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Abstract

Schinus molle L. (Anacardiaceae), among other uses, is popularly employed for the treatment of depression. In this study, the antidepressant-
like effect of the hexanic extract from leaves of S. molle was investigated in the mouse tail suspension test (TST), a predictive model of
depression. The immobility time in the TST was significantly reduced by the extract (dose range 30—600 mg/kg, p.o.), without accompanying
changes in ambulation when assessed in an open-field test. The efficacy of extract was found to be comparable to that of fluoxetine (10 mg/kg,
p.o.). The anti-immobility effect of the extract (100 mg/kg, p.o.) was prevented by pretreatment of mice with p-chlorophenylalanine methyl
ester (PCPA, 100 mg/kg, i.p., an inhibitor of serotonin synthesis, for four consecutive days), NAN-190 (0.5 mg/kg, i.p., a 5-HT, 5 receptor
antagonist), WAY 100635 (0.1 mg/kg, s.c., a selective 5-HT, 5 receptor antagonist), ketanserin (5 mg/kg, i.p., a 5-HT4/»c receptor antagonist),
MDL72222 (0.1 mg/kg, i.p., a 5S-HT; receptor antagonist), prazosin (1 mg/kg, i.p., an aj-adrenoceptor antagonist), yohimbine (1 mg/kg, i.p., an
ap-adrenoceptor antagonist), SCH23390 (0.05 mg/kg, s.c., a D; receptor antagonist) or sulpiride (50 mg/kg, i.p., a D, receptor antagonist). It
may be concluded that the hexanic extract of S. molle produces an antidepressant-like effect that seems to be dependent on its interaction with
the serotonergic, noradrenergic and dopaminergic systems. These results provide evidence that the extract from S. molle shares with established
antidepressants some pharmacological effects, at least at a preclinical level.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Schinus molle L. is a pepper tree belonging to the family
Anacardiaceae. It originates from South America, but has been
introduced to most of the tropical and subtropical areas of the
world (Taylor, 2005).

Pharmacological studies carried out with extracts from S.

Abbreviations: ANOVA, analysis of variance; DMSO, dimethylsulfoxide;
5-HT, serotonin, MAOi, monoamine oxidase inhibitor; MDL72222, tropanyl 3,
S-dichlorobenzoate; NAN-190, 1-(2-methoxyphenyl)-4[-(2-phthalimido)butyl]
piperazine); PCPA, p-chlorophenylalanine methyl ester; SCH23390, (R)-(+)-7-

chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hy-
drochloride; SKF 38393, (1-phenyl-7,8-dihydroxy-2,3,4,5-tetrahydro-1H-3-
benzazepine) hydrochloride; S. molle, Schinus molle; SSRI, selective serotonin
reuptake inhibitor; TST, tail suspension test; WAY 100635, N-{2-[4-(2-
methoxyphenyl)-1-piperazinyl]ethyl } -N-(2-pyridynyl) cyclohexanecarboxamide.
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molle show that this plant exerts several biological effects, such
as: hypotensive (Bello et al., 1996), antitumoral (Ruffa et al.,
2002), antifungal (Quiroga et al., 2001; Schmourlo et al., 2005),
antispasmodic (Bello et al., 1998), anti-inflammatory (Yueqin
et al.,, 2003), and analgesic (Barrachina et al., 1997). Other
properties/actions of S. molle suggested by traditional use are:
antihemorrhagic, antiseptic, aperient (mild laxative), astringent,
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cardiotonic, digestive stimulant, diuretic, menstrual stimulant,
stimulant, tonic, and antidepressant (Taylor, 2005).

Depression is a common disorder associated with high rates
of chronicity, relapse, and recurrence; psychosocial and
physical impairment; and a high suicide rate. Currently
available therapy for depression treatment is often associated
with several undesirable side effects, and it is effective only in a
certain portion of the population (Wong and Licinio, 2001;
Nestler et al., 2002). Therefore, the identification of alternative
therapeutic tools for the treatment of depression is still needed.
Herbal therapies may be effective alternatives in the treatment
of depression, as in the case of St John’s wort (Whiskey et al.,
2001; Bilia et al., 2002; Linde and Kniippel, 2005), and the
search for novel pharmacotherapy from medicinal plants for
psychiatric illnesses, including depression, has progressed
significantly in the past decade (Zhang, 2004). It is interesting
to note that most of the novel treatments for depression
(including St. John’s wort) seem to act through a mechanism
which does not differ significantly with respect to that of
“classical” antidepressants.

