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Abstract:

Background: Several clinical reports have postulated a beneficial effect of the addition of a low dose of risperidone to the ongoing

treatment with antidepressants in treatment-resistant depression.

Methods: The present study aimed to examine the effect of treatment with fluoxetine or mirtazapine, given separately or jointly with

risperidone, on active behavior and plasma corticosterone level in male Wistar rats subjected to the forced swim test (FST).

Results: The obtained results showed that fluoxetine (5 mg/kg), mirtazapine (5 and 10 mg/kg) or risperidone (0.05 and 0.1 mg/kg)

did not change the active behavior of rats in the FST. However, co-treatment with fluoxetine (10 mg/kg) and risperidone (0.1 mg/kg)

induced an antidepressant-like effect in that test because it significantly increased the swimming time and decreased the immobility

time, while combined treatment with mirtazapine at 5 and 10 mg/kg and risperidone at 0.05 and 0.1 mg/kg evoked a significant in-

crease in the swimming time and also climbing, and decreased the immobility time. WAY 100635 (a 5-HT1A receptor antagonist)

at a dose of 0.1 mg/kg inhibited the antidepressant-like effect induced by co-administration of fluoxetine or mirtazapine and risperi-

done. Active behavior in that test did not reflect an increase in general activity, since combined treatment with fluoxetine or

mirtazapine and risperidone failed to enhance the exploratory activity of rats. Co-treatment with fluoxetine or mirtazapine and

risperidone did not reduce the stress-induced increase in plasma corticosterone concentration in animals subjected to the FST.

Conclusion: The obtained results indicate that risperidone applied in a low dose enhances the antidepressant-like activity of fluoxet-

ine and mirtazapine in the FST (but does not normalize the stress-induced increase in corticosterone level in these rats), and that

5-HT1A receptors may play some role in these effects.
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Introduction

All currently used antidepressants (ADs), including

tricyclic and newer agents, such as venlafaxine or

milnacipran, show therapeutic efficacy in monother-

apy in ca. 60–70% of depressed patients [e.g., 1, 19,

22]. The problem of AD-resistant depression has been

the subject of a number of comprehensive studies,

with no apparent therapeutic success, though. Hence,
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there is a strong need for an alternative antidepressant

