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QUANTIFICATION OF R E D U C E D  HALOPERIDOL 

A N D  HALOPERIDOL BY R A D I O I M M U N O A S S A Y  

J .L .  B r o w n i n g ,  C . A .  H a r r i n g t o n  a n d  C . M .  D a v i s  
A n a l y t i c a l  N e u r o c h e m i  s t r y  
T e x a s  R e s e a r c h  I n s t i t u t e  

o f  M e n t a l  S c i e n c e s  
1300  F l o u r s u n d  A v e n u e  

H o u s t o n ,  TX 7 7 0 3 0  

ABSTRACT 

A r a d i o i m m u n o a s s a y  f o r  r e d u c e d  h a l o p e r i d o l  a n d  
h a l o p e r i d o l  h a s  b e e n  d e v e l o p e d  b y  u s i n g  a s i m p l e  
d e r i v a t i z a t i o n - s e p a r a t i o n  s t e p  p r i o r  t o  a s s a y  w i  t t i  a n  
a n t i b o d y  c o s p e c i f i c  f o r  b o t h  c o m p o u n d s .  T h e  d e t e c t i o n  
l i m i t  o f  t h e  a s s a y  i s  l e s s  t h a n  2 5  p g  a n d  shows  n o  
c r o s s  r e a c t i v i t y  t o  o t h e r  m e t a b o l i t e s .  T h e  i n t r a a s s a y  
c o e f f i c i e n t  o f  v a r i a t i o n  f o r  r e d u c e d  h a l o p e r i d o l  a n d  
h a l o p e r i d o l  w e r e  9 . 0  a n d  8 .2% r e s p e c t i v e l y  a n d  t h e  
i n t e r a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  w e r e  9 . 0  a n d  
1 0 . 6 %  r e s p e c t i v e l y  a t  5 -10  n g / m l .  As many a s  30  
p a t i e n t  s a m p l e s  c a n  b e  a n a l y z e d  f o r  b o t h  c o m p o u n d s  i n  
a s i n g l e  d a y .  

(KEY WORDS:  R a d i o i m m u n o a s s a y s .  D r u g  A n a l y s i s .  D r u g  
F l e t a b o l i s m .  M e t a b o l i t e s .  B i n d i n g  A s s a y s .  
I m m u n o c h e m i c a l  M e t h o d s ) .  

INTRODUCTION 

H a l o p e r i d o l  ( H )  i s  o n e  o f  t h e  m o s t  c o m m o n l y  p r e -  

s c r i b e d  a g e n t s  f o r  t h e  t r e a t m e n t  o f  s c h i z o p h r e n i a .  

L i k e  m o s t  o t h e r  a n t i p s y c h o t i c  a g e n t s ,  H i s  a d o p a m i n e  
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46 BROWNING, HARRINGTON, AND DAVIS 

r e c e p t o r  a n t a g o n i s t .  Some s t u d i e s  (1,2,3) h a v e  shown 

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

among p a t i e n t s  o n  t h e  same d o s a g e .  A l t h o u g h  F o r s m a n  

-- e t  a l .  (4) h a v e  c o n c l u d e d  t h e r e  i s  " n o  s i m p l e  r e l a -  

t i o n s h i p  b e t w e e n  p h a r m a c o k i n e t i c s  o f  H a n d  t h e  c l i n i -  

c a l  r e s p o n s e " ,  o t h e r s  show a c o r r e l a t i o n  b e t w e e n  

b l o o d  l e v e l  a n d  t h e r a p e u t i c  r e s p o n s e  (5,6). 

When r a d i o r e c e p t o r  a s s a y s  a r e  u t i l i z e d  t o  

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

1 a t i o n  w i t h  o t h e r  a n a l y t i c a l  t e c h n i q u e s  ( 7 , 8 ) .  H o w -  

e v e r ,  r a d i o r e c e p t o r  a s s a y  o f  H h a s  b e e n  shown t o  

c o r r e l a t e  we1 1 w i  t h  r a d i o i m m u n o a s s a y  a n d  g a s  

c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y  m e a s u r e m e n t  when 

b l o o d  l e v e l s  a r e  m e a s u r e d  a f t e r  an a c u t e  d o s a g e  (9). 

T h i s  d i  f f e r e n c e  i s  g e n e r a l l y  a s c r i b e d  t o  t h e  p r e s e n c e  

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

( 1 0 ) .  

I n  t h i s  r e s p e c t  H h a s  a u n i q u e  m e t a b o l i c  p r o -  

f i l e .  O x i d a t i v e  N - d e a l k y l a t i o n  y i e l d s  t w o  s m a l l e r  

f r a g m e n t s  w h i c h  h a v e  no  p h a r m a c o l o g i c a l  a c t i v i t y  (11, 

1 2 ) .  H o w e v e r ,  H c a n  f o r m  a r e d u c t i o n  p r o d u c t  i n  w h i c h  

t h e  b e n z y l i c  k e t o n e  i s  r e d u c e d  t o  a n  a l c o h o l  (13). 

T h i s  m e t a b o l i t e ,  ( r e d u c e d  h a l o p e r i d o l )  d e s i g n a t e d  R H ,  

i s  t h e  o n l y  m e t a b o l i t e  o f  H k n o w n  t o  p o s s e s s  n e u r o -  

l e p t i c  a c t i v i t y  (41. We f o u n d  t h a t  R H  i s  e q u i p o t e n t  

t o  H i n  d i s p l a c e m e n t  o f  3 H - H  i n  s t u d i e s  t o  d e t e r m i n e  
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QUANTIFICATION OF RH AND H BY RIA 47 

t h e  c r o s s r e a c t i v i t y  o f  R H  w i t h  an  a n t i b o d y  d e v e l o p e d  

i n  o u r  l a b o r a t o r y  t o  H .  T h i s  f i n d i n g  was  u t i l i z e d  t o  

d e v e l o p  an  a n a l y t i c a l  t e c h n i q u e  t o  m e a s u r e  R H .  

