
Mechanism of synergistic action following

co-treatment with pramipexole and fluoxetine

or sertraline in the forced swimming test in rats

Zofia Rogó¿, Gra¿yna Skuza

���������� �	 
����������� ��������� �	 
����������� 
���� ������� �	 ��������� ������ ���


� ������ ��� !"� 
����

Correspondence: #�	�� $��!%� �����& ����'(�	����) �� �")�

Abstract:

The aim of the present study was to examine the effect of combined treatment of male Wistar rats with pramipexole and fluoxetine or

sertraline in the forced swimming test. The obtained results showed that co-treatment with pramipexole (0.1 mg/kg) and fluoxetine

(10 mg/kg) or sertraline (5 mg/kg) (in doses inactive per se) exhibited antidepressant-like activity in the forced swimming test.

Sulpiride (a dopamine D��� receptor antagonist) and WAY 100635 (a 5-HT�� receptor antagonist), either being ineffective in the

forced swimming test, inhibited the antidepressant-like effect induced by co-administration of pramipexole and fluoxetine or

sertraline. However, SCH 23390 (a dopamine D� receptor antagonist) did not alter the effect of pramipexole given jointly with

antidepressant drugs; on the other hand, S 33084 (a dopamine D� receptor antagonist) only partly decreased (in a statistically

insignificant manner) that effect. Moreover, progesterone and BD 1047 (a �� receptor antagonist) counteracted the

antidepressant-like effect induced by co-administration of pramipexole and sertraline (but not pramipexole and fluoxetine). In that

test, active behavior did not reflect the increases in general activity, since combined administration of pramipexole and fluoxetine or

sertraline failed to enhance the locomotor activity of rats. None of the tested drugs (SCH 23390, sulpiride, S 33084, WAY 100635,

BD 1047 and progesterone) – alone or in combination with pramipexole and fluoxetine or sertraline – changed locomotor activity.

The results described in the present paper indicate that co-administration of pramipexole and fluoxetine or sertraline may induce

a more pronounced antidepressive activity than does treatment with pramipexole alone, and that in addition to other mechanisms,

dopamine D��� and 5-HT�� receptors may contribute to the antidepressant-like activity of pramipexole and fluoxetine or sertraline in

the forced swimming test in rats. Moreover, �� receptors may constitute one of the possible mechanisms by which co-administration

of pramipexole and sertraline induces antidepressant-like activity in that test.
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Introduction

Behavioral and biochemical data indicate involve-

ment of a dopamine neurotransmitter system in the

pathophysiology of depression, as well as in the

mechanism of action of antidepressant drugs (ADs)

[6, 10, 29, 57, 60]. It has been shown that mesolimbic do-

pamine pathways are important to goal-directed be-

haviors, and that the hypofunction of this system may

mediate anhedonia and a motivational apathy [61],

i.e. behaviors which are the key features of major de-

pression.

Recent studies have focused on the potential role of

specific dopamine receptors, including the dopamine

D3 receptor, in depression. Unlike the D2 receptor
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which is widely distributed throughout the brain [16],

the D3 receptor shows a relatively restricted distribu-

tion and is highly expressed in limbic areas [28, 53],

i.e. regions involved in reward, emotional and cogni-

tive processes. Chronic treatment with ADs has been

reported to enhance D3 receptor binding in rats [30].

Furthermore, studies by Lammers et al. [22] revealed

a selective increase in dopamine D3 receptor gene ex-

pression in rats (versus D1 and D2) following chronic

treatment with fluoxetine and tranylcypromine, as

well as chronic ECS. The highly expressed dopamine

D3 receptor in limbic areas and the effect of ADs on

the expression of these receptors, indicate involve-

ment, not only D2, but also D3 receptors in the mecha-

nism of action of ADs [10, 29, 30, 38, 57, 60].

