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Abstract The behavioral effects of a wide range of BZ
(w) receptor ligands, including non-selective full (alpra-
zolam, clorazepate, chlordiazepoxide and diazepam)
and partial (bretazenil, imidazenil and Ro 19-8022)
agonists, and selective BZ-1 (w;) (abecarnil, CL
218,872, CL 284,846 and zolpidem) receptor ligands,
were compared in the rat elevated plus-maze test.
Behaviors recorded comprised the traditional indices
of anxiety as well as a number of ethologically derived
measures. In addition, the specificity of drug effects was
evaluated by measuring spontaneous locomotor activ-
ity in activity cages in separate groups of animals.
Results showed that all compounds tested not only
increased the proportion of time spent and proportion
of entries into the open arms of the maze (considered
as traditional indices of anxiety) but also affected head-
dippings and attempts at entry into open arms, which
can be considered as indices of risk assessment res-
ponses. However, the magnitude of these effects was
generally smaller with the BZ-1 (w;) selective agents.
Moreover, additional differences were apparent on the
total number of arm entries measure, which was
significantly increased by most full and all partial ago-
nists, but was unaffected by the selective BZ-1 (1) com-
pounds. If it is assumed that total arm entries are
contaminated by anxiety, the latter finding indicates a
weaker anxiety-reducing potential of selective BZ-1
(w1) ligands. Importantly, the increase in total arm
entries induced by the non-selective agents was not
associated with a similar effect on locomotion as
revealed in the actimeter. Finally, anxiolysis produced
by the BZ-1 (w;) ligands was invariably observed at
doses which reduced locomotor activity, suggesting that
the anxiolytic-like effects of these compounds are con-
founded by decreases in locomotor activity.
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Introduction

Benzodiazepines (BZs) are the most frequently used
psychotropic agents and the mainstay of drug treat-
ment for anxiety disorders. These agents are very
effective at reducing anxiety with a rapid onset of
action, but can be associated with sedation, amnesia,
muscle relaxation, tolerance and dependence (Lader
1994). BZs produce their effects by acting at BZ sites
associated with GABA4 receptors and it is now widely
acknowledged that there exist two subtypes of BZ
receptors called BZ-1 and BZ-2 (Squires et al. 1979;
Sieghart and Schuster 1984) designated as w; and ws,
respectively (Langer and Arbilla 1988). Recent work in
molecular biology has demonstrated that the former
corresponds to the GABAy receptors containing the
o; subunit while the latter forms a part of the GABA
receptor complex having o, o3 or a5 subunits (Pritchett
et al. 1989; Sieghart 1995).

Classical BZs, such as diazepam, interact with nearly
all receptor subtypes with high affinity and high
efficacy. In contrast, partial agonists, typified by bre-
tazenil or imidazenil, display high affinity at nearly all
receptors but act with reduced efficacy compared to
diazepam at all receptors (Haefely et al. 1990; Puia
et al. 1992; Wafford et al. 1993). Hence, it was hypoth-
esized that these compounds may produce fewer
unwanted effects (e.g. sedation and amnesia) than full
agonists, but retain anxiolytic and anticonvulsant prop-
erties (Haefely et al. 1990). In addition, there are BZ
receptor ligands which display affinities and/or
efficacies that vary depending on the GABAA/BZ
subtype. This is exemplified by the imidazopyridine
zolpidem and the triazolopyridazine CL 218,872, which
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show selectivity for receptors containing the o; subunit
(Pritchett and  Seeburg 1990; Faure-Halley
et al. 1993). On the basis of these findings, it has been
speculated that there might be a correlation between
the behavioral profile of these BZ (w) receptor ligands
and subtype specificity (Sanger et al. 1994). Several pre-
liminary investigations support this view. As an illus-
tration, Zivkovic et al. (1992) demonstrated that
zolpidem and CL 218,872 induced myorelaxant effects
at doses which were much greater than those decreas-
ing exploration, while the non-selective BZ (w) recep-
tor full agonist triazolam primarily affected muscle
strength, suggesting that myorelaxant activities are not
related to an interaction with BZ-1 (1) receptors. More
recently, Sanger (1995) showed that BZ-1 (w;) selective
agents only weakly affected punished operant respond-
ing and antagonism of the pentylenetetrazole cue, while
non-selective BZ () receptor agonists produced clear-
cut effects in both procedures.

