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termined the effects of bupropion on the motivational (aversive and rewarding)
and locomotor properties of nicotine in CD-1 mice. Preliminary experiments determined effective nicotine
doses (0.1–2.0 mg/kg) to produce a conditioned taste aversion (CTA) or conditioned place preference (CPP;
Experiments 1a and 2a, respectively). Mice were administered vehicle or bupropion (1–20 mg/kg) followed
by vehicle or nicotine after drinking saccharin during CTA training (Experiment 1b). Mice were administered
vehicle or bupropion (1–20 mg/kg) 15 (Experiment 2b) or 30 (Experiment 2c) minutes (min) prior to vehicle
or nicotine during CPP training. The two highest nicotine doses produced CTAs and a moderate nicotine dose
(0.4 mg/kg) produced a CPP. Bupropion dose-dependently blocked nicotine CTA. For the 15-min pretreatment
interval, bupropion dose-dependently increased locomotor activity and produced CPPs when administered
alone; whereas for the 30-min pretreatment interval, only the highest bupropion dose increased locomotor
activity and produced a CPP. However, bupropion failed to alter nicotine CPP and the co-administration of
bupropion and nicotine did not increase locomotor activity more so than when bupropion was administered
alone regardless as to the pretreatment interval. Thus, bupropion selectively altered the aversive properties
of nicotine in CD-1 mice.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
In the United States, tobacco smoking is the number one prevent-
able cause of disease, disability and death (United States Department
of Health and Human Services, 2004). While the harmful effects of
tobacco smoking are widely known, 80% of smokers who attempt
to quit without a smoking-cessation aid relapse within the first
year (Balfour and Fagerstrom, 1996). Recently, several double blind,
placebo-controlled studies have shown the atypical antidepressant,
bupropion, to be an efficacious smoking-cessation agent (Hays et al.,
2001; Hurt et al., 1997; Jorenby et al., 1999; for review, Richmond and
Zwar, 2003). The mechanism of action of bupropion as a smoking-
cessation agent has not been elucidated. Numerous studies, however,
have examined the effects of bupropion on the motivational (aversive
and reinforcing/rewarding) properties of nicotine in dependent and
non-dependent subjects (for a recent review, Dwoskin et al., 2006), as
these properties of nicotine are thought to contribute to its addictive
potential (Kumar et al., 1983; Picciotto and Corrigall, 2002).

Human and non-human animal studies have shown that acute or
chronic bupropion pretreatment attenuates the expression of somatic
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(Cryan et al., 2003; Malin et al., 2006) and affective (Cryan et al., 2003;
Hurt et al., 1997; Jorenby et al., 1999; Malin et al., 2006; Shiffman et al.,
2000) symptoms associated with nicotine withdrawal in nicotine-
dependent subjects. For example, acute bupropion pretreatment at-
tenuated the increase in brain stimulation reward thresholds oc-
curring during nicotine withdrawal in nicotine-dependent rats (Cryan
et al., 2003). Furthermore, chronic bupropion pretreatment attenu-
ated the acquisition of mecamylamine-precipitated conditioned place
aversion in nicotine-dependent rats (Malin et al., 2006). The effects of
bupropion on craving following a period of withdrawal are unclear
presently, as bupropion has been reported to either reduce craving
(Brody et al., 2004; Hurt et al., 1997; Jorenby et al., 1999) or to have no
effect on craving (Cousins et al., 2001; Shiffman et al., 2000) in human
smokers. On balance, this collection of studies suggests that bupropion
attenuates many of the aversive effects of nicotine during periods of
withdrawal.

Animal studies also have examined the effects of bupropion on the
aversive properties of nicotine in non-dependent subjects. For ex-
ample, using a two-bottle choice task, Shoaib et al. (2003) examined
the ability of bupropion to attenuate the acquisition of nicotine-
conditioned taste aversion (CTA) in rats. Shoaib et al. (2003) found that
bupropion did not alter the acquisition of nicotine CTA, suggesting that
bupropion does not alter the aversive properties of nicotine. However,
bupropionwas administered 30 min in advance of the nicotine during
the conditioning sessions. Indeed, Dwoskin et al. (2006) found that
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bupropion (5 mg/kg) co-administered with nicotine (0.8 mg/kg),
facilitated the acquisition of nicotine CTA in rats. This latter experiment
suggests that the temporal parameter of bupropion administration is
an important factor in determining its effect on nicotine CTA.

Animal studies examining the effects of bupropion on the reinfor-
cing/rewarding properties of nicotine have produced equivocal results.
Several studies have found that acute or chronic bupropion pretreat-
ment increases nicotine self-administration in rats (Rauhut et al., 2003;
Shoaib et al., 2002). Furthermore, acute bupropion pretreatment has
been found to facilitate acquisition of nicotine-conditioned place
preference (CPP) in rats (Dwoskin et al., 2006). Collectively, these
studies suggest that bupropion enhances the reinforcing/rewarding
effects of nicotine during periods of nicotine exposure/maintenance.
Other studies, however, have found that acute bupropion pretreatment,
or chronic pretreatment with a high bupropion dose (70 mg/kg), at-
tenuates nicotine self-administration in rats (Bruijnzeel and Markou,
2003; Glick et al., 2002; Maisonneuve and Glick, 2003; Rauhut et al.,
2005). Acute bupropion pretreatment also has been found to dose-
dependently attenuate nicotine-induced decreases in brain stimulation
reward thresholds in non-dependent rats (Cryan et al., 2003). Taken
together, these latter studies suggest that acutebupropionpretreatment,
or chronic pretreatment with a high bupropion dose, attenuates the
reinforcing efficacy of nicotine. It has been suggested that rat strain
differences may account for the between-studies differences with
respect to the effects of bupropion on the reinforcing properties of
nicotine (Bruijnzeel and Markou, 2003).

In the Dwoskin et al. (2006) study, only a single, low bupropion dose
(5mg/kg)was tested for its ability to alter nicotineCTAorCPP.While this
single bupropion dose was found to enhance nicotine CTA or CPP, the
study was limited due to its single-dose nature. Furthermore, all of the
studies to date examining the effects of bupropion on the motivational
properties of nicotine have used rats as experimental subjects. Such
studies have been important in the understanding of bupropion's
therapeutic mechanism of action as a smoking-cessation agent, as the
motivational properties of nicotine are thought to contribute to its
addictive potential (Kumar et al., 1983; Picciotto and Corrigall, 2002).
However, rats and humans metabolize bupropion differently (Suckow
et al., 1986), thus limiting rats as an optimal animal model for un-
derstanding the effects of bupropion. A better animal model for un-
derstanding the effects of bupropion ismice, asmice have been found to
metabolize bupropion similar to humans (Suckow et al., 1986). Thus,
given the single-dose nature of the Dwoskin et al. (2006) study, and the
similarity of bupropionmetabolism bymice and humans, it is important
to determine the effects of bupropion, across a wide dose-response
range, on the motivational properties of nicotine in mice.

