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Clinical data suggest that coadministration of pindolol, a 5-HT
��

/5-HT
��

/
�-adrenoceptor antagonist, and selective serotonin reuptake inhibitors (SSRIs)
may shorten the time of onset of a clinical action and may increase beneficial
effects of the therapy of drug-resistant depression. Effects of combined ad-
ministration of SSRIs and 5-HT receptor ligands are currently evaluated in
animal models for the detection of an antidepressant-like activity; however,
the obtained results turned out to be inconsistent. The aim of the present
study was to investigate effects of a 5-HT

��
antagonist (WAY 100635), 5-HT

��

antagonists (SB 216641 and GR 127935) or pindolol, given in combination
with paroxetine or fluoxetine (SSRIs), in the forced swimming test in rats
(Porsolt test). When given alone, paroxetine (10 and 20 mg/kg), fluoxetine
(10 and 20 mg/kg), WAY 100635 (0.1 and 1 mg/kg), SB 216641 (2 mg/kg),
GR 127935 (10 and 20 mg/kg) and pindolol (4 and 8 mg/kg) did not shorten
the immobility time of rats in that test. Interestingly, SB 216641 adminis-
tered alone at a dose of 4 mg/kg produced a significant reduction of the im-
mobility time in that test. A combination of paroxetine (20 mg/kg) and WAY
100635 or pindolol failed to reveal a significant interaction; on the other
hand, when paroxetine was given jointly with SB 216641 (2 mg/kg) or GR
127935 (10 and 20 mg/kg), that combination showed a significant antiimmo-
bility action in the forced swimming test in rats. The active behaviors in that
test did not reflect increased general activity because combined administra-
tion of both the 5-HT

��
antagonists and paroxetine failed to alter the loco-

motor activity of rats, measured in the open field test. Coadministration of
fluoxetine and all the antagonists used did not affect the behavior of rats in
the forced swimming test. The obtained results seem to indicate that block-
ade of 5-HT

��
receptors, but not 5-HT

��
ones, can facilitate the antidepres-

sant-like effect of paroxetine in the forced swimming test in rats. No interac-
tion was observed between fluoxetine and 5-HT

��
/5-HT

��
receptor antago-

nists.
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INTRODUCTION

The serotonin (5-hydroxytryptamine, 5-HT) sy-
stem is implicated in the pathogenesis of depres-
sive symptoms in humans. Drugs acting on the
5-HT system, e.g. selective serotonin reuptake in-
hibitors (SSRIs), are frequently used for treating
depression. However, despite a rapid onset of the
uptake blockade in humans, the earliest signs of
therapeutic improvement in depression are not ob-
served before the second week of treatment with
SSRIs. A delay in the onset of the therapeutic effect
of antidepressants, as well as the fact that not all
patients respond to a particular antidepressant drug
are characteristic of antidepressants with a different
mechanism of action [56].

The results of rat microdialysis studies indicate
relative importance of 5-HT�� and 5-HT�" autore-
ceptors in the mechanism of action of SSRIs;
moreover, they suggest that it is possible to accele-
rate the onset and, maybe, to increase the efficacy
of treatment with SSRIs by their combined admini-
stration with autoreceptor-blocking drugs [28, 36].
In fact, some of clinical data suggest that coadmi-
nistration of pindolol, a 5-HT��/5-HT�"/�-adreno-
ceptor antagonist, and SSRIs can shorten the time
of onset of the clinical action and can enhance
beneficial effects in a therapy-resistant depression
[2, 6, 7, 39, 47, 57]. On the other hand, several
equally well conducted studies could not support
these findings [4, 5, 19]. Effects of joint admini-
stration of SSRIs and 5-HT�� and/or 5-HT�" recep-
tor ligands were evaluated in animal models for de-
tection of an antidepressant-like activity. The forced
swimming test is sensitive to all major classes of
antidepressants [10, 40, 41] though some inconsis-
tency has been reported regarding compounds act-
ing on the 5-HT system [9]. It was shown that pin-
dolol enhanced the antiimmobility effect of the
subactive doses of fluoxetine, citalopram, fluvox-
amine and paroxetine in mice [44, 45], while in rats
a combination of fluoxetine and pindolol failed to
produce a significant interaction [37]. Combination
of SSRIs and the selective 5-HT�� receptor antago-
nist WAY 100635 resulted in attenuation of the be-
havioral effects of fluoxetine in Porsolt’s test in rats
[37]. Another 5-HT�� receptor antagonist, WAY
100135, enhanced the effect of fluoxetine, but not
that of fluvoxamine, in that test in mice [16]. In the
mouse tail suspension test, WAY 100135 was with-
out effect on the antidepressant-like action of pa-

