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Abstract

Rationale Reduced expression of a drug-induced condi-
tioned place preference (CPP) may reflect a decrease in the
drug’s conditioned rewarding effects. However, CPP is also
open to disruption by processes unrelated to the underlying
motivation. In unpublished studies, we previously observed
that ethanol pretreatment before testing disrupted expres-
sion of ethanol-induced CPP in DBA/2J mice. We
hypothesized that this interference effect was due to large
ethanol-induced increases in activity.

Objective The present studies were designed to examine
the relationship between test activity and expression of
ethanol-induced CPP both in the presence and absence of
ethanol. To assess the generality of this relationship, we
examined these effects both in DBA/2J (which are highly
activated by ethanol) and in NZB/B1NJ mice (which show
similar CPP, but less ethanol-induced activation).
Materials and methods In separate experiments, inbred
mice from each strain underwent ethanol (2 g/kg) place
conditioning. Saline or ethanol was then administered
immediately before the test.

Results Ethanol, given immediately before the test, blocked
the expression of ethanol CPP in DBA/2J, but not in NZB/
BI1NJ mice. Moreover, ethanol significantly increased test
activity levels in DBA/2J and to a much lesser degree in
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NZB/BINJ mice. Correlation analyses showed an inverse
phenotypic relationship between preference and test activ-
ity, reflecting stronger preferences in less active mice.
Conclusions Disruption of ethanol-CPP observed in DBA/
2J mice may be a consequence of high ethanol-induced
activity levels. More generally, these studies suggest that
competing behaviors can affect expression of a drug-
induced CPP independent of affecting the conditioned
rewarding effects of the drug.
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Conditioned place preference (CPP) has been used histor-
ically to investigate the rewarding effects of many different
drugs in the absence of drug (Carr et al. 1989; Tzschentke
1998). Drug-induced CPP develops when a drug’s reward-
ing effects are paired with contextual cues. As a result of
such pairings, subjects presumably form an association
between these cues and the drug’s motivational effects.
Acquisition of this association is then measured indirectly
as an approach response to the drug-paired cue during the
test session, which is typically drug-free. Thus, expression
of CPP depends on the drug’s hedonic value and the
memory of the previously learned association. Although
there are limitations to using CPP as a measure of drug
reward (e.g., difficulty showing systematic dose—effect
relationships; Bardo et al. 1995), a general advantage is
that expression of the context-drug association can be
evaluated in the absence of drug (Bardo and Bevins 2000).
That is, one can examine effects of drug (or other) treatments
that are given only during acquisition, and interpretation of
the expression test is not complicated by the possibility that
the treatment produces sensory—motor or other effects that
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directly interfere with performance of the spatial choice
response. Although this advantage is useful when studying
experimental treatments given during the acquisition of CPP,
it may disappear when such treatments are introduced during
tests for expression of CPP.

Studies of treatments that alter expression of CPP may
have important implications for understanding the motiva-
tional processes hypothesized to underlie drug-induced
craving and relapse in humans. For example, opioid antago-
nists have been reported to reduce craving in human
alcoholics (e.g., O’Malley et al. 1992; Volpicelli et al.
1992) and to interfere with the expression or maintenance
of ethanol’s conditioned rewarding effects as indexed by
CPP in mice (Cunningham et al. 1995, 1998; Kuzmin et al.
2003; Middaugh and Bandy 2000). Such findings suggest
commonality in the mechanisms underlying ethanol-induced
craving and expression of ethanol-induced CPP. However,
despite the potential power of this technique to improve
understanding of the motivational processes that underlie
craving and drug seeking, expression of CPP is subject to
disruption by processes unrelated to the presumed condi-
tioned rewarding effect of the drug-paired cue.