In an attempt to explore further the possibility that
some behavioral actions of BZ (w) ligands may be asso-
ciated with actions at a defined receptor subtype, the
present study compared the effects of several classical
and novel BZ (w) receptor ligands in an experimental
procedure designed for evaluating anxiety-modulating
agents in rats, namely the elevated plus-maze test. The
drugs used included non-selective BZ (w) receptor full
(i.e. alprazolam, clorazepate, chlordiazepoxide and
diazepam) and partial (i.e. bretazenil, imidazenil and
Ro 19-8022) (Martin et al. 1988; Jenck et al. 1992;
Giusti et al. 1993) agonists, and selective BZ-1 (w1) (i.e.
abecarnil, CL 218,872, CL 284,846 and zolpidem)
receptor ligands (Lippa et al. 1979; Depoortere et al.
1986; Stephens et al. 1990; Day et al. 1992).

The elevated plus-maze is based upon the finding
that rodents are highly thigmotactic when exposed to
a novel environment (Treit et al. 1993). As tradition-
ally employed, the key indices of anxiety in this test
are the open arm entries and the time spent on the
open arms (Pellow et al. 1985). However, several
authors recently reported on the potential utility of
recording additional behavioral measures (Rodgers
et al. 1992a; Rodgers and Cole 1993; Cruz et al. 1994).
These comprise entry latency, non-exploratory behav-
jor, and a cluster of behaviors collectively referred to
as “risk assessment”. This latter concept has emerged
from work on antipredator defense in rodents. It typ-
ically refers to a pattern of responses (scanning, stretch
attend, flat back approach) invariably observed in
potentially dangerous situations and which is particu-
larly sensitive to anxiety-modulating drug treatment
(Blanchard et al. 1990a, b; Griebel et al. 1995). In the
plus-maze, risk assessment is reflected in high levels of
stretch attend postures and head-dippings. Recent stud-
ies with classical (BZs) and novel (5-HTa receptor
agonists, 5-HT reuptake inhibitors) anxiolytics have
revealed the utility of these measures (Cole and Rodgers
1993, 1994; Griebel et al. 1994). In the present study,

we used several risk assessment measures in addition
to the traditional parameters. Also, special attention
was given to the total arm entries measure, as several
reports suggested that this response is contaminated by
anxiety (Lister 1987; Handley and McBlane 1993; Cruz
et al. 1994), thereby suggesting that it may be used as
an index of anxiety. To this end, the specificity of effect
on total arm entries was determined by measuring
spontaneous locomotor activity.

Materials and methods

All procedures described here are in compliance with ethical prin-
ciples and guidelines for scientific experiments on animals.

Animals

Male Sprague-Dawley rats weighing 180-220 g at time of testing
were used. All animals were housed in groups of five and main-
tained under standard laboratory conditions with free access to food
and water. They were kept on a 12:12-h light-dark cycle with light
onset at 6 a.m. Animals were supplied by Charles River France
(Saint-Aubin-les-Elbeuf, France) and Iffa Credo (L’Arbresle,
France}.

Drugs

All drugs were prepared as solutions or suspensions in physiolo-
gical saline containing 1 or 2 drops of Tween 80. The drugs used
were clorazepate, diazepam, alprazolam, chlordiazepoxide hydro-
chloride, zolpidem (synthesized by the chemistry department,
Synthélabo Recherche), bretazenil and Ro 19-8022 (both courtesy
of Drs. Q. Branca and P. Weber, F. Hoffman-La Roche Ltd),
abecarnil (courtesy of Schering), imidazenil (courtesy of Dr. A.
Guidotti, Fidia), CL 218,872 and CL 284,846 (both courtesy of
Dr. B. Beer, American Cyanamid). All doses are expressed as the
bases. Drugs were administered intraperitoneally (IP) in a constant
volume of 2 ml/kg 30 min before experiments were carried out.

