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SUMMARY 

1 O-3M oxygenated aqueous solutions of thymidzne preparations, 

Radiation products formed were followed in depend- 
lubetted with I4C and 3H in various positions were g m a -  
irradiated. 
ence of irradiation doses. Their yields were confronted with 
products formed during the autoradiolysis of long time stored 
t r i t i a t ed  thymidine preparations, and resul ts  obtained were 
discussed. 

Introduction 

Thymidine labelled in various positions with radioactive isoto- 

pes of carbon and hydrogen is widely used as a tracer substance 

in biochemical and biological research. Therefore the knowledge 

on radiation stability of thymidine as well as on radiation trans- 

formation of this substance has both a theoretical and a practical 

importance. 

x number o f  papers(l,2) report on the studies of thymidine ra- 

diolysis, carried out by irradiation of its aqueoas solutions. 

The autoradiolysis of 'H-thymidine, stored at various specific 

activities and under various conditions(3,4,5), was also investi- 

gated. In all these studies distinct changes were demonstrated 

which took place in the thymidine molecules in coqsequence of the 

effect of reactive water particles, especially of OH radicals 

formed in the course of irradiation. From the above mentioned pa- 

pers it followed that in oxygenated solutions thymidine hydropero- 
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x i d e s  and g l y c o l s  a r e  formed, and  t h e  c leavage  o f  t h e  pyrimic..iie 

n u c l e u s  t s k e s  > l a c e .  A s  t h e  main p r o d u c t s ,  Dyruvamide and Ii-deoxy- 

i)-riboayl-forma-riide have been d e s c r i b e d ;  N-formyl-deoxy-l)-ribosyl- 

carbamide and 5-hydroxy-5-methyl-hydantoin d e o x y r i b o s i d e  *ere found 

in a lower y i e l d .  5-Hydroxymethyl-deoxyiiri d i n e  and 5-forngl-deoxy- 

lur id ins  i n  small arrounts +!ere also i"3rmed. In con,:eqricnce o f  r a d i a -  

t i o n  a c l e a v s z e  o f  t h e  N-glycos id ic  bond t a k e s  ?'-ace in t h e  mole- 

c u l e  o f  t h y n i d i n e ,  s e t t i n g  f r a e  t !ymine,which undergoes i t s  own 

r a l i o l y t  i c  d e g r a d z t i  on ( 6 , 7  ,P ). 

Hence, t h e  r s d i a t i o n  Lccomposition o f  t i y m i d i n e  in oxycenated so -  

l u t i o n  may be expre3sed  i n  a s i m p l i f i z d  manner bg t h e  f o l l o w i n g  

schema: 
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The aim of' uur  rvork was t o  c a r r y  o u t  a q u a l i t a t i v e  and  quanti- 

t a t i v e  a n a l y s i s  o f  t h e  r a d i a t i o n  p r o d u c t s  o f  thymidine l a b e l l e d  

w i t h  r a d i o c a r b o n  o r  tritium i n  v a r i o u s  p o s i t i o n s  and t o  f o l l o w  t h e i r  

f o r m a t i o n  i n  dependence on t h e  i r r a d i a t i o n  dose. The comparison 

o f  t h e  r a Z i o a c t i v i t y  o f  s i n g l e  r a d i a t i o n  products ,  formed i n  i r ra-  

d i a t e d  s o l u t i o n 3  o f  2 -14C-tlr,ymidine , 14CH3-thymidine, 6 - 3 H - t r , p i -  

d i n e  ar.d methyl-3H-thymidine, e n a b l e d  u s  t o  o h t c i n  b,]. ' c  in' :'-?a- 

t i o r i s  o f  t h e  c h a r a c t e r  o f  ihe  r a c l i a t i o n  products ,  

The p r o d u c t s ,  whose c y c l i c  s t r u c t u r e  remains i n  t h e  c o u r s e  o f  

i r r a d i a t i o n  i n t a c t ,  a r e  formed i n  a l l  p r e p a r a t i o n s  o f  thymidine 

i n v e s t i g a t e d  wi th  t h e  s m e  p r o p o r t i o n s .  