In spite of the popular use of S. molle to treat depression
(Taylor, 2005) there is no scientific evidence about potential
effects of this plant in animal models of depression. Thus, this
study aims, firstly, to examine the antidepressant-like action of
the hexanic extract from leaves of S. molle in the mouse tail
suspension test (TST), a model predictive of antidepressant
activity (Steru et al., 1985; Cryan et al., 2005) and, secondly, to
investigate by the use of pharmacological procedures the
possible participation of the monoaminergic system in its
antidepressant-like action.

2. Methods
2.1. Plant material and preparation of the hexanic extract

Stems and leaves of Schinus molle L. (Anacardiaceae) were
collected in Floriandpolis, Santa Catarina, and identified by Dr.
Daniel Falkenberg, Department of Botany, Federal University
of Santa Catarina. A voucher specimen (FLOR 34411) was
deposited in the Herbarium of the Department of Botany,
Federal University of Santa Catarina, Santa Catarina, Brazil.
Botanical material (390 g) were dried under air circulation and
minced. Dried sample was extracted with hexane at room
temperature (25+2 °C) for 15 days. Thereafter, the extract was
filtered and then concentrated under reduced pressure (at
approximately 60°). The maceration was repeated three times.
The evaporation of solvent yielded a residue of 17.8 g of dried
extract (4.6% w/w yield). The remaining residue was kept in a
refrigerator and dissolved in saline with 10% Tween 80 before
the behavioral tests. The preliminary chemical composition of
the hexanic extract from S. molle was demonstrated by thin
layer chromatography (TLC) and gas chromatography (GC)
analysis that revealed the presence of a high content of
triterpenes, but not of flavonoids or tannins. Thus, further
investigations are needed to determine the structure of the
triterpenes and also to identify the active principles present in
hexanic extract of S. molle.

2.2. Animals

Male Swiss mice (35—45 g) were maintained at constant room
temperature (22—25 °C) with free access to water and food, under
a 12:12 h light:dark cycle (lights on at 07:00 h). All experiments
were carried out between 11:00 and 16:00 h, with each animal
used only once (N=>5—12 animals per group). The procedures in
this study were performed in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory
Animals and approved by the Ethics Committee of the Institution.
All efforts were made to minimize animals suffering and to reduce
the number of animals used in the experiments.

2.3. Drugs and treatment

The following drugs were used: ketanserin tartarate, 1-(2-
methoxyphenyl)-4[-(2-phthalimido)butyl]piperazine) (NAN-190),
p-chlorophenylalanine methyl ester (PCPA), N-{2-[4-(2-methox-
yphenyl)-1-piperazinyl]ethyl}-N-(2-pyridynyl) cyclohexanecar-
boxamide (WAY100635), tropanyl 3, 5-dichlorobenzoate
(MDL72222), sulpiride, prazosin, yohimbine, (R)-(+)-7-chloro-
8-hydroxy-3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzaze-
pine hydrochloride (SCH23390), fluoxetine (all from Sigma
Chemical Company, St. Louis, MO, U.S.A.). All drugs were
administered by intraperitoneal (i.p.) route in a constant vol-
ume of 10 mlkg body weight except SCH 23390 and
WAY 100635 that were administered by subcutaneous (s.c.)
route (10 ml/’kg body weight). Drugs were dissolved in saline
except NAN-190 and MDL72222, that were diluted in saline
with 1% Tween 80 and sulpiride that was diluted in saline
with 5% dimethylsulfoxide (DMSQO). Control animals received
appropriate vehicle.