Behavior on the elevated plus-maze

All parts of the apparatus were made of dark polyvinylplastic with
a black rubber floor. It consisted of a maze elevated to a height of
50 ¢m with two open (50 x 10 cm) and two enclosed arms (50 x 10
x 50 cm), arranged so that the arms of the same type were oppo-
site each other, connected by an open central area (10 x 10 cm).
Although the floor was rubberized, a rim of Plexiglas 0.5 cm high
surrounding open arms was necessary to avoid rats falling off. The
illumination in the experimental room consisted of one red neon
tube fixed on the ceiling, so that experiments were performed under
dim light conditions. At the beginning of the experiment, rats were
placed in the centre of the maze, facing one of the enclosed arms,
and observed for 4 min. The apparatus was equipped with infrared
beams and sensors capable of measuring time spent in open arms,
number of open-arm entries and number of closed-arm entries
(defined as entry of all four limbs into an arm of the maze). In addi-
tion, rats were observed via a video camera by an observer located
in an adjacent room. This permitted the recording of the additional
risk assessment measures: (@) attempt: attempt at entry into open
arms followed by avoidance responses. This includes stretch attend
posture (the rat stretches forward and retracts to original position);



(b) head-dipping: protruding the head over the ledge of an open arm
and down towards the floor (this response can occur while the ani-
mal’s body is in the closed arms, central square or on open arms).
The results were expressed as mean ratio of time spent in open arms
to total time spent in both open and closed arms, mean total num-
ber of open arm entries, mean total number of entries in both open
and closed arms, mean total number of attempts and mean total
number of head-dips. Testing was performed between 8.30 a.m. and
1 p.m. The following drugs and doses were tested: clorazepate:
0, 1, 3 and 10 mg/kg (n = 7-8); diazepam: 0, 1, 1.5 and 2 mg/kg
(n= 11-12); alprazolam: 0, 0.1, 0.3 and 1mg/kg (n=12)
chlordiazepoxide: 0, 1.25, 2.5 and 5 mg/kg (n = 11-12); Ro 19-8022:
0,1, 3 and 10 mg/kg (n = 11-12); bretazenil: 0, 0.1, 0.3 and 3 mg/kg
(n=11-12); imidazenil: 0, 0.3, 1 and 3 mg/kg (n = 12); zolpidem:
0, 0.1, 0.3 and 1mg/kg (n=10-12); abecarnil: 0, 0.1, 0.3 and
0.6 mg/kg (n=12); CL 284,846: 0, 0.1, 0.3 and 1 mg/kg (n = 12);
CL 218,872: 0, 1, 3 and 10 mg/kg (n = 11-12).

Effects on spontaneous locomotor activity: the actimeter

Testing was conducted in square, clear Plexiglas boxes (40 x40 x
15 cm) equipped with infrared beams and sensors and placed in
sound attenuated cupboards. Horizontal locomotor activity was
recorded for 5 min immediately after placing rats in the centre of
the apparatus 30 min after an IP injection. Testing was performed
between 8.30 a.m. and 1 p.m. The following drugs and doses were
tested: clorazepate: 0, 0.3, 1, 3, 10 and 30 mg/kg (n = 8); diazepam:

