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Abstract

Studies have shown that many smokers begin using nicotine during adolescence, yet the influence
of early nicotine use on the response to other drugs of abuse in adulthood is not fully understood.
In the current study, nicotine was administered to adolescent and adult rats for seven days. Thirty
days later, cocaine-induced locomotor activity and cocaine self-administration were examined
when the rats pretreated as adolescents were adults. Rats exposed to nicotine during early
adolescence were sensitized thirty days later to the locomotor-activating effects of cocaine and
self-administered a greater number of cocaine infusions than adolescent rats pretreated with
vehicle. As a result of this increased intake, the cocaine self-administration dose-response curve
was shifted upward indicating an increase in cocaine reinforcement. Rats pretreated with nicotine
as adults, however, did not show a difference in locomotor activity or cocaine self-administration
thirty days later compared to adult rats pretreated with vehicle. These findings suggest that early
exposure to nicotine has long-term consequences on cocaine use. These data further suggest that
nicotine use may carry a greater risk during adolescence than adulthood and adolescents who
smoke may be particularly vulnerable to stimulant use.
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1. INTRODUCTION

Adolescence is the peak time of initiating smoking, with most users starting prior to age 18.
Teens that start smoking prior to age 14 are 5.5 times more likely to smoke late in
adolescence than do teens that do not smoke prior to age 14 (Korpi et al., 2015). In addition,
early initiation leads to increased mortality from lung cancer (Funatogawa et al., 2012) and
an increased risk of other disorders such as depression and anxiety (Breslau et al., 1991,
Breslau, 1995). In adolescents, it also has been shown that there is a progression from licit
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drug use, such as smoking, to illicit drug use (Hornik, 2003). The most recent National
Survey on Drug Use and Health showed that in 12 to 17 year olds, 53.9 percent of smokers
also used an illicit drug compared with 6.1 percent of youths who did not smoke cigarettes
(NSDUH, 2014). For all smokers aged 12 and up, there is a 5-fold increase in illicit drug use
compared to non-smokers, thus this increase persists into adulthood. In addition, it has been
shown that cigarette use before the age of 13 leads to a 3.3-fold increase in marijuana use
compared to those who had never smoked (Merrill et al., 1999). Further, the earlier the age
of onset of smoking the higher the probability of future hard drug use (Lewinsohn et al.,
1999).

The adolescent rat can be used to model adolescent-onset drug use and evaluate the
consequences of early nicotine exposure. In male rats, nicotine reward differs as a function
of age with greater reward observed in adolescent than adult rats (Dannenhoffer and Spear,
2016; Lenoir et al., 2015; Torres et al., 2008). In addition, adolescent rats acquire nicotine
self-administration more quickly and self-administer more nicotine than adult rats (Levin et
al., 2007; Natividad et al., 2013). Nicotine administration during adolescence leads to
increased nicotine self-administration in adults (Natividad et al., 2013), whereas self-
administration is not altered by adult pre-exposure to nicotine. Exposure to nicotine during
adolescence also can produce unique effects on the behavioral response to other drugs
administered either immediately after nicotine treatment or at a later time point, compared to
nicotine exposure during adulthood. In a previous study conducted in our laboratory,
adolescent and adult male rats pretreated with nicotine were sensitized to cocaine on the day
after pretreatment ended, with adolescent rats showing a higher degree of sensitization than
adults (Collins and Izenwasser, 2004). In addition, nicotine-pretreated adolescent rats were
sensitized to the locomotor-activating effects of amphetamine immediately after
pretreatment ended and 30 days later, while adult rats pretreated with nicotine were not
sensitized to amphetamine-stimulated locomotor activity at either time point (Collins et al.,
20044a). It also has been shown that nicotine exposure prior to adolescence (starting at PND
22 during the post-weaning period) leads to increased cocaine-primed reinstatement (Anker
and Carroll, 2011). These data suggest that nicotine may produce changes in the young brain
that lead to unique behavioral responses to subsequent psychostimulant drug exposure
within the adolescent period and at later time points past the adolescent period and into
adulthood.

Nicotine treatment in adulthood can also alter cocaine-related behaviors. Daily nicotine
injections given immediately before daily cocaine self-administration sessions over a 14-day
period produced a significant increase in cocaine infusions by day 8 in adult rats (Bechtholt
and Mark, 2002). Further, after eight days of nicotine treatment, adult rats had a more rapid
acquisition of cocaine self-administration than after vehicle treatment and once acquired,
they did not continue to take more cocaine over time (Horger et al., 1992). Together, these
studies show that exposure to nicotine can alter the effects of stimulant drugs in adult rats
during or soon after nicotine treatment, while less is known about the long-term effects of
nicotine exposure during adolescence or in adults.