The extract of S. molle or vehicle was administered by oral
route (p.o.) 60 min before the TST or open-field test. Fluoxetine
(10 mg/kg, p.o., a classical antidepressant) was used as a
positive control. To address some of the mechanisms by which
the extract of S. molle causes antidepressant-like action in the
TST, animals were treated with different drugs. The doses of the
drugs used were selected on the basis of literature data and on
previous results from our laboratory (O’Neill and Conway,
2001; Redrobe and Bourin, 1997; Rodrigues et al., 2002;
Yamada et al., 2004; Kaster et al., 2005).

In order to investigate a possible contribution of the
serotonergic system to the effect of the extract of S. molle in
reducing the immobility time in the TST, animals were
pretreated with PCPA (100 mg/kg, an inhibitor of serotonin
synthesis) or vehicle, once a day, for 4 consecutive days
(Rodrigues et al., 2002; Gavioli et al., 2004; Kaster et al., 2005).
Then, 24 h after the last PCPA or saline injection, animals were
treated with the extract of S. molle (100 mg/kg, p.o.), or vehicle
and were tested in the TST 60 min later.

In a separate series of experiments, the involvement of the
serotonin (5-HT) receptor subtypes in the effect of the extract of
S. molle in the TST was studied. In order to investigate the
possible involvement of the serotonergic system in the
antidepressant-like effect of the extract, mice were pretreated
with NAN-190 (0.5 mg/kg, i.p. a 5-HT o receptor antagonist),
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Fig. 1. Effect of treatment of mice with the hexanic extract of S. molle or
fluoxetine given orally on the immobility time in the TST. Each column
represents the mean+S.E. of 67 animals. *P<0.05; **P<0.01 compared with
the vehicle-treated control (C).

WAY100635 (0.1 mg/kg, s.c., a selective 5-HT;, receptor
antagonist), ketanserin (5 mg/kg, a preferential 5-HT, 4 receptor
antagonist), MDL72222 (0.1 mg/kg, i.p., a selective 5-HT3
receptor antagonist) or vehicle and after 30 min they received
the extract of S. molle (100 mg/kg, p.o.) or vehicle injection
before being tested in the TST 60 min later.

To assess the possible involvement of the noradrenergic and
the dopaminergic systems on the antidepressant-like effect of
the extract in the TST, animals were pretreated with prazosin
(1 mg, i.p., an a-adrenoceptor antagonist), yohimbine (1 mg/
kg, i.p., an a,-adrenoceptor antagonist), SCH23390 (0.05 mg/
kg, s.c., a D; receptor antagonist) or sulpiride (50 mg/kg, i.p., a
D, receptor antagonist), and after 30 min they received the
extract of S. molle (100 mg/kg, p.o.) or vehicle and were tested
in the TST 60 min later.

The administration schedule was chosen on the basis of
experiments previously performed in our laboratory and
literature data confirm the efficacy of the above-mentioned
protocol (Viana et al., 2005).

2.4. Tail suspension test (TST)

The total duration of immobility induced by tail suspension
was measured according to the method described by Steru et al.
(1985). Briefly, mice both acoustically and visually isolated
were suspended 50 cm above the floor by adhesive tape placed
approximately 1 cm from the tip of the tail. Immobility time was
recorded during a 6 min period (Rodrigues et al., 2002;
Mantovani et al., 2003).

2.5. Open-field behavior

To assess the possible effects of the extract of S. molle on
locomotor activity, mice were evaluated in the open-field
paradigm as previously described (Rodrigues et al., 2002). Mice
were individually placed in a wooden box (40x60%50 cm)
with the floor divided into 12 squares. The number of squares
crossed with the four paws was registered during a period of
6 min. Animals were treated with the extract of S. molle (100,
300 and 600 mg/kg) or with vehicle given by the oral route 1 h
before the experiments.

2.6. Statistical analysis

Comparisons between experimental and control groups were
performed by one or two-way ANOVA followed by Tukey’s
HSD test when appropriate. A value of P<0.05 was considered
to be significant.

