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SUMMARY 

The a u t o r a d i o t y t i c  d e c o m p o s i t i o n  of t hymid ine -6 -T  
and ur id ine -5 -T  i n  aqueous  s o l u t i o n  a t  + 2  and - 1 S o C ,  

i n  e t h a n o l ,  and on chromatograph ic  p a p e r  was s t u d i e d  
i n  dependence  on t i m e  of s t o r a g e  and s p e c i f i c  a c t i v i t y .  

From p r a c t i c a l  experience obtained i n  var ious  labora-  
1-11 it t o r i e s  dur ing  the  s to rage  of t r i t i a t e d  p repa ra t ions  

was deduced t h a t  the  r a t e  o f  a u t o r a d i o l y s i s  o f  t hese  substan- 

ces  is dependent on var ious  f a c t o r s ,  such as s p e c i f i c  a c t i v i -  

t y  of t h e  l a b e l l e d  compounds, time o f  s to rage ,  form i n  which 

they a r e  s to red ,  temperature o f  s to rage ,  p u r i t y  o f  t h e  pre- 

pa ra t ions ,  and the presence of subs tances  func t ioning  a s  

scavengers of r a d i c a l s  formed i n  l a b e l l e d  prepara t ions  i n  

t h e  course  of  t h e i r  s t o r a g e  (for example e thanol ) .  

I n  this p a r t  we followed the r a d i a t i o n  decomposition o f  

t r i t i a t e d  thymidine and u r i d i n e  i n  dependence o n  time of 

their  s to rage  under var ious  condi t ions ,  and o f  var ious  spe- 

c i f i c  a c t i v i t i e s .  
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The substances inves t iga t ed  were obtained f r o m  the Prague 

I n s t i t u t e  for Production, Use and Appl ica t ion  o f  Radioisoto- 

pes i n  the  form of aqueous s o l u t i o n s  of r a d i o l y t i c  concentra- 

t i o n  1 0  m C i / m l .  The s p e c i f i c  a c t i v i t y  of  thymidine-6-T was 

25 Ci / lno !e ,  that  o f  u r i d i n c  10 C i / m o l e .  The declared  rad io-  

chemical p u r i t y  of the  samples was 98 %; a t  the  time of 

the  beginning of the  experiment it was 93 I i n  t h e  first 

case  and 87 I i n  the second. 

The obtained samples of t h e  t r i t i a t e d  prepara t ions  were 

mixed with ca l cu la t ed  amounts of  i n a c t i v e  nucleosides i n  

order t o  decrease  t h e i r  s p e c i f i c  a c t i v i t y  gradual ly ;  from 

25 C i h o l f  t o  20,10,5 and 1 C i / m o l e  i n  the  case  of thymidine, 

and from 10  Ci /mno le  t o  5,1,  and 0.5 C i / m m o l e  i n  t h e  case  of 

u r id ine .  In  some ins t ances  a substance of similar type was 

added to  u r id ine  as an i n a c t i v e  c a r r i e r ,  as for example thy- 

p id ine ,  or e l s e  a substance of a completely d i f f e r e n t  na ture  

was added, as for example g lucose  and glycine.  

The s o l u t i o n s  of thymidine and u r id ine  of var ious  speci-  

f i c  a c t i v i t i e s  were p i p e t t e d  i n t o  glass ampules (0.2 m l  of 

the  so lu t ion )  which were sea l ed  a t  ordinary pressure  and s t e r i -  

l i z e d  i n  an oven a t  12OoC for 20 minutes. 

1) A p a r t  of the  samples was s t o r e d  a t  +2OC. 

2)  Another p a r t  was f rozen  by immersion i n  a mixture of etha- 

no l  an3 dry i c e  and then s t o r e d  a t  -15OC. 

3 )  Some samples aere  d i l u t e d  w i t h  an appropr ia te  moun t  of 

ethanol t o  a 3% concent ra t ion  and then s to red  a t  +2OC. 
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4 )  T h e  samples w e r e  applied under strictly consta nt conditions 

Onto chromatographic paper, Whatman N " 3 ,  i.e. kee ping constant 

t h e  volume of the sample, t h e  method of application and the con- 

ditions of drying. T h e  paper strips w i t h  t h e  applied samples 

were stored in evacuated sealed ampullas at + 2  and - 1 5 ' C .  

The r ad ioac t ive  concent ra t ion  of a l l  these  samples 

remained the original one, i.e. 10 mCi/mL. I n  One in s t ance  Only 

a s o l u t i o n  of t r i t i a t e d  thynid ine  of 25 C i / m o l e  s p e c i f i c  

a c t i v i t y  was used, which was d i l u t e d  t o  r ad ioac t ive  concen- 

t r a t i o n  of 0.5 mCi/ml .  

