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Abstract

The dopamine D receptor has been implicated in the therapeutic effects of the atypical antipsychotic, clozapine. As it has been4

proposed that anxiolytic-like activity may contribute to the efficacy of this agent in ameliorating the negative symptoms of schizophrenia,
the current study employed ethological methods to fully characterize the acute behavioural profiles of clozapine and two more selective

Ž w� Ž . .x 4 w x .dopamine D receptor antagonists, L-745,870 3- 4- 4-chlorophenyl piperazin-1-yl methyl -1H-pyrrolo 2,3b pyridine and L-741,7424
Ž Ž . Ž Ž . . .5- 4-chlorophenyl -4-methyl-3- 1- 2-phenylethyl piperidin-4-yl isoxazole , in the mouse elevated plus-maze test. Results showed that

Ž . Ž .while clozapine 0.3–6.0 mgrkg dose-dependently inhibited all active behaviours arm entries, exploration, rearing and increased
Ž .grooming and immobility, it failed to alter the major anxiety indices percent open entries and open time . In contrast, L-745,870

Ž . Ž .0.02–1.5 mgrkg and L-741,742 0.04–5.0 mgrkg did not produce any significant behavioural changes under present test conditions.
Ž .These data, which contrast markedly with the robust anxiolytic profile of the reference compound, chlordiazepoxide 10.0 mgrkg ,

provide little support for the suggestion that clozapine possesses anxiolytic-like properties and further indicate that selective dopamine D4

receptor antagonists are ineffective in the modulation of anxiety-related behaviours in the plus-maze. q 1997 Elsevier Science B.V.

Ž w� Ž . .x 4 w x .Keywords: Anxiety; Elevated plus-maze; Clozapine; L-745,870 3- 4- 4-chlorophenyl piperazin-1-yl methyl -1H-pyrrolo 2,3b pyridine ; L-741,742
Ž Ž . Ž Ž . . .5- 4-chlorophenyl -4-methyl-3- 1- 2-phenylethyl piperidin-4-yl isoxazole ; Dopamine D receptor; Chlordiazepoxide; Mouse4

1. Introduction

Dopamine receptor subtypes have been classified into
Ž .two major families, D -like i.e., D and D and D -like1 1 5 2

Ž . Ž .i.e., D , D and D review: Jaber et al., 1996 , with2 3 4

recent evidence that clozapine binds preferentially to the
Ž .dopamine D receptor Van Tol et al., 1991 leading to4

speculation that an action at this site may be responsible
Ž .for its therapeutic effects Seeman et al., 1993 . The

‘atypical’ antipsychotic profile of clozapine includes a
lower incidence of extrapyramidal side-effects as well as
effectiveness against both the positive and negative symp-

Ž .toms of schizophrenia Fitton and Heel, 1990 . Of particu-
lar relevance is the suggestion that its efficacy against
negative symptoms may be related to anxiolytic-like activ-

Ž .ity Benvenga and Leander, 1995 . In support of this
proposal, preclinical reports indicate that clozapine in-

) Ž . Ž .Corresponding author. Tel.: 44-113 233-5745; Fax: 44-113 233-
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Žcreases punished responding in rodents Spealman and
Katz, 1980; Moore et al., 1992; Wiley et al., 1993; Moore

. Žet al., 1994 , pigeons Mansbach et al., 1988; Benvenga
.and Leander, 1995; Rigdon et al., 1996 and squirrel

Ž .monkeys Spealman and Katz, 1980; Spealman, 1985 ,
suppresses shock-induced ultrasonic vocalizations
Ž . ŽBartoszyk et al., 1996 and conditioned freezing Inoue et

.al., 1996; Ishidatokuda et al., 1996 in rats and reduces
Žindices of anxiety in the rat elevated plus-maze Szewczak

. Žet al., 1995 , social interaction Corbett et al., 1993;
. ŽSzewczak et al., 1995 and open field Bruhwyler et al.,

.1990 paradigms. However, not only are the mechanisms
involved in these effects at present unknown, but their
reliability has been challenged by negative findings in

Žother laboratories e.g. De Vry et al., 1993; Costall and
.Naylor, 1995 .