R e c e n t l y  t w o  g r o u p s  h a v e  r e p o r t e d  1 i q u i d  c h r o m a t o -  

g r a p h i c  m e t h o d s  f o r  d e t e r m i n i n g  H a n d  R H  ( 1 4 , 1 5 1 .  

One m e t h o d  ( 1 5 )  u t i l i z e s  an  a b s o r b a n c e  d e t e c t i o n  

m e t h o d  a n d  a s  s u c h  d o e s  n o t  h a v e  r e q u i s i t e  s e n s i t i -  

v i t y .  T h e  o t h e r  m e t h o d  ( 1 4 1 ,  u t i l i z i n g  e l e c t r o -  

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

c u m b e r s o m e  and  t i m e  c o n s u m i  ng  . S e v e r a l  r a d i o  immuno-  

a s s a y s  ( R I A )  h a v e  b e e n  d e v e l o p e d  f o r  H ( 1 6 , 1 7 , 1 8 ) .  

H o w e v e r ,  a n t i b o d i e s  a g a i n s t  h a l o p e r i d o l  l i n k e d  a t  

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

p l a s m a  l e v e l s  b y  4 0 % - 2 0 0 % ,  a s  c o m p a r e d  t o  g a s -  

c h r o m a t o g r a p h y  ( G C ) ,  when no  e x t r a c t i o n  i s  u t i l i z e d  

p r i o r  t o  R I A  ( 1 9 , 2 0 1 .  

T h u s ,  t h e  p u r p o s e  o f  t h i s  s t u d y  was  t o  d e v e l o p  a 

r e l i a b l e  a n d  r a p i d  means  o f  q u a n t i f y i n g  R H  a n d  H i n  

p a t i e n t  a n d  a n i m a l  s a m p l e s .  A d d i t i o n a l l y ,  we e x a m i n e d  

t h e  r e l a t i o n s h i p  b e t w e e n  b l o o d  l e v e l s  o f  H a n d  R H  i n  

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

h a 1  o p e r i d o l  t h e r a p y .  

MATERIALS A N D  METHODS 

H a l o p e r i d o l  a n d  i t s  m e t a b o l i t e s  w e r e  a g i f t  o f  

M c N e i l  L a b o r a t o r i e s ,  3 H - H  was o b t a i n e d  f r o m  R e s e a r c h  
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48 BROWNING, HARRINGTON, AND DAVIS 

P r o d u c t s  I n t e r n a t i o n a l  ( R P I )  a n d  c h e c k e d  f o r  p u r i t y  

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

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

P r e p a r a t i o n  of Immunogen  

H a l o p e r i d o l - o x i m e  was  p r e p a r e d  b y  r e a c t i o n  o f  H 

w i t h  c a r b o x y m e t h o x y l a m i n e  b y  a m o d i f i c a t i o n  o f  t h e  

m e t h o d  o f  E r l a n g e r ,  -- e t  a 1  ( 2 1 ) .  B r i e f l y ,  0 . 9  m m o l e  

c a r b o x y m e t h o x y l a m i n e  was r e a c t e d  w i t h  0 . 5  m m o l e  H i n  

e t h a n o l  made a c i d i c  b y  a d d i t i o n  o f  a c e t i c  a c i d .  T h e  

r e a c t i o n  p r o d u c t  was s u b s e q u e n t l y  e x t r a c t e d  w i t h  

c h l o r o f o r m  a n d  d r i e d  i n  v a c u o .  H a l o p e r i d o l - o x i m e  was 

t h e n  c o n j u g a t e d  t o  c h a r c o a l  c l e a n e d  BSA ( 2 2 1 ,  b y  t h e  

m i x e d  a n h y d r i d e  m e t h o d  o f  V a u g h n  ( 2 3 ) .  T h e  c o n j u -  

g a t e ,  c o n t a i n e d  a m o l a r  r a t i o  H / B S A  o f  2 6 / 1  a s  d e t e r -  

m i n e d  by  a d d i t i o n  o f  3 H - H .  

-~ 

I m m u n i z a t i o n  P r o c e d u r e s  - -- 

T h e  c o n j u g a t e ,  c o n t a i n i n g  a m o l a r  r a t i o  H/BSA o f  

2 6 / 1 ,  was s u s p e n d e d  i n  0 .9% NaCl  a n d  m i x e d  w i t h  e q u a l  

v o l u m e s  o f  F r e u n d ' s  C o m p l e t e  A d j u v a n t  t o  g i v e  a f i n a l  

c o n c e n t r a t i o n  o f  5 m g / m l .  

W h i t e  New Z e a l a n d  r a b b i t s  h o u s e d  i n  o u r  a n i m a l  c a r e  

f a c i l i t i e s  w e r e  g i v e n  0.5 m l  i n t r a m u s c u l a r  i n j e c t i o n s  i n  

e a c h  f l a n k .  B o o s t e r  i n j e c t i o n s  w e r e  g i v e n  m o n t h l y  f o r  

s i x  m o n t h s  a n d  a r t e r i a l  b l o o d  was d r a w n  f r o m  t h e  e a r  

s e v e n  d a y s  a f t e r  t h e  l a s t  i n j e c t i o n .  
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Rad i o i  mmun o a s s a y  

49 

T h e  0 . 0 5  M B o r a t e  b u f f e r  ( p H  8 .0 )  u s e d  w i t h  a l l  

a s s a y s  a n d  d i l u t i o n s  c o n t a i n e d  1 mg/m l  o f  g e l a t i n .  