roxetine, while GR 127935, a 5-HT�"#�$ receptor
antagonist, blocked the effect of this SSRI [38].
Moreover, it was demonstrated that in the presence
of pindolol, the antidepressant-like action of flu-
voxamine was accelerated in a chronic mild stress
model in rats [53]. On the other hand, in the olfac-
tory bulbectomized rats, neither pindolol [14] nor
WAY 100635 [15] enhanced the effect of paroxet-
ine. According to Cousins and Seiden [13], WAY
100635 produced differential effects on the beha-
vioral responses of rats induced by fluoxetine in
differential reinforcement low rate 72-s schedule
model; the behaviorally inactive dose of fluoxetine
produced an antidepressant-like effect when it was
given in combination with WAY 100635, whereas
the effect of a behaviorally active dose of fluo-
xetine was blocked by pre-treatment with WAY
100635.

In the light of the above data, in the present
study we investigated the interaction between 5-HT��

and/or 5-HT�"#�$ receptor antagonists and SSRIs;
we examined WAY 100635, a 5-HT�� receptor an-
tagonist [21], as well as GR 127935 [52, 54] and
SB 216641 [25, 49], 5-HT�"#�$ antagonists and
pindolol, a 5-HT��#�"/�-adrenoceptor antagonist
[34], used in combination with either fluoxetine or
paroxetine, in the forced swimming test in rats. To
the best of our knowledge, the effect of joint ad-
ministration of selective 5-HT�"#�$ receptor an-
tagonists and SSRIs, as well as the interaction be-
tween paroxetine and WAY 100635 or pindolol in
the forced swimming test in rats have not been
studied so far. Furthermore, those studies were also
the first to determine whether the recently de-
scribed 5-HT�"#�$ antagonists (GR 127935 and SB
216641) affected the behavior of rats in that test.

MATERIALS and METHODS

The experiments were carried out on male Wis-
tar rats weighing 220–240 g. The animals were
kept in groups of eight to a cage (60 × 38 × 20 cm),
at a temperature of 20 ± 1°C, and had free access to
food (standard laboratory pellets) and water. All the
investigations were conducted in the light phase, on
a natural light cycle (from March to December),
between 9 a.m. and 14 p.m. The animals were used
only once in each test. All the experimental proce-
dures were approved by the Animal Care and Use
Committee at the Institute of Pharmacology, Polish
Academy of Sciences in Kraków.
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Drugs and treatment

The following drugs were used: N-[3-(2-dime-
thylamino)ethoxy-4-methoxyphenyl]-2’-methyl-4’-
(5-methyl-1,2,4-oxadiazol-3-yl)-(1,1’-biphenyl)-4-
-carboxamide hydrochloride (SB 216641, Tocris,
Cookson Inc., Bristol, UK), fluoxetine (hydrochlo-
ride, Eli Lilly and Company, Indianapolis, Ind.,
USA), N-[4-methoxy-3-(4-methyl-1-piperazinyl)-
phenyl]-2’-methyl-4’-(5-methyl-[1,2,4]oxadiazol-3-
yl)1,1’-biphenyl-4-carboxamide hydrochloride, (GR
127935, Glaxo SmithKline, Stevenage, UK), N-{2-
[4-(2-methoxyphenyl)-1-piperazinyl]ethyl}-N-(2-py-
ridynyl) cyclohexanecarboxamide trihydrochloride
(WAY 100635; synthesized by Dr. J. Boksa, Insti-
tute of Pharmacology, Polish Academy of Sciences,
Kraków, Poland), paroxetine (hydrochloride hemi-
hydrate, SmithKline Beecham Pharmaceuticals,
Philadelphia, Pa., USA) and pindolol (Research
Biochemicals Inc., Natick, Ma, USA). SB 216641,
WAY 100635 and fluoxetine were dissolved in dis-
tilled water; GR 127935, pindolol and paroxetine
were suspended in a 1% aqueous solution of Tween
80 immediately before administration. All the com-
pounds were administered at a volume of 2 ml/kg,
WAY 100635 was injected subcutaneously, the re-
maining compounds – intraperitoneally. Paroxetine
and fluoxetine were given at 60 min, SB 216641,
GR 127935, WAY 100635 and pindolol – at 75 min
before the test. Control rats received the vehicle ac-
cording to the same schedule. Dosage and time
schedules and the route of administration were
based on the experiments in vivo using these com-
pounds [13,18, 24, 25, 33, 37, 38, 42–45].

