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Abstract

Co-morbid use of nicotine-containing tobacco products and alcohol (ethanal) is prevalent in young
adults initiating use and in alcohol dependent adults, suggesting that these drugs in combination
may increase risk to develop dependence on one or both drugs. Neuroadaptations caused by
repeated drug exposure are related to the development of drug dependence and vulnerability to
relapse. Locomotor sensitization has been used as a behavioral measure used to detect changes in
neural drug sensitivity that are thought to contribute to drug dependence and relapse. Locomotor
sensitization was measured in the current studies to examine potential differences in the effects of
nicotine and ethanol given alone and in combination. Baseline activity levels of DBA/2J mice
were assessed on 2 days, then mice were treated for ten days with saline, nicotine (1 or 2 mg/kg of
nicotine tartrate), ethanol (1 or 2 g/kg), or nicotine plus ethanol and locomotor activity was
assessed every third day. On the following day, all mice were challenged with ethanol to measure
the expression of sensitization. Mice treated with both nicotine and ethanol exhibited greater
stimulation than predicted from the combined independent effects of these drugs, consistent with
our previously published results. The combined effects of nicotine and ethanol on locomotor
sensitization were dependent on the dose of ethanol and whether testing was performed after the
drugs were given together, or after challenge with ethanol alone. These results suggest that
nicotine and ethanol in combination can have neuroadaptive effects that differ from the
independent effects of these drugs.
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1. Introduction

Alcohol (ethanol) and nicotine-containing tobacco products are two of the most commonly
used psychoactive substances and their excessive use remains at the top of the list of
preventable causes of death (Rehm et al. 2009; Danaei et al. 2009). Epidemiological studies
have consistently found that nicotine and ethanol share a high rate of co-abuse (Anthony &
Echeagaray-Wagner 2000; Falk et al. 2006). Young adults were found to co-use tobacco and
ethanol at high rates (Weitzman & Chen et al., 2005; Dierker et al., 2006; Nichter et al.,
2010) and binge drinking has been found to be predictive of smoking status (Jiang & Ling,
2013). Further, very high rates of smoking have been reported in individuals diagnosed with
ethanol use disorders (Kozlowski et al., 1986; Sobell, 2002; Marks et al., 1997) and
individuals who smoke and drink were found to have greater severity of ethanol dependence
(Daeppen et al., 2000) and greater difficulty quitting both drugs (Hymowitz et al., 1997;
Tsoh et al., 2011). This suggests that nicotine and ethanol in combination may have
profound combined effects that may contribute to the development and severity of
dependence to one or both drugs.

Our previously published work found that doses of nicotine that did not have stimulant
effects enhanced the acute locomotor stimulant effect of ethanol in DBA/2J mice (Gubner et
al., 2013). One potential interpretation of this finding is that these drugs in combination
cause enhanced activation of the mesolimbic dopamine system. Activation of the
mesolimbic dopamine system has been strongly implicated in mediating drug craving and
reward (Wise & Bozarth 1987) and to play a role in drug-induced locomotor stimulation.
Thus, drug-induced stimulation, in part, provides a behavioral model to assess activation of
this system (Wise & Bozarth 1987; Phillips & Shen, 1996). It is possible that nicotine and
ethanol in combination cause greater activation of brain pathways that are involved in drug
reward and neuroadaptation than caused by either drug alone. In fact, our previous data
suggest greater than additive effects of the drugs in combination (Gubner et al., 2013).