I n  i n t e r v a l s  of 3,6,9,12,16, and i n  some ins t ances  19  

months samples were taken from the  ampullas s t o r e d  i n  var ious  

ways, and the  l a t t e r  were sea led  again and s t o r e d  under t h e  

same conditions.  

The total radioactivity of t he  s t o r e d  samples was measured 

on Mark s c i n t i l l a t i o n  counter. The conten t  of v o l a t i l e  de- 

composition products w a s  determined from the  d i f f e rence  of 

t h e  a c t i v i t i e s  of t h e  o r i g i n a l  sample and t h e  sample evapo- 

r a t ed  af ter  the  add i t ion  of 2 O p . g  of an i n a c t i v e  c a r r i e r .  

The decrease  of t he  o r i g i n a l  ma te r i a l  and the  formation of 

degradation products was followed by paper and th in- layer  

chromatography and autoradiography i n  s y s t e m :  n-butanol- 

- ace t i c  acid-water (4:1:5), n-butanol-water (86:14), and 

e t h y l  a c e t a t e  s a t u r a t e d  wi th  phosphate bu f fe r  of  pH 6. 

The chromatograms c u t  t o  1x3 cm s t r i p s  were measured 

also on the s c i n t i l l a t i o n  counter. ( I n  t h i s  case b e s t  results 

were obtained when t h e  saaplee  were placed obl ique ly  i n t o  

the measuring v i a l s  a t  the  bottom of  which a few drops o f  

t h e  s c i n t i l l a t i o n  s o l u t i o n  were added, s u f f i c i e n t  for t h e  

moistening of t h e  paper s t r i p s . )  
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RESULTS A N D  DISCUSSION 

During t he  au to red io lys i e  of thymidine and ur id ine ,  

degradation of t h e  o r i g i n a l  oubetence t akes  p lace ,  accompa- 

n ied  by t h e  formation o f  v o l a t i l e  and non-volati le decompo- 

s i t i o n  producta. The main component of t h e  v o l a t i l e  decompo- 

s i t i o n  product8 w a s  t r i t i a ted  water . The aeehanism of 

formation of t r i t i a t ed  water and of other a u t o r a d i o l y t i c a l  pro- 

d u c t s j u s t  e tudied  i n  our  &ora tory  w i l l  be discussed i n  tne text 

p a r t  of our paper i n  more d e t a i l  . I n  t h i s  part  the  loeees  

o f  thymidine end u r id ine  o f  var ious  s p e c i f i c  a c t i v i t i e s  s tored 

i n  var ious  condi t ions  were inves t iga ted .  Results obteined 

were expresaed i n  percent 

ted i n  graphs. The time of s to rage  a l s o  expresses the  energy 

dose absorbed by t h e  sample of a cons tan t  r ad ioac t ive  concen- 

t r a t i o n  10 mCi/ml .  

of starting r a d i o a c t i v i t y  and p lo t -  

Figures 1 and 2 r ep resen t  t h e  degradation of thymidine 

and u r i d i n e  of var ious  s p e c i f i c  a c t i v i t i e s  i n  dependence on 

t h e  time OP s to rage  a t  +2OC. From these  graphs i t  follows 

t h a t  t h e  r a d i a t i o n  decomposition o f  t r i t ia ted nucleosides is 

dependent on the s p e c i f i c  a c t i v i t y  of the samples inves t iga-  

ted. This  dependence is represented  i n  Fig.) where t h e  r e s u l t s  

o f  the  ana lys i s  of thymidine and u r id ine  a f te r  one y e a r  of 

s to rage  are given. The decrease  of the inves t iga t ed  substan- 

c e s  is expressed by t h e  r e l a t i o n  S'/So where S is  t h e  observed 

and S' t h e  s t a r t i n g  concent ra t ion  of t h e i r  so lu t ions ;  t h e  
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s p e c i f i c  a c t i v i t y  may be expressed as the molarity of the  

s tored  solutions. Aa follows from t h e  graphical  repreaenta- 

t i o n  t h e  apecif ic  a c t i v i t y  of samples s tored  i n  3% ethanol 

K 
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Fig.1: Autoradiolyeis of thymidine-6-T s tored  a t  +2OC i n  

aqueous solut ions with s p e c i f i c  a c t i v i t i e s  1,5,10,20 

and 25 Ci/mmol ( f u l l  l i n e s  1-51, i n  ethanol ($1 and 

en chromatographic paper (PI i n  dependence on t h e  

64 storage rasp. on the energy doses absorbed by @am- 

p l e ~  of  radioact ive concentration 10 mci/a. The sha- 

ded l i n e 8  1'- 5'characteriee the formation of tr i t ia-  

ted water i n  theee samples. The dotted l i n e  corresponds 

t o  the  thymidine with d i l u t e  radioact ive concentration 

0.5 Ipc i /ml .  
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and on chromatographic paper does not e f f ec t  t h e i r  radiat ion 

decomposition. In  contrast  t o  t h i s ,  i n  the  case of aqueous 

thymidine and uaidine s d u t i o n e  s tored a t  +2@C,the decreme 

of their  spec i f ic  ac t iv i ty ,  i.e. the increase of the molarity 

of the  solut ions inveetigated, leads t o  the decreaae of' t h e i r  

red i a t  ion U ecolnpos it ion. 