Although the absence of selective ligands has thus far
precluded detailed studies on the physiological and be-
havioural significance of the dopamine D receptor, sev-4

eral selective dopamine D receptor antagonists have now4
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Žbeen characterized Boyfield et al., 1996a,b; Hidaka et al.,
1996; Kulagowski et al., 1996; Rowley et al., 1996; Ten-

.Brink et al., 1996 . Among these novel agents, L-745,870
Ž w� Ž . .x 43- 4- 4-chlorophenyl piperazin-1-yl methyl -1 H-pyr-

w x .rolo 2,3b pyridine has more than a 2000-fold selectivity
for dopamine D over D and D receptors, penetrates4 2 3

Žmouse brain following peripheral administration Patel et
.al., 1996 and is currently the most selective dopamine D4

ligand currently available. Another compound, L-741,742
Ž Ž . Ž Ž .5- 4-chlorophenyl -4-m ethyl-3- 1- 2-phenylethyl

. .piperidin-4-yl isoxazole , has )500 fold selectivity for
Ž .dopamine D over D binding sites Rowley et al., 1996 .4 2

Functional studies have demonstrated that both ligands are
full antagonists which, in the absence of intrinsic activity,
potently attenuate dopamine-induced inhibition of
forskolin-stimulated cAMP levels in cells stably express-

Žing human dopamine D receptors Kulagowski et al.,4
.1996; Rowley et al., 1996; Patel et al., 1996 .

In view of the inconsistent literature on the effects of
clozapine in animal models of anxiety, and the proposed
role of the dopamine D receptor in the behavioural effects4

of this compound, the present study employed ethological
Žtechniques Rodgers and Cole, 1994; Rodgers and John-

.son, 1995 to examine in detail the effects of clozapine,
L-745,870 and L-741,742 on the behaviour of mice in a
well-validated animal model of anxiolytic activity, the
elevated plus-maze. For comparative purposes, chlor-
diazepoxide was included as a reference anxiolytic.

2. Materials and methods

2.1. Drugs

ŽThe compounds used were clozapine Sigma, Poole,
.UK , L-745,870 trihydrochloride and L-741,742 hydro-

Ž .chloride Tocris Cookson, Bristol, UK and chlordiazepox-
Ž .ide hydrochloride Sigma . Clozapine and L-745,870 were

dissolved in distilled water to which a minimal amount of
dilute hydrochloric acid was added, while L-741,742 and

Ž .chlordiazepoxide were dissolved in 10% vrv dimethyl
Ž .sulfoxide DMSO and physiological saline, respectively.

Control groups received injections of the appropriate vehi-
cles. All compounds were prepared freshly on test days

Ž .and administered 10 mlrkg, i.p. 30 min before testing.
Doses cited refer to salts, where applicable.

2.2. Animals

ŽExperimentally-naive male Swiss–Webster mice Bantin
.and Kingman, Hull, UK , 8–10 weeks old at testing, were

Žused. Subjects were housed in groups of 10 cage size:
.45=28=13 cm and maintained under a 12 h reversed
Ž .lightrdark cycle lights off 07.00 h in a temperature

Ž . Ž .21"18C - and humidity 50"5% -controlled environ-
ment for at least 3 weeks before testing. Food and drinking

water were available ad libitum except during the brief test
sessions. Sample sizes of ns10 were used throughout.

