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Abstract

The pharmacological properties of benzodiazepine binding sites of the y-aminobutyric acid (GABA), receptor complex from cortical,
hippocampal and cerebellar membranes of Roman high-avoidance (RHA /Verh) and Roman low-avoidance (RLH /Verh) rats were
investigated. No major differences between the two lines were found in the binding parameters of [3H]flunitrazepam (a non-selective
agonist), [*H]zolpidem (a Type | selective agonist) or [*H]ethyl 8-azido-6-dihydro-5-methyl-6-oxo-4H-imidazol[1,5-a]-[1,4]benzodi-
azepine-3-carboxylate (Ro15-4513) (a partial inverse agonist). Neither the K, values nor the B, for these ligands differed between
RHA /Verh and RLA /Verh rats in any of the brain regions studied. As a result, the proportion of Type | binding sites in cortical and
hippocampal membranes of RHA /Verh and RLA /Verh rats or the ‘ diazepam-sensitive’ and the ‘diazepam-insensitive’ binding sites in
cerebellar membranes, calculated from the [*H]flunitrazepam and [*H]zol pidem maximal binding sites or from [*H]R015-4513 binding (in
the absence or in presence of diazepam), respectively, was aso similar. Furthermore, there were no differences between the two rat lines
in the allosteric interactions between GABA and the benzodiazepine binding sites (Iabeled with [*H]flunitrazepam) in all three areas tested
or the Type | binding sites (Iabeled with [*H]zolpidem) in the hippocampus. In contrast, RLA /Verh rats showed a significant reduction in
the allosteric interactions between GABA and [3H]zol pidem binding sites in the cortex. As a whole, these results indicate the absence of
generalized between-line differences in the GABA , receptor complex showing, at the same time, the existence of some specific
differences in alosterism within the GABA , complex. These differences may contribute to the divergent emotional responses which
characterize the RHA /Verh and RLA /Verh rat lines. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Wistar-derived Roman high- and low-avoidance
(RHA /Verh and RLA /Verh, respectively) rat lines have
been selected and bred in Switzerland since 1972 for rapid
acquisition (RHA /Verh) vs. extremely poor acquisition
(RLA /Verh) of two-way active (shuttle box) avoidance
(Driscoll and B#ttig, 1982), using stock previously devel-

* Corresponding author. Tel.: +34-95-4556770; Fax: + 34-95-4233765

0014-2999 /798 /$19 00 © 1998 Elsevier Science BV All riahts reserved

oped by Bignami and Broadhurst (Bignami, 1965; Broad-
hurst and Bignami, 1965).

In accordance with the evidence showing that early,
two-way active avoidance acquisition is mediated by fear-
motivated responses (Fernandez-Teruel et al., 1991a), ex-
tensive research conducted with the Roman/Verh rats has
led to the conclusion that the RLA /Verh line is more
emotionally reactive than the RHA /Verh line. For exam-
ple, RLA /Verh rats show, as compared to RHA /Verh
animals, a more pronounced tachycardia when exposed to
various unconditioned stressful conditions, a more intense
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bradycardia in response to a conditioned emotional stres-
sor, and increased stressor- or novelty-induced ACTH,
corticosterone, prolactin, self-grooming, defecation and
freezing responses (Driscoll et al., 1998 and Escorihuela et
al., 1995, for recent reviews). Likewise, RLA /Verh rats
display stronger conflict-induced suppression of drinking
and hyponeophagia than do RHA /Verh rats (Ferré et al.,
1995), thus giving more definitive support to the con-
tention that the RLA /Verh line is the more anxious of the
two.

It is well established that, among others, the GABAer-
gic system plays an important role in anxious/emotional
behavior and stress responses (e.g., Biggio et al., 1990;
Fernandez-Terudl et al., 1991b; Trullas et a., 1988). In
this connection, it is known that RHA/Verh and
RLA /Verh rats show divergences in their behavioral and
neurochemical sensitivity to the effects of drugs acting at
the GABA , receptor complex, such as chlordiazepoxide,
diazepam, pentobarbital, flumazenil, pentylenetetrazol and
ethanol (Corda et al., 1997; Driscoll et al., 1995; Driscoll
and Stiibi, 1985; Escorihuela et al., 1995; Fernandez-Teruel
et a., 1991b; Martin et al., 1982).

