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Abstract According to the rewarding properties of ethanol
in the place conditioning protocol, outbred Swiss mice may
be distinguished in three subgroups: (i) place preference
(EtOH Cpp); (ii) place avoidance (EtOH Cpa); (iii)
indifference (EtOH Ind). Here we evaluated whether the
anxiety-like state and cocaine stimulant locomotor effect
are altered in these different phenotypes. No differences
were observed in the anxiety-like state before and after
conditioning among the different groups. However, animals
were generally more anxious-like after the conditioning
protocol. EtOH Cpp and EtOH Ind groups (but not
EtOH Cpa) increased their locomotor activity after cocaine
injection, when compared to Control. We verified an
individual variability in outbred Swiss mice regarding the
appetitive effects of ethanol. Anxiety-like state apparently
is not involved in the expression of these phenotypes.
Interestingly, non-aversive hedonic value of ethanol pairing
is essential to maintain cocaine-induced hyperlocomotion,
since mice aversion to ethanol conditioning impairs acute
cocaine-induced stimulating effects.

Keywords reward; aversion; individual variability; addic-
tion; ethanol place conditioning

1 Introduction

Behavioral responses to ethanol are usually variable.
While some individuals show a positive reinforcing
response to alcohol, others display aversive symptoms.
Even so, in rodents most studies described behavioral and
neurochemical differences among distinct inbreed strains.
Inbreed strains are individuals of a particular species that
have similar genotypes due to prolonged inbreeding, which
means that their gene-pool is quite narrow. In contrast,
outbred strains are generated from breeding two genetically
different strains of the same species.

The inbreed mouse strains DBA/2J and C57BL/6
differ markedly and inversely in a number of responses

to psychoactive drugs. While C57BL/6 mice are more
sensitive to the psychoactive effects of morphine [8,18],
nicotine [11], and psychostimulant drugs [2], DBA/2J
mice show more robust acute locomotor responses,
locomotor sensitization, and conditioned place preference
to ethanol [30]. Despite the enormous contribution to the
neurobiology of drug addiction, experimental studies using
inbreed strains are not the most appropriate to investigate the
neurobiological aspects involved in the variability between
individuals.

Previous evidence describes that outbred Swiss mice
present inter-individual variability to ethanol induced
locomotor sensitization [23] and this phenomenon seems
to be controlled by several neurobiological differences.
For example, sensitized mice usually presented a down-
regulation of D2 receptor in the olfactory tubercle [7] and
upregulation in the ventral striatum [34].

Rewarding properties of drugs of abuse play an impor-
tant role in drug-seeking and drug-intake behavioral pat-
terns. Conditioned place preference (CPP) is one of the most
used paradigms to study the appetitive effects of psychoac-
tive drugs [36]. In this model, the context represents the con-
ditioned stimulus (CS), and the time spent in the drug-paired
environment constitutes the motivated behavior elicited by
the drug [9]. Some reports described that repeated ethanol
injections in mice, prior to exposure to CS, promotes condi-
tioned place preference, while post context exposure induces
ethanol conditioned place avoidance (CPA) [16]. Although
this experimental design may be useful to address important
aspects of ethanol appetitive properties, it is not the most
appropriate to investigate the neurobiological mechanisms
involved in individual variability.

Our group has already observed a considerable variabil-
ity in the magnitude of ethanol-induced place conditioning
response in outbred Swiss mice [35]. We verified that
ethanol-conditioning produces three types of phenotypes.
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While a group of mice developed a conditioning place
preference (EtOH Cpp), others developed conditioning
avoidance (EtOH Cpa) and there was still another group
that showed indifference to the context previously paired to
ethanol (EtOH Ind).

Despite the rewarding effects of ethanol, there are
several factors that modulate the ethanol-seeking and
ethanol-taking behavioral patterns. Two of these most
important factors are the premorbid or comorbid anxiety-
like states, which could increase ethanol intake due to
their negative reinforcement effect [1,20]. To this point of
view, the anxiolytic properties of ethanol had been shown
to potentiate the drug-taking behavior [3,37]. Therefore,
the first goal of this study was to evaluate the possible
differences in anxiety-like states before and after ethanol
place conditioning protocol in order to establish a possible
link between anxiety-like behavior and ethanol-induced
appetitive/aversive properties.

Another important question that emerges from the
protocol used is whether individual variability to appetitive
effects of ethanol could share common features with the
behavioral patterns induced by other drugs of abuse, such
as cocaine. This common effect of addictive drugs implies
that drugs of abuse, even those coming from different
qualitative classes, may exert some of their effects through
shared neural mechanisms. Clinical reports describe that
alcohol increases the rewarding and attenuates the aversive
effects of cocaine [14,25], thus, as expected comorbid use
of these substances is associated with a more severe cocaine
intake [26]. Hence, it is possible that the differences between
the different ethanol-induced phenotypes could predict
distinct responses to cocaine reinforcing properties. Further-
more, in rodents it is well established that the hyperlocomo-
tor activity observed after the administration of psychoactive
drugs is related to their reinforcing properties [32,38].
Therefore, in the present study we also verified the possible
changes of acute cocaine-induced stimulant locomotor
effects after the ethanol place conditioning protocol.