3. Results

3.1. Effect of the extract of S. molle on the immobility time in
the TST

The effects of oral administration of the extract of S. molle
and fluoxetine on the immobility time in the TST were shown in
Fig. 1A and B, respectively. As depicted in Fig 1 A, the extract
given by oral route at doses of 30, 100, 300 and 600 mg/kg
significantly decreased the immobility time as compared to the
control group. The one-way ANOVA revealed a significant
effect of treatment [F(4,25)=11.14, P<0.01]. As a positive
control, we show that the antidepressant fluoxetine (10 mg/kg,
p.o.) also produced a significant reduction in the immobility
time in the TST (Fig. 1B). The one-way ANOVA revealed a
main effect of treatment [F(2,18)=8.15, P<0.01].

3.2. Effect of the extract of S. molle on the open-field test
As shown in Fig. 2 the extract of S. molle (dose range 100—

600 mg/kg, p.o.) did not significantly alter the locomotor
activity of mice in the open-field test as compared to control

100+
s

- T T

25 1

Number of crossings

Cc 100 300 600
Extract (mg/kg, p.o.)

Fig. 2. Effect of treatment of mice with the hexanic extract of S. molle given
orally on the number of crossings in the open-field test. Each column represents
the mean+S.E. of 5-6 animals.
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Fig. 3. Effect of pretreatment of mice with PCPA (100 mg/kg, i.p. once a day for 4 consecutive days, panel A), NAN-190 (0.5 mg/kg, i.p., panel B), WAY 100635
(0.1 mg/kg, s.c., panel C), ketanserin (5 mg/kg, i.p., panel D), or with MDL72222 (0.1 mg/kg, i.p., panel E) on the hexanic extract of S. molle (100 mg/kg, p.o.)-
induced reduction in immobility time in the TST. Each column represents the mean+S.E. of 6—9 animals. **P<0.01 compared with the vehicle-treated control. #

P<0.01 as compared with the same group pretreated with vehicle.

group, as revealed by one-way ANOVA [F(3,18)=1.38,
P=0.27].

3.3. Investigation of some possible mechanisms underlying the
antidepressant-like effect of the extract of S. molle in the TST

3.3.1. Involvement of the serotonergic system

Fig. 3A shows that the pretreatment of mice with the
inhibitor of serotonin synthesis PCPA (100 mg/kg, i.p., once a
day for 4 consecutive days) significantly prevented the decrease
in the immobility time elicited by the extract (100 mg/kg, p.o.).
The results obtained in this experiment were analyzed by a
two-way ANOVA. There was a significant effect of treatment
[F(1,26)=7.47, P<0.01], treatment X pretreatment interaction
[F(1,26)=19.55, P<0.01], but not of pretreatment [F(1,26)=
2.39, P=0.13]. Moreover, the pretreatment of mice with NAN-
190 (0.5 mg/kg, i.p.) also prevented the antidepressant-like
effect elicited by the extract. A two-way ANOVA showed
significant differences for treatment [F(1,20)=14.56, P<0.01],
pretreatment [F(1,20)=11.67, P<0.01] and treatment X pre-
treatment interaction [F(1,20)=10.57, P<0.01], Fig. 3B. In
addition, the results depicted in Fig. 3C show that the pretreat-
ment of animals with WAY 100635 (0.1 mg/kg, s.c.) prevented
the effect of the extract of S. molle in the TST. A two-way
ANOVA showed significant differences for treatment [F(1,23)=
9.49, P<0.01], pretreatment [F(1,23)=10.24, P<0.01] and
treatment X pretreatment interaction [F(1,23)=16.20, P<0.01].
Fig. 3D shows that the pretreatment of mice with ketanserin
(5 mg/kg, i.p.) also prevented the action of the extract in the
TST. The two-way ANOVA revealed a main effect of the
treatment [F(1,19)=10.65, P<0.01], pretreatment [F(1,19)=

