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PRODUCTION OF A HIGH AFFINITY ANTISERUM TO BENZODIAZEPINES

R. Sherman-Gold, Y. Dudai, L. Fogelfeld" and S. Fuehs®
Department of Neurobiology ana Lepartment of Chemical Immunology
The weizmann Ilnstitute of Science, Rehovot 76100, Israel

ABSTRACT

Antibodies specific for benzodiazepines were raised in rab-
bits by immunization with a conjugate of a benzodiazepine deriva-
tive, ko 7~-49bb/1, with bovine sermm albumin. 1he presence of
anti-Ro 7-19b66/1 antibodies in the sera was degonstrated by a
radlommmoassay using the radioligand thlunJ.trazepam
({3n)FNZ). The antibodies displayed a high-affinity for (3RIFNZ
(Kp = 0.073 % 0.003 nM) and cross-reacted with a broad spectrum
of benzodiazepine derivatives, Benzodiazepine levels in samples
of sera ana urine of benzodiazepine-treated humans were deter-
mined. Due to the high sensitivity of the assay only minute
volumes (microliter quantities) of body fluids are employed and,
therefore, no extraction of the drugs is required. Nitrazepam and
diazepam levels as low as 20 picograms can be easily observed.
Intoxicating levels of benzodiazepines can be detected by a single
measurement in less than 10 min. 7This radioimmunoassay is advan-
tageous tor pharmacokinetic studies, toxicological examinations
and forensic medicine due to its high sensitivity, wide-range spe-
cificity and technical simplicity.

ANIRODUCTION
Benzodiazepines are synthetic minor tranquilizers which are
extensively used in medical practice for treating a wide range of
disturbances, of both organic and psychosomatic origins. The

evaluation of levels of benzoaiazepines in body fluids is required
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for metabolic ana pharmacokinetic investigations, therapeutic pur-
poses, toxicological examinations ana in forensic medicine. For
these purposes a rapid, sensitive and technically simple method of
screening for the presence of benzodiazepine derivatives is valua-
bie. The currently proposed methods are based on chromatography
(1-8), receptor assays (9-12) and immunoassays (13222). In this
communication we describe the preparation of antibodies which
exhibit a high-affinity and specificity for a broad spectrum of
benzodiazepines, Wwe used these antibodies in a radioimmunoassay
for determination of leveds of the drugs in body fluids of benzo-

diazepine-treated patients.

MATERIALS

[3H]Flunitrazepam ([3B]FNZ), 84,5 Ci/mmol, was obtained from
New England Nuclear (boston, MA): ko 7-1986/1
(5-(2-fluorophenyl)-1,3-dihydro-1-ethylamine-7-chloro-2h-
1,4-benzodiazepin-2-one) and Ro 5-5492 (5-(2-fluorophenyl)-
1,3=dihydro-1-(i-n-propylpiperazine)=-7-chloro-2k-1, 4=~
benzodiazepin-2-one), aesmethyldiazepam and bromazepam were a gift
from Drs. k. Gamzu and w.E. Scott (hoffmann-La Roche, Nutley, NJ).
Flunitrazepam and ko 5-4b64 (U-(U4-chlorophenyl)-1,3~-dihyaro-
1-methyl-7-chloro-zh-1,4-benzodiazepin-3~one) were donated by
Dr. H. Mobhler (Hoffmann-La ROche, Basel). Diazepam and medazepam
were donated by Assia (Jerusalem). Nitrazepam, clonazepam, fiura-
zepan and chlordiazepoxide were donated by lkapharm (Kfar Saba).
Bovine serum albumin (bSA) and 1=-ethyl-3(3-dimethylaminopropyl)

carpoaiimide (EDC) were obtainea from Sigma (St. Louis, MO).
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hetivatea charcoal powaer was from BDH chemicals (Poole) and Dex-
tran was from Pharmacia (Uppsala). All other chemicals were of

analytical grade.

METHODS
Preparation of ko-BSA conjugate was as follows: Ro 7-1986/1

(4 mg) was dissolved in 10 ml K 0 and the solution was kept in an

2
ice bath. Succinic anhydride (10 mg) was added to the solution
with stirring, pH was monitored during addition and up to 30 min
after aadition, and adjusted to pH 6.0 with 0.1 N NaGOH, until no
further change was observed. Incubation was continued for 3h at
A°C, ang solution was then acidified to pH 5.0 with 0.5 N HCl.

