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Abstract Rationale: Initiation of tobacco use typically
begins during adolescence, and the nature of these first
experiences with nicotine may affect the probability of
continued use. In rodents, a number of studies suggest
that periadolescents are more responsive to the rewarding
effects of nicotine compared to adults. Objectives: This
study was designed to determine if there are age differ-
ences in the rewarding and aversive effects of nicotine by
using the conditioned place preference (CPP) and condi-
tioned taste avoidance (CTA) paradigms, respectively. We
also examined age differences in locomotor responses to
nicotine. Methods: In the CPP paradigm, male periado-
lescent and adult Wistar rats received nicotine (0.2, 0.4,
or 0.8 mg/kg, s.c.) or vehicle prior to place conditioning
trials. In the CTA paradigm, in separate groups of rats,
periadolescents and adults were exposed to a 0.1% sac-
charin solution, followed by the administration of nicotine
(0.2, 0.4, or 0.8 mg/kg, s.c.) or vehicle. Four saccharin–
nicotine pairings were followed by a preference test and
three extinction sessions. Results: In the CPP paradigm,
nicotine produced a dose-dependent place preference in
periadolescent, but not in adult, rats. In the CTA
paradigm, adult rats expressed a dose-dependent avoid-
ance of saccharin after pairings with nicotine, whereas
periadolescents were resistant to CTA formation. With
regard to locomotor activity, adults and periadolescents
showed comparable locomotor responses to nicotine.

Conclusions: These results suggest that periadolescent
rats find nicotine more rewarding and less aversive, com-
pared to adult rats. This shift in the balance between the
rewarding and aversive effects of nicotine may make
adolescents more susceptible to continued nicotine use.
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Introduction

The high prevalence of initiation of tobacco use during
adolescence has important implications. For example, sub-
jects who began smoking as adolescents show a reduced
probability of quitting compared to those who began as
adults (Breslau and Peterson 1996; Chen and Millar 1998).
Additionally, the early onset of tobacco use is a strong
predictor of future alcohol and drug use, whereas the onset
of use at later ages is not associated with such an increased
risk (Grant 1998; Hanna and Grant 1999). Adolescence,
therefore, appears to be a vulnerable developmental stage
for exposure to tobacco.

The nature of the first experiences with a particular drug
can have a long-term impact on the patterns of subsequent
use in both animals (Kelley and Middaugh 1999; Brandon
et al. 2001; Andersen et al. 2002; Rodd-Henricks et al.
2002a,b; but see Smith et al. 2002) and humans (Clark
et al. 1998; Chen and Millar 1998; Eissenberg and Balster
2000). Therefore, studying how the motivational effects of
drugs differ between adolescents and adults may shed light
on both the greater susceptibility to abuse during the
adolescent stage and the mechanisms underlying continued
drug use in adults. In rodents, periadolescence is the
developmental period comprising the 7–10 days before
puberty and the several days after the onset of puberty,
which occurs at approximately 40 days of age and is
precipitated by a prepubertal surge of gonadal hormones
(Compechot et al. 1981). This ontogenetic period, span-
ning postnatal days 28 to 42 (P28–42), is characterized by
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increased novelty seeking, playful behavior, and impulsiv-
ity, as well as a differential sensitivity to pharmacological
manipulations, compared to adults (Spear and Brake 1983;
for extensive review, see Spear 2000).

Place conditioning is a procedure commonly used to
measure the motivational effects of rewarding (e.g., sex,
food, social interaction, drugs of abuse) and aversive (e.g.,
stress, drug withdrawal) stimuli in laboratory rodents
(Mucha et al. 1982; Carr and White 1983; Mucha and
Iversen 1984; Higgins et al. 1992; Paredes and Alonso
1997; McBride et al. 1999; Douglas et al. 2004; see
Tzschentke 1998 for greater detail). In this paradigm,
which is based on principles of Pavlovian conditioning, the
unconditioned stimulus (US), such as a drug, is repeatedly
paired with a neutral environment containing distinctive
cues (visual, tactile, olfactory). This environment even-
tually acquires secondary motivational properties and be-
comes a conditioned stimulus that, in the absence of the
US, will come to elicit approach or avoidance, the
conditioned response, depending on the nature of the US.