Fig. 1 Effects of four non-selective BZ (w) receptor full agonists on
the behavior of rats exposed to the elevated plus-maze test on tra-
ditional indices of anxiety (% time in open arms, number of open
arm entries) and ethologically derived measures (number of
attempts, number of head-dippings). Drugs were administered 1P
30 min before testing. Data represent means + SEM. * P < 0.05
(Dunnett’s test)
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0, 0.5, 1, 1.5, 2 and 4 mg/kg (n = 8); alprazolan: 0, 0.1, 0.3, 1, 3
and 10 mg/kg {(n = 8); chlordiazepoxide: 0, 0.62, 1.3, 2.5, 5 and
10mgikg (n=28); Ro 19-8022: 0, 0.3, 1, 3, 10 and 30 mg/kg
(n= 8); bretazenil: 0, 0.03, 0.1, 0.3, 1 and 3 mg/kg {(n = 8); imi-
dazenil: 0, 0.1, 0.3, 1, 3 and 10 mg/kg (n = 8); zolpidem: 0, (.3, 1
and 3 mg/kg (n = 8); abecarnil: 0, 0.06, 0.1, 0.3, 0.6 and 1 mg/kg
(n=18); CL 284,846:0,0.03,0.1,0.3, 1 and 3mg/kg (n =8)and CL
218,872: 0, 0.3, 1, 3, 10 and 30 mg/kg (n = 7-8).

Statistical analysis

Each dose-response curve was assessed by a one-way analysis of
variance (ANOVA) followed by a Dunnett’s a posteriori z-test.

Results
Elevated plus-maze test

For purposes of comparing drug effects, the total num-
ber of arm entries are displayed with the locomotor
activity data in Figs 4, 5 and 6. Other measures of beha-
vior on the plus-maze are shown in Figs 1, 2 and 3.
Closed arm entries are not presented as statistical
analysis did not reveal any significant drug effects on
this measure.

Non-selective BZ (w) receptor full agonists

Figure 1 shows that all four compounds significantly
increased percentage of time spent by rats on open arms
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Fig. 2 Effects of three non-selective BZ (w) receptor partial ago-
nists on the behavior of rats exposed to the elevated plus-maze test.
Drugs were administered IP 30 min before testing. Data represent
means £ SEM. * P < (.05 (Dunnett’s test)

[clorazepate: F(3,24)=10.75, P <0.001; diazepam:
F(3,43) =296, P <(.05; alprazolam: F(3, 44) = 3.27,
P<0.03 and chlordiazepoxide: F(3,41)=10.21,
P <0.001], the percentage of open arm entries
[clorazepate: F(3,24)=10.75, P <0.001; diazepam:
F(3,43) =2.96, P <0.05; alprazolam: F(3,44) = 3.27,
P < 0.05 and chlordiazepoxide: F(3, 41) =10.21, P <
0.001] and the number of head-dippings [clorazepate:
F(3,24) = 2.96, P <0.05; diazepam: F(3,43) = 12.24,
P <0.001; alprazolam: F(3, 44)=9.51, P <0.001 and
chlordiazepoxide: F(3, 41) =9.41, P < (0.001]. Cloraze-
pate [F(3,24) = 3.54, P <0.05], diazepam [F(3, 43) =
2.86, P<0.05] and alprazolam [F(3,44) = 7.66,
P < 0.001] significantly reduced the number of attempts
at entry in open arms. The effect of the doses of chlor-
diazepoxide studied was not statistically significant on
this measure. Finally, with the exception of alprazo-
lam, the drugs increased the total number of arm entries
[clorazepate: F(3, 24) =3.85, P <0.05; diazepam:
F(3,43)=9.04, P<0.001 and chlordiazepoxide:
F(3, 41)= 697, P<0.001] (Fig. 4).

Non-selective BZ (w) receptor partial agonists

Figure 2 shows that the drugs significantly increased the
percentage of time spent on open arms [Ro 19-8022:
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F(3,43)=3.69, P<0.05; bretazenil: F(3,41) =3.49,
P <0.05 and imidazenil: F(3, 44) = 3.46, P <0.05] and
the two latter also increased the percentage of open arm
entries [bretazenil: F(3,41)= 549, P <0.01 and imi-
dazenil; F(3,44)=5.21, P<0.01]. With the exception
of bretazenil, the drugs also significantly decreased the
number of attempts at entry into open arms [Ro 19-
8022: F(3, 43) = 10.5, P < 0.001 and imidazenil: F(3, 44)
= 18.84, P <(.001]. Moreover, all three compounds
increased the frequency of head-dippings [Ro 19-8022:
F(3,43) = 6.66, P <0.001; bretazenil: F(3,41) = 14.17,
P <0.001 and imidazenil: F(3, 44)=3.51, P <0.05].
Finally, Fig. 5 shows that like the full agonists, the three
partial agonists increased total number of arm entries
[Ro 19-8022: F(3, 43) = 4.58, P < 0.01; bretazenil: F(3,
41) =8.11, P <0.001 and imidazenil: F(3, 44) = 3.54,
P <0.05].