T h e  R I A  c o n t a i n e d  t h e  f o l l o w i n g :  0.5 m l  a n t i b o d y  

d i l u t e d  1 :17 ,000  ( f i n a l  d i l u t i o n  1 : 2 0 , 0 0 0 ) ,  1 5 2  p g  

3 H - H  i n  5 0  v l  ( 1 6 , 0 0 0  dpm, 19  C i / r n m o l e )  a n d  5 0  ,1 o f  

s a m p l e  o r  s t a n d a r d  i n  . 0 5 N  H C 1 .  A f t e r  t h e  a s s a y  was  

i n c u b a t e d  1 h r .  a t  r o o m  t e m p e r a t u r e ,  t h e  a n t i b o d y  

b o u n d  H was s e p a r a t e d  f r o m  f r e e  H b y  a d d i t i o n  o f  200 

v1 d e x t r a n  c o a t e d  c h a r c o a l  ( 3 %  N o r i t e  A c h a r c o a l  

c o a t e d  w i t h  0.3% D e x t r a n  T 7 0 ) .  A f t e r  10 m i n u t e s  t h e  

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

1 , 0 0 0  x g  f o r  2 m i n u t e s .  A 0 . 5  m l  a l i q u o t  o f  t h e  

s u p e r n a t a n t  was w i t h d r a w n  a n d  a s s a y e d  f o r  r a d i o -  

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

N u c l e a r  C h i c a g o  M a r k  I 1  l i q u i d  s c i n t i l l a t i o n  s p e c t r o -  

m e t e r .  

T o t a l  i m m u n o a c t i v i t y  was m e a s u r e d  d i r e c t l y  a f t e r  

e x t r a c t i o n  w h i l e  H was d e t e r m i n e d  a f t e r  e x t r a c t i o n  

a n d  s p e c i f i c  r e m o v a l  o f  R H  b y  d e r i v a t i z a t i o n  a n d  

c h r o m a t o g r a p h y .  R H  was t a k e n  t o  b e  t h e  d i f f e r e n c e  

b e t w e e n  t o t a l  i m m u n o a c t i v i t y  ( T I )  a n d  H v a l u e s  ( e . g . ,  

T I  - H  = R H ) .  S a m p l e  o r  s t a n d a r d  ( 0 . 5  m l )  i n  p l a s m a  

w i t h  6 , 0 0 0  dpm 3 H - H  a d d e d  f o r  r e c o v e r y  was e x t r a c t e d  

b y  a d d i t i o n  o f  2 0  u1 i s o a m y l  a l c o h o l  , 4 . 5  m l  p e n t a n e ,  

a n d  200 u l  s a t u r a t e d  s o d i u m  c a r b o n a t e .  T h e  e x t r a c t i o n  
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50 BROWNING, HARRINGTON, AND DAVIS 

m i x t u r e  was s h a k e n  f o r  1 h r .  a n d  t h e n  c e n t r i f u g e d  10 

m i n .  a t  2,000 x g .  T h e  l o w e r  a q u e o u s  l a y e r  was f r o z e n  a t  

-80°C  a n d  t h e  u p p e r  o r g a n i c  p h a s e  ( c o n t a i n i n g  t h e  H a n d  

R H )  was  t r a n s f e r r e d  i n t o  t w o  o t h e r  t u b e s  e a c h  c o n t a i n i n g  

a p p r o x i m a t e l y  one  h a l f  o f  t h e  e x t r a c t  ( o n e  t u b e  f o r  T I  

a n d  o n e  f o r  H, d e t e r m i n a t i o n )  a n d  d r i e d  u n d e r  N 2 .  I n  

o r d e r  t o  d e t e r m i n e  H s p e c i f i c a l l y ,  R H  m u s t  b e  d e r i v i -  

t i z e d  p r i o r  t o  s i l i c a  g e l  c h r o m a t o g r a p h y ,  s i n c e  u n d e r i -  

v a t i z e d  K H  was n o t  s e p a r a b l e  b y  c h r o m a t o g r a p h y  a1 o n e .  

T h u s ,  1 0 0  u 1  o f  a d e r i v a t i z a t i o n  m i x t u r e  was a d d e d  t o  

o n e  h a l f  o f  t h e  d r i e d  e x t r a c t .  T h i s  m i x t u r e  was p r e p a r e d  

j u s t  p r i o r  t o  i t s  u s e  b y  s a t u r a t i n g  a 5 %  t r i m e t h y l a m i n e  

i n  b e n z e n e  s o l u t i o n  w i t h  an  e x c e s s  o f  s u c c i n i c  a n h y -  

d r i d e .  The 5 %  ( b y  w e i g h t )  s o l u t i o n  was p r e p a r e d  by 

b u b b l i n g  t r i m e t h y l a m i n e  i n t o  r e d i s t i l l e d  b e n z e n e ,  a n d  

may b e  s t o r e d  a t  4 ° C  i n  t h e  d a r k  f o r  u p  t o  6 w e e k s  

w i t h o u t  d e t e r i o r a t i o n .  T h e  d e r i v a t i z a t i o n  was c a r r i e d  

o u t  a t  room t e m p e r a t u r e  f o r  1 h r .  

D e r i v a t i z e d  p r o d u c t  was s e p a r a t e d  f r o m  u n d e r i v a -  

t i z e d  p r o d u c t  on  s i l i c a  g e l  c o l u m n s  w h i c h  w e r e  p r e p a r e d  

b y  a d d i t i o n  o f  a b o u t  1 5 0  mg s i l i c a  g e l  ( 6 0 - 2 0 0  m e s h )  t o  

a s m a l l  ( 1 0  m l  ) p o l y p r o p y l  e n e  c o l u m n  ( B i  o r a d ,  R i  chmond ,  

