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Ucrdt$on occurs withln the iirst 24 hour8 follovixrg Irradiakion, and 
therefore parallele the time at w h i c h  the aeudmum loss of gRa irom 
8pleen  occur^ ( l9 ,a) .  A correlation between DNA degradatloa arrd CdR 
axcretlon is also mggested by the sb~ilar'temporal sequence in the 
urlne mr3nCmase  and fhe appearaxme of polydeolCynucleotide (PIIN) in 

rente a catabolic procese in the  radtation induced loss or cellular 
urd t l s m e  DBA snd is plpbably mediated 43wough the action of .peclf'ic 
~ ~ ~ a e e s  (e), ~n an anelogoUa manner the-elevateduDcretian ~b a e  
aucleoside, pseudouridlne, after irradiation has ale0 been attributed 
t o  the &p&tlon of auclelc acid (sauble RHA) in the  spleen ( 5 )  . 

. 

* Spleen (3.9). :;b-i-&iintly aemonstratd, the ~g;earanr?e repre- 
, 

-Yhile this evidence impllee that the  catabolism of D M  is a 
prondnent factor  in the urinary CdR increase, the role of an additional 
irapalrment in DNA eynthesis must be considered. Parizek (1) speculated 
tha t  the specificity of CdR as an indlcator of DNA de'gradation was in 
part related to the normel deficiency of enzymatic pathways f o r  its 
uti l ization. However, CdR has been shown to be not only actively 
deaminated a f t e r  phosphorylation, with the subsequent accumulation of 
deoxyuridine, thymidine (TdR) and uracil, but t o  be Incorporated as 
w e l l  in to  DHA (23,24). Further, the incorporation of labeled CdR into 
DQYA has been observed to be depressed in irradiated thymus and regener- 
ating l i ve r  (24,25). While the detailed mechanisms involved s re  be- 
pond the scope of this discussion, the extensive l i t e ra ture  on the  
radiation-induced damage of DIN priming ab i l i ty  and/or i t s  enzymatic 
activation indirectly Imply same inherent alteration in CdR uti l izat ion 
(26,27). Moreover, the fall in t issue levels of the crucial enzymes 
deowcytidylate deaminase and thymldylate synthetase IndicateEthat the 

DNA aynthesis may reside a t  an early stage in the pathway 
of CdR incorporation in to  D U  (24). A schema summarizing the  possible 
biochemical sources of the increased CdR excretion a f t e r  irradiation, 
i s  given in Figure 4. 

block in 

The pbysiologlc significance of t issue CdR in relation to the 
- 

intermediary metabolism of the  pyrimidine compounds is a t  present highly 
conjectural. The possibility tha t  urinary CdRmight function biologi- 
c a l l y  i n  a manner analogous t q u r i c  acid i n  polrine mtetabdliem would 
appear uniillely in'tiiew of the  active ut i l izat ion oi the r o m r  in DNA 
rrynthesie. A relationship between CdR and DNA turnover ha8 been noted, 
however. The t 1 B W  lePele ai t h i a  compound are increased oot only in 
regenerating l i v e r  but also In various tumors (28-30). Our present 
fipding that the excretion of CUR bears also eme relationship to the  
.growth 6tatus of these @mal8 in t e r n  of age is af Interest, sad is 
coneistent clith similar associations at a t i s s u e  level. Thus the 
urinary excretion of c(IR Wght be useful as an indicator of t issue 
growth of a cellular (IIRA) nature in a manner sinr€lar t o  other urine 
metabolites (i.e., &&mryproUne ro r  bone turnover). The present 

u 
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Excretion 1 
Figure 4. Schema of biochemical events leading to the urinary excre’ 

of deoqr@ibine i n  the W m d .  and X-irradiated rat. 

” 
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observation that the increase in the excretion of CdR e e r  *adiat.ion 
bears a relationship to *he age of the  animals, r e q ~ ~ i r e s  further study 
although the relationship of age and radiation susceptibility has been 
+tudied (31). 

I n  theory, en tlevation in the excretion of CCZR might also represent 

The definite response observed a t  doses (10 to 50 R), vhich 
an Increased eynthesis of DNA related t o  t issue regeneration or cellular 
repair. 
are  borderline doses In terms of visible  mrphologic or biochemical 
(lee., DNA loss) effects, may thus be an expression of alterations 
oriented towards the repair of nucleic acids a f t e r  radiation damage. 

, Epruribhina and Tereshcheako (4) have reported that the increase in 
' b i n a r y  CdR af te r  8 mlnlmal  radiation dose ( 7 - R )  occurs a t  a time 
'suggestive of a repair process; end other work on excretion of Msche- 
positive substances I s  a lso consistent with this possibility (9). 
recent studies on thymidine, another urinary metabolite of DNA, after 
variable doses of radiation have been similarly interpreted (32). 

her studies along these l ines  are therefore definitely indicated. 

Finally, the demonstration of these alterations in the urinary. 

' 

More 

Y I 

1 
excretion of CdR af te r  irradiation i s  of practical significance. While 
this phenomenon has been reported predominantly in rats, there has been 
some suggestion of a similar finding i n  man. 

at ion doses of 237 R and 263 R (10). 
ducted along these lines, with appropriate modifications of the analyti- 
ca l  methods being adopted f o r  routine use, and the possible application 
of CdR as a biochemical radiation dosimeter. 

Saenger, Indeed, ha6 
oted increased excretions of CdR in humans after therapeutic radi- 

Present studies are being con- L 

1.5 
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I. AmsTRACT Rats were exposed to  various doses of whole-body X rays, from 10 R t o  400 I 
a d  24-hour urinary deoxycytidine ( C d R )  excretion determined by c d i n e d  ion ex- 
change md paper chromatographic methods. The baseline 24-baur urinary CdR excre- 
t ion (nonirradiated rats) was 86.6 + 13.9 g; while after mqosure t o  28 R and 223 
R, a significant increase of 70$ anx 260$, respectively, w116 obsemred. The highes- 
rate of CdR excretion occurred during the first 4 hours postirradiation, and re- 
turned t o  baseline level6 by the recand day. A l inear dose-response relationship 
was found for 24-hour CdR excretion at radiation doses over the range of 10 R t o  
223 R. For a given radiation dose, CdR excretion was considerably lower in rats 
previously splenectcmized; thus, at 100 R the 8pleen rppcared t o  contribute 82dp 
of the excreted CdR. Age of the rat8 was an Important detenninant of CdR nccreti:' 
after ucposure t o  100 R, 5-week old rats showed a 3l2$ increase in 24-hour urinw, 
CdR content over that of nonirradiated age cantrob; for  =-week old animals the 
increase was 1.239; while in lb-month 016 rats, the increment was only 479. 
biochemical origin of the excreted CdR a8 a degradation product derived iKm the  
polydcoxyribonucleotidce, previously r h m  to be releasad In  6pleen md thymus at 
early times after irradiation, '$6 8uggested. 
excretion may be potentidly useful 88 8biochemicd index of radiation exposure. 

The 

It b concluded that urbary CdR 