Selective BZ-1 (w;)receptor agonists

Figure 3 shows that the effects of the BZ-1 (w}) selec-
tive agents on percentage of time spent on open arms
were in general similar to the effects of non-selective
full and partial agonists [zolpidem: F(3,41) = 6.33,
P <0.001; CL 284,846: F(3,44)=3.47, P <0.05 and
CL 218,872: F(3,43) = 6.19, P < 0.001]. Although the
effect of abecarnil did not reach statistical significance
for this measure, a tendency to an increase was
observed. In addition, while zolpidem, abecarnil and
CL 218,872 significantly increased the percentage of
entries into open arms [zolpidem: F(3,41)=15.9,
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Fig. 3 Effects of four selective BZ-1 (w;) receptor ligands on the
behavior of rats exposed to the elevated plus-maze test. Drugs were
administered IP 30 min before testing. Data represent means+
SEM. * P <0.05 (Dunnett’s test)

P <0.01; abecarnil: F(3,44) =3.83, P<0.05 and CL
218,872: F(3,43) = 8.18, P < 0.001], CL 284,846 failed
to affect this response. Regarding the ethologically
based measures, all four drugs significantly decreased
the number of attempts at entry into open arms [zolpi-
dem: F(3,41)=5.04, P<0.01; abecarnil: F(3,44)=
2.92, P <0.05; CL 284,846: F(3,44) = 5.44, P <0.001;
CL 218,872: F(3, 43) = 10.43, P < 0.001} and zolpidem
[F(3,41)=2.8, P <0.05], CL 284, 846 [F(3, 44) = 4.59,
P <0.01], CL 218,872 [F(3, 43) = 9.21, P < 0.001] but
not abecarnil also increased the number of head-dip-
pings. Finally, Fig. 6 shows that, in contrast to the
results obtained with the non-selective full and partial
agonists, the BZ-1 {w;) selective compounds did not
increase the total number of entries.

Spontaneous locomotor activity
Non-selective BZ (w) receptor full agonists (Fig. 4)
Spontaneous horizontal locomotor activity was signi-

ficantly affected by all compounds tested: clorazepate:
F(5, 42) = 10.32, P <0.005; diazepam: F(5, 42) = 6.68,
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P < 0.001; alprazolam: F(5, 42) = 12.63, P <0.001 and
chlordiazepoxide: F(5, 42) = 5.68, P <0.001. Dunnett
comparisons indicated a significant decrease in the num-
ber of beams crossed at the highest dose of clorazepate,
diazepam and chlordiazepoxide (30, 4 and 10 mg/kg,
respectively). Alprazolam significantly decreased this
measure at 1, 3 and 10 mg/kg. None of the tested doses
of these four BZs produced increases in locomotor activ-
ity during the 5-min test.

Non-selective BZ (w) receptor partial agonists
(Fig. 5)

Only imidazenil significantly affected locomotor
activity [F(5,42)="7.17, P <0.001]. Subsequent
post-hoc comparisons revealed that the drug signi-
ficantly decreased this response at doses of 1, 3 and
10 mg/kg.