The p r o d u c t s  which a r e  formed i n  consequence o f  t h e  c leavage  

o f  t h e  pyr imidine  n u c l e u s  have a d i f f e r e n t  r a d i o a c t i v i t y  which de- 

pends on t h e  p o s i t i o n  o f  t h e  r a d i o a c t i v e  atom i n  t h e  o r i g i n a l  tby-  

midine  molecule. 

The r e s u l t s  o b t a i n e d  d u r i n g  t h e  s t u d y  o f  gauxna-irra2iateii s o l u -  

t i o n s  o f  l a b e l l e d  thymidine p r e p a r a t i o n s  were c o n f r o n t e d  wi th  t h e  

a c t u e l  b e t a - a u t o r a d i o l y s i s  o f  t h e  t r i t i a t e d  thymidine ,  and we would 

l i k e  t o  d r a w  t h e  a t t e n t i o n  o f  i n v e u t i g a t o r s  on c e r t a i n  c o m p l i c a t i o n s  

which may occur  d u r i n g  t h e  s t o r a g e  o f  l a b e l l e d  thymidine p r e p a r a -  

t i o n s  i n  consequence o f  a u t o r a d i o l y s i s .  

M a t e r i a l s  and methods: 

2 -14C-thymidine, 14CH3-thymiaine, 6-3H-thymiLme a c d  methyl-'ti- 

thymidine  were p r e p a r e d  i n  t h e  I n s t i t u t e  f o r  Rcsearch,Development, 

and  P r o d u c t i o n  of' R a d i o i s o t o p e s ,  Czechoslovakia .  The s o l u t i o n s  o f  

t h e  p r e p a r a t i o n s  l a b e l l e d  w i t h  r a d i o c a r b o n  were d i l u t e d  t o  r a d i o -  

a c t i v e  c o n c e n t r a t i o n  o f  22 and 8.5 ,uCi/ml, w h i l e  t h e  t r i t i a t e d  pre-  

pa--at ions were d i l u t e d  t o  640 uCi/ml. On a d d i t i o n  o f  u n r a d i o a c t i v e  

thymidine  (Koch-Light ) t h e i r  chemica l  c o n c e n t r a t i o n  was a d j u s t e d  

t o  t h e  v a l u e  
18 For i r r a d i a t i o n  a 6oCo s o u r c e  o f  an i n t e n s i t y  4.7 . 1 O  eV/ml/ 
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l b  nour  wes used. The r a d i a t i o n  d o s e s  ranged  from 4.7.10 t o  30.55. 

1018eV/ml.  

The i r r a d i a t e d  s o l u t i o n s  were a n a l y s e d  about  24 h o u r s  a f t e r  

i r r a d i a t i o n  by two-dimensional t h i n - l a y e r  chromatography on s i l i ca  

:el( Silufol,Kavalier,Czechoslovakia) i n  t h e  systems:  1 .chloroform- 

formic a c i d - w a t e r (  4-2-1) and 11. e t h y l  a c e t a t e - i s o p r o p y l  a l c o h o l -  

aat  e r  ( 75-16 -9 ). The i d e n t i f i c a t i o n  o f  s i n g l e  r o d i a t  i o n  pro  duct  s 

“as c a r r i e d  o u t  bo th  u s i n g  t h e  c o r r e s p o n d i n g  s t a n d a r t s ,  and on t h e  

h a s i s  o f  t h e  d a t a  on t h e i r  R p  va luesL9) .  I n  o r d e r  t o  make t h e  iden-  

t i f i c a t i o n  and  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  r a c i a t i o n  p r o d u c t s  