Forced swimming test

The studies were carried out on rats according
to the method of Porsolt et al. [40]. Briefly, the ani-
mals were placed individually in plexiglass cylin-
ders (40 cm in height; 18 cm in diameter), contain-
ing 15 cm of water maintained at 25°C. After 15
min, they were removed to a drying room (30°C)
for 30 min. The rats were replaced in the cylinder
24 h later, and the total duration of immobility was
measured for a 5-min test period. The time during
which the animals were immobile was measured by
two experimenters unaware of the treatment the
rats had received.

Open field test

The studies were carried out on rats according
to a slightly modified method of Janssen et al. [32].
The centre of an open arena (1 m in diameter, di-
vided into six symmetrical sectors without walls)
was illuminated with a 75 W electric bulb, hung
75 cm above it. During all the experiments the
laboratory room was dark. Individual control or
drug-injected animals were placed gently in the
centre of the arena and were allowed to explore
freely. The time of walking, ambulation (the num-
ber of crossings of sector lines) and the number of
rearing and peeping episodes (looking under the
edge of the arena) were recorded for 3 min. Beha-
vioral responses were recorded by an experimenter
unaware of the treatment.

Statistical analysis

The obtained data were presented as the mean
± SEM, and were evaluated by a one-way analysis
of variance followed by the Dunnett’s test (when
only one drug was given), or by an analysis of vari-
ance with comparisons between individual groups
by the Newman-Keuls post-hoc test (when two
drugs were used).

RESULTS

Effects of the tested compounds given

alone in the forced swimming test

SSRIs, paroxetine (10 and 20 mg/kg) and fluoxe-
tine (10 and 20 mg/kg); silent 5-HT�� receptor anta-
gonist, WAY 100635 (0.1 and 1 mg/kg); 5-HT�"#�$

receptor antagonists, SB 216641 (2 mg/kg) and GR
127935 (10 and 20 mg/kg) and 5-HT��#�"/�-adre-
nergic antagonist (partial), pindolol (4 and 8 mg/kg)
given alone did not show any significant effect in
the forced swimming test. SB 216641 administered
at a dose of 4 mg/kg was found to significantly re-
duce the immobility of rats in that test (Tab. 1).

Interaction of paroxetine with WAY

100635, SB 216641, GR 127935 or

pindolol in the forced swimming test

The results presented in the Table 2 show the
effect of paroxetine in the forced swimming test in
rats pretreated with 5-HT�� and/or 5-HT�" receptor
antagonists. Neither WAY 100635 (0.1 and 1 mg/kg)
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nor pindolol (4 and 8 mg/kg) induced any signifi-
cant effects given jointly with paroxetine (20
mg/kg) in that test. Coadministration of SB 216641
(2 mg/kg) or GR 127935 (10 and 20 mg/kg) and
paroxetine (20 mg/kg) induced significant antiim-
mobility effects in rats.

Interaction of fluoxetine with WAY

100635, SB 216641, GR 127935 or

pindolol in the forced swimming test

The results shown in Table 3 demonstrated no
significant interaction between WAY 100635 (0.1

and 1 mg/kg), SB 216641 (2 mg/kg), GR 127935
(10 and 20 mg/kg) or pindolol (4 and 8 mg/kg) and
fluoxetine (20 mg/kg).

Interaction of paroxetine with SB 216641

or GR 127935 in the open field test

The possibility that efficacy of paroxetine given
in combination with 5-HT�" antagonists was re-
lated to enhanced locomotor activity was excluded
since the compounds SB 216641 (2 and 4 mg/kg),
GR 127935 (10 and 20 mg/kg) and paroxetine (20
mg/kg) given alone or in combination did not
change the exploratory activity of the rats evalu-
ated by the open field test (Tab. 4).