Although the literature contains many studies in which
the effects of various treatments on expression of drug-
induced CPP have been examined (Tzschentke 1998),
insufficient attention has been given to alternative inter-
pretations that do not involve a presumed interaction with
the conditioned motivational processes underlying CPP. It
is possible, for example, that disturbances or deficits in
sensory—motor processes during the expression test might
directly interfere with a subject’s ability to detect or
discriminate between cues or with the subject’s ability to
approach and maintain contact with the stimulus. In such
cases, the subject’s failure to express place preference could
be misinterpreted as a decrease in the drug’s conditioned
rewarding effects. The potential for extraneous influences
on expression of CPP is well illustrated in a study by
Vezina and Stewart (1987) who reported that increases in
apparatus size at the time of testing interfered with
expression of morphine-induced CPP in rats. This outcome
was explained by arguing that the greater novelty of the
large test space interfered with expression of CPP in groups
trained in the smaller compartments, an interpretation that
was supported by the finding of higher test session activity
in those groups. Although this experiment did not involve a
drug pretreatment, it raises the possibility that any
manipulation, which affects locomotor activity during
testing, might alter expression of CPP.

The first experiment reported here was originally
designed to examine the effect of pretreatment with ethanol
itself on the expression of ethanol-induced CPP in DBA/2J
inbred mice. This manipulation is of interest because of its
potential implications for understanding whether exposure to
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ethanol during abstinence would suppress or exacerbate
conditioned motivational responses (CRs) that might trigger
relapse to ethanol-seeking behavior. For example, suppres-
sion of such CRs might be expected to protect the individual
from relapse, whereas enhancement of these CRs might be
expected to promote relapse. However, interpretation of this
study was complicated by the fact that ethanol pretreatment
produced substantial locomotor activation in DBA/2J mice,
raising the possibility that high activity itself interfered with
expression of CPP (Vezina and Stewart 1987). To address
this hypothesis and to assess the generality of the findings
from Experiment 1, our second experiment examined
effects of the same pretreatment on expression of ethanol-
induced CPP in a different inbred mouse strain (NZB/
BINJ). This strain was selected because it shows a
monotonic dose-effect curve for CPP that is similar to that
seen in DBA/2J mice, but is considerably less activated by
ethanol (unpublished data). If the interference effect in
DBA/2J mice is due to a general ability of ethanol
pretreatment to reduce conditioned motivational effects
elicited by an ethanol-paired cue, one might expect to see
the same outcome in a different mouse strain tested at the
same dose. However, if interference in DBA/2J mice is a
byproduct of ethanol-induced activation, one might not
expect to see interference in NZB/BINJ mice, which show
much less activation after ethanol injection.

Materials and methods
Animals

Male DBA/2J (n=96) and NZB/BINJ (n=64) mice were
obtained from the Jackson Laboratory (Bar Harbor, ME) at
67 weeks of age. Animals were housed on a Thoren rack
(Thoren Caging Systems, Hazleton, PA) in ventilated
polycarbonate cages. DBA/2J mice were housed in groups
of four, whereas NZB/BINJ mice were housed in pairs or
singly due to observed aggressive behavior towards cage
mates. Animals were kept at an ambient temperature of 21+
1°C on a 12-h light-dark cycle (lights on at 0700 hours).
Experiments were carried out during the light portion of the
cycle beginning at 1300 hours. “Labdiet” rodent chow
(Richmond, IN) and bottled water were continuously avail-
able in the home cage. The National Institutes of Health
(NIH) “Principles of Laboratory Animal Care” were fol-
lowed in conducting these studies, and the protocol was ap-
proved by the Oregon Health & Science University IACUC.

Apparatus

The apparatus consisted of 12 identical acrylic and aluminum
boxes (30 x 5 x 15¢m) enclosed in individual ventilated,
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light- and sound-attenuating chambers (Coulbourn Instru-
ments Model E10-20). Six sets of infrared light sources and
photodetectors mounted 2.2 c¢cm above the floor at 5-cm
intervals along the long wall of the box detected general
activity, location in the box, and time spent on each side of
the chamber (10-ms resolution).