12.58, P<0.01] and treatment X pretreatment interaction
[F(1,19)=9.35, P<0.01]. Fig. 3E shows that MDL72222
(0.1 mg/kg, i.p.) completely blocked the anti-immobility effect
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Fig. 4. Effect of pretreatment of mice with prazosin (1 mg/kg, i.p., panel A) or
with yohimbine (1 mg/kg, i.p., panel B) on the hexanic extract of S. molle
(100 mg/kg, p.o.)-induced reduction in immobility time in the TST. Each
column represents the mean+S.E. of 68 animals. **P<0.01 compared with the
vehicle-treated control. # P<0.01 as compared with the same group pretreated
with vehicle.
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Fig. 5. Effect of pretreatment of mice with SCH23390 (0.05 mg/kg, s.c., panel
A) or with sulpiride (50 mg/kg, i.p., panel B) on the hexanic extract of S. molle
(100 mg/kg, p.o.)-induced reduction in immobility time in the TST. Each
column represents the mean+S.E. of 9—12 animals. **P<0.01 compared with
the vehicle-treated control. # P<0.01 as compared with the same group
pretreated with vehicle.

of the extract of S. molle in the TST. The results were analyzed
by a two-way ANOVA that showed a significant effect of
pretreatment [F(1,30)=6.09, P<0.01], treatment X pretreat-
ment interaction [F(1,30)=12.02, P<0.01], but not of treat-
ment (£(1,30)=2.52, P = 0.12).

3.3.2. Involvement of the noradrenergic system

The results depicted in Fig. 4A show that pretreatment of mice
with prazosin (1 mg/kg, i.p) was able to reverse the antidepres-
sant-like effect the extract of S. molle (100 mg/kg, p.o.) in the
TST. The two-way ANOVA revealed a main effect of the
treatment [F(1,22)=7.09, P<0.05], pretreatment [F(1,22)=
20.94, P<0.01] and treatment X pretreatment interaction
[F(1,22)=5.75, P<0.05]. Fig 4B shows that the pretreatment of
mice with yohimbine (1 mg/kg, i.p.) was also able to prevent the
anti-immobility effect the extract of S. molle (100 mg/kg, p.o.) in
the TST. The two-way ANOVA revealed a main effect of the
treatment [F(1,23)=5.85, P<0.05], treatment X pretreatment
interaction [F(1,23)=8.87, P<0.01], but not of the pretreatment
[F(1,23)=1.97, P=0.17].

3.3.3. Involvement of the dopaminergic system

The anti-immobility effect of the extract of S. molle (100 mg/
kg, p.o.) was significantly prevented by pretreatment of mice
with SCH23390 (0.05 mg/kg, s.c., Fig 5A). The two-way
ANOVA revealed a main effect of the treatment [F(1,36)=22.36,
P<0.01], treatment X pretreatment interaction [F(1,36)=15.32,
P<0.01], but not of pretreatment [F(1,36)=1.88, P=0.17].
Fig 5B shows that sulpiride (50 mg/kg, i.p., 5B) was also able to
prevent the anti-immobility effect of the extract of S. molle in the

TST. The two-way ANOVA revealed a main effect of the
treatment [F(1,37)=32.59, P<0.01], pretreatment [F(1,37)=
8.75, P<0.01] and of treatment X pretreatment interaction
[F(1,37)=5.01, P<0.05].

4. Discussion

The TST is a well characterized behavioral model predictive
of antidepressant activity that is sensitive to antidepressants
from different pharmacological classes (Steru et al., 1985;
Cryan et al.,, 2005). In this study we provide convincing
evidence that the extract of S. molle administered by oral route
produces a specific antidepressant-like effect in this test, since
the reduction of immobility time elicited by its administration
cannot be attributable to any psychostimulant effect. Further-
more, the effect of the extract of S. molle in the TST was similar
to the effect produced by the oral administration of fluoxetine,
used as a positive control.

This study also analyzes some of the possible mechanisms
related to the antidepressant-like effects observed for the extract
of S. molle. As monoaminergic system is one of the most
important targets in the pathophysiology and treatment of
depression (Elhwuegi, 2004; Millan, 2004), we investigated the
involvement of the serotonergic, noradrenergic and dopaminer-
gic systems in its anti-immobility effect in the TST. Thus, we
have assessed herein the effects of several pharmacological
antagonists on the anti-immobility action of the extract of
S. molle (100 mg/kg, p.o., 1 h before) in mice.

