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Abstract Objective: To investigate whether a 5-hy-
droxytryptamine (5-HT) reuptake inhibitor (paroxetine)
has an anxiogenic-like effect and what possible pharma-
cological mechanism underlies that action. Methods. We
used the rat elevated plus-maze paradigm followed by
measurement of locomotor activity. Some of the rats
were subjected to handling and adaptation to the experi-
mental situation, while the rest were naive to the test sit-
uation. Paroxetine was administered as a single treatment
and in combination with the 5-HT;, receptor agonist
(8-OH-DPAT) or 5-HT,a/c receptor antagonist (dera-
mciclane). Results: The administration of paroxetine in-
duced an anxiogenic-like action in rats adapted to han-
dling, but not in handling naive animals. Treatment with
paroxetine (0.1-2 mg/kg) reduced the number of open
arm visits and time spent in open arms, and the ratio be-
tween open and total arm entries in the elevated plus-
maze. Paroxetine also decreased the number of line
crossings and head-dips. Paroxetine caused the strongest
anti-exploratory action at a dose of 0.5 mg/kg. Paroxe-
tine did not suppress the locomotor activity of rats,
showing that the described anti-exploratory effect was
behaviourally specific to the plus-maze. Pretreatment
with 8-OH-DPAT (0.05 mg/kg) completely reversed the
anxiogenic-like action of paroxetine, whereas treatment
with deramciclane (2 mg/kg) affected only the number of
closed arm visits. Deramciclane (0.5-2 mg/kg) and 8-
OH-DPAT (0.01-0.1 mg/kg) changed neither exploratory
behaviour nor locomotor activity if given as single treat-
ments to the habituated rats. Conclusion: The 5-HT re-
uptake inhibitor, paroxetine, at a low dose (0.5 mg/kg)
induces an anxiogenic-like action in handling adapted
rats. The effectiveness of 8-OH-DPAT against paroxetine
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probably supports a role of both pre- and postsynaptic 5-
HT-ergic mechanisms in the anxiogenic-like action of
paroxetine.
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Introduction

Activation of 5-hydroxytryptamine-(5-HT)-ergic neuro-
transmission has been reported to increase anxiety in
laboratory animals (Iversen 1984; Handley and McBlane
1993; Handley et al. 1993). Thus, the exposure of rats to
anovel aversive environment increases the release of 5-
HT in the frontal cortex and hippocampus (File et al.
1993; Rex et al. 1994), while the administration of a 5-
HT receptor agonist, m-chlorophenyl-piperazine (mCPP),
induces anxiety both in humans and in anima models
(Kennett et al. 1989; Pigott et al. 1993). Conversely,
treatment with 5-HT, and 5-HT 5 receptor antagonists ap-
parently reduces anxiety in rodents (Handley et al.
1993). Moreover, the administration of a 5-HT reuptake
inhibitor fluoxetine dose-dependently increases anxiety
of ratsin an elevated plus-maze of anxiety (Handley and
McBlane 1993). This is consistent with clinical studies
where the acute administration of 5-HT reuptake inhibi-
tors is reported to induce anxiety in patients suffering
from anxiety disorders (Den Boer and Westenberg 1996).
Howeuver, it is not clear whether the action of 5-HT reup-
take inhibitors in animal models truly represents anxio-
genesis, as in our previous study paroxetine, another 5-
HT reuptake inhibitor, antagonized the exploratory be-
haviour of ratsin the plus-maze but only at a dose which
also suppressed their locomotor activity (Koks et al.
1999).

In the present study, an attempt was made to clarify
this issue. It has been shown that handling adaptation
and acclimatization of animals to the experimental room
increases the activity of anxiogenic compounds (Rodgers
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et al. 1997). Therefore, before treatment with paroxetine,
the rats were divided into two groups. One group of rats
was subjected to handling for 3 consecutive days in the
room where the experiment was to be carried out on day
4, whereas the other group of animals was naive to han-
dling at the time of the experiment. The possible changes
in anxiety were studied in the elevated plus-maze para-
digm. Afterwards, the behaviour of rats was studied in
locomotor activity boxes to exclude the possibility that
any anti-exploratory effect seen might be due to the sup-
pression of locomotor activity. After identifying a dose
of paroxetine, which had anxiogenic-like effects in the
model, studies of the pharmacological mechanism of ac-
tion were conducted. Paroxetine was therefore co-admin-
istered with 8-hydroxy-2-(di-n-propylamino)tetralin (8-
OH-DPAT), a 5-HT,, receptor agonist (Fletcher et al.
1996), and deramciclane, a 5-HT,,/»c receptor antago-
nist (Gacsalyi et al. 1997), drugs affecting 5-HT-ergic
neurotransmission in the brain.