Most of these studies, done primarily in adults, show that
preferences for environments previously associated with
injections of opiate and psychostimulant drugs are reliably
demonstrated (Mucha et al. 1982; Carr and White 1983;
Mucha and Iversen 1984; McBride et al. 1999). Results
using conditioned place preference (CPP) to examine the
rewarding effects of nicotine in adult rats have, however,
been inconsistent, with some studies demonstrating a
preference (Fudala et al. 1985; Calcagnetti and Schechter
1994; Le Foll and Goldberg 2005), an aversion (Clarke and
Fibiger 1987; Laviolette and van der Kooy 2004), or no
preference (Vastola et al. 2002; Torrella et al. 2004;
Belluzzi et al. 2004) to nicotine-associated environmental
stimuli. One possible reason that may contribute to this
discrepancy is the use of different methodologies, e.g.,
biased vs unbiased designs. To date, there are only a few
studies that have examined age differences in place con-
ditioning to nicotine (Vastola et al. 2002; Belluzzi et al.
2004; Torrella et al. 2004), and two of these (those by
Vastola et al. and Torella et al.) used a biased design, which
is vulnerable to false positive results (Carr and White 1986;
Tzschentke 1998). Results from these studies suggest that
periadolescent rats are more sensitive to the rewarding
effects of nicotine than adults, but interpretation is difficult
due to the design used and the limited range of nicotine
doses employed.

Another technique used to assess the motivational ef-
fects of a drug is the conditioned taste avoidance (CTA)
paradigm. In a CTA study, repeated pairings of an
appetitive novel tastant with a drug may result in reduced
tastant consumption, which is thought to reflect the aver-
sive properties of that drug (Wise et al. 1976; Carr and
White 1986; Mayer and Parker 1993). CTA has been
demonstrated across all major classes of addictive sub-
stances in adult rats (Parker 1995). Interestingly, drugs that
induce a place preference will also elicit a significant CTA
(van der Kooy et al. 1983; Mayer and Parker 1993; Chester
and Cunningham 1999). In adult rats and mice, CTA
induced by nicotine is a reliable phenomenon and is dose-

dependent (Kumar et al. 1983; Pratt and Stolerman 1984;
Etscorn et al. 1987; Shoaib and Stolerman 1995; Shoaib
et al. 2002; Sellings et al. 2005).

Few studies have examined the effects of age on a
nicotine-induced CTA. The effect of age on the develop-
ment of an aversion to a flavored fluid containing nicotine
has, however, recently been examined. Wilmouth and
Spear (2004) showed that periadolescent rats may be more
resistant to the development of an aversion to nicotine-
containing solutions. Typical CTA experiments are de-
signed such that drug administration immediately follows
exposure to a sweet solution and a discrete association is
made between the solution and drug effect. The procedure
used in the Wilmouth and Spear (2004) study differed, in
that the tastant contained nicotine and animals were
exposed to it for long periods. As such, the possibility of
latent inhibition makes it difficult to interpret the results,
and comparisons with more commonly used CTA meth-
odologies employing brief exposures to a novel tastant
followed by drug injections may be limited.

Taking these results from CPP and CTA studies
together, it appears that, at least in adults, nicotine has
both rewarding and aversive properties. It may therefore
be that the relative balance between the rewarding and
aversive effects influences the likelihood that nicotine
would be consumed on a continuous basis. It may be
speculated that periadolescent rats may differ from adults
in one or both of these effects of nicotine, and therefore the
parallel use of these two procedures may be helpful in
determining the mechanisms underlying the relative sus-
ceptibility of periadolescents to the development of
nicotine use or abuse.

In the current study, to explore how this relationship may
be influenced by age, differences between periadolescent
and adult rats in the rewarding effects of nicotine were
examined using an unbiased CPP procedure and the
aversive effects of nicotine were determined using a CTA
procedure. We also examined age differences in the
locomotor-activating effects of nicotine following acute
and repeated nicotine administration as another correlate of
the rewarding effects of nicotine.

Materials and methods

Experiment 1

Animals

Periadolescent (P21, n=48) and adult (P53–56, n=48) male
Wistar rats (Charles River, Quebec, Canada) arrived at the
animal facility and were group-housed in Plexiglas cages
measuring 51×41×20 cm. Periadolescents were housed by
litter (n=6 per litter) and adults were housed four per cage.
The rats were maintained on a 12/12 h light/dark cycle
(lights on at 0700 hours) in a temperature- and humidity-
controlled vivarium. Water and Purina rat chow were
available ad libitum throughout the experiment.
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Apparatus

The CPP boxes (30×60×40 cm) were made of Plexiglas
and aluminum and composed of two compartments iden-
tical in size, separated by an elevated platform. One
compartment was white and had a textured floor, while the
other was black and had a floor with 1-cm holes set 1 cm
apart. The floors used in the black compartments were the
same for both periadolescents and adults, while those for
the white compartments differed slightly in texture between
the two age groups; this was necessary to equate preference
for the two sides. A removable partition was placed
between the two compartments during conditioning, and a
white-noise generator masked environmental noise. The
time spent in each compartment and locomotor activity
were recorded using infrared photocell beams positioned
equidistantly throughout the boxes during the conditioning
and the test sessions.

