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3- p25d Iodo-4-hydroxyphenobarbi tone 

for use in Radioimmunoassay 

P A MASON and B LAW 

Home Office Central Research Establishment, 
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SUMMARY 

A method is described for the preparation of a 

barbiturate derivative, 3-iodo-4-hydroxyphenobarbitone, 

labelled with p251]iodine. 

was confirmed by synthesis and purification of the 

The structure of the compound 

[1271]iodine derivative followed by mass spectral studies. 

The [1251]iodine labelled barbiturate has proved to be 

chemically stable and has been shown to bind to a 

barbiturate antiserum. It should, therefore, prove to be 

very useful for the development of a radioimmunoassay for 

barbiturates. 
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INTRODUCTION 

T h e r e  a r e  t w o  b a s i c  r e q u i r e m e n t s  f o r  t h e  deve lopmen t  o f  

a rad io immunoassay  ( R I A )  f o r  a p a r t i c u l a r  d r u g :  an  a n t i s e r u m  

a g a i n s t  t h e  d r u g  m o l e c u l e  and  a r a d i o l a b e l l e d  d r u g  d e r i v a t i v e  

which w i l l  b i n d  t o  t h e  a n t i s e r u m .  [1251]10dine is t h e  r a d i o -  

l a b e l  m o s t  s u i t e d  t o  R I A  f o r  u s e  i n  f o r e n s i c  t o x i c o l o g y .  

[1251]Iodine l a b e l l e d  b a r b i t u r a t e  d e r i v a t i v e s  are n o t  a v a i l a b l e  

commercially. However,  a b a r b i t u r a t e  R I A  k i t  wh ich  is b a s e d  on 

s u c h  a d e r i v a t i v e  h a s  been  d e v e l o p e d  (1, 2 )  and  m a r k e t e d  by 

Hoffman-LaRoche, I N C . ,  u n d e r  t h e  t r a d e  name ' B a r b i t u r a t e  

A b u s c r e e n ' .  N o  d e t a i l s  are a v a i l a b l e  i n  t h e  s c i e n t i f i c  

1 - i t e r a t u r e  c o n c e r n i n g  t h e  s y n t h e s i s  or  e x a c t  i d e n t i t y  o f  t h e i r  

t'251] i o d i n e  l a b e l l e d  b a r b i t u r a t e  d e r i v a t i v e .  

One o f  t h e  s i m p l e s t  methods  f o r  l a b e l l i n g  compounds w i t h  

p2%] i o d i n e  is  t h e  ch lo ramine -T  r e a c t i o n  d e v e l o p e d  b y  H u n t e r  

arid Greenwood ( 3 ) .  T h i s  t e c h n i q u e  d e p e n d s  o n  t h e  p r e s e n c e  o f  

a p h e n o l i c  g r o u p  i n  t h e  d r u g  molecule i n  q u e s t i o n .  The  major 

m e t a b o l i t e  o f  p h e n o b a r b i t o n e ,  4 - h y d r o x y p h e n o b a r b i t o n e  h a s  a 

p h e n o l i c  g r o u p  and  i t  s h o u l d  b e  p o s s i b l e  t o  l a b e l  t h i s  compound 

w i t h  [1251]iodine by means o f  t h e  ch lo ramine -T  r e a c t i o n .  

From t h e  s t u d y  by Law and  M o f f a t  ( 4 ) ,  i t  w a s  p o s t u l a t e d  

t h a t  i o d i n e - l a b e l l e d  4 - h y d r o x y p h e n o b a r b i t o n e  would  b e  bound 

by t h e  a n t i s e r u m  f rom a B a r b i t u r a t e  Emit DAU k i t  (Syva  (UK) 

L t d ) .  T h i s  would t h e n  form t h e  b a s i s  f o r  deve lopmen t  o f  a 

RIA f o r  b a r b i t u r a t e s .  
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Sodium p271] i o d i d e ,  sod ium m e t a b i s u l p h i t e ,  p o t a s s i u m  

b r o m i d e ,  p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e ,  ch lo ramine -T  ( sod ium 

toluene-p-sulphonchloroamide-trihydrate), p o t a s s i u m  i o d i d e ,  

i s o - p r o p a n o l ,  m e t h a n o l  and  c h l o r o f o r m ,  a l l  of A n a l a r  grade 

were o b t a i n e d  f rom BDH C h e m i c a l s  L t d . ,  P o o l e ,  Dorse t .  Sodium 

p251] iod ide  (614MBq/ug) w a s  o b t a i n e d  f rom Amersham I n t e r n a t i o n a l  

L i m i t e d ,  Amersham, Bucks .  5-Ethyl-5-(4-hydroxyphenyl)- 

b a r b i t u r i c  a c i d  (4-OHPB) w a s  o b t a i n e d  f rom Sigma Chemica l  C o . ,  

P o o l e ,  Dorset.  H igh-pe r fo rmance  l i q u i d  ch romatography  (HPLC) 

was c a r r i e d  o u t  w i t h  a Waters 6000A HPLC pump ( W a t e r s  A s s o c . ,  