2 Materials and methods

2.1 Animals

Adult male Swiss mice (12 weeks old) from CEDEME
(Nuclei for the Development of Animal Models in
Biology and Medicine at Universidade Federal de São
Paulo) were kept in groups of 10 per a standard home
cage in a temperature-humidity controlled room under
a 12-h light/dark cycle (lights on 07:00 a.m.), with ad
libitum access to chow pellets and tap water. Mice were
acclimatized to these housing conditions for one week.
Protocols were approved by Animal Care and Use Ethics
Committee of the university, protocol number: 2005/09,
according to National Institute of Health Guide for the Care
and Use of Laboratory Animals, 1996.

(a)

(b)

(c)

(d)

Figure 1: Experimental design. (a) Investigation of the
anxiety-like baseline levels previous to the ethanol-induced
conditioning and in (b) we assessed how the experience of
ethanol-induced conditioning may alter anxiety-like levels.
In (c) we evaluated how distinct phenotypes of ethanol-
induced conditioning could differ regarding the acute
stimulant locomotor effects of cocaine. The protocol (d)
was performed similarly and in parallel to experiment (c),
however just after saline/saline or saline/ethanol injections,
mice were immediately returned to their home-cage.

2.2 Behavioral procedures

The experimental design comprises four major experiments
(Figure 1). In experiments (a), (b), and (c), animals were
submitted to saline/saline or saline/ethanol conditioning.
In experiment (d), animals received a similar treatment
but without any conditioning session. Experiment (a) was
carried out to investigate the anxiety-like state prior to
ethanol place conditioning; experiment (b) investigated how
the experience of ethanol place conditioning could alter the
anxiety-like state of mice. In experiment (c), we analyzed
whether the distinct ethanol-conditioning phenotypes could
also differ between them regarding the acute stimulant
locomotor effect of cocaine. Experiment (d) was performed
similarly and in parallel to experiment (c); however,
immediately after saline/saline (Saline) or saline/ethanol
(EtOH) injections, mice were returned to their home-cages.
This procedure was used to exclude the effect of ethanol
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per se over the acute stimulant locomotor effects of cocaine
in these different phenotypes. All experimental procedures
were done in a light (30 lx) and sound attenuating room.
Apparatus was cleaned and deodorized with 70% ethanol
solution after each mouse performance. Behavioral tests
were conducted between 10:00 a.m. and 3:00 p.m.

2.3 Ethanol place conditioning

We used a three-chambered apparatus consisting of two 37×
15×30 cm peripheral compartments with distinct visual and
tactile cues (one with black walls and a smooth floor, called
smooth; and the other with white walls and a floor with a
series of 1-mm-caliber bronze bars spaced 1 cm apart, called
graded), connected by a central 7 × 15 × 30 cm compart-
ment. The central compartment was equipped with two slid-
ing doors that provided access to one or both of the periph-
eral compartments.

Each procedure consisted in a preconditioning (pre-
test), conditioning (pairing), and post conditioning phases
(test). The detailed protocol is described elsewhere [35].
Briefly, in the pre-test, mice were placed in the central
compartment with free access to the whole apparatus and
the time spent in the peripheral compartments was recorded
during 15 min. Pairing consisted of two daily sessions
during five consecutive days. For ethanol groups, mice
received IP saline (in the morning) and were immediately
confined in one of the peripheral compartments for 5 min.
After four hours, they received IP ethanol solution (2 g/kg,
15% v/v) (in the afternoon) and were immediately confined
to the opposite peripheral compartment for 5 min. Control
group received IP saline in both compartments. The test
was conducted 3 days after the last conditioning session.
Procedure was strictly the same as in pre-test.

The score of place preference was determined by the
difference of time spent in the drug-paired compartment
between test and pre-test sessions. This score allowed us
to allocate ethanol treated animals in the following groups:
EtOH Cpp (mice taken from the upper 1 SD of the average),
EtOH Cpa (mice taken from the lower 1 SD of the average),
and EtOH Ind (mice taken from the interval of upper and
lower 1 SD of the average).

2.4 Elevated plus maze

The elevated plus maze was used to evaluate anxiety-like
behavior in two different time points: one day before and
one day after conditioning phase. Considering the phenom-
ena of one-trial tolerance [10], different mice were used in
each experiment ((a) n = 32 and (b) n = 27). The appara-
tus consisted of two opposite open arms, 28.5× 7 cm (sur-
rounded by Plexiglas) and two enclosed arms, 28.5× 7×
14 cm. Each animal was placed on the maze central platform
(7× 7 cm) facing the enclosed arm and during 5 min, we
recorded the number of entries and the time spent in the open
and closed arms. Total number and percentage of entries in

open arms [(entries in open arms/entries in both open and
close arms)*100] and percentage of time spent in open arms
[(time spent in open arms/time spent in both open and close
arms)*100] were calculated [22].

2.5 Open field

Open field test was used to evaluate the baseline locomotor
activity and to assess whether the different ethanol-induced
conditioning phenotypes also differ regarding the acute
locomotor stimulant effect of cocaine. The apparatus
consisted of a white wooden square arena (50 × 50 cm)
bearing a floor divided into 19 squares.