Procedure

Prior to conditioning, animals (periadolescents, P28, and
adults, P60–63) were allowed to habituate to the unparti-
tioned compartments for 15-min sessions on two con-
secutive days. During the conditioning sessions, animals
received vehicle (0.9% saline) or one of three doses of
nicotine tartrate (0.2, 0.4, or 0.8 mg/kg, s.c., expressed as
base; Sigma-Aldrich, Oakville, ON, Canada) immediately
prior to exposure to the CPP box. Nicotine administration
was paired with one compartment type and vehicle with the
other on alternate days during once-daily, 20-min condi-
tioning sessions. There were a total of four nicotine
pairings and four vehicle pairings. Injection order, i.e.,
nicotine or vehicle first, was counterbalanced across con-
dition and compartment type. No more than two periado-
lescents from each litter were assigned to the same drug
condition. Periadolescents were 30–37 days old and adults
were 62–72 days old during conditioning.

On the test day for place preference, 24 h following the
last conditioning session, the partition was removed and
each rat was placed on the central platform and allowed to
freely explore the unpartitioned compartments for 15 min;
no injections were given during the test. Periadolescents
were 38 days old and adults were 70–73 days old at time of
testing.

Experiment 2

Animals

Animal ages and housing conditions were the same as in
experiment 1. Animals had access to water for 10 h/day
following conditioning trials to minimize the impact of
water deprivation on the health of the developing peri-
adolescents. This procedure differs from that typically used
in CTA studies, in which animals are water-deprived for
considerably longer periods.

Procedure

Periadolescent (P30) and adult (P62–65) animals were
initially water-deprived for 24 h and subsequently famil-
iarized with a 0.1% saccharin solution presented in a
Richter tube for 1 h in novel cages. Saccharin–nicotine
pairings began the following day, which was P31 for
periadolescents and P63–66 for adults. All animals had
daily access to saccharin for 30 min; water was unavailable.
Vehicle or nicotine (0.2, 0.4, or 0.8 mg/kg, s.c.) was
administered 20 min following saccharin exposure. No
more than two periadolescents from each litter were as-
signed to the same drug condition. Four pairings occurred
over a period of 4 days. On the test day for CTA, which
occurred the day after the fourth pairing day, animals were
given access to both saccharin and water for 30 min. This
occurred on P35 and P67–70 for periadolescents and
adults, respectively. The following 3 days comprised
extinction trials, during which animals were treated in the
same way as on the test day. On the test day and during the
extinction phase, rats had a choice between saccharin and
water, and no injections were administered.

Statistics and data presentation

For experiment 1, place conditioning to nicotine, the results
of the test for place preference were calculated as difference
scores (time on side paired with nicotine on test day − time
on respective side during habituation test). The first 5 min
of the test was analyzed, as we have found the most robust
effects in this interval. These values were analyzed by two-
way ANOVA, with the between-subjects factors of Age
and Nicotine Dose. The number of photobeam breaks was
used as an index of locomotor activity and was analyzed by
repeated measures ANOVA, with the between-subjects
factors of Age and Nicotine Dose and the repeated factor
of Conditioning Trial. Baseline locomotor activity from
the first vehicle-paired conditioning trial was used as a
covariate in the analysis of nicotine’s effect on locomotor
activity because adults were observed to be significantly
more active under baseline conditions compared to
periadolescents.

For experiment 2, saccharin consumption (in milliliters)
from the test day was analyzed by two-way ANOVAwith
the between-subjects factors of Age and Nicotine Dose. To
examine age differences in the extinction of the nicotine-
induced CTA, data from all four extinction days were
analyzed by repeated measures ANOVA, with the between-
subjects factors of Age and Nicotine Dose and the within-
subjects factor of Extinction Trial. Baseline consumption
of saccharin on the first conditioning day was used as a
covariate in the analysis of CTA because adults consumed
significantly more saccharin compared to periadolescents.

