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JOURNAL OF IMMUNOASSAY, 4(1), 83-98 (1983) 

AMPHETAMINE RADIOIMMUNOASSAY: 

CHEMICAL TUNING OF SPECIFICITY 

PA Mason, B Law and AC Moffat 

Home Office Central Research Establishment 

Aldermaston, Reading, Berks RG7 4PN. 

ABSTRACT 

Four [1251 ]iodine labelled amphetamine derivatives were 
synthesised. Three of these proved useful in the develop- 
ment of radioimmunoassays for amphetamine. The assays, all 
using the same antiserum, had widely differing specificities 
for compounds closely related to amphetamine. Thus, chemi- 
cal modification of the radiotracer was used to tune 
radioimmunoassay specificity without recourse to the produc- 
tion of different antisera. 

(KEY WORDS: AMPHETAMINE FADIOIMMUNOASSAY IODINE-125) 

INTRODUCTION 

The specificity of an immunoassasy is often assumed to 

be solely dependent on a particular antibody, and ultimately 

on the chemical features of the immunogen used in its pre- 

paration. Attempts to develop immunoassays with high speci- 

ficity towards a particular molecule have involved the 

preparation of immunogens in which the hapten has been con- 

jugated to a large molecular weight protein in such a way as 
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a4 MASON, LAW,  AND MOFFAT 

t o  expose  characterist ic f e a t u r e s  of the hapten to  the 

immune system. S i m i l a r l y  a s s a y s  o f  broad s p e c i f i c i t y  have  

been  developed  by c o n j u g a t i o n  o f  the h a p t e n  t o  the p r o t e i n  

so that  the f e a t u r e s  p r e s e n t e d  t o  the immune sys t em have  

o n l y  g roup- spec i f  i c  character is t ics  + T h i s  l a t t e r  approach  

i s  p e r f e c t l y  p r a c t i c a b l e  when C3H] l a b e l l e d  compounds are 

used  as r a d i o t r a c e r s .  

When [12511iodine  l a b e l l e d  compounds are used  as 

r a d i o t r a c e r s ,  t h e y  w i l l  o f t e n  n o t  b i n d  t o  the a n t i b o d y .  

T h i s  e f f e c t  becomes more a p p a r e n t  when the h a p t e n  is a small  

molecu le :  the i o d i n e  atom is a p p r o x i m a t e l y  the same s i z e  as 

a benzene  r i n g .  The o n l y  way t o  a v o i d  t h i s  problem is to  

u s e  a r a d i o t r a c e r  where the i o d i n e  moie ty  is a t t a c h e d  to  the  

h a p t e n  v i a  t h e  o r i g i n a l  p o i n t  o f  a t t a c h m e n t  t o  the p r o t e i n  

so t h a t  it is ' h i d d e n '  f r o n  the immune sys tem.  

Dur ing  the  c o u r s e  of a series of e x p e r i m e n t s  t o  p roduce  

i o d i n e  l a b e l l e d  d r u g  d e r i v a t i v e s  f o r  u s e  i n  radioimmunoassay 

it became a p p a r e n t  t h a t  t h e  s p e c i f i c i t y  o f  an  a s s a y  c o u l d  be 

' t u n e d '  by s imply  a l t e r i n g  the p o i n t  or mode o f  a t t a c h m e n t  

o f  the i o d i n e  t o  the h a p t e n .  I t  was p r e d i c t e d  tha t  a weakly 

bound r a d i o t r a c e r  would be d i s p l a c e d  from the a n t i b o d y  by 

compounds o f  s imi l a r  s t r u c t u r e  to  the  h a p t e n ,  t h u s  p roduc ing  

a g r o u p - s p e c i f i c  a s s a y :  a s t r o n g l y  bound radiotracer would 

o n l y  be d i s p l a c e d  t o  any g r e a t  e x t e n t  by compounds v e r y  clo- 

s e l y  r e l a t e d  to  the o r i g i n a l  a n t i g e n .  

The f o l l o w i n g  is  an a c c o u n t  of the way i n  which 'chemical 

t u n i n g '  was used t o  deve lop  a s s a y s  of v a r y i n g  s p e c i f i c i t i e s  

f o r  amphetamine- l ike  compounds. 
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AMPHETAMINE RADIOIMNUNOASSAY 85 

MATERIALS 

Sodium [1251]iodide (614MBq/vg) was obtained from 

Amersham International, Amersham. 

