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The obtained results showed that the selective �� receptor agonist, SA4503 (but not
siramesine, the �� receptor agonist), given alone, exerted an antidepressant-like activity
in the forced swimming test in rats. Amantadine (an uncompetitive NMDA receptor an-
tagonist) potentiated or revealed the effect of SA4503 or siramesine, respectively, in this
model.
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INTRODUCTION

The sigma (�) receptors were first described by
Martin et al. [4] as one of the opiate receptor sub-
types. Now, it is well established that � receptors
are unique binding sites distinct from opiate and
PCP receptors, which are implicated in higher brain
functions [2, 15]. Two different � receptor subty-
pes, �� and ��, have been distinguished on the ba-
sis of their pharmacological profiles [7]. Recently,
the �� receptor was purified and cloned from sev-
eral species and completely sequenced, showing

that this protein was unrelated to the known trans-
mitter receptors [11]. The � receptors have been
postulated to be involved in numerous pharmacol-
ogical and physiological functions, e.g. motor dis-
orders, psychotic disturbances, neuroprotection [2,
15]. Since several antidepressants have high affini-
ty for � receptors when given in the nanomolar
range, the �� binding sites may be relevant to the
mechanism of antidepressant action [2, 15].

Selective agonists of both � receptor subtypes
are available at present. SA4503 [1-(3,4-dimetho-
xyphenethyl)-4-(3-phenylpropyl)piperazine dihydro-
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chloride] was described as a new, selective ��

receptor agonist with a potential antidepressant ac-
tivity in mice [5, 14]. Siramesine (Lu 28-179), a se-
lective �� receptor agonist, was characterized as
a compound with a potential anxiolytic and antide-
pressant activity [9, 10].

Our previous studies indicated that the com-
bined treatment with antidepressant drugs (repre-
senting different mechanism of action after their
single administration) and amantadine (an uncom-
petitive NMDA receptor antagonist) showed syner-
gistic effect in the forced swimming test in rats [8].

Therefore, the aim of the present study was to
examine in this model whether the combined treat-
ment with the selective �� and �� receptor agonists,
SA4503 or siramesine, respectively, and aman-
tadine leads to an increase in antidepressant-like
activity in relation to the effects of these com-
pounds given separately.

MATERIALS and METHODS

The experiments were carried out on male Wis-
tar rats (250–300 g) housed in groups (6 per cage)
in a controlled environment at a temperature of 22
± 2°C under a 12-hour light/dark cycle (the light on
at 7 a.m.). The animals had free access to food and
water. The studies were conducted between 8 a.m.
and 3 p.m. Experimental protocols were approved
by the local Ethics Committee and complied with
guidelines of the responsible agency of the Institute
of Pharmacology.

Substances

Amantadine (hydrochloride) was purchased
from Sigma-Aldrich Chemie GmbH (Germany),
1-(3,4-dimethoxyphenethyl)-4-(3-phenylpropyl)pi-
perazine dihydrochloride (SA4503) was from San-
ten Pharmaceutical Co. Ltd. (Japan), and siramesi-
ne (hydrochloride, Lu 28-179) was obtained from
Lundbeck (Denmark).

SA4503 and amantadine were dissolved in dis-
tilled water and administered perorally (po) and
intraperitoneally (ip), respectively, in a volume of
2 ml/kg. Siramesine was dissolved in a minimum
amount of propylene glycol and methane sulfonic
acid (1:1), then diluted with distilled water and ad-
ministered ip.

Forced swimming test in rats (Porsolt’s test)

The animals were subjected to two trials during
which they were forced to swim in a cylinder (40 cm
high, 18 cm in diameter) filled with water (23–25°C)
to a height of 15 cm. There was a 24-hour interval
between the first and the second trial. The first trial
lasted 15 min, while the second one was carried out
for 5 min. The total duration (s) of immobility was
measured throughout the second trial [6]. SA4503
(1, 3 and 10 mg/kg) and siramesine (1 and 10 mg/kg)
were given separately or in combination with aman-
tadine (10 mg/kg) three times: at 24, 5, and 1 h be-
fore the test. Each group consisted of 8 rats.

The locomotor activity test in rats

The effect of SA4503 (1, 3, 10 mg/kg) or sirame-
sine (1 and 10 mg/kg) and amantadine (10 mg/kg)
as well as their combinations on the locomotor ac-
tivity of rats was studied in photoresistor actome-
ters (two light beams; L × W × H = 40 × 40 × 25 cm)
for 30 min. Drug treatments were carried out ac-
cording to the same experimental schedule as de-
scribed above (three injections). Each group con-
sisted of 6–8 rats.

Data analysis

The data were evaluated by ANOVA, followed,
when appropriate, by individual comparisons with
the control using Dunnett’s test.