? a s i e r ,  mixed s o l u t i o n s  o f  I 4 C  - thymidine and ’H-thymidirre were 

i r r a d i a t e d  i n  some i n s t a n c e s .  Autoradiography,  which i n  t h i s  c a s e  

s a c  c a r r i e d  o u t  by t h e  two-phase method, i .e .  b e f c r e  and a f t e r  t h e  

impregnat ion o f  t h e  chromatograms w i t h  t h e  s c i n t i l l a t i o n  l i q u i d ,  

enabled  a n  o r i e n t a t i o n a l  d i f f e r e n c e  t o  be made between t h e  producxs 

l a b e l l e d  w i t h  l 4 C  from t h o s e  l a b e l l e d  w i t h  3 H. 

Q u z n t i t a t i v e  e v a l u a t i o n  o f  these s u b s t a n c e s  was c a r r i e d  o u t  a f t e . .  

t h e i r  i s o l a t i o n  from chromatograms by l i q u i d  s c i n t i l l a t i o n  method 

on a Merk I1 i n s t r u m e n t .  

For s t u d g i n g  t h e  a u t o r a d i o l y t i c  p r o c e s s  an a v e r a g e  sample from 

a m i x t u r e  o f  t r i t i a t e d  p r e p a r a t i o n s  6-’H-thpidinc v<as used,which 

were s u p p l i e d  by t h e  producer  w i t h  a s p e c i f i c  a c t i v i t y  about  

25 Ci/mUl an2  had  been s t o r e d  i n  aqueous s o l u t i o n  o f  r a d i o a c t i v e  

c o n c e n t r a t i o n  o f  1 m C i / m l  at +2OC f o r  30 months. 

A p a r a l l e l  u n r a d i o a c t i v e  s o l u t i o n  o f  thymidine  was a l s o  i r r a d i a -  

t e d  i n  o r d e r  t o  o b t a i n  i: l a r g e r  amount o f  r a d i a t i o n  products .  I n  

t h i s  c a s z  Yinlr s‘ reagent(lO),diphenylmine r e a g e n t  f o r  s u g a r s ,  

hydroxamate t e s t  f o r  t h e  d e t e r m i n a t i o n  o f  formamide, and a s o l u t i o n  

o f  2,4-dinitrophenylhydrazinc were used  f o r  t h e i r  d e t e c t i o n  on 

t h i n - l a y e r  p l a t e s .  

R e s u l t s  and  d i s c u s s i o n  

The y i e l d s  o f  s i n g l e  r a d i a t i o n  p r o d u c t s  were determined,which 
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were formed on i r r a d i a t i o n  of oxygenated s o l u t i o n s  o f  2-14C-thymi- 

d h ~ e ~ ’ ~ C H ~ - t h y m i d i n e ,  and 6-3H-thymidine w i t h  g r a d u a l  doses  o f  

gamma-irradiat ion.  The r e s u l t s  a r e  e x p r e s s e d  i n  p e r c e n t a g e s  o f  t h e  

o r i g i n a l  r a d i o a c t i v i t y  o f  a o n - i r r a d i a t e d  s o l u t i o n s  o f  single p r e -  

p a r a t i o n s  o f  thymidine.  

The r a d i a t i o n  p r o d u c t s ,  i n  which d e g r a d a t i o n  o f  o r i g i n a l  r i n g  

s t r u c t u r e  cioes n o t  taKe p l a c e ,  i. e. hydroxyperoxides  m d  g l y c o l s  

o f  thymidine,  5-hydroxymethyl-deoxyuridine , f u r t h e r  thymine and 

i t s  r a d i a t i o r .  p r o d u c t s ,  g i v e  t h e  same y i e l d s  i n  a l l  ment ioned pre-  

p a r a t i o n s  of thymidine.  T h e i r  dependence on t h e  dose i s  r e p r e s e n -  

t e d  i n  Pig.1, w i t h  t h e  e x c e p t i o n  o f  hydroxyperoxides  which a r e  

unstable i n  aqueous s o i u t i o n  and  were n o t  e v a l u a t e d  q u a n t i t a t i v e l y .  