Sodium toluene-4-sulphonchloramide (chloramine T) and 

all other chemicals and solvents, unless specified, were 

obtained from BDH Chemicals Ltd., Poole. 

Sodium cyanoborohydride, 4-(4-hydroxphenyl)-2- 

butanone and 3-(4-hydroxyphenyl) propionic acid N- 

hydroxysuccinimide ester were obtained from Aldrich Chemical 

Co. Ltd., Gillingham. 

Valeraldehyde was obtained from Koch Light Labs., 

I nc . , Colnbrook . 
Dioxane was purified by passage through a column of alu- 

minium oxide (basic, Brockmann grade 1) to remove peroxides. 

Analytical and preparative thin-layer chromatography 

(TLC) plates containing F60254 W indicator were obtained 

from Merck and pre-run in the appropriate system before use. 

The following TLC systems were used: 

(Tl) Methano1:ammonia (0.88 S . G . )  - 100:1.5 
(T2) Cyc1ohexane:toluene:diethylamine - 75:15:10. 

Bovine gamma-globulin (BGG,  Cohn Fraction 11) and bovine 

serum albumin (BSA) were obtained from Sigma Chemical Co., 

Poole. 

Antiserum was obtained from an Amphetamine DAU Emit kit 

(reagent A) as supplied by Syva (UK) Ltd., Maidenhead. 

High-performance liquid chromatography (HPLC) was 

carried out using a Waters 6000A HPLC pump (Waters Assoc., 

Northwich) fitted with a Rheodyne 7120 injection valve 
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86 MASON, L A W ,  AND MOFFAT 

( P h a s e  S e p a r a t i o n s  Ltd . ,  Clwyd).  S t a i n l e s s  s teel  columns 

(16cm x 5mm i . d .  from Shandon S o u t h e r n ,  Runcorn)  were packed  

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 ) .  Column e l u a t e  

w a s  mon i to red  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 n i -  

tor  ( C e c i l  I n s t r u m e n t s  L t d . ,  Cambridge and c o l l e c t e d  u s i n g  

a 2112 R e d i r a c  F r a c t i o n  Collector (LKB I n s t r u m e n t s  L t d . ,  

S o u t h  Croydon) . 
The f o l l o w i n g  HPLC sys t ems  w e r e  used:  

( I i l )  Methano1:water - 50:50 

(H2) O r t h o p h o s p h o r i c  acid:diethylamine:methanol: 

w a t e r  - 5.6:3.7:125:365 - a d j u s t e d  t o  pH 3 .5  

w i t h  sodium h y d r o x i d e  s o l u t i o n  ( 1 M ) .  

Gamma-counting w a s  c a r r i e d  o u t  i n  a NE 1600 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) w h i c h  had  a n  e f f i c i e n c y  

of a p p r o x i m a t e l y  61% f o r  [ 1 2 g I ] i o d i n e .  The c o u n t e r  w a s  

i n t e r f a c e d  t o  a Commodore CBM Model 3032 d a t a  r e d u c t i o n  

s y s t e m  (Anaspec, Newbury). 

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  (VG Micromass, A l t r i n c h a m )  f i t t e d  w i t h  a 

s i n g l e  s t a g e  je 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 sed :  e m i s s i o n ,  100uA; 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 VG 2250 Data 

Sys tem w i t h  the miss s p e c t r o m e t e r  s c a n n i n g  a t  3 s p e r  

decade .  

METHODS ~- 
The s t r u c t u r e s  and s y n t h e t i c  r o u t e s  of  the compounds 

d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n  are  shown i n  F i g u r e  1. 
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AMPHETAMINE RADIOIMMUNOASSAY 87 
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FIGURE 1. Structures of Amphetamine and Iodine Labelled 

Derivatives. 