DISCUSSION

The present study shows that paroxetine and
fluoxetine given alone, either of them at doses of
10 and 20 mg/kg, do not reduce the immobility
time of rats in the forced swimming test. These re-
sults are in line with the findings of several other
studies which demonstrate that SSRIs are devoid of
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Table 1. The effect of paroxetine, fluoxetine, WAY 100635, SB
216641, GR 127935 and pindolol on the immobility time in the
forced swimming test in rats

Treatment Dose
(mg/kg)

Immobility time (s)
mean ± SEM

Vehicle – 248.9 ± 12.8

Paroxetine 10 260.9 ± 12.1

20 231.0 ± 11.9

Vehicle – 258.8 ± 7.8

Fluoxetine 10 229.4 ± 8.5

20 240.6 ± 6.1

Vehicle – 244.8 ± 7.9

WAY 100635 0.1 258.8 ± 9.9

1 230.9 ± 6.9

Vehicle – 260.4 ± 10.4

SB 216641 2 241.0 ± 9.5

4 175.4 ± 13.1�

Vehicle – 248.4 ± 4.1

GR 127935 10 227.8 ± 8.1

20 242.6 ± 9.8

Vehicle – 244.8 ± 7.9

Pindolol 4 254.3 ± 10.2

8 247.8 ± 12.1

Paroxetine and fluoxetine were administered 60 min, WAY
100635, SB 216641, GR 127935 and pindolol 75 min before the
test; n = 8 rats per group, � p < 0.01 vs respective vehicle (Dun-
nett’s test)

Table 2. The effect of paroxetine in the forced swimming test in
rats pretreated with 5-HT��and/or 5-HT�� receptor antagonists

Treatment (mg/kg) Immobility time (s)
mean ± SEM

Vehicle + vehicle 228.1 ± 13.1

Vehicle + paroxetine (20) 216.6 ± 9.9

WAY 100635 (0.1) + paroxetine (20) 221.8 ± 11.7

WAY 100635 (1) + paroxetine (20) 233.9 ± 7.4

Vehicle + vehicle 251.9 ± 9.2

Vehicle + paroxetine (20) 228.9 ± 15.4

SB 216641 (2) + paroxetine (20) 174.3 ± 9.8���

GR 127935 (10) + paroxetine (20) 204.0 ± 12.9�

GR 127935 (20) + paroxetine (20) 118.9 ± 12.2���

Vehicle + vehicle 253.9 ± 7.6

Vehicle + paroxetine (20) 263.3 ± 7.7

Pindolol (4) + paroxetine (20) 236.4 ± 8.7

Pindolol (8) + paroxetine (20) 246.0 ± 15.5

WAY 100635, SB 216641, GR 127935 and pindolol were ad-
ministered 75 min, paroxetine 60 min before the test; n = 8 rats
per group, � p < 0.05, � p < 0.01 vs vehicle + vehicle, � p < 0.01
vs vehicle + paroxetine (Newman-Keuls test)



any activity in this test in rats, whereas in mice they
reduce the immobility time [9, 10]. The mechanism

of action of SSRI administered acutely presumably
consists in inhibition of the neuronal uptake of
5-HT. Although both the SSRIs used in the present
study display distinct selectivity for 5-HT neuronal
uptake sites, it is apparent – regarding their IC(&

values – that paroxetine is more potent in inhibiting
the reuptake of 5-HT [30, 31]. Neurochemical studies
have shown that SSRIs (including paroxetine and
fluoxetine) markedly increase 5-HT concentration
in the vicinity of 5-HT-containing cells in the mid-
brain raphe nuclei, which leads to activation of
5-HT�� autoreceptors and in consequence results in
inhibition of cell firing and reduction of 5-HT re-
lease in the forebrain [3]. Terminal autoreceptors
(5-HT�" receptors) further limit the increase in the
level of synaptic 5-HT produced by SSRIs [26].
A number of reports provide evidence that acute
treatment of SSRIs combined with 5-HT�� and/or
5-HT�" receptor antagonists reverses these effects
and leads to an enhanced 5-HT release in terminal
regions. Subsequently, it has been suggested that
the role of serotoninergic autoreceptors of the
5-HT�� and the 5-HT�" subtypes is crucial to the
mechanism of action of SSRI antidepressants [22,
23, 28, 36]. Numerous papers describing the inter-
action between SSRIs and 5-HT�� and/or 5-HT�"

receptor ligands in animal models of depression
have reported diverse results (see Introduction).
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Table 3. The effect of fluoxetine in the forced swimming test in
rats pretreated with 5-HT�� and/or 5-HT�� receptor antagonists