2.3. Apparatus and procedure

Ž .The plus-maze comprised 2 open 30=5=0.25 cm
Ž .and 2 enclosed 30=5=15 cm arms, linked by a com-

Ž .mon central platform 5=5 cm and elevated 60 cm above
floor level. The maze floor was made of black Plexiglas
and the walls of the enclosed arms of clear Plexiglas. All
testing was conducted during the dark phase of the light

Ž . Žcycle 10.00–16.00 h in a dimly illuminated 4=60 W
.red laboratory and commenced with the placement of a

mouse on the central platform of the maze facing an open
arm. A standard 5 min test duration was employed and the
maze was thoroughly cleaned between subjects. Be-
haviours, scored off videotape by a trained observer using

Žethological analysis software ‘Hindsight’ v1.4; developed
.by Dr. Scott Weiss , are described in detail elsewhere

Ž .Rodgers and Johnson, 1995 . In brief, they included both
Žconventional openrclosedrtotal arm entries, % open arm

entries and % time spent in centre, open and closed parts
. Žof the maze and ethological rearing, stretched attend

postures, head-dipping, flatback approach, sniffing, groom-
.ing and immobility measures. In view of the importance

Žof thigmotactic cues to patterns of maze exploration Treit
. Žet al., 1993 , ‘% protected forms’ i.e., proportion of

responses shown from closed arms andror centre plat-
.form of head-dipping, stretched attend postures, flatback

approach and sniffing were also computed.

2.4. Statistical analysis

Data were subjected to single- or two-factor analysis of
Ž .variance ANOVA , with further comparisons performed

using the appropriate error variance terms from the
ŽANOVA summary tables Dunnett’s or Duncan multiple

.range tests . The only exceptions were data for closed arm
returns, grooming and immobility which, due to their
non-parametric nature, were analysed by Kruskal–Wallis
and Mann–Whitney procedures. Statistical significance was
accepted if P-0.05.

2.5. Ethics

The experiments described in this manuscript were
licensed by the UK Home Office under the Animals
Ž .Scientific Procedures Act 1986.

3. Results

3.1. Chlordiazepoxide

Data are summarized in Table 1. ANOVA confirmed
Žthe robust anxiolytic-like effects of chlordiazepoxide 10.0
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Table 1
Ž .Effects of chlordiazepoxide 10.0 mgrkg, i.p. on behavioural measures in the mouse elevated plus-maze test

Behaviour Saline Chlordiazepoxide 10.0 mgrkg F value
bOpen arm entries 5.9"0.6 11.8"0.8 35.40

Closed arm entries 12.7"0.8 11.5"0.8 1.19
bTotal arm entries 18.6"0.5 22.8"1.1 12.60
b% open arm entries 31.9"3.5 52.0"2.8 19.98
b% open arm time 22.5"2.7 41.7"3.0 22.22
a% closed arm time 23.3"2.4 17.4"1.3 4.70
b% central platform time 54.2"2.4 40.9"3.0 12.05
bTotal head-dips 28.7"1.7 36.9"2.1 9.32
b% protected head-dips 74.0"2.4 32.7"1.6 205.70
bTotal stretched attend postures 27.3"1.8 18.3"2.2 10.12
b% protected stretched attend postures 78.1"3.5 48.5"6.3 16.72

Ž .Flat back approach s 3.8"0.4 3.9"0.6 0.02
b% protected flat back 71.7"7.6 41.1"6.7 9.03

Ž .Sniff duration s 59.5"2.0 60.9"2.4 0.21
b% protected sniff 71.8"1.6 54.4"3.1 25.17

Closed arm returns 0.4"0.2 0.4"0.2 Hs0
Total rears 16.6"2.0 14.8"1.7 0.47

Ž .Rearing duration s 5.8"0.8 7.8"1.3 1.68
Ž .Grooming s 1.0"0.3 0.5"0.3 Hs2.95
Ž .Immobility s 0.1"0.04 0.1"0.04 Hs0.002

Ž .Data are expressed as mean"SEM ns10 .
a P-0.05.
b P-0.01 compared with saline control.