C A I .  T h e s e  c o l u m n s  w e r e  t h e n  w a s h e d  w i t h  1 m l  p e n t a n e ,  1 

m l  e t h a n o l ,  t h e n  1 m l  e l u t i o n  s o l v e n t  w h i c h  c o n s i s t e d  o f  

p e n t a n e / e t h a n o l / N H 4 0 H  ( 5 0 : 5 0 : 0 . 2 5 ) .  The  e x t r a c t e d ,  

d e r i v a t i z e d  s a m p l e  was d i l u t e d  w i t h  1 m l  o f  t h e  e l u t i o n  

s o l v e n t  a n d  t r a n s f e r r e d  t o  t h e  c o l u m n .  The  s a m p l e  t u b e s  
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QUANTIFICATION OF RH AND H BY RIA 51 

were r i n s e d  a g a i n  w i t h  1 . 0  ml e l u t i o n  s o l v e n t  which  was 

a l s o  a p p l i e d  t o  t h e  co lumn.  The combined  e l u t i o n  s o l v e n t  

c o n t a i n i n g  H was d r i e d  u n d e r  1.12 a t  40°C. Both t h e  

e x t r a c t e d ,  d e r i v a t i z e d ,  and c h r o m a t o g r a p h e d  s a m p l e  ( H )  

and t h e  e x t r a c t e d  o n l y  sample  ( T I )  were  r e c o n s t i t u t e d  t o  

0 . 5  ml w i t h  0 . 0 5 N  H C 1 .  A n  a l i q u o t  ( 2 0 0  p l )  was a s s a y e d  

f o r  r a d i o a c t i v i t y  t o  d e t e r m i n e  r e c o v e r y  from t h e  u n d e r i -  

v a t i z e d  and d e r i v a t i z e d  e x t r a c t s  and 50  u 1  i n  d u p l i c a t e  

were  a s s a y e d  f o r  H o r  T I  by RIA. U s i n g  t h e s e  p r o c e -  

d u r e s ,  a s  many a s  30 s a m p l e s  may be a n a l y z e d  f o r  b o t h  H 

and  R H  i n  a s i n g l e  d a y .  

L i q u i d  Chromatography  Assay 

Samples  a n a l y z e d  by l i q u i d  c h r o m a t o g r a p h y  w e r e  

p r o c e s s e d  by a s l i g h t  m o d i f i c a t i o n  of t h a t  d e s c r i b e d  

by K o r p i ,  -- e t  a l .  , ( 1 4 ) .  B r i e f l y ,  2 ml p l a sma  s a m p l e s  

c o n t a i n i n g  1 0 , 0 0 0  dpm 3 H - H  f o r  r e c o v e r y  were  a l k a -  

l i n i z e d  and e x t r a c t e d  t w i c e  f o r  1 5  m i n u t e s  e a c h  t i m e  

w i t h  5 ml o f  t h e  e x t r a c t i o n  s o l v e n t  ( 1 . 5 %  i soamyl  

a l c o h o l  i n  h e p t a n e ) .  The s a m p l e s  i n  t h e  o r g a n i c  p h a s e  

were  t h e n  e x t r a c t e d  i n t o  . 2 N  H C 1  and t h e  a c i d  l a y e r  

washed w i t h  e x t r a c t i o n  s o l v e n t .  F i n a l l y  t h e  a q u e o u s  

1 a y e r  was a1 ka l  i n i z e d  and e x t r a c t e d  twice w i t h  ex -  

t r a c t i o n  s o l v e n t  which  was t h e n  d r i e d  u n d e r  N 2  and  

r e c o n s t i t u t e d  i n  250 u l  m o b i l e  p h a s e .  T h e  m o b i l e  

p h a s e  c o n s i s t e d  of  p o t a s s i u m  p h o s p h a t e  b u f f e r  80  mM 

( a d j u s t e d  t o  pH 6 . 8 )  and  g l a s s  r e d i s t i l l e d  HPLC-grade 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



52 BROWNING, HARRINGTON, AND DAVIS 

a c e t o n i t r i l e ,  5 0 / 5 0  ( b y  v o l ) .  One f i f t h  o f  e a c h  sam- 

p l e  ( 5 0  ,,l) was i n j e c t e d  o n t o  a Custom L C ,  5 m i c r o n  

c y a n o p r o p y l s i l a n e  column ( .46 x 2 5  cm) u s i n g  a V a l c o  

i n j e c t i o n  v a l v e .  Samples  were  a n a l y z e d  w i t h  a Bio-  

a n a l y t i c a l  L C  2A c o n t r o l l e r  o p e r a t e d  a t  t . 9V p o t e n -  

t i a l  w i t h  a g l a s s y  c a r b o n  TL5 f l o w  c e l l .  Concen- 

t r a t i o n s  of  R H  and  H were  d e t e r m i n e d  by peak h e i g h t  

c o m p a r i s o n  w i t h  a s t a n d a r d  c u r v e  and c o r r e c t e d  f o r  

r e c o v e r y  by l i q u i d  s c i n t i l l a t i o n  a n a l y s i s  o f  3H-H 

p r e s e n t  i n  t h e  e x t r a c t .  Recovery  was t y p i c a l l y  

g r e a t e r  t h a n  95%.  

RESULTS - A N D  DISCUSSION 

Radio1  i g a n d :  

F igure  1 shows r a d i o c h r o m a t o g r a m s  o f  3H-H f rom two 

d i  f f e r e n t  s o u r c e s  t h a t  were  a n a l y z e d  by High-Pe r fo rmance  

T h i n - L a y e r  Chromatography  ( H P T L C )  u s i n g  CHC13/ e t h y l  

a c e t a t e  ( 4 : l )  a s  a s o l v e n t  s y s t e m  i n  a c h r o m a t o g r a p h y  

chamber  s a t u r a t e d  w i t h  NH4 v a p o r .  The two l o t s  from 

R e s e a r c h  P r o d u c t s  I n t e r n a t i o n a l  ( R P I )  ( F i g .  l A ,  B )  and 

o n e  l o t  from New England  N u c l e a r ,  ( N E N )  ( F i g .  1 C )  r e v e a l  

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

and v e n d o r  t o  v e n d o r .  All  t h r e e  l a b e l e d  p r o d u c t s ,  a s  

we1 1 a s  a u t h e n t i c  s t a n d a r d s  were  c h r o m a t o g r a p h e d  s i m u l -  

t a n e o u s l y .  U1 t r a v i o l e t  and r a d i o a c t i v e  d e n s i  t o m e t r i c  

s c a n s  r e v e a l e d  t h e  m a j o r  r a d i o a c t i v e  peak i n  a l l  t h r e e  
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QUANTIFICATION OF RH AND H BY R I A  53 

NEN lot + 1037-034 % 1 ,  

OmnM: HAL 

F i g u r e  1. HPTLC r a d i o c h r o m a t o g r a m s  o f  3 H  h a l o p e r i d o l  

f r o m  t w o  s o u r c e s :  R e s e a r c h  P r o d u c t s  

I n t e r n a t i o n a l  ( R P I )  a n d  New E n g l a n d  N u c l e a r  

( N E N ) .  A r r o w s  m a r k  R f  o f  a u t h e n t i c  s t a n d a r d s .  

