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a b s t r a c t

Etifoxine is an anxiolytic compound structurally unrelated to benzodiazepine and neurosteroids but
potentiating GABAA receptor function by a dual mode of action including a direct positive allosteric
modulation through a site distinct from that of benzodiazepines. Etifoxine has been shown to possess
some anxiolytic-like effects in rodents.
Methods: Using the four-plate test (FPT) model of anxiety in mice the potential anxiolytic-like effect of
etifoxine was first to re-evaluate. In a second part, in order to better understand the mechanism of action
of etifoxine, interaction studies with 5-HT2 ligands were performed in the FPT as mixed serotonergic and
GABAergic mechanisms are highly implicated in the anxiolytic-like effect observed in the FPT.
Results: A dose response effect was observed for etifoxine from the dose of 40–100 mg/kg. Doses above
to 60 mg/kg induced a sedative effect as was determined in the actimeter test. The 5-HT2A receptor
antagonist SR 46349B blocked the anti-punishment activity of etifoxine (40 and 50 mg/kg), while the
2

ice
5-HT2B/2C receptor antagonist, SB 206553 and the 5-HT2C receptor antagonist, RS 10-2221 did not alter its
effects. In a same way, only the 5-HT2A agonist DOI induced anti-punishment effect when co-administered
with subthreshold doses of etifoxine.
Conclusion: The present results demonstrated that etifoxine effect was modulated by 5-HT2A ligands co-
administration. The large literature concerning GABA and 5-HT suggests that they could be co-released
and could act as co-transmitters in some regions of the CNS and cross-communication between the two

be an
neurotransmitters might

. Introduction

GABAA receptors are the major inhibitory neurotransmitter
eceptors in the brain and are the site of action of clinically active
rugs. There are target for benzodiazepines, barbiturates, anaes-
hetics, and neurosteroids. The better understanding of GABAA
eceptor subtypes has lead to the research of drugs with more
elective action and less side effects than benzodiazepine in the
reatment of anxiety disorders.

Etifoxine (2-ethylamino-6-chloro-4-methyl-4-phenyl-4H-3,1-
enzoxazine hydrochloride) has been show to possess anxiolytic-

ike properties in rodents [4,34] and in humans without sedative,
yorelaxant and mnesic side effects at anxiolytic concentrations

21,26,35]. Etifoxine is structurally unrelated to benzodiazepine

nd neurosteroids but potentiates GABAA receptor function by a
ual mode of action including a direct positive allosteric modula-
ion through a site distinct from that of benzodiazepines [34,40,41].
lumazenil, the benzodiazepine specific antagonist, did not inter-

∗ Corresponding author. Tel.: +33 2 40734511; fax: +33 2 40412856.
E-mail address: michel.bourin@univ-nantes.fr (M. Bourin).

166-4328/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.bbr.2009.11.046
important modulator process of neuronal activity.
© 2009 Elsevier B.V. All rights reserved.

fere with etifoxine anxiolytic-like effect [42]. The modulatory
effects of etifoxine on GABAA receptors are mediated by the � sub-
unit of the GABAA complex receptor. Studies in Xenopus oocytes
expressing different murine GABAAR subtypes have demonstrate
that etifoxine effect is highly influenced by � subunit and acts pref-
erentially to receptors containing �2 or �3 subunits [12].

In addition, an indirect effect of etifoxine might involve
the stimulation of mitochondrial translocator protein complex
(TSPO) known to control neurosteroid synthesis. Etifoxine and the
neurosteroid allopregnanolone both display anticonvulsant and
anxiolytic-like effects but bind to distinct recognition sites. Func-
tionally, these two compounds may have an additive effect by
enhancing GABAA transmission [43]. Animal studies indicate that
part of the etifoxine effect is due to the production of neurosteroids,
probably 3�5�-NS [34].

The objective of this article is first to re-evaluate the potential
anxiolytic-like effect of etifoxine in an animal model of anxiety,

namely the four-plate test or FPT. The FPT is a simple, efficient,
high-speed procedure for anti-anxiety drugs [2]. The FPT involves
the animal’s conditioned response to stressful events. It examines
the effect of drugs on the suppression of the exploration of novel
surroundings induced by a mild electric foot shock contingent on

http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:michel.bourin@univ-nantes.fr
dx.doi.org/10.1016/j.bbr.2009.11.046
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uadrant crossings. Even if task and punishment based assays have
allen out of favour with the growing popularity of more ethologic
pproaches, the FPT has contributed to a better understanding of
he mechanism underlying anxiety disorders [13,16–19,23–25].

