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USE OF HPLC FOR INCREASING THE MOIaAR SPECIFIC ACTIVITIES OF 

TRITIUM-LABRLLED NUCLEOSIDBS 
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SUMMARY 
The p o s s i b i l i t y  of c h r o m a t o g r a p h i c  s e p a r a t i o n  of d i f f e r e n t  

i s o t o p i c  fo rms  of t r i t i a t e d  n u c l e o s i d e s  h a s  been demons t , r a t ed .  
Using a r e v e r s e d - p h a s e  column i n  3-5% s o l u t . i o n s  of e t ,hano l  i n  
water t h e  label  l e d  n u c l e o s i d e s  e l u t e d  ahead  o f  c o r r e s p o n d i  ng 
u n l a b e l l e d  analags, Such i s o t o p e  effects a l l o w  s imul t , aneous  f i n e  
p u r i f i c a t i o n  of nuc l . eos ides  and i ts  f r a c t , i o n a t . i o n  a c c o r d i n g  t o  
molar  specif i c  a c t i v i t y  v a l u e .  

Key words: t r i t i u m - l a b e l l e d  n u c l e o s i d e s  c h r o m a t o g r a p h i c  

s e p a r a t i o n ,  i s o t o p e  effects. 

There  are many a r t ic les  i n  the ' l i t ,erati ire which show a 

p o s s i b i l i t y  of c o m p l e t e  or p a r t i a l  s e p a r a t , i o n  o f  i s n t o p i c a l l y  

label led m o l e c u l e s  from c o r r e s p o n d i n g  n o n - l a b e l l e d  a n a l o g s  on 

chromatmgraphic  columns f see, f o r  e:xampl.e [ 1-31). It. seems 

a p p r o p r i a t e  t.o use t h e  isot.ope e f f e c t s  for o b t a i n i n g  p r e p a r a t . i o n s  

w i t h  h i g h  molar specific a c t i . v i t i e s  on t h e  stage of f i n a l  

c h r o m a t o g r a p h i c  p u r i f i c a t i o n .  

The abject. of t h e  p r e s e n t ,  work w a s  an i n v e s t i g a t i o n  of u s i n g  

HPLC f o r  f r a c t , i o n a t i o n  of t r i t i u m - l a b e l  l e d  nucleos.ides a c c o r d i n g  

t o  i ts molar  specif ic  a c t i v i t y  v a l u e s .  
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EXPERIMENTAL 

Chrcrmat,o$rnphic s e p a r a t i o n s  were c n v r i n d  out,  on a column 

(250x4, 0 m m )  wj.t,h L i c h r o s o r b  RP18 ( 5  r m )  and a p p r o p r i a t , e  gua rd  

column. E f f i c i e n c y  of t h e  column was n e a r  14, O C I O  t .heora t ica1 .  

p l a t e s ,  A LXE 1 i q u i d  chromatograph  was used  for an  e l u a n t .  s u p p l y  

and UV-det,ect,ion ( 2 5 4  n m ) .  E l u e n t s :  0.05M b u f f e r  s o I u t , i o n  o f  

tr iet .hylammonium b i c a r h o n a t . e  (pH=6.0> w i t h  2% o f  a c e t o n i . t r i l e  or  

3-5% s o l u t i o n s  o f  ethanol i n  water ~ T r i t i u m - l a b e l l e d  r i h o -  and 

d e o x y r i b o n u c l . e o s i d e s ,  adenos i .ne  ( A d o )  I u r i d i n e  ( I l r d )  , g u a n o s i n e  

( G u c J ) ,  t h y m i d i n e  (Thd)  and i n o s i n e  ( I n o )  were p r e p a r e d  j.n o u r  

l a b o r a t o r y  b y  f o l l o w i n g  methodii: s o l i d - p h a s e  ca ta l .y t ic  exchange  

w i t h  g a s e u u s  t . r i t , ium [4,5] (cnmpoiinds 1-3. 6 ,  7 i n  Tab1.e 1); 

o a t . a l y t , i c  d e h a l o g e n a t i o n  o f  Rr-precursor (compound 4 i n  Table 1) ; 

enzymat i c  [ S ]  ( c m p o u n d s  5 and 8 i n  Table 1 ) ;  l i q u i d - p h a s e  

c a t a l y t i c  r e d u c t i o n  o f  c a r r e s p ~ n d i n g  S -cyano-de r iva t . i ves  r 7 1  