N o r t h w i c h ,  C h e s h i r e )  wh ich  w a s  u s e d  t o  d e l i v e r  an  e l u e n t  o f  

40% m e t h a n o l  i n  p h o s p h a t e  b u f f e r  (O.lM, pH 6 . 0 )  at  a r a t e  of 

2ml/min t o  a s t a i n l e s s  s t e e l  column (10cm x 5mm i . d . )  p a c k e d  

w i t h  H y p e r s i l  5-ODs ( P h a s e  S e p a r a t i o n s  L t d . ,  Clwyd) .  Samples 

w e r e  i n j e c t e d  w i t h  a Rheodyne 7120 i n j e c t i o n  v a l v e  ( P h a s e  

S e p a r a t i o n s  L t d . ) .  Column e l u a t e  w a s  m o n i t o r e d  a t  232nm w i t h  

a C e c i l  I n s t r u m e n t s  212 u l t r a - v i o l e t  m o n i t o r  ( C e c i l  I n s t r u m e n t s  

L t d . ,  Cambr idge)  and  c o l l e c t e d  u s i n g  a 2112 Redirac F r a c t i o n  

C o l l e c t o r  (LKB I n s t r u m e n t s  L t d . ,  S o u t h  Croydon ,  S u r r e y ) .  

A n t i s e r u m  w a s  o b t a i n e d  e i t h e r  f r o m  a B a r b i t u r a t e  Emit 

DAU k i t  ( S y v a  (UK) L t d . ,  Ma idenhead ,  B e r k s )  o r  f r o m  Miles 

Labora tor ies  L t d . ,  S l o u g h ,  Bucks .  

P h a s e  s e p a r a t i o n  f i l t e r  p a p e r s  w e r e  o b t a i n e d  f rom Whatman 

L t d . ,  M a i d s t o n e ,  K e n t .  Gamma-counting w a s  carried o u t  i n  a 

NE8311 c o u n t e r  ( N u c l e a r  E n t e r p r i s e s  L t d . ,  Beenham, B e r k s )  wh ich  

had  an  e f f i c i e n c y  o f  a p p r o x i m a t e l y  50% f o r  P z 5 I ] i o d i n e .  
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Mass s p e c t r a  were o b t a i n e d  u s i n g  a V G - M i c r o m a s s  16F  mass 

s p e c t r o m e t e r  ( V G  hlicromass, A l t r i n c h a r n ,  C h e s h i r e )  f i t t e d  w i t h  

a s i n g l e  s t a g e  j e t  s e p a r a t o r .  The f o l l o w i n g  c o n d i t i o n s  w e r e  

used: emission, 1 0 0 p A ;  e lec t ron  e n e r g y ,  70eV; s o u r c e  

t e m p e r a t u r e ,  20OoC. Data w e r e  co l lec ted  u s i n g  a VG 2250 Data 

Sqs tem w i t h  t h e  mass s p e c t r o m e t e r  s c a n n i n g  at  3 secs p e r  decade. 

Mt t h o d  

A s o l u t i o n  o f  4-OHPB ( 1 0 ~ 1 ,  100ug /ml )  i n  e t h a n o l  w a s  added  

t o  N a p 2 5 1 ] s o l u t i o n  ( 1 0 ~ 1 ,  37MBq) i n  a l O m l  s i l a n i s e d  glass 

c e n t r i f u g e  t u b e .  F r e s h l y - p r e p a r e d  ch lo ramine -T  s o l u t i o n ,  ( 1 0 ~ 1 ,  

80;lg/ml) i n  p h o s p h a t e  b u f f e r  (0 .25M,  pH 7.4) w a s  t h e n  a d d e d .  

The t u b e  w a s  s t o p p e r e d ,  t h e  c o n t e n t s  t h o r o u g h l y  mixed by  

v o r t e x i n g  and  t h e  r e a c t i o n  a l l o w e d  t o  p r o c e e d  fo r  40 s e c o n d s .  

The r e a c t i o n  w a s  s t o p p e d  w i t h  sod ium m e t a b i s u l p h i t e  s o l u t i o n  

( 2 0 ~ 1 ,  8 0 P g / m l ) ,  c o n t a i n i n g  p o t a s s i u m  iodide (10mg/ml) as 

c a r r i e r ,  and  t h e  pH r e a d j u s t e d  by  a d d i t i o n  o f  p h o s p h a t e  b u f f e r  

(0.251111, pH 7 . 4 ) .  The m i x t u r e  w a s  s h a k e n  v i g o r o u s l y  w i t h  

c h l o r o f o r m  (2.5ml) and  p a s s e d  t h r o u g h  a p h a s e  s e p a r a t i o n  f i l t e r  

p a p e r ,  which  h a d  b e e n  p r e - s o a k e d  i n  c h l o r o f o r m .  The  tube was 

washed w i t h  f u r t h e r  s o l v e n t  (2 x l m l )  wh ich  w a s  a l so  p a s s e d  

t h r o u g h  t h e  f i l t e r .  The o r g a n i c  f i l t r a t e  w a s  t h e n  d r i e d  w i t h  

n i t r o g e n  a t  room t e m p e r a t u r e  and  r e d i s s o l v e d  i n  e t h a n o l  (6ml). 