Materials and methods

Animals

Male Wistar (Han/Kuo) rats (National Animal Centre, Kuopio,
Finland) weighing 200-220 g were kept in the animal house at
20+2°C in 12-h light/dark cycle (light on at 0700 hours). Tap wa-
ter and food pellets were available ad libitum. All animal proce-
dures were approved by the University of Tartu Animal Care
Committee in accordance with the European Communities Direc-
tive of 24 November 1986 (86/609/EEC). The animals were kept
in the animal house for at least 2 weeks before the beginning of
experiment.

Materials

Paroxetine, a selective 5-HT reuptake inhibitor, was provided by
SmithKlineBeecham Pharmaceuticals (UK). Deramciclane fuma-
rate was from Orion (Finland) and 8-OH-DPAT was obtained from
RBI (USA). Paroxetine and 8-OH-DPAT were dissolved in saline.
Deramciclane was suspended in 1% Tween-80 (Ferak, Germany)
solution in saline. All experiments were conducted blind with re-
spect to treatment.

Behavioural testing

In the first experiment, where the dose-response effect of paroxe-
tine was studied, the rats were divided into two subgroups. One
group of rats was subjected to handling for 3 consecutive days in
the experimental room and the other group was handling naive.
The handling habituation was performed each day between 1400
and 1600 hours. The animals were brought from the animal house
into the experimental room where all conditions were similar to
the experiment (lighting etc.). A person, performing the behav-
ioural studies, took an animal out from the home cage by the hand
and the imitation of IP injection was performed (with the poke of
the syringe but without the injecting of solutions). After that the
animal was put back into the home cage and 1 h later the proce-
dure was repeated. The similar handling procedure was conducted
on days 2 and 3. In the subsequent pharmacological studies, al the
rats were handled for 3 days before exposure to the plus-maze ex-
periment. On day 4, the animals were brought into experimental
room 1 h before the experiment. Each rat was used only once. All
experiments were carried out between 1400 hours and 1900 hours.

All drugs were given IR, the injection of deramciclane and 8-OH-
DPAT being performed 35 min, and paroxetine 30 min pre-test. In
studies where the interaction of paroxetine with deramciclane and
8-OH-DPAT was examined, the control animals received two ve-
hicle injections, i.e. saline or 1% Tween in saline 35 min pre-test
followed by saline 30 min pre-test.

Elevated plus-maze

The method initially suggested by Handley and Mithani (1984) for
the measurement of exploratory behaviour was employed in rats
with some modifications (Pellow et al. 1985). The elevated plus-
maze was made from wood and painted green. The apparatus con-
sisted of two opposite open arms (50x10 cm) without side walls
and two enclosed arms (50x10x40 cm) with side walls and end
wall, extending from a central square (10x10 cm). In the present
study the protecting lips were not used on the open arms. In order
to facilitate the counting of exploratory activity the open arms
were divided by the lines into three equal parts. The maze was ele-
vated to the height of 50 cm from the floor, and placed in a lit
room (~750 lux). The behaviour of the animals was recorded on
the videotape, which was afterwards analyzed by a person not in-
volved in the performing of the experiment. During a 5-min obser-
vation session the following measures were taken by an observer:
1) number of head-dips; 2) number of line crossings on the open
part; 3) time spent in exploring the open arms of plus-maze;
4) number of closed and open arm entries; 5) ratio between open
and total arm entries. At the beginning of the test animals were
placed onto the center of plus-maze, facing toward an open arm.
An arm entry was counted only when all four limbs of the rat were
within a given arm. The plus-maze was cleaned between the ex-
periments by using of 5% alcohol solution.