Initially, animals received saline (IP) and were main-
tained in open field in order to measure their locomotor
activity. This procedure was scheduled in two different time
points: one day before the pre-test (baseline 1) and one
day after the test (baseline 2).With these baseline values, it
was possible to dissociate the inherent differences between
subjects (either prior or after ethanol place conditioning)
from the acute stimulant locomotor effect of cocaine.
Grooming time and thigmotaxis index (peripheral squares
crossed/total squares crossed) [33] were measured in
baseline 1 and baseline 2 sessions, in order to provide
additional anxiety-like indexes.

After baseline 2, mice were removed from the arena,
injected with cocaine (dose of 10 mg/kg, IP) and immedi-
ately returned to the open field, where locomotor activity
was measured for 20 minutes. The dose of cocaine used to
induce the acute locomotor stimulant effect is usually higher
than 10 mg/kg [29,31]. Therefore, using a borderline dose,
we can easily distinguish the distinct responses of cocaine-
induced hyperlocomotor effects.

2.6 Statistical analysis

To verify whether the score of preference of ethanol-paired
animals have a normal distribution, we use Kolmogorov-
Smirnov test. To assess possible bias of the conditioning
procedure, we performed two statistical analyses: (i)
chi-square: to verify the distribution frequency in the
different groups regarding the paired compartment (smooth
floor vs. graded floor). This comparison was made as
observed frequencies (the frequencies observed in each
ethanol treated group) versus expected frequencies (50%
in each peripheral compartment); (ii) two-way ANOVA:
considering as factors the compartment (smooth or graded)
and ethanol groups (EtOH Ind, EtOH Cpp, and EtOH Cpa),
to assess whether the compartments may alter the score of
preference. Additionally, two-way ANOVA was used to
elevate plus maze data. The factors considered were the
groups (Control, EtOH Ind, EtOH Cpp, and EtOH Cpa)
and the testing period (before or after conditioning sessions).
ANOVA for repeated measures was used to analyze the
number of squares crossed, the time of grooming and the
thigmotaxis index in the baseline 1 and 2 sessions of the
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Figure 2: The distribution histogram of the score of
preference in mice paired with ethanol compared to the
normal distribution. Kolmogorov-Smirnov test revealed no
differences between them, which indicates that ethanol
conditioned preference follows a normal distribution inside
an outbred Swiss mice population.

open field. In this analysis, in the group factor, we included
Saline and EtOH groups. One-way ANOVA was used
to analyze the number of squares crossed after cocaine
challenge. ANOVA for repeated measures was used to
compare the time spent in the drug paired compartment
before and after the ethanol place conditioning. For all the
ANOVA analyses, we used a Tukey-Kramer for unequal
N post hoc test when necessary. Finally, in experiment
(c), Pearson’s correlation between the number of squares
crossed after cocaine challenge and the score of preference
was applied for the mice injected with ethanol. The level of
significance for the whole analysis was set at P < .05.

3 Results

3.1 Ethanol place conditioning promotes different pheno-
types

Initially, descriptive statistical analyses allowed us to
evaluate the distribution of the unconditioned place
preference using pre-test values, and the Kolmogorov-
Smirnov test classified the distribution found as normal
(d = 0.11; P = .20). As described in Section 2, all
animals with unbalanced preference were excluded from the
experiments. These procedures resulted in the exclusion of
17.5% (N = 21) of the total animals submitted to the pre-test
(N = 120). Considering only the excluded animals, 52.4%
(N = 11) of them developed unbalance preference for the
graded floor compartment, while 47.6% (N = 10) had
unbalance preference for the smooth floor compartment. A
total of 99 mice were used in the ethanol place conditioning.

Figure 2 shows the preference score distribution
histogram of ethanol injected mice. Again, Kolmogorov-
Smirnov detected a normal distribution (d= 0.08; P = .82)

Table 1: Distribution of ethanol treated animals in the three
distinct phenotypes, as well as, the percentage of animals
paired in each peripheral compartment of the conditioned
place preference apparatus.

Group N % Graded (%) Smooth (%)

Control 22 55 45

EtOH Ind 23 30 55 45

EtOH Cpp 29 38 80∗ 20∗

EtOH Cpa 25 32 43 57
∗P < .05. Chi-squares [expected frequency (50% graded and
50% smooth) versus observed frequency (Control, EtOH Ind,
EtOH Cpp, EtOH Cpa)].

and it allows us to allocate animals in three different groups.
Table 1 shows the distribution of ethanol treated animals
in the three distinct phenotypes as well as the percentage
of animals paired in each peripheral compartment (experi-
ments (a), (b), and (c)). Considering all animals treated with
ethanol, 38% developed CPP (EtOH Cpp group), 32% CPA
(EtOH Cpa group), and 30% neither preference nor aversion
(EtOH Ind group). The percentage of the animals from
EtOH Ind group paired in the smooth floor is similar to that
in the graded floor (45% and 55%, resp.) and the distribution
in this group did not differ from the expected frequencies,
which are 50% for each compartment (X2 = 0.50, P = .48).
The frequency observed for EtOH Cpa did not differ from
that expected (X2 = 0.98, P = .32). However, in the
EtOH Cpp group the distribution differed from the expected
frequencies (X2 = 19.78, P < .01). The percentage of the
animals that developed place preference was greater in the
graded floor when compared to the smooth floor.