Synthesis of N-(l-methyl,2-phenyl)ethyl-3-(4-hydroxyphenyl) 

propionamide (11) 

The title compound was prepared using a modification of 

the method of Bolton and Hunter ( 1 )  as outlined below. 
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88 MASON, LAW, AND MOFFAT 

A s o l u t i o n  of 3-(4-hydroxyphenyl)propionic a c i d  N- 

hydroxysucc in imide  e s t e r  i n  d ioxane  ( 0 .  Sml, 100mg/ml) was 

added  t o  25mg o f  amphetamine base ( I ) .  T h e  r e s u l t a n t  m i x -  

t u r e  was s t i r r e d  and l e f t  o v e r n i g h t  i n  t h e  da rk  a t  r o o m  t e m -  

p e r a t u r e .  The d ioxane  was t h e n  removed on a r o t a r y  

e v a p o r a t o r  and t h e  r e s i d u e  r e d i s s o l v e d  i n  methano1:water 

(50 :50 ,  2 m l ) .  Smal l  a l i q u o t s  ( 2 ~ 1 )  of t h i s  were t h e n  

i n j e c t e d  on t o  a HPLC column and chromatographed  u s i n g  

e l u e n t  111. Moni to r ing  of t h e  e l u a t e  a t  255nm r e s u l t e d  i n  

t h e  d e t e c t i o n  of a major peak a t  r e t e n t i o n  volume (Rv) 

10.81111 (Rv amphetamine = 1.91111). L a r g e r  amounts o f  t h e  

r e a c t i o n  m i x t u r e  were t h e n  p r o c e s s e d  by t h i s  method and 

f r a c t i o n s  c o l l e c t e d  a t  Rvs 10-121111. The i d e n t i t y  of the 

t i t l e  compound w a s  conf i rmed by mass - spec t roscopy  (MS), 

m o l e c u l a r  i o n  a t  m/z 283. T h e  o v e r a l l  y i e l d  was 

a p p r o x i m a t e l y  32%. 

S y n t h e s i s  of N-(4-hydroxyphenyl)isobutyl amphetarnine (111) 

Amphetamine s u l p h a t e  (200mg)  and 4- (4-hydroxyphenyl )2-  

bu tanone  (70mg) were d i s s o l v e d  i n  methanol  ( 2 n d ) .  Sodium 

cyanoborohydr ide  (60mg) was t h e n  added and t h e  m i x t u r e  

s t i r r e d  c o n s t a n t l y .  The pH was checked a t  f i v e  minute  

i n t e r v a l s  and a d j u s t e d  t o  5 .0  w i t h  m e t h a n o l i c  po ta s s ium 

h y d r o x i d e  (0.1M). When t h e  pH remained s t e a d y  ( a f t e r  

a p p r o x i m a t e l y  1 hour)  a f u r t h e r  60mg of sodium cyanohoro- 

h y d r i d e  w a s  added and t h e  m i x t u r e  l e f t  s t i r r i n g  o v e r n i g h t  a t  

room t e m p e r a t u r e  a f t e r  a f i n a l  pH check .  

The r e a c t i o n  t u b e  w a s  t h e n  p l a c e d  i n  a fume cupboard 

and  t h e  p H  was a d j u s t e d  t o  2.5 w i t h  c o n c e n t r a t e d  hydroch-  

l o r i c  a c i d  ( c a r e  - hydrogen  c y a n i d e  is  l i b e r a t e d  a t  t h i s  
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AMPHETAMINE RADIOIMMUNOASSAY 89 

s t a g e ) .  The methanol  w a s  t h e n  removed on a r o t a r y  evapora -  

t o r .  The r e s i d u e  was r e d i s s o l v e d  i n  ch1oro fo rm: i sopropano l  

(3:1, 10ml) and washed w i t h  b o r a t e  b u f f e r  (pH 8.6,  2 m l ) .  

The o r g a n i c  phase  was removed, d r i e d  under n i t r o g e n ,  

r e d i s s o l v e d  i n  methanol  (0.51111) and s t r e a k e d  on t o  a p r e -  

p a r a t i v e  TLC p l a t e  which w a s  deve loped  i n  sys t em T2 .  

