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In this investigation an attempt was made to evaluate quantitatively the relationship between benzo-
diazepine receptor occupancy and the anticonvulsant effect of flunitrazepam in rats. A graded measure
of anticonvulsant effect was obtained on the basis of an elevation of pentylenetetrazol (PTZ) threshold
concentrations. The concentration—anticonvulsant effect relationship could be described by the E,,,
model with an EC, in cerebrospinal fluid of 2.9 + 0.8 pg/iiter and an E_,, of 227 = 22 mg/liter PTZ
(mean * SE). In vitro receptor occupancy was determined in a crude brain homogenate at 0 and 37°C,
which yielded K, values of 2.2 + 0.2 and 26 + 2 pg/liter, respectively. The results obtained in both
experiments were combined by focusing on free flunitrazepam concentrations. This strategy resulted
in a nonlinear relationship between receptor occupancy and anticonvulsant effect of flunitrazepam,
with 90% of the maximum response achieved at a degree of receptor occupancy of approximately 50%

at 37°C.
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INTRODUCTION

Several pharmacological effects of benzodiazepines
have been shown to be elicited from interaction with specific
receptors in the central nervous system (CNS). These recep-
tors have also been convincingly implicated in the anticon-
vulsant effect of this drug class, as reflected, e.g., in protec-
tion against pentylenetetrazol (PTZ)-induced convulsions
(1,2).

Most of these studies are based on receptor binding ex-
periments in vitro, while the correlation between irn vivo re-
ceptor occupancy and intensity of the anticonvulsant effect
remains obscure. Apart from the difficulties encountered in
the quantitation of CNS drug effects and several pharmaco-
kinetic complications in in vivo pharmacodynamic studies
(3), this lack of knowledge is also caused by methodological
problems associated with estimation of the degree of recep-
tor occupancy in vivo (4). The majority of receptor binding
studies has been performed at 0—4°C in receptor-enriched
preparations, which complicates extrapolation to physiolog-
ical conditions. Profound influences of temperature and pu-
rification procedures on benzodiazepine receptor binding
characteristics have been demonstrated (§,6).

The purpose of the present investigation was to charac-
terize the relationship between receptor occupancy and the
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anticonvulsant effect of flunitrazepam. This goal was pur-
sued by combination of two experimental strategies. First,
the concentration-anticonvulsant effect relationship of free
flunitrazepam in cerebrospinal fluid (CSF) was determined
by using the PTZ threshold concentration as pharmacody-
namic measure, which has the unique feature that it is a
graded pharmacological response (7). Second, the degree of
receptor occupancy was estimated in vitro as a function of
the free flunitrazepam concentration in a crude receptor
preparation at 37°C. From the results obtained in the two
experiments, a relationship between the degree of receptor
occupancy and the intensity of the anticonvulsant response
could be derived.

MATERIALS AND METHODS

Animals and Materials

In all experiments male Wistar rats weighing 180-200 g
were used. The animals were maintained on a normal labo-
ratory diet and housed under a 12-hr light—dark cycle. Rats
used in experiments in which compounds had to be infused
were cannulated via the right jugular vein 1 day before the
experiment. All pharmacodynamic investigations were per-
formed between 10:00 aAM and 1:00 PM to avoid potential
perturbations due to a circadian rhythm in brain sensitivity
(8).

[*H]Flunitrazepam (sp act, 80 Ci/mmol) and PTZ were
supplied by New England Nuclear and OPG (Utrecht, The
Netherlands), respectively. Unlabeled flunitrazepam was a
generous gift of Hoffmann-La Roche (Mijdrecht, The Neth-
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erlands). All other reagents were purchased from standard
commercial sources.