To assess whether the compartments could interfere in
the score of preference, a two-way ANOVA was performed,
considering as factors the drug-paired compartment (smooth
vs. graded) and ethanol groups (EtOH Cpp, EtOH Cpa, and
EtOH Ind). Significant differences were seen in ethanol
groups factor [F(2,71) = 112.60; P < .01], but not in
the drug-paired compartment [F(1,71) = 0.15; P = .70].
Moreover, no interactions were seen between these factors
[F(2,71) = 1.33; P = .28]. As expected, EtOH Cpp and
EtOH Cpa have higher and smaller score of preference,
respectively, when compared to EtOH Ind group (P < .01).
These data indicate that the compartment did not promote
any biases in the behavioral test. As a consequence, the
global outcome of the appetitive effects of ethanol injections
is not affected by the context in which the drug was paired.

Figure 3 depicts data obtained in the ethanol condi-
tioning protocol. ANOVA for repeated measures detected
a significant difference in group factor [F(3,95) = 26.40;
P < .01], but not in the time point (pre-test x test) [F(1,195) =

0.05; P = .83]. Moreover, a significant interaction was seen
between factors [F(3,95) = 147.50; P < .01]. As expected,
EtOH Cpp and EtOH Cpa animals spent more and less time
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Figure 3: Time spent in the drug paired compartment during
15 min of pre-conditioning (pre-test) and post-conditioning
(test) session of Control saline group (N = 22) and ethanol
groups. According to the score of place preference, ethanol
mice were classified as EtOH Ind (N = 23; mice taken
from the interval of upper and lower 1 SD of the average),
EtOH Cpa (N = 25; mice taken from the lower 1 SD of
the average) and EtOH Cpp (N = 29; mice taken from
the upper 1 SD of the average). The data were expressed
as mean ± SEM ∗∗P < .01 in relation to pre-test session.
##P < .01 versus Control. ††P < .01 versus EtOH Cpp and
EtOH Ind (repeated measures ANOVA followed by Tukey-
Kramer for unequal N post hoc test).

(respectively) in the drug-paired compartment during the
test. Finally, no differences were seen between experimental
groups in the pre-test. These data were similar to those
found in the score of preference, and indicate that ethanol
place conditioning can promote preference or avoidance
contextual associative learning. Therefore, we may assume
that there are individual differences in mice regarding the
appetitive effects of ethanol.

3.2 Anxiety-like behavioral pattern and ethanol place con-
ditioning

The results obtained in the elevated plus maze before and
after the conditioning protocol (experiments (a) and (b)) are
depicted in Figure 4. No differences were observed regard-
ing the percentage of entries in the open arms, neither in
group [F(3,50) = 0.89; P = .45] nor in time point [F(1,50) =

(a)

(b)

Figure 4: Percentage of entries (a) and time spent (b) in
the open arms during 5 min of elevated plus maze test.
Two different groups of animals were used to perform
the tests before and after ethanol-conditioning in order
to avoid possible bias issue from habituation of the
apparatus. Before conditioning, Control (N = 8), EtOH Ind
(N = 8), EtOH Cpp (N = 9), and EtOH Cpa (N = 7).
After conditioning, Control (N = 8), EtOH Ind (N = 6),
EtOH Cpp (9), and EtOH Cpa (N = 6). The data were
expressed as mean ± SEM Two-way ANOVA revealed a
general significant decrease of time spent in open arms only
after conditioning experiments (∗∗P < .01) in relation to
general time spent before ethanol-conditioning.
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Figure 5: Baseline locomotor activity before and after
ethanol place conditioning in the groups Control (N = 9),
EtOH Ind (N = 15), EtOH Cpp (N = 7), and EtOH Cpa
(N = 9), Saline (N = 10) and EtOH (N = 10) submitted
to the experiments (c) and (d). The data were expressed
as mean ± SEM and depict the squares crossed during 5
min of open-field exploration after saline injection (IP). As
expected, no differences were found in baseline locomotion
before and after ethanol conditioning protocol inter-groups,
however a general decrease of locomotion was found
by repeated measures ANOVA after ethanol-conditioning
(∗∗P < .01), indicating a habituation of the apparatus.

0.49; P = .48] factors. Moreover, no interaction was seen
between the factors [F(3,50) = 0.31; P = .82]. Whereas, con-
sidering the percentage of the time spent in the open arms,
a significant difference was seen in the time point factor
[F(1,50) = 10.69; P < .01]. Mice submitted to test after the
conditioning protocol spent less time in open arms when
compared to those submitted to test before the conditioning
protocol. However, no difference was seen in the group fac-
tor [F(3,50) = 0.16; P = .92] and no interaction was detected
between the factors [F(3,50) = 0.58; P = .63]. These results
show that the stress that ensues from the place conditioning
protocol increases the anxiety-like behavior of these animals
in the elevated plus maze. Moreover, this increase is not
significantly greater in any one of the groups investigated;
thus it did not affect the general result of the ethanol condi-
tioning.