%,a s,15 2385 

19 

Fig.  1 Formation o f  r a d i a t i o n  p r o d u c t s  i n  oxygenated gamma-irra- 
3 d i a t e d  s o l u t i o n  o f  14C and 

x-axis: r a d i a t i o n  dose i n  1Ol8 eV/ml 

y-axis :  % o f  r a d i o a c t i v i t y  o f  o r i g i n a l  u n i r r a d i a t e d  sam- 

ple.IVumbers o f  t h e  c u r v e s  cor respond t o  t h e  p r o d u c t s  l i s -  

t e d  i n  Table  1. 

H l a b e l l e d  thymidine.  
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k o  1 3  e v i d e n t  from t h e  c o u r s e  o f  curve  marked 4,5,6,6 i n  Fig.1, 

t h e  format ion  o f  t o t a l l y  e x p r e s s e d  g l y c o l s  o f  thymidine  i n c r e a s e s  

first w i t h  t h e  r a d i a t i o n  dose. However having  r e a c h e d  i t s  maximum 

a t  a dose o f  9.4 . 10 e V / m l  a d r o p  i n  t h e i r  amount t a k e s  p lace-  

t h e  g l y c o l s  o f  thymidine arc: e v i d e n t l y  decomposed i n  t h e  c o u r s e  

o f  f u r t h e r  i r r a d i a t i o n .  A s imilar  course ,  though i n  a much lower 

y i e l d ,  i s  observed  f o r  t h e  format ion  o f  5-hydroxy-thymidine and 

5-formyl-deoxyuridine(curve 19 i n  Eig.1). Thymine s p l i t  o f f  by ra- 

d i a t i o n (  curve  2 i n  Fig.1)  undergoes i t s  own r a d i a t i o n  degrada t ion .  

I ts  conter i t  d e c r e a s e s  d u r i n g  i r r t i d i a t i o n ,  w h i l e  t h e  y i e l d s o f  t o t a l  

g l y c o l n (  curve  marked 7 and 9 i n  F ig .1)  and f u r t h e r  d e g r a d a t i o n  

p r o d u c t s  o f  thymine a l s o  g iven  i n  P'j.g.1 i n c r e a s e  p r o p o r t i o n a l l y .  

18 

T h i s  i s  pr imary N-forri?yl-Nlpyl.uvglureal curve 1 4  i n  Fig.1) whose 

i n i t i a l  increase g r a d u a l l y  s lows  down, c l e a r l y  i n  consequence o f  t h e  

cycl. isat i o n  o f  t h i s  m b s t a n c e  t o  5 -hydroxy-5-methyl-hgc'ant o i n  t h e  

amount of which i n c r e a s e s  w i t h  t h e  c a d i a t i o n  dose ( curve  1 2  i n  

Fig. 1). 

I n  a d d i t i o n  t o  t h e  mentioned r a d i a t i o n  p r o d u c t s  f x r t h e r  s u b s t a n -  

c e s  a r e  a lso formed on i r r a d i a t i o n  o f  thymidine.  These s u b s t a n c e s  

remain on t h e  s tar t  when s i ibmit ted t o  two-dimens imal  chromatograms 

i n  t h e  deve loping  s o l v e n t s  mentioned. The y i e l d  o f  t h e s e  p r o d u c t s  

expressed  as p e r  c e n t  o f  r a d i o a c t i v i t y  o f  t h e  o r i g i n a l  un i r -ad ia-  

t e d  s o l u t i o n  i s  p r a c t i c a l l y  i d e n t i c a l  i n  a11 p r e p a r a t i o n s  o f  la- 

b e l l e d  thymidine used  i n  t h e s e  exper iments ,  and i t  i n c r e a s e s  w i t h  