Locomoator activity test

Immediately after the plus-maze exposure, the animals were
placed singly into the photoelectric motility boxes connected to a
computer (TSE Technical & Scientific Equipment GMBH, Ger-
many). Each box consisted of a base frame (outer size: 56x56 cm,
inner size: 48x48 cm) with two pairs of light barrier strips (trans-
mitter and receiver), each equipped with 16 light barriers (located
35 mm from the bottom level of motility box). The distance be-
tween each light barrier was 28 mm. These light barrier strips
were arranged at right angles to each other in the same plane and
were used to determine the X and Y coordinates of the animal and
thus its location during activity measurements. As the test animal
normally interrupted several light barriers in each axis, an averag-
ing procedure was used to define the actual coordinates of its loca-
tion. The light barriers were scanned with a frequency of 10 Hz
each. The light-barrier strips were connected to the control unit.
By inserting a clear plastic box inside the base frame, the animal's
movement was restricted to a square are of 448x448 mm. The
height of this inner box was 450 mm. A transparent lid (made
from the transparent material) was used to close the test boxes.
The illumination level (~750 lux) was similar to that of in the
plus-maze studies. After removing the rats from the boxes, the
floor was cleaned using 5% alcohol solution. Time in exploration
(s) and distance of exploration (m) were registered during the 5-
min observation period.

Statistics

Results are expressed as mean valuestSEM. The behavioural
studies were anadlyzed using one-way anaysis of variance
(ANOVA). Post hoc comparisons between individual groups were
performed by means of Newman-Keuls test using the Statistica for
Windows software.



Results

The lowest dose of paroxetine (0.1 mg/kg) tended to re-
duce the exploratory behaviour of handling naive rats in
the elevated plus-maze (Fig. 1). However, this action of
paroxetine was not statistically significant. The treatment
with paroxetine (0.1-2 mg/kg) did not change the loco-
motor activity of these rats either (not shown). In the ha-
bituated rats, the administration of paroxetine induced an
anti-exploratory action in the plus-maze (Fig. 2). How-
ever, the effect of paroxetine was U-shaped with the
strongest action at a dose 0.5 mg/kg. Paroxetine reduced
the number of head-dips F(3,56)=2.82, P<0.05], line
crossings [F(3,56)=3.00, P<0.05] and open arm visits
[F(3,56)=3.02, P<0.05] (Fig. 2).

Time spent in open arms [F(3,56)=2.96, P<0.05] and
ratio between open and total arm entires [F(3,56)=2.85,
P<0.05] were also inhibited under the influence of par-
oxetine. It should be noted that paroxetine did not
change the number of closed arm entries in this study.
The administration of paroxetine did not modify the lo-
comotor activity of rats in the motility boxes (Fig. 3).
These data are in favour of an anxiogenic-like action of
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Fig. 1 Effect of paroxetine
(0.2-2 mg/kg, 30 min before the
test, IP) on the exploratory behav-
iour of handling naive ratsin the
elevated plus-maze (meantSEM).
The number of animalsin each

group was 12. Par 0.1 paroxetine
0.1 mg/kg, Par 0.5 paroxetine ‘
0.5 mg/kg, Par 2 paroxetine |

Number of open arm
entries
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paroxetine in the plus-maze, since the 5-HT reuptake in-
hibitor reduces the “classical” (number of open arm en-
tries, ratio of open and total arm entries), as well as the
“ethological” measures (the number of head-dips) in the
elevated plus-maze without changing the locomotor ac-
tivity of rats. The administration of deramciclane
(0.05-2 mg/kg) and 8-OH-DPAT (0.01-0.1 mg/kg) did
not modify the exploratory behaviour of handling habitu-
ated rats in the plus-maze or their locomotor activity in
the motility boxes (Fig. 3, Table 1). However, pretreat-
ment of rats with the 5-HT;, agonist 8-OH-DPAT
(0.01-0.1 mg/kg) completely antagonized the anxiogen-
ic-like action of paroxetine (0.5 mg/kg) [F(4,45)=2.54,
P<0.05 (number of open arm entries), F(4,45)=2.72,
P<0.05 (time in open arm), F(4,45)=3.72, P<0.05 (ratio
between open and total arm entries), F(4,45)=3.02,
P<0.05 (number of head-dips)] (Fig. 4) without changing
the locomotor activity of animals (Fig. 3). It should be
noted, however, that 8-OH-DPAT was effective only at
one dose (0.05 mg/kg). By contrast from the other exper-
iments, paroxetine reduced the number of closed arm en-
tries in the study, where the interaction between paroxe-
tine and deramciclane, a 5-HT,,,c receptor antagonist,
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Fig. 2 Effect of paroxetine
(0.1-2 mg/kg, 30 min before
the test, IP) on the exploratory
activity of handling habituated
ratsin the elevated plus-maze
(mean+SEM). *P<0.05 (com-
pared to saline-treated rats,
Newman-Keuls test after sig-
nificant one-way ANOVA), the
number of animalsin each
group was 15. Par 0.1 paroxe-
tine 0.1 mg/kg, Par 0.5 paroxe-
tine 0.5 mg/kg, Par 2 paroxe-
tine2 mg/kg