Conditioned stimuli (CS) consisted of two interchange-
able distinctive floor halves placed beneath each chamber.
The hole floor was made from perforated stainless steel
sheet metal (16 gauge) containing 6.4-mm round holes on
9.5 mm staggered centers. The grid floor was constructed
from 2.3-mm stainless steel rods mounted 6.4 mm apart in
acrylic rails. This floor texture combination was selected on
the basis of previous studies demonstrating that drug-naive
control mice from both strains spend about half their time
on each floor type during choice tests (Cunningham et al.
2003). The inside and floors of the box were wiped with a
damp sponge, and the litter paper underneath the flooring
was changed between animals.

Drugs

Ethanol (95%) was diluted in 0.9% saline (20% v/v) and
administered at a dose of 2 g/kg (12.5 ml/kg). In previous
experiments, this ethanol dose has reliably induced a place
preference of similar magnitude in DBA/2J (e.g.,
Cunningham et al. 2003) and NZB/BINJ (unpublished
data) mice without detrimental behavioral effects of repeated
injections at this dose or concentration (Cunningham et al.
1997). Saline was administered in a volume of 12.5 ml/kg.

Procedure

Each experiment involved three phases: habituation (one
session), conditioning (eight sessions), and testing (one
session). Each animal was given an intraperitoneal (i.p.)
injection immediately before being placed in the center of the
apparatus for each session. Sessions were conducted 5 days
per week. A more detailed description of our place
conditioning procedure can be found elsewhere (Cunningham
et al. 2006a).

Habituation This session was intended to reduce the
novelty and stress associated with handling, injection, and
exposure to the apparatus. Subjects were weighed and
given an i.p. injection of saline just before placement in the
apparatus on a smooth paper floor for 5 min. Animals were
not exposed to the distinctive floor types to avoid latent
inhibition.

Conditioning In each experiment, mice were randomly
assigned to one of two groups that differed in the
pretreatment received on the test day. The Ethanol Group

was pretreated with ethanol (2 g/kg), whereas the Saline
Group was pretreated with saline before the test session.
Within each test treatment group, mice were randomly
assigned to one of two conditioning subgroups (Grid+ or
Grid—). Thus, an unbiased subject assignment procedure
was used (Cunningham et al. 2003). Both subgroups were
exposed to a differential Pavlovian conditioning procedure
in which they received four CS+ and four CS— trials. Mice
in the Grid+ condition received ethanol paired with the grid
floor (CS+) and saline paired with the hole floor (CS-).
Mice in the Grid— condition received ethanol paired with
the hole floor (CS+) and saline paired with the grid floor
(CS-). Each animal received four 5-min conditioning trials
of each type on alternating days over a period of 8 days,
with the presentation order of CS+ and CS— trials counter-
balanced within each group. A one-compartment training
procedure was used on all trials (Bevins and Cunningham
2006; Cunningham et al. 2006b). That is, the assigned
tactile cue was present on both sides of the apparatus, and
the animal had access to the entire apparatus. Because the
size of the compartment did not change between condition-
ing and testing, this procedure avoided complications that
might be related to novelty-induced increases in activity
during the test (Vezina and Stewart 1987).

Place preference test The test (30 min in duration) began
24 h after the last conditioning trial. Experiment 1
examined the effect of injecting ethanol (or saline) before
the test session on expression of place preference in DBA/
2J mice, whereas Experiment 2 examined this effect in
NZB/BINJ mice. Immediately after injection, mice were
placed in the center of the apparatus with both test floors
(half grid/half hole). Position (i.e., left vs right) of each
floor type was counterbalanced within subgroups.