Besides the elevated plus maze, we analyzed the time of
grooming and the thigmotaxis index during the 5-min base-
line 1 and baseline 2 sessions of mice submitted to experi-
ment (c). As a consequence, these animals were not the same
used in the elevated plus maze test. Regarding grooming
time, no difference was seen in group [F(3,36) = 2.19,
P = .11] or in session [F(1,36) = 3.27, P = .08] factors.
No interaction was seen between factors [F(3,36) = 0.75,

P = .53]. These results show that the basal level of anxiety-
like behavior during the open field test was not different
among all the groups analyzed. Considering the thigmotaxis
index, a significant difference was detected in session factor
[F(1,36) = 19.14, P < .01]. However, no difference was
seen in the group factor [F(3,36) = 0.32, P = .81] and no
interaction between factors was detected [F(3,36) = 0.10,
P = .96] indicating that anxiety-like behavior is equally
increased in all groups after the conditioning protocol.

3.3 Acute stimulant locomotor effects of cocaine after
ethanol place conditioning

Figure 5 depicts locomotion activity following saline
injections before (baseline 1) and after (baseline 2) ethanol-
conditioning sessions. ANOVA for repeated measures
revealed a significant difference in the session [F(1,54) =
58.89; P < .01] but not in the group [F(5,54) = 1.18;
P = .33] factors. No interaction was seen between them
[F(5,54) = 1.55; P = .19]. There was a significant decrease
of locomotion in baseline 2, when compared to baseline 1.
However, this decrease is not specific to any one of the
groups, suggesting that there might be a habituation
phenomena in all of the groups studied. Therefore, the
differences seen after cocaine injection are not due to
previous inherent locomotor differences between the
ethanol-induced phenotypes.

Cocaine-induced locomotor activity in the different
phenotypes resulting from the ethanol place conditioning
protocol is depicted in Figure 6. One-way ANOVA
showed significant differences among experimental groups
[F(5,54) = 6.62; P < .01]. Control and EtOH groups had
a similar decrease of the squares crossed as compared to
Saline group (P < .05), suggesting that the conditioning
protocol and ethanol per se decrease the acute stimulant
locomotor effects of cocaine. Interestingly, this decrease
was not seen in the EtOH Cpp and in the EtOH Ind, and it
is potentiated in the EtOH Cpa group. Actually, EtOH Cpp
and EtOH Ind presented a locomotor activity similar to
that found for Saline group, but a higher locomotion
when compared to Control and EtOH Cpa (P < .01).
Moreover, EtOH Cpa showed a lower locomotion activity
when compared to Control (P < .05). Finally, according
to Pearson’s correlation analysis, there was a positive and
significant interaction between the squares crossed after
cocaine challenge and the score of preference induced by
ethanol (r = .49; P < .01) (Figure 7). Therefore, the dif-
ferent phenotypes described in this study also show distinct
responses to the acute locomotor stimulant effect of cocaine.

4 Discussion

In accordance with previous findings from our lab-
oratory [35], the present study described that Swiss
heterogenous mice paired in a given context after ethanol
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Figure 6: Locomotor activity right after cocaine adminis-
tration of animals submitted to the experiments (c) and (d).
The data were expressed as mean ± SEM and depict the
squares crossed during 25 min of open-field exploration.
∗P < .05, ∗∗P < .01 versus Control. ##P < .01 versus EtOH.
††P < .01 versus EtOH Cpa. ��P < .01 versus Saline (one-
way ANOVA followed by Tukey-Kramer for unequal N post
hoc test).

injections could develop one of the three following
phenotypes: (i) preference; (ii) aversion; or (iii) indifference
to the paired context. The occurrence of these distinct
groups was not due to the differences in the anxiety-like
state. Moreover, we showed that ethanol-induced CPP alters
the pharmacological effect of this drug over the subsequent
acute psychomotor effect of cocaine.

CPP is an important protocol to assess hedonic proper-
ties of a drug [36]. One of the most critical issues in the
design of place conditioning is whether the apparatus and
subject assignment procedure are “biased” or “unbiased”.
An apparatus is considered “biased” when the average time
that naı̈ve animals spend in each peripheral compartment
deviates from expectations based on chance [5]; and “unbi-
ased” when the average time spent in each compartment
is consistent with expectations based on chance. Most of
naı̈ve animals used in this study were indifferent to both
compartments during the pre-conditioning session. Border-
ing animals (17%) were not used for the study since they
displayed a spontaneous preference during the pre-test (58%
of them went to the compartment with graded floor and 42%
to the smooth floor). Therefore, the apparatus may be con-
sidered as “unbiased” since all mice submitted to the place
conditioning did not show any previous preference.