For post hoc tests, Tukey’s Honestly Significant Dif-
ference was used where appropriate. Statistical significance
for all tests was set at α=0.05, and was adjusted according
to the number of levels in each factor for simple effect
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analysis. Statistical analyses were performed using Statis-
tical Package for the Social Sciences version 12.0.

Results

Experiment 1: place conditioning with nicotine

There was a significant Age × Nicotine Dose interaction for
time spent in the nicotine-paired compartment [F(3,49)=
3.19, p<0.05]. As shown in Fig. 1a, nicotine produced a
dose-dependent place preference in periadolescent rats
[F(3,25)=5.34, p<0.01]. Post hoc tests revealed that peri-
adolescent animals that received 0.8 mg/kg nicotine during
place conditioning had a significant preference for the
nicotine-paired side, compared with those administered
vehicle or 0.2 mg/kg nicotine (p<0.05). In contrast, adults
did not exhibit a significant place preference or aversion to
the environment paired with any of the doses of nicotine
(Fig. 1b).

Locomotor activity

Figure 2a,b show periadolescent and adult locomotor
activity, respectively, following nicotine administration
during conditioning. Overall analysis of locomotion during
conditioning revealed a significant Trial × Nicotine Dose
interaction [F(9,144)=8.59, p<0.001]. This occurred due to
the fact that locomotor activity tended to decline (adults),
or remained the same (periadolescents) in the control
groups over conditioning trials [F(3,33)=3.34, p<0.05],
whereas locomotor activity increased with repeated nico-
tine administration (all doses, p<0.001, compared to
control groups). Adults were consistently more active
during conditioning, as revealed by a significant effect of
Age [F(1,48)=5.99, p<0.05]. The factor of Age did not
interact with Trial or Nicotine Dose.

Experiment 2: nicotine-induced conditioned
taste avoidance

Analysis of the test day for CTA, the first day during
which animals had a choice between saccharin and water,
revealed a significant Age × Nicotine Dose interaction
[F(3,50)=3.25, p<0.05]. Prior pairings with nicotine at any
dose did not attenuate saccharin consumption in periado-
lescent rats (Fig. 3). In contrast, prior nicotine pairings
reduced saccharin consumption in adult animals [F(3,23)=
3.31, p<0.05]. The CTA was significant for adult animals
previously administered 0.4 mg/kg nicotine, and a trend
toward statistical significance was observed in those pre-
viously receiving 0.8 mg/kg nicotine.

Analysis of the test day and three subsequent extinction
trials showed a significant Age × Nicotine Dose interaction
[F(3,50)=2.95, p<0.05]. Simple effects analysis split by
Age demonstrated that animals from both age groups in-
creased their saccharin consumption over these four trials.
Over these four trials, prior pairings of nicotine with
saccharin did not alter periadolescent saccharin consump-
tion at any dose (Fig. 4a), whereas adult rats that had
received pairings of 0.4 or 0.8 mg/kg nicotine consumed
less saccharin compared to control adult rats (main effect of
Nicotine Dose, F(3,24)=3.95, p<0.05, post hoc p=0.018
and p=0.059 for the rats that received 0.4 and 0.8 mg/kg
nicotine, respectively, vs. control rats; Fig. 4b).

Analysis of water consumption during the CTA test and
three extinction trials yielded no significant effect of
nicotine dose nor an interaction between age and nicotine
dose (data not shown).

Discussion

This experiment examined the influence of age on the
motivational effects of nicotine using two different para-
digms. In the CPP experiment, periadolescents spent more
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time in an environment previously paired with a moderate
dose of nicotine, while adults showed no preference at any
dose. Both age groups showed a progressive increase in
locomotor activity with repeated, intermittent administra-
tions of nicotine.

Findings from the present place conditioning experiment
are consistent with previous reports describing the age-
dependent effects of nicotine on CPP (Vastola et al. 2002;
Belluzzi et al. 2004; Torrella et al. 2004). Using an un-
biased place conditioning procedure, Belluzzi et al. (2004)
also observed that periadolescent, but not adult, rats
express a significant preference for environmental stimuli
associated with nicotine. This previous experiment
showed a significant place preference in periadolescent

rats following a single conditioning trial; we employed a
more commonly used, four-trial conditioning procedure.
Belluzzi and colleagues also used a wide range of doses
and observed that the highest nicotine dose (0.5 mg/kg)
produced a place preference, whereas in our study, only the
0.8-mg/kg nicotine dose induced a significant place pref-
erence in the periadolescent rats. Our study also extends
these previous findings in demonstrating age-dependent
effects of nicotine on place preference in a different strain
of rat (Wistar).

