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Preparation of 2-Iodomorphine for use in Radioimmunoassay 
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Home Office Central Research Establishment, 
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SUMMARY 

A method is described for the preparation of 

125iodomorphine. 

by synthesis of 127iodomorphine and subsequent mass spectral 

studies. 

The structure of this compound was confirmed 

12510domorphine has proved to be chemically very 

stable and has been shown to be bound avidly by a morphine 

antiserum. It should, therefore, prove to be very useful 

for the development of a morphine radioimmunoassay. 
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I NTRODUCT IOK 

There are two immunoassay systems currently in use in 

forensic toxicology for detection of opiates in biological 

fluids. These are the Roche Abuscreen opiate RIA and the 

Syva Emit DAU assay. Both employ antibodies of broad 

specificity which will cross-react with morphine, codeine 

and their metabolites. A study of these cross-reactions (1) 

has revealed that modifications to the 3- or 5-hydroxy 
functions of morphine did not result in a loss of cross- 

reactivity with either antiserum. 
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The chloramine-T reaction as devised by Hunter and 

Greenwood (2) enjoys widespread use for the introduction 

of iodine into proteins containing tyrosine residues, or 

more specifically into compounds with a phenolic group. 

Morphine has such a function, and it was postulated that 

iodination would be possible using the above technique. Also 

it was predicted that iodinated morphine would be bound by the 

broadly-specific antisera. Before proceeding to the synthesis 

of 125iodomorphine, an attempt was made to synthesise 127iodo- 

morphine to determine its binding characteristics. 

EXPERIMENTAL 

Materials 

Sodium 127iodide, sodium metabi aulphite, potassium bromide, 

potassium dihydrogen phosphate, chloramine-T (sodium toluene- 

p-sulphonchloroamide), potassium iodide, iso-propanol, methanol 

and chloroform, all of Analar grade, were obtained from B . D . H .  

Chemicals Ltd. , Poole, Dorset . Sodium la5iodide (614MBq/pg) was 

obtained fror the Radiochemical Centre, Amersham, Bucks. 

High-performance liquid chromatography (HPLC) was carried 

out with 

Mass., U 

me t ha no 1 

hydrogen 

x 4.6mm 

a Waters 6000A HPLC pump (Waters Assoc., Milford, 

S.A.) which was used to deliver an eluent of 25% 

in aqueous potassium bromide (0.05M) and potassium 

phosphate (0.01M) to a stainless steel column (10cm 

.d.) packed with Hypersil 5-ODS (Phase Separations 

Ltd., C.Lwyd). Samples were injected with a Rheodyne 7120 

injection valve (Phase Separations Ltd). Column eluate was 

monitored at 285nm with a Cecil Instruments 212 ultraviolet 

monitor (Cecil Instruments, Cambridqe). 
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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  

L t d . ,  M a i d s t o n e ,  Ken t .  

Gama-counting w a s  c a r r i e d  o u t  

( N u c l e a r  E n t e r p r i s e s  L t d . ,  Beenham, 

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  

were o b t a i n e d  f rom Whatman 

n a NE8311 c o u n t e r  

B e r k s )  wh ich  had  an  

1 2 5 i o d i n e .  Low r e s o l u t i o n  

m a s s  s p e c t r a  were o b t a i n e d  u s i n g  a VG-Micromass 16F m a s s  

s p e c t r o m e t e r  (VG Micromass, A l t r i n c h a m ,  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 tage 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  

u s e d :  e m i s s i o n ,  100pA;  e l e c t r o n  e n e r g y ,  70eV; s o u r c e  t e m p e r a t u r e ,  

200°C. 

m a s s  s p e c t r o m e t e r  s c a n n i n g  a t  3 secs p e r  d e c a d e .  High r e s o l u -  

t i o n  m a s s  measurements  were o b t a i n e d  u s i n g  a Kratos MS50 mass 

s p e c t r o m e t e r  and DS50 Data Sys tem ( K r a t o s ,  M a n c h e s t e r ) .  A c c u r a t e  

m a s s  measurements  were made u n d e r  dynamic c o n d i t i o n s  s c a n n i n g  

a t  10  secs p e r  d e c a d e  and were a v e r a g e d  o v e r  t e n  s p e c t r a .  The 

f o l l o w i n g  c o n d i t i o n s  were u s e d :  e m i s s i o n ,  200,uA; e l e c t r o n  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  c o l l e c t e d  u s i n g  a VG2250 Data Sys tem w i t h  t h e  