Pramipexole is a potent agonist belonging to the D2

subfamily of dopamine receptors [36, 37], which has

currently been approved for use in Parkinson’s dis-

ease [2, 15, 25, 47, 50, 58]. It has little activity to-

wards other receptor families, and within the D2 sub-

family it binds with the highest affinity to D3 recep-

tors. Some earlier studies showed that pramipexole

also revealed activity in animal models of depression,

including the chronic mild stress model [62] and the

forced swimming test in rats [32] or mice [51]. Our

earlier studies also demonstrated that pramipexole in-

creased the antidepressive effect of imipramine and

amitriptyline in the forced swimming test [32]. Inter-

estingly, the selective serotonin reuptake inhibitors

(SSRI) citalopram, fluoxetine and sertraline which,

when given alone, were inactive in the forced swim-

ming test in rats, enhanced the positive effect of

pramipexole (reduction of the immobility time) [31,

32]. Furthermore, clinical studies reported efficacy of

pramipexole either alone or as an adjunct to the ther-

apy with ADs in depressed patients [9, 11, 19, 20, 23,

43, 54, 63]. It is well established that all the currently

used ADs show therapeutic efficacy in a maximum of

60–70% of depressive patients. The problem of AD-

resistant depression has been the subject of an exten-

sive study, and alternative treatments have been pro-

posed (e.g. co-administration of ADs and dopamine

D3 agonists).

Since a combination of pramipexole, a dopamine

D3 receptor agonist, and ADs (including SSRI) may

help reduce their doses and, in consequence, also their

side-effects, the aim of the present study was to exam-

ine the effect of combined treatment with pramipex-

ole and fluoxetine or sertraline (at an ineffective dose)

in the forced swimming test in rats (an animal model

of depression). Additionally, we used dopamine (D1,

D2/3, D3), 5-HT1A and sigma1 (�1) receptor antago-

nists to determine the role of those receptors in the

antidepressant-like effect induced by joint treatment

with pramipexole and fluoxetine or sertraline in the

forced swimming test.

Materials and Methods

Animals and drug treatment

The experiments were carried out on male Wistar rats

(250–270 g). The animals had free access to food and

water and were kept at a constant room temperature

(22 ± 1oC) on a 12-h light/dark cycle (light on at

07.00 h). Pramipexole (sc), fluoxetine and sertraline

(ip), SCH 23390, sulpiride, S 33084 and BD 1047 (ip)

and WAY 100635 or progesterone (sc) were dissolved

in saline. All the drugs were injected in a volume of

2 ml/kg. Each experimental group consisted of 8 na-

ive animals/dose, and the animals were used only

once in each test. The experiments were performed by

an observer blind to the treatment. All the experimen-

tal procedures were approved by the Local Bioethics

Commission at the Institute of Pharmacology, Polish

Academy of Sciences in Kraków.

Substances used

BD 1047 (N-[2-(3,4-dichlorophenyl)ethyl]-N-methyl-

2-(dimethylamino) ethylamine dihydrobromide (BD

1047, Tocris Bioscience, Ellisville, USA), fluoxetine

hydrochloride (FLU, Farmacom, Kraków, Poland),

pramipexole dihydrochloride (PRA, Boehringer-

Ingelheim, Germany), R(+)-SCH 23390 hydrochlo-

ride (R(+)-7-chloro-8-hydroxy-3-methyl-l-phenyl-2,2,4,5-

tetrahydro- 1H-3-benzazepine hydrochloride) and (–) sul-

piride (Research Biochemicals Inc., Natick, USA),

sertraline hydrochloride (SER, Pfizer GmbH, Karls-

ruhe, Germany), N-{2-[4-(2-methoxyphenyl)-1-piperazi-

nyl]ethyl}-N-(2-pyridinyl)-cyclohexane-carboxamide tri-

hydrochloride (WAY 100635; synthesized by Dr. J.

Boksa, Institute of Pharmacology, Polish Academy of

Sciences, Kraków, Poland).
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Forced swimming (Porsolt’s) test

The animals were subjected to two trials during which

they were forced to swim in a measuring flask (40 cm

high, 18 cm in diameter) filled with water (23–25oC)

up to a height of 15 cm. There was a 24-h interval be-

tween the first and second trials; the first trial lasted

15 min, the second 5 min. The total duration (s) of im-

mobility was measured during the second trial [45].