In the current studies, the hypothesis that nicotine enhances the development of
neuroadaptations that contribute to the development of ethanol dependence was investigated
by measuring the effect of nicotine on the development of ethanol-induced behavioral
sensitization, using a mouse model. Repeated exposure to drugs of abuse can cause an
enhanced behavioral response (e.g. locomotor activation), such that the same dose of drug
results in a greater response than that seen initially, a process called behavioral sensitization.
Magnitude of sensitization provides a behavioral index of underlying neuroadaptation
caused by repeated drug exposure (for reviews see Phillips et al., 2011; Steketee & Kalivas
2011). The altered neurochemical mechanisms underlying behavioral sensitization are
thought to be related to the development of drug dependence and vulnerability to relapse
(Pastor et al., 2008; Kalivas et al., 2005; Robinson & Berridge, 1993). Behavioral
sensitization can be measured experimentally by changes in locomotor activity (Champtiaux
et al., 2006). For these studies, DBA/2J mice were used because they are an inbred strain of
mice that is particularly sensitive to ethanol-induced locomotor sensitization, whereas some
other inbred strains, such as C57BL/6J mice, show low sensitivity to this effect (Phillips et
al., 1994; Lessov et al., 2001; Meyer et al., 2005). While nicotine has been found to induce
locomotor sensitization in rats, limited effects have been reported in mice (see DiFranza &
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Wellman for review). However, mecamylamine, a nonselective nicotinic acetylcholine
receptor (NAChR) antagonist, was found to block the development and expression of
ethanol-induced sensitization (Bhutada et al., 2010), indicating a role for nNAChR-mediated
processes. What is not known is whether nicotine in combination with ethanol enhances the
development of behavioral sensitization. If this hypothesis is correct, it would suggest that
these drugs in combination could increase risk for dependence by enhancing neural changes
that drive compulsive drug use.

2. Materials and methods

2.1. Animals

2.2. Drugs

Male and female DBA/2J mice were purchased from The Jackson Laboratory (Sacramento,
CA) and group housed (2—4 per cage). All mice were allowed to acclimate for at least 2
weeks after arrival before testing began and behavioral testing began when mice were 57-71
days old. All mice were maintained in standard mouse shoebox cages (28.5 L x 17.5 W x 12
H cm) lined with Bed-0’Cobs® bedding (The Andersons, Inc., Maumee, OH, USA) and had
ad libitum access to water and food (LabDiet® 5001, PMI Nutrition International LLC, St.
Louis, MO, USA) that was purchased from Animal Specialties Inc. (Hubbard, OR, USA).
DBA/2J mice were used in these studies because of their high sensitivity to ethanol-induced
locomotor sensitization (Phillips et al., 1994; Lessov et al., 2001; Meyer et al., 2005; Meyer
& Phillips 2003). All mice were experiment- and drug-naive prior to testing, and behavioral
testing was conducted during the light phase of the 12:12 h light:dark cycle (lights on at
0600 h), between 0800 and 1600 h. Data were collected in four total passes; two passes each
for the 1 and 2 g/kg ethanol dose experiments.

Ethyl alcohol was purchased from Decon Laboratories Inc. (King of Prussia, PA, USA).
Nicotine tartrate salt was purchased from Sigma Aldrich (St. Louis, MO, USA). All drugs
used in the behavioral studies were prepared in physiological (0.9%) saline (Baxter
Healthcare Corp., Deerfield, IL, USA) and administered as intraperitoneal (IP) injections in
a volume of 20 ml/kg. Nicotine and ethanol combined doses were delivered together in a
cocktail (wt/vol solution, pH 3.6 — 3.8), consistent with our previously published work
(Gubner et al., 2013). Doses of nicotine are expressed as mg/kg of the tartrate salt (1 mg
nicotine tartrate = 0.33 mg freebase nicotine).

2.3. Locomotor sensitization and testing procedures

Locomotor activity was measured using sixteen automated locomotor activity monitors
made by AccuScan Instruments, Inc. (Columbus, OH, USA). Each monitor was equipped
with 16 photocell beams located 2 cm above the 40 W x 40 L x 30 H cm clear acrylic
chamber floor, with corresponding photocell detectors located on opposite sides. A
computer was used to record beam breaks, which were converted into horizontal distance
traveled (in centimeters) using VERSADAT version 1.8 software (AccuScan Instruments,
Inc.). Each monitor was enclosed in an Environmental Control Chamber constructed from
PVC/lexan (AccuScan Instruments, Inc.) and each chamber was equipped with a fan that
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provided ventilation and background noise, and was illuminated by a 3.3 Watt incandescent
light bulb that was on during testing.