Table 1 Effect of 8-OH-DPAT and deramciclane on the exploratory activity of handling habituated rats in the elevated plus-maze
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Treatment Open arm Timein open Closed arm Open entries Line Head
entries am (s) entries (%) crossings dips

Saline 2.9+0.8 61+15 6+2 337 18+4.2 12+2
8-OH-DPAT 0.01 mg/kg 1.9+0.8 50+14 5+2 28+9 13+4.3 8+3
8-OH-DPAT 0.05 mg/kg 2.0+£0.7 45+18 6+2 25+6 13+29 8+2
8-OH-DPAT 0.1 mg/kg 3.8+0.7 71£12 6+2 39+4 21+34 10+3
Vehicle 2.5£1.0 36114 6+2 29+6 17+5 1142
Der 0.5 mg/kg 3.3+0.7 49+18 8+2 29+3 21+4 12+1
Der 1 mg/kg 2.4x0.7 41£2 7+1 267 15+2 10+2
Der 2 mg/kg 4.0+1.2 48+11 8+3 3346 22+7 13+2
was analysed. However, paroxetine did not affect the lo-  piseussion

comotor activity in the motility boxes (Fig. 3). Pretreat-
ment with deramciclane (0.5-2 mg/kg) only counteract-
ed on one measure (closed arm entries) in the action of
paroxetine [F(4,45)=3.90, P<0.05] (Fig. 5) and then only
at the highest dose used (2 mg/kg). The combination of
deramciclane with paroxetine (0.5 mg/kg) did not modi-
fy the locomotor activity of rats (Fig. 3).

In the present study, the 5-HT reuptake inhibitor, paroxe-
tine, induced an anxiogenic-like action in handling
adapted, but not in the handling naive rats. Paroxetine re-
duced both the “classical” (number of open arm entries,
ratio between open and total arm entries) and “ ethologi-
cal” (number of head-dips) measures of anxiety in the el-



Fig. 3 Effects of paroxetine
(0.1-2 mg/kg, 30 min before the
test, IP), deramciclane (0.5-2
mg/kg, 35 min before the test,

IP) and 8-OH-DPAT (0.01—

0.1 mg/kg, 35 min before the
test, IP) on the locomotor activity
of handling habituated ratsin the
motility boxes (mean+SEM). 0
Theinteraction of deramciclane
(0.5-2 mg/kg, 35 min before the
test, IP) with paroxetine

(0.5 mg/kg, 30 min before the
test, IP) and the interaction of 8-
OH-DPAT (0.01-0.1 mg/kg,

35 min before the test, |P) with
paroxetine (0.5 mg/kg, 30 min
before the test, IP) in the motility
boxes (mean+SEM). The number
of animalsin each group was 15.
Par 0.1 paroxetine 0.1 mg/kg,
Par 0.5 paroxetine 0.5 mg/kg,
Par 2 paroxetine 2 mg/kg, Der
0.5 deramciclane 0.5 mg/kg, Der
1 deramciclane 1 mg/kg, Der 2
deramciclane 2 mg/kg, 8-OH-
DPAT 0.01 8-OH-DPAT