To this end, the effects of bupropion (1–20 mg/kg) on the aversive
or rewarding properties of nicotine in CD-1 mice were determined in
the present experiments. Preliminary experiments examined several
nicotine doses (0.1–2.0 mg/kg) to determine an effective nicotine dose
to produce a CTA or CPP and to characterize nicotine CTA or CPP in CD-
1 mice (Experiment 1a or 2a, respectively). Nicotine-induced changes
in locomotor activity also were examined and characterized in CD-1
mice in the CPP experiment. Once an effective nicotine dosewas found
and characterized, the effects of bupropion on nicotine CTA (Experi-
ment 1b) or nicotine CPP (Experiments 2b and 2c) were determined.
The effects of bupropion on potential nicotine-induced changes in
locomotor activity were determined simultaneously in the CPP
experiments, as the locomotor effects of nicotine also have been
suggested to be related to its addictive potential (Di Chiara, 2000).

2. Methods

2.1. Animals

Male, experimentally-naïve CD-1 mice, obtained from Charles
River Laboratories (Raleigh, NC), were used in all experiments. The
mice ranged in weight from 16–18 g and were approximately 21–
28 days of age (adolescence) at the start of the experiment. Adolescent
mice were selected to optimize the robustness of the CPP, as a number
of recent reports have shown that adolescent rodents are more
sensitive to the rewarding properties of nicotine compared to adult
rodents (Belluzzi et al., 2004; Kota et al., 2007; Vastola et al., 2002).
Except where noted, ad libitum access to food and water was available
for the duration of the experiment. For the CTA or CPP experiments,
mice were housed individually in 9 3/8×5 7/16×5 1/8 in. or
8×12×6 in. (L×W×H) plastic tubs with wire tops, respectively. The
room containing the mice was kept at 68–70 °F and was on a 12:12
light/dark cycle. Experiments were conducted during the light portion
of the cycle. Upon arrival, the mice were acclimated to the animal
colony for at least a 7-day period. In all experiments, mice were
handled daily for 1 min during the acclimation period. The Institu-
tional Animal Care and Use Committee of Dickinson College approved
the experiments described in this paper. The experiments conform to
the guidelines established by the NIH Guide for the Care and Use of
Laboratory Animals (1996 Edition).

2.2. Apparatus

For the CPP experiments, 8 open-field activity chambers (ENV-
OFA-510; Med-associates, Burlington, VT) with CPP inserts (ENV-512;
Med-associates, Burlington, VT) were used. The walls of the compart-
ments were constructed of Plexiglas and the overall inside dimensions
were 27.9×27.9 cm (L×W). The CPP inserts divided the chamber into 2
equally-sized compartments. One compartment had white construc-
tion paper line the outer walls and contained a wire-mesh floor. The
other compartment had black construction paper line the outer walls
and contained a rod floor. Three, 16-beam I/R arrays recorded loco-
motor activity and determined place preference. A white-noise gen-
erator, located in the room, produced an ambient background noise of
∼70 dB. All data were recorded by a personal computer (MED-PC
Open-Field Activity Software) located in an adjacent control room.

2.3. Materials

In the CTA experiments, 50-ml polypropylene graduated centrifuge
tubes (VWR International, Baltimore, MD) were used. The graduated
centrifuge tubes were demarcated in 1 ml intervals and fluid levels
were recorded to the nearest 1 ml.

2.4. Drugs

S(−)-nicotine di-tartrate (Sigma, St. Louis, MO) was prepared in
physiological saline, to which NaOH was added to obtain a pH of 7.4.
Nicotine doses were injected subcutaneously (s.c.) in a volume of
10 ml/kg (body weight) and were expressed as the freebase weight.
(±)-Bupropion HCl (Sigma, St. Louis, MO) was prepared in physiolo-
gical saline, injected (s.c.) in a volume of 10 ml/kg (body weight), and
doses were expressed as the salt weight.

2.5. Procedure

2.5.1. Conditioned taste aversion experiments

2.5.1.1. Experiment 1a. Following the 7-day acclimation period, 4
phases occurred: initial water restriction, pretest, conditioning and
test. During the first phase, which lasted 1 session, mice were re-
stricted from water for 24 h, and then were allowed 20 min access to
tapwater in their home cages (initial water restriction). Twenty-four h
following this initial water-restriction phase, mice were allowed
20 min access to saccharin in their home cages (pretest). Mice were
required to begin drinking within 2 s in order to advance to the
next phase. In addition, mice were assigned to groups based on their
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saccharin consumption at the time of pretest in order to match the
groups prior to the conditioning phase. Next, an 8-session condition-
ing phase occurred. This phase consisted of 4 alternating drug and
non-drug sessions (counterbalanced). On drug sessions, mice (n=7–8/
dose) were injectedwith vehicle (physiological saline) or nicotine (0.2,
0.4, 0.8 or 2.0 mg/kg) approximately 5 min after a 60-min period of
drinking saccharin (0.15%). On the intervening non-drug sessions,
mice were allowed 60 min access to tap water for rehydration
purposes. The final phase occurred 48 h after the last drug session and
consisted of 2 sessions (test). On the first session, half of the mice
received 60 min access to the saccharin solution whereas the other
half received 60 min access to tap water in the absence of any
injections. On the second session, the other half of the mice received
60 min access to the saccharin solution and the mice that received
saccharin the previous day received 60 min access to tap water. For all
phases, the volume (ml) of fluid (saccharin or water) consumed by the
mice during the drinking period was recorded.

2.5.1.2. Experiment 1b. This experiment resembled Experiment 1a
except that mice (n=6–7/group) were injected with vehicle or
bupropion (1, 5, 10 or 20 mg/kg) 5 min before an injection of vehicle
or a single nicotine dose (0.8 mg/kg) following the 60-min saccharin
drinking period on drug sessions. A 5-min pretreatment interval was
selected, as this bupropion pretreatment interval has been shown to
alter the behavioral effects of nicotine in mice (Slemmer et al., 2000).
Moreover, it has been shown that co-administration of bupropion and
nicotine alters nicotine CTA in rats (Dwoskin et al., 2006). The amount
of water consumed by mice on non-drug sessions was not recorded.