Selective BZ-1 (w;) receptor agonists (Fig. 6)

All four drugs belonging to this group significantly
decreased horizontal locomotor responses: zolpidem:
F(3, 28) = 25.59, P < 0.001; abecarnil: F(5, 42) = 10.58,
P <0.001; CL 284,846: F(5, 42) = 13.01, P < 0.001 and
CL 218,872: F(5, 39) = 13.42, P < 0.001. Post-test com-
parisons indicated that zolpidem and CL 284,846
significantly depressed this behavior from the dose of 1
mg/kg, while abecarnil and CL 218,872 produced a sim-
ilar effect from 0.3 and 3 mg/kg, respectively.
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Fig. 4 Effects of four non-selective BZ (w) receptor full agonists on
horizontal locomotor activity in an actimeter (solid symbols) and
on total number of arm entries in the elevated plus-maze test (open
symbols). Drugs were administered IP 30 min before testing. Data
represent means + SEM. * P < 0.05 (Dunnett’s test)

Discussion

The present experiments demonstrated that both
non-selective BZ (w) receptor agonists and selective
BZ-1 (w;) receptor ligands elicited anxiolytic-like
effects in the rat elevated plus-maze test. However, the
behavioral profiles of selective and non-selective agents
differ somewhat, notably in terms of the magnitudes of
the effects observed.

The present data generally agree with previous
reports on the sensitivity of the elevated plus-maze test
to the anxiolytic effects of non-selective BZ (w) recep-
tor full and partial agonists (e.g. Pellow et al. 1985;
Pellow and File 1986; Rodgers et al. 1992b; Cole and
Rodgers 1993). Thus, on traditional behavioral indices,
they increased percentage of time spent in open arms
and percentage of open arm entries. Traditionally,
among the basic parameters scored in plus-maze stud-
ies, total arm entries are often considered as an index
of general activity, while the number of open arm
entries and the time spent in the open arms are the pri-
mary indices of anxiety. However, in a factor-analytic
study, Lister (1987) reported that total arm entries also
loaded, albeit less strongly, on the “anxiety factor”.
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Consequently, a change in the total number of arm
entries may not merely reflect changes in activity but
1s also probably sensitive to changes in anxiety.
Although the initial report of Pellow et al. (1985) failed
to reveal any changes in total arm entries after the
administration of non-sedative doses of chlordia-
zepoxide and diazepam, several recent studies using
such agents, including chlordiazepoxide, found a clear-
cut increase in this measure at similar doses (Cruz
et al. 1994; Dawson et al. 1995). In agreement with
these latter findings, the present observations showed
that, with the exception of alprazolam and imidazenil,
non-selective BZ (w) receptor full and partial agonists
simultaneously increased total number of arm entries
and open arm activities, while having no direct effect
on motor activity as revealed by the actimeter test.
Overall, these plus-maze findings are consistent with
the observation that BZs produce some evidence of low
dose behavioral stimmlation in exploratory models of
anxiety (Treit 1985).

The failure of alprazolam to produce a similar
increase in total arm entries might be attributable to
the fact that the dose at which anxiolytic effects are
observed is close to those at which sedative/myore-
laxant effects appear. The present data strongly sup-
port this view, as alprazolam was the only compound
in this category which produced anxiolytic activity in
the plus-maze at doses which decreased motor activ-
ity (actimeter data). Based on this latter finding, it
can tentatively be suggested that, in the case of
alprazolam, the total arm entries variable was
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Fig. 8§ Effects of three non-selective BZ (w) receptor partial ago-
nists on horizontal locomotor activity in an actimeter (solid sym-
bols)y and on total number of arm entries in the elevated plus-maze
test (open symbols). Drugs were administered TP 30 min before test-
ing. Data represent means £ SEM. * P < 0.05 (Dunnett’s test)

contaminated by sedation and/or myorelaxation.
Regarding imidazenil, it is striking that the increase
in total arm entries was associated with behavioral
suppression (actimeter data). This finding thus pro-
vides further evidence that the total arm entries mea-
sure is not a reliable index of general motor activity,
but is heavily contaminated by anxiety. Clearly, in the
plus-maze, responses to aversive stimuli (i.e. novelty
combined with elevated open spaces) involve central
mechanisms that can override the strong hypo-
locomotor effect seen in the actimeter, a less aversive
situation in which the level of arousal is probably
lower.
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Regarding the novel, ethologically derived, measures,
the present results with the non-selective BZ () recep-
tor full and partial agonists confirmed that head-
dippings and attempts at entry into open arms may be
viewed as valid indexes of anxiety (Cole and Rodgers
1993; Cruz et al. 1994; Griebel et al. 1994). All com-
pounds markedly increased head-dippings and dec-
reased attempts, but this latter effect was not statistically
significant for chlordiazepoxide and bretazenil. The rea-
son for this is unclear, but it can be speculated that, at
least in the case of chlordiazepoxide, control values of
attempts were too low to be further decreased. Together,
these “risk assessment” data indicate that rats treated
with such agents show a reduced reluctance to leave
relatively safe areas of the maze (decreased attempts)
and an enhanced tendency to actively explore the
potentially dangerous open arms (increased head-dip-
ping), a behavioral pattern that strengthens the con-
clusion of an anxiolytic-like action based upon the
traditional indices of anxiety.