0.01 mg/kg, 8-OH-DPAT 0.05 8-
OH-DPAT 0.05 mg/kg, 8-OH-
DPAT 0.1 8-OH-DPAT 0.1 mg/kg
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evated plus-maze. This is consistent with the findings of
Rodgers et al. (1997) that pre-experimental adaptation
increases the effect of anxiogenic drugs. It has been
shown that the exposure of rats to a novel environment
increases the release of 5-HT in the brain not seen in the
familiar surrounding (File et a. 1993). Also, the expo-
sure of rats to the elevated plus-maze increases the re-
lease of 5-HT in the ventral hippocampus and this effect
is reversed by the anxiolytic treatments (Wright et al.
1992). Thus, one explanation for the difference between
handled and non-handled animals in the present study is
that an increased concentration of 5-HT in the synaptic
cleft induced by the novel environment and exposure to
the elevated plus-maze may have prevented any other ef-
fect due to paroxetine being observed.

It should be noted that the action of paroxetine was
U-shaped and it was effective at alow dose (0.5 mg/kg).
Sanchez and Meier (1997) have also established that par-
oxetine displayed an anxiogenic-like action only at low
doses. The reason for this phenomenon is not clear, but
may be related to the fact that the higher doses of par-
oxetine are inducing more pronounced increase of 5-HT
release, probably stimulating other subsets of 5-HT re-
ceptors and hence masking the effect of lower concentra-
tions of 5-HT. Indeed, the administration of paroxetine at
a dose of 3 mg/kg induces anxiolytic-like action, sup-
pressing ultrasound vocalization in rats, and this effect
has been reversed by 5-HT,, receptor antagonist MDL
100,907 (Schreiber et al. 1998). The possible involve-
ment of different mechanisms in the action of paroxetine
was also shown in our previous studies. The decrease of

locomotor activity induced by alower dose of paroxetine
(2 mg/kg) was antagonized by the antagonist of CCK,
receptors LY 288,513, whereas the effect of a higher
dose of paroxetine remained unchanged after pretreat-
ment with the CCK, receptor antagonist (Koks et a.
1999). Nevertheless, it is noteworthy that the anti-
exploratory action of paroxetine in the plus-maze was
not due to a non-specific suppression of locomotor activ-
ity, since the administration of paroxetine did not modify
the locomotor activity of rats.

