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PRODUCTION OF A H I G H  AFFINITY ANTISGKUM TO bEN20DIAZEPINES 

R .  Sherman-Goid, Y .  Dudai L. Fogeifela+ and S. Fuchs+ 
Department of Neurobiology ana 'Department of Chemical Immunology 

The keizmann Ins t i t u t e  of Science, Rehovot 76100, I s r ae l  

BbSTHACT 
Antibodies specif ic  for  benzodiazepines were raised i n  rab- 

b i t s  by imunizat ion w i t h  a conjugate of a benzodiazepine deriva- 
t i v e ,  Ro 7-34&b/l, w i t h  bovine serum albumin. lhe presence of 
anti-Ro 7-19&6/1 antibodies i n  the sera  was de onstrated by a 
radioimmunoassay using the radioligand [ hJflmitrazepam 
([3h)FhtZ). The antibodies displayed a high-affinity fo r  C3HjFM 
(KD = 0.075 f 0.003 nk) and cross-reacted w i t h  a broad spectrum 
of benzoaiazepine derivatives.  berizodiazepine l eve l s  i n  samples 
of sera ana urine of benzoaiazepine-treated humans were deter-  
mined. Due t o  the high sens i t i v i ty  of the assay only minute 
volumes (microl i ter  qumtities) of body f l u i a s  a re  employed and, 
theref'ore, no extraction of the drugs i s  required. kitrazepam and 
diazepam leve ls  as low as  20 picograms can be eas i ly  observed. 
Intoxicating leve ls  of benzodiazepines can be detected by a s ing le  
measurement in  l e s s  than 10 m i t i .  This radioimmmoassay i s  advan- 
tageous f'or pharmacokinetic s tud ies ,  toxicological examinations 
and forensic medicine due t o  i t s  high sens i t i v i ty ,  wide-range spe- 
c i f i c i t y  and technical simplicity.  

J . -  

benzodiazepines a re  synthetic minor t ranqui l izers  which a re  

exteiisiveiy usea i n  medical practice for t rea t ing  a wide range of 

aisturbances,  of both organic and psychosomatic or igins .  The 

evaluation of l eve ls  of benzoaiazepines i n  body f lu ids  i s  required 
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136 SHERMAN-GOLD ET AL. 

f o r  metaboi ic  ana pharmacokinet ic  i n v e s t i g a t i o n s ,  t h e r a p e u t i c  pur- 

p o s e s ,  t o x i c o l o g i c h i  examinat ions  ana i n  f o r e n s i c  medic ine .  For  

these purposes  a r a p i d ,  s e n s i t i v e  and t e c h n i c a l i y  s imple  method o f  

s c r e e n i n g  for t h e  p r e s e n c e  of benzoaiazepine  a e r i v a t i v e s  i s  va lua-  

b l e .  The c u r r e n t l y  proposed methods are based  on chromatography 

(1-61, r e c e p t o r  a s s a y s  (9-12) and immunoassays (15-22). In t h i s  

communication we describe t h e  p r e p a r a t i o n  of a n t i b o d i e s  which 

e x h i b i t  a h i g h - a f f i n i t y  and s p e c i f i c i t y  for  a broad spectrum of  

benzodiazepines .  h e  used t h e s e  a n t i b o d i e s  i n  a radloimmunoassay 

for d e t e r m i n a t i o n  of l e v d s  o f  t h e  d r u g s  i n  body f l u i d s  o f  benzo- 

a i a z e p i n e - t r e a t e a  p a t i e n t s .  

MATERlALS 

[5HlFlunitrazeparn ([3H]FNZ), 84.3 Ci/mmoi, was o b t a i n e d  from 

hew Englana Nuclear  ( b o s t o n ,  MA).  RO 7-1986/1 

(5-(2-fluorophenyl)-1,3-dihyaro-l-ethylamine-7-chloro-2H- 

1,4-benzodiazepln-2-one) and Ro 5-5492 (5- (2- f luorophenyl ) -  

1,3-dihydro-l-~l-n-propylpiperazine~-7-chloro-2~-1,4- 

benzodiazepln-2-one) ,  aesmethylaiazeparn and bromazepam were a g i f t  

from Drs. E. Camzu and h.h .  S c o t t  (hoffmann-La Roche, h u t i e y ,  NJ). 