In a second part, in order to better understand the mechanism of
ction of etifoxine, interaction studies were performed in the FPT.
e tried to potentiate two non-active doses of etifoxine and to

ntagonise two active doses of etifoxine with various compounds
cting on the serotoninergic system. 5-HT2 agonists have been
howed to induce anxiolytic-like effect in the FPT, 5-HT2 receptor
ntagonists being without effect in this test [23]. The anxiolytic-like
ffect of DOI (5-HT2A/2C agonist) was antagonised by SR 46349B (a
pecific 5-HT2A receptor antagonist) in the FPT showing that the
nxiolytic-like effect is due to its ability to bind to 5-HT2A subtype
eceptors [23,24]. Recently, we reported that i.p. co-administration
f 5-HT2A agonists with GABAergic agonists and antagonists modi-
ed mice behaviour in the FPT. Muscimol, diazepam and alprazolam
otentiated the anxiolytic-like effect of DOI while, bicuculline and
icrotoxin inhibited that effect [16]. These results strongly suggest
hat a mixed GABAergic and serotoninergic mechanism might be
mplicated in the FPT.

DOI was chosen as the 5-HT2A ligand agonist and SR 46349B
s the antagonist. For the 5-HT2B receptor, BW 723C86 was cho-
en as the agonist and SB 206553 as the antagonist, even though
t possesses some affinity for the 5-HT2C receptor, however a more
elective antagonist is as yet unavailable. RO 60 0175 was chosen
s the 5-HT2C receptor agonist and RS 10 2221 as the antagonist.

Locomotor activity studies were conducted in parallel to inves-
igate the effect of drugs on the spontaneous motor activity of mice
nd to discount stimulant or sedative doses.

. Experimental procedure

.1. Animals

Male Swiss mice (Janvier, France), weighing on average 20 ± 2 g, on the day of
he study, were used. These animals were housed in groups of 18 for a minimum
f 1 week prior to experiments, at a constant temperature (20 ◦C) and a standard
ight cycle (lights on between 07:00 and 19:00 h). There was free access to food and

ater. Mice were used once for each experiment. Mice were allocated randomly to
he treatment groups (n = 10 or 12). All experiments were conducted in accordance
ith the ethical rules of the French Ministry of Agriculture for experiments with

aboratory animals (No. 87.848).

.2. Drugs

Etifoxine (2-ethylamino-6-chloro-4-methyl-4-phenyl-4H-3,1-benzoxazine
ydrochloride) (Batch 376, Biocodex, France); and diazepam [(7-chloro-1-
ethyl-5-phenyl-3H-1, 4-benzodiazepine-2[1H]-one)] (Sigma, France). 5-HT2

eceptor agonists: DOI-hydrochloride [(±)-1-(2,5-dimethoxy-4-iodophenyl)-
-aminopropane] (a 5-HT2A/2C receptor agonist) (Sigma, France); BW 723C86
ydrochloride [�-methyl-5-(2-thienylmethoxy)-1H-indole-3-ethanamine] (a
-HT2B receptor agonist) (Tocris, France); RO 60-0175 hydrochloride [(s)-2-(6-
hloro-5fluoroindol-1-yl)-1-methylethylamine hydrochloride] (a 5-HT2C receptor
gonist) (Roche, Switzerland).

5-HT2 receptor antagonists: SR 46349B [2-propen-1-one, 1-(2-fluorophenyl)-
-(4-hydroxyphenyl)-O-[2-(dimethylamino)ethyl]oxime] (a 5-HT2A receptor
ntagonist) (Sanofi Recherche, France); SB 206553 hydrochloride [(N-3-pyridinyl-
,5-dihydro-5-methyl-benzo[1,2-b:4,5-b′]dipyrrole-1[2H]carboxamide) hydro-
hloride] (a 5-HT2B receptor antagonist) (Sigma, France). RS 10-2221
ydrochloride [8-[5-2,4-dimethoxy-5-(4-trifluoromethylphenylsulphonamido)
henyl-5-oxopentyl]-1,3,8-triazaspiro[4,5]decane-2,4-dione] (a 5-HT2C receptor
ntagonist) (Tocris, France).

Doses of 5-HT2 ligands were based on previous studies [25].
DOI, RO 60-0175, SB 206553, were dissolved in distilled water. Etifoxine, BW

23C86, RS 10-2221, diazepam were suspended in a solution of distilled water with

% of Tween 80 (Merck, Germany).

For dose effect studies all compounds were administered 30 min before testing
ia the intraperitoneal (i.p.) route, in a dosing volume of 0.5 ml/20 g of bodyweight.
or interaction studies pre-treatment compounds were administered i.p. 45 min
efore testing and treatment compounds i.p. 30 min before testing. Control animals
eceived distilled water.
in Research 208 (2010) 352–358 353

2.3. Experimental design

2.3.1. General procedure
All tests were performed in a quiet, darkened room between 09:00 and 13:00 h.

The mice (n = 10 for each group) were placed in holding cages in this room at least 1 h
before the test in order to reduce any neophobic response to the test-room environ-
ment. After injection (vehicle or treatment), mice were placed in their holding cage.
Mice were only used once and were not handled during the housing period. Mice
were always tested in a soiled apparatus and no cleaning occurred between trials
for the actimeter or four-plate test. For all procedures, observers were unaware of
the treatments and all experiments were performed in a randomised manner. For
the animal models of anxiety (FPT) an additional group of diazepam treated mice
(1 mg/kg) is added as anxiolytic standard drug.