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

p r o d u c t ,  wh ich  would b e  p o t e n t i a l l y  h a z a r d o u s  i f  ['25J]iodine 

were u s e d ,  P2'd i o d i n e  w a s  u s e d  t o  p r e p a r e  a larger amount of 

n o n - r e a c t i v e  i o d i n a t e d  d e r i v a t i v e .  The r e a c t i o n  c o n d i t i o n s  
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d e s c r i b e d  above  w e r e ,  t h e r e f o r e ,  s c a l e d  up f o r  u s e  w i t h  20mg 

4-OHPB and sodium p 2 7 1 ] i o d i d e .  

was p u r i f i e d  by HPLC and  a y i e l d  o f  a p p r o x i m a t e l y  24% w a s  

o b t a i n e d .  

RESULTS AND DISCUSSIONS 

The p r o d u c t  o f  t h i s  r e a c t i o n  

A s  w i t h  morph ine  ( 5 )  i t  w a s  f o u n d  t h a t  4-OHPB w a s  

e x t r e m e l y  s u s c e p t i b l e  t o  o x i d a t i o n  by ch lo ramine -T .  I t  w a s  

n e c e s s a r y  t o  u s e  an  excess o f  t h e  d r u g  d e r i v a t i v e  a n d  a 

r e l a t i v e l y  l o w  c o n c e n t r a t i o n  of ch lo ramine -T  f o r  t h e  r e a c t i o n .  

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

r e a c t i o n  u s i n g  sod ium p271]iodide, p r o d u c e d  t h e  chromatogram 

shown i n  F i g u r e  1. The main r e a c t i o n  p r o d u c t s  w e r e  mono- 

and  d i - i o d i n a t e d  4-OHPB. Some u n r e a c t e d  4-OHPB and  a s m a l l  

amount o f  a f u r t h e r  compound, t h o u g h t  t o  be i ts  o x i d a t i o n  

p r o d u c t  were a l so  p r e s e n t .  The p r o d u c t s  were i d e n t i f i e d  by 

m a s s  s p e c t r o s c o p y ;  t h e  mass s p e c t r u m  o f  m o n o - i o d i n a t e d  4-OHPB 

is shown i n  F i g u r e  2 .  

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

sod ium [1251]iodide showed t h a t  89% o f  t h e  r a d i o a c t i v i t y  w a s  

a s s o c i a t e d  w i t h  mono- iod ina ted  4-OHPB. T h i s  is  i n  marked  

c o n t r a s t  t o  t h e  r e a c t i o n  w i t h  sod ium p 2 7 1 ] i o d i d e  ( F i g u r e  1) 

and  is  t h o u g h t  t o  be due  t o  t h e  d i f f e r e n c e  i n  c h e m i c a l  scale  

be tween  t h e  t w o  r e a c t i o n s .  

F o r  u s e  i n  R I A  t h e  c r u d e  material f rom t h e  sod ium P”I] 

i o d i d e  r e a c t i o n  was f o u n d  t o  b e  q u i t e  a d e q u a t e  s i n c e  i t  bound 

a v i d l y  t o  b o t h  t h e  Emit a n t i s e r u m  and a more s p e c i f i c  a n t i -  

p h e n o b a r b i t o n e  se rum o b t a i n e d  f rom Miles L a b o r a t o r i e s  L t d .  
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Figure 1. HPLC of products of reaction of 4-hydroxy- 

phenobarbitone and sodium P”’J iodide. 

A = residual 4-hydroxyphenobarbitone 

B = mono- iodo-4-hydroxyphenobarb i tone  

C = oxidation product of 4-hydroxyphenobarbitone 

D = d i - i o d o - 4 - h y d r o x y p h e n o b a r b i t o n e  
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I f  r e q u i r e d ,  t h e  HPLC s y s t e m  d e s c r i b e d  c a n  be u s e d  t o  o b t a i n  

p u r i f i e d  mono- iod ina ted  4-OHPB. 

Assessment  of a c t i v i t y  i n  a gamma-counter i n d i c a t e d  t h a t  

a p p r o x i m a t e l y  23% of t h e  a v a i l a b l e  p 2 5 1 ] i o d i n e  h a d  b e e n  

i n c o r p o r a t e d  i n t o  t h e  c r u d e  r e a c t i o n  p r o d u c t .  I t s  a c t i v i t y ,  

d e t e r m i n e d  by  t h e  method o f  Morris ( 6 ) ,  u s i n g  mono [1271]iodo 

4-OHPB as  r e f e r e n c e  s t a n d a r d ,  w a s  f o u n d  t o  be 1 . 5 6 T B q / m O l  

(4.1SMBq/ug). 

Used i n  c o m b i n a t i o n  w i t h  e i t h e r  o f  t h e  a n t i s e r a  descr ibed,  

3- iodo-4-hydroxyphenobarbitone s h o u l d  fo rm t h e  b a s i s  f o r  

deve lopmen t  of a R I A  s y s t e m  f o r  b a r b i t u r a t e s .  
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