the maximum quantity of these desoxynucleotides were found in that portion of urine coL- 
lec ted  in the interval  of S-12 h following irradiation. Subsequently, there was a rapid decl ine in urinary thymidine  

content. BAIBA excret ion in the first 6 h after i rradiat ion decreased by 50~ (p < 0.01) and then abruptiy increased 
at  12 h after t reatment ,  a t taining twice the in i t ia l  level  (p < 0.01). In later  periods, i t  did not exceed normal. The  
desoxyuridine excret ion fel l  somewhat in the 12-24-h period after i rradiat ion compared with the first 12-h period, 
and then there was a renewed increase, the level  at 48 h exceeding the normal by 2�89 t imes (p < 0.02). Conse- 
quently, i r radiat ion resulted in a sharp decrease of urinary BAIBA in the first 6 h after t rea tment  and this was foI- 
lowed by an increase in its excret ion during the next 6 h; this was accompanied  by a continuous steep increase in 
the urinary thymidine  and desoxyuridine output. 

Irradiation and administrat ion of 6 ~M of thymidine to the animals  (Fig. 4) increased the thymidine excret ion 

during the period of 0-6 h to a greater extent than did i r radiat ion alone. In the next 6 11, the urinary thymidine  ex- 
cretion was lower than in the animals that received i r radiat ion only. The urinary output of BAIBA in the 0 to 6-h 
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period after i r radiat ion was decreased by 32~ (p < 0.01), after 12 h i t  was increased but to a s ignif icant ly lesser 
degree than in the group that was only i r radiated (rising only to normal),  and at a l l  subsequent periods the excret ion 
of this component did not differ from normal to any statist icaUy significant degree. 

The data presented herein ind ica te  that, despite the excess of thymidine  in the organism, conversion of this 
substance to BAIBA was disrupted just as i t  had been in animals that were simply i rradiated and rece ived  no thymi-  
dine. But although in this la t ter  group the disruption of thymidine to BAIBA conversion was temporary,  disappearing 
after the sixth h following irradiation,  the disruption was mainta ined for a longer t ime  in the " i r radiat ion + thymi-  
dine" group. This is indica ted  by the very l imi ted  peak of BAIBA excret ion at  12 h after t reatment .  

It is interesting that,  despite the adminis trat ion of 6 tiM of thymidine to the i r radiated animals ,  the amounts 
of thymidine  and BAIBA excret ion in 2 days by the " irradiat ion + thymidine"  group was prac t ica l ly  the same as that 

observed in the "irradiat ion" group. Thus, the in jec ted  mater ia l  is either absorbed by the organism or i t  is degraded 
by way of a react ion not leading to the formation of BAIBA. Both of these possibilities are l ikely,  k was observed 
by Bens [9] that, during incubation in the presence of thymidine of bone marrow ceils from guinea pigs i r radia ted 
at a 600 r dose level ,  there was more than a 2-fold increase in incorporation of thymidine into the ret icular  ceils,  
these ceils not having the requisite enzymes for pyrimidine synthesis, On the other hand, Cerecedo [12] as early as 
1927 had shown the existence of an oxidat ive pathway for thymine degradation in the an imal  organism. Apparently,  
the oxidation of thymine in the f inal  analysis results in formation of the cz-amino acids [6,7] which are degraded by 
way of the t r icarboxylic  ac id  cycle.  

The excret ion curve for desoxyuridine in the " i rradiated + thymidine" group differs from that for the "irra- 
diated" group in a somewhat smaller  rise at  12 h after t rea tment ,  and a continuous rise in the subsequent periods 
throughout the experiment.  

The increased desoxyuridine output after i r radiat ion or after i r radiat ion with thymidine  administrat ion may be 
explained as a ref lect ion of a change in the supply of free thymidine in the organism. It could be caused by an in- 
crease in transglucosidation between thymidine and uridine [14] or, what seems more probable,  a disturbance in the 
methylat ion of desoxyuridine, a process regula ted  by the concentrat ion of reduced n ieot inamideadeninedinucleot ide  
phosphate (NADP-H) [22]. 

Regarding the cause for increased thymidine  excret ion,  the following should be noted. As is known, one of the 

numerous b iochemica l  reactions in the i r radia ted organism is the inhibi t ion of DNA synthesis, as determined by a 
diminished incorporation of labe led  precursors into tissue DNA [ 16-18,20]. This inhibi t ion attains a maximum 2 h 
after i r radiat ion and may be responsible for the e levated  output of thymidine.  Beginning at 8 h after irradiation,,  at  

doses close to that employed by us, the DNA synthesis in rapidly regenerat ing tissues (spleen, mucous membrane of 
the smal l  intestine) gradually becomes reestablished. Thus, the increased thymidine  excret ion in rats during the 
early h after i r radiat ion is probably in part associated with thymidine  accumulat ion,  because of inhibi ted DNA syn- 
thesis and, as the results of the present work show, to a great extent  i t  appears to be a consequence of interference 
with the degradation of this desoxynucleoside to BAIBA. The subsequent e levat ion in thymidine,  desoxyuridine and 
BAIBA in the 6-12-11 period after i r radiat ion appears to be due to DNA breakdown. Actual ly ,  the first signs of de-  
gradation of polymer ized  DNA in vivo are observed in the rapidly regenerating tissues as early as 2 h after i r radia-  

tion [13], and the maximum accumulat ion  of nonpolymerized DNA fragments in these tissues is reached at 6 h after 
radiat ion damage [2,11,21]. A ca lcula t ion  based on our data shows that only 18.1% of the total  thymidine  excret ion,  
occurring in 12 h, takes place in the first 6 h. Consequently, about 80% of the thymidine  lost to the organism in the 
first 12 h after i r radiat ion is derived from DNA degradation in the most radiat ion sensitive tissues. The comparison 

of intact  rats with animals of the "irradiated + thymidine"  group, in regard to capac i ty  for converting in jec ted  thymi-  
dine into BAIBA in 12 h, indicates that the eff ic iency of BAIBA formation is 16% in the normal and falls to 3% after 
irradiat ion,  i .e . ,  by a factor of more than 5. 

Thus, the data obtained in our experiments on the whole organism, in contrast to data in the l i terature,  indi-  

cate  that the increased DNA degradation in radia t ion-sensi t ive  tissues and the disruption of thymidine to BAIBA con- 

version are apparently the principal  causes for the e leva ted  excret ion of this desoxynucleoside by rats after irradiation. 
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All  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 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 in a l  R u s s i a n  jo u rn a l .  Some or al l  o [  th i s  per i -  

od ica l  l i t e ra ture  m a y  wel 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 c o m p l e t e  l i s t  of 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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