2.3.2. Actimeter test [3]
The spontaneous activity of naive animals was recorded using a photoelec-

tric actimeter (OSYS). This apparatus consists of 6 transparent Plexiglas cages
(27 cm× 22 cm × 11 cm) from which the animal’s activity is measured by 2 light
beams connected to a photoelectric cell. The total number of rays’ interruption was
recorded over a period of 10 min. The actimeter test was performed independently
of the FPT in order to examine the effect of drugs on spontaneous locomotor activity
of mice.

2.3.3. Four-plate test (FPT) [2]
This apparatus (Bioseb, Chaville, France) consist of a cage

(25 cm × 18 cm × 16 cm) floored by four identical rectangular plates (11 cm × 8 cm)
separated from one another by a gap of 4 mm. The plates are connected to a device
that can generate electric foot shocks (0.6 mA; 0.5 s. The top of the cage is covered
by a transparent Perspex lid that prevents escape behaviour. Following a 15 s
habituation period, the animal is subjected to an electric shock when crossing
(transition) from one plate to another i.e. two legs on one plate and two legs on
another. The number of punished crossings is calculated for a period of 60 s. An
anxiolytic substance is capable of increasing the number of punished crossings.

2.4. Statistical analysis

2.4.1. Drug alone studies
Statistical comparisons were performed initially via a one-way analysis of

variance (ANOVA) for independent groups, after verifying the normality of distri-
bution by a Kolmogorof–Smirnov non-parametric test. If any statistical change was
observed, data was further analysed using post hoc comparisons, with a Dunnett’s
test, to detect possible differences between control and treated groups. Data was
deemed significant when p ≤ 0.05. The effects of diazepam, included as internal stan-
dard in the anxiety model, were compared to the control group via a Student’s t test
(p < 0.05).

2.4.2. Interaction or association studies
For interaction and association studies a two way ANOVA (pre-

treatment × treatment) was employed for global analysis purposes. If the
ANOVA showed a significant difference between groups (p ≤ 0.05), a Sidak post
hoc comparison test was performed to compare the effects of pre-treatment on
treatment administered. The effects of diazepam, included as internal standard in
the anxiety model, were compared to the control group via a Student’s t test.

3. Results

3.1. Behavioural effects of etifoxine

3.1.1. Acute administration of etifoxine in the actimeter (Fig. 1)
Etifoxine (40–75 mg/kg) decreased spontaneous locomotor

activity with the dose of 60 mg/kg and 75 mg/kg, p ≤ 0.001 for both
doses [F(4,45) = 21,656, p ≤ 0.001]. Diazepam (1 mg/kg) did not mod-
ify spontaneous locomotor activity.

3.1.2. Acute administration of etifoxine in the FPT (Fig. 2)
Etifoxine 50 and 100 mg/kg dramatically increased the number

of punished crossings of mice in this test, p ≤ 0.01 and p ≤ 0.001
respectively [F(7,72) = 19.24; p ≤ 0.001].

A second dose range was performed in order to determine the
anti-punishment effect more precisely with non-sedative doses.

Etifoxine 40, 60 and 75 mg/kg dramatically increased the number
of punished crossings of mice in this test, p ≤ 0.01 for 40 mg/kg and
p ≤ 0.001 for 60 and 75 mg/kg [F(4,45) = 16.56; p ≤ 0.001].

Diazepam (1 mg/kg) increased the number of punished cross-
ings of mice (p ≤ 0.01) in both experiments.
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Fig. 1. Effects of acute i.p. administration of etifoxine 30 min before the test on
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Fig. 3. Effects of acute i.p. administration of DOI (0.125 mg/kg) 45 min before the
test, and etifoxine (20 and 30 mg/kg), i.p. 30 min before the test in the FPT. These

The co-administration of RO 60-0175 and inactive doses of eti-
foxine (20 and 30 mg/kg) did not modify the number of punished
crossings accepted by mice in comparison to the appropriate con-
trol group.
pontaneous locomotion in the actimeter test. These results are cited as mean ± SEM
n = 10). Statistical analysis was performed by a one-way ANOVA followed by a Dun-
ett’s test (***p ≤ 0.001 vs. vehicle group). A Student’s t test was used for statistical
nalysis between the diazepam group and control group.

Doses of 20 and 30 mg/kg have been chosen as etifoxine sub-
hreshold doses. Doses of 40 and 50 mg/kg have been chosen as
ctive doses of etifoxine for association studies. In all association
tudies, diazepam (1 mg/kg) significantly increased the number of
unished crossings of mice (p ≤ 0.001).