.mgrkg under the present test conditions. Significant in-
creases were observed in total and open arm entries, %

Ž .open entries, % open time and head-dipping P-0.01 ,
together with reductions in % closed arm time, % centre

time, stretched attend postures and the % protected forms
of head-dipping, stretched attend, flatback approach and

Ž .sniffing P-0.05–0.01 . Control animals displayed a rank
order preference for time spent on different sections of the

Ž . Ž . Ž .Fig. 1. Effects of clozapine 0.3–6.0 mgrkg , L-745,870 0.02–1.5 mgrkg , L-741,742 0.04–5.0 mgrkg on the behaviour of mice in the elevated
Ž . ) ) )plus-maze: open, closed and total arm entries and percent open entries. Data are expressed as means"S.E.M. ns10 . P-0.05, P-0.01 versus

vehicle.
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Ž . Ž . Ž .Fig. 2. Effects of clozapine 0.3–6.0 mgrkg , L-745,870 0.02–1.5 mgrkg , L-741,742 0.04–5.0 mgrkg on the behaviour of mice in the elevated
Ž .plus-maze: percent time spent on open arms, closed arms and centre platform, and closed arm returns. Data are expressed as means"S.E.M. ns10 .

Ž . Ž . Ž .Fig. 3. Effects of clozapine 0.3–6.0 mgrkg , L-745,870 0.02–1.5 mgrkg , L-741,742 0.04–5.0 mgrkg on the behaviour of mice in the elevated
plus-maze: total head-dips, percent protected head-dips, total stretched attend postures and percent protected stretched attend. Data are expressed as

Ž . ) ) )means"S.E.M. ns10 . P-0.05, P-0.01 versus vehicle.
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Ž . Ž . Ž .Fig. 4. Effects of clozapine 0.3–6.0 mgrkg , L-745,870 0.02–1.5 mgrkg , L-741,742 0.04–5.0 mgrkg on the behaviour of mice in the elevated
Ž . Ž .plus-maze: total flat back approach s , percent protected flat back, total sniff s and percent protected sniff. Data are expressed as means"S.E.M.

Ž . ) ) )ns10 . P-0.05, P-0.01 versus vehicle.

Ž . Ž . Ž .Fig. 5. Effects of clozapine 0.3–6.0 mgrkg , L-745,870 0.02–1.5 mgrkg , L-741,742 0.04–5.0 mgrkg on the behaviour of mice in the elevated
Ž . Ž . Ž . Ž . ) ) )plus-maze: total rears, rearing duration s , groom s and immobility s . Data are expressed as means"S.E.M. ns10 . P-0.05, P-0.01 versus

vehicle.
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Ž .maze with centre)closedsopen, F 2,36 s38.43, P-

0.01. This profile was altered by chlordiazepoxide,
Ž .F 2,36 s15.01, P-0.01. Thus, drugged mice no longer

differentiated between the central platform and open arms
but preferred each of these areas to the closed arms.
However, no significant treatment effects were observed

Ž .for closed arm entries, rearing frequency or duration ,
total flatback approach, total sniffing, closed arm returns,
grooming or immobility.

3.2. Clozapine

Ž .Data are presented in Figs. 1–5 left panels . Significant
treatment effects were observed for open arm entries,
Ž . Ž .F 4,45 s3.43, P-0.01, closed arm entries, F 4,45 s

Ž .18.83, P-0.01, and total arm entries, F 4,45 s15.65,
P-0.01. Further analysis showed that whereas both closed
and total arm entries were suppressed at 1.0–6.0 mgrkg,

Ž .open entries were reduced only at 6.0 mgrkg P-0.01 .
Ž .However, clozapine did not alter % open entries, F 4,45

Ž .s2.12, NS, % open time, F 4,45 s1.62, NS, % closed
Ž . Ž .time, F 4,45 s1.13, NS, or % centre time, F 4,45 s

1.56, NS. Furthermore, despite a strong overall temporal
Ž .preference for different sections of the maze, F 2,90 s

10.95, P-0.01, the pattern displayed by vehicle-treated
Ž .mice centre)closedsopen was unaffected by clozapine

Ž .treatment, F 8,90 s1.45, NS.
In addition to changes in arm entry scores, clozapine

Ž .produced significant effects on total head-dips, F 4,45 s
Ž .9.93, P-0.01, % protected head-dips, F 4,45 s4.04,

Ž .P-0.01, stretched attend postures, F 4,45 s17.77, P-
Ž .0.01, % protected stretched attend, F 4,45 s3.59, P-

Ž .0.05, total sniff, F 4,45 s37.67, P-0.01, % protected
Ž . Ž .sniff, F 4,45 s3.64, P-0.05, total rears, F 4,45 s

Ž .7.94, P-0.01, rearing duration, F 4,45 s5.15, P-0.01,
grooming, Hs9.52, P-0.05, and immobility, Hs
35.71, P-0.01. Most of these alterations reached statisti-
cal significance at 1.0–6.0 mgrkg, with grooming and
immobility increased and all other measures decreased.