At the neurochemical level, in addition to differences
which have been noted between the lines in other transmit-
ter systems (e.g., Driscoll et a., 1983, 1990), recent stud-
ies have shown that RLA /Verh rats display less cortical
GABA-stimulated chloride uptake (Giorgi et al., 1994) and
lower levels of cortical progesterone metabolites (which
interact with the GABA , receptor and have anxiolytic
properties; Steimer et a., 1997) than do their RHA /Verh
counterparts. As it remained to be established whether
there are a so differences in the pharmacological properties
of GABA , receptor subtypes, the present work aimed at
studying these pharmacological characteristics, as well as
the allosteric interactions of benzodiazepine binding sites,
in the brains of RHA /Verh and RLA /Verh rats.

2. Materials and methods
2.1. Animals

Naive, mae RHA /Verh and RLA/Verh rats (ap-
proximately 6 months old) were used for the experiments.
All experiments were carried out a the Department of
Biochemistry, Bromatology and Toxicology, School of
Pharmacy, University of Sevilla, Spain.

2.2. Materials

[*H]Flunitrazepam (86.6 Ci /mmol), [*H]zolpidem (58.3
Ci /mmol) and [*H]R015-4513 (24.1 Ci /mmol) were pur-
chased from New England Nuclear. Benzodiazepines were
kindly provided by Hofmann-LaRoche (USA) and GABA
by Sigma (Madrid, Spain).

2.3. Membrane preparations

Following decapitation, cortex, hippocampus and cere-
bellum were dissected, frozen in liquid nitrogen and stored
at —80°C until use.

The membranes were prepared according to Mernoff et
al. (1983), as described in detail elsewhere (Ruano et al.,
1991). Briefly, the different brain regions were homoge-
nized in 0.32 M sucrose, 50 mM Tris—HCI (pH 7.4), 1
mM EGTA, 1 mM EDTA, 1 mM dithiotreitol and cen-
trifuged at 130000 X g for 30 min at 4°C. The pellets were
resuspended without sucrose and frozen at —80°C for 18
h. The frozen membranes were thawed and washed four
times in the same medium. Finally, the pellets were frozen
a —80°C for 1 h, thawed and washed once. The mem-
branes were finally resuspended in 50 mM Tris—HCI, pH
74, a a protein concentration of 3—4 mg/ml. These
membrane preparations are virtually free of endogenous
GABA (Ruano et al., 1993a).

2.4. Binding assays

For all binding assays, 0.2—0.4 mg of membrane protein
was incubated in 0.2 ml (for saturation experiments) or in
0.4 ml (GABA enhancement experiments) of 50 mM
Tris—HCI (pH 7.4) at 4°C for 45 min. Non-specific binding
was determined in the presence of 5 wM diazepam or 5
M Ro015-4513 for [*HIflunitrazepam or [*H]zolpidem and
[*H]R015-4513 binding, respectively. The binding was
terminated by rapid filtration through Whatman GF/B
glass-fiber filters.

For saturation experiments, the concentration of
[*Hlligands varied from 1 nM to 30 nM for
[*HIflunitrazepam and [*H]R015-4513 (in the absence or
presence of 5 wM diazepam) or from 1 nM to 10 nM for
[®H]zolpidem (Ruano et al., 1994; Gutierrez et a., 1997).

The allosteric interactions between GABA and benzodi-
azepine binding sites were tested by determining the effect
of a single saturating concentration of GABA (100 M)
on the binding of 1 nM [*HIflunitrazepam and 3 or 5 nM
[*H]zol pidem. The dose—response curves were obtained by
determining the effect of eight different concentrations of
GABA (ranging from 0.001 to 100 M) on the binding of
5 nM [*H]zolpidem.

The protein concentration was determined according to
Lowry et al. (1951) using bovine serum albumin as stan-
dard.

2.5. Data analysis

The Scatchard transformation of the saturation curves
was adjusted using LIGAND (Munson and Rodbard, 1980),
and the dose-response curves for GABA enhancement of
[*H]zolpidem binding were fit as previously described
(Ruano et al., 1991). The comparison between the means
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of different groups of data was evaluated by analysis of
variance (ANOVA) and Tukey tests.