F luni t razepam and ho 5-4b64 (4-(4-chlorophenyl)-l,j-dihyaro- 

l-methyl-7-chloro-~h-l,4-benzodiazepin-3-one~ were a o n a t e a  by 

br. h, h o n l e r  (Iioffmann-La fiOche, b a s e l ) .  Diazepam and medazepam 

were donated by Assia ( J e r u s a l e m ) .  h i t r a z e p a m ,  clonazepam, f iura-  

zeyam and c h l o r d i a z e p o x i d e  were donated  by lkapharm ( K f a r  Saba) . 
bovine serum albumin ( bSA) and l -e thyl -3(  3-dimethyiaminopropyi)  

c a r b o a i i m i a e  ( E D C )  were o b t a i n e a  from Sigma ( S t .  Louis ,  1.10). 
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BENZODIAZEPINES 137 

A c t i v a t e a  c h a r c o a i  powaer was from BDH chemicairs ( P o o l e )  and Dex- 

t r a n  was from Pharmacia (Uppsa ia) .  A i i  o t h e r  chemicals were of 

a n a l y t i c a l  g r a d e .  

METHODS 

P r e p a r a t i o n  of ho-bSA c o n j u g a t e  was as f o l l o w s :  Ro 7-1986/1 

(4 mg) was d i s s o l v e d  in 10 m l  h20 and t h e  s o l u t i o n  was k e p t  i n  an 

i ce  b a t h .  S u c c i n i c  a n h y d r i d e  ( 1 0  mg) was added t o  t h e  s o l u t i o n  

w i t h  s t i r r i n g ,  pti was monitored d u r i n g  a d d i t i o n  and  up t o  30 min 

a f te r  a a d i t i o n ,  and  a d j u s t e d  t o  pH 6.G w i t h  0.1 N WaGH, u n t i l  no 

f u r t h e r  change was observed .  l n c u b a t i o n  was c o n t i n u e d  f o r  3h a t  

boC, ana s o l u t i o n  was t h e n  a c i d i f i e d  t o  pH 5.0 w i t h  0.5 N H C i .  

hDC (20 mk) and 6SA (20 mg) were added s u c c e s s i v e i y  t o  t h e  s u c c i -  

n i ia tea-Ro 7-14&6/1 s o l u t i o n  and i n c u b a t i o n  proceeaed  for  16 h a t  

4OC, w i t h  s t i r r i n g .  The u n r e a c t e d  reagents and non-bouna i i g a n d  

were removed from Ro 7-1986/1-bSA c o n j u g a t e s  by e x t e n s i v e  d i a i y s i s  

of t h e  r e a c t i o n  mixture  a g a i n s t  H20.  T h i s  p r o c e a u r e  y i e l d e d  a 

c o u p l i n g  r a t i o  of l b  moles Ho 7-19&b/l p e r  mole ESA, as de termined  

by l i g h t  absorbance  o f  Iio 7-1586/1 a t  j 2 0  nm. 

h a b b i t s  were i n j e c t e a ,  i n t r a d e r m a l l y  i n  m u l t i p l e  s i t es ,  f o u r  

times a t  two week i n t e r v a l s  wi th  1 mg ho 7-1966/1-bSA e m u l s i f i e d  

w i t h  complete  Freund's a d j u v a n t .  S e r a  were c o l l e c t e d  two weeks 

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

l h e  p r e s e n c e  of ant i -Ro 7-1966/1 a n t i b o d i e s  i n  t h e  sera of 

immunizeo r a b b i t s  was de termined  by a radioimmunoassay ( R I A )  a s  

f o i i o w c :  Antl-ko 7-14&6/1 a n t i s e r u m  was d i l u t e d  1:50 i n  phosphate  

b u f f e r e d  saline (PBS; 0.14 M kaC1,  0.01 M sodium phosphate ,  ph 
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138 SHERMAN-GOLD ET AL. 