Concerning the population paradigm, a protocol is
considered “unbiased” when the specific stimulus selected
as the conditioned stimulus (CS) is assigned randomly,
regardless of the subject-unlearned preference/aversion
for that stimulus [5]. In the present study, we used

Figure 7: Scatter plot of the score of preference and stim-
ulant locomotor effects of cocaine. Pearson’s correlation
detected a significant positive correlation between these
variables (r = .49; P < .01).

a counterbalanced experimental design in which one
stimulus was randomly assigned to a group of subjects
and the other stimulus served as CS for the remaining
subjects. Furthermore, all mice with a previous spontaneous
preference were eliminated from the study. Therefore, our
subject population was considered unbiased. As expected,
EtOH Cpa and EtOH Ind groups did not differ from
Control group in their frequency distribution. Only in
EtOH Cpp group, most of the mice that developed place
preference were paired in the graded compartment, which
seems contradictory to an “unbiased” protocol. Apparently,
the graded floor is less adverse than the smooth floor,
which has already been demonstrated by our group [35].
It is noteworthy that no significant interaction was found
between the different ethanol groups and their place of
pairing. It might be possible that the preference for a
tactile graded floor was counterbalanced by the aversive
white wall, and the opposite effect was observed in the
smooth black compartment. Therefore, it is possible that
in the EtOH Cpp group, the appetitive effect of ethanol
might have been coupled to the previous slight preferential
properties of the graded compartment. This indicates that
our analyses were based on the appetitive or aversive
properties of ethanol, but not on the preferential or aversive
properties of the apparatus per se.

Previous studies have reported that ethanol can
induce both preference and avoidance. However, in those
experiments, place preference occurs in animals injected
with ethanol prior to context exposure, while aversion was
seen in animals that received ethanol right after context
exposure. In those studies, conditioned place avoidance is
related to the anticipatory states that precede the rewarding
effects of ethanol [4,6]. In contrast, in our experiments
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mice that developed preference or aversion received ethanol
before context exposure. Consequently, avoidance induced
by ethanol is likely due to the aversive effect of the drug,
and not to an anticipatory behavior. Therefore, the current
experimental protocol is more suitable to investigate
the neurobiological processes involved in the individual
variability to the appetitive effects of ethanol.

Previous reports suggest that higher anxiety baseline
levels increase ethanol intake [1,20,24]. Whether this
increase is due to negative reinforcement effect of ethanol
or, alternatively, if anxiety level increases the rewarding
effect of ethanol remains still unclear. These studies suggest
that psychological stress may play an important role in
the rewarding effect of ethanol. Consequently, we cannot
exclude the possibility that anxiety-like levels could influ-
ence the occurrence of the different phenotypes seen in the
present study. However, no differences were found between
groups regarding the anxiety-like state both previous and
after the conditioning protocols. Nevertheless, after ethanol
conditioning, all groups displayed higher anxiety-like state
compared to mice that were subject to the test before pairing.
We may suggest that the context might be stressful for the
animals since Control and experimental animals displayed
higher anxiety levels after conditioning. On the other
hand, anxiety is the most prominent component of ethanol
abstinence which could explain the increase of anxiety-like
levels seen after conditioning in all ethanol groups. In both
cases, the conditioning procedure altered the anxiety levels
of the animals. Nevertheless, it not possible to assume that
there is a relationship between ethanol and anxiety in the
expression of ethanol-induced conditioning phenotypes.

Alcohol consumption usually precedes the use of
other drugs [13,19]. Thus, we investigated whether these
different phenotypes seen after ethanol place conditioning
could be found after the exposure to other drugs. To this
regard, one drug that might be particularly interesting is
cocaine. Previous studies describe that concomitant ethanol
intake and cocaine use goes from 30% to 60% [12,27] and
alcoholics are more likely to use cocaine and to have more
severe consequences related to its consumption than non-
alcoholics [15]. Furthermore, a clinical study reported that
alcohol increases and prolongs the euphoric effect induced
by cocaine [25]. From a neurobiological perspective, the
influences of ethanol pre-exposure over the effects of
cocaine depend on the experimental design used in each
study.

Here we demonstrated that when ethanol-context
pairing is not adverse (EtOH Cpp and EtOH Ind groups)
the acute hyperlocomotor effect of cocaine is similar to
that found in saline no-paired animals (Saline group).
Interestingly, we observed that the context per se, without
the influence of ethanol (Control group), diminished the
acute effect of cocaine. Previous findings showed that

no cross-sensitization between ethanol and cocaine was
observed in the paradigm of locomotor sensitization [21].
This observation is in accordance with our results since
EtOH Cpp and EtOH Ind animals did not differ from
Saline. Moreover, when ethanol is not previously paired
with a context (EtOH group), cocaine effects are reduced
in relation to Saline. Therefore, we may suggest that the
absence of an adverse association between the context
and ethanol administration avoids the decrease of cocaine-
induced locomotor activity observed after exposure to CPP
protocol in saline-treated mice.

The motivational component of addiction may play
a different role in EtOH Cpa and EtOH Cpp groups. In
EtOH Cpp group, the activation of the mesocorticolimbic
pathway by ethanol during conditioning could be reactivated
by cocaine, keeping the locomotor activity in the same
levels as those found for Saline animals. It is less clear,
however, why EtOH Ind mice have the same response to
cocaine as EtOH Cpp and Saline groups. According to the
results found in correlational analysis, we may suggest that
the hedonic component of ethanol is less important than
its aversive component, since cocaine-induced locomotor
activation was practically blocked in EtOH Cpa mice.

