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After whole-body y - r a y  i r radiat ion of monkeys {Macaca rhesus) in a dose of 620 R, the ur i -  
nary excretion of deoxycytidine increased on the f i rs t  to third, sixth to eighth, and 18th-24th 
days. The ur inary  excretion of f i -aminoisobutyric acid was increased on the f i rs t  to second 
and fifth to seventh days and returned to normal  on the 24th-27th days. 

An important  problem in radiation biochemis t ry  is the development of sensi t ive biochemical  tests for 
use as indicators and dosimeters  of radiation damage. A grea t  step forward in this direction was the dis-  
covery  of postradiat ional  deoxynucleosiduria,  the hyperexcret ion of deoxynueleosides, which are  DNA me-  
tabolites, in the urine. A study of the principles governing postradiat ional  nucleosiduria  in ra ts  has shown 
that determination of the level of excretion of deoxycytidine and thymidine in the urine of this species  of 
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Fig. 1. Dynamics of ur inary  excretion 
of DC in monkeys after y - r a y  i r r ad ia -  
tion in dose of 620 R. Empty c i rc les  
denote M ~-m after  y - r a y  i rradiat ion;  
shaded str ip shows normal  range of 
M-~ m. Abscissa,  days after  i r r ad ia -  
tion; ordinate, excretion of deoxycyti-  
dine (in/~g/day). 

animals can be used as a diagnostic dosimetr ie  test  of radiation 
damage [1-3, 11, 12, 16-18]. The cha rac te r  of the pos t rad ia -  
tional deoxynucleosiduria in animals of other species has so far 
been investigated only superficial ly.  Only two studies of the 
ur inary  excretion of DNA metaboli tes by i r radia ted monkeys 
has so far been published [9, 10]. 

The object of the presen t  investigation was to study the 
level of excretion of deoxycytidine (DC) and off l -aminoisobutyric  
acid (BABA), a breakdown product  of thymidine in monkeys, in 
the 24-h urine. 

E X 1 3 E R I M E N T A L  M E T H O D  AND R E S U L T S  

Tests were ca r r i ed  out on monkeys (Maeaca rhesus ;  
weight 2-2.5 kg) under normal  conditions and after  whole-body 
y - r a y  i r radiat ion in a dose of 620 R (LD 80-90/45) f rom the 
f i rs t  to the 27th days. Fifteen monkeys were kept inmetabol i sm 
cages singly before  i r radiat ion and inpa i r s  af ter  i r radiat ion.  The 
urine was collected two to three t imes before irradiat ion,  and 
thereaf ter  every day for 15 days, and also on the 18th, 21st, 
24th, and 27th days after i r radiat ion.  The urine was filtered 
and the DC and BABA fractions were isolated from it by means 
of ion-exchange res ins .  DC was determined in the urine by the 
method of Tarakanova and Tereshehenko [7]. This method is 
based on the prepara t ive  isolation of the DC f rac t ionby Dowex-1 
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Fig. 2. Dynamics of ur inary excre -  
tion of BABA by monkeys after whole- 
body y - r a y  irradiat ion in dose offZ0 
R~ Legend as in Fig, 1. 

ion-exchange res in  in OH- form and Dowex-50 in the H + form, 
and by paper chromatography followed by spec t roco lor imet r ie  
determination of DC as 2-deoxyribose in the react ion with 2- 
thiobarbituric acid. BABA was determined by the ninhydrin meth-  
od after isolation of the compound f rom the urine with the aid of 
Dowex-50 res in  in the H + form and paper chromatography in a 
sys tem of n - b u t a n o l - f o r m i c  a c i d - w a t e r  (75 : 15 : 10). 

The daily ur inary  excretion of DC by the i r radiated monkeys 
is shown in Fig. 1. After i r radiat ion of the monkeys, their u r i -  
nary  excretion of DC reached a maximum on the f i rs t  day. when it 
was 3.6 t imes higher than the background level (P < 0.001). on the 
second day the ur inary  DC excretion had fallen, but was still twice 
its background level (P < 0.001). On the following days the I)C 
content in the urine fluctuated: it increased on the sixth to eighth 
day (P < 0.001), and on the 18th-27th day> with a tendency to de- 
c r ease  toward the 27th day (P < 0.05); at all other t imes of inves-  
tigatim~ the ur inary  DC level fluctuated within normal  limits.  

Measurements  of the ur inary  excretion of ~ABA by the s a m e  
monkeys are given i~ Pig. 2. On the first day after irradiation 

the ur inary  excret ion af BABA was sign/[icant[y ~ncreased (by about 2~  times),  while on the seccnd~ third, 
and fourth days the !~AI3A Ieve[ tn the urine fell suczess ively .  On the fifth to seventh days a ~ew wave of  
significant increase  in the BABA level in the urine was observed.  Starting f rom the ninth day, the BABA 
content in the urine showed a tendency to decrease  to subnormal  values (with a significant decrease  to 30% 
of its initial level on the 13th day), and the normal  level was not reached until the 24th-2?th day. 

The normal  level of ur inary  e~cretion of DC in monkeys varies f rom 5.11 to 58.12 #g /day ,  with a 
mean value of 29.84 • 1.48 #g /day .  The 24-h ur inary  excretion of DC in rats  is higher than in monkeys, 
varying on the average  from 68.4 to 700 #g [6, 18]. This difference in the levels of DC excretion in m o n -  
keys and rats  is probably due to species differences in tbe activity of deoxycytidylate deaminase~ an enzyme 
catalyzing the convers ion of DC into deoxyuridine at the nucleotide level, in the blood se rum and t issues .  
The activity of this en2yme in ra ts  is very low [14], whereas in animals of other species [8], in man [19] 
and, probably, in monkeyu, it is considerably higher. 