2.5.2. Locomotor activity and conditioned place preference experiments

2.5.2.1. Experiment 2a. This experiment consisted of 3 phases: pretest,
conditioning, and test. Twenty-four h after the 7-day acclimation
period, mice received an injection of the vehicle (physiological saline)
and were placed immediately into either the white or black com-
partment (counterbalanced) and permitted to explore both compart-
ments for a 15-min period (pretest). This session determined a
mouse's non-preferred compartment. Moreover, mice were assigned
to groups in order to match all groups in terms of their initial pref-
erence ratios. Twenty-four h after the pretest session, the conditioning
phase began and consisted of 4 alternating drug and non-drug
sessions (counterbalanced). On drug sessions, mice (n=18/dose) were
injected with vehicle (physiological saline) or nicotine (0.1, 0.2, 0.4 or
0.8 mg/kg) and immediately confined to the non-preferred compart-
ment for a 30-min period (i.e., a “biased” CPP procedure). A biased CPP
procedure was selected in order to enhance the likelihood of
observing a nicotine CPP in CD-1 mice, as reports suggest that a
biased procedure is more effective in producing a CPP (Calcagnetti and
Schechter, 1994; for review, Tzschentke, 1998) and “more suitable” for
assessing the rewarding properties of nicotine compared to an un-
biased procedure (Le Foll and Goldberg, 2005). On the intervening
non-drug sessions, mice received an injection of vehicle and were
immediately confined to the preferred compartment for a 30-min
period. Twenty-four h after the last session of the conditioning phase,
mice were given an injection of vehicle, placed in either the white or
black compartment (counterbalanced) and permitted to explore both
compartments for a 15-min period (test).

2.5.2.2. Experiments 2b and 2c. These experiments resembled Experi-
ment 2a except that mice (n=16 or 24/group) were injected with
vehicle (physiological saline) or bupropion (5, 10 or 20 mg/kg) 15 min
(Experiment 2b) before an injection of vehicle (physiological saline) or
a single nicotine dose (0.4 mg/kg) and confined to the non-preferred
compartment for a 30-min period on drug sessions. A 15-min
bupropion pretreatment interval was selected, as this bupropion pre-
treatment interval has been shown to alter the reinforcing efficacy of
nicotine in rats (Rauhut et al., 2003), a process related to, though
different from, the rewarding properties of nicotine. Because
bupropion has been shown to produce a CPP in rats (Ortmann,
1985), an additional CPP experiment was conducted in which the
bupropion pretreatment interval was extended. In this experiment
(Experiment 2c), mice (n=11–12/group) were injected with vehicle
(physiological saline) or bupropion (1, 5, 10 or 20 mg/kg) 30 min
before an injection of vehicle or nicotine and confined to the non-
preferred compartment on the drug sessions. In both experiments, all
mice received an injection of vehicle followed 15 (Experiment 2b) or
30 (Experiment 2c) min later by a second injection of vehicle and then
confined to the preferred compartment on the non-drug sessions.

2.5.3. Data analysis

2.5.3.1. CPP experiments. For each mouse, preference ratios were
calculated on the pretest and test sessions. The preference ratios were
defined according to the following formula: (time spent in initially
non-preferred compartment) / (time spent in initially non-preferred
compartment+time spent in initially preferred compartment). A
preference ratio of 0.5 indicates no compartment preference. How-
ever, because a biased CPP procedure was used, nicotine was ad-
ministered to nicotine-treated mice in the initially non-preferred
compartment. Thus, by definition, the preference ratios were less than
0.5 prior to the conditioning phase. Evidence for a CPP was shown by
significantly higher preference ratios for nicotine-treated mice com-
pared to vehicle-treated control mice on the test session.

For the preliminary CTA and CPP experiments, the data were sub-
jected to one- or two-way analyses of variances (ANOVAs; SPSS 14.0
for Windows). Dose was a between-subjects factor and Session was a
within-subjects factor. In the bupropion experiments, the data were
subjected to two- or three-way ANOVAs. Pretreatment with Bupro-
pion (Bupropion vs. Vehicle) and Pretreatment with Nicotine
(Nicotine vs. Vehicle) were between-subject factors and Session was
a within-subjects factor. Significant main effects or interactions of
interest motivated additional one-way ANOVAs on specific sessions
followed by post hoc contrasts involving Tukey's HSD tests. All sta-
tistical decisions were made at α=0.05.

3. Results

3.1. Conditioned taste aversion experiments

3.1.1. Experiment 1a
A one-way ANOVA conducted on the pretest data revealed no

significant dose differences at the time of pretest, Fb1.0 (Fig. 1, top
panel).

A two-way (Dose×Session) ANOVA conducted on the saccharin
consumption on the drug sessions and test session revealed a
significant main effect of Session, F(4, 136)=2.6, pb0.05, Dose, F(4,
34)=5.9, p=0.001, and Dose×Session interaction, F(16, 136)=2.3,
pb0.01. Subsequent post hoc tests comparing nicotine doses on the
individual drug sessions and test session revealed that 0.8 and 2.0 mg/
kg nicotine mice drank less than vehicle control mice on the test
session only, psb0.05.

A two-way (Dose×Session) ANOVA conducted on the water con-
sumption on the non-drug and test sessions revealed only a significant
main effect of Session, F(4, 136)=2.4, p=0.05 (Fig. 1, bottom panel).
Neither the main effect of Dose nor the Dose×Session interaction was
significant.

Separate two-way (Dose×Session) ANOVAs, similar to those con-
ducted on the consumption data, were conducted on themiceweights
during the drug, non-drug and test sessions. These ANOVAs revealed
only significant main effects of Session, Fs (4, 136)N182.0, psb0.001
(data not shown), indicating that mice gained weight during the
course of the experiment. No significant main effect of Dose or



Fig. 1. (Experiment 1a, CTA). Saccharin (top panel) or water (bottom panel)
consumption (mean±SEM) on the pretest, drug and test sessions in mice that received
vehicle (physiological saline) or nicotine (0.2, 0.4, 0.8 or 2.0 mg/kg) during the
conditioning phase. The “⁎” and “#” denote a significant difference from vehicle control
mice for 0.8 and 2.0 mg/kg nicotine mice, respectively, psb0.05. n=7–8 mice/dose.
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Dose×Session interactions were detected, indicating that group dif-
ferences in consumption observed during the drug sessions were not
complicated by group differences in weight.

3.1.2. Experiment 1b
A one-way ANOVA conducted on the pretest data revealed no

significant group differences at the time of pretest, Fb1.0 (Table 1).
Table 1
Experiment 1b — saccharin consumption (mean±SEM) in milliliters on pretest and drug se

Pretreatment with
bupropion

Pretreatment with
nicotine

Drug session

Pretest 1

Vehicle Vehicle 5.4 (±0.30) 6.
Nicotine 6.0 (±0.31) 6.

