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a b s t r a c t
Rationale: Numerous studies indicate a role for both the serotonin 2C receptor (5-HT2C ) and the nicotinic acetylcholine receptor in locomotion, reinforcement and motivated behaviours. Nicotine, a potent
nicotinic acetylcholine receptor agonist, interacts with the dopaminergic and serotonergic systems and is
known to positively affect reward-related behaviours.
Objectives: The current study examined the effects of 5-HT2C receptor activation on nicotine-induced
(0.6 mg/kg) place conditioning and spontaneous locomotion.
Methods: Using Sprague–Dawley rats, the effects of the selective 5-HT2C receptor agonist WAY 161503
(0–1.0 mg/kg) and the selective 5-HT2C receptor antagonist SB 242084 (1.0 mg/kg) alone, in combination, and on nicotine-induced (0.6 mg/kg) spontaneous locomotor activity were assessed. The effects
of WAY 161503 (1.0, 3.0 mg/kg) were also investigated in nicotine-induced place conditioning using a
two-compartment biased design; amphetamine (1.0 mg/kg) served as a positive control. As differential
effects were observed between place conditioning and locomotor activity, the subjects used in the place
conditioning experiments were also tested for effects on locomotor activity.
Results: WAY 161503 decreased baseline and nicotine-induced locomotor activity at the highest dose tested
(1.0 mg/kg) and these effects were attenuated by SB 242084. Amphetamine and nicotine both induced
robust place preferences and WAY 161503 did not have any effects in the context of place conditioning. In
contrast, WAY 161503 (1.0 mg/kg) blocked nicotine-induced locomotor activity.
Conclusions: These results suggest that 5-HT2C receptors may play an inhibitory role in nicotine-induced
locomotor activity, but do not appear to inﬂuence place conditioning under the current conditions.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
The mesocorticolimbic dopamine system plays an important
role in mediating motivated and reward-related behaviours [1,2]
and the reinforcing properties of many drugs of abuse [3–5].
Although the precise role of dopaminergic cells has not been established, they may carry reward-related signals involved in reward
valuation, prediction, incentive salience and conditioning [6–11].
The midbrain raphe serotonergic system shows extensive connectivity with dopamine-containing areas suggesting a role of
serotonin (5-HT) in the control of these cells [12–14]. There is evidence for many distinct structural and pharmacological subtypes
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of 5-HT receptors with subtype-dependent excitatory or inhibitory
effects [15]. Serotonin 2C (5-HT2C ) receptor activation may inhibit
the release of mesolimbic dopamine [16,17].
Nicotine, a potent nicotinic acetylcholine receptor agonist,
may facilitate dopamine-related behaviours including drug selfadministration, place conditioning, intracranial self-stimulation
and locomotion [18–20]. Many studies have demonstrated
nicotinic–serotonergic interactions, generally ﬁnding increased
5-HT release following nicotinic receptor stimulation [21]. In particular, 5-HT2C receptor activation may attenuate nicotine-induced
mesolimbic dopamine release [22,23]. Given the evidence for
functional relationships between 5-HT2C receptors and the cholinergic and dopaminergic systems in the context of reward-related
behaviours, it is possible that the 5-HT2C receptor may play a
role in nicotine-mediated behaviours—an idea that has been previously suggested from studies involving locomotion and drug
self-administration [24–26].
Few studies have investigated the reinforcing effects of 5-HT2C
receptor ligands in place conditioning. The mixed 5-HT1B/2C receptor agonist mCPP did not induce place conditioning on its own,
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but was able to block the conditioned place aversion induced by
mianserin (a mixed 5-HT2 antagonist) and eltoprazine (a mixed
5-HT1B receptor agonist and 5-HT2C receptor antagonist) [27].
Recently, Mosher et al. (2005) showed that systemic administration of the mixed 5-HT1A/1B/2C receptor agonist TFMPP and the
selective 5-HT2C receptor agonist WAY 161503 did not induce place
conditioning. Nevertheless, in a separate study, WAY 161503 did
produce a state-dependent place aversion [28]. Under these conditions, both compounds reduced spontaneous locomotor activity
[29]; these ﬁndings are in agreement with previous locomotion
studies demonstrating an inhibitory role for the 5-HT2C receptor
[30–35].