D e t a i l s  i n  t e x t .  

p r e p a r a t i o n s  c o - c h r o m a t o g r a p h e d  w i t h  a u t h e n t i c  H .  ( R f  = 

0 . 3 9 ) .  T h e  m i n o r  p e a k  i n  t h e  R P I  p r e p a r a t i o n s  a p p e a r s  t o  

c o n t a i n  a k e t o n e  f u n c t i o n  t h a t  i s  n o t  b e n z y l i c  ( r e a c t s  

s l  o w l y  w i  t h  c a r b o x y m e t h o x y l  am i  n e )  . T h e  m i  n o r  p e a k  i n  t h e  

New E n g l a n d  N u c l e a r  p r o d u c t  c o - c h r o m a t o g r a p h e d  w i t h  R H  

( R f  = 0 . 2 0 ) .  O u r  e x p e r i e n c e  w i t h  R I A  a n d  r a d i o r e c e p t o r  

a s s a y  i n d i c a t e  t h a t  h o m o g e n e i t y  o f  r a d i o l i g a n d  may b e  an  
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54 BROWNING, HARRINGTON, AND DAVIS 

i m p o r t a n t  i s s u e  i n  the q u a l i t y  o f  r e s u l t s  o b t a i n e d  by 

c o m p e t i t i v e  p r o t e i n - b i n d i n g  a s s a y s .  T h e s e  r e s u l t s  i n d i -  

c a t e  t h a t  s i n c e  e a c h  l o t  o f  3 H - H  c a n  v a r y  s u b s t a n t i a l l y  

i n  p u r i t y ,  t h e y  s h o u l d  be c h e c k e d  r o u t i n e l y .  

S t a n d a r d  Curve: 

Anti-H-BSA serum was used  a t  a d i l u t i o n  o f  

1 : 2 0 , 0 0 0  u s i n g  152 p g  ( 1 6 , 0 0 0  dpm) 3 H - H  f rom R e s e a r c h  

P r o d u c t s  I n t e r n a t i o n a l .  The s t a n d a r d  c u r v e  f o r  H was 

l i n e a r  on a L o g i t  B/Bo a s  shown i n  F i g u r e  2 .  T h e  i n s e t  

shows a E a d i e - H o f s t e e  a n a l y s i s  o f  b i n d i n g  r e v e a l i n g  a Ka 

o f  4.02x109M. The a s s a y  was s e n s i t i v e  t o  l e s s  t h a n  2 5  p g  

( 0 . 5  n g / m l )  u s i n g  two s t a n d a r d  d e v i a t i o n s  from t h e  mean 

a s  t he  l i m i t .  

C r o s s  r e a c t i v i t y :  -- 
The a s s a y  was t e s t e d  f o r  i n t e r f e r e n c e  by H 

m e t a b o l i t e s  and r e l a t e d  compounds ( F i g u r e  3 ) .  R H  was 

e q u i p o t e n t  i n  d i s p l a c i n g  3H-H. This  c o - s p e c i f i c i t y  i s  

due  t o  t h e  h a p t e n  l i n k a g e  t o  BSA o c c u r i n g  a t  t h e  s i t e  

o f  r e d u c t i o n  of t h e  H m o l e c u l e .  The s u b t r a c t i o n  H 

from TI  t o  o b t a i n  R I i  c o n c e n t r a t i o n  u t i l i z i n g  one  

a n t i b o d y  i s  t o  o u r  knowledge  u n i q u e  b u t  c o u l d  be 

u t i l i z e d  i n  o t h e r  a s s a y s  where  two compounds a r e  o f  

v e r y  s i m i l a r  s t r u c t u r e .  P o l a n d  and R u b i n  ( 2 4 1  have  

u t i l i z e d  a s i m i l a r  a p p r o a c h  t o  m e a s u r e  H and  R H .  

The i r  technique u t i l i z e d  two d i f f e r e n t  a n t i b o d i e s  
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QUANTIFICATION OF RH AND H BY RIA 55 

25 50 100 250 500 lo00 2500 

M A S 8  (pg) 

F i g u r e  2 .  S t a n d a r d  c u r v e  u s i n g  h a l o p e r i d o l .  P r a c t i c a l  

s e n s i t i v i t y  o f  a s s a y  u s i n g  a 5 0  ul p l a s m a  

a l i q u o t  a n d  s e n s i t i v i t y  o f  2 5  p g  was 0 . 5  

n g / r n l .  T h e  i n s e t  shows  an  E a d i e - H o f s t e e  

a n a l y s i s  o f  t h e  d a t a  p l o t t e d  a s  B o u n d / F r e e  

v e r s u s  B o u n d .  

