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Serenics fluprazine (DU 27716) and eltoprazine (DU 28853)
enhance neophobic and emotional behaviour in mice
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Abstract. Two tests designed to elicit responses to novelty
and to aversive stimuli were used to study the effects of
the serenics fluprazine and eltoprazine on the behaviour
of male Swiss mice: a free exploratory test (fluprazine:
2.5, 5and 10 mg/kg; eltoprazine: 2.5, 5, 10 and 15 mg/kg)
and a two-box choice procedure (fluprazine: 1.25, 2.5, 5
and 7.5 mg/kg; eltoprazine: 2.5, 5, 7.5 and 10 mg/kg).
Both drugs increased the neophobic reaction, as well as
the avoidance of a brightly illuminated box. These effects
closely resemble those of psychostimulant drugs such as
methamphetamine and caffeine. It is hypothesized that
the behavioural changes induced by these drugs may be
due to a nonspecific increase of the emotional reactivity
of animals.
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Olivier et al. (1986) have provided evidence for the anti-
aggressive effects of a class of drugs termed serenics.
These compounds specifically inhibit offensive aggres-
sion in rats (Olivier 1980; Muraoka et al. 1983; Racine
et al. 1984; Flannelly et al. 1985; Olivier et al. 1985) and
mice (Benton et al. 1983; Brain et al. 1983; Olivier et al.
1989 Parmigiani et al. 1989), while sometimes increasing
various aspects of defensive behaviour (Brain et al. 1983;
Benton et al. 1983). However, Pool et al. (1986) suggested
that fluprazine does not selectively inhibit offensive ag-
gression in rats. Furthermore, it has been shown that
increased fear is a potent inhibitor of offense, while de-
fensive behaviour often occurs in situations involving
fear and anxiety (Blanchard et al. 1985, 1989). Indeed,
some data strongly suggest that an increase of fearfulness
induced by serenics underlies their so-called selective
antiaggressive properties (Schultz and Kemble 1986;
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Kemble et al. 1987; Kemble 1989). To examine this
hypothesis, the effects of several doses of fluprazine (DU
27716) and eltoprazine (DU 28853) were investigated on
the behaviour of mice placed in a free exploratory situ-
ation as described by Hughes (1965) and adapted for use
in mice by Misslin and Ropartz (1981), as well as in the
light/dark choice test described by Crawley and Good-
win (1980) and modified by Misslin et al. (1989). In the
first test, psychostimulant drugs such as amphetamine,
methylphenidate and caffeine have been found to en-
hance neophobia (Hughes 1972; Hughes and Greig 1976;
Misslin and Ropartz 1981), while in the second
procedure several benzodiazepine receptor antagonists
and inverse agonists f-carboline, flumazenil, RO
15-3505, RO 15-4513) have been reported to potentiate
anxious responses towards aversive stimuli (Belzung et
al. 1987, 1988a, b).

Materials and methods

Animals

Male Swiss albino mice from the Laboratoire de Psychophysiologie
(Strasbourg), 12 weeks old at time of testing, were used. Prior to
experimental testing, they were housed five to a standard cage
containing a constant supply of food pellets and water, and kept on
a 12/12-h light-dark cycle with light onset at 0100 hours. The mice
were tested during the dark phase.

Drugs

Fluprazine and eltoprazine (synthesized by Dr. Jakob-Roetne. Hoff-
mann-La Roche, Basel) were dissolved in saline and administered
intraperitoneally, 30 min before testing, at different concentrations
in a volume of 10 ml/kg body wt.

Experiment 1

Apparatus. The apparatus consisted of a polyvinyl box (30 x 20 x 20 cm)
subdivided into six equal, square units and covered with Plexiglas.



It could be temporarily divided in half by means of three partitions.
The apparatus was located on a stand in the room in which the mice
were housed. During testing, the experimenters always stood at the
same place next to the test apparatus.

Procedure. Each mouse was placed for approximately 24 h in one
half of the apparatus with the temporary partitions inserted. This
permitted familiarization with the test situation. Approximately
24 h after this familiarization, each mouse was exposed to both the
familiar and novel environments by the removal of the temporary
partitions. The subject was then observed in red light for 10 min.
The time spent by mice in the novel compartment (novelty
preference), the number of units entered by the subject (locomotion)
and the number of rearing responses were recorded.

Mice were randomly allocated to the following groups: a)
fluprazine: vehicle control (saline; n=10) and drug (2.5, 5 and
10 mg/kg in saline; n=10); b) eltoprazine: vehicle control (saline;
n=10) and drug (2.5, 5, 10 and 15 mg/kg in saline; n=10).

Experiment 2

Apparatus. The apparatus consisted of two polyvinyl chloride boxes
(20 x 20 x 14 cm) covered with Plexiglas. One of these boxes was
kept darkened. A light from a 100-W desk lamp above the other
provided the only room illumination. An opaque plastic tunnel
(5% 7% 10 cm) separated the dark box from the illuminated one.
During testing the experimenter always sat at the same place next
to the apparatus.

Procedure. The subjects were individually tested in 5-min sessions
in the apparatus described above. All mice were placed in the
illuminated box to initiate the test session. The amount of time spent
by mice in the illuminated box and the number of tunnel crossings
were recorded minute by minute, during 5 min after the first entry
into the dark box. A mouse whose four paws were in the new box
was considered to have changed boxes. Mice were randomly allo-
cated to the following groups: a) fluprazine: vehicle control (saline;
n=20) and drug (1.25, 2.5, 5, 7.5 mg/kg in saline; n=20); b)
eltoprazine: saline control (saline; n=20) and drug (2.5, 5, 7.5 and
10 mg/kg in saline; n=20). The latter dose range was determined
by the marked behavioural disorganization observed at high doses
in experiment 1.