The effect of nicotine on ethanol-induced locomotor sensitization was examined using an
established procedure for producing ethanol-induced sensitization in DBA/2J mice (Phillips
etal., 1994; Lessov et al., 2001; Meyer et al., 2005; Meyer & Phillips 2003) across a 13-day
period (see Table 1 for treatment schedule and dose groups). Days 1 and 2 were used to
assess baseline locomotor activity. On these days, all mice received an IP injection of saline
immediately before being placed into the locomotor activity chamber. Day 1 testing
familiarized the animals with all handling and testing procedures; day 2 (habituated
baseline) testing provided a measure of baseline activity collected under now familiar
conditions. Over the next 10 days (acquisition phase), mice were injected with their dose
group-specific treatment and locomotor activity was tested every third day (see Table 1). On
day 13, all mice were challenged with ethanol to allow for a between-group assessment of
sensitization. This also allowed us to determine if repeated treatment with nicotine and
ethanol in combination altered the response to ethanol alone. On each of the days when
locomotor activity was assessed, mice were moved into the testing room 45 minutes prior to
the start of testing to acclimate to the test room environment, and mice were weighed,
injected with the group-specific treatment, and immediately placed into the locomotor
activity monitors for 15 min. On days when activity was not assessed, mice were weighed,
injected, and returned to their home cages. Immediately after activity testing on day 13, a
20ul periorbital sinus blood sample was obtained from ethanol-treated mice with a calibrated
glass micro-Hematocrit capillary tube (Fisher Scientific, city state) and used to determine
blood ethanol concentration (BEC). Blood samples were processed and analyzed, using an
established gas chromatography method (Boehm et al., 2000).

2.4. Data analysis

All statistical analyses were performed using Statistica 12 software (StatSoft, Tulsa, OK,
USA). Data were analyzed by factorial ANOVA, with repeated measures (RM-ANOVA)
when appropriate. Significant interactions involving multiple factors were followed by
ANOVA including fewer factors to determine the sources of interaction. Two-way
interactions were interpreted using simple main effects analysis and Newman-Keuls post-
hoc mean comparisons when appropriate. Male and female animals were used in all studies;
sex was first included as a factor and then follow-up analyses were performed with data
from the sexes combined, when sex did not interact with other factors. Effects were
considered significant at an alpha level of 0.05 or less. For the sensitization studies, data
were first analyzed by repeated measures ANOVA, including baseline day 2 and all other
activity test day data. Significant interaction effects can be difficult to detect when a large
number of groups or days are present and effects are expected in only a small number of
groups or on only a single day, as is the case for the sensitization studies (see Wabhlsten,
1990). Therefore, for some analyses, we used composite drug treatment (nicotine plus
ethanol group) as a factor. In addition, to provide a measure of drug response, locomotor
scores on days 3 and 13 were corrected for individual day 2 baseline activity scores. This
provides a measure of locomotor response attributed to the drug treatment that eliminates
possible influences of individual differences in baseline activity level. This method is
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consistent with our previous published work (Phillips et al., 1995; Kamens & Phillips 2008;
Palmer et al., 2002; Gubner et al., 2013). Similarly, to detect sensitization during the
acquisition phase, day 3 acute data were subtracted from final drug score data collected on
day 12.