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

t w o  a n t i b o d y  a p p r o a c h  c o u l d  b e  e f f e c t i v e l y  e m p l o y e d  

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

c o m p o u n d  w h i l e  t h e  o t h e r  o n l y  d e t e c t e d  b o t h  com- 

p o u n d s .  H o w e v e r ,  R u b i n  e t  a1 h a v e  shown t h a t  a n  
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56 BROWNING, HARRINGTON, AND DAVIS 

STRUCTURE AND REFERENCE NUMBER 

0 OH 

NUMBER 

1 F @ ! - c H ,  -CH ,-CH , - N % ~ ~  

f ' k l - J R - 4 7 4 9 ,  INAPSINE) @ 

("cN-JR-1685. H A L W L )  
0 0 

2 F@cH,-cH,-cH~-N~N/IN 

&CL 

3 F@H-CH,-CH,-CH,-N PH 
(Junssen / l f -25721  

4 HN*CL 

5 H N ~  CL 

0 
6 F a t - C H , - C H , - C O O H  

f IbN-JP-15  15 1 

f':c/i-JR-25 7 6 )  

O'cN-JR-11,302) 

7 F@CH,-C-NH-CH,-COOH 19 
IblcN-JR-X-680) 

AMOUNT WHICH REDUCES 

3H-HALOPERIDOL TO OF SOX 
GENERIC NAME 

HALOPERIDOL 1 

DRoPER I D o L  2.5 104 

1 REDUCED 
HALOPERIDOL 

SUBSTITUTED 

MOIETY OF 
HALOPERIDOL 

DEHYDRATION 

COMPOUNT tF 

P l P E R l D l N Y L  3.1 x 10 

PRODUCT 7 . 2  x 10' 

HALOPERIDOL 3 x lo8 METABOLITE 

1.4 10' HALOPERIDOL 
METABOLITE 

F i g u r e  3 .  C r o s s r e a c t i v i  t y  o f  ha1 o p e r i d o l  m e t a b o l i t e s  

and b u t y r o p h e n o n e s  w i t h  ox imo-ha1  o p e r i d o l  

s p e c i f i c  a n t i s e r u m .  

a n t i b o d y  p r o d u c e d  a g a i n s t  s u c c i n y l - H ,  where  t h e  hap- 

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

a t  t h e  o t h e r  end o f  t h e  m o l e c u l e  b y  means o f  r e a c t i o n  

w i t h  c h l o r o s u c c i n i c  a c i d ,  c r o s s  r e a c t s  w i t h  o t h e r  H 

m e t a b o l i t e s  a l t h o u g h  n o t  R H  (19). A l s o  t h i s  t e c h -  

n i q u e  w o u l d  r e q u i r e  two d i f f e r e n t  d e r i v a t i z a b l e  
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QUANTIFICATION OF RH AND H BY RIA 57 

m o i e t i e s  o n  o p p o s i t e  s i d e s  o f  t h e  m o l e c u l e .  W h i l e  

W h i l e  t h i s  m i g h t  b e  p o s s i b l e  f o r  H, i t  w o u l d  n o t  b e  

f o r  many o t h e r  c o m p o u n d s .  T h e  o n l y  o t h e r  k n o w n  

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

c a n t l y  was t h e  p i p e r i d i n y l  m o i e t y  ( F i g u r e  3 1 ,  w h i c h  

r e q u i r e d  3 1 - f o l d  h i g h e r  c o n c e n t r a t i o n s  t o  p r o d u c e  a 

c o m p a r a b l e  d i  s p l  a c e m e n t  when a d d e d  d i r e c t l y  t o  t h e  

i i n m u n o a s s a y .  H o w e v e r ,  t h e  p i p e r i d i n y l  m o i e t y  d i d  n o t  

e x t r a c t  a n d  was u n d e t e c t a b l e  a t  1 ,,g ( 2 0  ,,g/ml) i n  

t h e  c o m p l e t e  a s s a y .  

As s a y  : 

R e c o v e r i e s  w e r e  r o u t i n e l y  a c c o u n t e d  f o r  b y  a d d i -  

t i o n  o f  a s m a l l  a m o u n t  ( 6 , 0 0 0  dpm) o f  3H-H. O f  16 ,000 

dpm a d d e d  t o  t h e  R I A  i n c u b a t i o n  o n l y  4 2 0  dpm i n  t h e  

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

a d d i t i o n .  R e c o v e r y  o f  H f r o m  t h e  c o l u m n s  was > 9 8 % ,  

a l t h o u g h  r e c o v e r y  t h r o u g h  e x t r a c t i o n ,  d e r i v a t i -  

z a t i o n  a n d  c h r o m a t o g r a p h y  was g e n e r a l l y  a b o u t  8 5 % .  

A d d i t i o n  o f  a 3 H - H  t r a c e r  i n c r e a s e s  p r e c i s i o n  b y  

m o n i t o r i n g  t h e  r e c o v e r y  o f  t h e  e x t r a c t i o n  d e r i v a t i -  

z a t i o n ,  a n d  c h r o m a t o g r a p h y  s t e p s .  T r i t i a t e d  R H  p r e -  

p a r e d  b y  r e d u c t i o n  o f  3 H - H  s h o w e d  t h a t  H a n d  R H  e x -  

t r a c t  e q u i v a l e n t l y  i n  t h i s  a s s a y .  No l o s s  o f  H d u e  t o  

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

u n d e r  t h e  c o n d i t i o n s  e m p l o y e d  a b o v e .  E v e n  when 

i n c u b a t e d  a t  60°C f o r  o n e  week a l o s s  was n o t e d  o n l y  
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58 BROWNING, HARRINGTON, AND DAVIS 

when an  e x t r e m e l y  h i g h  m o l a r  r a t i o  o f  s u c c i n i c  a n h y d r i d e  

t o  H was u s e d  (106:l). A d d i t i o n a l l y  no  R H  was d e t e c t e d  

i n  t h e  H a s s a y  i n d i c a t i n g  d e r i v a t i z a t i o n  a n d  c h r o m a t o -  

g r a p h y  a l l o w e d  c o m p l e t e  r e m o v a l  o f  R H .  F o r m a t i o n  o f  a 

s u c c i n y l  d e r i v i t i v e  i n  o r d e r  t o  f a c i l i t a t e  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 n  a R I A  i s  t o  o u r  k n o w l e d g e  a n o v e l  

i d e a .  H o w e v e r ,  s u c c i n y l a t i o n  a n d  a c e t y l a t i o n  p r o c e d u r e s  

h a v e  b e e n  u t i l i z e d  i n  R I A ’ S  i n  o r d e r  t o  i m p r o v e  

i m m u n o l o g i c  s p e c i f i c i t y  a n d  s e n s i t i v i t y  ( 2 5 ;  2 6 )  ( T a b l e  