Pramipexole (0.1 mg/kg), fluoxetine (5 or 10 mg/kg)

and sertraline (2.5 or 5 mg/kg) were given three times

at 24, 5 and 1 h before the test. In separate groups,

pramipexole (0.1 mg/kg) was injected jointly with

fluoxetine (5 and 10 mg/kg) or sertraline (2.5 and

5 mg/kg), either being given three times as described

above. SCH 23390 (0.5 mg/kg), sulpiride (10 mg/kg)

and S 33084 (0.2 mg/kg) were given (ip) at 30 min,

and WAY 100635 (0.1 mg/kg), BD 1047 (3 mg/kg ip)

or progesterone (20 mg/kg) (sc) at 15 min before joint

treatment with pramipexole and ADs. Each group

consisted of 8 rats.

Locomotor activity

Pramipexole (0.1 mg/kg), fluoxetine (5 or 10 mg/kg)

and sertraline (2.5 or 5 mg/kg) were given three times

at 24, 5 and 1 h before the test (like in the forced

swimming test). Also pramipexole (0.1 mg/kg) was

given in combination with fluoxetine (5 and 10 mg/kg)

or sertraline (2.5 and 5 mg/kg) at 24, 5 and 1 h before

the test. Dopamine receptor antagonists (SCH 23390,

sulpiride and S 33084) and a 5-HT1A receptor antago-

nist (WAY 100635) or sigma1 (�1) receptor antago-

nists were examined (like in the forced swimming

test). Locomotor activity was measured in photoresis-

tor actometers (two light beams, two photoresistors;

L × W × H = 40 × 40 × 25 cm) [31], in which the ani-

mals were individually placed. Activity counts were

recorded for 30 min. Each group consisted of 8 rats.

Data analysis

The data were evaluated by a one-way analysis of

variance (ANOVA), followed, when appropriate, by

individual comparisons with the control using Dun-

nett’s test.

Results

Forced swimming (Porsolt’s) test

Pramipexole (0.1 mg/kg) did not change the immobil-

ity time in the forced swimming test (Figs. 1, 2 and 3).

Neither fluoxetine (5 and 10 mg/kg) nor sertraline

(2.5 and 5 mg/kg) modified the immobility time in

rats. Joint administration of pramipexole (0.1 mg/kg)

and fluoxetine (10 mg/kg), or pramipexole (0.1 mg/kg)

and sertraline (5 mg/kg) produced antidepressant-like

activity in the forced swimming test, decreased the

immobility time (Figs. 2 and 3). A lower dose of

fluoxetine (5 mg/kg) or sertraline (2.5 mg/kg) did not

enhance the effect of pramipexole (0.1 mg/kg) in that

test (Fig.1). Sulpiride (10 mg/kg) and WAY 100635

(0.1 mg/kg) were ineffective in the forced swimming

test (data not shown), but they inhibited the

antidepressant-like effect induced by co-administration

of pramipexole and fluoxetine (10 mg/kg) (Fig. 2), or

pramipexole and sertraline (5 mg/kg) (Fig. 3). On the

other hand, neither SCH 23390 (0.5 mg/kg) nor

S 33084 (0.2 mg/kg) changed the immobility time

(data not shown) nor did SCH 23390 alter the effect

of pramipexole when given jointly with ADs. S 33084

only partly decreased (in a statistically insignificant

manner) the effect of pramipexole + fluoxetine, or

pramipexole + sertraline (Figs. 2A and 3A). Moreo-
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ver, progesterone (20 mg/kg) and BD 1047 (3 mg/kg)

did not modify immobility time (data not shown), but

it inhibited the antidepressant-like effect induced by

co-administration of pramipexole and sertraline (Fig.

3B), but not PRA and FLU (Fig. 2B).

Locomotor activity

None of the tested drugs: pramipexole (0.1 mg/kg),

fluoxetine (10 mg/kg), sertraline (5 mg/kg) – alone or

in combination with pramipexole (0.1 mg/kg) and

fluoxetine (10 mg/kg) or sertraline (5 mg/kg) –

changed the locomotor activity of rats (data not

shown). The dopamine receptor antagonists SCH

23390 (0.5 mg/kg), S 23390 (0.2 mg/kg) and sulpiride

(10 mg/kg), or the 5-HT1A receptor antagonist WAY

100635 (0.1 mg/kg) and progesterone (20 mg/kg) or

BD 1047 (3 mg/kg) at the doses used in the forced
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swimming test neither changed the locomotor activity

in a statistically significant manner, nor did they de-

crease the effects induced by joint administration of

pramipexole and fluoxetine, or pramipexole and ser-

traline (data not shown).