A recent paper has suggested that nicotine-induced place conditioning could be inhibited through the indirect activation of
the 5-HT2C receptor [36]. Though there is still some debate [37],
there is evidence that nicotine’s rewarding effects may be related
to direct activation of dopamine cells in the ventral tegmental
area (VTA) as well as its desensitization effects on GABA cells
[38–42]. Dopaminergic cell lesions within the mesolimbic system and dopamine antagonists both attenuate nicotine-induced
locomotor activity and self-administration [43–46]. Though many
authors have reported conﬂicting results regarding the peripheral
administration of nicotine, a recent review of the literature and
subsequent systematic study has clearly demonstrated that nicotine may induce robust place preference conditioning, over a range
of doses, under well-deﬁned parameters [47].
The present study investigated the role of the 5-HT2C receptor in nicotine-induced place conditioning and locomotor activity.
Nicotine-induced (0.6 mg/kg) place conditioning was compared
to the well-established effects of amphetamine [13,48]. In addition to place conditioning, nicotine was also used as a locomotor
stimulant, as many studies have demonstrated that repeated exposure to nicotine produces locomotor sensitization [44,49,50] and
at least one study has found that the 5-HT2C receptor may be
involved in attenuating nicotine-induced locomotion in rats [26].
Given that 5-HT2C receptor activation has been shown to attenuate
nicotine-induced mesolimbic dopamine release, and both spontaneous locomotor activity and place conditioning are affected by
mesolimbic dopamine transmission, the authors hypothesized that
5-HT2C receptor activation by WAY 161503 would attenuate the
behavioural effects of nicotine.
2. Materials and methods
2.1. Subjects
One hundred and thirty four male Sprague–Dawley rats (Health Sciences Laboratory Animal Services, University of Alberta) weighing 200–250 g were housed
individually in standard Plexiglas laboratory cages at 20 ◦ C and 50% humidity, with a
12-h light/dark cycle (lights from 07:00 h to 19:00 h) with food and water freely available. All testing took place under red light during the light phase of the light/dark
cycle. All apparatus were cleaned between animals with diluted (1:6) ammoniabased window cleaner (No Name® Glass Cleaner with ammonia). The care and
use of animals were in accordance with guidelines of the University of Alberta
Health Sciences Animal Welfare Committee and the Canadian Council on Animal
Care.
2.2. Drugs
The 5-HT2C receptor agonist WAY 161503·HCl [8,9-dichloro-2,3,4,4a-tetrahydro1H-pyrazino[1,2-a]quinoxalin-5(6H)-one hydrochloride] was purchased from Tocris
Cookson Inc. (Ellisville, MO, USA). (+) ␣-Methylphenethylamine (amphetamine)
sulphate was purchased from Health and Welfare Canada. (−)-Nicotine hydrogen tartrate salt (nicotine) and the 5-HT2C receptor antagonist SB 242084·HCl
[6-chloro-5-methyl-1-[[2-(2methylpyrid-3-yloxy)pyrid-5-yl] carbamoyl] indoline
dihydrochloride] were purchased from Sigma–Aldrich (Oakville, Ontario, Canada).
Nicotine was dissolved in saline; all other compounds were dissolved in doubledistilled water (ddH2 O). SB 242084 was injected intraperitoneally (i.p.) and all other
drugs were injected subcutaneously (s.c.) in a volume of 1.0 ml/kg. Nicotine was
given immediately before testing; amphetamine and WAY 161503 were both given

10 min before testing; SB 242084 was given 30 min before testing. All drug doses are
expressed as free-base.
2.3. Place conditioning
The place conditioning apparatus (I. Halvorsen System Design, Phoenix, AZ,
USA) consisted of a rectangular Plexiglas box divided into two compartments
(30 cm L × 30 cm W × 25 cm H). The compartments differed only in ﬂoor texture:
14 horizontal bars positioned 1.25 cm apart compared with 1-cm square grate wire
ﬂooring. The compartments were separated by a white plastic divider, which contained a tunnel (7.5 cm long) allowing access to both compartments that could be
obstructed with removable doors during conditioning.