treatment. Agents expected to potentiate the efficacy

of ADs comprise atypical antipsychotics (e.g., olan-

zapine, risperidone (RIS), quetiapine, ziprasidone,

aripiprazole) which produce minimal extrapyramidal

side-effects and which have also been found to be ef-

ficient and tolerable in some patients with treatment-

resistant depression [4, 23, 35, 36]. Several clinical

reports postulated a beneficial effect of the addition of

a low dose RIS to the ongoing treatment with ADs (in

particular, selective serotonin reuptake inhibitors

(SSRI), such as fluoxetine (FLU), fluvoxamine or

paroxetine) [14, 18, 24, 25, 28]. Like other atypical

antipsychotic drugs, RIS is known to produce mini-

mal extrapyramidal side-effects compared to classic

antipsychotics (e.g., chlorpromazine) [20]. This drug

is ca. 20-50 times more potent in the binding to

5-HT2A serotonin receptors than to a1-adrenergic, do-

pamine D2, histamine H1 and a2-adrenergic ones [29,

34]. It is proposed that in lower doses, RIS mainly

acts through blocking the 5-HT2A serotonin receptors,

while in higher doses it blocks D2 dopamine receptors

in vivo. Our previous studies and reports of other

authors indicated that RIS applied in a low dose en-

hanced the antidepressant-like activity of ADs in the

forced swim test (FST) in mice [9, 30, 31]. Moreover,

it is known that major depression is frequently associ-

ated with hyperactivity of the hypothalamic-pituit-

ary-adrenocortical (HPA) axis. Clinical studies have

shown that depressed patients have an increased con-

centration of cortisol in plasma and cerebrospinal

fluid, as reflected by an abnormal 24-h pattern of cor-

tisol and ACTH secretion and elevated levels of

corticotrophin-releasing hormone in the cerebrospinal

fluid [e.g., 21]. A large number of data indicate that

the hyperactivity of the HPA axis in major depression

may be due to a decreased inhibitory feedback mecha-

nism [13, 26, 27]. In fact, the synthetic glucocorticoid

dexamethasone is less potent in lowering blood corti-

sol levels (basal and CRF-induced) in depressed pa-

tients than in healthy subjects [13, 15]. The dysfunc-

tion of the HPA axis is corrected during clinically ef-

fective therapy with ADs, while the persistence of

dexamethasone non-suppression is often associated

with the risk of relapse or the lack of improvement

[13, 16]. In the present study, we examined the effect

of the AD (FLU, a SSRI or mirtazapine, MIR, an AD

which enhances noradrenergic and 5-HT1A-mediated

serotonergic neurotransmission by antagonizing cen-

tral a2-auto- and hetero-adrenoreceptors) and a low

dose of RIS, given separately or jointly with FLU or

MIR on the active behaviors and plasma corticosterone

level in rats subjected to the FST. Notably, the effect of

co-treatment with FLU or MIR and RIS on plasma cor-

ticosterone level in rats subjected to the FST has not

been studied previously. Furthermore, we used 5-HT1A
receptor antagonists to determine the role of those re-

ceptors in the antidepressant-like effect induced by co-

treatment with FLU or MIR and RIS in the FST.

Materials and Methods

Animals

The experiments were carried out on male Wistar rats

(250–270 g) (Charles River Laboratories, Sulzfeld,

Germany). The animals were housed 4 per cage

(57 × 35 × 20 cm) in a colony room kept at 22 ± 1°C

with a 40–50% humidity, on a 12-h light-dark cycle

(the light on at 7 a.m.). The rats had free access to

food and water before the experiments. All the experi-

ments were conduced during the light phase and were

carried out according to the procedures approved by

the Animal Care and Use Committee at the Institute

of Pharmacology, Polish Academy of Sciences in

Kraków.

Drugs administration

Fluoxetine hydrochloride (FLU; Pliva, Kraków, Po-

land) and WAY 100635 (synthesized by Dr. J. Boksa,

Institute of Pharmacology, Polish Academy of Sci-

ences, Kraków, Poland) were dissolved in distilled

water, whereas mirtazapine, MIR or risperidone, RIS

(Tocris Bioscience, Bristol, UK) were suspended in

a 1% aqueous solution of Tween 80. All drugs were

injected three times in a volume of 2 ml/kg. The first

dose of FLU or MIR (5 or 10 mg/kg ip) was injected

30 min after pre-test (15 min following the return of

rat back to their home cages) and 23.5 h before the

FST. The second and third dose of FLU or MIR were

given at 5 and 1 h before the retest sessions. WAY

100635 (0.1 mg/kg sc) was given 10 min before FLU

(10 mg/kg ip) or MIR (5 or 10 mg/kg ip), and RIS

(0.05 or 0.1 mg/kg ip) at 30 min after AD treatment.
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Forced swim test (FST) in rats

On the first day of the FST (pre-test), the rats were

placed individually in a cylinder (50 cm high × 23 cm

in diameter) filled to a 30-cm depth with water

(25 ± 1°C) for 15 min and then were removed from

the water, dried with towels and placed in a warmer

enclosure for 15 min then returned back to their home

cages, as described previously [8]. The cylinders were

emptied and cleaned after each rat. Twenty four hours

following the first exposure to the forced swim, the

rats were retested for 5 min under identical condi-

tions. Retest sessions were evaluated by two observ-

ers unaware of the treatment condition, who measured

swimming, climbing and immobility time. A rat was

rated to be immobile if it was making only move-

ments necessary to keep its head above water; swim-

ming behavior was considered if a rat was actively

making swimming movements that caused it to move

within the centre of cylinder and swim below the sur-

face of water (diving); climbing behavior was re-

corded if a rat was making forceful thrashing move-

ments with its forelimbs against the walls of cylinder.

The data are expressed as the mean time (± SEM) of

swimming, climbing and immobility, within the 5 min

observation period. Each group consisted of 8 rats.