Ž .The total flatback approach, F 4,45 s2.55, NS, the %
Ž .protected form of this behaviour, F 4,45 s1.45, NS, and

closed arm returns, Hs6.53, NS, were not significantly
influenced.

3.3. L-745,870

Ž .Data are summarized in Figs. 1–5 centre panels .
ANOVA indicated that, over the dose range tested, L-
745870 did not significantly affect the behaviour of mice

Žin the plus-maze values in parentheses are F values with
. Ž .dfs4,45 and F s2.61 : open arm entries 1.06 ,crit0.05

Ž . Ž .closed arm entries 0.46 , total arm entries 1.08 , % open
Ž . Ž . Ž .entries 0.72 , % open time 0.62 , % closed time 1.08 ,

Ž . Ž .% centre time 0.78 , total head-dips 0.95 , % protected
Ž . Ž .head-dips 0.78 , total stretched attend postures 1.68 , %

Ž . Ž .protected stretched attend 0.17 , flatback approach 1.72 ,

Ž . Ž .% protected flatback 0.72 , total sniff 2.28 , % protected
Ž . Ž .sniffing 0.72 , total rears 0.35 and rearing duration

Ž . Ž .1.43 . The H values for closed arm returns 6.39 groom-
Ž . Ž .ing 5.65 and immobility 1.74 confirmed that these

measures too were unaffected by L-745,870. Although a
strong overall temporal preference for different maze sec-

Žtions was observed vehicle group: centre)closeds
. Ž .open , F 2,90 s151.95, P-0.01, this pattern was simi-

Ž .larly unaltered by drug treatment, F 8,90 s0.77, NS.

3.4. L-741,742

Ž .As shown in Figs. 1–5 right panels , L-741,742 also
failed to modify any of the behavioural measures recorded
Žvalues in parentheses are F values with dfs4,45 and

. Ž . Ž .F s2.61 : open entries 1.06 , closed entries 0.46 ,crit0.05
Ž . Ž .total entries 1.08 , % open entries 0.70 , % open time

Ž . Ž . Ž .0.62 , % closed time 1.08 , % centre time 0.78 , total
Ž . Ž .head-dips 0.95 , % protected head dip 0.78 , total

Ž .stretched attend postures 1.68 , % protected stretched
Ž . Ž .attend 0.17 , total flatback approach 1.72 , % protected
Ž . Ž . Ž .flatback 0.72 , sniff 2.28 , % protected sniff 0.18 , total

Ž . Ž .rears 0.35 , rearing time 1.43 . Similarly, the H values
Ž . Ž .for closed arm returns 8.59 , grooming 2.84 and immo-

Ž .bility 7.22 did not reach significance. Although analysis
of % time spent on different maze sections revealed a clear

Ž .preference of centre)closedsopen, F 2,90 s87.93, P
Ž .-0.01, L-741742 did not alter this profile, F 8,90 s0.88,

NS.