V i s u a l i s a t i o n  under u l t r a v i o l e t  l i g h t  (254nm) d e m o n s t r a t e d  

t h e  p r e s e n c e  of three major bands :  Rf 0 . 6 ( A ) ,  Rf 0 . 4 ( B )  and  

RF 0 . 2 7 ( C ) .  Band A had an i d e n t i c a l  Rf t o  amphetamine. A 

t h i n  band o f  t h e  TLC p l a t e  ( 0.5cm) w a s  t h e n  s p r a y e d  w i t h  

Dragendor f f  r e a g e n t .  Only band B gave  a p o s i t i v e  r e a c t i o n  

( b r i g h t  o r a n g e )  w i t h  t h i s  r e a g e n t .  The r ema inde r  of t h i s  

band was t h e n  removed and e l u t e d  w i t h  methanol .  The 

r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  under n i t r o g e n  and 

r ech romatographed  i n  t h e  same TLC sys t em.  Only one  band w a s  

t h e n  v i s i b l e  upon i n s p e c t i o n  under  u l t r a v i o l e t  l i g h t .  This 

band was e l u t e d  and the  i d e n t i t y  of N-(4-hydroxyphenyl) iso- 

b u t y l  amphetamine was conf i rmed  by m a s s  s p e c t r a l  s t u d i e s :  

m o l e c u l a r  i on  a t  m/z 283. Band C w a s  s i m i l a r l y  examined and 

was i d e n t i f i e d  as (4 -hydroxypheny l )  i s o b u t a n o l .  The y i e l d  

o f  I11 was a p p r o x i m a t e l y  18%. 

S y n t h e s i s  of N-pentyl-4-hydroxyamphetamine (V) 

T o  a s o l u t i o n  of 4-hydroxyamphetamine hydrobromide  (IV) 

i n  methanol  (3m1, 150mg/ml) w a s  added  v a l e r a l d e h y d e  (35~1). 

Sodium cyanoborohydr ide  (50mg) w a s  t h e n  added ,  the t u b e  

capped  and s t i r r e d  c o n s t a n t l y  on a magne t i c  s t irrer a t  room 

t e m p e r a t u r e .  A t  f i v e  minute  i n t e r v a l s  the p H  w a s  checked  

and a d j u s t e d  t o  5.0 w i t h  m e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  

s o l u t i o n  (0.1M). When t h e  p H  remained  s t e a d y  ( a f t e r  
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90 MASON, LAW, AND MOFFAT 

approximately 1 hour) a further 40mg of sodium cyanoboro- 

hydride was added and the mixture left stirring for 16 hours 

after a final pH check. The reaction tube was then placed 

in a fume cupboard and the pH was adjusted to 2.5 with con- 

centrated hydrochloric acid (care - hydrogen cyanide is 
liberated at this stage). After 10 minutes the methanol was 

removed on a rotary evaporator. The residue was redissolved 

in ch1oroform:isopropanol (3:1, 10ml) and borate buffer 

(2m1, 0.25M, pH 8.6) was added. The mixture was shaken, 

centrifuged and the organic layer removed and evaporated to 

dryness under nitrogen. The residue was then redissolved in 

methanol (0.51111) and streaked on to a preparative TLC plate 

which was developed in system T1. Examination of the plate 

under an W lamp (254nm) revealed the presence of a major 

band (Rf 0.53) running ahead of 4-hydroxyamphetamine (Rf 

0.24). The band at Rf 0.53 was then removed and eluted with 

methanol. The identity of the title compound was confirmed 

by mass spectroscopy. Overall yield was approximately 37%. 

Preparation of 3-iodo-4-hydroxyamphetamine (IVa) 

4-Hydroxyamphetamine (IV) was iodinated by the 

chloramine-T method (2) as outlined below using both 

[1271]iodine (i) and [1251]iodine (ii). 

(i) A solution of 4-hydroxyamphetamine hydrobromide in 

50% aqueous methanol (2.5m1, 100mg/ml) was mixed with sodium 

[1271]iodide solution (2m1, 40mg/ml). Chloramine-T 

(140mg/ml) in phosphate buffer (2.51111, O.lM, pH 7.4) was 

then added and mixed immediately. After 60 s the reaction 

was stopped by addition of sodium metabisulphite solution 
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AMPHETAMINE RADIOIMMLTNOASSAY 91 

