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SUMMARY 

Consistently high yields to 9 5 % J  of carrier- 
free S-iodo-2'-deoxyuridine-iy$I (or 1 11) can be ob- 
tained by iodination of Z'-deoxyuridine at varying 
concentrations of radioactive NaI (1-10 mCi), as long 
as the molarity of deoxyuridine in the reaction mix- 
ture is kept at or above 10-2 M. At lower deoxy- 
uridine molarities the reaction yield is signifi- 
cantly reduced. Several different purification pro- 
cedures (Biogel P - 2  400 mesh or Sephadex G-10 column 
chromatography , paper chromatography with water- 
saturated ethyl acetate or water-saturated butanol) 
are described. The two column chromatography sys- 
tems yield iododeoxyuridine of > 9 5 %  chemical and 
radiochemical purity. The two paper chromatog 
S Y S ~ ~ T S  are somewhat more involved, but yield 
or I labeled S-iodo-Z'-deoxyuridine of > 99% 
chemical and radiochemical purity. 
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INTRODUCT I ON 

Radioactive S-iodo-Z'-deoxyuridine (IUdR), an analogue of thy- 

midine (1,2) , is widely used for labeling the DNA of proliferating 
cells (3,4,5), for monitoring proliferation, migration, and death 

of normal and neoplastic cells (3,6), and for evaluating the 

effectiveness of various chemotherapeutic or radiotherapeutic pro- 

cedures in the treatment of experimental tumors ( 7 ) .  IUdR is pre- 

ferred for such studies because, unlike 3H or 14C labeled DNA 
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p r e c u r s o r s ,  i t  can be l a b e l e d  w i t h  gamma o r  X-ray e m i t t i n g  r a d i o -  

n u c l i d e s  such  a s  1251 o r  I3'I (1251UdR, 13'IUdR). 

t h e  need f o r  t ime-consuming d i g e s t i o n  and s o l u b i l i z a t i o n  of l a -  

b e l e d  c e l l s  and p e r m i t s  a s s a y s  o f  i n t a c t  t i s s u e s  o r  whole an ima l s .  

Another advan tage  o f  IUdR i s  t h e  f a c t  t h a t  f o l l o w i n g  d e a t h  and 

m e t a b o l i c  breakdown o f  l a b e l e d  c e l l s  t h e  r a t e  o f  IUdR r e u t i l i z a t i o n  

i s  much lower  t h a n  i s  t h e  c a s e  w i t h  'H o r  I4C l a b e l e d  thymidine 

T h i s  o b v i a t e s  

( 8 )  * 

I n  a d d i t i o n  t o  t h e  r e s e a r c h  a p p l i c a t i o n s  o u t l i n e d  above,  

"'IUdR i s  c u r r e n t l y  b e i n g  c o n s i d e r e d  a s  a p o s s i b l e  r a d i o t h e r a -  

p e u t i c  a g e n t  i n  c l i n i c a l  c a n c e r  t h e r a p y .  Repor t s  from v a r i o u s  

l a b o r a t o r i e s  i n d i c a t e  t h a t  12'IUdR i n c o r p o r a t i o n  i n t o  t h e  DNA 

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

e r a t i n g  c e l l s  ( 9 , 1 0 , 1 1 ) .  T h i s  p roduces  pronounced b i o l o g i c a l  

damage because  t h e  g e n e t i c  m a t e r i a l  i n  t h e  c e l l  n u c l e u s  c o n s t i -  

t u t e s  t h e  most r a d i o s e n s i t i v e  t a r g e t  w i t h i n  t h e  c e l l  (12). Based 

on t h e s e  f i n d i n g s  t h e  I n t e r n a t i o n a l  Atomic Energy Agency i n  Vienna 

i s  c u r r e n t l y  i n i t i a t i n g  a c o o r d i n a t e d  r e s e a r c h  program d e s i g n e d  t o  

e v a l u a t e  t h e  p o t e n t i a l  o f  1251UdR i n  human c a n c e r  t h e r a p y  ( 1 3 ) .  