3. Reaults

3.1. Pharmacological characterization of the benzodi-
azepine binding sites from cortical, hippocampal and cere-
bellar membranes of RHA /Verh and RLA / Verh rats

The pharmacological properties of the benzodiazepine
binding sites from cortex, hippocampus and cerebellum
were determined in saturation experiments using different
®H-ligands. The total benzodiazepine binding sites, in the
three brain areas tested, were determined using
[®H]flunitrazepam (a non-sel ective benzodiazepine agonist).
In cortex and hippocampus, the Type | binding sites were
quantified using [*H]zolpidem. [*H]Zolpidem, at low con-
centrations, binds specifically to the Type | benzodiazepine
receptors (Ruano et al., 1994). We also determined the
diazepam-sensitive and the diazepam-insensitive binding
sites in cerebellar membranes, using [*H]R015-4513 in the
presence or absence of 5 wM diazepam (Turner et al.,
1991; Gutierrez et ., 1997).

The Scatchard transformation of the saturation curves
are shown in Tables 1 and 2. As expected, all three ligands
bound to single, high-affinity binding sites in all three
brain areas from both rat lines (Hill factors close to unity,
data not shown). No line-dependent differences were ob-
served in either the affinity (K,) or the B, for either
binding site, i.e., [*HIflunitrazepam, [*H]zolpidem or
[*H]R015-4513, in cortex, hippocampus or cerebellum.

As shown in Table 1, the proportion of cortical and
hippocampal Type | benzodiazepine binding sites, calcu-
lated from the B, of [*H]zolpidem and [*HIflunitraze-
pam binding sites, was similar in both the RHA /Verh and
RLA /Verh rats. Interestingly, the binding parameters (K,
B.,.x and the proportion of Type | binding sites) of the
benzodiazepine binding sites in cortical and hippocampal
membranes from both rat lines were very similar to those
observed in cortical and hippocampal membranes from

Table 1

Wistar or Fischer 344 rats (Ruano et al., 1993b, 1995).
Furthermore, the binding parameters of the benzodiazepine
binding sites from RHA /Verh or RLA /Verh cerebellar
membranes (K,, B, and proportion of diazepam-sensi-
tive and diazepam-insensitive binding sites) (see Table 2)
were also comparable to those found in the Wistar rats
(Gutierrez et al., 1997).

Therefore, these results indicate that the benzodiazepine
binding sites in cortex, hippocampus and cerebellum are
similar in both RHA /Verh and RLA /Verh rats and analo-
gous to those of our Wistar or Fischer 344 rats.

3.2. Allosteric interactions between GABA and benzodi-
azepine binding sites from RHA /Verh or RLA /Verh
cortical, cerebellar and hippocampal membranes

The allosteric interactions between GABA and benzodi-
azepine binding sites were first tested by determining the
effect of a single saturating concentration of GABA (100
M) on [*HIflunitrazepam or [*H]zolpidem binding. The
results are shown in Fig. 1. As shown, in both RHA /Verh
and RLA/Verh rats, the GABA enhancement of
[*HIflunitrazepam binding displayed regional heterogene-
ity. The stimulatory effect of GABA was higher in cortical
and cerebellar membranes than in hippocampa mem-
branes. These regional differences in the alosteric interac-
tions between GABA and benzodiazepine binding sites
were also observed in Wistar rats (Unnerstall et al., 1981,
Santi et al., 1988; Corda et al., 1989; Ruano et al., 1993a).
No line-dependent differences were observed in cortical,
cerebellar or hippocampal membranes with this ligand
(Fig. 1). There was a small (15-20%) decrease in the
GABA enhancement of [*HIflunitrazepam binding in
RLA /Verh cortica membranes athough this was not sta-
tistically significant.

We also tested the all osteric interactions between GABA
and the Type | ([*H]zolpidem binding) benzodiazepine
binding sites from RHA /Verh and RLA /Verh cortica
and hippocampal membranes. As shown in Fig. 1, in

Benzodiazepine binding parameters of cortical and hippocampa membranes from RHA /Verh and RLA /Verh rats

Brain area Rat line Binding parameters
HIflunitrazepam [*H]zol pidem
Kg (NM) Bax (Pmol /mg protein) K4 (nM) Bax (Pmol /mg protein)
Cortex RHA /Verth 18+14 112+ 0.30 70+11 0.54 + 0.10 (48.2 + 5.7%)
RLA /Verth 26+ 06 110+ 0.30 72+52 0.57 + 0.11(52.3 + 9.8%)
Hippocampus RHA /Verth 13+04 120+ 0.20 80+39 0.43 + 0.09 (36.3 + 6.6%)
RLA /Verth 12+02 1.00+0.20 70101 0.42 + 0.10 (42.5 + 9.5%)

Values were calculated from [*HIflunitrazepam or [*H]zolpidem saturation curves by LIGAND.
The results are means + S.D. of five to six experiments performed in duplicate.