Data analysis

The primary dependent variable was the amount of time
spent on the grid floor during the test session. In this
unbiased design, the magnitude of the difference in time
spent on the grid floor between the Grid + and Grid—
conditioning subgroups is indicative of conditioned prefer-
ence (see Cunningham et al. 2003 for a more complete
discussion of dependent variables used in place condition-
ing studies). As Experiment 2 was performed to test the
generality of the findings in Experiment 1, data from both
experiments were evaluated separately by analysis of
variance (ANOVA) with the alpha level set at 0.05. To
control overall alpha level within each experiment, p-values
were Bonferroni-corrected for the number of post-hoc
comparisons between group means. Test treatment (Ethanol
vs Saline) and conditioning subgroup (Grid+ vs Grid—)
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were treated as between-group factors, whereas trial type
(CS+ vs CS—) was treated as a within-subject factor.

Results

Data from two mice were completely removed from each
experiment due to procedural errors. Also, data from 12
subjects were removed from test session analyses in Exper-
iment 1 due to a data storage error. These subjects were
equally distributed across the test treatment x conditioning
subgroup conditions (n=2/group). The final number of mice
in each group is reported in the figure captions.

Place preference test

Experiment 1 The left panel of Fig. 1 shows mean time
spent by DBA/2J mice on the grid floor during the test. As
expected, the saline treated group (saline group) showed a
strong conditioned place preference. In contrast, ethanol
pretreatment completely disrupted expression of conditioned
place preference (i.e., no difference between the Grid+ and
Grid— conditioning subgroups within the ethanol group).
These observations were supported by a two-way ANOVA
(conditioning subgroup x test treatment) that yielded a
significant interaction [F(1,78)=23.9, p<0.0001], confirm-
ing that ethanol pretreatment altered expression of place
preference. There was also a significant main effect of
conditioning subgroup [F(1,78)=54.9, p<0.0001], but no
main effect of test treatment. Follow-up pair-wise compar-
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Fig. 1 Left Panel Mean time spent by DBA/2J mice on the grid
floor (s/min + SEM) during the 30-min test in Experiment 1. Solid
bars depict the Grid+ conditioning subgroups; hatched bars depict
the Grid— conditioning subgroups. Place preference was indexed by
comparing the Grid+ and Grid— subgroups. One pair of subgroups
was injected with saline before the preference test (n=13 per
conditioning subgroup), whereas the other pair of subgroups was
injected with 2 g/kg ethanol (n=28 per conditioning subgroup).
Right Panel Mean activity rates (counts per min + SEM) during the
30-min test (saline: n=26; ethanol: n=>56)
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isons of the Grid+ and Grid— conditioning subgroups
showed significant differences in saline treated (Bonferroni-
corrected p<0.0001), but not in ethanol-treated mice.

Consistent with previous studies in DBA/2 mice (e.g.,
Cunningham et al. 1992; Phillips et al. 1994), 2 g/kg ethanol
had a substantial activating effect during the test (right panel
of Fig. 1). One-way ANOVA confirmed a significant effect
of test treatment [F(1,80)=385.3, p<0.0001].

Experiment 2 The left panel of Fig. 2 depicts mean time
spent on the grid floor during the test for NZB/B1NJ mice.
As indicated by differences between Grid+ and Grid—
subgroups, conditioned place preference was observed in
both pretreatment groups. Moreover, ethanol pretreatment
did not affect expression of conditioned preference. These
observations were supported by a two-way ANOVA
(conditioning subgroup x test treatment) that revealed a
significant main effect of conditioning subgroup [F(1,58)=
37.6, p<0.0001], but no interaction with test treatment. The
absence of a significant interaction confirms that ethanol
pretreatment did not alter expression of CPP in this strain.
However, the two-way ANOVA also yielded a significant
main effect of test treatment [F(1,58)=8.4, p<0.01],
reflecting the fact that ethanol-intoxicated mice generally
spent less time on the grid floor during testing regardless of
conditioning subgroup. This nonspecific effect of ethanol
pretreatment may indicate a preference for the better
footing provided by the hole floor during intoxication. For
a similar finding in rats, see Cunningham (1979).