Exploratory activity of rats in the open field test

Exploratory activity was assessed in the elevated open

field test. A black circular platform without walls hav-

ing 1 m in diameter was divided into six symmetrical

sectors and was elevated 50 cm above the floor. The

laboratory room was dark and only the centre of the

open field was illuminated with a 75 W bulb placed

75 cm above the platform. At the beginning of the

test, the animal was placed gently in the centre of the

platform and was allowed to explore. The exploratory

activity in the open field, i.e., the time of walking, the

number of sector line crossings (ambulations), epi-

sodes of peeping under the edge of the area and rear-

ing, were assessed for 5 min. RIS and FLU or MIR

were given three times before the test (like in the

FST). Each group consisted of 8 rats.

Plasma corticosterone level

Rats were sacrificed by rapid decapitation immedi-

ately after the FST. Trunk blood was collected in

EDTA tubes (2.5 mg/ml of blood). Total corticoster-

one level was measured in the plasma obtained from

the blood by centrifugation for 30 min after collection

at 4°C. A commercially available Rat/Mouse Cortico-

sterone Enzyme Immuno Assay (EIA) kit (Immunodi-

agnostic Systems) was used [12]. Each group con-

sisted of 7–8 rats.

Statistical analysis

All the data are expressed as the mean ± SEM and

evaluated by two-way analysis of ANOVA followed

by the LSD post-hoc test.

Results

Forced swim test (FST) in rats

The effects of FLU (10 mg/kg) given alone or in com-

bination with RIS at 0.05 mg/kg [A] or 0.1 mg/kg [B]

on swimming, climbing or immobility time of rats in

the FST are shown in Figures 1A and 1B, respectively.

Swimming time. A two way ANOVA revealed

a significant effect for FLU (10 mg/kg) [F (1, 28)

= 11.00; p = 0.002529] but no effect for RIS

(0.05 mg/kg) [F (1, 28) = 0.0007; p = 0.978591 or

FLU + RIS [F (1, 28) = 0.1437; p = 0.707496] on the

swimming time (Fig. 1A). Post-hoc LSD test showed

a significant effect vs. vehicle-treated group for FLU

(p = 0.014262) or FLU + RIS (p = 0.027469) but no

significant difference for RIS (p = 0.805258).

Climbing time. The data revealed a significant

effect of RIS (0.05 mg/kg) [F (1, 28) = 4.3444; p =

0.046373] but no effect for FLU (10 mg/kg) [F (1, 28)

= 1.8262; p = 0.187395] or FLU + RIS [F (1, 28)

= 0.0005; p = 0.981889] on the climbing time (Fig.

1A). Post-hoc LSD test showed no significant differ-

ence for RIS (0.7821) or FLU (0.5867) and FLU

+ RIS (0.7629) vs. vehicle-treated group.

Immobility time. Moreover, there was no signifi-

cant effect of FLU (10 mg/kg) [F (1, 28) = 0.643; p =

0.429432] and RIS (0.05 mg/kg) [F (1, 28) = 0.138;

p = 0.713449] or co-treatment with FLU and RIS

[F (1, 28 = 0.001; p = 0.981075] on the immobility

time (Fig. 1A). Post-hoc LSD test showed no signifi-

cant difference vs. vehicle-treated group and RIS (p =

0.7821) or FLU (p = 0.5867) and FLU + RIS (p =

0.7629).
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The results in Figure 1A indicate that FLU at

a dose of 10 mg/kg increased only the swimming time

in the FST, while RIS at a dose of 0.05 mg/kg did not

change the effect of FLU (10 mg/kg) on the swim-

ming, climbing and immobility time in the FST. In ad-

dition, our results showed that FLU at a lower dose

(5 mg/kg) given alone or jointly with RIS at both stud-

ied doses (0.05 and 0.1 mg/kg) also did not induce any

antidepressant-like effect in the FST (data not shown).