7.2). hout ine ly ,  50 i a i i q u o t s  of t h e  d i l u t e d  antiserum were 

incubated K i t h  0.4 nM [3HJFNZ f o r  20 min a t  4 O C ,  i n  0.5 m l  f i n a l  

volume of PB5 conta in ing  0.01% BSA. In  displacement experiments,  

non-radiolabeled benzodiazepine d e r i v a t i v e s  were inc luaea  i n  t h e  

r eac t ion  mixture.  The non-bound l igand  was then  removed by 0.2 m l  

dextran-coated a c t i v a t e a  charcoa l  so lu t ion  i n  PBS, conta in ing  

0.013 BSA (1% ac t iva t ed  cha rcoa l ,  0.1% dex t ran ) .  The charcoa l  was 

spurr down (j000 rpm, 3 mln) and t h e  supe rna tan t s  were t r a n s f e r r e d  

i n t o  counting v i a l s .  S c i n t i l l a t i o n  so lu t ion  ( 5  m l  Toluene-Triton) 

was added and r a d i o a c t i v i t y  was counted by l i q u i d  s c i n t i l l h t i o n  

spectrometry. The non-specific binding was measured e i ther  by t h e  

binding of 0.4 nM [ H]FM t o  normal r a b b i t  serum or by t h e  binding 

3 of 0.4 nk [ HIFNZ t o  anti-Ro 7-1966/1 antiserum i n  t h e  presence of 

1 pM diazepam. tion-specific binding a i d  n o t  amount t o  more than 

53 of t h r  t o t a l  binding. 

3 

In binding isotherm experiments,  50 1 a l i q u o t s  of 1:50 

a i l u t e a  antiserum were incubated w i t h  0.04-0.60 nh C3H2Fh2 f o r  1 h 

a t  4OC, i n  2 m l  r e a c t i o n  volume, and t h e  non-bouna r ad io l igand  was 

subsequentiy removed by 1.5 m l  a c t iva t ed  charcoa l  so lu t ion .  The 

i e v e i  of non-specific binaing was measured in t h e  presence o f  1 ~ J M  

diazepam and was higher than i n  t h e  r o u t i n e  assay  due t o  a l e s s  

e f f i c i e n t  removal of non-bound rad io i igand  when l a r g e  r e a c t i o n  

volumes were usea. 

l h e  l e v e l s  of benzodiazepines i n  s e r a  and u r ine  samples of 

benzodiazeyiiie-treatea p a t i e n t s  were determinea by measuring t h e  

binaing of  0 .4  nh ['hjFbiL i n  t h e  presence of var ious  amounts of 
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BENZODIAZEPINES 139 

body f i u a s  (0.1-20 1) aaded t o  t h e  hlA r e a c t i o n  m i x t u r e .  Tne 

c o n c e n t r a t i o n s  of benzodiazepines  i n  t h e  sampies  were c a l c u l a t e d  

from t h e  l i n e a r  p a r t s  o f  t n e s e  i n h i b i t i o n  c u r v e s  ( i n  t h e  r a n g e  of  

25% t o  75% i n h i b i t i o n  of [3HjFN2 b i n d i n g )  u s i n g  s t a n a a r a  i n h i b i -  

t i o n  c u r v e s  w i t h  diazepam or ni t razepam.  