I ) .  The i n t r a a s s a y  v a r i a t i o n  was 8 .2% f o r  H ( n = 1 0 )  a n d  

9 .0% f o r  R H  d e t e r m i n a t i o n s  ( n = 1 2 )  ( T a b l e  I ) .  I n t e r a s s a y  

v a r i a t i o n  was 1 0 . 6 %  f o r  tI d e t e r m i n a t i o n s  ( n = l l )  a n d  9 .0% 

f o r  R H  ( n = l l ) .  Q u a 1  i t y  c o n t r o l  s t a n d a r d s  c o n t a i n i n g  

e q u a l  a m o u n t s  o f  H a n d  R H  w e r e  r o u t i n e l y  i n c l u d e d  i n  a l l  

a s s a y s .  U s i n g  t h i s  p r o c e d u r e  o v e r  1 0 0 0  s a m p l e s  h a v e  

b e e n  d e t e r m i n e d  i n  o u r  l a b o r a t o r y  d u r i n g  t h e  l a s t  3 

y e a r s .  

C1 i n i c a l  : 

F i g u r e  4 shows  t h e  c o r r e l a t i o n  b e t w e e n  R H  p l a s m a  

l e v e l s  a n d  H p l a s m a  l e v e l s  i n  100 p a t i e n t s  c h r o n i -  

c a l l y  t r e a t e d  w i t h  H.  T h i s  f i g u r e  s u g g e s t s  t h a t  a s  

p l a s m a  l e v e l s  o f  H a r e  i n c r e a s e d  a b o v e  a b o u t  20  n g / m l  

t h e  R H  l e v e l s  a r e  i n c r e a s e d  a t  a much  m o r e  r a p i d  r a t e  

t h a n  H. A b o v e  20 n g / m l  t h e  b o d y  a p p e a r s  t o  m e t a b o l i z e  

H t o  R H  i n  i n c r e a s i n g l y  g r e a t e r  a m o u n t s .  The  s i g n i -  

f i c a n c e  o f  t h i  s m e t a b o l  i sm i n  d e t e r m i  n i  n g  t h e  t h e r a -  
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QUANTIFICATION OF RH AND H BY RIA 59 

TABLE 1 Assay Precision and Accuracy 

MASS ADDED MASS MEASURED 

HALOPERIDOL+ 
HALOPERIDOL REDUCED HALOPERIDOL 

(NG/ML) (NG/ML) 

6.25 NG/ML HALOPERIDOL 5,811 +_ 0.48 (10) 6.40 +_ 0,34 (10) 

25,OO NG/ML HALOPERIDOL 25.53 5 1.80 (10) 25.18 +_ 1.23 (10) 

10,OO NG/ML REOUCEO 
HALOPERIOOL 0,58 +_ 0,79 (3) 9.76 +_ 0,88 (12) 

10,OO NG/ML HALOPER IDOL 

10,OO NG/ML REDUCED 
HALOPER I OOL 

+ 8.92 t 0.40 (3) 19,63 +_ 0.50 (3) 

p e u t i c  e f f e c t  o f  H n e e d s  t o  b e  e x p l o r e d  i n  a 

c o n t r o l  l e d  c l i n i c a l  s i t u a t i o n .  

C o m E r i  son:  - -- 
S i x  o f  t h e s e  p a t i e n t  s a m p l e s  w h i c h  h a d  a w i d e  

r a n g e  o f  c o n c e n t r a t i o n s  o f  R H  ( 8 . 4 - 5 6 . 6  n g / m l )  a n d  R H  

t o  H r a t i o s  (.34-2.8) w e r e  s u b j e c t e d  t o  a n a l y s i s  b y  

b o t h  R I A  a n d  L i q u i d  C h r o m a t o g r a p h y .  T a b l e  I 1  shows  

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

e l e c t r o c h e m i c a l  d e t e c t i o n  t e c h n i q u e  (14) a n d  R I A .  

B o t h  a n a l y t i c a l  m e t h o d s  y i e l d  v a l u e s  w h i c h  a r e  t h e  

same w i t h i n  9 5 %  c o n f i d e n c e  a s  j u d g e d  by a p a i r e d  t- 

t e s t .  T h e s e  r e s u l t s  s u g g e s t  t h a t  o n l y  R I i  a n d  H a r e  

d e t e c t e d  i n  t h i s  a s s a y .  A l t h o u g h  HPLC a n d  R I A  y i e l d  
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F i g u r e  4 .  C o r r e l  a t i  o n  o f  ha1 o p e r i d o l  p l  asma 1 e v e l  

( n g / m l )  w i t h  r e d u c e d  ha1 o p e r i d o l  p l  asma 

1 e v e l  ( n g / m l  1 i n  100 p a t i e n t s  c h r o n i c a l  l y  

t r e a t e d  w i t h  h a l o p e r i d o l .  
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TABLE 2 

61 

C O M P A R I S O N  OF LIQUID C H R O M A T O G R A P H Y  A N D  RADIOIMMUNOASSAY V A L U E S  

1. 

2 .  

3. 

4. 

5. 

6 .  