One animal from each line was used in each experiment (n = 5-6/rat line).

The proportion of Type | binding sites is given in parentheses.
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Table 2

Binding parameters of the benzodiazepine binding sites of cerebellar membranes from RHA /Verh and RLA /Verh rats

Rat line Binding parameters
PHIFNZ [*H]R015-4513
Total DS DI
Kd Bmax Kd Bmax I'(d Bmax Kd Bmax

RHA/Verh 18+06 054+017 40+36
RLA/Verh 22+05 063+010 58+16

212+0.18
18+024

43+28 140+ 0.21(66.0 + 9.9%)
53+25 116+ 0.18(63.0+ 9.7%)

42+45 071+012(335+56%)
39+42 062+0.12(337 + 6.5%)

Data were calculated from saturation experiments by LIGAND and are means + S.D. of six experiments performed in duplicate (n = 6 animals/rat line).
The total and the diazepam-insensitive (DI) [*H]R015-4513 bi nding parameters were determined in the absence or presence of 5 wM diazepam,

respectively.
Diazepam-sensitive binding was calculated from total and DI binding.

The K4 and the By, are expressed in nM and pmol /mg of proteins, respectively.

The proportion of DS and DI binding sites is given in parentheses.

RHA /Verh rats the stimulatory effect of GABA on
[*H]zolpidem binding was 1.5-2 times higher than that
observed with [*Hflunitrazepam. The highest stimulatory
effect of GABA was observed in cortical membranes (Fig.
1). These results are in close agreement with those re-
ported previoudly for cortical and hippocampa membranes
from Wistar or Fischer 344 rats (Ruano et a., 1993a,b,
1995). The effect of GABA on [*H]zolpidem binding in
RLA /Verh cortical membranes was significantly lower
than that in RHA /Verh cortical membranes (see Fig. 1).
Furthermore, in RLA /Verh cortical membranes, GABA
stimulation of [*H]zolpidem binding was similar to that of
[*H]flunitrazepam binding and slightly lower than that
found in RLA /Verh hippocampal membranes.
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Fig. 1. GABA stimulation of [*HIflunitrazepam (open and hatched bars)
or [*H]zol pidem (cross-hatched and horizontal line bars) binding sites in
cortical (CTX), cerebellar (CRB) and hippocampal (HP) membranes from
RHA /Verh (open and cross-hatched bars) or RLA /Verh (hatched and
horizontal line bars) rats. The membranes were incubated in the presence
of 100 uM GABA and 1 nM [*Hflunitrazepam or 3 nM [*H]zolpidem.
The data, expressed as percentage of stimulation, are means+ S.D. of
experiments performed in duplicate. One animal from each rat line was
used for each experiment. Number of animals/group is given in paren-
theses. ®Significant difference between RHA /Verh (RHA) and
RLA /Verh (RLA) rats, ANOVA F, 13 =31.45, p<0.0001; Tukey p<
0.01.

The decrease in GABA enhancement of [*H]zolpidem
binding, observed in the cortex of RLA /Verh rats, could
be due to modification of either the potency (ECg,) and/or
the efficacy (E,,) of GABA. Thus, in order to ascertain
which of these two parameters was modified in RLA /Verh
rats, dose—response curves were generated. The results of
these experiments and the fit of the data are shown in Fig.
2 and Table 3, respectively. As expected, in both
RHA /Verh and RLA /Verh cortical membranes, GABA
enhanced [*H]zolpidem binding in a dose-dependent man-
ner. In RLA /Verh rats, neither the potency nor the Hill
factor was altered, as compared to the RHA /Verh values
(Table 3). However, the efficacy (E,,) of GABA in
enhancing [*H]zolpidem binding decreased significantly in
cortical membranes from RLA /Verh rats (Fig. 2 and
Table 3). Thus, these results indicate that the decrease in
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Fig. 2. Allosteric interaction between GABA and [*H]zolpidem binding to
Type | benzodiazepine receptors. The allosteric enhancement of 5 nM
[3H]zolpidem binding was determined in cortica membranes from
RHA /Verh (open symbols) or RLA /Verh (closed symbols) rats. The
data, i.e, the mean+S.D. of three different animals of each line, are
expressed as percentages of stimulation of [3H]20Ipidem binding in the
absence of GABA.
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Table 3
Enhancement by GABA of [*H]zolpidem binding in hippocampal mem-
branes from RHA /Verh or RLA /Verh rats