Distribution of Flunitrazepam Between Plasma and CNS

The distribution of flunitrazepam among plasma, CSF,
and brain was studied in 25 rats at 10 min after iv adminis-
tration of varying doses of the drug (0.1-1.5 mg/kg). Due to
failure in the collection of a CSF sample in 5 animals, com-
plete data (i.e., plasma, brain, and CSF concentrations) are
available for 20 rats. The dose range in this study was based
upon some pilot experiments to obtain a plasma concentra-
tion range between 0 and 500 ng/ml. The injection solution
consisted of 1-6 mg of flunitrazepam in 1 ml of polyoxyeth-
ylene glycol (PEG) 400 (Brocacef NV, Maarssen, The Neth-
erlands), such that the amount of PEG administered to rats
was maximally 50 pl. It was given as a short iv infusion (0.15
ml/min) with a precision syringe infusion pump. CSF (by
puncturing the cisterna magna), blood (for plasma), and
brain tissue were collected at 10 min after administration.
Plasma, CSF, and brain tissue were stored at — 35°C pending
assay.

Concentration—Anticonvulsant Effect Relationships
of Flunitrazepam

Experiments were conducted over 3 days (about 10 an-
imals a day). Each day the same protocol was applied, with
individual rats randomly allocated to the treatments. The
baseline convulsion threshold was determined as described
previously (9). Briefly, PTZ dissolved in normal saline was
infused (1.5 mg/min) until the occurrence of the first myo-
clonic jerk, at which time a blood sample was obtained by
bleeding of the retroorbital sinus under light ether anesthe-
sia. The PTZ plasma threshold concentration was deter-
mined. Three days later flunitrazepam was administered in
varying doses (0-1.5 mg/kg). After 10 min PTZ was infused
until the predefined pharmacodynamic endpoint, since pre-
liminary experiments had demonstrated that a distribution
equilibrium among blood, CSF, and brain is reached within
10 min following an iv bolus dose of flunitrazepam, which is
in agreement with literature data (20). On the basis of pre-
liminary experimentation, the PTZ concentration in the in-
fusate (20, 30, or 40 mg/ml) was adapted to the expected
protective effect furnished by flunitrazepam, so that the du-
ration of the infusion was kept in the range of 2—4 min. In an
introductory experiment PTZ-induced convulsions were
shown not to be associated with alterations in flunitrazepam
distribution as has also been described for oxazepam (7). At
the appearance of the first myoclonic jerk, which was de-
tected by an observer who was unaware of the flunitrazepam
dose administered and the PTZ concentration to be infused,
rats were decapitated and trunk blood was collected in a
heparinized tube. The total brain minus cerebellum was re-
moved. In this experiment no CSF samples were collected.
Plasma and brain tissue were stored at —35°C pending as-
say.

The anticonvulsant drug effect was expressed as the
elevation of the PTZ plasma threshold concentration needed
to elicit the first myoclonic jerk.
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Assessment of in Vitro Receptor Occupancy

Brain membranes were prepared from drug-naive
Wistar rats, which were housed under the conditions de-
scribed above and had been fasting overnight. Rats were
sacrificed by decapitation and the brains were excised from
the craniums. Total brains minus brain stem were homoge-
nized gently in 10 vol ice-cold 0.13 M sodium phosphate
buffer (pH 7.4) in a Potter—Elvehjem homogenizer (Braun
Potter S, Melsungen, F.R.G.). The homogenate protein con-
centration was determined according to the method of
Lowry et al. (10). The tissue suspension was frozen rapidly
and stored at —35°C. Binding characteristics were un-
changed during storage for at least 3 months. All binding
experiments were done in triplicate by a filtration assay.

At 0°C, incubation was performed for 30 min with
[*Hlflunitrazepam at different concentrations in a range up
to 50 ng/ml incubation volume to obtain saturation of the
receptor sites from 10 to 95%. For the receptor binding stud-
ies, crude brain homogenate was diluted with 0.13 M sodium
phosphate buffer (pH 7.4) to obtain a protein concentration
of 1 mg/ml. The solvent of the flunitrazepam solution con-
sisted of 0.5% alcohol in 0.13 M sodium phosphate buffer. In
the final incubation mixture the alcohol concentration was
fixed at 0.1% since former studies had shown that a concen-
tration above 0.5% may influence the specific binding of
[*Hlflunitrazepam. Free radioligand concentrations were de-
termined by subtracting the concentration of totally bound
[*H]flunitrazepam at equilibrium from the concentration of
[*H)flunitrazepam present at the start of the assay (measured
in an aliquot of incubation mixture). Incubation was termi-
nated by transfer of the medium to a presoaked glass-fiber
filter (Whatman GF/B) positioned over filtration manifolds
(JSI-Multividor, Janssen Pharmaceutica, Beerse, Belgium)
under mild suction. Filters were presoaked with 0.13 M so-
dium phosphate buffer (pH 7.4). Immediately thereafter the
tissue-laden filter was washed twice with 5-ml aliquots of
ice-cold phosphate buffer. The entire procedure was com-
pleted within 10 sec. The filters were submersed in 5 mil
Scintillator 299 (Packard) scintillant and counted in a Tri-
Carb 4640 (Packard) liquid scintillation counter at an average
counting efficiency of 40%.