Swimming time. In the following experiment,

a two way ANOVA revealed a significant effect of

FLU (10 mg/kg) [F (1, 44) =12.99; p = 0.000792] or

WAY 100635 (0.1 mg/kg) [F (1, 44) = 4.67; p =

0.036017] but no effect for RIS at a higher dose

(0.1 mg/kg) [F (1, 44) =1.25; p = 0.269827] on the

swimming time (Fig. 1B). Post-hoc LSD test showed

a significant difference between vehicle-treated group

and FLU (p = 0.016013) or FLU + RIS (p = 0.000000)

but not between WAY 100635 (p = 0.4161830 or

WAY 100635 + FLU with RIS (p = 0.365862).

Climbing time. There was a significant effect of

FLU (10 mg/kg) [F (1, 44) = 4.56; p = 0.038321] but

no change for RIS (0.1 mg/kg) [F (1, 44) = 0.36; p =

0.552939] or for WAY 100635 [F (1, 44) = 0.21; p =

0.652965] on the climbing time (Fig. 1B). Post-hoc

LSD test showed no significant difference for RIS

(p = 0.886351) or for FLU (p = 0.1412060) and FLU

+ RIS (p = 0.176018) or for the group treated with

WAY 100635 and FLU with RIS (p = 0.240171) vs.

vehicle-treated group.

Immobility time. Moreover, the results showed

a significant effect of RIS (0.1 mg/kg) [F (1, 44) =

5.60; p = 0.022414] but no effect of FLU (10 mg/kg)

[F (1,44) = 1.75; p = 0.193164] and WAY 100635

(0.1 mg/kg) [F (1, 44) = 2.55; p = 0.117241] (Fig. 1B)

on the immobility time. Post-hoc LSD test showed

a significant difference between vehicle-treated group

and FLU + RIS (p = 0.000023) but no significant

difference between vehicle-treated group and RIS

(p = 0.0775850, FLU (p = 0.277522), WAY 100635

(p = 0.477250) and WAY 100635 + FLU + RIS

(p = 0.345800).

The results in Figure 1B indicate that RIS at

a higher dose (0.1 mg/kg) increases the effect of FLU

(10 mg/kg) on the swimming time and decreases its

influence on the immobility time (but with no change

on the climbing time) in the FST, and that WAY

100635 abolishes this action.

The effect of MIR 5 or 10 mg/kg given alone or in

combination with RIS at 0.05 mg/kg) [A] or 0.1

mg/kg [B] on swimming, climbing or immobility time

of rats in the FST are shown in Figures 2A and 2B,

respectively.

Swimming time. A two way ANOVA showed no

significant effect of MIR (5 mg/kg) [F (1, 44) =1.17;

p = 0.285230], RIS (0.05 mg/kg) [F (1, 44) = 0.29;

p = 0.092265] or WAY 100635 (0.1 mg/kg) [F (1, 44)

= 41.53; p = 0.222456] on the swimming time (Fig.

2A). Post-hoc LSD test showed a significant differ-

ence between vehicle-treated group and MIR + RIS

(p = 0.000001) but not between vehicle-treated group

and WAY 100635 (p = 0.272100), MIR (p = 0.967717)

and RIS (p = 0.627687) or WAY 100635 + MIR with

RIS (p = 0.0967717).
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Fig. 1. The effect of fluoxetine (FLU, 10 mg/kg, ip) given alone or in
combination with risperidone (RIS) at a dose of 0.05 mg/kg, ip [A] or
0.1 mg/kg, ip [B] on the swimming, climbing or immobility time of rats
in the forced swim test (FST). WAY 100635 (0.1 mg/kg, sc), FLU and
RIS were administered three times; FLU at 23.5, 5 and 1 h before the
test, RIS 30 min after FLU injection, and WAY 100635 10 min before
FLU administration. The results are presented as the mean ± SEM of
eight animals/group and were evaluated by a two-way ANOVA fol-
lowed by the LSD post-hoc test; * p < 0.05, ** p < 0.001 vs. vehicle-
treated group, ## p < 0.001 vs. FLU + RIS-treated group

A

B



Climbing time. The data indicated a significant effect

of MIR (5 mg/kg) [F (1, 44) = 4.58; p = 0.037837] but no

effect of RIS (0.05 mg/kg) [F (1, 44) = 2.53; p =

0.119146] or WAY 100635 [F (1, 44) =2.44; p =

0.125514] on the climbing time (Fig. 2A). Post-hoc LSD

test showed a significant difference between vehicle-

treated group and MIR + RIS (p = 0.000005) but not be-

tween vehicle-treated group and WAY 100635 (p =

0.323308), MIR (p = 0.368758) and RIS (p = 0.180188)

or WAY 100635 + MIR with RIS (p = 0.928038).