The procedure consisted of three phases. Phase 1 (pre-conditioning): animals
were habituated to the place conditioning apparatus for three consecutive days, during which animals had free access to both compartments for 15 min. On the third day
of pre-conditioning, the amount of time spent in each compartment was recorded.
Animals were assigned to drug groups such that each animal was conditioned to the
compartment in which it spent the least time, as determined on pre-conditioning
day three (biased design). Phase 2 (conditioning): on alternate days, animals received
drug and vehicle treatments and were conﬁned to the drug-paired or vehicle-paired
compartment for 30 min. Animals were conditioned for eight consecutive days during which they received four drug treatments. Phase 3 (post-conditioning): during
retention testing, animals were placed in the apparatus in a drug-free state and
allowed free access to both compartments for 15 min. The amount of time spent
in each compartment was recorded. Each dose of WAY 161503 (1.0, 3.0 mg/kg) was
tested in a separate experiment to allow for a replication of the nicotine-induced
place preference.
2.4. Spontaneous locomotor activity
2.4.1. Apparatus
Spontaneous locomotor activity was measured using computer-monitored photobeam boxes (I. Halvorsen System Design, Phoenix, AZ, USA). The locomotor
apparatus consisted of a clear Plexiglas test cage (43 cm L × 43 cm W × 30 cm H) with
a 12 × 12 photobeam grid located 2.5 cm above the ﬂoor. These beams measured horizontal activity as well as consecutive beam breaks. Vertical activity was measured
using 12 additional photobeams located 12 cm above the ﬂoor.
2.4.2. Procedure
For the initial locomotor experiments, animals were habituated to the locomotor activity boxes for 14 days, during which, they were injected daily with nicotine
(0.6 mg/kg; to establish behavioural sensitization) or saline vehicle. Following the
14-day sensitization period, the animals received randomized counterbalanced
injections with the compound of interest. Three days were allowed between each
treatment; during these days, animals continued to receive respective nicotine or
vehicle injections and locomotor activity was measured. Locomotor activity was
measured over a 60 min time course.
To ensure that the differential effects seen with WAY 161503 on nicotine-related
locomotor activity and place conditioning behaviour were not due to subject or
design variability, animals from the completed place conditioning experiments
described above were randomly assigned to one of four treatment groups: vehicle + vehicle; vehicle + nicotine; WAY 161503 + vehicle; WAY 161503 + nicotine. The
dose of the nicotine challenge was 0.6 mg/kg, while the WAY 161503 dose was
1.0 mg/kg. Only animals with prior nicotine exposure (i.e. sensitized to nicotine)
in place conditioning were assigned to the locomotor groups containing nicotine.
Locomotor activity was monitored over 30 min in order to explore the time course
of drug effects.
2.5. Statistical analysis
Paired samples t-tests were used to analyze place conditioning effects, comparing time spent in the drug-paired side on pre- vs. post-conditioning days; to compare
initial preferences for the bar vs. grate compartments for all animals (p ≤ 0.05).
Experimental effects on the initial spontaneous locomotor activity experiments
were determined using three-way (WAY 161503 × time × group) or four-way (agonist × antagonist × time × group) repeated measures analysis of variance (ANOVA)
with drug treatment group – deﬁned as animals who have received nicotine injections vs. those who have not – as a between subjects factor. For the single-day
locomotor activity experiment, following place conditioning, a three-way (nicotine × WAY 161503 × time) ANOVA with repeated measures on one factor (time)
was conducted. Where appropriate, analysis of time course data was performed
using one-way ANOVA across treatments for each 5 min time interval. A signiﬁcant F ratio (p ≤ 0.05) on a 5 min interval was followed by Newman–Keuls post hoc
tests (˛ = 0.05). As the results of the analyses of consecutive and vertical activity
paralleled those for horizontal locomotor activity counts, only the latter results are
reported. For experiments involving repeated measures, Greenhouse–Geisser corrected degrees of freedom are used as a conservative estimate of the F-ratio. All
statistical analyses were completed using SPSS statistical software (SPSS 14.0, SPSS
Inc., Chicago, U.S.A.).