As shown in the right panel of Fig. 2, ethanol pretreatment
also had an activating effect in NZB/B1NJ mice, although to
a much smaller degree than in DBA/2J mice. One-way

Experiment 2 (NZB/B1NJ)
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Fig. 2 Left Panel Mean time spent by NZB/BINJ mice on the grid
floor (s/min + SEM) during the 30-min test in Experiment 2. Solid
bars depict the Grid+ conditioning subgroups; hatched bars depict the
Grid— conditioning subgroups. Place preference was indexed by
comparing the Grid+ and Grid— subgroups. One pair of subgroups
was injected with saline before the preference test (n=16 per
conditioning subgroup), whereas the other pair of subgroups was
injected with 2 g/kg ethanol (n=14-16 per conditioning subgroup).
Right Panel Mean activity rates (counts per min + SEM) during the
30-min test (saline: n=32; ethanol: n=30)
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ANOVA yielded a significant Test Treatment effect
[F(1,60)=50.4, p<0.0001], confirming that activity was
higher after ethanol injection than after saline injection.

Test session activity x preference correlations

To further assess the apparent inverse relationship between
conditioned preference and test session activity, Pearson
correlations were calculated using test session data from each
experiment (Fig. 3). Initial analyses, which ignored test
treatment group, showed a significant negative correlation in
DBA/2J mice [r=-0.72, n=58, p<0.0001], but not in NZB/
BINJ mice [r=—0.23, n=47, p=0.12]. When the same
analyses were applied separately to groups pretreated with
saline (saline group) or ethanol (ethanol group), significant
negative correlations were found in DBA/2J mice under
both conditions [saline group: r=-0.53, n=18, p<0.05;
ethanol group: r=-0.44, n=40, p<0.01] and in NZB/BINJ
mice pretreated with ethanol [saline group: »=—0.18, n=23,
p=0.40; ethanol group: r=—0.41, n=24, p<0.05].

Conditioning trial activity

Experiment I Data for 12 mice were lost on the second
conditioning trial due to a data storage error, requiring that
these mice be excluded from the overall conditioning trial
analysis. These subjects were equally distributed across test
treatment x conditioning subgroup conditions (n=1/group).
As expected, DBA/2J mice were substantially more active
after ethanol injection than after saline injection, producing
mean activity rates of 184.8+£3.7 and 60.7+1.5 counts per
minute, respectively (averaged across all four conditioning
trials and both test treatment groups). Two-way ANOVA
(test treatment X trial type) confirmed the significant main

Fig. 3 Scatter plots showing the
relationship between place pref-
erence (expressed as percent
time on the ethanol-paired floor)
and test activity during the 30-
min test in Experiments 1 (left
panel) and 2 (right panel). Data
include only subjects who
expressed preference for the
ethanol-paired floor (i.e., prefer-
ence scores>50%). Open circles
depict mice pretreated with sa-
line (DBA/2J: n=18; NZB/
BINI: n=23); closed diamonds
depict mice in the groups pre-
treated with ethanol (DBA/2J:
n=40; NZB/BINJ: n=24). Re-

Experiment 1 (DBA/2J)

effect of trial type [F(1,80)=1,277.1, p<0.0001]. However,
there was no effect or interaction with test treatment,
indicating that the test groups did not differ in activity
during the conditioning phase.

Experiment 2 In contrast to its strong activating effect in
DBA/2J mice, ethanol produced a modest decrease in the
conditioning trial activity of NZB/BINJ mice. Mean
activity rates were 34.1£2.0 and 39.0+1.8 counts per
minute on ethanol and saline trials, respectively (averaged
across all four conditioning trials and both test treatment
groups). Two-way ANOVA (test treatment x trial type)
yielded a significant main effect of trial type [F(1,60)=8.7,
<0.005], but no effect of test treatment or interaction.