Sera of r a b b i t s  which were immunized w i t h  a KO 7-1986/1-BSA 

c o n j u g a t e  c o n t a i n e d  a n t i b o d i e s  s p e c i f i c  f o r  benzodiazepines .  

binalng i s o t h e r m s  o f  0.04-0.60 n h  L3HjFNI r e v e a l e d  s a t u r a b l e  bind- 

i n g  si tes ( F i g .  l A ) ,  which d i s p l a y e d  an a p p a r e n t  e q u i l i b r i u m  d i s -  

s o c i a t i o n  c o n s t a n t ,  K of 0.073 k 0.003 nK (mean k S.L.M., j d e t -  

e r m i n a t i o n s )  as determined by S c a t c h a r d  a n a l y s i s  ( F i g .  1B). The 

number o f  [ HIFlrZ-binding si tes amounted t o  ca. 100 pmol p e r  m l  

-. 

D' 

3 

antiserum. 

3 The b i n d i n g  o f  [ h]FhZ t o  anti-Ho 7-1986/1 a n t i b o d i e s  was 

i n h i b i t e d  i n  t h e  presence  of v a r i o u s  benzodiazepine  d e r i v a t i v e s .  

Twelve compounds were t e s t e d  (E'ig.5.). The c o n c e n t r a t i o n s  of t h e  

d r u g s  t h a t  caused 50% i n h i b i t i o n  in t h e  b inding  o f  0.4 nM [ HIFNZ 

ranged from 0.2 nM when diazepam was used ,  t o  0.2 pM when c h l o r -  

d iazepoxide  was used.  hicromolar c o n c e n t r a t i o n s  o f  non-benzo- 

d i a z e p i n e  compounds which b ind  t o  b r a i n  benzodiazepine-receptors, 

such as  norharmane and c a f f e i n e  (23,241, d i d  n o t  c a u s e  a s i g n i f i -  

c a n t  i n h i b i t i o n  of t h e  b inding  o f  ['HIFNZ i n  t h e  R 1 A .  

3 

- 

lne i e v e i s  of benzodiazepines  i n  boay f i u i a a  o f  

b e n z o d i a z e p i n e - t r e a t e a  p a t i e n t s  ( T a b l e  1 ) are e x p r e s s e d  i n  terms 
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140 SHERMAN-GOLD ET AL. 

[3H] FNZ , n M  
2000 I 

1 .  I 1 I 

0: I I 1 I I I 

- 

- 

25 - 

0 0.2 0.4 0.6 

[3H] FNZ BOUND/ [3H] FNZ FREE 

FlGbhE l . A .  The  binaing of various concentrat ions of ['HIFNZ t o  
anti-Ho 7-14b6/1 antiserum, a f t e r  incubation of 1 h a t  4OC. Spe- 
c i f i c  binding I.--.) was calcuiated from the  measurea t o t a l  bind- 
ing by sub t r ac t ing  the  non-specif 'c  binding (0-01, which  was 
measurea i n  t h e  presence of 1 x M diazepam. 
B.  Scatchard p l o t  of t h e  s p e c i f i c  binding of [ HIFNZ using the  
data  presented in A .  

3 
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BENZODIAZEPINES 141 

-I I - 10 -9 -0 -7 

Log [ BENZODIAZEPINE] , M 
3 FlGURE 2. Displacement of [ h]FEZ (0 .4  nM) from ant i -Ro 7-1986/1 

a i l t i b o d i e s  by v a r i o u s  c o n c e n t r a t i o n s  o f  benzodiazepine  d e r i v a -  
t i v e s :  diazepam (0-01, ho 5-5492 ( A--8 1, n i t r a z e p a m  (-1, 
desmethyldiazepam (M, f l u n i t r a z e p a m  (0-o), ko 7-158611 
( P - E I ) ,  ho 5-4b64 ( A-A), f lurazepam (M) , clonazepam 
(x-x) , bromazepam t4.--+), medazepam (M and ch lord iazepox-  
i d e  (-1. 

of e q u i v a i e n t a  of n i t razepam o r  diazepam, u s i n g  s t a n d a r d  c u r v e s  

w i t h  these a r u g s  (F1g . j ) .  C o n t r o l  sera or u r i n e  o f  t h r e e  