1 Bup Vehicle 6.0 (±0.26) 6.
Nicotine 5.9 (±0.26) 6.

5 Bup Vehicle 5.8 (±0.31) 7.0
Nicotine 6.0 (±0.22) 6.

10 Bup Vehicle 5.8 (±0.17) 6.
Nicotine 5.6 (±0.48) 6.

20 Bup Vehicle 5.8 (±0.31) 6.
Nicotine 5.9 (±0.14) 6.

The “⁎” and “+” denote a significant difference from Veh+Veh and Veh+Nic control mice, r
A three-way (Pretreatment with Bupropion×Pretreatment with
Nicotine×Session) repeated-measures ANOVA conducted on the
saccharin consumption of the drug sessions and test session revealed
significant main effects of Session, F(4, 224)=2.4, pb0.05, and Pre-
treatment with Nicotine, F(1, 56)=23.9, pb0.001. The Pretreatment
with Nicotine×Session, F(16, 224)=3.6, pb0.01, Pretreatment with
Bupropion×Pretreatment with Nicotine, F(4, 56)=6.7, pb0.001, and
Pretreatment with Bupropion×Pretreatment with Nicotine×Session,
F(16, 224)=1.9, pb0.05, interactions also were significant. The main
effect of Pretreatment with Bupropion and the Pretreatment with
Bupropion×Session interaction were not significant. Follow-up post
hoc tests comparing groups on the individual drug sessions and test
session revealed that Veh+Nic and 1 Bup+Nic mice drank less than
Veh+Veh control mice on drug sessions 3 and 4 (Table 1) and the test
session (Fig. 2), psb0.05 (i.e., CTAs). Moreover, on all drug sessions, 1
Bup+Nic mice did not differ from Veh+Nic mice, suggesting that the
lowest bupropion dose did not alter nicotine CTA. On all drug sessions
and the test session, 5 Bup+Nic mice did not differ from Veh+Veh
control mice or Veh+Nic mice, suggesting that a moderate bupropion
dose attenuated the nicotine CTA. However, on drug session 3 and the
test session, 10 Bup+Nic and 20 Bup+Nic mice differed from Veh+Nic
mice, psb0.05. Moreover, on all drug sessions and the test session, 10
Bup+Nic and 20 Bup+Nic mice did not differ from Veh+Veh control
mice. Taken together, these results suggest that the highest bupropion
doses completely blockednicotineCTAoncertain sessions.Nobupropion
dose administered alone decreased saccharin consumption relative to
the Veh+Veh controlmice, indicating that bupropion administered alone
did not produce a CTA.

A three-way (Pretreatment with Bupropion×Pretreatment with
Nicotine×Session) repeated-measures ANOVA conducted on the mice
weights during the drug sessions and test session revealed a sig-
nificant main effect of Session, F(4, 224)=222.5, pb0.001 (data not
shown), indicating that groups gained weight during the course of the
experiment. A significant Pretreatment with Bupropion×Pretreat-
ment with Nicotine×Session also was detected, F(16, 224)=2.5,
pb0.01. An inspection of the data suggests that 1 Bup+Nic mice
tended to weigh less than Veh+Veh control mice, perhaps accounting
for the significant three-way interaction. However, post hoc tests,
comparing 1 Bup+Nic and Veh+Veh control mice, failed to detect any
reliable differences between the groups. The failure to detect reliable
group differences with respect to weight suggests that group dif-
ferences in saccharin consumption were not complicated by group
differences in weight.

3.2. Locomotor activity and conditioned place preference experiments

In the CPP experiments, miceN2 SDs from the group mean at the
time of the CPP test were deemed “aberrant” and excluded for all
analyses. This criterion resulted in the elimination of 4, 12, and 8 mice
ssions

2 3 4

7 (±0.36) 6.6 (±0.30) 6.6 (±0.20)+ 7.1 (±0.40)
7 (±0.18) 5.6 (±0.30) 5.3 (±0.18) ⁎ 5.4 (±0.20) ⁎
3 (±0.33) 7.5 (±0.22) 7.0 (±0.26) 7.2 (±0.31)
4 (±0.20) 5.4 (±0.20) 5.6 (±0.20) ⁎ 5.6 (±0.30) ⁎
(±0.58) 6.5 (±0.34) 6.7 (±0.21) 6.2 (±0.31)

6 (±0.37) 6.1 (±0.26) 6.0 (±0.22) 6.3 (±0.18)
8 (±0.48) 6.5 (±0.34) 6.8 (±0.17) 6.7 (±0.21)
7 (±0.29) 6.1 (±0.34) 6.6 (±0.20)+ 6.3 (±0.29)
3 (±0.21) 6.5 (±0.22) 6.2 (±0.17) 6.3 (±0.21)
6 (±0.30) 6.6 (±0.20) 6.7 (±0.29)+ 6.6 (±0.20)

espectively, on a specific session, psb0.05.



Fig. 3. (Experiment 2a; locomotor activity). Distance traveled (mean±SEM) on the drug
(top panel) and non-drug (bottom panel) sessions in mice that received vehicle or
nicotine (0.1, 0.2, 0.4 or 0.8 mg/kg) during the conditioning phase of the CPP
experiment. The “⁎” denotes a significant difference from vehicle control mice,
pb0.05. n=16–18 mice/dose.

Fig. 2. (Experiment 1b, CTA Test). Saccharin consumption (mean±SEM) on the test
session in mice that received Pretreatment with Bupropion (Vehicle or Bupropion) and
Pretreatment with Nicotine (Vehicle or Nicotine) on drug sessions of the conditioning
phase. The “⁎” and “+” denote a significant difference from Veh+Veh and Veh+Nic
control mice on the test session, respectively, psb0.05. n=6–7 mice/group.
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in Experiments 2a, 2b, and 2c, respectively. The elimination of mice
from Experiments 2a and 2b resulted in new sample sizes of 16–18
mice/dose and 15 or 19 mice/group, respectively, and 9–12 mice/
group for Experiment 2c.

3.2.1. Experiment 2a (locomotor activity)
A two-way (Dose×Session) ANOVA conducted on the locomotor

activity data of the drug sessions revealed a significant main effect of
Session, F(3, 243)=16.9, pb0.001, and Dose×Session interaction, F(12,
243)=4.9, pb0.001 (Fig. 3, top panel). The main effect of Dose was not
significant. Subsequent post hoc tests conducted on individual drug
sessions found that 0.8 mg/kg nicotine mice were less active than
vehicle control mice on drug session 1, pb0.01, suggesting that this
nicotine dose produced hypoactivity. No other group differences were
noted on any other drug sessions, indicating that the 0.8 mg/kg
nicotinemice developed tolerance to the hypoactive effects of nicotine
with repeated administration.

A two-way (Dose×Session) ANOVA conducted on the locomotor
activity data of the non-drug sessions revealed only a significant main
effect of Session, F(3, 243)=3.2, pb0.05 (Fig. 3, bottom panel). Nomain
effect of Dose or Dose×Session interaction was detected, indicating
that group differences in locomotor activity on drug sessions were not
complicated by general, non-specific group differences. Moreover, the
failure to detect group differences on the non-drug sessions, suggests
no carry-over effects of nicotine from the drug sessions.

3.2.2. Experiment 2a (CPP)
A one-way ANOVA conducted on the preference ratios revealed no

significant dose differences at the time of pretest, Fb1.0 (Fig. 4, top
panel), indicating that groups did not differ prior to the conditioning
phase.

A one-way ANOVA conducted on the preferences ratios of the test
session revealed a significant effect, F(4, 81)=3.2, pb0.05 (Fig. 4, bottom
panel). Follow-up post hoc tests found that 0.4mg/kg nicotinemice had
higher preference ratios than vehicle control mice, pb0.01 (i.e., a CPP).
No other nicotine doses differed from the vehicle control condition.