In the present study, adolescent and adult rats were treated for seven days with nicotine or
vehicle. Thirty days later, the effects of cocaine on locomotor activity or cocaine self-
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administration was measured in separate groups. The locomotor activity studies were
conducted using a cumulative-dosing procedure so that an entire dose-response curve could
be determined in one day. Likewise, for the self-administration studies, multiple doses of
cocaine were used, so that a complete dose-response curve could be generated in one day.
The purpose of these studies was to evaluate the long—term effects of nicotine on cocaine-
related behaviors in adolescents compared to adults.

2. RESULTS

2.1 Experiment 1: Locomotor activity

Locomotor activity in response to cocaine was markedly influenced by nicotine pretreatment
in adolescent male rats. There was a significant pretreatment drug x age interaction in
response to cocaine on day 37 between the adolescent and adult rats pretreated with nicotine
and vehicle (F[1,100] = 8.15, p = 0.0052; fig 1). Post-hoc tests showed that nicotine-
pretreated adolescent rats had a greater locomotor response to cocaine than vehicle-
pretreated adolescent rats overall (p < 0.05; fig 1A) and that there were significant
differences in response to 10 and 30 mg/kg cocaine. In contrast, the response to cocaine in
adult rats did not differ significantly following nicotine and vehicle pretreatment (p = 0.05;
fig 1B). In an age-wise comparison, cocaine-induced locomotor activity was greater in
nicotine-pretreated adolescent rats than nicotine-pretreated adult rats (p < 0.05). The
response to cocaine following vehicle pretreatment, however, did not significantly differ
between the two age groups (p = 0.05). Furthermore, the lack of a significant pretreatment
drug x cocaine dose interaction, paired with a significant overall difference as an effect of
pretreatment, suggests that the entire cocaine dose-response curve was displaced leftward in
adolescent rats pretreated with nicotine relative to vehicle.

2.2 Experiment 2: Self-administration

As with locomotor activity, cocaine self-administration was markedly influenced by nicotine
pretreatment in adolescent male rats. There was a significant pretreatment drug x age
interaction between adolescent and adult rats pretreated with nicotine and vehicle (F[1,125]
=13.32, p = 0.0004; fig 2A). Post hoc tests showed that adolescent rats pretreated with
nicotine self-administered a significantly greater number of cocaine infusions on day 37 than
adolescent rats pretreated with vehicle (p < 0.0001; fig 2A) and that there were significant
increases in self-administration of 0.06, 0.125, and 0.25 mg/kg cocaine. In addition, the lack
of a significant pretreatment drug x cocaine dose interaction effect shows that adolescent rats
self-administered more cocaine after nicotine pretreatment than vehicle pretreatment
regardless of cocaine dose, and that the entire cocaine dose-response curve was displaced
upward in adolescent rats pretreated with nicotine relative to vehicle, while the shape of the
curve was unchanged.

There was no significant difference in the number of cocaine infusions self-administered
between adult rats pretreated with nicotine and adult rats pretreated with vehicle (p = 0.05;
fig 2B). In an age-wise comparison, adolescent rats pretreated with nicotine self-
administered significantly more cocaine infusions than adult rats pretreated with nicotine (p
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< 0.0001), but there was no difference in cocaine self-administration between adolescent and
adult rats pretreated with vehicle (p = 0.05, (compare vehicle groups in Fig. 2A and 2B).

3. DISCUSSION

All of the rats used in these experiments were adults at the time of behavioral testing.
Nonetheless, we continue to refer to the rats as “adolescents” and “adults” to reflect the age
at which they were pretreated. It also should be noted that at the time of behavioral testing,
the rats pretreated with nicotine as adults were 30 days older than the rats pretreated with
nicotine as adolescents; thus, the two groups were possibly in different stages of adulthood
when exposed to cocaine. Our data, however, show that there are no differences in either
cocaine-stimulated locomotor activity or cocaine self-administration as a function of age in
the vehicle-pretreated rats.