.2. Effects of 5-HT2 receptor agonists and etifoxine in the FPT

When given alone, the active dose of etifoxine (50 mg/kg)
ncreased the number of punished crossings of mice (p ≤ 0.001).

.2.1. Acute administration of DOI a 5-HT2A receptor agonist and
tifoxine in the FPT (Fig. 3)

The two-way ANOVA (pre-treatment × treatment) performed
evealed significant effects of pre-treatment [F(1,63) = 86.21;
≤ 0.001], treatment [F(3,63) = 24.01; p ≤ 0.001] and significant

nteraction between these two factors [F(2,63) = 14.85; p ≤ 0.001].
he administration of DOI (0.125 mg/kg) had no effect on the num-
er of punishments accepted by mice in this test.

The co-administration of DOI (0.125 mg/kg) and inactive doses
f etifoxine (20 and 30 mg/kg) increased the number of punished
rossings accepted by mice in comparison to the appropriate con-
rol group, p ≤ 0.001 for both group.
.2.2. Acute administration of BW 723C86 a 5-HT2B receptor
gonist and etifoxine in the FPT (Table 1)

The two-way ANOVA (pre-treatment × treatment) performed
evealed significant effects of treatment [F(3,63) = 15.21; p ≤ 0.001],
nd no effect of pre-treatment [F(1,63) = 1.33; p = 0.25] and between

ig. 2. Effects of acute i.p. administration of etifoxine 30 min before the test in the
PT. These results are cited as mean ± SEM (n = 10). Statistical analysis was per-
ormed by a one-way ANOVA followed by a Dunnett’s test (**p ≤ 0.01, ***p ≤ 0.001
s. vehicle group). A Student’s t test was used for statistical analysis between the
iazepam group and control group (**p ≤ 0.01).
results are cited as mean ± SEM (n = 10). Statistical analysis was performed by a two-
way ANOVA followed by a Sidak test (***p ≤ 0.001 vs. appropriate control group). A
Student’s t test was used for statistical analysis between the diazepam group and
control group (***p ≤ 0.001).

these two factors [F(2,63) = 0.67; p = 0.52]. The administration of BW
723C86 (2 mg/kg) had no effect on the number of punishments
accepted by mice in this test.

The co-administration of BW 723C86 and inactive doses of eti-
foxine (20 and 30 mg/kg) did not modify the number of punished
crossings accepted by mice in comparison to the appropriate con-
trol group.

3.2.3. Acute administration of RO 60-0175 a 5-HT2C receptor
agonist and etifoxine in the FPT (Table 1)

The two-way ANOVA (pre-treatment × treatment) performed
revealed significant effects of treatment [F(3,63) = 48.07; p ≤ 0.001],
and no effect of pre-treatment [F(1,63) = 0.47; p = 0.49] and between
these two factors [F(2,63) = 2.51; p = 0.09]. The administration of RO
60-0175 (0.5 mg/kg) had no effect on the number of punishments
accepted by mice in this test.
Table 1
Effects of 5-HT2 agonists’ i.p. co-administration 45 min before the test, and etifoxine,
i.p 30 min before the test, in the FPT.

Pre-treatment (mg/kg) Treatment (mg/kg) Number of punished
crossings

Vehicle Vehicle 5.3 ± 0.3
BW 723C86 2 Vehicle 5.2 ± 0.5
Vehicle Etifoxine 20 5.3 ± 0.3
Vehicle Etifoxine 30 4.7 ± 0.3
BW 723C86 2 Etifoxine 20 5.7 ± 0.4
BW 723C86 2 Etifoxine 30 5.5 ± 0.5
Vehicle Etifoxine 50 8.1 ± 0.5***

Vehicle Diaz 1 11 ± 0.4***

Vehicle Vehicle 4.7 ± 0.2
RO 60-0175 0.5 Vehicle 4.5 ± 0.3
Vehicle Etifoxine 20 4.8 ± 0.1
Vehicle Etifoxine 30 4.6 ± 0.3
RO 60-0175 0.5 Etifoxine 20 4.4 ± 0.3
RO 60-0175 0.5 Etifoxine 30 5.9 ± 0.5
Vehicle Etifoxine 50 7.3 ± 0.5**

Vehicle Diaz 1 11.2 ± 0.7***

All data are cited as mean ± SEM (n = 10). Results are cited as mean ± SEM (n = 10).
Statistical analysis was performed by a two-way ANOVA followed by a Sidak test
(**p ≤ 0.01; ***p ≤ 0.001 vs. vehicle control group). A Student’s t test was used for
statistical analysis between the diazepam group and control group (***p ≤ 0.001).
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Fig. 4. Effects of acute i.p. administration of SR 46349B (0.06 mg/kg) 45 min before
the test, and etifoxine (40 and 50 mg/kg), i.p. 30 min before the test in the FPT. These
results are cited as mean ± SEM (n = 10). Statistical analysis was performed by a two-
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Table 2
Effects of 5-HT2 antagonists’ i.p. co-administration 45 min before the test, and eti-
foxine, i.p 30 min before the test, in the FPT.