(2.5m1, 150mg/ml). The pH was adjusted to 8 . 6  with sodium 

hydroxide solution (40%) and the mixture extracted twice 

with five volumes of ch1oroform:isopropanol (3:l). The 

organic phases were removed, pooled, washed with distilled 

water (lOml), dried with anhydrous sodium sulphate and eva- 

porated to dryness under nitrogen. The residue was 

redissolved in methanol (3ml), small aliquots (2~1) of which 

were analysed by HPLC using solvent system H2. Monitoring 

of the column eluate at 255nm resulted in the detection of 

four peaks at Rvs 2.8, 8.4, 10.9 and 25.8m1. The first of 

these had identical Rv to 4-hydroxyamphetamine. The 

remaining three peaks were identified by mass spectroscopy: 

(Rv 8.4) 3-iodo-4-hydroxyamphetarniner (Rv 10.9) 4-toluene- 

sulphonic acid and (Rv 2 5 . 8 )  3,5-diiodo-4-hydroxy- 

amphetamine. The overall yields were: 3-iodo-4-hydroxy 

amphetamine 18%; 3,5-diiodo-4-hydroxyamphetamine 25%. 

(ii) A solution of 4-hydroxyamphetamine hydrobromide (lOPl, 

100pg/ml) in phosphate buffer (0.25M, pH 7.4) was added to 

sodium [1251]iodide (lOPl) in a glass centrifuge tube. 

Freshly prepared chloramine-T solution (lOPl, 80Pg/ml) , in 
the same buffer, was then added. The tube was capped, the 

contents mixed thoroughly by vortexing and the reaction 

allowed to proceed for 40 s before being stopped by the 

addition of sodium metabisulphite solution (20P1, 80Pg/ml). 

The solution was made alkaline by addition of borate buffer 

(200~1, pH 8 . 6 ,  0.25M). The mixture was shaken vigorously 

with ch1oroform:isopropanol (3:l) and passed through a phase 

separation filter paper which had been pre-soaked with the 
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92 MASON, LAW, AND MOFFAT 

solvent mixture. The tube was washed with further solvent 

(2 x lml) which was also passed through the filter. The 

organic filtrate was then dried with nitrogen at room tem- 

perature and redissolved in ethanol (6ml). Assessment of 

activity in a gamma-counter indicated that approximately 43% 

of the available [1251]iodine had been incorporated into the 

product. Small aliquots (1~1) were then analysed using the 

HPLC system described above. Eluate fractions (lml) were 

collected and their radioactive contents measured in a 

gamma-counter. There were two main peaks of radio-activity 

corresponding to the mono-and di-iodo derivatives. These 

were present in the ratio 95:5. A larger quantity of the 

reaction product was then processed by HPLC and the 

appropriate fractions collected, pooled and saved for future 

use. 

Preparation of [1251]iodine labelled derivatives IIa, 

IIIa and Va -- 
Compounds 11, 111, and V all have 4-hydroxyphenyl 

groups which can be iodinated by the chloramine-T reaction. 

Accordingly, all three were iodinated by the procedure 

outlined for 4-hydroxyamphetamine above. In all cases the 

ratio of mono- to di-iodinated derivative was approximately 

95:5 as determined by HPLC. 

The purified mono [1251]iodinated compounds (IIa, 

IIIa, IVa and Va) were then incubated with dilutions of the 

Emit amphetamine antiserum in an attempt to assess the affi- 

nity of the antiserum for each radiolabel. From the results 

of this study it was possible to optimise binding conditions 
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AMPHETAMINE WIOIMMUNOASSAY 93 

and  d e v e l o p  R I A s  u s i n g  three o f  the f o u r  r a d i o l a b e l s .  Only 

compound IIa proved  u n s u c c e s s f u l  i n  t h i s  respect. 

Radioimmunoassays 

T h r e e  R I A s  were deve loped ,  a l l  of which used  the same 

a n t i s e r u m  w i t h  a d i f f e r e n t  [1251 ] i o d i n e  l a b e l l e d  amphetamine 

d e r i v a t i v e .  The three a s s a y s  w e r e  b a s e d  on the same o v e r a l l  

protocol: 5 0 ~ 1  of sample  or s t a n d a r d  were p i p e t t e d  i n  d u p l i -  

ca te  i n t o  p o l y p r o p y l e n e  m i c r o - c e n t r i f u g e  t u b e s  , f o l l o w e d  by 