'3 90 

60 

L , , I  

3 6 9 12 15 ' 18 
1 2 3 4 5 6 7 8 9  

months 
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Fig.2: Autoradiolyeis of uridine-5-T stored a t  +2OC i n  aque- 

ous solut ions with spec i f ic  a c t i v i t i e s  1,5, and 10 

C i / m m e l  ( f u l l  l i nee  1-31, i n  ethanol (E) and on the  

paper (PI i n  dependence on the  time ef storage. The 

shaded l inee  1'- 3'correspond t o  the formation o f  

t r i t i a t e d  water i n  these eamplee. 
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The decomposition of thymidine and ur id ine  s tored  a t  -15'C 

has a s imi la r  course w i t h  the  difference that the  sample@ under- 

go a st ronger  decomposition i n  frozen s t a t e  than aamples s tored  

at +2% whi$h is i n  agreement with r e s u l t s  obtained and ex- 

plained by Apelgot 12-15. 

I 

0.4 0.5 I 2 10 20 
25 20 10 5 I 0.5 

M. I O - ~  
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Fig.3: Autoradiolysis of thymidine (full l i n e s )  and ur idine 

(shaded l i n e s )  a f t e r  1-year s torage i n  dependenat 

on t h e i r  spec i f ic  a c t i v i t i e s  (25-1 Ci /mol )  expressed 

as the  molar concentrations o f  these solut ions (0.0004- 

0.05 M) stored i n  ethanol (1,4), on the paper (2,5) 

and i n  water a t  +2'C (3,6), 
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I n  order  t o  increase the molarity of the so lu t ions  of 

t r i t i a t e d  preparations o the r  non-active compounds can a l s o  

be used which then can be eliminated from the s to red  solut ions,  

for example by chromatography. Fig.4 shows r e s u l t s  obtained 

a f t e r  9 months s t o r i n g  o f  uridine. The first column i nd ica t e s  

the decomposition o f  u r id ine  of s p e c i f i c  a c t i v i t y  5.1 and 

0.5 C i / m o l e .  Columns 2,3, and 4 represent  t he  decomfiosition 

o f  ur idine i n  solut ions t o  which a corresponding amount of 

i nac t ive  thymidine, glucose and glycine was added. The ad- 

% 

‘O01 

mur id ine -  5-3H 
m 3 H  decomposition products 

03Hvolo t i le  products 

1 2 3 4  5 6 7  

Fig.4: Selfdecomposition of u r id ine  a f t e r  9 months s torage 

i n  aqueous so lu t ions  with decreasing s p e c i f i c  a c t i v i t y  

5,l and 0.5 Ci/mmol by addi t ion of i nac t ive  ur idine 

(column 11, thymidine (21, glucose (3 )  and glycine ( 4 ) ;  

i n  ethanol ( 5 ) ;  i n  frozen s t a t e  ( 6 )  and on the 

chromatographic paper (7j0 
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d i t i o n  o f  inac t ive  thymidine and glucese had the  s i m i l a r  

e f f e c t  on the C Q W B ~  of r a d i o l y t i c  degradation as the  C O P  

responding decrease of i ts  s p e c i f i c  ac t iv i ty .  The addi t ion 

of glycine did not lead to  a s i m i l a r  effect .  Evidently, gly- 

c ine is more s t a b l e  fraw the rad ia t ion  point  of view, which 

r e s u l t s  i n  the rad ia t ion  changes taking place preferably i n  

t h e  uridine molecules. 

From the above r e s u l t s  the following conelueiona can 

be drawn: 

The degree of t h e  self-decomposition of t h e  substances 

invest igated depends on the conditions o f  t h e i r  storage. The 

lowest decompoaiticn takes place i n  ethanolic solut ions,  where 

t h e  content of thymidine and ur idine of highest  s p e c i f i c  ac t i -  

v i t i e s  during a one-year s torage is diminished by 13-14 %. 