$he r a d i a t i o n  dose(  c u r v e  S i n  Fig.1) .  The i d e n t i f i c a t i o n  oS t h e s e  

r s d i a t i o n  p r o d u c t s  h a s  n o t  y e t  been c a r r i e d  o u t o  

Fig.2 shows t h e  dependence o f  t h e  r a d i a t i o n  d e g r a d a t i o n  o f  t h y -  

T l d i n e  ( c u r v e  1,P'ig.Z) and t h e  fozmatior. 3f r a d i a t i o n  p r o d u c t s  

formed on d e g r a d a t i o n  o f  t h e  p y r i m i d i n e  n u c l e u s  o n  t h e  dose. l a  ';Li? 

ir.-adi.atcd s o l u t i o n  o f  1.4CH3-thy!nidine r s d i o a c t i v e  pyruvamide j f: 

formed( curve  10 ,Fig .2) .  Frm t h e  g r a p h  i t  f o l l o w s  t h a t  t h e  y i e l d  

of t h i s  s u b s t a n c e  i n c r e a s e s  p r o p o r t i o n a l l y  w i t h  t h a  r~vlia.:lcln done 
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and i t  be longs  among t h e  main p r o d u c t s  of  r a d i o l y s i s  of  thymidine. 

The format ion  o f  a f u r t h e r  r a d i o a c t i v e  product  i n  t h i s  s o l u t i o n ,  

i. e. N-formyl-N-pyruvylurea d e o x y r i b o s i d e  o r  5-hydroxy-5 -me t h y l -  

hydanto in  d e o x y r i b o s i d e  t a k e s  p l a c e  i n  v e r y  l o w  y i e l d .  
3 When t h e  s o l u t i o n  o f  6-  H-thymidine i s  i r r a d i a t e d  N-deoxy-D-ri- 

bosyl-formamide i s  formed as t h e  main r a d i o a c t i v e  p r o d u c t (  curve  3,  

Fig.2). I ts  i n c r e a s e  s t o p s  a f t e r  a maximum i s  a t t a i n e d ,  and i t  de- 

c r e a s e s  i n  t h e  c o u r s e  o f  f u r t h e r  i r r a d i a t i o n ,  w h i l e  two o t h e r  tri- 

t i a t e d  r a d i a t i o n  p r o d u c t s  a r e  formed; t h e ?  yv..3actS i r e  t h e  BS y e t  

I L n i d m t i f i e d  f ragments  o f  t i i y n i d i n f (  c a r v e s  11 and 1 5 ,  Fig.21, 

70. 

60. 

50. 

40. 

30. 

20. 

10. 

Figo2 Dacr-?.is? 7f thymidin? 273 " q ~ n . t i  ir, of r n r i i ? t ? o n  p ~ a 5 1 1 c t s  

i p  oxygen?t ed gaqma-ir--.? i I t  r-d - ,dl  11 o '1. 

x-axis: r a l i a t i o n  <ose 2n 10'' eV/ml 

y-axis :  5 of r a d i o a c t i v i t y  o f  o r i < ? ' n s l  u n i r r a d i a t e d  S O ' L I -  

tLon. G-irve niunbering c o r r e s p n d  t o  t h e  p r o d u c t s  l i s t e d  

i n  Table 1.. 

N-F-rmylurea d w x y ~ i  bo.3 de a l s o  be longs  t o  the r a d i o 3 c t i v e  product:: 

which were de l lons t ra ted  f q  t h e  l r r a d < a t e d  s o l u t i o n  o f  t r i t i a t e d  
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t h j n i . h n e .  ? t z  ; r i e lu  :$ias v e r y  ! .ox( 3axirnum 0.'.5); tl?er::fi\ve 1.f ;iq,:' 

n o t  r e c o r d e d  g r a p h i c a l l y .  