Depressive disorder has long been associated with distur-
bances of brain 5-HT activity and data concerning 5-HT
variations in depression have probably been the most widely
studied. Moreover, the serotonergic system plays a major role in
the action of antidepressants (Millan, 2004). The involvement of
the serotonergic system in the antidepressant-like effect of the
extract of S. molle is indicated by the results showing that its
effect in the TST was completely prevented by pretreament of
mice with the neuronal serotonin store depletor, PCPA as well as
with the 5-HT; 5, 5-HT,4 and 5-HT; antagonists WAY 100635,
ketanserin and MDL72222, respectively.

PCPA is an inhibitor of tryptophan hydroxylase and its
administration, for four consecutive days, depletes the endog-
enous stores of 5-HT by about 60% in mice (Redrobe et al.,
1998b). PCPA treatment used in the present study produces
partial but highly significant reductions on brain 5-HT levels
while noradrenaline and dopamine levels are not affected
(Redrobe et al., 1998a,b). Moreover, the same treatment with
PCPA was previously shown by our group to completely
prevent the antidepressant-like effect of fluoxetine, leaving the
antidepressant action caused by imipramine in the TST
unaffected (Rodrigues et al., 2002).

Studies have demonstrated the involvement of 5-HT;,
receptors in the mechanism of action of several classes of
antidepressant drugs, including tricyclics, SSRIs (selective
serotonin reuptake inhibitors) and MAOi (monoamine oxidase
inhibitors) (Hensler, 2002). An evidence of the involvement of
5-HT 5 receptors in the antidepressant-like effect of the extract
of S. molle was given by the finding that the selective 5-HT 5
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receptor antagonist WAY 100635 was able to prevent its anti-
immobility effect in the TST.

A role for 5-HT, receptors in the action of some anti-
depressants has been shown. Many established antidepressants
are 5-HT), receptor antagonists and share the ability to decrease
5-HT, receptor binding after repeated administration. The
down-regulation of 5-HT,, receptors is proposed to mediate
the long-term actions of antidepressants (Deakin, 1988). In the
present work, the pretreatment of animals with ketanserin was
able to reverse the anti-immobility effect of the extract of S.
molle in the TST, providing evidence of the participation of 5-
HT, receptors in its effect in the TST. A similar result was
reported in previous studies from our group in which ketanserin
was able to reverse the antidepressant-like effect of agmatine
(Zomkowski et al., 2004) and of the lectin from Canavalia
brasiliensis (Barauna et al., 2006) in the mouse forced
swimming test. In addition, the preferential 5-HT,, receptor
agonist DOI was reported to enhance the antidepressant-like
effect of some compounds (Zomkowski et al., 2004; Khisti and
Chopde, 2000). Thus, the present study indicates that the
antidepressant-like effect of the extract of S. molle appears to be
mediated by stimulation of 5-HT, 4 receptors.

We also investigate the participation of 5-HT; receptors in
the antidepressant-like effect of the extract of S. molle. The
pretreatment of animals with MDL72222 was able to prevent
the anti-immobility effect of the extract in the TST, demon-
strating that this effect is mediated, at least in part, by an
interaction with this serotonergic receptor subtype. The
involvement of 5-HT; receptors in the pathophysiology of
depression is much less studied than 5-HT;, and 5-HT,.
However, literature data demonstrate that different classes of
antidepressants act as functional antagonists at the 5-HTj3
receptors, indicating that the suppression of 5-HT; receptor
activity may contribute to the action of antidepressants
(Eisensamer et al., 2003). Moreover, a recent study has shown
that MDL72222 administered at a higher dose (3 mg/kg, i.p.) in
mice produced an antidepressant-like effect in the TST (Kos
etal., 2006). Although the apparent inconsistency with previous
data, the reversal of the antidepressant-like effect of the extract
of S. molle by MDL72222 suggests that its antidepressant-like
effect is mediated by an activation of 5-HTj3 receptors. In fact, in
line with this hypothesis is the finding that eletroconvulsive
therapy, which is clinically used to treat drug resistent
depression, was able to potentiate the function of 5-HTj;
receptors in the hippocampus (Ishihara and Sasa, 2001).