METHODS AND RESULTS 

(i) Preparation and p o i f i e a t i o n  of 127iodomorphine 

P r e l i m i n a r y  s t u d i e s  of r e a c t i o n  c o n d i t i o n s  i n d i c a t e d  t h a t  

morph ine  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  

unde r  t h e  c o n d i t i o n s  n o r m a l l y  u s e d  fo r  i o d i n a t i o n  of p r o t e i n s .  

I t  w a s ,  t h e r e f o r e ,  d e c i d e d  t o  u s e  a l a r g e  e x c e s s  of morphine  

and  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 .  

A s o l u t i o n  of morphine  h y d r o c h l o r i d e  (5m1, 100mg/ml) i n  

50% aqueous  m e t h a n o l  w a s  mixed w i t h  aqueous  sodium l a 7 i o d i d e  

s o l u t i o n  (2.5m1, 90mg/ml) .  Chloramine-T (140mgjml) i n  p h o s p h a t e  

b u f f e r  (pH7.4, 5 ml, 0.578) w a s  t h e n  added  and  mixed i m m e d i a t e l y .  
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After GO s e c o n d s  t h e  r e a c t i o n  was s t o p p e d  w i t h  sod ium metab i -  

s u l p h i t e  s o l u t i o n  (5m1, 140mg/ml).  The pH w a s  a d j u s t e d  t o  

8 . 6  w i t h  sodium h y d r o x i d e  s o l u t i o n  ( 4 0 % )  and  t h e  m i x t u r e  

e x t r a c t e d  w i t h  f i v e  volumes o f  i s o p r o p a n o l  i n  c h l o r o f o r m  ( 2 5 % ) .  

The o r g a n i c  p h a s e  w a s  removed and  t h e  aqueous  p h a s e  f u r t h e r  

e x t r a c t e d  w i t h  t h e  i s o p r o p a n o 1 : c h l o r o f o r m  m i x t u r e .  The combined 

o r g a n i c  e x t r a c t s  were t h e n  washed w i t h  d i s t i l l e d  water ( l O m l ) ,  

d r i e d  w i t h  anhydrous  sodium su lpha- te  and  e v a p o r a t e d  t o  d r y n e s s  

w i t h  n i t r o g e n  a t  4OoC. 

I t  p r o v e d  i m p o s s i b l e  t o  a c h i e v e  a c o m p l e t e  s e p a r a t i o n  o f  

morph ine  f rom t h e  r e a c t i o n  p r o d u c t  (2 - iodomorph ine )  by  t h e  u s e  

of a number o f  t h i n - l a y e r  ch romatography  s y s t e m s .  A p a r t i a l  

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

p l a t e  r u n  i n  ch1oro fo rm:methano l  (3:l). T h i s  w a s  u s e d  u r e p a r a -  

t i v e l y  t o  r e d u c e  t h e  b u l k  of mornhine  p r e s e n t  i n  t h e  c r u d e  

p r o d u c t .  

- 

To c o m p l e t e  t h e  

t h a t  d e s c r i b e d  by  N e  

p u r i f i c a t i o n  

s o n  e t  a l .  (. 

a n  HPLC s y s t e m  b a s e d  o n  

) w a s  employed .  T h i s  

r e s u l t e d  i n  a v e r y  good s e p a r a t i o n  of morph ine  and iodomorph ine ,  

r e t e n t i o n  volumes b e i n g  1.61111 and  8.21111 r e s p e c t i v e l y .  By 

c o l l e c t i n g  f r a c t i o n s  7.5ml-9.0ml f rom r e p e a t e d  HPLC s e p a r a t i o n s  

i t  w a s  p o s s i b l e  t o  process a u s e f u l  amount o f  t h e  r e a c t i o n  p r o d u c t .  

The c o l l e c t e d  f r a c t i o n s  w e r e  combined and  e x t r a c t e d  w i t h  iso- 

p r o p a n o l  i n  c h l o r o f o r m  (25%) a f t e r  a d j u s t m e n t  o f  t h e  pH t o  8 . 6 .  