The y l . e l 1 s  of  r n d i s t i o n  p-codiicts fo-med i n  axygenated  s d  u t i o n s  
3 of l 4 C -  and H-fb;r.nidine p r e p i r a t i . o n s  i r r a d i a t e d  w i t h  t h e  doses  

4.7,9.4 and 21.1O1'eV/ml a r e  g i v e n  !n t h r  T'ib!o 1.3. 

From t h e  y i e l d s  i n e d  a tots!. b? <IT' "r .? ia l ; ion decsmpo- 

s i t i o n  o f  thymidine t a k i n g  p l a c e  d u r i n g  i r r a d i a t i o n  ::.i.th a dose  

9.4 .lo eV/ml was c a r r i e d  out .  lb 

From t h e  t o t a l  l o s s  o f  thynidi .ne about  % C  5;) are accounted  for 

by t h e  p r o d u c t s  formed on c leavage  o f  t h e  R-glycos id ic  bond which 

cor resynnds  t o  t h e  e a r l i e r  papers(l1). The r a d i a t i o n  c,!eav%p of 

N-glycos id ic  bond t a k e s  p l a c e  n o t  o n l y  i n  t h e  n o l e c t i l e s  of  t'zyrni- 

d i n e  b u t  a l s o  i n  t h e  molecule  of  i t s  i r r a d i s t i o n  p r o d u c t s  e q e c i a l -  

ly thymidine g l y c o l s  as i t  1*ol!.ows f r o m  t h e  c o u r s e  oT correspondiri:: 

c u r v e s  i n  Fig.1. The remain ing  p a r t  is  due t o  t h e  p r o d u c t s  o f  hy- 

d r o x y l a t i o n  arid oxydat ion  rep.ctionc,, i .e. hylroxg- ,  hydroperoxg- 

and f o r m y l - d e r i v a t i v e s  o f  thymidine,  and p r o d u c t s  formed by t o t z l .  

d e g r a d a t i o n  o f  t h e  pyr imidine  cyc le .  The mutual  r a t i o  o f  t h e s e  

p r o d u c t s  depends on t h e  i r r a d i a t i o n  dose,  on t h e  t ime o f  s t o r a & e  

i n  s o l u t i o n  a f t e r  i . r . rad ia t ion  an? on t h e  oxygen c o n t e n t  i n  i r r a d i -  

a t e d  s o l u t i o n s .  

The r e s u l t s  were compared with thosh, o b T , n h f d  on i r ? n d l ? t l n ~ i  .-f 

oxygenated s o l u t i o n s  of 14CLi3-thymidine and 6-3H-thgnidine aiifi t h a  

sani? Z o i u t i o n s  previouo1.y s a t u r a t e d  wi - th  nit:., drom tile com- 

p a r i s o n  o f  t h e  y i e l d s  o f  p y r u v m i d e  and N-deoxy-D-ribosyl forma- 

mide(Tab1e 2 )  a d i r e c t  dependerice o f  t h e i r  f o r m a t i o n  on t h e  con- 

t e n t  o f  oxygen i n  t h e  i r r a d i a t e d  s o l u t i o n s  was shown o b v i o u s l y  v i a  

t h e  format ion  o f  hydroxyperoxides  o f  thymidine. 

The e f f e c t  of  oxygen on t h e  r a d i a t i o n  decomposi t ion o f  t h e  py- 

r i m i d i n e  n u r l c u s  i s  a l s o  demonst ra ted  by t h e  y i e l d  o f  v o l a t i l e  

r a d i a t i o r i  products formed i n  i r r a d i a t e d  s o l u t i o n s  o f  l a b e l l e d  

thymidine p r e p a r a t i o n s ;  i n  oxygenated s o l u t i o n s  t h e i r  p ropor t io-2  
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1 rrw? i a t  i o n  dc s p i 
.lo1' eV/mlJ 1 O2 