The BABA content in the urine of normal  monkeys varies  f rom 105 to 751#g/day ,  with a mean value 
of 379 • 29 #g /day ,  whereas in ra ts  it varies  f rom 6 to 98 #g/day,  with a mean value of 50 #g /day  [D], i.e., 
when calculated per  ki logram body weight, the level of excret ion of BABA by the animals of these two spe-  
cies is approximately the same.  

The genera l  rule of an increase  in the excret ion of DC during the 24 h after  i r radiat ion,  established 
in ra ts ,  also holds good in monkeys.  Unlike in ra ts ,  the increase  in ur inary  excretion of DC in monkeys 
also continued in the la ter  per iods after  i r radiat ion.  The sharp increase  in the DC content in the ~rine of 
the monkeys observed en the f i rs t  to third and sixth to eighth days after  i rradiat ion agrees  well with the 
resul ts  of investigatiens of the effect of irradiat ion,  in minimal absolutely lethal doses, on the ur inary ex- 
cre t ion of Dische-posi t ive  substances [10] and of DC [9] by monkeys.  

What is the nature of the mos t  charac te r i s t ic  changes in the excretion of DC and ]~At~A observed in 
i r radiated monkeys ? 

Soviet invest igators  [1-3, 0, 7, 1t], whose resul ts  were subsequently reproduced and eonfirr~ed by 
Westar~ workers  [16, 17], have shown that the f i r s t  peak  of postradiatior~ deoxynucleosiduria and exc~-etion 
of  BABA is cha rac te r i s t i c  not only of ra ts ,  but also of other spsa~es ~f mammals  (mice, rabbits,  dogs, mon- 
keys) and man, and ref lects  increased  breakdown of D~S [2] mainly as a resu l t  of  the tnterphase death of  
cells os the hematopoietie organs [4[, smal l  intestine, and cer tain other organs.  The st2e of this peak can 
give some idea os the extent of cel lular  destruct ion in these organs.  The increased excretion os DC and 
BABA observed in monkeys on the f i rs t  to third days after i r radiat ion cor re la tes  c losely  with these findings 
and explains them. 

Following DNA breakdown, the next phase of postradiat ion biochemical  changes is the res tora t ion  of 
DNA metabol ism.  The following phenomena occur  consecutively:  a) an increase  in activity of the enzymes 
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catalyzing b iosynthes is  and phosphoryla t ion of nucleotides ; b) gradual  r e s to ra t ion  of thei r  po lymer iza t ion ,  
as shown init ially by an i nc rea se  in the incorpora t ion  of labeled p r e c u r s o r s ,  and l a te r  by an inc rease  in the 
DNA content (and, consequently,  in the number  of cells)  in the hematopoiet ic  organs .  Hyperproduct ion of 
DNA p r e c u r s o r s ,  espec ia l ly  deoxycytidyl  and thymidyl  nucleotides,  is poss ib le  at this per iod.  

In monkeys ,  loci of  r egenera t ion  in the bone m a r r o w  a re  found af ter  the ninth to 10th days a f te r  i r r a -  
diation in doses of 570-650 R [5]. The b iochemical  reac t ions  l i s ted above p r ecede  the appearance  of loci of 
regenera t ion  and coincide in t ime  with the second per iod of inc reased  excre t ion  of DC (sixth to eighth) and 
BABA (fifth to seventh days) in the i r rad ia ted  monkeys.  This sugges ts  that  the second wave of h y p e r e x c r e -  
tion of DNA metabol i tes  is the r e su l t  of the accumulat ion of pyr imid ine  deoxynucleotides,  because  of a d i s -  
c r epancy  between the i r  synthes is  de novo and the r a t e  of the i r  incorpora t ion  into DNA molecules .  This d i s -  
c repancy  is evidently c o r r e c t e d  la ter ,  because  the newly- fo rmed  ce l l s  (and DNA synthesis)  in the hema to -  
poiet ic t i s sue  becomes  detectable ,  and its r a t e  i nc rea se s  sharp ly  f rom the 10th to the 17th days [5], as a 
r e su l t  of which an i nc r ea s e  in the number  of cel ls  in the c i rcula t ing blood is obse rved  s ta r t ing  f rom the 
15th day [15]. The i nc r ea s e  in uti l ization of DNA p r e c u r s o r s  at this per iod (10th-15th days) is re f lec ted  in 
the d e c r e a s e d  u r ina ry  excre t ion  of DC in the monkeys to no rma l  values ,  and of BABA to subnormal  values .  

Finally,  the inc rease  in DC excre t ion and r e s to ra t ion  of the no rma l  BABA excret ion by the 24th-27th 
days a r e  evidently due to hyperproduct ion of DNA p r e c u r s o r s ,  for by the 30th day the number  of many 
types  of cel ls  in the bone m a r r o w  becomes  much g r e a t e r  than no rma l  [5]. The d i f fe rences  in the levels  of 
excre t ion of DC and BABA at this per iod  a re  evidently a t t r ibutable  to the wel l -es tab l i shed  fact  of a d i f fe r -  
ence in the r a t e s  of b iosynthes is  of cytidyl and thymidyl  deoxynucleotides in the body: whereas  the f o r m e r  
is syn thes ized  rapidly  and, consequently,  it may be fo rmed  in excess ,  the l a t t e r  is syn thes ized  much m o r e  
slowly, and only in suff ic ient  quanti t ies to mee t  the demands for  DNA synthes i s  [13]. 
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