Immobility time. Our experiment revealed a sig-

nificant effect of RIS (0.05 mg/kg) [F (1, 44) = 6.62;

p = 0.013531] but no effect of MIR (5 mg/kg)

[F (1, 44) = 0.13; p = 0.721764] and WAY 100635

(0.1 mg/kg) [F (1, 44) = 3.15; p = 0.082874] (Fig. 2A).

Post-hoc LSD test showed a significant difference

between vehicle-treated group and MIR + RIS (p =

0.000001) but no significant difference between

vehicle-treated group and RIS (p = 0.627687), MIR

(p = 0.967717), WAY 100635 (p = 0.272100) and

WAY 100635 + MIR + RIS (p = 0.967717).

The results in Figure 2A indicate that RIS at a lower

dose (0.05 mg/kg) increases the effect of MIR (5 mg/kg)

on the swimming, climbing and immobility time in

the FST, and that WAY 100635 abolishes this action.

Swimming time. In another experiment, a two way

ANOVA revealed a significant effect of MIR (5 mg/kg)

[F (1, 28) = 29.47; p = 0.000009] or a higher dose of

RIS (0.1 mg/kg) [F (1, 28) = 12.12; p = 0.001654] and

for co-administration of MIR (5 mg/kg) and RIS

(0.1 mg/kg) [F (1, 28) =11.95; p = 0.001764] on the

time of swimming (Fig. 1B). Post-hoc LSD test

showed significant difference between vehicle-treated

group and MIR + RIS (p = 0.0000001) but not between

MIR (p = 0.174227) and RIS (p = 0.986045).

Climbing time. The obtained results showed no

significant effect of MIR (5 mg/kg) [F (1, 28) = 0.02;

p = 0.902805], RIS (0.1 mg/kg) [F (1, 28) = 0.19; p =

0.663237] or co-administered MIR (5 mg/kg) and RIS

(0.1 mg/kg) [F (1, 28) = 4.10; p = 0.052552) on the

climbing time (Fig. 2B). Post-hoc LSD test showed

no significant difference between vehicle-treated

group and MIR (p = 0.189610) or RIS (p = 0.092353)

and MIR+ RIS (p = 0.824332).

Immobility time. Moreover, there was a significant

effect of MIR (5 mg/kg) [F (1, 28) = 18.47; p =

0.000188], RIS (0.1 mg/kg) [F (1, 28) = 4.52; p =

0.042238] or co-administered MIR (5 mg/kg) and

RIS (0.1 mg/kg) [F (1, 28) = 10.37; p = 0.003231] on

the immobility time (Fig. 2B). Post-hoc LSD test

showed a significant difference between vehicle-

treated group and MIR + RIS (p = 00097) but no sig-

nificant difference between vehicle-treated group and

MIR (p = 0.452876) or RIS (p = 0.445458).

The results in Figure 2B indicate that RIS at

a higher dose (0.1 mg/kg) increases the effect of MIR

(5 mg/kg) on the swimming and decreases on immo-

bility (but not climbing) time in the FST.