3.1 Locomotor activity

Thirty days after a seven-day pretreatment with nicotine, adolescent rats were sensitized to
the locomotor-activating effects of cocaine, whereas the response of adult rats was not
changed, compared to vehicle pretreatment. This is consistent with our previous studies
showing that adolescent male rats pretreated with nicotine for seven days were sensitized to
the locomotor-activating effects of cocaine and amphetamine one day after the pretreatment
period, on day 8 (Collins and Izenwasser, 2004; Collins et al., 2004a) and to amphetamine
30 days later, on day 37 (Collins et al., 2004a). Thus, sensitization to the effects of nicotine
is not evident only immediately after exposure to nicotine, but rather persists into adulthood.

In the current study, adult rats pretreated with nicotine were not sensitized to the locomotor-
stimulant effects of cocaine 30 days later, compared to adult rats pretreated with vehicle, in
contrast to the adolescent rats. In our previous study, we found that adult male rats were
significantly less sensitized to the locomotor-activating effects of cocaine than adolescent
male rats (Collins and Izenwasser, 2004) and did not sensitize to the effects of amphetamine
(Collins et al., 2004a) one day after nicotine pretreatment. Similarly, a previous study
showed that nicotine treatment for nine days in adult male rats did not produce sensitization
to cocaine-stimulated locomotor activity on the next day (Schenk et al., 1991). Adult male
rats also were not sensitized to amphetamine-induced locomotor activity thirty days after
nicotine pretreatment (Collins et al., 2004a), similar to our current results with cocaine.
Thus, unlike the adolescent rats, in which nicotine-induced sensitization to stimulants
persists 30 days later, the adult rats show no evidence of long-term sensitization to
stimulants following nicotine exposure.

It is interesting that nicotine produces cross-sensitization to cocaine and amphetamine in
adolescents. Our prior studies showed that while sensitization developed to the locomotor-
stimulant effects of nicotine in adults, this was not evident in adolescent rats (Collins et al.,
20044; Collins et al., 2004b). These findings correlated with changes in nicotine receptors in
that daily injections of nicotine increased receptor density in the caudate putamen and
nucleus accumbens of adult, but not adolescent rats (Collins et al., 2004b). Thus, changes in
nicotine receptor densities in brain regions that mediate locomotor activity and/or drug
reward do not appear to be correlated with changes in the response to other stimulants.
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In vehicle-pretreated animals, there were no differences in cocaine-stimulated locomotor
activity regardless of age. This is not entirely surprising since all of the animals were adults
at the time of cocaine testing even though the pretreatment period occurred during either
adolescence or adulthood. This information is interesting on its own, in that it shows that
cocaine-stimulated locomotor activity is constant during early to mid-adulthood.

3.2 Self-administration

In separate groups of rats, cocaine self-administration was examined 30 days after
pretreatment with nicotine or vehicle. Similar to the results of the locomotor activity studies,
there were no significant differences in cocaine self-administration between rats pretreated
with vehicle either during adolescence or as adults. Again, this is not surprising, because all
of the rats were adults at the time of testing even though the adult pretreated rats were older
than the adolescent pretreated rats. This further shows that cocaine self-administration is
consistent across adulthood in rats.

Rats exposed to nicotine during early adolescence self-administered a greater number of
cocaine infusions as adults than did rats that were exposed to vehicle as adolescents or to
vehicle or nicotine as adults. Increases were seen across the full range of cocaine doses, with
effects observed on both the ascending and descending limbs of the curve. These data are
consistent with the recent findings that that there were increases in self-administration of
doses on the descending limb of the cocaine self-administration dose-response curve (i.e. in
that study only doses on the descending limb were used) in mice subsequent to long-term
(28 days) continuous infusion of nicotine during adolescence (Dickson et al., 2014). It also
has been shown that adolescent rats acquire cocaine self-administration behavior more
rapidly after very low doses of nicotine (0.03 or 0.1 mg/kg) than after vehicle injections
(McQuown et al., 2007). Thus, it appears that these findings cross species, and that
sensitization to the reinforcing effects of cocaine occurs after a much shorter period of
exposure to nicotine during adolescence (7 days in the current study). In contrast to the self-
administration studies, mice pretreated with nicotine through adolescence showed a
reduction in cocaine-induced conditioned place preference and cocaine drug discrimination
in adulthood, however since only one dose of cocaine was tested, it is difficult to know in
which direction the curve was shifted (Kelley and Middaugh, 1999). A study in rats showed
that cocaine CPP was increased in adults exposed to nicotine for 10 days during adolescence
(McMillen et al., 2005). In contrast to the results in adolescence, a previous study in adult
rats showed that nicotine increased the rate at which subsequent cocaine self-administration
was acquired one day after the pretreatment ended, but that the increased response rate did
not continue past the acquisition stage (Horger et al., 1992). Our dose-effect curves confirm
and extend these findings that there is no long-term increase in cocaine self-administration
subsequent to adult-onset nicotine administration.