Pre-treatment (mg/kg) Treatment
(mg/kg)

Number of punished
crossings

Vehicle Vehicle 5.3 ± 0.4
SB 206553 1 Vehicle 5.1 ± 0.4
Vehicle Etifoxine 40 8.6 ± 0.7***

Vehicle Etifoxine 50 9.7 ± 0.7***

SB 206553 1 Etifoxine 40 8.8 ± 0.5***

SB 206553 1 Etifoxine 50 10.1 ± 0.8***

Vehicle Diaz 1 11.7 ± 0.7***

Vehicle Vehicle 4.4 ± 0.3
RS 10-2221 1 Vehicle 4.5 ± 0.3
Vehicle Etifoxine 40 8.2 ± 0.4***

Vehicle Etifoxine 50 8.6 ± 0.5**

RS 10-2221 1 Etifoxine 40 7.2 ± 0.9***

RS 10-2221 1 Etifoxine 50 6.8 ± 0.58*

Vehicle Diaz 1 11.8 ± 0.5***

All data are cited as mean ± SEM (n = 10). Results are cited as mean ± SEM (n = 10).
Statistical analysis was performed by a two-way ANOVA followed by a Sidak
test (*p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001 vs. vehicle control group). A Student’s t test

ment [F(2,54) = 2.10, p = 0.13] factor but weak interaction between
the two factors [F(1,54) = 4.48, p = 0.04]. However post hoc analysis
did not reveal any difference between groups as compared with
the appropriate control group.

Table 3
Effects of 5-HT2 agonists’ i.p. co-administration 45 min before the test, and etifoxine,
i.p 30 min before the test, in actimeter test.

Pre-treatment (mg/kg) Treatment
(mg/kg)

Total number of rays’
interruptions
(counts)

Vehicle Vehicle 175.7 ± 9.9
DOI 0.125 Vehicle 173.6 ± 5.8
Vehicle Etifoxine 20 172.7 ± 8.6
Vehicle Etifoxine 30 163.7 ± 8.2
DOI 0.125 Etifoxine 20 183.8 ± 6.7
DOI 0.125 Etifoxine 30 172.8 ± 7.9

Vehicle Vehicle 175.7 ± 8.9
BW 723C86 2 Vehicle 160.7 ± 7.5
Vehicle Etifoxine 20 172.7 ± 8.6
Vehicle Etifoxine 30 163.7 ± 8.2
BW 723C86 2 Etifoxine 20 190.9 ± 7.9
BW 723C86 2 Etifoxine 30 178.4 ± 5.3

Vehicle Vehicle 169.8 ± 5.8
RO 60-0175 0.5 Vehicle 158.4 ± 8.1
Vehicle Etifoxine 20 140.0 ± 14.1
Vehicle Etifoxine 30 132.4 ± 10.1
ay ANOVA followed by a Sidak test (***p ≤ 0.001 vs. appropriate control group). A
tudent’s t test was used for statistical analysis between the diazepam group and
ontrol group (***p ≤ 0.001).

.3. Behavioural effects of 5-HT2 receptor antagonists and
tifoxine

When given alone, the active doses of etifoxine (40 and
0 mg/kg) increased the number of punished crossings of mice
p ≤ 0.001 for both doses), except for etifoxine (40 mg/kg) in the
xperiment with SB 206553.

.3.1. Acute administration of SR 46349B a 5-HT2A receptor
ntagonist and etifoxine in the FPT (Fig. 4)

The two-way ANOVA (pre-treatment × treatment) performed
evealed significant effects of pre-treatment [F(2,54) = 27.68;
≤ 0.001], treatment [F(2,54) = 37.6; p ≤ 0.001] and significant inter-
ction between these two factors [F(1,54) = 11.76; p = .001]. The
dministration of SR 46349B (0.06 mg/kg) had no effect on the num-
er of punishments accepted by mice in this test. Pre-treatment
ith SR 46349B antagonised the anti-punishment effects of eti-

oxine for the two doses of 40 and 50 mg/kg, p ≤ 0.001 for both
oses.

.3.2. Acute administration of SB 206553 a 5-HT2B receptor
ntagonist and etifoxine in the FPT (Table 2)

The two-way ANOVA (pre-treatment × treatment) performed
evealed significant effects of treatment [F(2,54) = 26.52; p ≤ 0.001],
nd no effect of pre-treatment [F(2,54) = 0.123; p = 0.89] and between
hese two factors [F(2,54) = 0.07; p = 0.80]. The administration of SB
06553 (1 mg/kg) had no effect on the number of punishments
ccepted by mice in this test. Pre-treatment with SR 46349B did
ot antagonise the anti-punishment effects of etifoxine for the two
oses of 40 and 50 mg/kg, p ≥ 0.05 for both doses.