Swimming time. In the following experiment,

a two way ANOVA revealed a significant effect of

a higher dose of MIR (10 mg/kg) [F (1, 28) = 5.43;

p = 0.027190] or RIS (0.1 mg/kg) [F (1, 28) = 4.23;

p = 0.049151) but no effect of co-administration with

MIR (10 mg/kg) and RIS (0.1 mg/kg) [F (1, 28) =

4.14; p = 0.051551] on the swimming time (Fig. 2B).
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Fig. 2. The effect of mirtazapine (MIR, 5 and 10 mg/kg, ip) given
alone or in combination with risperidone (RIS) at a dose of
0.05 mg/kg, ip [A] or 0.1 mg/kg, ip [B]) on the swimming, climbing or
immobility time of rats in the forced swim test (FST). WAY 100635
(0.1 mg/kg, sc), MIR and RIS were administered three times; MIR at
23.5, 5 and 1 h before the test, RIS 30 min after MIR injection, and
WAY 100635 10 min before MIR administration. The results are pre-
sented as the mean ± SEM of eight animals/group and were evalu-
ated by two-way analysis of ANOVA followed by the LSD post-hoc
test; p * < 0.05, ** p < 0.001 vs. vehicle-treated group, ## p < 0.001 vs.
MIR + RIS-treated group

A

B



Post-hoc LSD test indicated a significant difference

between vehicle-treated group and MIR + RIS

(p = 0.004354) but no difference between MIR

(p = 0.835145) or RIS (p = 0.987223).

Climbing time. There was a significant effect of

MIR (10 mg/kg) [F (1, 28) = 9.18 p = 0.005220], RIS

(0.1 mg/kg) [F (1, 28) = 8.52; p = 0.006849] or co-

administered MIR (10 mg/kg) and RIS (0.1 mg/kg)

[F (1, 28) = 30.14; p = 0.000007] on the climbing time

(Fig. 2B). Post-hoc LSD test showed a significant

difference between vehicle-treated group and MIR +

RIS (p = 0.000241) but no difference for MIR (p =

0.092353) or for RIS (p = 0.78829).

Immobility time. Moreover, it was shown that there

was a significant effect of MIR (10 mg/kg) [F (1, 28)

=16.25; p = 0.000386] , for RIS (0.1 mg/kg) [F (1, 28)

= 15.05; p = 0.00058] or co-administered MIR

(10 mg/kg) and RIS (0.1 mg/kg) [F (1, 28) = 27.091;

p = 0.000016] on the immobility time (Fig. 2B).

Post-hoc LSD test showed a significant difference

between vehicle and MIR + RIS (p = 0.000005) but

no significant difference between vehicle-treated

group and RIS (p = 0.356573) or MIR (p = 0.413658).

The above results indicate that RIS at a higher dose

(0.1 mg/kg) also increases the effect of MIR at a dose

of 10 mg/kg on the swimming, climbing and immo-

bility time in the FST.

Exploratory activity of rats in the open field test

Administration of RIS (0.05 or 0.1 mg/kg), FLU

(10 mg/kg) or MIR (5 and 10 mg/kg) alone (like in the

FST) did not induce a significant change in the

exploratory activity of rats, as evaluated in the open

field test. Co-treatment with RIS at a dose of

0.1 mg/kg (but not at 0.05 mg/kg) and FLU

(10 mg/kg) evoked a statistically significant reduction

in exploratory activity (by 32, 39 and 52% for; time of

walking and ambulation, and peeping + rearing epi-

sodes, respectively, data not shown). Like in the case

of FLU, co-treatment with MIR (10 but not 5 mg/kg)

and RIS (0.1 but not 0.05 mg/kg) also significantly

decreased the exploratory activity of rats (by 22, 54

and 31%; time of walking, ambulation, and peeping

+ rearing episodes, respectively, data not shown).

Plasma corticosterone level

The effects of exposure to the FST and FLU

(10 mg/kg) given alone or in combination with RIS

(0.1 mg/kg) [A] or MIR (5 mg/kg) given alone or in

combination with RIS (0.05 mg/kg) [B] on the plasma

corticosterone concentration evaluated immediately

after FST are shown in Figures 3A and 3B, respec-

tively.