At 37°C, binding experiments (protein concentration 1
mg/ml) were performed after the temperature had been
raised in 2 min from 0 to 37°C. At this temperature incuba-
tion was performed for only 5 min to avoid deterioration in
binding properties (unpublished observations). Control ex-
periments had shown that equilibrium was reached after 2-3
min of incubation at 37°C. [*H]Flunitrazepam was added to
achieve concentrations up to 30 ng/ml incubation volume.

Nonspecific binding was concurrently determined by in-
cubation in the presence of an excess cold flunitrazepam
(900 ng/ml). Control experiments showed that nonspecific
binding reached the steady-state level after 1 min of incuba-
tion and remained constant throughout the experiment. Spe-
cific binding was assessed by subtracting the nonspecific
binding from the total binding and is expressed as nanograms
of flunitrazepam bound per milligram of protein. At both 0
and at 37°C nonspecific binding was found to vary linearly
with the concentration. At 0°C, at a concentration equivalent
to the Ky, value, nonspecific binding amounted 4% of the
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total binding. At 37°C nonspecific binding accounted for 70%
of the total binding. Binding to filters accounted for less than
10% of the total nonspecific binding.

Drug Analysis

Details of the assay procedure for PTZ in serum and
brain have been described previously (7).

Flunitrazepam concentrations in plasma, CSF, and
brain were determined by a gas-chromatographic (GLC)-
electron capture detection procedure based on a previously
described method (11). Nitrazepam was added to the sam-
ples as internal standard. A fused silica WCOT capillary
column (11 m * 0.32-mm i.d.) fitted with a chemically bonded
film of CPSil 19CB (Chrompack, Middelburg, The Nether-
lands) was used. Temperatures of the injection port, oven,
and detector were 300, 260, and 300°C, respectively. Cali-
bration curves were linear with r > 0.996 and coefficients of
variation less than 7% with respect to intra- and interassay
precision. The detection limit was about 1 ng/ml using a
100-1 CSF or plasma sample.

Flunitrazepam concentrations in plasma were also de-
termined by a radioreceptor assay (RRA), as has been de-
scribed previously for oxazepam (7). The only modification
was that plasma samples were subjected to the assay after
extraction according to the same method as used in the chro-
matographic assay (11). The lower limit of sensitivity (20%
inhibition of binding) is about 10 ng/ml. In a separate exper-
iment the influence of PEG 400 on the binding assay was
shown to be absent.

Data Analysis

Orthogonal least-squares regression analysis (12) was
applied to the data regarding the distribution of fluni-
trazepam over the different body compartments and to the
comparison of concentrations of flunitrazepam in plasma as
determined by GLC and RRA, respectively. Regression
lines were calculated in conjunction with 95% confidence
intervals of slope and intercept.

The anticonvulsant effect of flunitrazepam, depicted as
the difference between the two measured PTZ plasma
threshold concentrations, was related to its plasma, CSF,
and brain concentrations, respectively. CSF concentrations
were calculated from plasma and brain concentrations, uti-
lizing the values of the CSF/plasma and CSF/brain concen-
tration ratios that were determined in the distribution study.
Concentration—-anticonvulsant effect data were fitted to the
following equation with the nonlinear least-squares regres-
sion computer program ELSMOS (13,14):

Emax * c
E= ECs™ + CV

In this so-called sigmoid E,,,, model, E is the anticonvulsant
response, ECs, is the flunitrazepam concentration associ-
ated with 50% of the maximum effect (E_,,), and N is a
parameter that determines the sigmoidicity of the curve. The
output of the program yielded the pharmacodynamic param-
eters, which were fitted as independent variables, with their
standard errors. The quality of the fit was judged from the
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mean of the standardized residuals and the multiple correla-
tion coefficient (MCC).