.3.3. Acute administration of RS 10-2221 a 5-HT2C receptor
ntagonist and etifoxine in the FPT (Table 2)

The two-way ANOVA (pre-treatment × treatment) performed
evealed significant effects of treatment [F(2,54) = 26.03; p ≤ 0.001],
weak effect of pre-treatment [F(2,54) = 3.37; p = 0.04] and no effect
etween these two factors [F(1,54) = 1.12; p = 0.29]. The adminis-

ration of RS 10-2221 (1 mg/kg) had no effect on the number of
unishments accepted by mice in this test. Pre-treatment with RS
0-2221 did not antagonise the anti-punishment effects of etifox-

ne for the two doses of 40 and 50 mg/kg, p ≥ 0.05 for both doses.
was used for statistical analysis between the diazepam group and control group
(***p ≤ 0.001).

3.4. Behavioural effects of 5-HT2 receptor agonists and
antagonists and etifoxine in the actimeter test

3.4.1. Effect of combined administration of 5-HT2 receptor
agonists and etifoxine on the spontaneous locomotor activity
(Table 3)

DOI co-administration: The two-way ANOVA revealed no sig-
nificant effect of pre-treatment [F(2,54) = 0.51, p = 0.60], treatment
[F(2,54) = 0.71, p = 0.49] factor and no interaction between the two
factors [F(1,54) = 0.72, p = 0.40].

BW 723C86 co-administration: The two-way ANOVA revealed
no significant effect of pre-treatment [F(2,54) = 0.89, p = 0.41], treat-
RO 60-0175 0.5 Etifoxine 20 146.7 ± 10.6
RO 60-0175 0.5 Etifoxine 30 155.0 ± 10.5

All data are cited as mean ± SEM (n = 10). Results are cited as mean ± SEM (n = 10).
Statistical analysis was performed by a two-way ANOVA followed by a Sidak test.
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Table 4
Effects of 5-HT2 antagonists’ i.p. co-administration 45 min before the test, and eti-
foxine, i.p 30 min before the test, in actimeter test.

Pre-treatment (mg/kg) Treatment
(mg/kg)

Total number of rays’
interruptions
(counts)

Vehicle Vehicle 156.8 ± 7.9
SR 46349B 0.06 Vehicle 136.9 ± 9.2
Vehicle Etifoxine 40 155.1 ± 9.8
Vehicle Etifoxine 50 137.6 ± 5.7
SR 46349B 0.06 Etifoxine 40 131.1 ± 11.5
SR 46349B 0.06 Etifoxine 50 119.2 ± 7.6

Vehicle Vehicle 177.0 ± 10.1
SB 206553 1 Vehicle 176.6 ± 12.1
Vehicle Etifoxine 40 162.4 ± 12.1
Vehicle Etifoxine 50 111.7 ± 15.0**

SB 206553 1 Etifoxine 40 111.2 ± 12.4**,@

SB 206553 1 Etifoxine 50 75.8 ± 4.0***

Vehicle Vehicle 171.5 ± 9.5
RS 102221 1 Vehicle 175.7 ± 9.0
Vehicle Etifoxine 40 123.9 ± 8.0
Vehicle Etifoxine 50 112.3 ± 15.9**

RS 102221 1 Etifoxine 40 102.5 ± 8.3***

RS 102221 1 Etifoxine 50 97.4 ± 8.1***
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ll data are cited as mean ± SEM (n = 10). Results are cited as mean ± SEM (n = 10).
tatistical analysis was performed by a two-way ANOVA followed by a Sidak test
**p ≤ 0.01; ***p ≤ 0.001 vs. vehicle control group) and (@p ≤ 0.05; vs. etifoxine alone).

RO 60-0175 co-administration: The two-way ANOVA revealed no
ignificant effect of pre-treatment [F(2,54) = 0.92, p = 0.40], treatment
F(2,54) = 2.62, p = 0.08] factor and no interaction between the two
actors [F(1,54) = 1.40, p = 0.25].

.4.2. Effect of combined administration of 5-HT2 receptor
ntagonists and etifoxine on the spontaneous locomotor activity
Table 4)

SR 46349B co-administration: The two-way ANOVA revealed a
ignificant effect of pre-treatment [F(2,54) = 8.36, p = 0.006], but not
ignificant treatment factor [F(2,54) = 2.46, p = 0.10] and no interac-
ion between the two factors [F(1,54) = 0.05, p = 0.95]. However post
oc analysis did not revealed any difference between groups as
ompared with appropriate control group.