3.2.3. Experiment 2b (locomotor activity — 15-min pretreatment
interval)

A three-way (Pretreatment with Bupropion×Pretreatment with
Nicotine×Session) repeated-measures ANOVA conducted on the loc-
motor activity data of the drug sessions revealed significant main
effects of Session, F(3, 348)=2.6, p=0.05, Pretreatment with Bupro-
pion, F(3, 116)=11.6, pb0.001, and Pretreatment with Nicotine, F(1,
116)=4.7, pb0.05 (Table 2). No two- or three-way interactions were
significant. Subsequent post hoc tests conducted on individual drug
sessions found that 20 Bup+Nic mice were more active than Veh+Nic
mice on all drug sessions, psb0.01. The 20 Bup+Veh mice were more
active than Veh+Veh control mice on the last two drug sessions,
psb0.05, suggesting that the highest bupropion dose produced a
locomotor stimulant effect. Furthermore, the 20 Bup+Nic mice were
more active than Veh+Veh control mice on all drug sessions,
psb0.001, suggesting that the combination of the highest bupropion
dose and nicotine also produced a locomotor stimulant effect. More-
over, 20 Bup+Nic mice tended to be more active than 20 Bup+
Veh mice; however, this difference was not statistically significant,
psN0.09.

A separate three-way (Pretreatment with Bupropion×Pretreat-
ment with Nicotine×Session) repeated-measures ANOVA conducted
on the locomotor activity data of the non-drug sessions revealed no
main effects or interactions (data not shown), indicating that group
differences in locomotor activity on drug sessions were not compli-
cated by general, non-specific group differences. Moreover, the fail-
ure to detect group differences on the non-drug sessions suggests
no carry-over effects of bupropion and/or nicotine from the drug
sessions.



Fig. 4. (Experiment 2a; CPP Pretest and Test). Preference ratios (mean+SEM) on the
pretest (top panel) or test (bottom panel) sessions in mice that received vehicle or
nicotine (0.1, 0.2, 0.4 or 0.8 mg/kg) during the conditioning phase of the CPP
experiment. The “⁎” denotes a significant difference from vehicle control mice,
pb0.05. n=16–18 mice/dose.
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3.2.4. Experiment 2c (locomotor activity — 30-min pretreatment
interval)

A three-way (Pretreatment with Bupropion×Pretreatment with
Nicotine×Session) repeated-measures ANOVA conducted on the
locomotor activity data of the drug sessions revealed significant
main effects of Session, F(3, 303)=11.5, pb0.001, Pretreatment with
Bupropion, F(4, 101)=12.5, pb0.001, and Pretreatment with Nicotine,
F(1, 101)=9.0, pb0.01 (Table 3). The Pretreatment with Bupropion×
Session, F(12, 303)=2.0, pb0.05, Pretreatment with Nicotine×Session,
F(3, 303)=3.6, pb0.05, and Pretreatment with Bupropion×Pretreat-
Table 2
Experiment 2b — distance traveled (mean±SEM) in centimeters on drug sessions

Pretreatment with
bupropion

Pretreatment with
nicotine

Drug session

1

Vehicle Vehicle 1980 (±194)
Nicotine 2563 (±233)

5 Bup Vehicle 2681 (±207)
Nicotine 2710 (±139)

10 Bup Vehicle 3155 (±290)
Nicotine 2885 (±359)

20 Bup Vehicle 3534 (±379)
Nicotine 5375 (±1091) ⁎+

The “⁎” and “+” denote a significant difference from Veh+Veh and Veh+Nic control mice, r
ment with Nicotine, F(4, 101)=2.9, pb0.05, interactions also were
significant. However, the Pretreatment with Bupropion×Pretreatment
with Nicotine×Session interaction was not significant. Subsequent
post hoc tests conducted on individual drug sessions found that the 10
Bup+Nic and 20 Bup+Nic mice were more active than Veh+Nic mice
on all drug sessions, psb0.05. The 5 Bup+Nic mice were more active
than Veh+Nicmice only on drug sessions 2 and 4, psb0.05. The lowest
bupropion dose (1 mg/kg) did not differ from Veh+Nic mice. Col-
lectively, these results suggest that bupropion dose-dependently
attenuated nicotine-induced hypoactivity. However, this conclusion
should be tempered.While Veh+Nicmice tended to be less active than
Veh+Veh mice on the initial drug sessions, these group differences
were not significant. Thus, nicotine did not reliably produce hypo-
activity. None of the bupropion doses administered alone increased
locomotor activity relative to Veh+Veh control mice. In contrast, the
20 Bup+Nic mice were more active than Veh+Veh control mice on all
drug sessions and the 10 Bup+Nic mice more active than Veh+Veh
control mice only on the last drug session, psb0.05. These results
suggest that these bupropion doses in combination with nicotine
produced a locomotor stimulant effect. No other bupropion doses co-
administered with nicotine increased locomotor activity relative to
Veh+Veh control mice. Furthermore, none of the bupropion+nicotine
mice were reliably more active than their bupropion alone counter-
parts. The 10 Bup+Nic mice tended to be more active than their
bupropion alone counterparts by the last drug session; however, these
group differences were not significant, p=0.07.

A separate three-way (Pretreatment with Bupropion×Pretreat-
ment with Nicotine×Session) repeated-measures ANOVA conducted
on the locomotor activity data of the non-drug sessions revealed only
a main effect of Session, F(3, 303)=13.5, pb0.001 (data not shown). No
other main effects or interactions were significant.

3.2.5. Experiment 2b (CPP — 15-min pretreatment interval)
A two-way (Pretreatment with Bupropion×Pretreatment with

Nicotine) ANOVA conducted on the preference ratios of the pretest
session revealed no significant main effects or interactions, Fsb1.0
(Fig. 5, top panel), indicating that groups did not differ prior to the
conditioning phase.

A two-way (Pretreatment with Bupropion×Pretreatment with
Nicotine) ANOVA conducted on the preference ratios of the test ses-
sion revealed significant main effects of Pretreatment with Bupropion,
F(3, 116)=4.7, pb0.01 and Pretreatment with Nicotine, F(1,116)=5.7,
pb0.05 (Fig. 5, bottom panel). The Pretreatment with Bupropion×Pre-
treatment with Nicotine interaction also was significant, F(3,116)=3.3,
pb0.05. Follow-up post hoc tests found that Veh+Nic mice had higher
preference ratios compared to Veh+Veh control mice (i.e., a CPP).
Furthermore, with the exception of the 10 Bup+Veh mice, the
other bupropion doses (5 and 20mg/kg) administered alone produced
CPPs, psb0.05. Moreover, all bupropion doses (5, 10 or 20 mg/kg) co-
administered with nicotine produced CPPs, psb0.05, but did not alter
nicotine CPP.
2 3 4

1935 (±156) 2018 (±208) 2082 (±184)
2636 (±331) 2928 (±383) 2846 (±299)
2599 (±206) 2634 (±266) 2655 (±278)
2738 (±191) 2897 (±224) 2855 (±251)
2867 (±248) 2833 (±250) 3155 (±246)
2849 (±304) 3227 (±320) 3066 (±236)
3468 (±482) 3937 (±548) ⁎ 4073 (±519) ⁎
5026 (±790) ⁎+ 5170 (±767) ⁎+ 5265 (±859) ⁎+

espectively, on a specific session, psb0.05.