A major a r e a  o f  conce rn  i n  many o f  t h e s e  a p p l i c a t i o n s  i s  t h e  

p o t e n t i a l  d i s t o r t i o n  of e x p e r i m e n t a l  d a t a  r e s u l t i n g  from t h e  p r e -  

s ence  of l a r g e  q u a n t i t i e s  o f  n o n r a d i o a c t i v e  IUdR (1271UdR) i n  com- 

m e r c i a l  samples  o f  r a d i o a c t i v e  IUdR. Recent r e p o r t s  i n d i c a t e  t h a t  

mammalian t i s s u e  c u l t u r e  c e l l s  can be damaged by IUdR c o n c e n t r a -  

t i o n s  a s  low as M ( 9 ) .  The use  o f  c a r r i e r - f r e e  IUdR would 

r educe  o r  e l i m i n a t e  such  pha rmaco log ica l  s i d e - e f f e c t s  by minimizing 

thymidine s u b s t i t u t i o n  i n  t h e  DNA. C a r r i e r - f r e e  IUdR a l s o  would 

i n c r e a s e  t h e  l a b e l i n g  e f f i c i e n c y ,  because  c o m p e t i t i v e  i n h i b i t i o n  

r e s u l t i n g  from t h e  p r e s e n c e  o f  c o l d  IUdR would be e l i m i n a t e d .  

The t h e o r e t i c a l  maximum s p e c i f i c  a c t i v i t y  o f  c a r r i e r - f r e e  IUdR 

i s  2,200 Ci/mmol f o r  1251UdR and 16,100 Ci/mmol f o r  l31IUdR. 

U n f o r t u n a t e l y ,  1251UdR i s  n o t  s u p p l i e d  i n  c a r r i e r - f r e e  form and 
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1311UdR i s  no l o n g e r  commercial ly  a v a i l a b l e .  To a v o i d  t h e s e  

d i f f i c u l t i e s  and t h e  e v e r - i n c r e a s i n g  p r i c e  of commercial ly  p r o -  

duced 1251UdR, w e  have developed a s i m p l e ,  i n e x p e n s i v e  p r o c e d u r e  

f o r  s y n t h e s i z i n g  and p u r i f y i n g  c a r r i e r - f r e e  r a d i o a c t i v e  IUdR. 

MATERIALS AND METHODS 

S y n t h e s i s  p r o c e d u r e :  The s y n t h e s i s  o f  IUdR was c a r r i e d  o u t  

b a s i c a l l y  as d e s c r i b e d  by P r u s o f f  (1) and Hughes, e t  a l .  ( 3 ) ,  w i t h  

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

y i e l d  d e s i r e d .  The d e t a i l e d  p r o c e d u r e  was a s  f o l l o w s :  1 0  m C i  o f  

c a r r i e r - f r e e  Na12'I ( o r  Na131I w i t h  a s p e c i f i c  a c t i v i t y  o f  2 , 2 0 0  

Ci/mmol; New England Nuc lea r  C o r p o r a t i o n )  and 22.8 mg of deoxy- 

u r i d i n e  (UdR, Sigma Chemical)  were d i s s o l v e d  i n  0 . 1  m l  o f  d i s t i l l e d  

d e i o n i z e d  H20. An e q u a l  volume o f  2 N HN03 was added. The r e a c t i o n  

m i x t u r e  ( t o t a l  volume 0 . 2  ml) was t h e n  p l a c e d  i n  a c l o s e d  v i a l  and 

h e a t e d  f o r  30 min i n  an  8OoC w a t e r  b a t h .  A f t e r  h e a t i n g ,  t h e  s o l u -  

t i o n  was n e u t r a l i z e d  w i t h  conc.  NH40H.  The whole p rocedure  was 

c a r r i e d  o u t  i n  a hood t o  p r o t e c t  t h e  worker from v o l a t i l e  r a d i o -  

a c t i v i t y .  