Receptor-binding data were subjected to a Langmuir-
type equation:

. Brax * cN
number of receptors occupied = Ko + OV
in which B, is the total number of specific binding sites,
Ky, is the apparent dissociation constant, and C is the free
flunitrazepam concentration. The power parameter N and
the B, value as derived from the 0°C curve fitting proce-
dure were assumed to be unchanged at 37°C (5,6). For the
binding data obtained at 0°C also conventional Scatchard
analysis was applied.

The concentration-anticonvulsant effect relationship
and the results obtained in the assessment of the in vitro
receptor occupancy at 37°C were combined to estimate the
correlation between receptor occupancy and the anticonvul-
sant effect of flunitrazepam.

RESULTS

Distribution of Flunitrazepam

The correlations among flunitrazepam concentrations in
plasma, brain, and CSF at 10 min after iv administration, as
obtained by orthogonal regression analysis, are shown in
Fig. 1. The intercepts of the regression lines did not deviate
significantly from zero. From the slopes of the lines it is
evident that the brain/plasma concentration ratio is about 1.5
(1.1-2.0), whereas the CSF/plasma and CSF/brain concen-
tration ratios are 0.051 (0.034-0.067) and 0.035 (0.026-0.044),
respectively (95% confidence interval in parentheses). The
values of the coefficient of determination (+* value) for the
brain/plasma, the CSF/plasma, and the CSF/brain concen-
tration ratio were 0.696, 0.702, and 0.781, respectively.

Concentration—Anticonvulsant Effect Relationships
of Flunitrazepam

The various concentration—effect relationships could be
adequately fitted to the E,,,, model, the parameters of which
are listed in Table 1. By fitting according to the sigmoid E,,,
model, N appeared to be very close to unity. Subsequently
the concentration—effect data were fitted to a simple E_,,
model. The MCC was in any case greater than 0.85, and the
mean of the standardized residuals less than 0.007. Figure 2
represents the concentration-response relationships of fluni-
trazepam as derived from plasma (measured by both GL.C
and RRA) and brain and CSF (derived from corresponding
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Fig. 1. Relationship among concentrations of flunitrazepam in

plasma, CSF, and brain at 10 min following an intravenous bolus
injection of 0-1.5 mg/kg.
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Table I. Pharmacodynamic Parameters of the Concentration—
Anticonvulsant Response Relationships of Flunitrazepam?

ECSO Emax
Plasma(GLC) 57 =15 227 = 21
Plasma (RRA) 57 =16 228 = 22
Brain 82 =23 25+ 22
CSF (plasma) 29+ 0.8 227 =22
CSF (brain) 29+ 08 225 + 22

“ Concentration—effect data were fitted to the E_,, model of the
form E = (E,,, * C)/(ECs, + C). The parameters are reported as
means = SE. ECs, is expressed as ng/ml or ng/g (flunitrazepam)
and E,,, is expressed as pg/ml (PTZ).

max

plasma levels) concentrations. The shape of the curve ob-
tained when CSF concentrations were derived from brain
concentrations was very similar. Orthogonal least-squares
regression analysis applied to plasma flunitrazepam concen-
trations measured by both GLC and RRA revealed a high
correlation (» = 0.98), with a slope not significantly deviat-
ing from unity (Fig. 3).