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3. Results
3.1. Effects of systemic WAY 161503 on basal and
nicotine-induced locomotor activity
WAY 161503 (1.0 mg/kg) signiﬁcantly decreased spontaneous
locomotor activity as well as nicotine-induced hyperactivity
[Fig. 1A, F(1.53, 21.35) = 39.73, p < 0.05]. There were signiﬁcant effects of time [F(5.51, 77.08) = 50.01, p < 0.05] and group
[F(1, 14) = 50.59, p < 0.05]; interactions of WAY 161503 × group
[F(1.53, 21.35) = 25.23, p < 0.05], time × group [F(5.51, 77.08) = 15.57,
p < 0.05] and WAY 161503 × time [F(5.54, 77.58) = 4.97, p < 0.05].
Local time course analysis revealed that WAY 161503 (1.0 mg/kg)
reduced locomotor activity in vehicle-treated animals during the
ﬁrst 10 min of testing (Fig. 1B) and during the ﬁrst 30 min, and again
at 40 and 45 min, of testing for the nicotine-sensitized animals
(Fig. 1C).
3.2. WAY 161503 and SB 242084 on basal and nicotine-induced
locomotor activity
WAY 161503 (1.0 mg/kg) signiﬁcantly decreased locomotor activity in vehicle- and nicotine-treated animals [Fig. 2A,
F(1, 14) = 39.93, p < 0.05]. There was an effect of SB 242084
(1.0 mg/kg) [F(1, 14) = 93.31, p < 0.05], time [F(4.05, 56.68) = 35.43,
p < 0.05] and group [F(1, 14) = 80.98, p < 0.05]; interactions
of WAY 161503 × SB 242084 [F(1, 14) = 19.13, p < 0.05], WAY
161503 × group [F(1, 14) = 36.23, p < 0.05], SB 242084 × time
[F(1, 14) = 33.31, p < 0.05], time × group [F(4.05, 56.68) = 7.17,
p < 0.05], WAY 161503 × time [F(4.77, 66.75) = 8.51, p < 0.05], SB
242084 × time [F(5.56, 77.77) = 2.16, p < 0.05] and WAY 161503 × SB
242084 × time [F(4.45, 62.28) = 2.57, p < 0.05] (Fig. 2A). Local time

325

course analysis revealed that WAY 161503 decreased locomotor
activity in vehicle-treated animals during the ﬁrst 15 min of testing
(Fig. 2B) and during the ﬁrst 35 min, and again at 45 and 55 min, of
testing for nicotine-treated animals (Fig. 2C). SB 242084 (1.0 mg/kg)
attenuated the reduction in locomotor activity seen with vehicletreated animals (Fig. 2B; with the exception of the ﬁrst 5 min) and
nicotine-treated animals (Fig. 2C; with the exception of the 15,
20 and 30 min test points). SB 242084 did not signiﬁcantly affect
locomotor activity when administered alone.
3.3. Veriﬁcation of nicotine-induced place conditioning
Using a biased place conditioning design, both 0.6 mg/kg nicotine [t(7) = 4.47, p < 0.05] and 1.0 mg/kg amphetamine [t(7) = 4.54,
p < 0.05] produced conditioned place preferences, indicating a signiﬁcant difference in time spent in the conditioned compartment
on post- over pre-conditioning days (Fig. 3). Though each animal was conditioned to the compartment in which it spent the
least time on pre-conditioning day 3 (i.e. biased design), as a
group, animals showed no initial preference for either compartment (which differed only in bar vs. grate ﬂooring) [395 ± 14 s;
391 ± 13 s; t(89) = 0.15, p > 0.05].
3.4. WAY 161503 and nicotine in place conditioning
Nicotine (0.6 mg/kg) induced a place preference [Fig. 4A,
t(11) = 2.36, p < 0.05; Fig. 4B, t(9) = 3.36, p < 0.05]; WAY 161503 (1.0,
3.0 mg/kg) did not induce place conditioning [Fig. 4A, t(11) = 1.77,
p > 0.05; Fig. 4B, t(9) = 2.13, p > 0.05] and did not inﬂuence nicotineinduced place conditioning [Fig. 4A, t(11) = 4.73, p < 0.05; Fig. 4B,
t(9) = 4.59, p < 0.05].