(compounds 9 and 10 i n  Table 1 ) .  The l a b e l s  l o c a t i o n s  ware 

d e t e r m i n e d  by 3H-NMR s p e c t r o s c o p y  ( B r u k e r  AC250, 2 6 6 .  8 MHz) . 

I n  t h e  t.ext. below t h e  p o s i t i o n s  o f  molectrles are  i n d i c a t e d  i n  

which n o t  less t h a n  10% o f  hydrogen  a toms are subst. i t .ut .ed hy 

t r i t i u m .  

f 

I n i t i a l  s e p a r a t i o n  o f  t.he r e a c t i o n  mix t ,u re s  w e r e  per formed by a 

l o w  p r e s s u r e  column ch romatography  on nowex 1x8. 

R a d i o a c t i v i t y  of f r a c t i o n s ,  o b t a i n e d  a f t e r  c h r o m a t o g r a p h i c  

s e p a r a t i o n s  was measured  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  u s i n g  

t h e  i n t e r n a l  s t a n d a r d  method. Chemical homogenei t,y and  i d e n t , i t y  t o  

u n l a b e l  l e d  srihst 'ance were t e s t e d  by t h e  methods of OV-spectrometry 

and t h i n - l a y e r  r a d i o c h r o m a t o g r a p h y .  The r e l a t i v e  error o f  specific 

a c t i v i t y  measurement was less t h a n  6% i n  a l l  cases. 

RESIJLTS AND DISCIJSSION 

On t h e  c h r o m a t o g r a p h i c  C I I I T ~ S  o f  t r i t i u m - l a b e l l e d  n u c l e o s i d e s  

w e  d i d  n o t  o b s e r v e  a n y  obvious i n d i c a t . i o n s  of t h e  s e p a r a t i o n  of 
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d i f f e r e n t .  i sotopic  fo rms .  N e v e r t h e l e s s .  f o l l o w i n g  a n a l y s i s  of 

f r a c t i c s n s ,  c o l l e c t e d  d u r i n g  e l u t i o n  of t h e  nuc le r s s ide  peak  shows 

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

s p e c i f i c  a c t i v i t y  t a k e s  p l a c e .  Ou tgo ing  peak of nr :c lens ide  was 

d i v i d e d  onto two f r a c t i o n s  - from t h e  b e g i n n i n g  t o  t,he maximum and 

from t h e  maximum t o  t h e  end o f  t h e  peak and t h e  r e l a t . i v e  molar 

specific a c t i v i t i e s  of t h e  n u c l e o s i d e  i n  t h e  t w o  f r ac t , i c rns  was 

used  a s  c h a r a c t e r i s t i c  of enr ichment , .  The r e s u l t s  of e x p e r i m e n t s  

are  shown i n  Table 1. In a l l  cases w e  o b s e r v e d  an  e n r i c h m e n t  o f  

t h e  head  f r a c t i o n s  o f  peak  by t h e  compound w i t h  h i g h e r  molar 

s p e c i f i c  a c t i v i t y .  I n  t h e  column "Out,put." of Table 1 a par t  0.f. t.he 

t o t a l  peak  a c t i v i t y  is shown which f a l l s  w i t h i n  g i v e n  f r a c t i o n .  