We did not observe a significant effect of age on the
acute locomotor response to nicotine, an observation in
agreement with a number of recent reports (Levin et al.
2003; Belluzzi et al. 2004; Rezvani and Levin 2004). Other
laboratories have, however, demonstrated an acute loco-
motor-enhancing effect of nicotine in periadolescent, com-
pared to older, rats (Adriani et al. 2002; Schochet et al.
2004; Elliott et al. 2005). In agreement with previous work
(Vastola et al. 2002; Belluzzi et al. 2004; Elliott et al.
2005), we observed that periadolescents and adults showed
comparable increases in locomotor activity with repeated,
intermittent administration of the two higher doses of
nicotine tested. In contrast, others have reported sensitiza-
tion to the locomotor effects of nicotine in adults, but not in
periadolescents (Schochet et al. 2004; Cruz et al., 2005).
The reasons why age effects on locomotor responses to
nicotine are inconsistently observed are not known. The
variability may be related to the doses used, the method or
duration of locomotor measurement, and the rat strain.

Although our design did not include a formal test for
sensitization (i.e., low-dose nicotine challenge), it may be
argued that the progressive increase in locomotor activity
we observed can be taken as evidence for sensitization, as
others have demonstrated sensitization to nicotine in de-
signs employing similar dosing regimens (e.g., Ksir et al.
1987; Kosowski and Liljequist 2005). If the increases
in locomotor activity indicate a sensitized response, the
present findings would allow the speculation that the
processes mediating the sensitization of nicotine-induced

0

2

4

6

8

10

12

14

*

Periadolescents Adults

Sa
cc

ha
ri

n 
so

lu
ti

on
 c

on
su

m
ed

 (
m

l)

Vehicle

0.2 mg/kg

0.4 mg/kg

0.8 mg/kg

Fig. 3 CTA of a nicotine-paired solution in periadolescent (P35)
and adult (P67–70) male Wistar rats. Bars represent mean (±SEM)
saccharin solution consumed (milliliters) during a preference test
(saccharin and water available) after the conditioning trials, during
which animals were administered nicotine (0, 0.2, 0.4, or 0.8 mg/kg,
s.c.) after exposure to a saccharin solution. n=6–8 per dose at each
age. The asterisk represents p<0.05 vs vehicle

0

200

400

600

800

1000

1200

1400

1600

1800

1 2 3 4 1 2 3 4

Nicotine conditioning trial Nicotine conditioning trial

L
oc

om
ot

or
 a

ct
iv

it
y 

(p
ho

to
be

am
 b

re
ak

s)

Vehicle

0.2 mg/kg

0.4 mg/kg

0.8 mg/kg

a   Periadolescents b   AdultsFig. 2 Locomotor activity
during the nicotine place condi-
tioning study in a periadolescent
and b adult male Wistar rats.
Data points represent mean
(±SEM) photobeam breaks
during 20-min place condition-
ing trials. n=6–8 per dose at
each age

205



locomotor activity and place preference are dissociable in
adult rats, as they appear to be with cocaine and am-
phetamine (Tirelli et al. 2003a,b).

The results from the CTA experiment suggest that peri-
adolescent rats are less sensitive to the aversive effects of
nicotine compared to adults, as measured by the amount of
saccharin consumed on the test day. Expression of the
nicotine-induced CTA was age-dependent, a finding that
supports the previous findings by Wilmouth and Spear
(2004), who, using a different methodology, found that
after several days of exposure to a choice between a fla-
vored nicotine solution and water, adults reduced their
intake significantly more than periadolescents.

CTA induced by drugs of abuse has been suggested to
reflect their aversive properties (Wise et al. 1976; Carr and
White 1986; Mayer and Parker 1993). On the other hand,
Hunt and Amit (1987) suggest that a drug-induced CTA is
functionally related to the rewarding effects of a drug, with
potent reinforcers inducing both CPP and CTA. The reward
contrast hypothesis, which was proposed by Grigson
(1997), postulates that the palatable tastant presented
prior to the administration of a drug comes to predict the
availability of a more potent reinforcer. The reduction in
tastant consumption thus occurs as a result of the anti-
cipation of this greater reward. The current findings do not
support these hypotheses. If periadolescents were more
sensitive to the rewarding effects of nicotine, periadoles-
cents would be expected to demonstrate a CTA, which they
did not. In accordance with our observations that peri-
adolescent rats are less sensitive to the aversive effects of
nicotine as measured using CTA, periadolescent rats are
also insensitive to the stereotyped syndrome associated
with D-amphetamine administration, compared to adults
(Adriani and Laviola 2000).