4 . 7 9.4 21.15 25.85 

11.5 20.5 31.5 38.3 

N -deoxy-D-ribo- 
syl formaslide 

7 

( i n  % o f  r a t i o a c t i v i t y  o f  u n i r r a d i a t e d  r o l u t i o n  of 6-'I<-thymi- I 3ine) .  

o2 12.7 22.5 26.3 25,6 

3 , 6  5.8 5.4 4.2 N2 

i s  h i g h e r  t h a n  i n  oxygen-free s o l u t i o n s .  The format ion  o f  v o l a t i l e  

r a d i o a c t i v e  p r o d u c t s  i s  m a n i f e s t  e s p e c i a l l y  d u r i n g  t h e  i r r a d i e t i o n  

o f  aqueous s o l u t i o n s  o f  2-14C-thynidine. A f t e r  i r r a d i a t i o n  w i t h  

a dose 9.4 eV/ml t h e  y i e l d  of v o l a t i l e  r a d i o a c t i v e  p r o d u c t s  

i s  up t o  25%; t h e  main p a r t  i s  due t o  l4CO2-The format ion  o f  ra- 

d i o a c t i v e  v o l a t i l e  p r o d u c t s  w a 3  also observed  d u r i n g  t h e  i r r a d i a t i o n  

o f  6-3H-thymidine. A t  t h e  dose 9.4 .10 eV/mi t h e i r  y i e l d  c o r r e s -  

ponds about  t o  5%. A d e t a i l e d  a n a l y s i s  o f  v o l a t i l e  r a d i a t i o n  p ro -  

d u c t s  wart n o t  c a r r i e d  o u t ,  For t h e  sake  o f  o r i e n t a t i o n  i t  w a s  

18 

found t h a t  d u r i n g  t h e  i r r a d i a t i o n  o f  6-'H-thymidine t r i t i a t e d  f o r -  

maldehyde , formic  a c i d  and t r i t i a t p d  wafer wc?- t h e  c o m p n e n t s  con- 

cerned.  

The s p l i t t i n g  o f f  o f  tritium atom t a k e s  p l a c e  i n  c o n ~ e q u e n c e  

o f  t h e  t r a n s f o r m a t i o n  o f  thymidine i n  i r r a d i a t e d  s o l u t i o n s , f o r  

example d u r i n g  t h e  format ion  o f  5-hydroxy-nethyl-hydantoin deoxy- 

r i b o s i d e  which i s  formed by r e c y c l i s a t i o n  o f  N-formyl-N-pyruvyl- 

u r e a  deoxyr ibos ide  and i t s  cor responding  d e r i v a t i v e s  formed secon-  

d a r i l y  from t h e  l i b a r a t e d  thymin, o r  d u r i n g  o t h e r  s t i l l  unexpla ined  

processes .  

To t h e  i n c r e a s e  i n  t h e  amount o f  t r i t i a t e d  w a t e r  i n  i r r a d i a t e d  
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3 s o l u t i o n  o f  6- H-thymidine may a l s o  c o n t r i b u t e  t h e  exchange o f  

tritium i n  s o a e  secoqdary  r a d i a t i o r ?  p r o d u c t s  f o r  example such as 

formic  ac id .  

We t r i e d  t o  c o n f r o n t  t h e  r e s u l t s  which were o b t a i n e d  d u r i n g  ex- 

t e r n a l  gunma- i r rad ia ted  aqueous s o l u t i o n s  o f  thymidine w i t h  t h o s e  

of b e t a - a u t o r a d i o l y s i s .  We used an averaged  s a n p l e  o f  a m i x t u r e  

o f  6-  H-thymidine s t o r e d  f o r  3 0  months a t  2OC( r a d i o a c t i v e  concen- 

t r a t i o n  lmCi/ml). The c o n t e n t  of  thymidine d e c r e a s e d  i n  consequen- 

c e  o f  a u t o r a d i o l y s i s  t o  39% d u r i n g  t h i s  t ime,  

3 

Simul taneous ly ,  ~ n e t h y l - ~ H - t h p i d i n e  was a l s o  checked. T h i s  pre-  

p a r a t i o n  had been c h r o m a t o g r a p i j c a l l y  p u r i f i e d  and s t o r e d  9 months 

3t Z0C( r a d i o a c t i v e  c o n c e n t r a t i o q  2 m C i h l ) .  I ts  content; decreased  

t o  61% dl i r ing t h i s  time. 