0 

I H 
HO C H 

HO H 

0 

I H 
HO CH 

P u r i f i c a t i o n  t e c h n i q u e s :  S e p a r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  

and p u r i f i c a t i o n  o f  l25IUdR ( o r  1311UdR) was accomplished by two 

d i f f e r e n t  p r o c e d u r e s :  
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( a )  G e l - f i l t r a t i o n  column chromatography:  The r e a c t i o n  mix- 

t u r e  was l a y e r e d  on a 1 2 0  c m  column (1 cm I D )  of B i o g e l  P - 2  4 0 0  

mesh (BioRad L a b o r a t o r i e s )  o r  Sephadex G- 1 0  (Pharmacia  Fine 

Chemica l s ) .  The e l u a n t  was 0 . 1  31 sodium c i t r a t e  (pH 4 . 5 ) .  As can 

be seen  from t h e  e l u t i o n  p a t t e r n  shown i n  F ig .  1, t h i s  p rocedure  

p r o v i d e d  adequa te  s e p a r a t i o n  o f  IUdR from t h e  u n r e a c t e d  NaI and 

UdR. The r a d i o c h e m i c a l  p u r i t y  o f  IUdR o b t a i n e d  i n  t h i s  manner was 

95% o r  h i g h e r .  T h i s  d e g r e e  o f  p u r i t y  proved adequa te  f o r  most 

b i o l o g i c a l  expe r imen t s  c a r r i e d  o u t  i n  o u r  l a b o r a t o r y .  For some 

b i o l o g i c a l  a p p l i c a t i o n s  t h e  p r e s e n c e  o f  0 . 1  M sodium c i t r a t e  was 

u n d e s i r a b l e .  To e l i m i n a t e  t h i s ,  t h e  IUdR f r a c t i o n s  were e v a p o r a t e d  

t o  . 5  m l ,  l a y e r e d  on a d e s a l t i n g  column of  B i o g e l  P -2  o r  Sephadex 

G - 1 0 ,  and e l u t e d  w i t h  d i s t i l l e d  H 2 0 .  

(b) Pape r  chromatography:  T h i s  method of s e p a r a t i o n  was some- 

what more i n v o l v e d ,  b u t  y i e l d e d  IUdR of s i g n i f i c a n t l y  h i g h e r  

p u r i t y .  The i n i t i a l  r e a c t i o n  m i x t u r e ,  a f t e r  c o o l i n g  and n e u t r a l i -  

z a t i o n ,  was e v a p o r a t e d  t o  0 . 1  m l  and s p o t t e d  a long  a 1 0  x 2 0  cm 

s t r i p  o f  c e l l u l o s e  chromatography p a p e r  (Eastman Chromagram S h e e t ) .  

Although a number of s o l v e n t  sys t ems  p r o v i d e d  s u c c e s s f u l  s e p a r a -  

t i o n ,  t h e  two p r e f e r r e d  ones were H 2 0 - s a t u r a t e d  e t h y l  a c e t a t e  and 

H 2 0 - s a t u r a t e d  1 - b u t a n o l  ( f o r  Rf v a l u e s  s e e  Tab le  I ) .  These s o l v e n t  

TABLE I .  R f  VALUES ON CELLULOSE 

S o l v e n t s  

I I 1  111 

I UdR . 5 3  . 7 5  . 6 5  

UdR . 0 7  . 8 8  . 4 4 *  

NaI 1 . 0 0  .92 .95 

S o l v e n t :  I - e t h y l  a c e t a t e  s a t u r a t e d  w i t h  H z O ;  I 1  - 
0 . 0 5  M sodium formate pH 3 . 5 ;  I11 - 1 - b u t a n o l  s a t u r a t e d  
w i t h  H20. 
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F i g .  1. E l u t i o n  p r o f i l e  o f  t h e  IUdR r e a c t i o n  m i x t u r e  on B ioge l  

P - 2  400  column. 
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sys t ems  have  t h e  advan tage  o f  b e i n g  v o l a t i l e  and t h e  added con-  

v e n i e n c e  o f  a r e l a t i v e l y  f a s t  d e v e l o p i n g  t i m e .  A f t e r  deve lopment ,  

t h e  chromatogram was d r i e d  and t h e  s t r i p  c o n t a i n i n g  t h e  r a d i o -  

a c t i v e  IUdR was c u t  o u t .  The IUdR was e l u t e d  o f f  t h e  s t r i p  by 

descend ing  chromatography u s i n g  d i s t i l l e d  H 2 0  a s  t h e  e l u a n t .  