The parallel use of CPP and CTA may allow us to
examine the relative contribution of the rewarding and
aversive properties of a drug to its overall effect. As shown

by the CTA results, the aversive effects of nicotine may be
smaller in periadolescents, an effect that may also have
contributed to the development of CPP in these animals.
On the other hand, in adults, the aversive effects of
nicotine, as indexed by the strong nicotine-induced CTA,
may block the development of a CPP.

Pharmacokinetic differences in metabolism may play a
role in the age differences in the effects of nicotine ob-
served in the present study. In a recent study, Slotkin (2002)
reported that adults had four times the blood levels of
nicotine as periadolescents following chronic administra-
tion using osmotic minipumps over a 17.5-day period. This
may suggest that periadolescents metabolize nicotine more
quickly, although the rapid growth of the periadolescents
would have also altered the dose of nicotine being de-
livered, which was based on body weight. While this
disparity in metabolism may help to explain the absence of
a nicotine-induced CTA in the periadolescents, it is in-
consistent with our observation of a robust CPP to nicotine
in periadolescents. The results of another study suggest that
periadolescents and adults respond differently to drugs, and
this is not related to pharmacokinetic differences. Campbell
et al. (1988) reported differences in cataleptic behavior
between periadolescent and adult rats following intracere-
broventricular administration of neuroleptics, a route of
administration that would be largely free of such pharma-
cokinetic influences.

It is also possible that the conditioning session duration
in experiment 1 (CPP) was optimal for periadolescents,
but not for adults, due to the potential age difference in
nicotine metabolism. Varying the duration of the condi-
tioning sessions may therefore alter the development of
CPP in both periadolescent and adult rats. Arguing against
this hypothesis, however, are the results of numerous
nicotine CPP studies conducted in adult rats using a range
of conditioning session durations, which failed to report
significant CPP (see Le Foll and Goldberg 2005 for a
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summary). It is unlikely, therefore, that session duration
played a significant role in the results of the current study.

The present findings support previous research suggest-
ing that periadolescents are more sensitive to the rewarding
effects of nicotine compared to adults (Adriani et al. 2002;
Levin et al. 2003; Belluzzi et al. 2004; Leslie et al. 2004;
Belluzzi et al. 2005), or at least, periadolescents do not find
it as aversive as adults do. However, the mechanism
underlying these differences remains to be elucidated. Two
possible substrates for these age differences may be the
mesocorticolimbic dopamine and the central cholinergic
systems.

The mesocorticolimbic dopamine system, which is
strongly implicated in reward, is still developing during
the periadolescent period (Spear 2000). The D3 subtype
of dopamine receptor is only at 40% of adult levels in
the nucleus accumbens during the periadolescent period
(Stanwood et al. 1997). This, taken together with the recent
observation that D3 receptor antagonists block nicotine
place preference in adults (Le Foll and Goldberg 2005),
suggests that differences in these receptors may underlie
the effects of age we and others observe on the rewarding
effects of nicotine.

The central cholinergic system also continues to develop
during adolescence, and nicotine infusions have been
shown to upregulate nicotinic receptors in periadolescents,
compared to adults (Slotkin 2002). Exposure to nicotine
during this developmental stage, furthermore, can have
long-term consequences on later drug-taking behavior, as
indexed by the elevated nicotine self-administration of rats
pre-exposed to nicotine during periadolescence, compared
to rats pre-exposed to nicotine during adulthood (Adriani
et al. 2003).

Taking these results together, it is tempting to speculate
that the reward–aversion balance is shifted during adoles-
cence such that nicotine’s aversive properties are weaker.
This may help to explain the development of CPP and
absence of a CTA to nicotine in this age group. Further
studies are needed to pinpoint the neurotransmitters and
mechanisms involved in these effects.

The results from the current study support previous
reports suggesting that adolescence is a unique devel-
opmental stage during which nicotine exerts differential
motivational effects compared to those observed in adult-
hood, and complement the finding that early tobacco
smoking has long-term effects on future drug-taking
behavior. If adolescents are indeed more sensitive to the
rewarding effects, or less sensitive to the aversive effects,
of nicotine, they may be more likely to maintain smoking
behavior and become dependent despite the associated
negative health consequences.
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