1001.11 of the [1251] label  d i l u t e d  i n  a s s a y  b u f f e r  and 1001.11 

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

Fo r  a s s a y  1, a n t i s e r u m  w a s  d i l u t e d  1 :20  i n  p h o s p h a t e  

b u f f e r  (pH 7 .4 )  c o n t a i n i n g  0 .5% BGG and 0.2% BSA. The 

labe l ,  I V a ,  w a s  d i l u t e d  i n  t h e  same b u f f e r  to  g i v e  a p p r o x i -  

m a t e l y  550Bq i n  1001.11. The t u b e s  w e r e  i n c u b a t e d  for 30 

mins  a t  r o o m  t e m p e r a t u r e  before a d d i t i o n  o f  2 5 0 ~ 1  of 

s a t u r a t e d  ammonium s u l p h a t e  s o l u t i o n .  The t u b e s  w e r e  t h e n  

i n c u b a t e d  f o r  a f u r t h e r  15 mins b e f o r e  b e i n g  c e n t r i f u g e d  ( 3  

mins ,  90009) .  The s u p e r n a t a n t s  w e r e  a s p i r a t e d  and the p r e -  

c i p i t a t e s  coun ted  i n  a gamma-counter. 

Fo r  a s s a y  2, a n t i s e r u m  w a s  d i l u t e d  1:40 i n  p h o s p h a t e  

b u f f e r  ( p H  7 . 4 )  c o n t a i n i n g  0 . 5 %  BGG and 0 . 2 %  BSA. The 

l abe l ,  V a ,  w a s  d i l u t e d  i n  the same b u f f e r  t o  g i v e  approxima- 

t e l y  550Bq i n  1001.11. I n c u b a t i o n ,  s e p a r a t i o n  and c o u n t i n g  

w e r e  i d e n t i c a l  to  a s s a y  1. 

For  a s s a y  3, a n t i s e r u m  w a s  d i l u t e d  1 : l O O  i n  phosphate 

b u f f e r  (pH 7.4) c o n t a i n i n g  0 .2% BGG o n l y .  The label ,  I I I a ,  

w a s  d i l u t e d  i n  the same b u f f e r  t o  g i v e  a p p r o x i m a t e l y  550Bq 

per 1 0 0 ~ 1 .  The t u b e s  were i n c u b a t e d  f o r  30 mins  a t  room 
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94 MASON, LAW, AND MOFFAT 

TABLE 1 

Relative Reactivity* of Amphetamine and Several Closely 
Related Compounds in Three RIAs Using the Same Antiserum 
with Three Different Radiolabels. 

AMPHETAMINE 

METHYLAMPHETAMINE 

FENFLURAMINE 

B ENZ PHETAMINE 

CHLORPHENTERMINE 

PHENTERMINE 

MEPHENTERMINE 

EPHEDRINE 

PHENMETRAZINE 

P HEND IMETRAZINE 

8 -PHENYLETHYLAMINE 

4-HYDROXYAMPHETAMINE 

TRANYLCYPROMINE 

P HENYLP ROPANOLAMINE 

PHENELZ INE 

D IETHYLPROP ION 

METHYLPHENI DATE 

Assay 1 

1 .o 

2.5 

0.15 

0.11 

0.045 

0.005 

0.004 

0.36 

0.002 

0 

0.007 

0.004 

0.16 

0.04 

0.04 

0 

0 

Assay 2 

1.0 

1.67 

0.40 

0.058 

0.000 

0.039 

0.005 

0.08 

0.022 

0 

0.013 

0.003 

0.11 

0.03 

0.005 

0 

0 

Assay 3 

1.0 

0.69 

0.03 

0.009 

0.004 

0.13 

0.01 

0.04 

0.01 

0 

0.025 

0.01 

0.06 

0.02 

0 

0 

0 

*Relative reactivity was measured at a'level of 100ng/nil 
amphetamine. 
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807 

% Bound 

40. 

10’ lo3 lo4 

Amphetamine (ng/ml) 

FIGURE 2. Calibration Curves for Amphetamine Obtained with 

Three different RIAS 

0 Assay 1, W Assay 2 ,  + Assay 3 

temperature and 2501-11 of polyethylene glycol solution 

(27.5%) were added. After a further incubation of 10 mins 

the tubes were centrifuged ( 3  mins, 9 , O O O g ) .  The 

supernatants were then aspirated and the precipitates were 

counted in the gamma-counter. 