The role of noradrenaline in the pathophysiology of
depression has been also extensively studied, since some
antidepressant drugs increase the synaptic concentration of NA
and some of these drugs were found to act directly at
noradrenergic receptor (Elhwuegi, 2004). In addition, it was
recently demonstrated that NA-deficient mice lack responses to
antidepressant drugs, including SSRIs (Cryan et al., 2004). In
our study both prazosin (an o;-adrenoceptor antagonist) and
yohimbine (an a,-adrenoceptor antagonist) were able to reverse
the antidepressant-like effect of the extract of S. molle. This
result indicates that the extract may exert its effect in the TST by
interacting with both «; and «,-adrenoceptors. Accordingly,

there is compelling evidence for a role of «; and «,-
adrenoceptors in the actions of antidepressant agents (Millan,
2004).

The dopaminergic system is also strongly implicated in
regulation of mood (Dailly et al., 2004). Some biochemical
evidence derives from clinical studies showing that the plasma
levels of homovanillic acid and 3,4-dihydroxyphenylacetic
acid, two dopamine metabolites, were significantly lower in the
depressed patients, indicating a diminished dopamine turnover
(Mitani et al., 2006; Sher et al., 2006). It has been considered
that the potentiation of dopaminergic neurotransmission
induced by chronic antidepressant treatments might contribute
to their therapeutic effect (D’Aquila et al., 2000) and there is
also a considerable amount of pharmacological evidence
regarding the efficacy of antidepressants with dopaminergic
effects in the treatment of depression (Papakostas, 2006). As
shown in the results, the selective dopamine D; receptor
antagonist SCH 23390 and the dopamine D, receptor
antagonist, sulpiride significantly antagonized the anti-immo-
bility effects of the extract of S. molle in the TST. Our results are
in accordance with literature data indicating that both dopamine
D; and D, receptors might play a role in depression. Indeed
Yamada et al. (2004) suggested that dopamine D; and D,
receptors play a role in the effects of dopamine reuptake
inhibitors on forced swimming test, another animal model
predictive of antidepressant activity. In addition, it was reported
that the dopamine D, receptor agonist SKF 38393 enhances
anti-immobility effects of SSRIs, suggesting that the dopamine
D, receptor may participate in the antidepressant effects of
SSRIs (Renard et al., 2001). It was also reported that the anti-
immobility effects of the trycliclic antidepressant imipramine
were reduced by antisense dopamine D, receptor (Dziedzicka-
Wasylewska et al., 2000). Indeed, clinical studies reported that
dopamine D, receptor agonists are effective for treating
depressive patients (Waehrens and Gerlach, 1981).

In summary, our data indicate an antidepressant-like effect of
the hexanic extract of S. molle, which is not due to any
psychostimulant effect and that seems to be mediated by an
interaction with the monoaminergic system. It is interesting to
note that a low toxicity was reported for the extract obtained
from the leaves of S. molle (Barrachina et al., 1997).
Phytochemical studies have identified active components from
S. molle such as tannins, triterpenoids, flavonoids and saponins
(Pozzo-Balbi et al., 1978; Olafsson et al., 1997; Yueqin et al.,
2003; Taylor, 2005). However, a preliminary characterization of
the hexanic extract used in the present study did not show the
presence of flavonoids and tannins. This extract contains
triterpenoids as major compounds. Further chemical analysis
of the extract will be conducted to isolate and characterize the
active principles responsible for the observed effects.

5. Conclusion

In conclusion, the present study provides the first evidence
indicating that the hexanic extract of S. molle produces a
specific antidepressant-like effect in an animal model predictive
of antidepressant properties, the TST, similar to the result
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produced by the classical antidepressant fluoxetine. In addition,
we have shown that its antidepressant-like effect is dependent
on its interaction with the serotonergic (5-HT, 5-HT,4 and 5-
HT; receptors), noradrenergic (o; and «,-receptors) and
dopaminergic (D; and D, receptors) systems. Thus, our results
suggest that the extract from S. molle shares with established
antidepressants some pharmacological effects, at least at a
preclinical level.
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