In Vitro Receptor Occupancy

Figure 4 shows the specific binding of [*H]flunitrazepam
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expressed as nanograms per milligram of protein as a func-
tion of the free [*H]flunitrazepam concentration in the incu-
bation medium at temperatures of 0 and 37°C. The free fluni-
trazepam concentration at 0°C was almost up to 50 ng/ml,
which permitted calculation of the Ky, and B, ,, value on the
basis of Scatchard analysis: Kp = 2.1 + 0.3 ng/ml (6.7 = 1.0
M), B,., = 0.41 = 0.05 ng/mg protein (1.3 = 0.2 pmol/mg
protein; mean + SE). The plot of the data corresponded to a
straight line, which indicates that the ligand binds to a single
class of noninteracting sites. The parameters found were
very similar to those obtained by nonlinear regression anal-
ysis MCC = 0.95), viz., Kp = 2.2 = 0.2 ng/ml (7.0 = 0.6
nM) and B, = 0.45 = 0.03 ng/mg protein (1.4 = 0.1
pmol/mg protein). The power parameter N was 1.0 = 0.1. .
The latter two parameters were fixed for fitting Ky, at 37°C:
26 + 2 ng/ml (83 = 6 nM; MCC = 0.84). Free [*H]-
flunitrazepam concentrations at 37°C reached values almost
up to the calculated Ky, value.

Figure 5 represents the relationship between the free
concentration of flunitrazepam (= the CSF concentration)
and the anticonvulsant response as well as the relationship
between the free concentration of flunitrazepam and the de-
gree of receptor occupancy at 37°C in vitro, both expressed
as a percentage of the maximum value. From these data the
relationship between the degree of receptor occupancy and
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Fig. 2. Concentration-anticonvulsant effect relationships of flunitrazepam in plasma as determined by GLC (plasma
GLC), in plasma as determined by RRA (plasma RRA), in cerebrospinal fluid (CSF), and in brain tissue (brain).
Cerebrospinal fluid concentrations were calculated from plasma concentrations on basis of the CSF/plasma con-
centration ratio that was determined in the distribution study.
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Fig. 3. Relationship of the concentrations of flunitrazepam in
plasma as determined by GLC and RRA.

the anticonvulsant effect could be estimated as illustrated in
Fig. 6.

DISCUSSION

The discovery of benzodiazepine receptors in the CNS
has led to the hypothesis that the time course of receptor
occupancy, i.e., pharmacokinetics at the site of action,
would generally correlate more closely with the duration of
effect than is the case for plasma pharmacokinetics (4,15). A
direct correlation of pharmacological effects with the in vivo
receptor occupancy is not easy, however, for a number of
reasons.

First, many kinetic and dynamic variables may compli-
cate the investigation of in vivo pharmacodynamics (3). By
careful consideration of these perturbations in an animal
study, it has proven possible to describe the concentration—
anticonvulsant effect relationship of benzodiazepines (7). In
the present study the same strategy has been applied to in-
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Fig. 4. Relationship between the free flunitrazepam concentration
and the degree of receptor occupancy in vitro at 0 and 37°C.
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Fig. 5. Relationship between the free concentration of fluni-
trazepam (= CSF concentration) and the anticonvulsant effect and
the relationship between the free flunitrazepam concentration and
the degree of receptor occupancy in vitro at 37°C, both expressed as
a percentage of the maximum value.

vestigate the concentration-anticonvulsant effect relation-
ship of flunitrazepam.

Second, the assessment of in vivo receptor occupancy is
limited by methodological complications since after pharma-
cologically effective doses of benzodiazepines, only a small
fraction of the total amount of drug present in brain is spe-
cifically bound to receptors (16). Several attempts have been
described to measure the receptor occupancy by means of an
ex vivo technique (15,17,18). This method requires receptor
preparation (homogenization, centrifugation and washing)
during which alterations in the amount of drug bound to
receptors may occur.

In the present study an alternative approach was under-

% PHARMACOLOGICAL ACTIVITY

20 40 60 80

% RECEPTOR OCCUPANCY
Fig. 6. Computer simulations of the relationships between the de-
gree of receptor occupation and the anticonvulsant effect of fluni-
trazepam, at 0 and 37°C, respectively. The computer simulations
were based upon the estimated values of the pharmacodynamic pa-
rameters and of the receptor binding parameters at 0 and 37°C,
respectively. The results are presented as means + SE.
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taken to get insight into the receptor occupancy-anti-
convulsant effect relationship of flunitrazepam.