The o r g a n i c  e x t r a c t  w a s  d r i e d  w i t h  anhydrous  sodium s u l p h a t e  

and e v a p o r a t e d  t o  d r y n e s s  w i t h  n i t r o g e n  a t  4OoC. 

w a s  we ighed  and  r e d i s s o l v e d  i n  me thano l  t o  g i v e  a c o n c e n t r a t i o n  

of lmg/ml .  C o n v e r s i o n  of morph ine  t o  iodomorDhine w a s  

a p p r o x i m a t e l y  15%. 

The r e s i d u e  
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The low r e s o l u t i o n  mass s p e c t r u m  of  t h e  s y n t h e s i s e d  

iodomorph ine  is shown i n  F i g u r e  1, t h e  base peak  b e i n g  t h e  

m o l e c u l a r  i o n  a t  411 ( h i g h  r e s o l u t i o n  m a s s  s p e c t r o m e t r y  

gave  411 .0327 ,  C17H18N031 r e q u i r e s  4 1 1 . 0 3 2 9 ) .  The mass. s p e c t r a l  

breakdown c l o s e l y  p a r a l l e l s  t h a t  of morph ine  ( 3 ) .  The major 

f r agmen t  i o n s  measured  by  h i g h  r e s o l u t i o n  m a s s  s p e c t r o m e t r y  are  

shown i n  T a b l e  1. A d d i t i o n a l  i o n s  a re  o b s e r v e d  a t  m/z 127 and 

128 due  t o  I and  H I  r e s p e c t i v e l y .  

_ _  

TABLE 1 

MAJOR FRAGMENTED I O N S  OF 12710DOMORPHINE 

Measured m/z Loss Formula  C a l c u l a t e d  m/z 

393 .0224 393 .0218  

340 .9895  -C4H60 1 gH 1 ZN02 I 340 .9912 

299.9647 

162 .0916  162 .0903  

124 .0765  7H 10 No 124 .0760  

115 .0546  115.0547 

H2° C17H16N021 

'1 lHg02' 299.9644 - C Hg NO 

C10H12N0 

c9137 

When t h e  i d e n t i t y  of t h e  p r o d u c t  had  b e e n  c o n f i r m e d  by 

t h e  above  s t u d i e s ,  i ts c r o s s - r e a c t i v i t y  w i t h  t h e  Syva  o p i a t e  

a n t i s e r u m  w a s  t e s t e d .  I t  w a s  found  t h a t  127iodomorphine w a s  

a v i d l y  bound;  35ng /ml 'o f  i odomorph ine  h a v i n g  e q u i v a l e n t  b i n d i n g  

t o  2 0 n g / m l  of morph ine .  

l i i i  Preparation of 125icdomcrphine 

The r e a c t i o n  c o n d i t i o n s  as o u t l i n e d  above  were s c a l e d  

down f o r  u s e  w i t h  67ng (37MBq) of sodium 1 2 5 i o d i d e .  

h y d r o c h l o r i d e  (lO,ul, 200pg/ml i n  0.25M p h o s p h a t e  b u f f e r  pH7.4) 

w a s  added  t o  sodium 125 iod ide  s o l u t i o n  ( 1 0 ~ 1 ,  37MBq), i n  a 

screw-capped  m i n i v i a l  as s u p p l i e d  by  t h e  Rad iochemica l  C e n t r 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 ,  80yg;/ml) i n  t h e  

Morphine 
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same b u f f e r ,  w a s  t h e n  a d d e d .  The v i a l  w a s  c a p p 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  f o 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 

r n 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  

i o d i d e  (10mg/ml) as carrier and t h e  pH a d j u s t e d  t o  8 .6  by  

a d d i t i o n  o f  b o r a t e  b u f f e r  ( 2 0 0 ~ 1 ) .  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  i s o p r o p a n o l  i n  c h l o r o f o r m  (2ml o f  25%) 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 ,  wh ich  had  b e e n  

p re - soaked  w i t h  t h e  s o l v e n t s .  The v i a l  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 )  which  w a s  a l s o  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  ( 6 m l s ) .  Assessment  o f  

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  60% o f  

t h e  a v a i l a b l e  1251 had  b e e n  i n c o r p o r a t e d  i n t o  t h e  m o r p h i n e .  