The present data suggest that there are changes occurring in the adolescent brain during
nicotine exposure that may cause different behavioral responses at distinct time points past
the adolescent period and into adulthood. This is supported by a number of studies that have
shown neurochemical changes subsequent to adolescent exposure to nicotine. Since
adolescence into young adulthood is a really important period of brain maturation (Spear,
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2013 for review) and nicotine has been shown to produce changes in neuroplasticity in
adulthood, one might conclude that the effects of nicotine would be even greater, or more
detrimental, during the maturational period. Korpi and colleagues have elegantly discussed
the effects of nicotine use on brain development, including during adolescence, in a recent
review paper (Korpi et al., 2015). For example, it has been shown that adolescent but not
adult exposure to nicotine alters serotonin receptors in the cerebral cortex (Slotkin and
Seidler, 2009), decreases striatal serotonin activity and content (Slotkin and Seidler, 2007)
increases dopamine transporter densities and decreases serotonin transporter densities in the
striatum (Collins et al., 2004b), and can lead to increased dopamine D2 receptor function
(Dao et al., 2011; McQuown et al., 2007). Nicotine-induced increases in dopaminergic
function and decreases in serotonergic function all can contribute to increased rewarding
properties of cocaine. Together, these data show that the effects of nicotine on cocaine
during early adolescence are not behavior-specific, since both cocaine-stimulated locomotor
activity and cocaine self-administration are increased. This suggests the possibility that these
two behaviors may be mediated via the same mechanisms.

Nicotine exposure during early adolescence alters the effects of subsequent stimulant drug
administration. In the current study, adolescent rats pretreated with nicotine showed
sensitization to the locomotor-activating effects of cocaine and an increase in the number of
self-administered cocaine infusions 30 days after nicotine treatment, once the rats were
adults. Neither of these effects was observed in rats exposed to nicotine as adults. Thus, both
the stimulant and reinforcing effects of cocaine are elevated in rats exposed to nicotine
during adolescence. Even though all groups were adults at the time of testing, it appears that
the critical factor was the time of initial exposure to nicotine. These data suggest that
adolescent males who smoke cigarettes may be at an increased risk for subsequent stimulant
use disorders, compared to adult-onset cigarette smokers.

4. EXPERIMENTAL PROCEDURE

4.1 Chemicals

Drugs were obtained from the following sources: (-)-Nicotine hydrogen tartrate salt from
Sigma Chemical Co. (St. Louis, MO); cocaine hydrochloride from the National Institute on
Drug Abuse (Rockville, MD).

4.2 Subjects

Sprague-Dawley rats (Charles River, Wilmington, MA) were used. Adolescent rats weighing
an average of 88 = 1 g (corresponding to approximately postnatal day 30 at the start of the
experiment) and adult rats weighing 284 + 1 g (approximately postnatal day 60 at the start of
the experiment) were housed in individual cages in a temperature and humidity-controlled
environment under a 12 h light/dark cycle. All of the adolescent rats were pre-pubertal at the
start of the experiments. Between experimental sessions, the rats had continuous access to
water in their home cages. Food was available ad libitum for rats in the locomotor activity
experiment. For rats in the self-administration experiment, food was available ad libitum
during the nicotine exposure period. During food shaping and cocaine self-administration
sessions, food was restricted to approximately 16 g per day.
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4.3 Pretreatment

All rats were injected once daily for seven days with 0.4 mg/kg nicotine/day (dose was
based on weight of the base; i.p.) or vehicle (saline). Our prior studies showed that this dose
of nicotine produced similar rewarding effects in adolescent and adult male rats (Lenoir et
al., 2015). This dose has been shown to produce blood levels similar to those following
smoking in humans. In addition, doses at or near 0.4 mg/kg nicotine are commonly used
doses for preclinical behavioral studies of nicotine (Ahsan et al., 2014; Buffalari et al., 2016;
Casarrubea et al., 2015).