A two-way ANOVA revealed a significant effect of

FST [F (1, 35) = 30.59, p = 0.000003] and FLU

(10 mg/kg) [F (1, 35) = 31.26; p = 0.000003] but no ef-

fect of RIS (0.1 mg/kg) [F (1, 35) = 0.02, p = 0.896684]

(Fig. 3A). Post-hoc LSD test showed a significant

effect of FST vs. vehicle-treated group (p = 0.00001),

RIS (p = 0.000017), FLU (p = 0.00000) and FLU + RIS
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Fig. 3. The effect of exposure to the forced swim test (FST) and
fluoxetine (FLU, 10 mg/kg, ip) given alone or in combination with
risperidone (RIS, 0.1 mg/kg, ip) [A] or mirtazapine (MIR, 5 mg/kg, ip)
given alone or in combination with RIS (0.05 mg/kg, ip) [B] on plasma
corticosterone concentration immediately after the FST. FLU or MIR
and RIS were administration three times; FLU and MIR at 23.5, 5 and
1 h before the test, RIS 30 min after FLU or MIR injection. The results
are presented as the mean ± SEM of 7-8 animals/group and were
evaluated by a two-way ANOVA followed by the LSD post-hoc test;
* p < 0.001 vs. vehicle-/no-FST group, # p < 0.001 vs. FST-exposure
group

A

B



(p = 0.000000) but no significant difference between

FST and RIS (p = 0.874961) and a significant effect

between FST and FLU (p = 0.001708) or co-treatment

with FLU and RIS (p = 0.001740).

(p = 0.000000) but no significant difference between

FST and RIS (p = 0.874961) and a significant effect

between FST and FLU (p = 0.001708) or co-treatment

with FLU and RIS (p = 0.001740).

We decided to examine the effect of exposure to the

FST and MIR (5 mg/kg) given alone or in combination

with a lower dose of RIS (0.05 mg/kg) on plasma corti-

costerone concentration immediately after the FST. A

two-way ANOVA showed a significant effect of FST

[F (1, 35) = 45.24; p = 0.000000] but no effect of RIS

(0.05 mg/kg) [F (1, 35) = 0.01; p = 0.931854] and MIR

(5 mg/kg) [F (1, 35) = 0.14; p = 0.713154] (Fig. 3B).

Post-hoc LSD test showed a significant effect of FST

vs. vehicle-treated group (p = 0.000001), RIS (p =

0.000000), MIR (p = 0.00000) and MIR + RIS (p =

0.000002) but no significant difference between FST

and MIR (p = 0.589465) or RIS (p = 0.407115) and

co-treatment with MIR and RIS (p = 0.8551710).

The results in Figure 3 indicate that FST increases

plasma corticosterone level in rats, but neither FLU

(10 mg/kg), MIR (5 mg/kg) and RIS (0.1 or 0.05 mg/

kg) nor co-treatment with FLU (10 mg/kg) or MIR

(5 mg/kg) and RIS (0.1 or 0.05 mg/kg) decrease it.

Discussion

In the present study, we examined the effect of FLU

or MIR and a low dose of RIS, given separately or

jointly, on the activity of rats in the FST, and on the

plasma corticosterone level in those rats. The ob-

tained results showed that neither FLU (5 mg/kg) nor

MIR (5 mg/kg) given alone modified the activity of

rats (swimming, climbing and immobility time) in the

FST. The atypical antipsychotic drug RIS at lower

doses (0.05 and 0.1 mg/kg) also did not evoke

antidepressant-like effect in that test, whereas it en-

hanced the action of FLU (10 mg/kg) by increasing

the swimming time and decreasing the immobility

time, while the climbing time was not altered in those

rats. Moreover, WAY 100635 (a 5-HT1A receptor an-

tagonist) inhibited the antidepressant-like effect in-

duced by co-treatment with FLU and RIS. Joint treat-

ment with MIR and RIS revealed the antidepressant-

like activity in the FST since it increased not only the

swimming time but also the climbing time and de-

creased the immobility time of those animals. WAY

100635 (a 5-HT1A receptor antagonist) also inhibited

that antidepressant-like effect.

It is widely accepted that false positive effects in

the FST can be induced by various dopamine stimu-

lants used at doses that increase locomotor activity.