The compounds listed in Table 1 were all tested for 

cross-reactivity in each of the three assays. This was done 

by comparing the calibration curve (see Figure 2 )  for each 

with that of amphetamine. The concentration of each com- 

pound which was required to give a depression of binding 

equivalent to that produced by 100ng/ml of amphetamine in 

each assay was calculated. 
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96 MASON, LAW, AND MOFFAT 

RESULTS AND DISCUSSION 

The amphetamine a n t i b o d y  used i n  t h e s e  expe r imen t s  

showed no s i g n i f i c a n t  b i n d i n g  wi th  the r a d i o - i o d i n a t e d  d e r i -  

v a t i v e  I I a .  The other t h r e e  r a d i o l a b e l l e d  compounds, I I I a ,  

I V a  and V a ,  a l l  showed a p p r e c i a b l e  l e v e l s  o f  b i n d i n g  i n  t h e  

o r d e r  I I I a  > V a  > IVa. The d i f f e r e n c e  i n  l e v e l s  of b i n d i n g  

t o  the a n t i b o d y  of compounds I I a  and I l I n  w a s  v e r y  g r e a t .  

These  t w o  compounds are v e r y  s imi l a r  i n  s t r u c t u r e  (see 

F i g .  1) and have i d e n t i c a l  m o l e c u l a r  w e i g h t s :  the o n l y  d i f -  

f e r e n c e  b e i n g  t h a t  compound I I a  h a s  a n  amide bond l i n k i n g  

t h e  new s i d e  c h a i n  t o  amphetamine whereas  compound I I I a  has 

t h e  a l k y l  s i d e  c h a i n  l i n k e d  d i r e c t l y  t o  the  n i t r o g e n  of 

amphetamine. T h i s  f e a t u r e  i s  o b v i o u s l y  a v e r y  i m p o r t a n t  

f a c t o r  i n  d e t e r m i n i n g  the b i n d i n g  o f  the a n t i b o d y  t o  

amphetamine- l ike  compounds. S i m i l a r  r e s u l t s  have been 

r e p o r t e d  by Budd ( 3 )  who found t h a t  the  o n l y  f a c t o r  which 

would i n c r e a s e  b i n d i n g  o f  the E m i t  amphetamine a n t i s e r u m  to  

amphetamine- l ike  compounds was the i n c o r p o r a t i o n  o f  N-a lkyl  

s i d e  c h a i n s  ( t he  longe r  the c h a i n .  the more a v i d l y  bound) .  

He d i d  n o t ,  however,  i n v e s t i g a t e  the b i n d i n g  o f  amphetamine- 

l i k e  compounds w i t h  amide l i n k e d  side c h a i n s .  

T h e  t w o  other r a d i o l a b e l l e d  d e r i v a t i v e s ,  I V a  and V a ,  

p roduced  v e r y  s i m i l a r  r e s u l t s .  Compound V a  w a s  bound more 

a v i d l y  by t h e  a n t i b o d y  t h a n  compound I V a .  The o n l y  s t r u c -  

t u r a l  d i f f e r e n c e  between these t w o  m o l e c u l e s  (see F i g .  1) is 

t h a t  compound Va h a s  an  a l k y l  s i d e  c h a i n  on t h e  n i t r o g e n  

whereas  compound I V a  h a s  no s i d e  c h a i n .  From t h i s  and the 

p r e v i o u s  r e s u l t s  it is a p p a r e n t  t ha t  the a n t i b o d y  does  n o t  
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AMPHETAMINE RADIOIMMUNOASSAY 97 

s i m p l y  d i f f e r e n t i a t e  between an amide and a n  a l k y l  l i n k a g e  

on  t h e  n i t r o g e n  of amphetamine b u t  h a s  a d i s t i n c t  p r e f e r e n c e  

i n  i t s  o r d e r  of b i n d i n g ,  a l k y l  > no  s u b s t i t u e n t  > amide. 