4.4 Experiment 1: Locomotor Activity

4.4.1 Locomotor Activity Apparatus—Rats were placed in clear acrylic chambers (16
x 16 inches) inside Digiscan activity monitors (Omnitech Electronics, Columbus, OH) that
were equipped with infrared light sensitive detectors mounted 2.5 cm apart along two
perpendicular walls. Mounted along the opposing walls were infrared light beams that were
directed at the detectors. One count of horizontal activity was registered each time the
subject interrupted a beam. Animals were maintained on a 12 h light/dark schedule with
lights on at 7 a.m. and off at 7 p.m. All behavioral testing was completed during the light
schedule between 9 a.m. and 4 p.m. with each group tested at the same hour each day and
the groups randomized over the course of the day.

4.4.2 Locomotor Activity Testing—Thirty days after the last injection of nicotine or
vehicle, all rats were injected with vehicle (saline), followed by 1.0, 3.0, 10.0 and 30.0
mg/kg cocaine (i.p.) in a cumulative dosing regimen (actual injections of 1.0, 2.0, 7.0 and
20.0 mg/kg cocaine) as described previously (Collins and Izenwasser, 2004). Following
vehicle injections and each cumulative dose of cocaine, locomotor activity was measured for
a 10-min period. An earlier study by Terry (Terry, 1992) showed that this time course
produced the same results as testing individual doses on different days. Since this study is
focused on the effects of cocaine during development, the ability to test all of the doses at
once eliminated the potential variability of changes in development while testing multiple
doses of a drug. Timeline: Days 1-7 pretreatment, day 37 locomotor activity.

4.4.3 Locomotor Activity Data analysis—Locomotor activity data were analyzed
using a three-way (cocaine dose x pretreatment drug x age) Analysis of Variance (ANOVA)
with repeated measures. Significant interactions were followed by tests for simple treatment
(drug) effects and Fisher's Protected Least Significant Difference (PLSD) was used for post
hoc analysis when warranted. P values less than 0.05 were considered significant for all
tests.

2.5 Experiment 2: Self-administration

4.5.1 Self-administration Apparatus—Experimental chambers for rats (Med
Associates, Model ENV-008CT, East Fairfield, Vt.) equipped with two response levers, a
pellet dispenser, which emits an audible click during delivery of 45-mg food pellets (Noyes,
Traditional Formula, Lancaster, N.H.); and a white stimulus light, which is mounted 7 cm
above the active lever, were used. Pressing the inactive lever had no scheduled
consequences. Each chamber was outfitted with a single channel fluid swivel and spring
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leash assembly, which was connected to a counterbalanced arm assembly (Med Associates).
Each chamber was enclosed within a sound-attenuating cubicle (Med Associates, Model
ENV-018 M) equipped with an overhead light to provide general illumination and a fan to
provide ventilation and mask extraneous sounds. Cocaine was delivered to rats via 3.33
r.p.m. syringe pumps (Med Associates). A 486 AT-compatible computer programmed in
Medstate Notation and connected to an interface (Med Associates) that controls
experimental events was used.

4.5.2 Surgery—Ten days after the end of the pretreatment period, rats were anesthetized
with i.p. injections of 90 mg/kg ketamine plus 10 mg/kg xylazine. Incisions were made to
expose the right jugular vein and skull, and a catheter made from silicon tubing (1.D. 0.51
mm, O.D. 0.94 mm) was implanted as described previously (Collins and Kantak, 2002;
Kantak et al., 2000). The catheters were maintained by flushing them daily (Sunday through
Saturday) with 0.1 ml 0.9% saline solution containing 0.3 IU heparin (LymphoMed, Inc.,
Rosemont, 111.) and 6.7 mg timentin (SmithKline Beecham Pharmaceuticals, Philadelphia,
Pa.). Catheters were checked daily for leaks and as needed for function by infusing 0.1 ml of
a solution containing 1.0 mg methohexital sodium (Brevital, Eli Lilly and Co., Indianapolis,
Ind.) and noting the presence or absence of sedation. The catheters in two adult male rats
became non-functional before self-administration training began and new catheters were
implanted into the right femoral vein.