Discussion

The most important findings from these studies are
illustrated in the scatter plots shown in Fig. 3. More
specifically, in studies with two different inbred strains, we
found an inverse phenotypic relationship between expres-
sion of ethanol-induced conditioned place preference and
test session activity, i.e., preference was generally stronger
in mice that were less active during the test session. In the
absence of ethanol, this relationship was significant only in
DBA/2] mice (open symbols in left panel of Fig. 3).
However, the relationship was significant in both strains in
the presence of ethanol, which generally increased activity
(closed symbols in both panels of Fig. 3). Because all mice
within an inbred strain are genetically identical, differences
among individuals must be attributed to the influence of
environmental variables that are explicitly manipulated
(e.g., drug pretreatment) or uncontrolled (e.g., early rearing
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conditions). The effect of ethanol pretreatment on expres-
sion of CPP in DBA/2J mice illustrates an extreme
outcome in which the expression of place preference was
completely obscured by a high level of test activity.
Although ethanol pretreatment did not produce a significant
decrease in the average preference expressed by NZB/B1NJ
mice, a significant negative correlation between test activity
and preference was nevertheless observed. A more general
implication of these findings is that any manipulation that
alters activity during testing may affect the expression of
CPP (Vezina and Stewart 1987).

The most straightforward interpretation of the interfer-
ence effect seen in DBA/2J mice is one that appeals to
competing responses. That is, expression of CPP in this
strain may have been reduced because large ethanol-
induced increases in locomotor activity interfered with the
ability of mice from this strain to approach and maintain
contact with the ethanol-paired floor. According to this
analysis, ethanol’s failure to disrupt expression of prefer-
ence in NZB/B1NJ mice reflects the fact that ethanol had a
much weaker effect on test activity in this strain. However,
given that the inverse relationship between preference and
activity was still apparent in NZB/BINJ mice (right panel
of Fig. 3), the implication is that other manipulations or
variables that produce larger increases in test activity might
produce significant decreases in preference in this strain as
well.

Possible alternative interpretations fall short in explain-
ing the current findings. For example, state dependent
learning theory (Overton 1972) predicts that ethanol given
during the test session should enhance retrieval of the
ethanol-cue association. Instead, ethanol disrupted expres-
sion of ethanol CPP in DBA/2J mice, whereas not affecting
the magnitude of preference expression in the NZB/BINJ
mice. Thus, our data clearly indicate that retrieval of the
previously learned ethanol-cue association was not facili-
tated by ethanol treatment in either strain.

Another possibility is that test administration of ethanol
reduced the ability of the CS+ to elicit a conditioned
motivational response through a satiation-like process. In
other words, much like a large meal reduces one’s appetite
for a favorite food, ethanol intoxication may have interfered
with the conditioned motivational response normally
evoked by the ethanol-paired stimulus. However, to explain
the strain difference in the pretreatment effect, this
interpretation requires the assumption that these two
genotypes differ substantially in the ability of the same
dose of ecthanol to produce this satiation-like effect.
Although we cannot completely dismiss this possibility,
the finding of similar magnitude CPP in vehicle-tested mice
from both strains conditioned using either a 2 or 4 g/kg
dose of ethanol (unpublished data) seems to argue against
this interpretation.
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Another alternative interpretation is that ethanol may have
disrupted memory or recall of the CS—ethanol association
(Ryabinin 1998). However, two considerations argue against
this suggestion. First, data from human (e.g., Hutchison et al.
1964; Ryback 1970) and animal (e.g., Bammer and Chesher
1982) studies support the idea that acute ethanol intoxication
has a relatively weak effect on the retrieval or recall of
learned associations compared to its greater effect on the
acquisition of associations. Second, this interpretation
requires the assumption that ethanol-induced impairment in
recall or retrieval differs substantially between the two
genotypes, an assumption for which there is no independent
support.