Flunitrazepam was chosen as the model drug because it
has favorable properties for this type of experiment; it has a
high affinity for the receptor and recognizes a uniform pop-
ulation of receptors (19). Because of its high lipophilicity,
equilibrium between plasma and brain is attained very rap-
idly after iv administration (20). Although the plasma con-
centration of flunitrazepam in rats after an iv bolus dose can
be described by a two-compartment pharmacokinetic model
(21), brain can be considered to belong to the central com-
partment, which facilitates the construction of concentra-
tion—effect relationships (3).

Anticonvulsant effect measurements were performed at
10 min after iv administration to minimize the possible con-
tribution of (inter)active metabolites. Since at this time point
drug concentrations change rapidly (21), the drug distribu-
tion between the different compartments was evaluated in a
separate experiment. In the pharmacodynamic experiment
animals were sacrificed immediately at the occurrence of the
first myoclonic jerk and CSF concentrations were estimated
via plasma and brain concentrations. From a kinetic-
dynamic modeling point of view, CSF comprises an impor-
tant biofluid with respect to CNS active drugs, as essentially
free drug concentrations are measured in this compartment
(3). Thus by focusing on CSF concentrations, in vitro plasma
protein binding determinations can be avoided. This is con-
sidered a major advantage due to the many uncertainties that
are associated with these determinations. An important fea-
ture of CSF is that for several compounds this compartment
has been demonstrated to be pharmacokinetically indistin-
guishable from the site of action (3). Finally, CSF has been
found accurately to reflect benzodiazepine concentrations in
the brain extracellular fluid (21,22).

The concentration-anticonvulsant response relation-
ships of flunitrazepam, as established by a continuously vari-
able pharmacodynamic measure (7), could satisfactorily be
described by the E_ ., model, in contrast to oxazepam, for
which a sigmoid E,,,, model seemed more appropriate (7).
Under the specified set of experimental conditions, the max-
imum flunitrazepam effect is about 225 mg/liter PTZ, com-
pared to only 120 mg/liter PTZ for oxazepam. The
brain/plasma ECs, ratio is consonant with the distribution
ratio as illustrated in Fig. 1. The EC;, for CSF is about 3
ng/ml, irrespective of whether CSF concentrations are cal-
culated via plasma or brain concentrations.

The fact that measurement of flunitrazepam concentra-
tions at 10 min after iv administration obviates metabolism to
active compounds as a confounding factor is demonstrated
in Fig. 3. RRA provides an estimate of the total benzodiaz-
epine-like activity present, which is a function of both the
concentration and the affinity of each drug or active metab-
olite present for the receptor (23). No significant amounts of
(inter)active metabolites are present in plasma, since the
slope does not significantly deviate from unity.