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

['h]FNZ t o  an t i -Ro 7-19&6/1 a n t i b o a i e s .  

l2lmmlu 
The s p e c i f i c  h i g h - a f f i n i t y  anti-Ro 7-1986/1 a n t i b o d i e s  

descriDed in t h i s  r e p o r t  e x h i b i t e d  a h i g h  c r o s s - r e a c t i v i t y  w i t h  a 

broad spectrum o f  benzodiazepine  d e r i v a t i v e s  and t h e i r  m e t a b o l i t e s  
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TAbLE. 1 

SHERMAN-GOLD ET AL. 

Levels  of benzodiazepines  i n  S e r a  and b r i n e  Samples of benzodiaze-  
p i n e - t r e a t e o  P a t i e n t s  as Determined by Anti-Ro 7-1966/1 Antibody 
I t l A .  

P a t i e n t  benzodiazepine  l r e a t m e n t  C o n c e n t r a t i o n ,  ng/ml 
serum u r i n e  

a 10 mg n i t razepam 42 ( 2 . 4 )  42 (2 .4)  a 1 
2 10 mg n i t r a z e p a m a  100 ( 1 . 0 )  8j (1 .2)  
3 10 mg n i t razepam 13  (7.8) 8 (13.0)  
4 10 mg oxazepam' 143 ( 0 . 7 )  143 (0 .7)  
5 10 mg oxazepama 50 ( 2 . 0 )  50 (2 .2)  
6 4 mg d i a z e p d  25 ( 1 . 6 )  15 ( 2 . 7 )  
7 5 mg diazepamb 44 ( 1 . 0 )  n.d. 
6 5 mg diazepamc 6& (0 .65)  n.d. 

Receivea drug  6 o r a l l y  h b e f o r e  sampling 
keceived a r u g  o r a l l y  5 h b e f o r e  sampling 
Heceiveo drug  i n t r a m u s c u l a r l y  2 h b e f o r e  sampling 

a 

C 

P a t i e n t s  ( a a u l t  females and males) r e c e i v e d  benzoaiazepines  as 
mild s e a a t i v e s ,  n o t  r e l a t e d  t o  t h e  treatment o f  t h e i r  major ill- 
n e s s e s .  Values  are  g i v e n  as e q u i v a l e n t s  of n i t r a z e p a m  f o r  n i t r a -  
zepam- and oxazepam-treated p a t i e n t s ,  and as e q u i v a l e n t s  o f  d i a -  
zepam f o r  d iazepam-t rea ted  p a t i e n t s .  Numbers i n  p a r e n t h e s i s  
i n d i c a t e  t h e  volume o f  body f l  d ( u l )  which caused a 50% i n h i b i -  
t i o n  i n  t h e  b i n d i n g  o f  0.4 nt4 [ HIFNZ. 9 

which are p r e s e n t  i n  u r i n e .  The R 1 A  u s i n g  t h e s e  a n t i b o d i e s  ena- 

b l e s  t h e  s c r e e n i n g  of a wide r a n g e  of c l i n i c a l l y  used benzodiaze-  

p i n e s  by a s p e c i f i c ,  s e n s i t i v e  and technically s imple  method. 

host of t h e  r e p o r t e d  innnunoassay methods f o r  benzodiazepine  d e t e r -  

mina t ion  allow t h e  d e t e c t i o n  o f  a s i n g l e  d e r i v a t i v e  o r  c l o s e l y  

r e l a t e d  d e r i v a t i v e s .  h broad-spectrum R I A  and i ts  u s e  f o r  b io lo-  

g i c a l  f l u i d s  was r e c e n t l y  r e p o r t e d  ( I & )  u s i n g  anti-oxazepam ant i -  

b o d i e s  commercial ly  a v a i l a b l e  i n  E m i t  innnunoassay k i t  from SYVA 

Co. ( P a l o  Alto, C A ) .  However, t h e y  used l a r g e r  f l u i d  volumes and 

an e x t r a c t i o n  s t e p  p r i o r  t o  t h e  a s s a y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZODIAZEPINES 1 4 3  

0 z 
3 
0' m 

- 
I 

m 
U 

BENZODIAZEPINE, pg 

FIGURE 3 .  Standara curves f o r  t h e  aisplacement of ['HJFNZ 
( 0 . 4  nM) from anti-Ro 7-19&6/1 an t ibod ies  by  var ious amounts of 
aiazepam (0-0) and nitrazepam ( 0 - 0 ) .  