Previous studies have also supported the inverse rela-
tionship, showing that low activity levels are often
associated with stronger expression of place preference
(Vezina and Stewart 1987; Neisewander et al. 1990;
Cunningham 1995; Cunningham et al. 1999). In some
cases, this relationship has been based on the correlation of
strain means for test session activity and ethanol CPP. That
is, the basis for the relationship is presumably genetic,
based on some overlap in the genes that influence each of
these behavioral traits (Cunningham 1995). In other cases,
the relationship depends on environmental influences such
as pharmacological pretreatments (e.g., present studies;
Neisewander et al. 1990) or changes in the spatial
configuration of the apparatus at the time of testing (Vezina
and Stewart 1987). The present studies join those reported
by Cunningham et al. (1999) in showing an inverse
phenotypic relationship between place preference and test
activity within inbred strains. In fact, the magnitude of the
negative correlation (r=—0.48, n=136, p<0.001) reported
in cocaine conditioned DBA/2J mice (tested with saline)
was generally similar to that found in Experiment 1,
indicating that the inverse phenotypic relationship does
not depend on the use of ethanol to induce place preference.

Whereas both strains demonstrated some level of activa-
tion during testing, only DBA/2J mice were activated by
ethanol during conditioning (Cunningham et al. 1998, 2002).
Consistent with previous findings (unpublished data), NZB/
BINJ mice did not reveal any ethanol-induced activation
within the 5-min conditioning trial window. During testing,
however, NZB/BINJ mice showed activation when activity
was measured over a longer time course. Thus, these results
suggest strain differences in the time course of ethanol
activation. The mechanisms underlying the strain difference
in the temporal pattern of ethanol’s activity effects are
unknown. Finally, contrary to predictions based on psycho-
motor stimulant theory (Wise and Bozarth 1987), our
findings are also consistent with previous reports suggesting
that the level of activation during conditioning is not
correlated with the magnitude of preference expressed during
testing (e.g., Cunningham 1995).
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It is important to note that the present studies were not
designed to provide a quantitative comparison between the
DBA/2] and NZB/BINIJ strains, and there are several
limitations on possible conclusions about strain differences.
For example, one limitation is that it was sometimes
necessary to house NZB/B1NJ mice in pairs or singly due
to aggressive behavior displayed towards cage mates. In
contrast, DBA/2J mice were consistently housed in groups
of four. Thus, it is possible that the activity differences that
we have attributed to strain may be due, in part, to
differences in housing conditions. Although recent findings
would suggest that different housing conditions might not
affect expression of place preference (Fitchett et al. 2006),
we cannot entirely dismiss this possibility. Another limita-
tion is that each strain was conditioned and tested at only
one ethanol dose. It is possible that the use of different
ethanol doses might have produced a significant interfer-
ence effect in NZB/BINJ mice or failed to produce
interference in DBA/2J mice. Nevertheless, whether the
present findings are attributed to genotype, housing
conditions, or a dose x genotype interaction, they strongly
suggest that high levels of activity can have a detrimental
effect on expression of CPP.

In general, these studies clearly illustrate the need to
consider any behaviors that might disrupt approach
responses when assessing the expression of a drug-
induced CPP. The place conditioning literature has not
been consistent in considering such behaviors in the
interpretation of findings. For example, it was recently
reported that induction of genetic mutations that elimi-
nated both the dopamine (DAT) and serotonin (SERT)
transporters also eliminated cocaine place preference
(Sora et al. 2001). Of particular relevance in the present
context, these knockout mice also demonstrated signifi-
cantly higher basal activity levels. Thus, it is possible that
the effect of the double knockout on CPP was not due to
the hypothesized roles of DAT and SERT in the rewarding
effects of cocaine, but was due instead to competition
between the expression of preference and gene-deletion-
induced hyperactivity. As the present results demonstrate,
consideration of competing behaviors in the interpretation
of place preference results is critical for understanding the
mechanisms underlying drug reward as indexed by place
preference. The hypothesis that competing behaviors can
disrupt expression of a place preference would be strength-
ened by additional data showing that other stimulant
treatments have similar effects on the expression of
preference. Because the current study examined only one
drug at one dose in two inbred strains, future studies must
address the generality of the findings reported here. In light
of the present and previous findings, however, investigators
would be well advised to measure test session activity in all
place-conditioning studies.
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