4.5.3 Self-administration training and testing—Three days after the end of the
pretreatment period, rats were trained to press a lever for the delivery of food pellets over a
7-day period of food training. This was done to try to minimize the variability in acquiring
self-administration. Because it was important to try to have all of the animals doing the self-
administration part of the experiment in close temporal proximity (due to the developmental
factors involved in studying adolescence and to try to minimize variability in the amount of
time between nicotine pretreatment and self-administration testing), and there is variability
in learning to lever press for a reinforcer, food training minimized the differences across
animal during the cocaine self-administration studies. After the food training period was
completed, jugular vein catheters were implanted, followed by a 10-day recovery period
before daily 45 min cocaine self-administration sessions began. Rats were trained over a 10-
day self-administration training period to self-administer 0.25 mg/kg cocaine on a fixed ratio
1 (FR1) schedule of operant responding where every lever press (FR1) resulted in a cocaine
infusion. A 20 sec timeout period, during which lever presses had no scheduled
consequences, followed each presentation of a reinforcer. Responding was considered stable
when there was less than 20% variability across three consecutive days. Sessions were
conducted Monday through Friday during the light phase.

Once response rates were stable, a dose of 0.25 mg/kg cocaine was available daily for 45
min until testing began on day 37 of the study, 30 days after the nicotine pretreatment ended.
At that time, each rat was exposed to a full cocaine dose—response curve. Cocaine was
delivered at a rate of 1.8 ml/min and concentrations of all cocaine doses were adjusted to
ensure that drug delivery times remained constant for each dose. The doses, tested in a
descending series, were 1.0, 0.5, 0.25, 0.125, 0.06 mg/kg. Each dose was available for 45
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min. There were 45 min intervals between doses, during which rats were removed from the
box, catheters were flushed with 0.1 ml 0.9% saline solution containing 0.3 IU heparin, and
returned to their home cages. Timeline: Days 1-7 pretreatment, days 10-16 food training,
day 17 surgery, day 27 self-administration training began, day 37 testing.

4.5.4 Self-administration data analysis—Data were analyzed by a three-way (cocaine
dose x pretreatment drug x age) Analysis of Variance (ANOVA) with repeated measures.
Significant interactions were followed by tests for simple treatment effects and Fisher's
Protected Least Significant Difference (PLSD) was used for post hoc analysis when
warranted. P values less than 0.05 were considered significant for all tests.
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Highlights

Adolescent, but not adult, rats exposed to nicotine exhibit an increased response to
cocaine as adults

Adolescent, but not adult, rats exposed to nicotine self-administer more cocaine as adults
Nicotine use may carry a greater risk during adolescence than adulthood

Adolescents that smoke may be particularly vulnerable to stimulant use as adults
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(A) Thirty days after the last injection of nicotine or vehicle, adolescent rats pretreated with

nicotine were sensitized to the locomotor-activating effects of cocaine compared to

adolescent rats pretreated with vehicle (PAM n=6/ group; p < 0.05). Overall, there was a

significant effect of pretreatment and post hoc tests showed that nicotine significantly

increased activity at the 10 and 30 mg/kg doses of cocaine compared to vehicle. (B) Adult
rats pretreated with nicotine were not sensitized to the locomotor-stimulating effects of

cocaine compared to adult rats pretreated with vehicle (n=5/group). *denotes a significant
difference compared to vehicle controls (p < 0.05).
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Figure 2.
(A) Thirty days after the last injection of nicotine or vehicle, there was an overall significant

increase in cocaine self-administration in adolescent rats pretreated with nicotine compared
to adolescent rats pretreated with vehicle (n=6/group; p < 0.0001). Post hoc tests showed
that there was a significantly greater number of infusions in the nicotine group at 0.06,
0.125, and 0.25 mg/kg/infusion of cocaine (p<0.05). (B) There was no difference in the
number of cocaine infusions taken by adult rats pretreated with nicotine compared to adult
rats pretreated with vehicle (n=10/nicotine-pretreated group and n=7/vehicle-pretreated
group). *denotes a significant difference compared to vehicle controls (p < 0.05).

Brain Res. Author manuscript; available in PMC 2018 January 01.



	Abstract
	1. INTRODUCTION
	2. RESULTS
	2.1 Experiment 1: Locomotor activity
	2.2 Experiment 2: Self-administration

	3. DISCUSSION
	3.1 Locomotor activity
	3.2 Self-administration

	4. EXPERIMENTAL PROCEDURE
	4.1 Chemicals
	4.2 Subjects
	4.3 Pretreatment
	4.4 Experiment 1: Locomotor Activity
	4.4.1 Locomotor Activity Apparatus
	4.4.2 Locomotor Activity Testing
	4.4.3 Locomotor Activity Data analysis

	2.5 Experiment 2: Self-administration
	4.5.1 Self-administration Apparatus
	4.5.2 Surgery
	4.5.3 Self-administration training and testing
	4.5.4 Self-administration data analysis


	References
	Figure 1
	Figure 2