The main concept in the present study is the assessment
of the correlation between free drug concentrations and both
the anticonvulsant effect and the receptor occupancy. In the
light of the complexity of evaluating receptor binding param-
eters in living animals, receptor binding was investigated in
vitro. However, in order to obtain more information relevant
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to the pharmacological properties of the benzodiazepines,
the assay was carried out under relatively physiological con-
ditions in a crude brain homogenate and at 37°C. The omis-
sion of centrifugation and washing steps in the preparation of
the crude membranes is particularly of importance with re-
spect to the presence of compounds such as y-aminobutyric
acid (GABA), GABA modulin, diazepam binding inhibitor,
and other endogenous modulators of benzodiazepine binding
(25-28). An interesting question is whether determination of
receptor binding in brain slices would have presented an
even more appropriate simulation of the physiological con-
ditions. In brain slices however, relatively long incubation
periods, up to 3 hr, are necessary to achieve equilibrium
conditions (29). Therefore there is ample opportunity for re-
ceptor binding modifying compounds to diffuse from the
cells into the medium, resulting in altered concentrations at
the receptor site. Thus brain slices appear to be associated
with similar limitations as crude brain homogenate. Receptor
binding characteristics were evaluated at two different tem-
peratures, viz., 0°C, at which most in vitro binding assays
have been carried out, and 37°C, because findings obtained
at physiological temperature can differ markedly from those
obtained at low temperature (5,6). Due to the unfavorable
specific/nonspecific binding ratios of flunitrazepam in crude
brain homogenate, we were unable to determine B, ,, at
37°C. This problem could not be solved by the use of brain
tissue slices, since these show similar or even poorer
specific/nonspecific binding ratios (29). Therefore in the
present study B,,., was considered not to change with tem-
perature. The validity of this assumption is supported by
literature data (5,6,30). Speth et al. (5) found in a receptor-
enriched preparation a mean B, ,, value (+SE) for fluni-
trazepam of 114 * 3 fmol/mg tissue at 0°C vs 120 = 14
fmol/mg tissue at 37°C. In a detailed investigation on the
temperature dependency of specific flunitrazepam receptor
binding, Quast et al. (6) found the B,,, values not to be
different at various temperatures between 0 and 40°C, with
mean values (£SD) of 4.5 + 0.4 pmol/mg protein at 0°C and
4.4 = 0.9 pmol/mg protein at 35°C. In addition, studies with
another ligand (Ro 22-8515) that shows favorable
specific/nonspecific binding ratios at 0 and at 37°C have also
shown that B, remains constant with temperature (30).
The K, values referred to in the previous reports are some-
what lower than those obtained in the present study, which
may be due to the absence of endogenous receptor modu-
lating compounds in the purified receptor preparations.
Theoretically it is conceivable that the presence of receptor
binding modifying substances may also affect the tempera-
ture-dependent behavior of the B, value. However, this
seems unlikely, since modulators of benzodiazepine binding
appear to affect primarily the K, and not the B, value of
benzodiazepine receptor binding (25,28).

The estimated relationship between receptor occupancy
and anticonvulsant effect as presented in Fig. 6 is nonlinear.
Only about 50% of the total number of benzodiazepine re-
ceptors need to be occupied to manifest 90% of the maxi-
mum anticonvulsant effect. In previous investigations linear
correlations have been established between receptor occu-
pancy and protection against PTZ-induced seizures follow-
ing diazepam administration to mice and rats (17,18). In
these studies, however, receptor occupancy was measured
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with an ex vivo technique in a synaptosomal membrane prep-
aration at 0—4°C and the anticonvulsant effect was deter-
mined quantally by recording seizure incidence in groups of
animals. It seems likely that this finding of a linear relation-
ship can be accounted for at least in part by the fact that the
temperature dependency of benzodiazepine binding has not
been taken into consideration, since in the present study also
an almost-linear relationship was observed when receptor
binding data obtained at 0°C were used (Fig. 6). Garattini and
co-workers found about 50% inhibition of [*H]diazepam
binding injected in vivo at the times when the administered
dose of several benzodiazepines afforded protection against
PTZ in 50% of a test group (31,32). Using a similar technique
Jochemsen er al. (33) indicated a receptor occupancy re-
quirement of 18-35% for near-maximal anti-PTZ effect of
metaclazepam. However, File et al. (34) found no correla-
tion between receptor occupancy and anti-PTZ effects of
diazepam across different mouse strains. Using a recently
developed technique to visualize true in vivo receptor bind-
ing with [°’H]Ro 15-1788, Miller et al. (35) demonstrated a
sigmoidal relationship between in vivo receptor occupancy
and plasma and brain concentrations of clonazepam and
lorazepam. The ED;, value for PTZ-induced seizures oc-
curred at an occupancy of approximately 25 to 45%. With
respect to the shape of the relationship between receptor
occupancy and effect, it should be born in mind that differ-
ences might exist between different benzodiazepine ago-
nists.

The present study has shown that the disparity between
pharmacologically effective brain concentrations of fluni-
trazepam and the reported K value at 0°C can be largely
reduced by determining the K, value at 37°C in a crude
membrane preparation and focusing on free drug concentra-
tions, as a large amount of benzodiazepine in brain is non-
specifically bound. The described strategy of emphasizing
free drug concentrations in vitro and in vivo provides a tool
to estimate the occupancy of benzodiazepine receptors in
relation to pharmacological effects.
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