4. Discussion

The present results confirm previous findings from this
Ž .laboratory and elsewhere review: Rodgers and Cole, 1994

that the murine plus-maze paradigm is sensitive to the
anxiolytic-like effects of the benzodiazepine receptor full

Ž .agonist, chlordiazepoxide 10.0 mgrkg . This reference
Žanxiolytic increased open arm activity entries, % open

.entries and % open time and exploratory head-dipping,
while reducing time spent on the centre platform and in the

Ž .closed arms, risk assessment stretched attend postures
and all ‘protected’ measures. Importantly, these effects
were observed in the absence of significant changes in

Žmeasures of general activity i.e., closed arm entries, rear-
.ing, sniffing, grooming and immobility and are entirely

consistent with previous findings for chlordiazepoxide,
Žbretazenil and diazepam in this model e.g., Cole and

.Rodgers, 1993, 1995; Johnson and Rodgers, 1996 .
In contrast, clozapine failed to alter the primary indices

of plus-maze anxiety, i.e., percent open arm entries and
percent open arm time. Although reductions in the percent
protected forms of head-dipping, stretched attend postures
and sniffing at higher doses may suggest a weak anxiolytic

Ž .action, such an interpretation is negated by a the suppres-
Žsion of all active behaviours arm entries, rearing, head-di-
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. Ž .pping, stretched attend postures, sniffing and b marked
Žincreases in non-exploratory behaviours grooming and

.immobility . Indeed, mice treated with 3.0 and 6.0 mgrkg
clozapine spent approximately one third of the test session

Ž .in non-exploratory behaviours mainly immobility . There-
fore, the alterations in the spatial distribution of some
behaviours may most parsimoniously be interpreted as a
consequence of profound behavioural depression rather
than weak anxiolysis.

The behaviourally non-selective effects of clozapine in
the mouse elevated plus-maze are at variance with previ-
ous studies which report acute anxiolytic-like activity of

Žthis compound in other animal models Spealman and
Katz, 1980; Spealman, 1985; Mansbach et al., 1988; Bruh-
wyler et al., 1990; Moore et al., 1992; Wiley et al., 1993;
Moore et al., 1994; Benvenga and Leander, 1995; Szewczak
et al., 1995; Bartoszyk et al., 1996; Inoue et al., 1996;

.Ishidatokuda et al., 1996; Rigdon et al., 1996 . However,
the latter effects often occurred over a narrow dose range
and, in magnitude, were frequently much smaller than

Žthose produced by benzodiazepines e.g. Spealman and
Katz, 1980; Mansbach et al., 1988; Pollard and Howard,
1989; Wiley et al., 1993; Moore et al., 1994; Benvenga

.and Leander, 1995 . As the present study employed a 20-
Ž .fold dose range 0.3–6.0 mgrkg , with no behavioural

effects noted at the lowest dose tested and motoric disrup-
tion at higher doses, the failure of clozapine to modify
plus- maze anxiety cannot be attributed to use of inappro-
priate or inadequate doses. In this context, it is pertinent to
note that clozapine has also been found to be inactive in

Žthe rat shock-induced ultrasonic vocalisation De Vry et
. Ž .al., 1993 and social interaction Costall and Naylor, 1995

tests as well as the mouse lightrdark exploration paradigm
Ž .Costall and Naylor, 1995 . Although the reasons underly-
ing these discrepancies are unknown, present data provide
little support for the suggestion that anxiolytic-like effects

Ž .of clozapine and other atypical antipsychotics contribute
to their therapeutic advantage over traditional neuroleptics
in controlling the negative symptoms of schizophrenia
Ž .Benvenga and Leander, 1995; Szewczak et al., 1995 .

The mechanism of action of clozapine is complex.
Although the compound has high affinity for the dopamine

ŽD receptor, there are substantial variations 7.4 to 284
.times in its reported selectivity for dopamine D over D4 2

Ž .receptors Seeman and Van Tol, 1995; Patel et al., 1996 .
As two selective dopamine D receptor antagonists were4

Ž .behaviourally inactive in the present study see below , it
is unlikely that the marked behavioural suppression ob-
served with clozapine relates to an action at dopamine D4

receptor populations. Furthermore, it is unlikely that its
effects are due to dopamine D receptor antagonism. Thus,2

while the dopamine D receptor antagonist, haloperidol2
Ž .Cole and Rodgers, 1994 and the mixed serotonin 5-HT1A