SB206553 co-administration: The two-way ANOVA revealed a
ignificant effect of pre-treatment [F(2,54) = 4.97, p = 0.01], treat-
ent [F(2,54) = 14.58, p≤0001] factor and interaction between the

wo factors [F(1,54) = 4.90, p = 0.03]. When administered alone, eti-
oxine 50 mg/kg and the co-administration of etifoxine 40 and
0 mg/kg with SB206553 decreased spontaneous locomotor activ-

ty in comparison with saline control group (p = 0.03, p = 0.002
nd p ≤ 0.001 respectively). Co-administration of etifoxine 40 and
B206553 decreased spontaneous locomotion in comparison with
tifoxine 40 alone (p = 0.04).

RS 102221 co-administration: The two-way ANOVA revealed
o significant effect of pre-treatment [F(2,54) = 1.20, p = 0.30], a
ignificant treatment factor [F(2,54) = 18.99, p ≤ 0.001] and no inter-
ction between the two factors [F(1,54) = 2.51, p = 0.12]. When
dministered alone, etifoxine 50 mg/kg and the co-administration
f etifoxine 40 and 50 mg/kg with RS 102221 decreased spon-
aneous locomotor activity in comparison with saline control
roup (p = 0.003 for etifoxine 50 mg/kg, and p ≤ 0.001 for the two
nteractions).

. Discussion
In the present study, etifoxine consistently induced an
nxiolytic-like effect after acute administration in the FPT a pun-
shment paradigm, the order of potency being similar to that of
he benzodiazepine. In the FPT, anxiolytic-like activity is reflected
in Research 208 (2010) 352–358

by a compound’s ability to induce an anti-punishment effect. In
this test a dose response effect was observed for etifoxine from
the dose of 40–100 mg/kg. Doses up to 60 mg/kg induced a seda-
tive effect as was determined in the actimeter test. These results
are in accordance with previous studies using the Vogel test
in rat, in which etifoxine increased punished drinking with the
doses of 25 and 50 mg/kg with no effect on spontaneous activ-
ity [34]. Importantly, the anti-punishment effect was shown not
to be secondary to analgesic effect of the drug. In addition, pre-
vious papers have reported that drug-induced anti-punishment
effects in the FPT are not related to modifications of pain thresh-
old but to a pure anxiolytic-like effect [32]. Etifoxine reduced
stress-induced freezing behaviour in rats with the dose of 50 mg/kg
in the conditioning stress paradigm [40]. In two tests of anxiety
with measurements of physiological manifestation, stress-induced
hyperthermia and conditioning fear induced activation of colonic
motility, etifoxine (25 and 50 mg/kg) was able to reduce the
increase of parameters produced by emotional stress [39]. It
was hypothesised that the stimulation of the corticotrophin-
releasing hormone system is attenuated by the enhancement
of the inhibitory GABAergic system induced by etifoxine
[39].

Etifoxine was then co-administered with serotonergic ligands
acting on 5-HT2A receptor subtypes. The results obtained in these
studies in mice suggested that there is an anatomic and/or func-
tional relation between etifoxine and the serotonergic system.
Indeed, the 5-HT2A receptor antagonist SR 46349B blocked the
anti-punishment activity of etifoxine (40 and 50 mg/kg), while the
5-HT2B/2C receptor antagonist, SB 206553 and the 5-HT2C receptor
antagonist, RS 10-2221 did not alter its effects. These results suggest
that a 5-HT2A and not a 5-HT2B or 5-HT2C mechanism is impli-
cated in the anxiolytic-like action of etifoxine in the mouse FPT. In
a same way, only co-treatment with DOI (0.125 mg/kg) (a 5-HT2A
agonist) induced anti-punishment action when co-administered
with etifoxine for subthreshold doses (20 and 30 mg/kg). The study
of the spontaneous locomotor activity demonstrated that there is
no significant modification of mobility for co-administration with
DOI and SR 46349B in comparison with drugs alone. However,
the decrease in spontaneous locomotor activity is independent
of anxiolytic-like activity as SB 2065 53 (a 5-HT2B antagonist)
did not modify the anxiolytic-like effect of etifoxine despite a
sedative effect. In a previous work, we have demonstrated that
the activity in the FPT was independent from locomotor activity
[32].

When administered alone, 5-HT2 agonists displayed a signifi-
cant and reproducible anxiolytic-like effect with a preferentially
5-HT2A and 5-HT2B agonist activity in the FPT [23,24]. Deple-
tion in 5-HT system using the 5-HT synthesis inhibitor:
p-CPA [p-4-chloro-DL-phenylalanine methyl ester hydrochlo-
ride] was not sufficient to reduce DOI effect in the FPT
[18] suggesting the implication of another system of neu-
rotransmission in the DOI anxiolytic-like mechanism in the
FPT.