I n  m o s t  cases f o r  h i g h  pe r fo rmance  s e p a r a t i o n  the p r o d u c t s  were 

t a k e n  which had  been  o b t a i n e d  a f t e r  t r i t i u m  l a b e l l i n g  and i n i t i a l  

p u r i f i c a t i o n  by  a method of i i sua l  cnl limn ch romatography .  I n  s u c h  

m o d i f i c a t - i o n  a s i m u l t a n e o u s  f i n e  p u r i f i c a t i o n  of t h e  product .  and 

i t s  f r a c t i o n a t i o n  a c c o r d i n g  t.o mola r  s p e c i f i c  a c t i v i t i e s  a r e  

poss ib le .  The s e p a r a t e d  f r a c t i o n s  had  a r a d i o c h e m i c a l  p u r i t y  o f  

n o t  less t h a n  96%. 

Choice  of a mobile p h a s e  c o m p o s i t i o n  w a s  d e t e r m i n e d  by  

n e c e s s i t y  of its complete removal  aft.er f r a c t i o n a t i o n  on co lumn,  

and f r o m  t h i s  p o i n t  of view d i l u t e  e t h a n o l  s o l u t i o n s  i n  water have  

a n  e s s e n t i a l  a d v a n t a g e  o v e r  mohile p h a s e s  c o n t a i n i n g  v o l a t i l e  

b u f f e r  s y s t e m s .  W e  h a v e  n o t  o b s e r v e d  any  r e d u c t i o n  i n  t h e  

e f f i c i e n c y  of p u r i f i c a t i o n  when b u f f e r  s o l u t i o n  o f  

t r i e thy lammonium b i c a r b o n a t e  was r e p l a c e d  by et .hano1 s o l u t i o n .  

I n c r e a s e  of e t h a n o l  c o n c e n t r a t i o n  above  5% l e a d s  to v e r y  na r row 

p e a k s ,  which a r e  f r a c t i o n a t e d  w i t h  d i f f i c u l t y .  A decrease of 

e t h a n o l  c o n t e n t  below 3% al lows w i d e r  p e a k s  t o  be o b t a i n e d ,  b u t  

accompanied by  n o t i c e a b l e  loss of n u c l e o s i d e s  on co lumn.  Hence, 

the optimum e t h a n o l  c o n c e n t r a t i o n  for  p u r i n e  n u c l e o s i d e s  is 5% and 

t h a t  fo r  p y r i m i d i n e  n u c l e o s i d e s  is 3%. 
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‘TABLE 1. 

I s o t o p e  effects i n  C a H 1 n l ~ c l . e n s i d f . s  chromatography 

1 

2 

3 

1 

5 

6 

7 

8 

9 

10 

[ I ’  , 5 ’  .Z,R-JB}ddo 

[ I ’  ,5’ ,2,8-38]Ad0 

15 ’  ,2,8-JB]Iao 

2’ -d[8-’8]6~0 

2’-d[2‘ ,8-3B]6~0 

[ 5 , 5 ’ ,  4’-Vl]Ord 

[5,5‘-JB]Ord 

[ 2 ’ - )B}Tbd 

[retbyl-3B]Tbd 

[re tbrl- 381thd 

A 7 0  30 

d 10 fin 

B 49 51 

C 29 .71 

C 76 21 

B 51 49 

B 38 62 

B 49 51 

B 39 61 

B 60 40 

6 5 . 3  

76.4 

62 .5  

21.8 

31 .3  

58.1 

29.2 

2 2 . 4  

59.a 

15.1 

71.0 

92.2 

72.6 

24.2 

37.7 

61.8 

32.1 

24.4 

6 6 . 7  

45.2 

5 5 . 0  1.29 

68 ti 1.91 

55.2 1.32 

2 2 . 4  1.08 

26.8 1.41 

55.2 1 12 

2 7 . 1  1 .16  

20 .7  1.18 

5 6 . 1  1.19 

26 .7  1 . 6 9  

q u a n t i t y  i n  t h e  each f r a c t i o n .  Thi.xs , i n  a s e p a r a t . i o n  of 

[ 5 ’ .  , % , R - ~ H j i n o s i n e  peak  i n  f o u r  equal.  volume f r a c t i o n s  t h e  