Rat line GABA stimulation of [*H]zolpidem binding

Eax (% of control) ECsq (M) Ny
RHA /Verh 136+ 17 04+0.3 1.3+05
RLA /Verh 95+ 162 05+0.3 14+07

aSignificant difference, ANOVA F;5=12.6, Tukey P <0.05.

The maximal stimulation (E,,,), the potency (ECs,) and the Hill slope
(ny) were calculated from the dose—response curves shown in Fig. 2.
Values are the means+ S.D. of three experiments performed in duplicate
(n= 3 animals/rat line).

the GABA enhancement of [*H]zolpidem binding in
RLA /Verh cortical membranes was due to a decrease in
the efficacy of the allosteric interactions between the
GABA and the Type | binding sites.

4, Discussion

The results of the present study indicated an absence of
generalized differences in the pharmacological properties
of the total benzodiazepine binding sites from cortex,
hippocampus or cerebellum of the RHA/Verh and
RLA /Verh rat lines.

The existence of genetic differences in the pharmaco-
logical properties of the GABA, receptor complex has
been investigated with different [*H]-ligands but controver-
sia results have been reported (Gentsch et al., 1981;
Shephard et al., 1982; Giorgi et al., 1994; Driscoll et d.,
1998). Our results, in agreement with those reported by
Giorgi et al. (1994) and Corda et al. (1997), demonstrated
that both the affinity and the maximal density of
[®HIflunitrazepam binding sites were identical in both lines.
However, the benzodiazepine binding sites are heteroge-
neous. Classicaly, two pharmacologically different benzo-
diazepine binding isotypes have been described (see
Sieghart, 1995; Hadingham et a., 1996; Luddens et a.,
1990; Sieghart, 1995). Thus, the absence of differences in
the total density (B,,,) of the benzodiazepine binding sites
between RHA /Verh and RLA /Verh rats does not allow
us to rule out the possibility of differential redistribution of
the different benzodiazepine binding subtypes. Therefore,
we aso determined the binding properties of the Type |
binding sites (high affinity for [°H]zolpidem) in the cortex
and hippocampus and the diazepam-sensitive and di-
azepam-insensitive binding sites in the cerebellum. As
shown in Tables 1 and 2, no line-dependent differences
were observed in such measures. These results indicated
the absence of line-dependent differences in the distribu-
tion of the different benzodiazepine binding sites between
RHA /Verh and RLA /Verh rats.

The different benzodiazepine binding sites reflect the
presence of different o subunits in the GABA , receptor

complex (Hadingham et al., 1996; Pritchett and Seeburg,
1990; Pritchett et al., 1989). Type | binding sites are
determined by the presence of a1 subunits, Type Il by the
presence of «2, 3 or 5 subunits, and diazepam-insensitive
Ro015-4513 binding sites by the presence of o4 or 6
subunits. The «1-2-3-5 subunits are expressed in cortex
and hippocampus, whereas only a1l and a6 subunits are
significantly expressed in cerebellum (al other a subunits
are minor components of the GABA, receptor in this
particular brain region) (Laurie et a., 1992; Wisden et al.,
1992). Therefore, the maximal density of [*H]zolpidem
and diazepam-sensitive [*H]R015-4513 hinding sites or
diazepam-insensitive [°H]R015-4513 binding sites should
reflect the presence of al and «6 subunits, respectively,
in functional GABA, receptor complexes. In conse-
guence, the absence of line-dependent divergences in the
total benzodiazepine binding sites, [*H]zolpidem binding
in cortex and hippocampus, and diazepam-sensitive or
diazepam-insensitive [*H]R015-4513 binding sites in cere-
bellum indicate a similar expression of al and a6 sub-
units between both rat lines and suggest the absence of
differences in the relative abundance of the other o sub-
units of the GABA , receptor complex.