3.1. Effects of nicotine on the development of 1 g/kg ethanol-induced locomotor

sensitization

The first study examined the effects of nicotine on the development of locomotor
sensitization induced by 1 g/kg ethanol. This dose of ethanol is a submaximal dose (to avoid
ceiling effects) for inducing behavioral sensitization and it was hypothesized that nicotine
would enhance the behavioral sensitization seen in response to 1 g/kg alone. Group size for
the current study was 6-8/sex/treatment group. In general, males had greater locomotor
activity scores compared to females. However, similar patterns for the drug groups were
seen for both sexes and there were no significant interactions involving sex, so data were
combined for males and females in subsequent analyses. There were significant time-
dependent effects with the largest ethanol effects on locomotor activity seen during the first
5 min of the 15-min test. This is consistent with our previously published work (e.g., Shen et
al., 1995) and corresponds with the rising phase of the blood ethanol curve (Goldstein 1983).
Prior analyses have indicated that the first 5 min after ethanol treatment represents a time
when purely stimulant effects of ethanol are seen that are devoid of depressant responses to
ethanol (Phillips et al., 1995). In addition, this corresponds to peak nicotine levels in the
mouse brain after an IP injection of 1 mg/kg nicotine (Petersen et al., 1984). Examination of
the time-course data from the current study determined that the first 5-min time point best
represents the drug effects seen in this study. Therefore, locomotor activity data from this
time period are shown in Fig 1. A repeated measures ANOVA identified a significant day x
treatment group interaction for this time period (F[25 430] = 29.85, p < 0.001).

Data were next examined for the acute drug response, measured as day 3 locomotor
response corrected for day 2 baseline (Fig. 2A). This analysis found a significant effect of
treatment group (F[s ge] = 54.30, p < 0.001). Mice treated with 1 g/kg ethanol alone, but not
nicotine alone (1 or 2 mg/kg nicotine tartrate), had significantly (P<0.001) larger acute drug
response scores compared to the saline-treated group. Mice treated with either dose of
nicotine in combination with 1 g/kg ethanol had larger acute drug response scores than both
the ethanol alone treated group (p<0.001) and the saline treated group (p<0.001). Nicotine
enhancement of ethanol-induced locomotor stimulation is consistent with our previous
findings (Gubner et al., 2013).

Magnitude of sensitization during the acquisition period was measured as the change in
locomotor response from the last day of acquisition minus the first time animals received
drug (day 12 - day 3). These data are shown in Fig. 2B. For the day 12 - day 3 locomotor
response, there was a significant effect of treatment group (F(s gg) = 2.55, p < 0.05). Only
the mice treated repeatedly with 1 g/kg ethanol in combination with 2 mg/kg nicotine
tartrate (E1+N2) had a significantly (P<0.05) larger sensitization score compared to the
repeated saline treated group. However, the E1+N2 group was not significantly different
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from the E1 alone group, suggesting that this dose combination induced only a modest
increase in sensitization.

On the ethanol challenge (day 13), all groups of mice were treated with 1 g/kg ethanol alone
(Fig. 2C). There was a significant effect of treatment group (F[s ge] = 4.10, p < 0.01) for
locomotor activity after ethanol challenge corrected for day 2 baseline activity level (day 13-
day 2). Only the mice that were repeatedly treated with 1 g/kg ethanol alone had a
significantly (P<0.05) larger locomotor response to ethanol challenge compared to mice
repeatedly treated with saline. Interestingly, mice that received ethanol in combination with
nicotine during acquisition (E1+N1 or E1+N2) had similar responses to ethanol alone,
compared to mice that received saline during acquisition and were challenged with ethanol
for the first time on day 13. Furthermore, both the E1+N1 and E1+N2 groups had
significantly (p<0.01) lower locomotor response to the ethanol challenge compared to the
group treated with E1 during acquisition. There were no significant differences between the
groups for BEC on day 13; BEC was 0.62 + 0.02 mg/ml for the group average and group
means ranged from 0.59 + 0.04 to 0.67 £+ 0.04 mg/ml.

3.2. Effects of nicotine on the development of 2 g/kg ethanol-induced locomotor
sensitization

Due to the limited effects seen with the 1 g/kg ethanol dose, a higher dose of ethanol (2
g/kg) that is more typically used to induce locomotor sensitization in DBA/2J mice was
tested. Group size for the current study was 10-12/sex/treatment group. Similar to results
from the first study, the largest ethanol effects on locomotor activity were seen during the
first 5 min of the 15-min test and data analysis methods were matched to those used for the
previous study examining the lower dose of ethanol. In general, males had greater locomotor
activity scores compared to females. However, similar patterns were again seen for the two
sexes and data for subsequent analyses were combined for males and females (Fig 3). A
repeated measures ANOVA identified a significant day x treatment group interaction
(F[25,580] = 85.31, p < 0.001).