Overall, the present findings with non-selective BZ
(w) partial agonists are in agreement with previous
preclinical reports indicating that these partial agonists
are potential anxiolytic drugs (Belzung et al. 1989; Jenck
etal. 1992; Giusti et al. 1993; Griebel et al. 1993; Martin
et al. 1993; Dazzi et al. 1995) and, especially, that bre-
tazenil reduced risk assessment behavior in a murine
plus-maze (Cole and Rodgers 1993). In addition, the
observation that bretazenil and Ro 19-8022 did not
decrease locomotor activity in the actimeter over the
entire dose range (0.03-3mg/kg and 0.3-30 mg/kg,
respectively) also agrees with the suggestion that these
drugs may have low propensity in producing sedation
and/or myorelaxation while retaining the therapeutic
effectiveness of classical BZs (Haefely et al. 1990).
However, on a clinical level, only few trials with such
agents have been carried out so far and evidence of
clear-cut effects in the treatment of anxiety disorders
is still lacking (Potokar and Nutt 1994).

The BZ-1 (i) selective agents zolpidem, CL 218,872
and CL 284,846 each increased the percentage of
time spent on the open arms and the percentage of
open arm entries was increased by the two former and
abecarnil. This anxiolytic-like profile was confirmed
by their action on the ethological-based measures as
all compounds markedly decreased the number of
attempts, while three of them (i.e. zolpidem, CL 218,872
and CL 284,846) increased head-dippings. Together,
these results are in line with several reports showing
that BZ-1 (w;) selective agents produce anxiolytic-
like activity in conditioned conflict procedures as well
as in exploration tests (Stephens et al. 1990; Zivkovic
et al. 1990; Jones et al. 1994; Ozawa et al. 1994; Sanger
1995). In particular, they agree with findings from
plus-maze studies demonstrating that CL 218,872 and
zolpidem increased exploration time in the open arms
(Pellow and File 1986; Auta et al. 1993; Davies et al.
1994).
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Fig. 6 Effects of four selective BZ-1 (@) receptor ligands on hori-
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When the effects produced by the BZ-1 (w;) selec-
tive compounds are compared directly with those of
the non-selective compounds, the data indicated that
the selective BZ-1 (w;) ligands generally displayed
weaker anxiolytic-like effects. This is exemplified by the
effects of the drugs on the number of head-dippings.
The magnitude of the effects on this response for the
non-selective full and partial agonists is greater than
with the BZ-1 () selective agents as active doses for
the former compounds (with the exception of clo-
razepate) increased head-dippings by 91-130%,
whereas selective BZ-1 (w1) agents generally failed to
produce quantitatively similar effects. Drug profiles on
the percentage of time spent in open arms also seem
to indicate such a difference in efficacy between
non-selective and selective BZ-1 (w;) ligands. However,
control values were somewhat lower in the case of the
latter agents so that a direct comparison is compro-
mised.

In addition, BZ-1 (1) selective agents also differed
from most non-selective compounds in that they failed
to increase the total number of arm entries. This finding
contrasts with the proposal of Dawson et al. (1995),
who suggested that anxiolysis in the elevated plus-maze
is associated with changes in locomotor activity
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(including an increase in total arm entries). However,
these authors based their conclusion on results
obtained with one anxiolytic drug, namely chlor-
diazepoxide, which is well known for its strong stimu-
latory action onm locomotor parameters in animal
models of anxiety.