The present experiments showed that none of the

tested drugs, i.e., neither FLU nor MIR nor RIS given

alone or in combination enhanced exploratory activity

of rats. All the above data indicate that potentiation of

the antidepressant-like effect of FLU or MIR by RIS

in the FST did not reflect the increase in general activ-

ity, since the combined administration of the drugs

studied failed to enhance the exploratory activity,

measured in the open field test. In addition, the pres-

ent data also suggest that 5-HT1A receptors may be in-

volved in that effect. Correspondingly, it was earlier

shown that SSRI (FLU, sertraline and paroxetine) or

the 5-HT1A receptor agonists (8-OH-DPAT and gepi-

rone) selectively increased swimming and decreased

immobitity, while the selective noradrenaline reup-

take inhibitors (desipramine and maprotyline) selec-

tively increased climbing and decreased immobility in

the FST in rats, what indicates that enhancement of

5-HT transmission may mediate swimming behavior,

while enhancement of noradrenaline neurotransmis-

sion may mediate climbing behavior in the FST [8].

The present data are in line with the above observa-

tions that RIS enhanced the swimming time and de-

creased the immobility time after FLU (SSRI) in the

FST, what indicated that enhancement of 5-HT trans-

mission might mediate this action. On the other hand,

it is known that MIR enhances noradrenergic and

5-HT1A-mediated serotonergic neurotransmission by

antagonizing central a2-auto- and hetero-adreno-

receptors, but does not inhibit the uptake of nora-

drenaline and 5-HT. It also blocks 5-HT2 and 5-HT3
receptors and displays a very low affinity for dopa-

minergic receptors and high affinity for histamine H1
binding sites [7]. Since RIS enhanced the swimming

and climbing time, and decreased the immobility time

observed after MIR in the FST, an important role of

5-HT1A and noradrenaline receptors in mediating their

action has been suggested.

Like other inescapable stress paradigms, the FST

elevated blood corticosterone level. It is known that

increases in corticosterone level depend on the kind

and duration of stress, and are usually the highest af-

ter a single stress episode. It was found that the corti-

costerone plasma level rose about forty-fold immedi-

ately after a 20-min acute forced swimming [17]. In
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the model used in the present study in which rats were

subjected to pre-testing one day prior to the experi-

ments, plasma corticosterone concentrations meas-

ured immediately after the FST were approximately

up to twenty-fold higher than in the control, non-

stressed animals. Moreover, it is known that sub-

chronic administration of ADs decreased the stress-

induced corticosterone level in some experiments, but

often no effect or even increase was observed [5, 6,

10, 33]. In contrast to the acute treatment, a long-term

administration of ADs decreased stress-induced

ACTH and corticosterone levels in blood and corti-

cotropin-releasing hormone concentration in the hy-

pothalamus [3, 16]. Our present data indicate that

FLU increased corticosterone level, while MIR did

not change it, when measured immediately after the

FST. Co-treatment with FLU or MIR and RIS in-

creased corticosterone level to a similar extent as FLU

or MIR in those rats. Some earlier observations also

indicated that FLU elevated brain and plasma corti-

costerone concentration after sub-chronic treatment

[37]. In contrast, MIR and amitriptyline had no effect

on this level after subchronic treatment, possibly be-

cause both are also potent antagonists at the 5-HT2A
receptor [32], which mediates HPA axis stimulation

by serotonergic activity [2, 11]. On the other hand,

our preliminary (inedited) data indicated that repeated

FLU (but not RIS) treatment evoked an antidepres-

sant-like effect in the FST and also decreased plasma

corticosterone level (by 35%) in stressed rats sub-

jected to the FST, while co-treatment with FLU and

RIS decreased corticosterone level to a similar extent

as RIS in those rats.

In summary, the obtained results reveal that RIS

(a 5-HT2A receptor antagonist) applied in a low dose

enhances the antidepressant-like activity of FLU or

MIR in the FST in rats. Since the effect exerted by the

combination of AD (FLU or MIR) belonging to dif-

ferent pharmacological groups and RIS is inhibited by

WAY 100635 (a 5-HT1A receptor antagonist), an im-

portant role of 5-HT1A receptors in mediating their ac-

tion has been suggested. Moreover, co-treatment with

FLU or MIR and RIS did not decrease plasma corti-

costerone level in stressed rats subjected to the FST.
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