RESULTS and DISCUSSION

As shown in Table 1, SA4503, a �� receptor
agonist, decreased the immobility time of rats,
when given alone at the dose of 3 mg/kg; while its
lower and higher doses were inactive. Our previous
studies indicated [e.g. 8] that amantadine at the
dose of 10 mg/kg was ineffective in the forced swim-
ming test in rats, in contrast to its dose of 20 mg/kg,
which decreased the immobility time. Co-admini-
stration of SA4503 (3 mg/kg) and amantadine (10
mg/kg) induced more pronounced antidepressant-
like effect in this model in relation to the efficacy
of SA4503 injected alone. SA4503 administered at
the dose of 10 mg/kg, which was inactive per se,
given in combination with amantadine (10 mg/kg),
induced statistically significant decrease in the im-
mobility time in rats (Tab. 1). Siramesine, the �� re-
ceptor agonist, at the tested doses (1 and 3 mg/kg)
failed to affect immobility time in the Porsolt’s test.
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However, siramesine at 1 mg/kg (but not 3 mg/kg),
given jointly with amantadine (10 mg/kg) de-
creased the immobility time in rats (Tab. 2). These
synergistic effects were not an expression of a gen-
eral change in locomotor activity, since it was unal-
tered after co-administration of both � ligands and
amantadine (Tab. 3).

The obtained results indicated that �� receptor
agonist, SA4503, showed a moderate activity in the

forced swimming test in rats, which could be en-
hanced by its co-treatment with amantadine. The
�� receptor agonist, siramesine, failed to show any
activity in Porsolt’s test in rats, but when given in
combination with amantadine, it was able to de-
crease the immobility time, showing an antidepres-
sant-like effect in this model. It is noteworthy that
amantadine (at therapeutic concentrations) as well
as memantine, another uncompetitive NMDA re-
ceptor antagonist (at higher doses), bind to the �

sites [3]. The alleviation of behavioral despair was
also observed after another �� agonist, (+)pentazo-
cine, and after a ��/�� agonist, DTG. Moreover,
those antidepressant-like effects were antagonized
by the �� antagonist NE-100 [5, 12]. Potential anti-
depressant activity of other ��-agonists, igmesine
(JO 1783) and OPC 14523 has recently been de-
monstrated in preclinical studies [1, 13].
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Table 1. The effect of combined treatment with SA4503, a se-
lective �� receptor agonist, and amantadine in the forced swim-
ming test in rats

Treatments
(mg/kg)

Immobility time
(mean ± SEM)

Vehicle

SA4503 (1)

SA4503 (3)

SA4503 (10)

Amantadine (10)

SA4503 (1) + amantadine (10)

SA4503 (3) + amantadine (10)

SA4503 (10) + amantadine (10)

260.6 ± 6.9

245.3 ± 5.2

238.9 ± 7.4*

255.3 ± 8.2

253.3 ± 8.2

236.6 ± 7.1

212.5 ± 11.2�

206.6 ± 16.3��

Amantadine (ip) and SA4503 (po) were given three times at 24, 5
and 1 h before the test. The results represent means ± SEM; n = 8.
The data were statistically evaluated by ANOVA followed by
individual comparisons using Dunnett’s test. * p < 0.05 vs vehi-
cle, � p < 0.05 vs amantadine, �� p < 0.001 vs amantadine or
SA4503

Table 2. The effect of combined treatment with siramesine, a se-
lective �� receptor agonist, and amantadine in the forced swim-
ming test in rats

Treatments
(mg/kg)

Immobility time
(mean ± SEM)

Vehicle

Siramesine (1)

Siramesine (3)

Amantadine (10)

Siramesine (1) + amantadine (10)

Siramesine (3) + amantadine (10)

261.8 ± 6.5

262.8 ± 4.7

264.4 ± 8.9

245.6 ± 5.8

231.0 ± 6.7�

250.5 ± 8.0

Amantadine (ip) and siramesine (ip) were given three times at
24, 5 and 1 h before the test. The results represent means ± SEM;
n = 8. The data were statistically evaluated by ANOVA followed
by individual comparisons using Dunnett’s test. � p < 0.05 vs
siramesine

Table 3 . The effect of treatment with SA4503 (a selective �� re-
ceptor agonist) or siramesine (a selective �� receptor agonist)
alone or in combination with amantadine on the locomotor ac-
tivity of rats

Treatments
(mg/kg)

Activity counts
(mean ± SEM)
(over 30 min)

Vehicle

SA4503 (1)

SA4503 (3)

SA4503 (10)

Amantadine (10)

SA4503 (1) + amantadine (10)

SA4503 (3) + amantadine (10)

SA4503 (10) + amantadine (10)

71.5 ± 13.9

60.5 ± 8.2

68.5 ± 10.7

61.9 ± 9.0

64.3 ± 9.2

59.7 ± 6.1

83.9 ± 13.0

71.5 ± 7.8

Vehicle

Siramesine (1)

Siramesine (3)

Amantadine (10)

Siramesine (1) + amantadine (10)

Siramesine (3) + amantadine (10)

58.3 ± 11.6

61.8 ± 11.4

71.0 ± 9.0

68.9 ± 9.8

52.3 ± 7.6

68.6 ± 11.2

The compounds were given ip (amantadine and siramesine) or
po (SA4503) three times at 24, 5 and 1 h before the test. The re-
sults represent means ± SEM; n = 8. The data were statistically
evaluated by ANOVA followed by individual comparisons
using Dunnett’s test. All the results were statistically insignifi-
cant



In conclusion, the results: 1) support the hypo-
thesis that the selective �� receptor agonists may
have an antidepressant properties; 2) indicate that
the antidepressant-like activity of the selective �

agonists may be enhanced by their co-administra-
tion with amantadine, the NMDA receptor antago-
nist.
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