Al though t h e r e  is l i t t l e  i n f o r m a t i o n  on the p r e p a r a t i o n  o f  

t h e  amphetamine immunogen by Syva, t h e s e  r e s u l t s  i n d i c a t e  

t h a t  the  most l i k e l y  mode of c o n j u g a t i o n  of amphetamine t o  

a p r o t e i n  molecule  w a s  v i a  an N-alkyl s i d e  c h a i n .  

T h e  cross r e a c t i o n s  of a number of amphetamine- l ike  c o m -  

pounds i n  each  of t h e  3 a s s a y  sys t ems  is shown i n  T a b l e  1. 

Taken o v e r a l l ,  Assay 3 ,  u s i n g  the m o s t  a v i d l y  bound r a d i o l a -  

bel, a p p e a r s  to  have t h e  h i g h e s t  s p e c i f i c i t y  f o r  amphetamine 

whereas  Assay 1, u s i n g  the leas t  a v i d l y  bound r a d i o l a b e l ,  

h a s  the  lowest.  A s  p r e d i c t e d ,  weakly bound r a d i o l a b e l s  are 

more e a s i l y  d i s p l a c e d  from the a n t i b o d y  t h a n  a v i d l y  bound 

l abe l s .  However, e v e r y  compound d i d  n o t  conform to  th i s  

g e n e r a l  p a t t e r n .  Some compounds showed t he i r  h i g h e s t  cross 

r e a c t i o n  w i t h  Assay 3 and one ,  f e n f l u r a m i n e ,  w a s  m o s t  reac- 

t i v e  i n  Assay 2 .  

I n  o r d e r  t o  deve lop  a h i g h l y  s p e c i f i c  R I A  it is v i t a l  

t h a t  t h e  r a d i o t r a c e r  be a v i d l y  bound and so t h e  m o l e c u l a r  

s t r u c t u r e  of t h e  r a d i o t r a c e r  a c t u a l l y  becomes mre c r i t i c a l  

when a more s p e c i f i c  a n t i b o d y  is g e n e r a t e d .  Obv ious ly  c a r e  

m u s t  be t a k e n  when c h e m i c a l l y  t u n i n g  such  sys t ems  t h a t  the 

R I A  which i s  deve loped  w i l l  d e t e c t  t h e  o r i g i n a l  d rug  mole- 

c u l e  and n o t  become t o t a l l y  s p e c i f i c  for the mod i f i ed  hap- 

t e n .  T h i s  is l i k e l y  to occur because a n t i s e r a  c o n t a i n  

p o p u l a t i o n s  of a n t i b o d i e s  d i r e c t e d  no t  j u s t  a g a i n s t  the hap- 

t e n  b u t  a l s o  a g a i n s t  t h e  chemica l  b r i d g e  be tween h a p t e n  and 

p r o t e i n  ( 4 ) .  
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98 MASON, LAW, AM) MOFFAT 

I n  c o n c l u s i o n ,  it is possible t o  a c h i e v e  wide v a r i a t i o n  

i n  s p e c i f i c i t y  of an R I A  by chemical m o d i f i c a t i o n s  of the 

r a d i o t r a c e r  and hence  t h e  a v i d i t y  w i t h  which it is bound by 

a n  a n t i s e r u m .  T h i s  p o i n t  is e x t r e m e l y  i m p o r t a n t  when i o d i -  

n a t e d  d e r i v a t i v e s  of l o w  molecu la r  we igh t  compounds, such  a s  

d r u g s ,  are b e i n g  p r e p a r e d .  Thus,  a h i g h l y  s p e c i f i c  R I A  f o r  

amphetamine can  be made g roup  s p e c i f i c  to  encompass any p a r -  

t i c u l a r  r ange  of s t r u c t u r a l l y  re la ted compounds by the 

c h o i c e  of the a p p r o p r i a t e  i o d i n a t e d  label .  This a s p e c t  of 

t h e  s p e c i f i c i t y  o f  radioimmunoassays h a s  been  l a r g e l y  

o v e r l o o k e d  and i n s t e a d  much e f f o r t  h a s  been  expended on p re -  

p a r a t i o n  of a n t i b o d i e s  d i r e c t e d  t o  s p e c i f i c  and charac- 

t e r i s t i c  f u n c t i o n s  of a p a r t i c u l a r  mo lecu le .  
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