Žpartial agonist-dopamine D antagonist, buspirone Cole2
.and Rodgers, 1994; Cao and Rodgers, 1997 , have both

been found to have behavioural depressant actions in the

current procedure, the more selective dopamine D rD2 3

receptor antagonist, sulpiride, actually produces a very
convincing anxioselective profile in the mouse plus-maze
Ž .Rodgers et al., 1994 . However, it is important to note
that clozapine binds to a number of other neurotransmitter

Ž .receptors e.g. serotonin 5-HT and also possesses anti-2A
Žcholinergic activity Coward et al., 1989; Fitton and Heel,

.1990 . In this context, although the hypolocomotor effects
Žof subcutaneously administered clozapine in mice mini-

.mum effective doses3.0 mgrkg have recently been
Žattributed to serotonin 5-HT receptor antagonism Glea-2A

.son and Shannon, 1997 , the serotonin 5-HT receptor2Ar2C

antagonist, ritanserin, is devoid of behavioural activity in
Ž .the mouse plus-maze Rodgers et al., 1995 . Furthermore,

the antimuscarininc agent, scopolamine, has been reported
to produce a plus-maze profile in mice more consistent

Žwith behavioural excitation than suppression Rodgers and
.Cole, 1995 . Since clozapine also has substantial affinity

for serotonin 5-HT receptors, where it appears to act as1A
Žan agonist Mason and Reynolds, 1992; Newman-Tancredi
.et al., 1996 , attention is specifically drawn to strong

parallels in the behavioural profiles of clozapine and the
Ž .serotonin 5-HT receptor full agonist, R q -8-hydroxy-1A

Ž . Ž .2- di-n-propylamino tetralin 8-OH-DPAT , under identi-
Ž .cal test conditions Cao and Rodgers, 1996 .

Recently, significant progress has been made in the
development of selective dopamine D receptor antago-4

Žnists Boyfield et al., 1996a,b; Hidaka et al., 1996; Ku-
lagowski et al., 1996; Patel et al., 1996; Rowley et al.,

.1996; TenBrink et al., 1996 . However, despite extensive
interest from the pharmaceutical industry, published be-
havioural research on these compounds is as yet very
limited and, to our knowledge, effects in animal proce-
dures used to screen anti-anxiety agents have not been
reported. Despite the detailed behavioural profiles obtained
by ethological analysis, present results show that L-745,870
Ž . Ž .0.02–1.5 mgrkg and L-741,742 0.04–5.0 mgrkg , two
novel and selective dopamine D receptor antagonists4
ŽKulagowski et al., 1996; Rowley et al., 1996; Patel et al.,

.1996 , failed to alter any aspect of plus-maze behaviour in
mice. This lack of effect stands in marked contrast to the
pronounced behavioural depression seen with clozapine
and cannot be attributed to inadequate dose ranges. Thus,
L-745,870 easily penetrates the central nervous system and
the doses currently used are higher than those required
Ž .0.1–1.5 mgrkg to occupy 50% of central dopamine D4

Ž .receptors in mice Patel et al., 1996 . As such, our inability
to detect any behavioural effects of these two compounds
strongly suggests that the dopamine D receptor is not4

involved in the modulation of plus-maze anxiety. These
negative findings are in agreement with recent behavioural
studies showing selective dopamine D receptor antago-4

nists to be without effect in altering spontaneous locomo-
tion or blocking amphetamine-induced hyperactivity in

Ž .rodents Bristow et al., 1996; Merchant et al., 1996 .
In summary, the present results show that, in contrast to
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chlordiazepoxide, clozapine dose-dependently suppresses
all active behaviours in the mouse elevated plus-maze test
without altering anxiety-related measures, while two selec-

Žtive dopamine D receptor antagonists L-745,870 and4
.L-741,742 are behaviourally inert in this test. However,

attention is drawn to the acute nature of the present work
and the possibility that anxiolytic effects may be revealed
following a period of chronic treatment with these agents.
Furthermore, in view of growing evidence that different
animal models of anxiolytic activity may actually be mea-

Žsuring different facets of anxiety e.g. Rodgers et al.,
.1997 , it will be important to determine the generality of

present findings to other test situations.
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