It is also difficult to explain why Control and EtOH ani-
mals have a decreased effect of cocaine acute hyperlocomo-
tor effect. As discussed above, it is possible that the condi-
tioning protocol and ethanol injections might be considered
as stressful situations. Given the importance of habituation
to homotopic stress [17,28], mice might be more habituated
to other subsequent mild stress. The absence of appetitive
effects of both manipulations could render these animals
more stressed than those submitted to non-aversive condi-
tioning or to saline treatment.

These results suggest that the individual variability in
ethanol conditioning could predict the individual differences
to the acute locomotor effects of cocaine. In this context,
previous aversive-learning induced by ethanol blocks
the psychoactive stimulant effect of cocaine, while it is
maintained by the neutral—or rewarding—learning induced
by ethanol.

5 Conclusion

The significant inter-individual variability in outbred adult
male Swiss mice to the appetitive effects of ethanol was not
due to differences in the anxiety-like state before or after
ethanol place conditioning protocol. Furthermore, mice
aversion to ethanol conditioning impairs acute cocaine-
induced stimulating effects. Therefore, we may conclude
that the non-aversive hedonic value of ethanol pairing is
essential to maintain cocaine-induced hyperlocomotion.
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E. Aquino, and M. J. de Jesus, Co-occurrence patterns of anxiety,
depression and alcohol use disorders, Eur Arch Psychiatry Clin
Neurosci, 257 (2007), 423–431.

[2] S. Cabib, C. Orsini, M. Le Moal, and P. V. Piazza, Abolition and
reversal of strain differences in behavioral responses to drugs of
abuse after a brief experience, Science, 289 (2000), 463–465.

[3] D. Correia, A. F. Ribeiro, A. L. Brunialti Godard, and
R. Boerngen-Lacerda, Trait anxiety and ethanol: anxiolysis in
high-anxiety mice and no relation to intake behavior in an
addiction model, Prog Neuropsychopharmacol Biol Psychiatry,
33 (2009), 880–888.

[4] C. L. Cunningham, J. M. Clemans, and T. L. Fidler, Injection
timing determines whether intragastric ethanol produces condi-
tioned place preference or aversion in mice, Pharmacol Biochem
Behav, 72 (2002), 659–668.

[5] C. L. Cunningham, C. M. Gremel, and P. A. Groblewski, Drug-
induced conditioned place preference and aversion in mice, Nat
Protoc, 1 (2006), 1662–1670.

[6] C. L. Cunningham and C. M. Henderson, Ethanol-induced
conditioned place aversion in mice, Behav Pharmacol, 11 (2000),
591–602.

[7] N. P. de Araujo, D. F. Fukushiro, C. Grassl, D. C. Hipólide, M. L.
Souza-Formigoni, S. Tufik, et al., Ethanol-induced behavioral
sensitization is associated with dopamine receptor changes in the
mouse olfactory tubercle, Physiol Behav, 96 (2009), 12–17.

[8] G. I. Elmer, J. O. Pieper, L. R. Hamilton, and R. A. Wise, Qualita-
tive differences between C57BL/6J and DBA/2J mice in morphine
potentiation of brain stimulation reward and intravenous self-
administration, Psychopharmacology (Berl), 208 (2010), 309–
321.

[9] B. J. Everitt and T. W. Robbins, Neural systems of reinforcement
for drug addiction: from actions to habits to compulsion, Nat
Neurosci, 8 (2005), 1481–1489.

[10] S. E. File, P. S. Mabbutt, and P. K. Hitchcott, Characterisation of
the phenomenon of “one-trial tolerance” to the anxiolytic effect
of chlordiazepoxide in the elevated plus-maze, Psychopharmacol-
ogy (Berl), 102 (1990), 98–101.

[11] A. R. Glatt, K. Denton, and J. D. Boughter Jr., Variation in
nicotine consumption in inbred mice is not linked to orosensory
ability, Chem Senses, 34 (2009), 27–35.

[12] B. F. Grant and T. C. Harford, Concurrent and simultaneous use
of alcohol with cocaine: results of national survey, Drug Alcohol
Depend, 25 (1990), 97–104.

[13] C. A. Haertzen, T. R. Kocher, and K. Miyasato, Reinforcements
from the first drug experience can predict later drug habits and/or
addiction: results with coffee, cigarettes, alcohol, barbiturates,
minor and major tranquilizers, stimulants, marijuana, hallucino-
gens, heroin, opiates and cocaine, Drug Alcohol Depend, 11
(1983), 147–165.

[14] D. Harris, E. Everhart, J. Mendelson, and R. Jones, The pharma-
cology of cocaethylene in humans following cocaine and ethanol
administration, Drug Alcohol Depend, 72 (2003), 169–182.

[15] S. H. Heil, G. J. Badger, and S. T. Higgins, Alcohol dependence
among cocaine-dependent outpatients: demographics, drug use,
treatment outcome and other characteristics, J Stud Alcohol, 62
(2001), 14–22.

[16] K. G. Hill, A. E. Ryabinin, and C. L. Cunningham, FOS
expression induced by an ethanol-paired conditioned stimulus,
Pharmacol Biochem Behav, 87 (2007), 208–221.

[17] M. N. Hill, R. J. McLaughlin, B. Bingham, L. Shrestha, T. T. Lee,
J. M. Gray, et al., Endogenous cannabinoid signaling is essential
for stress adaptation, Proc Natl Acad Sci U S A, 107 (2010),
9406–9411.