The mechanism of the anxiogenic-like action of par-
oxetine was studied by means of two drugs influencing 5-
HT-ergic neurotransmission — 8-OH-DPAT and deramcic-
lane. 8-OH-DPAT, a 5-HT,, receptor agonist, and dera-
mciclane, a 5-HT,, o antagonist, have shown to possess
anxiolytic-like properties in exploratory models of anxi-
ety (Fletcher et al. 1993; File and Gonzalez 1996; File et
al. 1996; Gacsalyi et a. 1997). Nevertheless, in the pres-
ent study, neither drug elicited anxiolytic-like effects
when given acutely to handling adapted rats. However,
the pretreatment with 8-OH-DPAT completely reversed
the anxiogenic-like action of paroxetine. 8-OH-DPAT dis-
played a bell-shaped action, since only one dose
(0.05 mg/kg) of 5-HT,, receptor agonist was effective
against paroxetine. 5-HT,, receptors are shown to be lo-
cated both pre- and postsynaptically (Pompeiano et al.
1992; Kiaet a. 1996). The site of antagonistic interaction
between 8-OH-DPAT and paroxetine is not clear, but ac-
cording to recent studies, this interaction is complex. One
possible explanation is that 8-OH-DPAT inhibits the fir-
ing rate of raphe neurons via activation of autoreceptors
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Fig. 4 Interaction of 8-OH-
DPAT (0.01-0.1 mg/kg, 35 min
before the test, IP) with paroxe-
tine (0.5 mg/kg, 30 min before
the test, IP) in the elevated
plus-maze (mean+SEM).
*P<0.05 (compared to sa-
linet+saline-treated rats,
Newman-Keuls test after sig-
nificant one-way ANOVA); 0-
**P<(0.05 (compared to sa-
line+paroxetine-treated rats).
The number of ratsin each
group wasten. Par 0.5 paroxe-
tine 0.5 mg/kg, 8-OH-DPAT
0.01 8-OH-DPAT 0.01 mg/kg,
8-OH-DPAT 0.05 8-OH-DPAT
0.05 mg/kg, 8-OH-DPAT 0.1 8-
OH-DPAT 0.1 mg/kg
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(Hajos et a. 1995). This would reduce the release of 5-
HT and therefore inhibits the action of paroxetine. On the
other hand, it has been shown that the systemic adminis-
tration of 8-OH-DPAT suppresses the firing of 5-HT-ergic
raphe neurons via the stimulation of postsynaptic 5-HT ;4
receptors located in the medial prefrontal cortex (Hajos et
al. 1999). 8-OH-DPAT evoked excitation of media pre-
frontal cortex neurons at doses (0.5-32 pg/kg) in the
range of those inhibiting 5-HT cell firing. Accordingly,
the lower doses of 8-OH-DPAT suppressed via the feed-
back loop the activity of 5-HT-ergic neurons and de-
creased the release of 5-HT. This could explain why 8-
OH-DPAT potently reversed the anxiogenic-like action of
paroxetine in the present study. At higher doses
(32512 pg/kg), 8-OH-DPAT inhibited the activity of
neurons in the medial prefrontal cortex. The neuronal ex-
citation and inhibition induced by 8-OH-DPAT were an-
tagonized by WAY 100635, an antagonist of 5-HT;, re-
ceptors (Hajos et a. 1999). The biphasic effect of 8-OH-
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DPAT on the activity of neurons in the medial prefrontal
cortex could be a possible explanation for why the higher
dose of 5-HT,, receptor agonist (0.1 mg/kg) was ineffec-
tive against the anxiogenic-like action of paroxetine. In
contrast to 8-OH-DPAT, deramciclane did not affect the
action of paroxetine on the behavioural measures reflect-
ing anxiety in the elevated plus-maze: number of open
arm entries, number of head-dips and time spent on the
open arm. The highest dose of deramciclane (2 mg/kg)
antagonized the reduction of closed arm entries caused by
paroxetine. The reduction of closed arm entries is be-
lieved to reflect the suppression of locomotor activity
(Rodgers et al. 1997). However, paroxetine did not affect
the locomotor activity in the motility boxes. Thus, it is
unlikely that 5-HT 4 ¢ receptors exclusively mediate the
anti-exploratory action of paroxetine, athough it may
contribute to the effects observed in the elevated plus-
maze. The possible involvement of 5-HT, receptors in
the anxiogenic-like effect of paroxetine cannot be exclud-



Fig. 5 Interaction of deramcic- 24
lane (0.5-2 mg/kg, 35 min be-
fore the test, 1P) with paroxe-
tine (0.5 mg/kg, 30 min before
the test, IP) in the elevated
plus-maze (mean+SEM).
*P<0.05 (compared to vehi-
clet+saline-treated rats, New-
man-Keuls test after significant
one-way ANOVA); **P<0.05
(compared to vehicle+paroxe-
tine-treated rats). The number
of ratsin each group was 10. 7.5
Par 0.5 paroxetine 0.5 mg/kg,
Der 0.5 deramciclane

0.5 mg/kg, Der 1 deramciclane
1 mg/kg, Der 2 deramciclane
2 mg/kg. Vehicle for deramcic-
lane was 1% Tween-80 in sa-
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ed. Recent findings with more selective 5-HT, antago-
nists (SB 200646A and SB 221284) showed reversal of
the anxiogenic-like effect of paroxetine in the rat socia
interaction test (Bristow et al. 2000).

In conclusion, the present study has established that
the pre-experimental adaptation of rats helps to reveal
the anxiogenic-like action of the 5-HT reuptake inhibitor
paroxetine. Thisisin good agreement with previous ani-
mal and clinical studies where the administration of 5-
HT reuptake inhibitors induces anxiety both in laborato-
ry animals and in patients with anxiety disorders
(Handley and McBlane 1993; Den Boer and Westenberg
1996). The effectiveness of 8-OH-DPAT, an agonist of 5-
HT,, receptors, against paroxetine supports a role of
both pre- and postsynaptic 5-HT-ergic mechanismsin the
anxiogenic-like action of a5-HT reuptake inhibitor.
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