Discussion

In the present study, we examined the effect of com-

bined treatment with pramipexole (a dopamine D3 re-

ceptor agonist) and SSRI (fluoxetine or sertraline) in

the forced swimming test in rats. Our results showed

that co-treatment of pramipexole and fluoxetine or

sertraline at doses inactive per se produced anti-

depressant-like activity in the forced swimming test

since they reduced the immobility time of rats. Our

earlier studies revealed that pramipexole at a higher

dose (0.3 mg/kg) produced antidepressant-like activ-

ity in the forced swimming test in rats, and that joint

treatment with pramipexole (0.3 mg/kg) and imi-

pramine or amitriptyline (at doses active per se)

evoked a more potent antidepressant effect than did

administration of either of those substances alone

[32]. The interaction was particularly interesting in

the case of SSRIs, since co-administration of

pramipexole at an active dose (0.3 mg/kg) and SSRIs

(citalopram, fluoxetine and sertraline) at doses inac-

tive per se enhanced the antidepressant effect of

pramipexole in Porsolt’s test in rats [31, 32]. It is

noteworthy that SSRI do not show antidepressant-like

activity in the forced swimming test in rats, carried

out in accordance with the original method of Porsolt

[2–4, 31, 45]. Some authors described positive effects

when higher doses of SSRIs were used, or when the

test was conducted on mice [33, 40]. Moreover, Detke

and Lucki [13] and Detke at al. [14] reported positive

effects of such SSRIs as fluoxetine or sertraline in

rats, when a modified forced swimming procedure

was employed, using the separate scoring of immobil-

ity, swimming, climbing and diving.

It is generally accepted that in the forced swim-

ming test false positive effects can be induced by vari-

ous dopamine stimulants used at doses increasing lo-

comotor activity. In our experiment, neither

pramipexole, nor fluoxetine, nor sertraline per se en-

hanced locomotor activity, nor did co-administration

of those compounds increase locomotor activity. It is,

therefore, unlikely that the positive effect observed in

the forced swimming test was a simple consequence

of general behavioral stimulation. It also seems un-

likely that pharmacokinetic interactions between

pramipexole and SSRI can contribute to the evident

action in the forced swimming test, since a combina-

tion of the examined agents failed to change behav-

ioral activity in the locomotor activity test.

Furthermore, our present study showed that sul-

piride (a dopamine D2/3 antagonist [27]) given in the

dose ineffective in the forced swimming test inhibited

the antidepressant-like effect induced by co-admi-

nistration of pramipexole and fluoxetine, or

pramipexole and sertraline. In contrast, SCH 23390

(a dopamine D1 antagonist) did not change the

antidepressant-like effect evoked by joint treatment

with pramipexole and fluoxetine or sertraline, but

S 33084 (a dopamine D3 antagonist [39]) only partly

decreased that effect of pramipexole given with

SSRIs. Moreover, WAY 100635 (a 5-HT1A antagonist

[17]) at the dose inactive in Porsolt’s test, decreased

the antidepressant-like effect of pramipexole given

with fluoxetine or sertraline. The above results sug-

gest that probably dopamine D2/3 and 5-HT1A (but not

dopamine D1) receptors may play a role in

antidepressant-like effects of pramipexole and SSRIs

(fluoxetine or sertraline) in the forced swimming test

in rats.

Siuciak and Fujiwara [51] also showed that

pramipexole reduced immobility time in the forced

swimming test in mice, and that LU-201640, a D3 se-

lective antagonist, failed to block the antidepressant-

like effect of that drug. In contrast, the efficacy of

pramipexole was completely blocked by the D2 an-

tagonist haloperidol in the forced swimming test. No

baseline differences were observed between knockout

(C57BL/6J and B6129SF2/J) and wide-type mice of

either background strain in locomotor activity or per-

formance in the forced swimming test. Furthermore,

in both background strains, pramipexole showed

a similar efficacy in both wide-type and knockout

mice in the forced swimming test. The above results

suggest that the D2 receptor rather than the D3 one is

important to the antidepressant-like activity observed

for pramipexole in the mouse forced swimming test.