Fig. 1. (A) Locomotor effects of WAY 161503 (WAY; 0–1.0 mg/kg) in vehicle- and nicotine-treated (0.6 mg/kg) rats (n = 16). Time course activity over 60 min in vehicle-treated
(B) and nicotine-treated (C) rats. The term ‘baseline’ refers to recorded activity measured in vehicle-treated animals in the control group and nicotine-treated animals in the
nicotine group. Data shown are means ± S.E.M. *Signiﬁcant at p < 0.05 following Newman–Keuls post hoc tests.
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Fig. 2. (A) Locomotor effects of WAY 161503 (WAY; 1.0 mg/kg) and SB 242084 (1.0 mg/kg) alone and in combination in vehicle- and nicotine-treated (0.6 mg/kg) rats (n = 16).
Time course activity over 60 min in vehicle-treated (B) and nicotine-treated (C) rats. The term ‘baseline’ refers to recorded activity measured in vehicle-treated animals in
the control group and nicotine-treated animals in the nicotine group. Data shown are means ± S.E.M. *Signiﬁcant at p < 0.05 following Newman–Keuls post hoc tests.

3.5. WAY 161503 and nicotine in locomotor activity following
place conditioning
Following the nicotine-induced place preference experiments
above, the effects of WAY 161503 on spontaneous and nicotineinduced locomotor activity of those animals was examined. Testing
took place over 30 min as the initial locomotor experiments
indicated that the effects of WAY 161503 on basal locomotor activity occur within this time period. Three-way ANOVA revealed
a signiﬁcant interaction for nicotine (0.6 mg/kg) × WAY 161503
(1.0 mg/kg) × time [Fig. 5A, F(21.12) = 6.43, p < 0.05]. To investigate
this interaction, one-way ANOVA was performed for each 5 min
interval; following signiﬁcant one-way ANOVA, Newman–Keuls
post hoc tests (˛ = 0.05) showed that 1.0 mg/kg WAY 161503
reduced locomotor activity during the ﬁrst 20 min of testing, as did

Fig. 3. Veriﬁcation of the biased place conditioning design using (+) amphetamine
(1.0 mg/kg) as a positive control compared to nicotine (0.6 mg/kg) (n = 16). Data
shown are means ± S.E.M. *Signiﬁcant at p < 0.05 following paired samples t-test.

the nicotine and WAY 161503 combination. Nicotine signiﬁcantly
increased locomotor activity, over saline-treated animals, from 15
to 30 min of testing (Fig. 5B). Three-way ANOVA revealed an interaction for nicotine (0.6 mg/kg) × WAY 161503 (3.0 mg/kg) × time
[Fig. 5C, F(9.53) = 17.01, p < 0.05]. Locomotor activity was reduced
for the group receiving 3.0 mg/kg WAY 161503 during the ﬁrst 10 to
25 min of testing and for the group receiving WAY 161503 and nicotine for the ﬁrst 20 min. The group that received nicotine showed
increased activity during the ﬁrst 10 min of testing (Fig. 5D).

4. Discussion
This study investigated the effects of 5-HT2C receptor activation on spontaneous locomotor activity and nicotine-induced
place conditioning. Consistent with prior data [26], 5-HT2C receptor activation decreased locomotion when administered alone and
in combination with nicotine (0.6 mg/kg; Fig. 1A–C) and these
effects were attenuated by the selective 5-HT2C receptor antagonist SB 242084 (1.0 mg/kg; Fig. 2A–C). These data further support
an inhibitory role for the 5-HT2C receptor in basal and nicotineinduced locomotor activity. A ﬂoor effect may be responsible for
the fact that the selective 5-HT2C receptor agonist WAY 161503
(1.0 mg/kg) only decreased basal locomotor activity in the ﬁrst
10–15 min of testing (Figs. 1B and 2B), given that this same dose
is effective in attenuating nicotine-induced activity over at least a
45 min time period (Figs. 1C and 2C). As all relevant drug effects are
noted within the ﬁrst 30 min, subsequent locomotor testing focused
on this time period.