€01 lowing r e s u l t s  w e r e  o b t a i n e d :  the f i rs t  f r a c t i o n  con ta i r t ed  10% 

of t o t a l  peak  a c t i v i t y  and t h e  mcilar s p e c i f i c  a c t i v i t y  was 102 

Ci/mmoL; t h e  second f r a c t i o n  - 38% .arid 6 7 . 2  C i / m m o l ,  r e s p e c t i v e l y ;  
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t h e  t h i r d  f r a c t i o n  - 46% and 55 .6  Ci /mmol  and  the f o r t h  f r a c t i o n  - 

5X and 49 .8 Ci/amol. E x t i - e ~ i e l y  h i g h  molar a c t i v i t y  o f  t h e  l a b e l l e d  

ino f ; ine  i n  t he  first, f r ac t , i on  i s  due  t o  t . r i t f ium exchang ing  w i t h  

~ . W C J  equivalent hydrogen  a t ~ ~ i s  i n  the p o s i t i w  5 ' i n  the c o n d i t i o n s  

o f  6 0  1 i d  - s t a t e  cata l y t  i c  exr:hange r e a c t  i on. S i m  i l a r  experiment 

w i t h  the s e p a r a t , i a n  of 5 , 5 '- , 4 '. -3H l u r i d i n e  p e a k  in three 

eqiial volume f r a c t i o n s  gave :  the f i.rF;t, f r a c t i o n  - 8% of total 

peak  a c t i v i t y  and specific a c t j - v i l y  w a s  6 0 .  0 C i / m m o I . ;  the f;ecnnd 

f r a . c t i o n  - 81% and. 56.8 C i / m m o l ;  the t h i r d  f r a c t , i o n  - 12% and  3 2 .  7 

C i / m m o l ,  r e s p e c t i v e l y .  The r ad iochemica l .  p u r i t y  i n  a l l  the 

fract,ivrc:; was n o t  less tAan 96%.  

The enr ichment ,  f a c t m r  v a l u e  shown j n  t h e  last. imlumn of Table 1 

d o e s  not. present an  absolute degree of i so top ic  separation. T h i s  

v a l u e  depends  on homogenei ty  of i n i t i a l  m i x t u r e  of 1absl . led and 

u n l a b e l l e d  n u c l e o s i d o  forms and t e n d s  t.n i i n i t y  w i t h  i n c r e a s e  of 

t h e  mi.xture hc~mngeneit .y.  T h i s  is shown by t h e  r u n s  9 and  10, i n  

which t h e  same p r e p a r a t i o n  of l a b e l l e d  t h y m i d i n e  w a s  used h u t  i n  

t h e  run  1 0  i t  had  been  di.Iiit.ed by u n l a b e ~ l . e d  t,hymidi.ne nearly t w o  

f o l d .  

N e v e r t h e l e s s ,  t a k i n g  i n t o  account .  i n i t . i . a l  mo la r  s p e c i f  i a  

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

i n f o r m a t i o n  both on i s o t o p i c  homogenei ty  o f  t h e  p r e p a r a t i o n  and on 

t h e  p o s s i b i l i t y  o f  chromat .ographic  f r a c t . i o n a t . i o n  of t h e  l a b e l l e d  

molecules. 

Our r e s u l t s  show t h a t ,  i n  most. cases the greatest f iepara t i .on  of 

i s o t n p i c  fo rms  under  t h e  e x p e r i m e n t a l  c o n d i t i o n s  ~~'c' i ire  w i t h  

p u r i n e  n u c l e o s i d e s .  

The obse rved  d i f f e r e n c e s  i n  r e t e n t , i o n  o f  Iahelled and 

unl abe ' l l ed  m o l e c u l e s  are i n  agreement. w i t h  a concept.  t h a t  a 

1abell.ed compound appears more po la r  t h a n  c o r r e s p o n d i n g  u n l a b e l l e d  

one  [ 4 ]  and is r e t a i n e d  hy r e v e r s e d  p h a s e  to a lesser e x t e n t .  
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T h j . s  effect. can be used for i s o l a t . i o n  of t . r i t . i t i m - l a b e l l e d  

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