On the other hand, there have been significant and

consistent findings that AD treatments affect neuro-

transmission at dopamine synapses, including the sen-

sitization of D2 and D3 receptor-mediated responses

in the mesolimbic system. The mechanism of these ef-
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fects, which still remains unclear, may reflect changes

occurring in non-dopamine systems that interact with

the dopaminergic synapse in the frontal cortex [18]. It

has been suggested that SSRIs acting on the seroto-

nergic system may indirectly affect dopamine path-

ways and that this action may play a role in

antidepressant-like effects [8, 18, 55]. Moreover, nu-

merous studies have shown neuronal connections be-

tween the dopamine and serotonin brain systems.

Connections between serotonergic axons and dopa-

minergic cells in the substantia nigra and a nigro-

raphe pathway exist, suggesting either an indirect or

direct connection between the cell bodies of dopamin-

ergic and serotonergic neurons [21, 24]. Also micro-

dialysis studies have demonstrated interactions be-

tween the serotonergic system and dopaminergic ac-

tivity. For example, serotonergic stimulation of the

prefrontal cortex [7], the striatum [42, 59], the limbic

forebrain [42] or the nucleus accumbens [5, 41]

potently released dopamine.

Recent studies indicate that � binding sites abound

in limbic brain regions such as, e.g., the hippocampus

and amygdala are involved in the modulation of emo-

tional response [12]. Moreover, some ADs, e.g. ser-

traline, fluvoxamine (but not fluoxetine) [48, 49] or

opipramol [46], show high affinity for �� binding

sites; furthermore, �1 receptors may play some role in

the mechanism of antidepressant action [26, 48, 52].

Also a potent antidepressant activity of �1 agonists

(igmesine and OPC 14523) has been demonstrated by

preclinical studies [1, 56]. Our present study showed

that progesterone, a �1 receptor antagonistic neu-

rosteroid, or BD 1047, a novel � receptor antagonist

with preferential affinity for �1 sites [34, 35], given in

a dose inactive per se inhibited the antidepressant-like

effect induced by co-administration of pramipexole

and sertraline (but not pramipexole and fluoxetine).

The lack of effect of �1 receptor antagonists on the

shortening of the immobility time of rats after joint

administration of pramipexole and fluoxetine seems

to be connected with a considerably poorer fluoxetine

affinity for �1 receptors than that shown by sertraline.

In the case of fluoxetine, still another mechanism may

be involved. Of the SSRIs tested, fluoxetine the most

potently enhanced the synthesis of allopregnanolone

which has no significant affinity for �1 receptors, but

shows an antidepressant-like effect [44]. Since sertra-

line exhibits high affinity for �1 binding sites, the

above results indicate that �1 receptors may constitute

one of the possible mechanisms by which sertraline

induces antidepressant-like activity in the forced

swimming test [31], and that this effect may be en-

hanced by pramipexole (a dopamine D3 receptor ago-

nist).

In conclusion, the results obtained in the present

study indicate that pramipexole, a dopamine D3 ago-

nist, interacts with SSRI (fluoxetine or sertraline) in

the forced swimming test in rats, and that in addition

to other mechanisms, dopamine D2/3 and 5-HT1A re-

ceptors may play a role in the antidepressant-like ef-

fect of pramipexole and fluoxetine or sertralione in

that test in rats. Moreover, the above-described results

indicate that �1 receptors may be one of the possible

mechanisms by which co-administration of pramipex-

ole and sertraline induces antidepressant-like activity

in the forced swimming test. Since a combination of

pramipexole, a dopamine D3 receptor agonist, and an

antidepressant drug (including SSRI) may help reduce

their doses and, in consequence, also their side-

effects, these findings may be of particular impor-

tance in the case of drug-resistant patients, and may

suggest a method of obtaining significant antidepres-

sant actions while limiting side-effects.
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