Table 3
Experiment 2c — distance traveled (mean±SEM) in centimeters on drug sessions

Pretreatment with
bupropion

Pretreatment with
nicotine

Drug session

1 2 3 4

Vehicle Vehicle 2195 (±141) 1813 (±214) 2129 (±220) 1887 (±262)
Nicotine 1530 (±234) 1305 (±246) 2057 (±269) 1825 (±210)

1 Bup Vehicle 2194 (±212) 1990 (±307) 1915 (±195) 2106 (±306)
Nicotine 2231 (±253) 2051 (±157) 2095 (±203) 2530 (±252)

5 Bup Vehicle 2126 (±231) 2403 (±282) 2443 (±254) 2491 (±233)
Nicotine 2610 (±238) 2487 (±279)+ 2863 (±324) 3181 (±310)+

10 Bup Vehicle 2256 (±189) 2090 (±202) 2187 (±189) 2157 (±186)
Nicotine 3325 (±295)+ 2885 (±239)+ 3402 (±230)+ 3447 (±297) ⁎+

20 Bup Vehicle 2841 (±251) 2568 (±291) 3266 (±358) 3073 (±374)
Nicotine 3525 (±446) ⁎+ 3197 (±277) ⁎+ 4269 (±488) ⁎+ 4104 (±428) ⁎+

The “⁎” and “+” denote a significant difference from Veh+Veh and Veh+Nic control mice, respectively, on a specific session, pb0.05.
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3.2.6. Experiment 2c (CPP — 30-min pretreatment interval)
A two-way (Pretreatment with Bupropion×Pretreatment with

Nicotine) ANOVA conducted on the preference ratios of the pretest
session revealed no significant main effects or interactions, Fsb1.0
(Fig. 6, top panel), indicating that groups did not differ prior to the
conditioning phase.
Fig. 5. (Experiment 2b; CPP Pretest and Test). Preference ratios (mean+SEM) on the
pretest (top panel) or test (bottom panel) sessions in mice that received Pretreatment
with Bupropion (Bupropion or Vehicle) followed 15 min later by Pretreatment with
Nicotine (Nicotine or Vehicle) during the conditioning phase of the CPP experiment.
Except for 10 Bup+Veh mice, the “⁎” denotes a significant difference from Veh+Veh
control mice on the test session, psb0.05. n=15 or 19 mice/group.
A two-way (Pretreatment with Bupropion×Pretreatment with
Nicotine) ANOVA conducted on the preference ratios of the test
session revealed a significant main effect Pretreatment with Nicotine,
F(1, 101)=5.5, p=0.05 (Fig. 6, bottom panel). This result suggests that
nicotine-conditioned mice had higher preference ratios compared to
Fig. 6. (Experiment 2c; CPP Pretest and Test). Preference ratios (mean+SEM) on the
pretest (top panel) or test (bottom panel) sessions in mice that received Pretreatment
with Bupropion (Bupropion or Vehicle) followed 30 min later by Pretreatment with
Nicotine (Nicotine or Vehicle) during the conditioning phase of the CPP experiment. The
“⁎” indicates a significant main effect of Pretreatment with Nicotine (i.e., a CPP) and the
“#” denotes a significant difference between 20 Bup+Veh and Veh+Veh control mice on
the test session, psb0.05. n=9–12 mice/group.
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vehicle-treated mice (i.e., CPPs). The main effect of Pretreatment with
Bupropion also was significant, F(4, 101)=4.6, pb0.01. Follow-up post
hoc contrasts found that only the 20 Bup+Veh mice had higher
preference ratios than the Veh+Veh control mice, pb0.05, suggesting
that this bupropion dose administered alone produced a CPP. No other
bupropion doses administered alone produced a CPP. The Pretreat-
ment with Bupropion×Pretreatment with Nicotine interaction was
not significant, suggesting that no bupropion dose altered nicotine
CPP. However, the 10 and 20 Bup+Nic mice tended to have higher
preference ratios than Veh+Nic mice but these differences were
not significant. Moreover, none of the bupropion+nicotine mice had
higher preference ratios than their bupropion alone counterparts.

4. Discussion

The present experiments revealed several findings of interest. First,
nicotine dose-dependently produced a CTA, CPP or induced changes in
locomotor activity in CD-1mice. Second, bupropion dose-dependently
attenuated or completely blockednicotine CTA. Third,whenbupropion
was administered 15minprior to the conditioning sessions, bupropion
dose-dependently produced CPPs and increased locomotor activity
when administered alone or in combination with nicotine. Fourth,
when bupropion was administered 30 min prior to the conditioning
sessions, only the highest bupropion dose (20 mg/kg) produced a CPP
when administered alone. Finally, regardless as to the pretreatment
interval, no bupropion doses altered nicotine CPP and the combination
of bupropion and nicotine did not reliably increase locomotor activity
more so than when bupropion was administered alone.

It was found that a one-bottle choice task produced nicotine CTA
(Experiment 1a), consistent with other one-bottle choice task nicotine
CTA experiments (Pescatore et al., 2005; Risinger and Brown, 1996).
Moreover, nicotine doses (0.8 and 2.0 mg/kg) that produced CTAs did
not cause suppression of water intake on the non-drug or test
sessions. This result suggests that the nicotine CTA was specific to
saccharin and was not due to a general suppression in consumption.
Finally, the magnitude of the nicotine CTA produced was comparable
to that found using the more conventional two-bottle choice task
(Kumar et al., 1983; Shoaib et al., 2000; Shoaib et al., 2002; Shoaib
et al., 2003). Collectively, these observations suggest that the present
procedure was a valid measure of nicotine CTA and demonstrate that
CD-1 mice are responsive to the aversive properties of nicotine.
Several studies have shown that the rodent strain is an important
factor in determining nicotine CTA. Pescatore et al. (2005) found that
Fischer 344 rats were slower to acquire and displayed a less robust
nicotine CTA compared to Lewis rats. Risinger and Brown (1996) found
that C3H/heJ and DBA mice developed dose-dependent nicotine CTAs,
whereas BALB demonstrated only minor CTAs and did not differ in a
dose-dependent manner. C57BL/6 J completely failed to show nicotine
CTA. Thus, the present study extends the nicotine CTA literature,
showing that CD-1 mice demonstrate nicotine CTA in a dose-
dependent manner.