Treatment (mg/kg) Immobility time (s)
mean ± SEM

Vehicle + vehicle 230.4 ± 8.2

Vehicle + fluoxetine (20) 247.5 ± 11.2

WAY 100635 (0.1) + fluoxetine (20) 257.1 ± 12.3

WAY 100635 (1) + fluoxetine (20) 254.2 ± 10.1

Vehicle + vehicle 259.6 ± 8.3

Vehicle + fluoxetine (20) 240.1 ± 15.3

SB 216641 (2) + fluoxetine (20) 232.6 ± 10.8

GR 127935 (20) + fluoxetine (20) 238.3 ± 9.8

Vehicle + vehicle 247.5 ± 13.1

Vehicle + fluoxetine (20) 249.9 ± 11.0

Pindolol (4) + fluoxetine (20) 253.4 ± 10.3

Pindolol (8) + fluoxetine (20) 260.3 ± 10.5

WAY 100635, SB 216641, GR 127935 and pindolol were ad-
ministered 75 min, fluoxetine 60 min before the test; n = 8 rats
per group

Table 4. The effect of SB 216641, GR 1279 35 and paroxetine given alone or in combination on exploratory activity in the open field
test in rats

Treatment (mg/kg) Exploratory activity

Time of walking (s) Ambulation Peeping + rearing

Vehicle 37.3 ± 4.6 13.3 ± 1.3 13.8 ± 2.2

SB 216641 (2) 36.3 ± 3.2 13.8 ± 1.9 10.3 ± 1.2

SB 216641 (4) 36.0 ± 3.6 15.0 ± 2.2 11.8 ± 1.7

GR 127935 (10) 38.3 ± 4.5 14.0 ± 1.8 10.2 ± 1.4

GR 127935 (20) 32.7 ± 5.8 12.7 ± 2.8 10.7 ± 2.4

Vehicle + vehicle 36.7 ± 3.7 15.5 ± 2.7 13.3 ± 2.1

Vehicle + paroxetine (20) 28.8 ± 5.4 10.7 ± 2.8 7.0 ± 0.8

SB 216641 (2) + paroxetine (20) 43.8 ± 4.3 18.3 ± 2.3 10.2 ± 1.8

GR 127935 (10) + paroxetine (20) 32.2 ± 4.6 12.2 ± 1.7 9.8 ± 1.7

GR 127935 (20) + paroxetine (20) 31.2 ± 4.5 13.8 ± 2.9 10.7 ± 2.4

SB 216641 and GR 127935 were administered 75 min, paroxetine 60 min before the test. The values shown are the mean ± SEM;
n = 6 rats per group



The results of the present study showed that ad-
ministration of WAY 100635, a 5-HT�� antagonist,
or pindolol, a 5-HT��/5-HT�"/�-adrenergic antago-
nist, in combination with paroxetine or fluoxetine,
given at a nonactive dose, did not induce effects
characteristic of antidepressants, i.e. they did not
shorten the immobility time of rats in the forced
swimming test. WAY 100635 and pindolol were
used at doses shown previously to be effective in
blocking the effects induced by 5-HT�� receptor
agonists and connected with stimulation of both
pre- and postsynaptic 5-HT�� receptors [1, 21, 46,
50, 58] as well as affecting the acute SSRIs-in-
duced changes in extracellular 5-HT level [17, 27,
51]. In our studies, WAY 100635 and pindolol
given alone were inactive in the forced swimming
test in rats; in contrast, Moser and Sanger [37] ob-
served an antiimmobility effect of pindolol in that
test. The reason for this discrepancy is not clear and
difficult to explain; nevertheless, it is noteworthy
that pindolol also showed a pronounced agonistic
effect on central 5-HT�� and 5HT�" receptors [1,
12, 29, 43], hence it is a partial agonist of these
sites. On the other hand, pindolol did not reduce the
immobility time in mice [44, 45]. So far, there has
been only sparse information about the interaction
between SSRIs and WAY 100635 or pindolol in
animal models of depression. In fact, it was demon-
strated that WAY 100635 attenuated the antide-
pressant-like effect of fluoxetine (given three times
at a high dose of 40 mg/kg) in the forced swimming
test in rats [37]. Cousins and Seiden [13] reported
that WAY 100635 administered jointly with flu-
oxetine (5 mg/kg) increased the reinforcement rate
in a DRL 72-s schedule, though fluoxetine given
alone at that dose had no behavioral effect of its
own; in contrast, a higher dose of fluoxetine (10
mg/kg) increased the reinforcement rate, that effect
being blocked by pretreatment with WAY 100635.
Moreover, WAY 100635 did not alter the effect of
paroxetine in an olfactory bulbectomy model in
rats [15]. It is noteworthy that fluoxetine or par-
oxetine given alone showed an antidepressant-like
effect in those tests when either of those drugs was
administered chronically [13, 15]. According to
Moser and Sanger [37], a combination of pindolol
and fluoxetine failed to produce a significant inter-
action in the forced swimming test in rats, whereas
pretreatment with pindolol (at a very high dose of
32 mg/kg) potentiated the effects of subactive
doses of fluoxetine, citalopram, fluvoxamine [45]