Depressant properties of the selective BZ-1 (w)) lig-
ands might account for the lack of effect on the total
number of arm entries. This did not show up in the
data obtained for closed arm entries [a presumed reli-
able measure of general activity (File 1992; Cruz et al.
1994)] as no drug effects were apparent. However,
results from the actimeter support this idea as doses
producing anxiolysis also significantly decreased hori-
zontal motor activity. Such an explanation would be
in agreement with the conclusion drawn by Sanger
(1995), who suggested that the reduced efficacy of
BZ-1 () selective agents (including the compounds
used in the present study) in increasing punished oper-
ant responding and in blocking the pentylenetetrazole
cue may be related to their marked response rate-
decreasing effects. One can assume that the weaker
efficacy of BZ-1 (w;) selective agents might be related
to their lack of activity at certain BZ (@) receptor sub-
types on which non-selective BZ (o) act.

It has been reported previously that differences in
the pharmacological profiles of the BZ-1 (w,) selective
compounds themselves can also be observed. For
instance, Zivkovic and collaborators (1992) demon-
strated that CL 218,872 produced anticonflict activity
in the punished drinking procedure at doses devoid of



central depressant effect, whereas in the case of zolpi-
dem, the former effect was accompanied by a reduc-
tion in general motor activity. Results from the present
study also revealed differences in the behavioral profile
of BZ-1 (wy) agents. While CL 284,846 and CI. 218,872
significantly increased both the number of open arm
entries and the number of head-dippings at several
doses, zolpidem and abecarnil failed to affect the for-
mer response and abecarnil did not significantly mod-
ify head-dippings. As was recently suggested by
Zivkovic and collaborators (1992), differences in intrin-
sic activity between zolpidem and CL 218,872 may
account for the weaker effect of the former. This was
confirmed by electrophysiological data showing that
zolpidem and abecarnil act as full agonists at BZ-1 (w)
receptors, whereas CL 218,872 is a partial agonist at
these binding sites (Wafford et al. 1993). This suggests
that compounds specifically behaving as full agonists
at BZ-1 () receptors display weaker anxiolytic effects
than partial agonists at these sites.

In the case of abecarnil, our findings are somewhat
at variance with the results of other studies in which
the drug produced potent and clear-cut anxiolytic-like
activities in several models in mice and rats, including
the four-plate test, the murine elevated plus-maze and
the water-lick conflict test (Stephens et al. 1990; Sanger
et al. 1991; Jones et al. 1994; Stephens and Voet 1994).
The current difference in drug effect between abecarnil
and the other selective compounds cannot readily be
explained by differences in dose range. Neither can it
be attributed to rate-dependency factors (i.e. response
baselines). It is, however, conceivable that, in com-
parison with the test situations used in the aforemen-
tioned studies, the rat plus-maze is more sensitive
in revealing certain pharmacological features of
abecarnil. Indeed, it has been shown recently that, in
addition to its marked activity at the «; subunit, the
drug also acts as a full agonist on receptors contain-
ing the a3 subunit (Knoflach et al. 1993). Thus, the
different behavioral profile of this p-carboline in the
rat plus-maze might be due to an interaction with
specific receptor subtypes.

In conclusion, the results of the present study
confirmed that classical and novel BZ (w) receptor
agonists produce anxiolytic-like effects in the elevated
plus-maze test. The addition of ethological measures
strengthens this conclusion. However, the magnitude
of behavioral changes induced was weaker in the case
of the selective BZ-1 (@) ligands for both traditional
and novel measures. Moreover, based on the assump-
tion that total arm entries are contaminated by
anxiety, together with the current failure of BZ-1
(1) selective agents to affect this response, anxioly-
sis induced by these latter drugs also differs from
the behavioral profile observed with non-selective
compounds. These differences may be related to
the preferential sedative properties of BZ-1 (w)
selective compounds which could mask some
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indices of anxiolysis such as low dose behavioral
stimulation.
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