Statistical Analysis

Statistical significance of differences between control and treated
groups was ascertained by a combined analysis of variance followed
by the Dunnett test or, in the case of unequal variances, by the
Bonferroni test.

Results
Experiment 1

Analysis of variance revealed significant differences among
the groups with respect to the novelty preference [flu-
prazine: F(3,36)=9.68, P<0.001; eltoprazine: F{4,45)=21,
P<0.001], locomotion [fluprazine: F(3,36)=5.69,
P <0.001; eltoprazine: F(4,45)=15, P<0.001] and rear-
ing behaviour [fluprazine: F(3,36)=8.40, P<0.001; elto-
prazine: F(4,45)=6.63, P<0.001]. Figures 1 and 2 show
that the drugs induced a dose-dependent decrease in the
novelty preference, as well as in the rearing behaviour,
while they increased the locomotion at the low and inter-
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Fig. 1, Effects of fluprazine on several behavioural responses
(means + SEM) of mice in a free exploration situation

mediate doses. This latter effect was significant only with
eltoprazine.

Experiment 2

Analysis of variance revealed significant differences be-
tween groups with respect to the time spent by mice in
the illuminated box [fluprazine: F(4,95)=2.67, P<0.03;
eltoprazine: F(4,95)=2.84, P<0.02] and to the number
of tunnel crossings [fluprazine: F(4,95)=28.09, P<0.001;
eltoprazine: F(4,95)=4.7, P<0.001]. Figures 3 and 4
show that the drugs tended to decrease both of these
behavioural variables.

Discussion

The data obtained here support the hypothesis that the
selective antiaggressive properties reported for the
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Fig. 2. Effects of eltoprazine on several behavioural responses
(means + SEM) of mice in a free exploration situation

phenylpiperazines fluprazine and eltoprazine (Olivier
1980; Benton et al. 1983; Brain et al. 1983; Muraoka et
al. 1983; Racine et al. 1984; Flannelly et al. 1985; Blan-
chard et al. 1985; Olivier et al. 1985, 1989) are probably
due, at least in part, to their ability to increase fear and
emotionality, as has been previously suggested by other
authors (Schultz and Kemble 1986; Kemble et al. 1987;
Kemble 1989). We examined this hypothesis in both a
free exploration situation and in a light/dark choice
procedure which have been behaviourally validated for
detecting anti-anxiety effects (Misslin et al. 1989). Experi-
ment 1 indicates that fluprazine and eltoprazine selective-
Iy reduced exploratory parameters such as the time spent
by mice in a novel compartment and the number of
rearing responses, while they tended to increase locomo-
tion, at least at the low and intermediate doses. These
findings closely parallel those which were found for
methamphetamine in the same test (Misslin and Ropartz
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Fig. 3. Effects of fluprazine on the time spent by mice in the
illuminated box (TLB: means + SEM) and on the number of tunnel
crossings from the illuminated box to the dark one (transitions)
{means + SEM)
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Fig. 4. Effects of eltoprazine on the time spent by mice in the
illuminated box (TLB: means=+ SEM) and on the number of tunuel
crossings from the illuminated box to the dark one (transitions)
(means = SEM)



1981). It has previously been reported that several psy-
chostimulant drugs such as amphetamine, methylpheni-
date and caffeine increased locomotor activity and de-
creased exploration (Hughes 1972; Robbins and Iversen
1973; Hughes and Greig 1976). It is hypothesized that
these drugs are able to simultaneously stimulate loco-
motor activity and to increase emotional defence reac-
tions towards novelty (neophobia). Experiment 2 dem-
onstrates that the two serenics tended to increase avoid-
ance responses towards the brightly illuminated box in-
sofar as they reduced the time spent by mice in the
illuminated box as well as the number of crossings be-
tween the illuminated box and the dark one. These results
resemble those observed after administration of inverse
agonists at the benzodiazepine receptor (Belzung et al.
1987, 1988a, b). This latter effect, which appears to be
opposite to that of anxiolytic properties of minor tran-
quilizers, has been considered as an anxiogenic action
(File et al. 1982; Pellow and File 1986). Several psy-
chostimulant drugs have also been reported to have “an-
xiogenic” effects, including caffeine (File and Hyde 1979;
Baldwin et al. 1986, 1989; File et al. 1988) and metham-
phetamine (Belzung 1988 unpublished results). Taken
together, the present findings demonstrate that the seren-
ics fluprazine and eltoprazine have a general stimulating
action, since they were able to enhance the locomotor
activity of mice as well as their avoidance responses
towards novelty and aversive stimuli, suggesting that
these drugs may induce their reported selective antiag-
gressive effects by a nonspecific increase of emotionality.
Indeed, it has been claimed that these drugs selectively
inhibit offensive aggression in rats and mice while having
no effect in rats on defensive behaviours (Blanchard et al.
1985) or dramatically increasing various aspects of de-
fence in mice (Benton et al. 1983; Olivier et al. 1989).
Interestingly, Benton et al. (1983) noted that in mice
treated with fluprazine fewer offensive responses were
associated with defensive and avoidance responses to-
wards the opponent and that fluprazine tended to in-
crease emotionality. In addition, Kemble et al. (1987)
found that fluprazine enhanced the reactivity of mice
towards both living and inanimate sources of novelty. In
contrast, in rodents benzodiazepines have consistently
been found to decrease defensive reactions induced by
various stimuli (see Treit 1985 for a recent review).
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