We also compared the allosteric interactions between
GABA and both the total benzodiazepine and the Type |
binding sites in the cortex, hippocampus and cerebellum of
RHA /Verh and RLA /Verh rats. As shown (see Fig. 1),
no line-dependent differences were observed in the cere-
bellum and hippocampus. Nevertheless, the GABA effect
on the Type | hinding sites was significantly reduced in
cortical membranes from RLA /Verh rats. A pardlel re-
duction was also observed in the total benzodiazepine
binding sites, though this difference did not reach statisti-
cal significance, indicating an absence of modification of
the allosteric interactions between GABA and the benzodi-
azepine binding sites distinct than the Type | (high affinity
for zolpidem).

The alosteric interactions between GABA binding sites
and either total benzodiazepine binding sites or the Type |
binding sites show regional heterogeneity in Wistar or
Fischer 344 rats (Unnerstall et al., 1981; Santi et al., 1988;
Corda et al., 1989; Ruano et al., 1993a). The GABA
enhancement of [*HIflunitrazepam binding was maximal in
the cortex, followed by cerebellum and hippocampus. A
similar profile could be observed for the Type | binding
sites, although the GABA effect on [*H]zolpidem binding
was higher than that for [*HIflunitrazepam. An identical
pattern was observed here in RHA /Verh rats (Fig. 1),
suggesting that the difference between RHA /Verh and
RLA /Verh rats found in the cortex is due to a reduction of
the GABA simulation of [*H]zol pidem binding in
RLA /Verh rats, rather than to an increase in RHA /Verh
rats. Interestingly, the existence of genetic differences in
the allosteric coupling between the GABA site and the
Cl-channel between both rat lines were recently reported
(Giorgi et a., 1994), with RLA /Verh rats showing a
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reduction of GABA-stimulated Cl ~ uptake. Therefore, the
differences in the alosteric interactions between GABA
and [*H]zolpidem binding sites could be reflected in the
Cl™ uptake properties of the GABA , receptor complex.
Taken together, these results suggest the absence of be-
tween-line differences in the maximal density of binding
sites, and the existence of line-dependent divergences in
the allosteric coupling among the different binding sites
and the CI~ channel of the GABA , receptor complex at
the cortical level.

It is known that the allosteric properties of the GABA ,
receptor are influenced by steroid hormones (Olsen et al.,
1988). Related to this, it has been recently reported that the
brain content of anxiolytic progesterone metabolites is
higher in the frontal cortex and bed nucleus of the stria
terminalis in RHA /Verh than in RLA /Verh rats (Steimer
et a., 1997). Interestingly, the levels of these neuroactive
steroid metabolites have been shown to be negatively
correlated to measures of emotional reactivity in both
Roman/Verh rat lines. Thus, it is tempting to speculate
that the differences observed in the allosteric coupling
between cortical Type | and GABA binding sites might be
related to the differences in emotiona reactivity (or sus-
ceptibility to stress) and/or in neurosteroid activity seen
between the Roman/Verh rat lines.

Alternatively, we cannot discard the possibility that
there are molecular and/or post-trandational modifica-
tions of the GABA , receptor complex in RHA /Verh and
RLA /Verh rats. In this respect, it is known that the
presence of two different o subunits (such as a1 and o 3)
co-assembled in a single GABA , receptor complex dis-
play unique allosteric properties different from those of «1
or a3 receptors (Ebert et al., 1994). Moreover, the exis-
tence of native GABA , receptors containing two different
a subunits (such as al-a 3, al-a2 and al—a 6 subunits)
has been demonstrated in immunopurification experiments
(Araujo et a., 1996; Duggan et a., 1991; McKernan et al.,
1991; Pollard et a., 1993, 1995). Therefore, the observed
between-line differences in the allosteric interactions could
also reflect molecular differences in the composition of the
GABA , receptor complex.

In summary, our results demonstrate the absence of
major differences between RHA /Verh and RLA /Verh
rats in benzodiazepine binding properties (affinity, B,
relative abundance of Type 1 and diazepam-sensitive or
diazepam-sensitive bindings sites) and in the alosteric
interactions between benzodiazepine and GABA binding
sites in the cortex, hippocampus or cerebellum. Our results
also demonstrate the existence of a significant reduction in
the allosteric interactions between [*H]zolpidem (a Type
I-selective agonist) and GABA binding sites in cortical
membranes from the RLA /Verh rat line. This decrease in
the allosteric interactions of the Type | subtype of the
GABA , receptor complex could contribute to the diver-
gent emotional responses which characterize these rats.
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