The present study also found that bupropion dose-dependently
attenuated or completely blocked nicotine CTA (Experiment 1b). That
is, the low bupropion dose (1 mg/kg) failed to attenuate the nicotine
CTA, whereas moderate (5 mg/kg) or high (10 or 20 mg/kg) bupropion
doses attenuated or completely blocked the nicotine CTA, respectively.
This finding is consistent with studies that have found that bupropion
attenuates other behavioral effects of nicotine such as antinociception
in non-dependent subjects (Slemmer et al., 2000), as well as the
affective (Cryan et al., 2003; Hurt et al., 1997; Jorenby et al., 1999;
Malin et al., 2006; Shiffman et al., 2000) or somatic (Cryan et al., 2003;
Malin et al., 2006) effects of nicotine withdrawal in nicotine-
dependent subjects. This finding, however, is at odds with studies
that have shown that bupropion enhances (Dwoskin et al., 2006) or
does not alter (Shoaib et al., 2003) nicotine CTA in non-dependent rats.
The discrepant results may be due to species differences between
studies. Indeed, mice and rats metabolize bupropion differently
(Suckow et al., 1986; see below for an elaboration of this point).

The neurochemical mechanism mediating the bupropion-induced
attenuation in nicotine CTA is unknown. It has been suggested that
nicotine exerts its aversive properties via stimulation of centrally-
located nicotinic receptors (Kumar et al., 1987; Shoaib and Stolerman,
1995). Furthermore, the competitive nicotinic receptor antagonist,
DHβE, which has a high affinity for the α4β2 nicotinic receptor sub-
type (Harvey and Luetje, 1996; Harvey et al., 1996; Luetje and Patrick,
1991) has been shown to attenuate nicotine CTA (Shoaib et al., 2000),
suggesting that the aversive properties of nicotine appear to be
mediated through this nicotinic receptor subtype. The recent observa-
tion that β2-knockout mice show a weaker nicotine CTA relative to
control wild-type mice provides additional support for the role of the
β2 receptor in mediating the aversive properties of nicotine (Shoaib
et al., 2002). Because bupropion has been reported to be a non-
competitive antagonist at the α4β2 nicotinic receptor subtype (Fryer
and Lukas, 1999; Slemmer et al., 2000) and a competitive antagonist
at the α3β2 nicotinic receptor subtype (Miller et al., 2002), this is a
plausible neurochemical mechanism to account for the effect of
bupropion on nicotine CTA, as presently observed.

The contribution of the metabolites of bupropion to the attenuation
of nicotine CTA cannot be excluded. Metabolism of bupropion differs
between species. For example, hydroxybupropion, a primarymetabolite
of bupropion, does not accumulate in the brain in significant levels
(Suckow et al., 1986), and contributes little to the behavioral effects of
bupropion in rats (Cooper et al., 1994). However, bupropion is readily
metabolized to hydroxybupropion in mice and humans, which is
behaviorally active and has been suggested to contribute largely to the
antidepressant (Ascher et al., 1995; Martin et al., 1990) and smoking-
cessation effects (Damaj et al., 2004) of bupropion. Indeed, the 2S,3S
isomer of hydroxybupropion has been shown recently to more potently
inhibit the humanα4β2 nicotinic receptor compared to the 2S,3R isomer
or racemic mixture of bupropion (Damaj et al., 2004). Thus, the effect of
bupropion on nicotine CTA, as presently observed, may be due to the
metabolites of bupropion instead of the parent compound.

Previous research has found that nicotine produces a biphasic
response on locomotor activity (Clarke and Kumar, 1983). In the
present study, nicotine dose-dependently altered locomotor activity
with the highest nicotine dose (0.8 mg/kg) initially inducing hypo-
activity followed by the development of tolerance to the hypoactive
effects (Experiment 2a). No nicotine dose produced hyperactivity with
repeated administration (i.e., no sensitization). Several studies have
shown that mouse strains are differentially sensitive to the locomotor-
altering effects of nicotine (Collins et al., 1988; Marks et al., 1983;
Marks et al., 1989; Marks et al., 1991). For example, C57BL and DBA
mice are very sensitive to the locomotor-depressant effects of nicotine
whereas CH3 mice are sensitive to the locomotor-activating effects of
nicotine (Marks et al., 1983). In CD-1 mice, a very low nicotine dose
(0.05 mg/kg) induces hyperactivity when administered 15–20 min
after the injection (Freeman et al., 1987). In addition, Freeman et al.
(1987) found that a moderate nicotine dose (0.4 mg/kg) failed to alter
locomotor activity whereas a high nicotine dose (0.8 mg/kg) initially
induced hypoactivity followed by hyperactivity within a 60-min ses-
sion in CD-1mice. However, direct comparisons between the Freeman
et al. (1987) study and the present report are complicated by the fact
the Freeman et al. (1987) study did not specify if the nicotine dose was
based on the freebase or salt weight of the drug. Nevertheless, the
present results show that, within the parameters tested, CD-1 mice
are responsive to the acute, locomotor-depressant effects of nicotine
but are unresponsive to the locomotor-activating effects following
repeated nicotine administration (i.e., sensitization).

Using a biased CPP procedure, the present study also found that
nicotine CPP was observed (Experiment 2a). The use of a biased CPP
procedure is a potential limitation of the present report, as the use of
such a procedure complicates the interpretation of the CPP results. It has
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been suggested that a shift in preference in drug-treated animals may
reflect a reduction in theaversivenessof thenon-preferred compartment
when a biased CPP procedure is used (Tzschentke, 1998). That is, the
unconditioned, anxiolytic effects of the drug (e.g., nicotine)may produce
a “preference” for the non-preferred compartment by attenuating the
animal's initial perceived dislike of the compartment (i.e., “motivational
interaction” hypothesis). Alternatively, a CPP may be observed when a
biased CPP procedure is used because the non-preferred compartment is
more salient and hence easier to condition than the preferred
compartment (for a recent discussion of these alternative accounts, see
Le Foll and Goldberg, 2005). Nevertheless, the use of a biased CPP
procedure is very common in the nicotine CPP literature. In fact, as
reviewed by Le Foll and Goldberg (2005), approximately two-thirds of
the studies using a biased nicotine CPP procedure found a CPP. In
contrast, onlyone-third of the studies thatobservednicotine CPPused an
unbiased procedure. Thus, the present observation of nicotine CPP,when
a biased procedure was used, underscores the importance of such a
procedure in producing nicotine CPP.

Furthermore, the present observation that adolescent CD-1 mice
were responsive to the rewarding effects of a moderate nicotine dose
(0.4 mg/kg) are consistent with studies that have suggested other
important factors such as age of rodent (i.e., adolescent; Belluzzi et al.,
2004; Kota et al., 2007; Vastola et al., 2002) and nicotine dose (i.e.,
moderate; Grabus et al., 2006), in producing a nicotine CPP. Also, it has
been shown that mouse strains are differentially sensitive to the
rewarding effects of nicotine. Grabus et al. (2006) found that moderate
nicotine doses of 0.3 and 0.5 mg/kg produced a CPP in C57BL/6 J and
ICR mice, respectively. However, nicotine failed to produce a CPP in
DBA/2 J mice. The former observation that a moderate nicotine dose
(0.5 mg/kg) produced a CPP in ICR mice is particularly relevant for the
current study, as CD-1 and ICR mice share a common genetic back-
ground (personal communication, Charles River Laboratories).