Etifoxine does not have direct anatomic relation with the sero-
tonin system. Indeed, it did not bind on 5-HT receptors, suggesting
rather a functional interrelation between GABAergic and serotoner-
gic system in its anxiolytic-like effect in the FPT. Close distribution
of GABAA and 5-HT2 receptors were found in several brain struc-
tures leading to functional interrelation [9,10,36]. This hypothesis is
supported by several studies using GABAergic serotonergic ligands
in the FPT.
We have previously shown that the benzodiazepines alprazo-
lam, diazepam, as well as muscimol, a GABAA agonist (that was
inactive by itself), potentiated the anxiolytic-like effect of DOI in
the FPT [16,18]. Bicuculline, picrotoxin (two GABAA receptor antag-
onists) and baclofen, a GABAB receptor agonist [16] inhibited the
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nxiolytic-like effect of DOI. On the contrary flumazenil, an antago-
ist for the benzodiazepine site of the GABAA receptor was reported
o have no effect on the anxiolytic-like activity of DOI. These results
uggest that the GABA system and not only benzodiazepine recep-
ors seem to be strongly implicated in the anxiolytic-like activity
f DOI in the FPT [16,18]. 5-HT2A ligands exerted a facilitator influ-
nce upon GABAergic system. Etifoxine is structurally unrelated to
enzodiazepine and its modulator effects on GABAA receptors are
ediated by the � subunit of the GABAA complex receptor. This
echanism might be consistent with a facilitator effect between
ABA and 5-HT system in the anxiolytic-like effect observed in the
PT as not only benzodiazepines but also various GABAergic lig-
nds demonstrate such effect when co-administered with 5HT2A
igands. Many studies have suggested that GABAA and 5-HT2 recep-
ors are co-localized including the dorsal raphe nucleus (DRN) the
ippocampus [33,36], the amygdala [5,29], the dorsal periaqueduc-
al grey matter (dPAG) and the prefrontal cortex [1,6,7,8,38]. For
xample, in the prefrontal cortex [37] a local infusion of DOI dose-
ependently increased cortical extracellular GABA level and the
ystemic administration of DOI resulted in FOS protein expression
n glutamic acid decarboxylase 67-immunoreactive interneurons
f the prefrontal cortex. The data suggested that the serotonin
hrough 5-HT2A receptors activates GABAergic interneurons in the
refrontal cortex [1]. It has been reported that the hippocampus is
ne of the central sites for GABA/5-HT interaction that modulates
at emotional behaviour [22]. 5-HT axonal terminals make synap-
ic contacts with cortical and hippocampal GABA interneurons [11].
-HT2A localization has been documented in various structures of
he hippocampus, namely the pyramidal cell layers of CA1, CA2, and
A3 [28]. Furthermore, some authors reported that 5-HT enhances
ABAergic synaptic transmission in the hippocampus most likely
y activating 5-HT receptors of the 5-HT2 family [36]. Serotonin
cting on 5-HT2A receptors can modulate hippocampal functions
ia interneurons with different phenotypes as well as GABAer-
ic neurons [15]. Recently, Massé et al. [20] demonstrated that
�g DOI induced a strong anxiolytic-like effect when injected in

he hippocampus in the FPT, with a effect size comparable to the
nxiolytic-like effect of diazepam. The positive allosteric modu-
ator etifoxine acts preferentially on GABAA receptors expressing
he �2 or �3 subunit [12]. Etifoxine effects are only affected by
he � subunit and do not require � or � subunit composition.
2 and �3 subunit mRNA were both found in the hippocampus.
he relative level of �2 subunit mRNA in the hippocampus was
he same in dentate gyrus and CA1 regions, and weaker in CA2
nd CA3 regions. The hippocampus formation has revealed intense
xpression for �3 mRNA with homogeneous expression across all
A regions and the dentate gyrus [14]. All these data establish a
ossible link between structures involved in processing emotional

nformation, particularly anxiety, and the Gabrb2/3 protein which
s the target of etifoxine [7].

To conclude, etifoxine demonstrated an anxiolytic-like effect in
he FPT in mice. Furthermore, as it was already found with other
ABAergic positive allosteric modulators including the benzodi-
zepines, the etifoxine effect was modulated by 5-HT2A ligands.
he extensive literature concerning GABA and 5-HT suggests that
hey could be co-released and could act as co-transmitters in some
egions of the CNS, for example in the hippocampus and cross-
ommunication between the two neurotransmitters might be an
mportant modulator process of neuronal activity. Further studies
re required in order to better understand the differences of mech-
nism among these GABAergic ligands. In the FPT retest procedure

27,30,31], we were able to discriminate between serotonergic
ype 2 compounds and benzodiazepine effect. Other GABAergic

odulators have not been yet studied and the test–retest proce-
ure might be the next step to better evaluate etifoxine in anxiety
isorders.
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