High s e n s i t i v i t y  i n  monitoring drugs i s  required i n  pharma- 

cokinet ic  s t u d i e s  and i n  fo rens i c  meaicine. Levels as low as 

20 picograms of nitrazepam or diazepam can b e  detected under our 

stanaara  conditioiis .  The l i m i t  of de t ec t ion  can be lowered i f  

smaller amounts of t he  radioligand are used and/or t h e  volume of 

t ne  react ion mixture i s  aecreased. Due t o  the  high s e n s i t i v i t y  of  

the assay only minute volumes ( m i c r o l i t e r  q u a n t i t i e s )  of biologi-  

ca l  f l u a s  a r e  employed for benzodiazepine determination. The 

presence of such small amounts of serum or urine does not i n t e r -  

f e r e  w i t h  r ad ioac t iv i ty  measurement by coior-quenching, and there-  
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f o r e  no ex t r ac t ion  of t h e  drugs is  requi red .  When l a r g e  volumes 

of b io log ica l  f l u i d s  a r e  requi red  for t h e  determination (e.g. ,  f o r  

t h e  ae t ec t ion  of low-af f in i ty  l i gands  such a s  medazepam or ch lor -  

a iazepoxide) ,  appropr ia te  con t ro l s  f o r  measuring t h e  color-quench- 

ing of a s t a n d a r d  amount of t h e  rad io l igand  should be inc luaed .  

l h e  time dura t ion  of t h e  test  may be a c r u c i a l  f a c t o r  i n  

cases  of i n tox ica t ion .  The q u a l i t a t i v e  es t imat ion  of i n t o x i c a t i n g  

l e v e l s  of c l i n i c a l l y  used benzodiazepines i n  body f l u i d s  can be 

es tab l i shed  i n  l e s s  than 10 min by a s i n g l e  measurement, us ing  t h e  

R I A  aescribed here.  khen q u a n t i t a t i v e  de t e rmba t io r i s  are 

requi red ,  t h e  assay g ives  a measure of  t h e  t o t a l  l e v e l  of  t h e  

drugs ,  inc luding  t h e i r  me tabo l i t e s ,  i n  terms of equ iva len t s  of a 

benzoaiazepine d e r i v a t i v e  which i s  employed as a standard.  Using 

a aiazepam standard g ives  t h e  m i n i m a l  value of  equiva len t  benzo- 

diazepine concent ra t ion .  

It i s  concluded t h a t  t h e  anti-Ro 7-1487/1 antibody R I A  may be 

advantageous f'or var ious  c l i n i c a l  purposes, s ince  i t  permits both 

a r ap id -qua l i t a t ive  eva lua t ion  and a sens i t i ve -quan t i t a t ive  deter- 

mination of benzodiazepines i n  biologicti i  f l u i d s .  

ke h i s h  t o  thank Dr. E. Gamzu and D r .  N.E. Scot t  f o r  t h e  gen- 

erous g i f t  of benzodiazepines, Prof .  heir Mlohek  and l a l i a  Miron 

f o r  advice on t h e  syn thes i s ,  and l r i t  ke isa  f o r  her t echn ica l  

a s s i s t ance ,  Reprint  r eques t s  should be addressed t o  h. Sherman- 

Gold , Dept . of Neurobiology, Stanford Univers i ty  Meaical School, 

Stanford,  Ca l i fo rn ia  94305, Ir.S.A. 
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