[18] G. P. Horowitz, G. Whitney, J. C. Smith, and F. K. Stephan, Mor-
phine ingestion: genetic control in mice, Psychopharmacology
(Berl), 52 (1977), 119–122.

[19] D. B. Kandel, K. Yamaguchi, and K. Chen, Stages of progression
in drug involvement from adolescence to adulthood: further
evidence for the gateway theory, J Stud Alcohol, 53 (1992), 447–
457.

[20] M. G. Kushner, K. J. Sher, M. D. Wood, and P. K. Wood, Anxiety
and drinking behavior: moderating effects of tension-reduction
alcohol outcome expectancies, Alcohol Clin Exp Res, 18 (1994),
852–860.

[21] C. N. Lessov and T. J. Phillips, Cross-sensitization between the
locomotor stimulant effects of ethanol and those of morphine and
cocaine in mice, Alcohol Clin Exp Res, 27 (2003), 616–627.

[22] R. G. Lister, The use of a plus-maze to measure anxiety in the
mouse, Psychopharmacology (Berl), 92 (1987), 180–185.

[23] J. Masur and H. M. dos Santos, Response variability of ethanol-
induced locomotor activation in mice, Psychopharmacology
(Berl), 96 (1988), 547–550.

[24] S. Matsuzawa, T. Suzuki, and M. Misawa, Conditioned fear
stress induces ethanol-associated place preference in rats, Eur
J Pharmacol, 341 (1998), 127–130.

[25] E. F. McCance-Katz, T. R. Kosten, and P. Jatlow, Concurrent use
of cocaine and alcohol is more potent and potentially more toxic
than use of either alone—a multiple-dose study, Biol Psychiatry,
44 (1998), 250–259.

[26] M. M. Mengis, P. M. Maude-Griffin, K. Delucchi, and S. M. Hall,
Alcohol use affects the outcome of treatment for cocaine abuse,
Am J Addict, 11 (2002), 219–227.

[27] L. T. Midanik, T. W. Tam, and C. Weisner, Concurrent and
simultaneous drug and alcohol use: results of the 2000 National
Alcohol Survey, Drug Alcohol Depend, 90 (2007), 72–80.

[28] S. Patel and C. Hillard, Adaptations in endocannabinoid signal-
ing in response to repeated homotypic stress: a novel mechanism
for stress habituation, Eur J Neurosci, 27 (2008), 2821–2829.

[29] I. Peraile, E. Torres, A. Mayado, M. Izco, A. Lopez-Jimenez,
J. Lopez-Moreno, et al., Dopamine transporter down-regulation
following repeated cocaine: implications for 3,4-methylene-
dioxymethamphetamine-induced acute effects and long-term
neurotoxicity in mice, Br J Pharmacol, 159 (2010), 201–211.

[30] T. J. Phillips, S. Dickinson, and S. Burkhart-Kasch, Behavioral
sensitization to drug stimulant effects in C57BL/6J and DBA/2J
inbred mice, Behav Neurosci, 108 (1994), 789–803.

[31] A. J. Ramsey, A. Laakso, M. Cyr, T. D. Sotnikova, A. Salahpour,
I. O. Medvedev, et al., Genetic NMDA receptor deficiency dis-
rupts acute and chronic effects of cocaine but not amphetamine,
Neuropsychopharmacology, 33 (2008), 2701–2714.

[32] S. Schenk and B. Partridge, Sensitization and tolerance in
psychostimulant self-administration, Pharmacol Biochem Behav,
57 (1997), 543–550.

[33] P. Simon, R. Dupuis, and J. Costentin, Thigmotaxis as an index of
anxiety in mice. Influence of dopaminergic transmissions, Behav
Brain Res, 61 (1994), 59–64.

[34] M. L. Souza-Formigoni, E. M. De Lucca, D. C. Hipólide,
S. C. Enns, M. G. Oliveira, and J. N. Nobrega, Sensitization
to ethanol’s stimulant effect is associated with region-specific
increases in brain D2 receptor binding, Psychopharmacology
(Berl), 146 (1999), 262–267.

[35] C. Tesone-Coelho, P. Varela, J. Escosteguy-Neto, C. Cavarsan,
L. Mello, and J. Santos-Junior, Effects of ethanol on hippocampal
neurogenesis depend on the conditioned appetitive response,
Addict Biol, (2012).



10 Journal of Drug and Alcohol Research

[36] T. M. Tzschentke, Measuring reward with the conditioned place
preference (CPP) paradigm: update of the last decade, Addict
Biol, 12 (2007), 227–462.

[37] G. R. Valdez, A. J. Roberts, K. Chan, H. Davis, M. Brennan, E. P.
Zorrilla, et al., Increased ethanol self-administration and anxiety-
like behavior during acute ethanol withdrawal and protracted
abstinence: regulation by corticotropin-releasing factor, Alcohol
Clin Exp Res, 26 (2002), 1494–1501.

[38] L. Vanderschuren and P. Kalivas, Alterations in dopaminergic
and glutamatergic transmission in the induction and expression
of behavioral sensitization: a critical review of preclinical
studies, Psychopharmacology (Berl), 151 (2000), 99–120.