EDC (20 mg) and BSA (20 mg) were added successively to the succi-

nilated-Ro 7-14986/1 solution and incubation proceeded for 16 h at

_u°c, with stirring. 1he unreacted reagents and non-bound ligand

were removed from ko 7-1986/1-bSA conjugates by extensive dialysis
of the reaction mixture against HZO‘ This procedure yielded a
coupling ratio of 16 moles Ko 7-198b6/1 per mole BSA, as determined
by light absorbance of ko 7-1986/1 at 320 nm.

kabbits were injectea, intradermally in multiple sites, four
times at two week intervals with 1 mg ko 7-19566/1-ESA emulsified
with complete Freund's adjuvant. Sera were collected two weeks
after the fourth injection.

The presence of anti-Ko 7-1986/1 antibodies in the sera of
immunizea rabbits was determined by a radiocimmunoassay (KIA) as
follows: Anti-ko 7-1966/1 antiserum was diluted 1:50 in phosphate

buffered saline (PBS; 0.14 M NaCl, 0.01 M sodium phosphate, pH
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7.2). houtinely, 50 1 aliquots of the diluted antiserum were
incubated with 0.4 nM (SHIFNZ for 20 min at 4°C, in 0.5 ml final
volume of PBS containing 0.01% BSA. 1In displacement experiments,
non-radiolabeled benzodiazepine derivatives were included in the
reaction mixture. The non-bound ligand was then removed by 0.2 ml
dextran-coated activated charcoal solution in PBS, containing
0.01% BSA (1% activated charcoal, 0.1% dextran). The charcoal was
spurr down (3000 rpm, 3 min) and the supernatants were transferred
into counting vials. Scintillation solution (5 ml Toluene-Iriton)
was added and radicactivity was counted by liquid scintillation
spectrometry. The non-specific binding was measured either by the
binding of 0.4 nM [3H]FNZ t0 normal rabbit serum or by the binding
of 0.4 nM [3H]FNZ to anti-Ro 7-1986/1 antiserum in the presence of
1 UM diazepam. Non-specific binding aid not amount to more than
5% of the total binding.

In binding isotherm experiments, 50 1 aliquots of 1:50
giluted antiserum were incubated with 0.04-0.60 nM [3H]FNZ for 1 h
at HOC, in 2 ml reaction volume, and the non-bouna radioligand was
subsequently removed by 1.5 ml activated charcocal solution. The
level of non-specific binaing was measured in the presence of 1 yM
diazepam and was higher than in the routine assay due to a less
efficient removal of non-bound radioliigand when large reaction
volumes were used.

lhe levels of benzodiazepines in sera and urine samples of
benzodiazepine-treatea patients were determined by measuring the

binaing of 0.4 nM [°hIFNZ in the presence of various amounts of
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body fluias (0.1-20 1) aaded to the hlA reaction mixture. The
concentrations of benzodiazepines in the samples were calculated
from the linear parts of these inhibition curves (in the range of
25% to 75% inhibition of [BHJFNZ binding) using standara inhibi-

tion curves with diazepam or nitrazepam.

RESULTS

Sera of rabbits which were immunized with a ko 7-1986/1-BSA
conjugate éontained antibodies specific for benzodiazep;;es.
binaing isotherms of 0.04-0.60 nh [3H]FNZ revealed saturable bind-
ing sites (Fig. 14), which displayed an apparent equilibrium dis-
sociation constant, KD, of 0.073 £ 0.003 nkd (mean + S.E.M., 3 det-
erminations), as determined by Scatchard analysis (Fig. 1B). The
number of [3H]FNZ-binding sites amounted to ca. 100 pmol per ml
antiserum.

The binding of [3h]FNZ to anti-Ro 7-1986/1 antibodies was
inhibited in the presence of various benzodiazepine derivatives.
Twelve compounds were tested (Fig.2). The concentrations of the
drugs that caused 50% inhibition in the binding of 0.4 nM [3H]FNZ
ranged from 0.2 nM when diazepam was used, to 0.2 uM when chlor-
diazepoxide was used. Micromolar concentrations of non-benzo-
diazepine compounds which bind to brain benzodiazepine-receptors,
such as norharmane and caffeine (23,24), did not cause a signifi-
cant inhibition of the binding of [SHIFNZ in the RIA.

lhe levels of benzodiazepines in body fluigse of

benzodiazepine-treatea patients (Table 1) are expressed in terms
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F1GURE 1.A. The binding of various concentrations of [RIFNZ to
anti-Ro T7-19b6/1 antiserum, after incubation of 1 h at L°c, Spe-~
cific binding (e—e) was calculated from the measured total bind-
ing by subtracting the non-specif%c binding (0—o0), which was
measurea in the presence of 1 x 107° M diazepam.