Data were next examined for the day 3 locomotor response corrected for day 2 baseline to
examine the effect of acute treatment (Fig. 4A). This analysis found a significant effect of
treatment group (F[s 122] = 155.94, p < 0.001). Mice treated with 2 g/kg ethanol alone or in
combination with nicotine had significantly (P<0.001) larger acute drug response scores
compared to the saline-treated group. In addition, mice treated with E2+N1, but not E2+N2,
had a larger acute drug response score than the ethanol alone group.

Level of sensitization during the acquisition period was measured as the change in
locomotor response from the last day of acquisition minus the first time animals received
drug (day 12 - day 3); there was a significant effect of treatment group (F(s,122) = 57.09, p <
0.0001). These data are shown in Fig. 4B. All groups receiving ethanol alone or in
combination with nicotine had a significantly larger sensitization score compared to the
repeated saline group, indicating the development of sensitization. In addition, both groups
treated with nicotine in combination with ethanol had significantly (p<0.001) larger
sensitization scores compared to ethanol alone. This suggests that repeated nicotine plus
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ethanol resulted in a larger change in locomotor response, compared to repeated ethanol
alone.

On the ethanol challenge (day 13) all groups of mice were treated with 2 g/kg ethanol alone
(Fig. 4C). There was a significant effect of treatment group (F[s5 122] = 13.69, p < 0.01) for
locomotor activity on the ethanol challenge day corrected for day 2 baseline activity levels
(day 13-day 2). All mice repeatedly treated with 2 g/kg ethanol alone or in combination with
nicotine had a larger response to the ethanol challenge compared to mice receiving ethanol
for the first time on day 13. This suggests that repeated exposure to 2 g/kg ethanol alone or
in combination with nicotine resulted in a sensitized response to ethanol alone and is in
contrast to what was seen with the 1 g/kg ethanol study. There were no significant
differences between the groups for BEC on day 13; BEC was 1.75 + 0.03 mg/ml for the
group average and group means ranged from 1.69 + 0.05 to 1.85 £ 0.05 mg/ml.

4. Discussion

The goal of the present work was to determine if nicotine enhances ethanol-induced
locomotor sensitization, a model of neuroadaptation caused by repeated drug exposure that
is thought to be related to the development of drug dependence and vulnerability to relapse.
It was hypothesized that mice repeatedly treated with nicotine in combination with ethanol
would develop greater sensitization compared to mice repeatedly treated with ethanol alone.
In addition, it was hypothesized that mice treated with nicotine and ethanol in combination
during acquisition would have a larger locomotor response on the ethanol challenge day
compared to the group that was treated with ethanol alone. The results of the current study
found that the combined effects of nicotine and ethanol on locomotor sensitization were
dependent on the dose of ethanol and whether testing was performed after acquisition with
the drugs in combination or with ethanol alone.

Nicotine and ethanol in combination had greater locomotor stimulant effects compared to
either drug alone. Consistent with our previously published results (Gubner et al., 2013), the
largest combined effects, which were greater than additive, occurred when nicotine was
combined with 1 g/kg ethanol, compared to 2 g/kg ethanol. This is likely because the 2 g/kg
dose of ethanol had greater locomotor stimulant effects on its own, compared to 1 g/kg
ethanol. However, the E2+N1 group had a greater acute locomotor response compared to E2
alone, so nicotine did enhance locomotor stimulation to even the 2 g/kg dose of ethanol.

As expected, there were greater sensitization scores (day 12 - day 3) for the 2 g/kg ethanol
versus the 1 g/kg ethanol treatment groups. This result was expected as 2-2.5 g/kg of
ethanol have been previously found to induce maximal locomotor sensitization to ethanol in
DBA/2J mice (Phillips et al., 1994; Meyer et al., 2005; Meyer & Phillips 2003). Nicotine
enhanced locomotor sensitization to 2 g/kg ethanol with limited effects when combined with
1 g/kg ethanol. It is possible that nicotine combined with doses of ethanol that are associated
with robust sensitization enhance the development of neuroadaptations that contribute to the
development of addiction.