Nicotine (0.6 mg/kg) induced a conditioned place preference comparable to the well-established effects of amphetamine
(Figs. 3 and 4A and B) [13,48]. These data are consistent with a
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Fig. 4. Place conditioning effects of (A) nicotine (0.6 mg/kg) and WAY 161503 (WAY;
1.0 mg/kg) (n = 24); (B) nicotine (0.6 mg/kg) and WAY 161503 (WAY; 3.0 mg/kg)
(n = 30). Data shown are means ± S.E.M. *Signiﬁcant at p < 0.05 following paired
samples t-test.
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number of studies indicating that systemic nicotine-induced place
preference is reliable over a range of doses, under well-deﬁned
parameters, and with the use of a biased place conditioning design
(for review see Le Foll and Goldberg [47]). Some researchers have
suggested that factors such as age, strain, timing and route of
administration may contribute to the varying results seen across
studies [47,51–53], as some groups have reported a place preference
[52,54–56], place aversion [57,58] or absence of place conditioning [59–61] following systemic nicotine administration using an
unbiased design. Nonetheless, the vast majority of studies demonstrating a nicotine-induced place preference used a biased design
[47].
It is a possibility that the place preference induced by nicotine
in the biased design is not a reward-related effect, but rather the
result of a reduction of an aversive state related to the initially nonpreferred compartment—suggesting a potentially anxiolytic effect
of nicotine. This is a rather unlikely hypothesis as nicotine’s effects
on anxiety vary largely based on route and timing of administration, the behavioural model used, and subject variability [62] and a
number of behavioural studies have demonstrated the affects of 5HT2C receptor compounds on anxiety, yet none of these compounds
have been shown to induce place conditioning [30,32,63]. Another
possible concern involves the deﬁnition of a biased design [64,65].
The term ‘biased design’ often incorrectly elicits the notion of a
biased apparatus (e.g. rats naturally prefer darker compartments),
though an apparatus which produces a general bias for one compartment over others may be a detriment to the investigation of
reward-related effects [2,47,64,66]. The biased design (or ‘biased
compartment assignment’) involves the assignment of individual
animals to the compartment in which they initially spent the least,
or most, amount of time. As a group there is no compartment preference; as such, the biased design may allow for greater sensitivity
in detecting the reinforcing effects of drugs [64,65]. The apparatus used in the present study differed only in ﬂoor texture (bar vs.
grate) and as a group, animals showed no preference for either side.
We are aware of one report that 5-HT2C receptor activity may
inhibit nicotine-induced place preference [36]. These authors pro-

Fig. 5. Spontaneous locomotor activity, following place conditioning experiments, for (A) nicotine (Nic; 0.6 mg/kg) and WAY 161503 (WAY; 1.0 mg/kg) (n = 10/group); (C)
nicotine (Nic; 0.6 mg/kg) and WAY 161503 (WAY 3; 3.0 mg/kg) (n = 9/group). Time course activity over 30 min for rats receiving (B) nicotine and WAY 161503 (1.0 mg/kg) (D)
and nicotine and WAY 161503 (3.0 mg/kg). Data shown are means ± S.E.M. *Signiﬁcant at p < 0.05 following Newman–Keuls post hoc tests.
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posed that the tumor suppressor molecule, PTEN, complexes with
the 5-HT2C receptor and tonically inhibits its activity in vivo. The
putative PTEN:5-HT2C receptor complex was disrupted using a Tatconjugated interfering peptide and it was suggested that this may
mimic the effects of 5-HT2C receptor activation. It is difﬁcult to
assess the effects of 5-HT2C receptor activity on nicotine-induced
place preference from this study because it is not clear to what
extent the PTEN molecule affects 5-HT2C receptor activity. Though
the authors used a relatively selective 5-HT2C receptor agonist (RO
600175) to attenuate tetrahydrocannibanol-induced place conditioning, they did not use the same compound to directly assess
nicotine-induced place conditioning.