B. Scatchard plot of the specific binding of [3H]F‘NZ using the
data presented in A.
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F1GURE 2. Displacement of [BHJFNZ (0.4 nM) from anti-Ro 7-1986/1
antibodies by various concentrations of benzodiazepine deriva-
tives: diazepam (@e—e), ko 5-5492 ( A—A), nitrazepam (m——=m),
desmetnyldiazepam (¥%—§, flunitrazepam (0o—o), kKo T-1986/1
(O——D), ko 5-4864 ( A—A), flurazepam (@~—@), clonazepam
(x—x), bromazepam #——4), medazepam (A—=oA) and chlordiazepox-
ide (m—).

of equivalents of nitrazepam or diazepam, using standard curves
with these arugs (Fig.3). Control =sera or urine of three
untreatea patients did not cause any inhibition of the binaing of

[hIFNZ to anti-Ro 7-1986/1 antibodies.

DISCUSSION

The specific high-affinity anti-Ro 7-1986/1 antibodies
described in this report exhibited a high cross-reactivity with a

broad spectrum of benzodiazepine derivatives and their metabolites
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TABLE 1

Levels of Benzodiazepines in Sera and Urine Samples of Benzodiaze-
pine-treatea Patients as Determined by Anti-Ro 7-1986/1 Antibody
k1A.

Patient benzodiazepine Ireatment Concentration, ng/ml

serum urine
1 10 mg nitrazepam a 42 (2.4) 42  (2.4)
P 10 mg nitrazepam 100 (1.0) 83 (1.2)
3 10 mg nitrazepam 13 (7.8) 8 (13.0)
y 10 mg oxazepam 2 143 (0.7) 143 (0.7)
5 10 mg oxazepam 2 50 (2.0) 50 (2.2)
6 4 mg diazepanf 25 (1.6) 15 (2.7
7 5 mg diazepamP 44 (1.0) n.d.
& 5 mg diazepam® 68 (0.65) n.d.

2 Received drug 6 orally h before sampling

heceived drug orally 5 h before sampling

Received drug intramuscularly 2 h before sampling
Patients (adult females and males) received benzodiazepines as
mild sedatives, not related to the treatment of their major ill-
nesses, Values are given as equivalents of nitrazepam for nitra-
zepam- and oxazepam-treated patients, and as equivalents of dia-
zepam for diazepam-treated patients. Numbers in parenthesis
indicate the voiume of body fl%}d (ul) which caused a 50% inhibi-
tion in the binding of 0.4 nM [“H]FNZ.

which are present in urine. The R1lA using these antibodies ena-
bles the screening of a wide range of clinically used benzodiaze-
pines by a specific, sensitive and technically simple method.
Most of the reported immunoassay methods for benzodiazepine deter-
mination allow the detection of a single derivative or closely
related derivatives. A broad-spectrum RIA and its use for biolo-
gical fluide was recently reported (18) using anti-oxazepam anti-
bodies commercially available in Emit immunoassay kit from SYVA
Co. (Palo Alto, CA). However, they used larger fluid volumes and

an extraction step prior to the assay.
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FIGURE 3. Standard curves for the aisplacement of [BH]FNZ

(0.4 nM) from anti-Ro 7-1986/1 antibodies by various amounts of
aiazepam (e—e) and nitrazepam (0—o).

High sensitivity in monitoring drugs is required in pharma-
cokinetic studies and in forensic medicine. Levels as low as
20 picograms of nitrazepam or diazepam can be detected under our
stanaard conditions. The limit of detection can be lowered if
smaller amounts of the radioligand are used and/or the volume of
tne reaction mixture is decreased. Due to the high sensitivity of
the assay only minute volumes (microliter quantities) of biologi-
cal fluias are employed for benzodiazepine determination. The
presence of such small amounts of serum or urine does not inter-

fere with ragiocactivity measurement by color-quenching, and there-
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fore no extraction of the drugs is required. When large volumes
of biological fluids are required for the determination (e.g., for
the aetection of low=-affinity ligands such as medazepam or chlor-
aiazepoxide), appropriate controls for measuring the color-quench-
ing of a stZndard amount of the radioligand should be included.

The time duration of the test may be a crucial factor in
cases of intoxication. The qualitative estimation of intoxicating
levels of clinically used benzodiazepines in body fluids can be
established in less than 10 min by a single measurement, using the
R1A described here. Wwhen quantitative determinations are
required, the assay gives a measure of the total level of the
drugs, including their metabolites, in terms of equivalents of a
benzoaiazepine derivative which is employed as a standard. Using
a aiazepam standard gives the minimal value of equivalent benzo-
diazepine concentration.

1t is concluded that the anti-Ro 7-1987/1 antibody RIA may be
advantageous for various clinical purposes, since it permits both
a rapid-qualitative evaluation and a sensitive-quantitative deter-

mination of benzodiazepines in biological fluids.
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