The s p e c i f i c  a c t i v i t y ,  d e t e r m i n e d  by t h e  method of Morris 

(4) was found t o  b e  5.3TBq/mmol (16MBq/pg). 

For rad io immunoassay  p u r p o s e s ,  t h e  p r e p a r a t i o n  w a s  

found  t o  be p e r f e c t l y  a d e q u a t e  w i t h o u t  f u r t h e r  s u r i f i c a t i o n .  

S t o r e d  i n  e t h a n o l  a t  4OC, a t  t h e  above  c o n c e n t r a t i o n ,  i t  h a s  

p r o v e d  t o  b e  c h e m i c a l l y  v e r y  s t ab le .  

DISCUSSION 

I o d i n a t i o n  o f  morphine  by  t h e  ch loramine-T method h a s  

been  r e p o r t e d  by D a v i s  e t  a l .  ( 5 ) .  However, t h e s e  w o r k e r s  

c l a i m e d  t h a t  a l t h o u g h  i t  was p o s s i b l e  t o  s y n t h e s i s e  125iodO- 

morph ine  t h e y  had  no s u c c e s s  i n  s y n t h e s i s i n g  127iodomorphine .  

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

125 iod ine  which  would n o t  be  s e e n  w i t h  t h e  n a t u r a l  i s o t o p e .  

Al though t h e  r e a c t i o n  y i e l d  o f  127iodomorphine  i n  t h i s  work 

was low, t h i s  w a s  d e l i b e r a t e ;  a l a r g e  e x c e s s  o f  morphine  b e i n g  
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used  t o  a v o i d  o x i d a t i v e  losses c a u s e d  by  ch lo ramine -T .  The 

l a c k  o f  s u c c e s s  o f  Davis e t  a l . ,  c a n  p r o b a b l y  be a t t r i b u t e d  

t o  o x i d a t i o n  by  ch lo ramine -T  c a u s i n g  a v e r y  l o w  y i e l d ,  which  

can  o n l y  be detected when a r a d i o i s o t o p e  is u s e d .  

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

carried o u t  a number o f  t i m e s  a n d  is b o t h  r a p i d  and s a f e  t o  

p e r f o r m .  The t o t a l  r e a c t i o n  and  e x t r a c t i o n  s e q u e n c e  t a k e s  

45 m i n u t e s  f rom a d d i t i o n  o f  ch lo ramine -T  t o  a s s e s s m e n t  of 

r a d i o a c t i v i t y  i n  t h e  p r o d u c t .  A l l  r e a c t i o n  and  e x t r a c t i o n  

s t a g e s  t a k e  p l a c e  i n  one  s e a l e d  t u b e .  The o n l y  o t h e r  e q u i p -  

ment i n v o l v e d ,  a f i l t e r  f u n n e l  and  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 ,  are  r e a d i l y  d i s p o s a b l e  and p r e s e n t  no  h a z a r d s .  

The p r o d u c t  o b t a i n e d  is a m i x t u r e  o f  125iodomorphine and 

morph ine .  The p r e s e n c e  o f  u n l a b e l l e d  morph ine  o b v i o u s l y  

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

p u r e  1 2 5 i o d ~ m o r p h i n e  would h a v e  a s p e c i f i c  a c t i v i t y  t o o  g r e a t  

f o r  u s e  i n  a rad io immunoassay  and  so would h a v e  t o  be d i l u t e d  

by a d d i t i o n  o f  u n l a b e l l e d  iodomorph ine  o r  morph ine .  Fo r  t h i s  

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

HPLC s y s t e m  as d e s c r i b e d  f o r  p r e p a r a t i o n  of 127iodomorphine 

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

R a d i o - l a b e l l e d  iodomorph ine ,  p roduced  by  t h e  method 

d e s c r i b e d  above ,  h a s  formed t h e  basis  f o r  t h e  deve lopmen t  o f  

a v e r y  cheap  and s iqp le  rad io immunoassay  f o r  t h e  d e t e c t i o n  o f  

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