or paroxetine [44] in the forced swimming test in
mice. Moreover, in a chronic mild stress model of
depression, pindolol accelerated the antidepressant-
like action of fluvoxamine [53]. On the other hand,
pindolol was able to antagonize the effect of par-
oxetine on the hyperactivity of bulbectomized rats
in the open field test [14]. Summing up, the above-
cited data and the results of the present study sug-
gest that the role of 5-HT�� receptors in the
antidepressant-like effects of SSRIs is ambiguous.

In our experiments, prior administration of the
5-HT�"#�$ antagonist SB 216641 [25, 49] or GR
127935 [20, 35, 52] jointly with paroxetine, but not
fluoxetine, was found to evoke the antiimmobility
effect in the forced swimming test in rats. This ef-
fect seems to be specific, since both the 5-HT�" an-
tagonists and paroxetine given in combination do
not affect the locomotor activity of rats, measured
in the open field test. Therefore, our results have
shown that blockade of 5-HT�" receptors in rats re-
veals antidepressant-like effect of paroxetine. Op-
posite effects were obtained in mice; in fact, GR
127935 blocked the effect of paroxetine in the
mouse tail suspension [38] and the forced swim-
ming [23] tests, which indicates that stimulation of
the 5-HT�"#$ receptors play a role in the action of
antidepressants. The reason for the discrepancy be-
tween the above-cited data and the results of the
present study is not clear; all the same, the strain
difference (mice vs. rats) and the test protocols ap-
plied (drug doses, routes of administration) should
be taken into account. Further studies are required
to characterize 5-HT�" antagonists in vivo before
any definitive conclusion can be reached.

It is also noteworthy that SB 216641 given alone
at a dose of 4 mg/kg (which does not change the lo-
comotor activity of rats) showed antidepressant-like
effect in the forced swimming test in rats. Recently,
Stenfors [55] described antidepressant-like effects
of AR-A000002, a novel 5-HT�" selective antago-
nist, in a differential reinforcement of low rates
(DRL) procedure in pigeons, a response duration
differentiation (RDD) schedule in guinea pigs, and
in a learned helplessness model in guinea pigs. These
findings and other experimental data presented by
Moret and Briley [36] suggest that 5-HT�" receptor
antagonists may have antidepressant properties. On
the other hand, GR 127935 was inactive in our
study and in the tail suspension test in mice [38].

It is difficult to explain why in our study
5-HT�" antagonists facilitate the disclosure of the
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antidepressant-like effect of paroxetine, but not of
fluoxetine. It has been well established that the
shortening of the immobility time in the forced
swimming test depends primarily on the enhance-
ment of central catecholamine and – to a lesser ex-
tent – 5-HT neurotransmission [9, 10, 41]. It is
noteworthy that paroxetine is more potent than
fluoxetine in inhibiting the uptake of noradrenaline
(NA) [30, 31]; moreover, the results of functional
in vivo studies indicate that this drug displays both
5-HT- and NA-like activity in preclinical psycho-
pharmacological tests [44]. Thus, it may be specu-
lated that enhancement of NA neurotransmission
may be involved in the antidepressant-like effect
observed after treatment with paroxetine in combi-
nation with 5-HT�" antagonists in Porsolt’s test, the
more so as 5-HT�" receptors are located on neu-
rons’ terminals not only as autoreceptors on 5-HT
neurons, but also as heteroreceptors on non-
serotoninergic neurons where they control the re-
lease of other neurotransmitters including NA [8,
11, 48]. Thus, 5-HT�" receptor antagonists may po-
tentiate the noradrenergic properties of paroxetine.
Unfortunately, no information is available on neu-
rotransmitter substrates which are critical for the
behavioral effect of paroxetine given jointly with
5-HT�" receptor antagonists, as observed in our ex-
periment.

In conclusion, the obtained results seem to indi-
cate that blockade of 5-HT�" receptors, but not
5-HT�� ones, can reveal the antidepressant-like ef-
fect of paroxetine in the forced swimming test in
rats, whereas no interaction occurs between flu-
oxetine and 5-HT��/5-HT�" receptor antagonists.
However, the presently available data should be
corroborated by further results obtained with other
antidepressant drugs and in other functional models
before a final conclusion is reached.
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