Mice treated with either 1 or 2 g/kg ethanol during acquisition had a larger locomotor
response on the ethanol challenge day (day 13) compared to mice receiving ethanol for the
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first time on day 13. A significant difference between treatment groups on the ethanol
challenge day provides a between- groups comparison of locomaotor sensitization. The
results on the ethanol challenge were highly dependent on the dose of ethanol. The groups
treated with 2 g/kg ethanol alone or in combination with nicotine all had similar responses to
the ethanol challenge. This is in contrast to what was found during acquisition, where groups
treated with nicotine and 2 g/kg ethanol had a larger change in locomotor response during
the acquisition phase compared to the group treated with ethanol alone. This suggests that
neuroadaptations underlying sensitization to nicotine in combination with 2 g/kg ethanol are
specific to receiving these drugs in combination and not ethanol alone. These results differ
from what was found for the 1 g/kg ethanol study. Mice treated with nicotine in combination
with 1 g/kg ethanol during acquisition had very similar locomotor responses to the ethanol
challenge (ethanol alone) compared to mice receiving 1 g/kg ethanol for the first time (saline
during acquisition). In addition, the 1g/kg ethanol plus nicotine groups had lower locomotor
responses compared to the group repeatedly treated with 1 g/kg ethanol alone. Thus,
repeated exposure to 1 g/kg ethanol plus nicotine did not result in a sensitized response to
ethanol challenge, unlike the sensitization seen in mice repeatedly treated with 1 g/kg
ethanol alone. This suggests that nicotine interfered with the development of locomotor
sensitization to a low dose of ethanol. One explanation for this finding is that mice
experience nicotine combined with 1 g/kg ethanol differently than they experience this dose
of ethanol alone. The combined effects of nicotine and ethanol were dependent on the dose
of ethanol. Repeated exposure to nicotine combined with 2 g/kg but not 1 g/kg ethanol
resulted in a sensitized locomotor response to ethanol alone on day 13. It is possible that the
combined effects of nicotine and ethanol become more “ethanol-like” when the dose of
ethanol is higher. Evidence to support this hypothesis is provided by a drug discrimination
procedure in mice. In this study, nicotine was found to potentiate the salience of ethanol’s
discriminative stimulus effects, for 1 g/kg ethanol, but not 2 g/kg ethanol (Ford et al., 2012).
This suggests that a lower dose, but not higher dose, of ethanol combined with nicotine may
have subjective effects that are perceived as being different from ethanol alone.
Microdialysis studies in rats, have found greater effects on dopamine efflux in the nucleus
accumbens of lower dose combinations of nicotine and ethanol versus higher dose
combinations, where ceiling effects were found (Tizabi et al. 2002; 2007).

The groups of mice treated with 2 g/kg ethanol combined with nicotine had greater
sensitization scores during acquisition than the group treated with ethanol alone. All groups
treated with 2 g/kg ethanol alone or in combination with nicotine had similar locomotor
responses when challenged with 2 g/kg alone, suggesting that nicotine did not interfere with
the development of locomotor sensitization to the 2 g/kg dose of ethanol. Because nicotine
enhanced the acquisition of sensitization to 2 g/kg ethanol plus nicotine, but not the response
to the ethanol challenge, it suggests that the combined effects of nicotine and ethanol may be
acting through different mechanisms.