A st ronger  decomposition takes place i n  samples s tored on 

chromatographic paper ;  

dropped by 40% and t h a t  of uridine by approximately 30%. This 

unexpectedly s t rong decomposition of  t r i t i a t e d  nucleosides 

s tored on paper may be ten ta t ive ly  explained by the non-homoge- 

neous d is t r ibu t ion  of the sample a f t e r  t h e i r  appl icat ion on 

paper and immediate s torage 16. During the appl icat ion and 

mainly during t h e  dying  of the  samples the t r i t i a t e d  substance 

i s  concentrated i n  narrow zones on the paper surface. The de- 

velopment of the papers with t h e  applied samples i n  some of 

the chromatographic aolvent systems and t h e i r  f r e e  drying i n  

a i r  may increase the homogeneity of the sample and thua a l so  

t h e i r  s t a b i l i t y .  

a f t e r  one year  the thymidine content 

A deep decomposition takes place i n  t r i t i a t e d  nucleosides 
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s to red  i n  aqueous s o l u t i o n s  a t  +2OC and even deeper at  -15OC. 

I n  t h i s  ca se  the decrease  of t h e  s p e c i f i c  a c t i v i t y  of thymidi- 

ne and u r id ine ,  o r  t he  inc rease  of t he  molar concent ra t ion  

of t hese  so lu t ion8  by the add i t ion  of o the r  i nac t ive  substan- 

ces  l eads  t o  'a s u b s t a n t i a l  decrease o f  t h e  pscentage of  t h e  

decomposition of t r i t i a t e d  prepara t ions ,  and a l so  t e  t h e  incre- 

ase of t h e i r  s t a b i l i t y .  I n  the case of one year's storage at + Z 0 C  of 

an aqueous thymidine s o l u t i o n  of s p e c i f i c  a c t i v i t y  25 C i / m o l e ,  

its content  drops to  14%; t h e  content o f  thymidine 

of s p e c i f i c  a c t i v i t y  1 C i / m o l e ,  s t o r e d  under the  same condi- 
t i ons ,  dropped - a f t e r  t he  same period - t o  60 % of its 

o r i g i n a l  concentration. 

- 

However, i t  should be taken i n t o  account t h a t  the in- 

a c t i v e  c a r r i e r  added t o  r ad ioac t ive  s o l u t i o n s  w i l l  a l s o  

undergo r a d i a t i o n  degradation. If expressing the  decrease 

of the  s tud ied  samples o f  thymidine and u r id ine  as r a d i a t i o n  

decrease G(-M), i.e. as the  number of molecules changing 

pe r  each 100 eV of  the absorbed i r r a d i a t i o n  dose, we come* 

r e s u l t s  shown i n  Fig.5. This f i g u r e  expresses the  va lues  G(-M) 

o f  thymidine i n  dependence on the  s p e c i f i c  a c t i v i t y  of t h e  

samples, t h e  time and t h e  mode of t h e i r  storage.  It follows 

that  i n  the  case  of nuc leos ide  samples s to red  a t  lower spe- 

c i f i c  a c t i v i t y  t h e  abso lu te  number o f  changed molecules pe r  

100 eV of t h e  absorbed dose is higher. When s p e c i f i c  a c t i v i t y  

is decreased, i.e. the  molar concent ra t ion  of the  s t o r e d  

samples is  increaeed, the t o t a l  amount of degraded molecules 

of the  inac t ive  compound added a l s o  increases ,  leading t o  

an inc rease  i n  the concent ra t ion  of i n a c t i v e  degradation pro- 

duc ts  i n  the s t o r e d  prepara t ions .  
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The lowest degradation of  t r i t i a t e d  nucleosides was 

observed i n  our s tudy  i n  t h e  case  of a thymidine sample 

whose  radioactive concentration was diminished froin t h e  

o r i g i n a l  10 m C i / m l  t o  0.5 m C i / m l ,  while t he  o r i g i n a l  speci-  

f i c  a c t i v i t y  25 Ci/mmole was preserved. It was found t h a t  gra- 

dua l  d i l u t i o n  of  aqueous so lu t ion8  o f  t r i t i a t e d  prepara t ions  

can suppress  t h e  r a d i o l y s i s  of  t hese  substances and t h a t  t h e i r  

h igher  s t a b i l i t y  can be a t t a i n e d  under simultaneous preserva- 

t i o n  of high s p e c i f i c  a c t i v i t y ,  very d e s i r a b l e  i n  t h e  case  

of t hese  preparations.  A uore de t a i l eGs tu& of the  _effect 

21  7 
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3 6 9 12 15 1 2 3 4 5 6 7 8  
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tv.  10'B 

Fig.5: G(-M( values of thymidine of  s p e c i f i c  a c t i v i t i e s  

1,5,10,20 and 25 Ci/mmol s to red  i n  aqueous so lu t ions  

( f u l l  l i n e s  1-31 end i n  e thano l i c  eo lu t ions  (shaded 

l i n e s  E 1 - 6 5)  a t  +Z0C i n  dependence on t h e  t i m e  

of storage.  
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of the  r ad ioac t ive  concent ra t ion  o f  t r i t i a t e d  nucleoaides 

on the  s t a b i l i t y  of t hese  substances is t h e  ob jec t  of our  

f u r t h e r  inves t iga t ions .  
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