HALOPERIDOL 

n g / m l  

LC R I A  

2 4 . 2  2 5 . 3  

20 .7  2 4 . 5  

1 4 . 5  1 2 . 9  

4 2 . 8  4 0 . 9  

1 7 . 7  1 1 . 4  

1 3 . 4  1 1 . 8  

REDUCED HALOPERIDOL 

n g / m l  

LC R I A  

9 . 5  1 1 . 6  

8 . 4  8 . 4  

7 . 5  1 2 . 2  

5 2 . 2  5 6 . 6  

2 5 . 3  3 2 . 3  

3 3 . 3  2 9 . 2  

s i m i l a r  r e s u l t s ,  t h e r e  a r e  s e v e r a l  a d v a n t a g e s  i n  t h e  

R I A  p r o c e d u r e .  HPLC r e q u i r e s  a much l a r g e r  s a m p l e  

v o l u m e  ( 2 - 4  m l )  c o m p a r e d  t o  R I A  ( 0 . 5  m l ) .  The  e n t i r e  

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

a c h i e v e  c o m p a r a b l e  s e n s i t i v i t y  t o  R I A .  S i n c e  o n l y  o n e  

t e n t h  o f  t h e  s a m p l e  i s  a s s a y e d  i n  t h e  R I A ,  a n a l y s i s  

o f  a l a r g e r  a l i q u o t  ( 5 0 %  o r  g r e a t e r )  w o u l d  i n c r e a s e  

s e n s i t i v i t y  i f  d e s i r e d .  I n  a d d i t i o n ,  t h e  t i m e  r e -  

q u i r e d  t o  a n a l y z e  a s e t  o f  s a m p l e s  b y  HPLC i s  t w o  t o  

t h r e e  t i m e s  t h a t  o f  t h e  R I A .  A l t h o u g h  s a m p l e  p r e p a r a t i o n  

t i m e s  a r e  e q u i v a l e n t  ( t h r e e  h o u r s ) ,  a n a l y s i s  b y  R I A  
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62 BROWNING, HARRINGTON, AND DAVIS 

r e q u i r e s  l e s s  t h a n  1 / 3  o f  t h e  t i m e  r e q u i r e d  o f  HPLC. Due 

t o  l a t e  e l u t i n g  p e a k s  s e e n  i n  some s a m p l e s  HPLC may 

r e q u i r e  e v e n  m o r e  t i m e  t h a n  i s  a s s u m e d  a b o v e .  F i n a l l y ,  

e l e c t r o c h e m i c a l  HPLC r e q u i r e s  a h i g h l y  s k i l l e d  t e c h -  

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

c l i n i c a l  l a b o r a t o r i e s .  T h u s  we f e e l  t h a t  o u r  R I A  i s  a 

m o r e  s e n s i t i v e ,  s i m p l e ,  i n e x p e n s i v e  a n d  r a p i d  a n a l y t i c a l  

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

C o n c l u s i o n :  

The d e v e l o p m e n t  o f  an  a s s a y  p r o c e d u r e  w h i c h  

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

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

o p p o r t u n i t i e s  t o  e v a l u a t e  t h e  r e l a t i o n s h i p  b e t w e e n  

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

p e r i d o l  i s  a u n i q u e  n e u r o l e p t i c  i n  t h a t  i t  h a s  b e e n  

r e p o r t e d  t o  h a v e  o n l y  o n e  a c t i v e  m e t a b o l i t e  ( R H )  a n d  

a s  s u c h  a p p e a r s  t o  o f f e r  t h i s  s t u d y  o p p o r t u n i t y .  A 

s i m i  1 a r  s t u d y  i n v o l  v i  n g  o n e  o f  t h e  p h e n o t h i  a z i  n e s  

w o u l d  r e q u i r e  i n d i v i d u a l  m e a s u r e m e n t s  o f  many a c t i v e  

m e t a b o l i t e s  (27 ) a n d  w o u l d  b e  much  m o r e  d i f f i c u l t  t o  

c a r r y  o u t  and  t o  e v a l u a t e  t h e  c o n t r i b u t i o n  o f  e a c h  

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

Our  p r e l i m i n a r y  e v i d e n c e  i n d i c a t e s  a l a c k  o f  

t h e r a p e u t i c  e f f i c a c y  o f  H i n  p a t i e n t s  e x h i b i t i n g  

e x t r e m e l y  h i g h  R H  t o  H r a t i o s  ( 2 8 1 . T h i s  may i m p l y  

t h a t  R H  p l a y s  a r o l e  i n  d e t e r m i n i n g  t h e  t h e r d p e u t i c  
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QUANTIFICATION OF RH AND H BY RIA 63  

e f f i c a c y  o f  H. T h i s  h i g h  r a t i o  may b e  d u e  t o  t h e  

l o n g e r  h a l f - l i f e  o f  R H  when c o m p a r e d  t o  H ( 2 8 )  o r  

v a r i a b l e  c o n v e r s i o n  o f  H t o  R H  i n  t h e  g u t  ( B r o w n i n g ,  

H a r r i n g t o n  a n d  D a v i s ,  s u b m i t t e d  f o r  p u b l i c a t i o n ) .  I n  

summary ,  t h e  r a d i o i m m u n o a s s a y  t e c h n i q u e  r e p o r t e d  

h e r e ,  p r o v i d e s  a u n i q u e ,  r a p i d  a n d  r e l i a b l e  m e t h o d  

n p l a s m a .  T h i s  w o r k  

u t i l i t y  o f  m e a s u r i n g  

v e  t o  H a s  a p o t e n t i a l  

f a c t o r  i n  p r e d i c t i n g  t h e r a p e u t i c  e f f i c a c y .  

f o r  q u a n t i t a t i o n  o f  H a n d  R H  

f u r t h e r  s u g g e s t s  t h e  p o s s i b l e  

t h e  c o n c e n t r a t i o n  o f  R H  r e l a t  
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ABBREVIATIONS 

B S A  - 
R I A  - 
HPLC - 
Ka  - 
H - 
R H  - 
T I  - 
G C  - 
L C  - 

b o v i  n e  s e r u m  a1 b u m i  n 

r a d i o i m m u n o a s s a y  

h i g h  p r e s s u r e  1 i q u i d  c h r o m a t o g r a p h y  

a s s o c i a t i o n  a f f i n i t y  c o n s t a n t  

ha1  o p e r i  do1  

r e d u c e d  ha1  o p e r i d o l  

t o t a l  i m m u n o a c t i v i  t y  

g a s  c h r o m a t o g r a p h y  

l i q u i d  c h r o m a t o g r a p h y  
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