Associative learning has been found to influence the expression of sensitization induced by
psychostimulants. In some studies, the presence of the drug associated environment is
necessary for the expression of sensitization (See McDougall et al., 2011 for review).
However, in our data, if associative learning processes were influencing the expression of
sensitization, a greater response to the ethanol alone challenge in the environment previously
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paired with nicotine plus ethanol, would have been expected. However, for the lower dose of
ethanol, the opposite effect was observed, with groups treated with nicotine plus ethanol
having a lower response to the ethanol challenge, compared to mice repeatedly treated with
ethanol alone. One possibility is that state-dependent learning affected the expression of
sensitization to the ethanol alone challenge. Nicotine was found to have the largest effects at
enhancing the locomotor stimulant effects of a low dose of ethanol (1 versus 2 g/kg). It is
possible that mice that had previously been treated with 1 g/kg ethanol plus nicotine
experienced ethanol alone as being significantly different from the combination of nicotine
and ethanol, and that this lack of similar state-dependent subjective experience did not allow
for the expression of sensitization to ethanol alone. The subjective effects of nicotine plus
the higher dose of ethanol may have been more similar to this dose of ethanol alone,
allowing for the expression of sensitization to the ethanol alone challenge.

Overall, the current studies support the hypothesis that nicotine and ethanol in combination
have enhanced neuroadaptive effects. However, the combined effects of nicotine and ethanol
on locomotor sensitization were dependent on the dose of ethanol and whether testing was
performed after acquisition with the drugs in combination or after treatment with ethanol
alone.
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Nonstandard abbreviations

BEC blood ethanol concentration
Ex x g/kg ethanol
Nx x mg/kg nicotine tartrate
nAChR nicotinic acetylcholine receptor
SAL saline
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Figure 1.

Effects of nicotine on the development of locomotor sensitization to 1 g/kg ethanol. Shown
is mean (£ SEM) total distance traveled during the first 5 min of each 15-min locomotor
activity test session. On day 1 and 2, mice received saline. On day 3 -12 (acquisition period)
mice were treated with SAL, E1, N1, N2, E1+N1, or E1+N2 once daily, with locomotor
activity assessed every third day. On day 13 (ethanol challenge), all mice were treated with 1
g/kg ethanol alone. Group labels show treatment during acquisition with day 13 treatment in
parentheses. N1 and N2 = 1 or 2 mg/kg nicotine tartrate; E1= 1 g/kg ethanol; SAL=saline.
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Figure 2.
Locomotor effects of nicotine and 1 g/kg ethanol. Shown is mean (x SEM) distanced

traveled (cm) during the first 5 min of the 15-min activity session for (A) acute drug effect
corrected for day 2 baseline (day 3- day 2); (B) sensitization during acquisition (day 12- day
3); and (C) locomotor response to the 1 g/kg ethanol challenge corrected for day 2 baseline
(day 13 —day 2). Drug treatment during acquisition is shown on the x axis. N1 and N2 =1 or
2 mg/kg nicotine tartrate; E1= 1 g/kg ethanol; SAL=saline. *: p < 0.001; for the comparison
of the indicated group with the E1 group. $: p < 0.01; for the comparison of the indicated
group with the SAL group.
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Page 15

Effects of nicotine on the development of locomotor sensitization to 2 g/kg ethanol. Shown
is mean (£ SEM) total distance traveled during the first 5 min of each 15-min locomotor
activity test session. On day 1 and 2, mice received saline. On day 3 -12 (acquisition period)
mice were treated with SAL, E2, N1, N2, E2+N1, or E2+N2 once daily, with locomotor
activity assessed every third day. On day 13 (ethanol challenge) all mice were treated with 2
g/kg ethanol alone. Group labels show treatment during acquisition with day 13 treatment in
parentheses. N1 and N2 = 1 or 2 mg/kg nicotine tartrate; E2= 2 g/kg ethanol; SAL=saline.
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Figure 4.

Locomotor effects of nicotine and 2 g/kg ethanol. Shown is mean (+ SEM) distanced
traveled (cm) during the first 5 min of the 15-min activity session for (A) acute drug effect
corrected for day 2 baseline (day 3- day 2); (B) sensitization during acquisition (day 12- day
3); and (C) locomotor response to the 2 g/kg ethanol challenge corrected for day 2 baseline
(day 13 —day 2). Drug treatment during acquisition is shown on the x axis. N1 and N2 =1 or
2 mg/kg nicotine tartrate; E2= 2 g/kg ethanol; SAL=saline. *: p < 0.001; for the comparison
of the indicated group with the E2 group. $: p < 0.01; for the comparison of the indicated
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