When administered 15 min prior to the conditioning session
(Experiment 2b), only the highest bupropion dose (20 mg/kg) reliably
increased locomotor activity inmicewhen administered alone similar to
previous observations in rats (Nielsen et al., 1986; Nomikos et al., 1992).
The highest bupropion dose administered 30 min prior to the
conditioning sessions, however, did not reliably increase locomotor
activity (Experiment 2c). Rather, only themoderate (10mg/kg) and high
(20 mg/kg) bupropion doses co-administered with nicotine reliably
increased locomotor activity when a 30-min pretreatment interval was
used. However, unlike previous observations, the increased locomotor
activity was not enhanced with repeated administrations of bupropion
(i.e., no sensitization). Furthermore, with the exception of the moderate
bupropion dose (10mg/kg), the other bupropion doses (5 and 20mg/kg)
produced CPPs in mice when administered alone 15 min prior to the
conditioning sessions (Experiment 2b). However, when the pretreat-
ment interval was extended to 30min, only the highest bupropion dose
(20 mg/kg) reliably produced a CPP when administered alone (Experi-
ment 2c). These results are consistent with a previous study that found
that bupropionproduced a CPP in rats (Ortmann 1985). It is unclear as to
the neurochemical mechanism by which bupropion increases locomo-
tor activity or produces a CPP. However, in addition to its interactions
with neuronal nicotinic receptors, bupropion inhibits the dopamine and
norepinephrine transporters, having relatively lowaffinity for these sites
compared to other selective and high-affinity transporter inhibitors
(Ferris et al., 1983). Thus, the locomotor-activating effects of bupropion
and the bupropion-produced CPP most likely are related to its
facilitation of dopamine, as the dopaminergic system has been shown
to be involved in drug-produced hyperactivity and CPP (Di Chiara, 2000;
Tzschentke, 1998).

In Experiment 2c, when bupropion was administered 30 min
prior to the nicotine during the conditioning phase, bupropion dose-
dependently attenuated the hypoactivity initially induced by nicotine,
similar to previous observations (Slemmer et al., 2000). This
conclusion, however, should be tempered, as nicotine administered
alone did not statistically decrease locomotor activity. Furthermore,
regardless as to the pretreatment interval, the highest bupropion dose
administered in combination with nicotine also increased locomotor
activity inmice. However, the combination of the high bupropion dose
and nicotine did not increase locomotor activity more so than when
bupropion was administered alone. A limitation of Experiment 2b is
that the locomotor-activating effects of bupropionwhen administered
alone may have “masked” its impact on locomotor activity when
bupropion was co-administered with nicotine. In fact, the highest
bupropion dose co-administered with nicotine tended to increase
locomotor activitymore so thanwhen the highest bupropion dosewas
administered alone (though this difference was not statistically
significant). Dramatic individual differences in the 20 Bup+Nic mice
prevented detection of reliable differences compared to 20 Bup+Veh
mice in Experiment 2b. Indeed, a recent report found that bupropion
(30 mg/kg) administered in combination with nicotine (0.4 mg/kg)
increased locomotor activity more so than when bupropion was
administered alone in rats (Sidhpura et al., 2007). Despite the fact that
the co-administration of the highest bupropion dose and nicotine did
not reliably increase locomotor activity beyond bupropion alone, an
increased locomotor response was detected earlier in the bupropion+
nicotine condition in Experiment 2b. In addition, in Experiment 2c, a
statistically significant locomotor stimulant effect was detected only
with bupropion doses (10 or 20 mg/kg) co-administered with nicotine
but not when these bupropion doses were administered alone. These
results suggest that the locomotor-activating effects of these bupro-
pion doses may have summated with those of nicotine (or vice versa).
However, the failure to statistically detect a difference between the
bupropion+nicotine mice and their respective bupropion alone coun-
terparts, regardless as to the pretreatment interval, prevents a more
definitive conclusion on this issue.

In Experiment 2b, when bupropion was administered 15 min prior
to the nicotine during the conditioning phase, no bupropion dose
altered nicotine CPP. This conclusion is complicated by the fact that all
bupropion doses also produced CPPs when administered alone. How-
ever, in Experiment 2c, when the pretreatment interval was extended
to 30 min, no bupropion dose altered nicotine CPP. Moreover, in this
experiment, only the highest bupropion dose (20 mg/kg), adminis-
tered alone, produced a CPP. These findings are at odds with a recent
CPP study that found that bupropion augmented nicotine CPP when
co-administered with nicotine (Dwoskin et al., 2006). A number of
factors may have contributed to the discrepancy between the CPP
studies. Dwoskin et al. (2006) found that bupropion augmented
nicotine CPP when a sub-threshold nicotine dose (0.2 mg/kg) was
used. Thus, the failure to detect a bupropion-induced augmentation in
the present study may have been due to a ceiling effect. Alternatively,
the fact that bupropionwhen administered alone also produced a CPP,
may havemasked a bupropion-induced augmentation in nicotine CPP.
These ideas are unlikely, as the nicotine CPPs observed in Experiments
2b and 2c were not exceptionally robust (i.e., average preference ratios
were ∼5.2). Moreover, in Experiment 2c, bupropion did not augment
nicotine CPP at bupropion doses that did not produce CPPs. Most
likely, species differences account for the discrepant findings between
the present CPP results and those reported in the Dwoskin et al.
(2006) study. As indicated previously, rats and mice metabolize
bupropion differently, with such differences leading to different
behavioral effects (Suckow et al., 1986). Regardless as to the reason for
the discrepancy, it is clear that bupropion, when administered across a
wide dose range (1–20 mg/kg), and under different temporal pa-
rameters (15 vs. 30 min), fails to alter nicotine CPP in CD-1 mice.

In sum, the present results revealed that bupropion dose-depen-
dently blocked nicotine CTA.Most likely, this effect wasmediated by the
interaction of bupropion with neuronal nicotinic receptors. Further-
more, bupropion dose-dependently increased locomotor activity and
produced CPPs when administered alone or in combination with
nicotine under certain temporal parameters. These latter effects of
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bupropion are most likely related to its interaction with the dopami-
nergic system. However, regardless as to the pretreatment interval,
bupropion failed to reliably alter nicotine CPP. Also, regardless as to
the pretreatment interval, the combination of bupropion and nicotine
did not reliably increase locomotor activity more so than when
bupropion was administered alone. Given the similarity in metabolism
of bupropion by mice and humans (Suckow et al., 1986), and the im-
portance of themotivational (Kumar et al., 1983; Picciotto and Corrigall,
2002) and locomotor (Di Chiara, 2000) properties of nicotine in
contributing to its addictive potential, the findings that bupropion
differentially altered the aversive, locomotor and rewarding properties
of nicotine in CD-1 mice provides valuable insight into bupropion's
therapeutic mechanism of action as a smoking-cessation agent.
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