The present study is, to the author’s knowledge, the ﬁrst to investigate the effects of a speciﬁc 5-HT2C receptor agonist (WAY 161503)
on nicotine-induced place conditioning (Fig. 4A and B). No place
conditioning was seen under the present conditions using systemic doses of WAY 161503 (1.0, 3.0 mg/kg) that are behaviourally
active in locomotor activity [29]; this observation is consistent with
previous results indicating that compounds with 5-HT2C receptor
activity do not induce place conditioning when testing occurs in
a drug-free state [27,29]. Contrary to the initial hypothesis, WAY
161503 did not attenuate nicotine’s ability to induce a place preference. This was unexpected because 5-HT2C receptor activation
attenuates nicotine-induced mesolimbic dopamine release [22,23],
locomotor activity and self-administration [26]. While the current
place conditioning results do not support the notion that 5-HT2C
receptor activation attenuates all nicotine-induced behaviours, it
must be noted that testing in the current place conditioning study
took place in a drug-free state, while the attenuation of nicotine’s
effects by 5-HT2C receptor stimulation in locomotion and selfadministration were drug-dependent. It is also important to note
that the present study investigated the effects of a single dose of
nicotine (0.6 mg/kg) that was above the previously reported threshold dose of 0.1 mg/kg for producing a CPP [47]. While it is possible
that 5-HT2C receptor stimulation may have attenuated the effects of
a lower dose of nicotine, the fact that other nicotine-induced activities (using comparable or higher doses of nicotine) are attenuated
by 5-HT2C receptor stimulation remains [26].
Previous studies have demonstrated 5-HT2C receptor-related
decreases in both basal [29,30,33,35] and nicotine-induced [24–26]
locomotor activity. Because of the differential effects observed
between the place conditioning and locomotor activity experiments, the subjects used in the current place conditioning
experiments were subsequently tested in the locomotor apparatus
over 30 min (Fig. 5A–D). The results of these locomotor experiments
were consistent with all previous demonstrations showing that
nicotine-induced increases in locomotor activity are attenuated
through 5-HT2C receptor activation. Based on the current results, it
is possible that this 5-HT2C receptor agonist-induced effect may not
be inﬂuenced by the duration of nicotine exposure (14 treatments
in the initial locomotor studies vs. 4 treatments during the place
conditioning studies; Fig. 1A–C and Fig. 5A–D, respectively). In addition, future studies should address the possibility that the effects of
WAY 161503 on nicotine-induced locomotor activity may be nonspeciﬁc, as subthreshold doses of WAY 161503 failed to attenuate
nicotine-induced locomotion and 5-HT2C receptor activity has been
shown to affect both basal locomotion and drug-induced increases
in locomotor activity [25,33,34,67,68].
While 5-HT2C receptor activation may inhibit other dopaminerelated behaviours such as cocaine and ethanol self-administration
[69–71], nicotine-induced locomotion and self-administration
[26], we are not aware of any other studies regarding 5-HT2C
receptor activation on nicotine-induced place conditioning. It is
of interest that these results are consistent with reports suggesting dopamine-independence of the place preference-inducing

effects of intra-ventral tegmental nicotine [37]. Indeed, nicotinic
receptor-stimulated increases in nucleus accumbens dopamine levels and locomotor activity do not always correspond with the
establishment of place preference conditioning [72,73] and some
direct manipulations of dopamine signalling may differentially
affect nicotine-induced place preference and locomotor activity
[74]. 5-HT2C receptor stimulation may differentially affect nicotineinduced increases in dopamine release from the nigrostriatal vs.
mesolimbic systems [22,23]. Also, other studies investigating the
effects of dopaminergic or serotonergic manipulations on the
effects of drugs of abuse show that the dissociation between place
conditioning and locomotor effects are not unique to 5-HT2C receptor activation and nicotine [75–81]. The current results suggest that
the 5-HT2C receptor may play an inhibitory role in nicotine-induced
locomotor activity without having effects on nicotine-induced
place conditioning under the present experimental conditions. The
complex role of the 5-HT2C receptor in nicotine-mediated and
dopamine-related reward may be currently underappreciated and
future studies will be needed to determine the precise roles of
dopamine, acetylcholine and 5-HT in this regard.
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