Fig. 3 A u t o ~ ’ i d  io;r’n”n 3 “ic two-dimensiona.1 t h i n - l a y c r  chroma- 

3 C  nnnths. t o y a m  o f  6 - 3 H - t h p i d i n e  pzepacnt ion  s t o r e d  

1.system: c h l s r o f o r x - f o r x i c  a c i d -  w a t c r ( 4 : Z : l )  

1.I .system:ethyl  a c e t s f c - i s o p r o n y l  s l .~o~ol . -water ( ’75:1S:Y)  

Numbs?$  o f  t h e  s p o t s  cor respond t o  t h e  p-??ducts 1i;Sed 

i n  Table  1 w i t h  exc?pf i?n  3f p r o d u c t  2J., whose q u a l i f a t i -  

ve  and q u a n t i t a t i v e  < , v a l u a t i o n  has  n o t  been y e t  c a r r i c d  

3 U t  D 
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Fig.4 Autoradiogram of two-djn?~siond thin-layer chromatogram 

of meth~l-~H-thymidine preparation stozed for 9 months 

after purification. The same chromatographic sysSems 

and spot numbering as in Fig.3 were usedo Product 13 

remained qualitativelly and quantitatively unidentified. 

A s  follows from the Figures 3 ar,d 4 the products of autoradioly- 

ais, which were demonstrated in the solution of' 5r;tLated thymidinc 

atored for a long period are qualitatively the same as the products 

found in gamma-irradiated solutions of these preparations. 

The radiation products formed were separated chromatographically, 

estimated, and tabulated.( Table 1,b). 

The differences consist in quantitative relations of single ra- 

diation products which result from different concentration and 

quality of solutions used f o r  the study of gamma- and beta-radio- 

lysis of thymidine. 

In the preparations of 6-3H-thymidine stored for a long time the 

relatively low content of N-deoxy-D-ribosyl formamide and the in- 

creased yield of volatile radiation products is striking. These 

results may be explained by the fact that on prolonged storage of 

thymidine in aqueous solution hydrolysis of some radiation products 
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t a k e s  p l a c e ,  e s p e c i a l l y  o f  N-deoxy-D-ribosyl formamide, which con- 

firms t h e  p r e s e n c e  o f  f r e e  fortnamide i n  s t o r e d  s o l u t i o n e .  Formami- 

de,  which a l s o  undergoes h y d r o l y s i s ,  a f f o r d s  formaldehyde and f o r -  

m i c  a c i d  whose tritium atom may be exchanged i n  t h e  c o u r s e  o f  s t o -  

r a g e  by t h e  pro t ium o f  water .  

In consequence o f  t h e s e  p r o c e s s e s  a g r a d u a l  i n c r e a s e  i n  t h e  con- 

t e n t  o f  v o l a t i l e  r a d i a t i o n  p r o d u c t s ,  i n c l u d i n g  t r i t i a t e d  w a t e r ,  

t a k e s  p l a c e  d u r i n g  t h e  s t o r a g e  o f  t r i t i a t e d  p r e p a r a t i o n s  o f  thy-  

n i  dine. 

During t h e  c o n t r o l  o f  t h e i r  p u r i t y  t h e  p o s s i b l e  presence  o f  vo- 

l a t i l e  r a d i o a c t i v e  p r o d u c t s  o f  b e t a  r a d i o l y s i s  s h o u l d  be a l s o  

-hecked, 
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