RESULTS AND DISCUSSION 

Radiochemica l  y i e l d .  Using t h e  s y n t h e s i s  and p u r i f i c a t i o n  

t e c h n i q u e s  d e s c r i b e d  above ,  9 0 - 9 5 %  o f  t h e  r a d i o a c t i v e  i o d i n e  was 

r o u t i n e l y  r e c o v e r e d  i n  t h e  form of  r a d i o a c t i v e  IUdR. Reducing t h e  

amount o f  r a d i o a c t i v e  NaI from 1 0  m C i  t o  1 m C i  d i d  n o t  s i g n i f i -  

c a n t l y  change  t h e  y i e l d ,  b u t  r e d u c i n g  t h e  c o n c e n t r a t i o n  o f  deoxy-  

u r i d i n e  i n  t h e  r e a c t i o n  m i x t u r e  d r a s t i c a l l y  r educed  t h e  r a d i o -  

chemica l  y i e l d  (Tab le  1 1 ) .  

TABLE 11 .  EFFECT OF 2 '  -DEOXYURIDINE CONCENTRATION 

ON IUdR Y I E L D .  

UdR React  i o n  Ud R Reac t  icp 
m o l a r i  t y  y i e l d *  mo l a r i  t y  y i e l d  

100  9 5 %  48% 

1 0 - 1  8 7 %  1 0 - 5  38% 

1 0 - 2  7 4 %  10-6 2 5 %  

10- 3 6 4 %  1 0 -  7 1 4 %  

"Reac t ion  y i e l d  e x p r e s s e d  a s  p e r c e n t  of  r a d i o a c t i v e  
i o d i n e .  

Radiochemica l  p u r i t y .  U n i n c o r p o r a t e d  r a d i o a c t i v e  i o d i n e  was 

e a s i l y  and c o m p l e t e l y  s e p a r a t e d  from r a d i o a c t i v e  IUdR by column 

chromatography o r  p a p e r  chromatography.  Complete removal o f  

u n r e a c t e d  UdR p roved  more d i f f i c u l t .  C o n t r o l  e x p e r i m e n t s  u s i n g  

n o n r a d i o a c t i v e  IUdR mixed w i t h  2 '  - d e o x y u r i d i n e - 1 4 C  (New England 

N u c l e a r  C o r p o r a t i o n )  i n d i c a t e d  t h a t  i n  B ioge l  P - 2  columns a b o u t  
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0 . 0 0 1 - 0 . 0 1 %  o f  t h e  2 ' - d e o ~ y u r i d i n e - ~ 4 C  t a i l e d  i n t o  t h e  IUdR peak .  

The p r e s e n c e  o f  such  s m a l l  amounts o f  UdR d i d  n o t  a f f e c t  i n  v i v o  

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

i n c o r p o r a t i o n  i n  c e r t a i n  t i s s u e  c u l t u r e  expe r imen t s  ( 1 4 ) .  

The problem of UdR c o n t a m i n a t i o n  i n  t i s s u e  c u l t u r e  e x p e r i m e n t s  

was a l l e v i a t e d  by r e p e a t e d  column chromatography o r  by a s c e n d i n g  

p a p e r  chromatography.  Both t h e  e t h y l  a c e t a t e  sys t em and t h e  

b u t a n o l  sys t em gave complete  s e p a r a t i o n  between IUdR and UdR. 

C o n t r o l  expe r imen t s  w i t h  m i x t u r e s  of Z ' - d e ~ x y u r i d i n e - ~ ~ C  and c o l d  

IUdR r e v e a l e d  no d e t e c t a b l e  traces o f  I 4 C  a c t i v i t y  i n  t h e  IUdR 

r e g i o n ,  i . e . ,  t h e  maximum UdR c o n c e n t r a t i o n  i n  t h e  IUdR s p o t  had 

t o  be l ess  t h a n  moles.  T h i s  d e g r e e  o f  chemical  and r a d i o -  

chemica l  p u r i t y  p roved  s u f f i c i e n t  f o r  t h e  most s t r i n g e n t  chemica l  

and b i o l o g i c a l  a p p l i c a t i o n s .  
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