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Abstract

Previous studies of ethanol drinking in rodents have shown greater intake in females than in males,
but the reasons behind this difference are unknown. To address one possible interpretation of the
drinking difference, these studies tested the hypothesis that female and male mice differ in
sensitivity to the rewarding effects of ethanol using the conditioned place preference (CPP)
procedure. To increase the generalizability of the results, sex differences were examined in two
inbred mouse strains known to differ in their sensitivity to ethanol reward: C57BL/6J (B6) and
DBA/2J (D2). Mice were conditioned in an unbiased CPP procedure using either 1 or 2 g/kg
ethanol. To detect possible differences in learning rate, they were tested once at the midpoint of
conditioning and again after conditioning ended. As expected, CPP was stronger with 2 g/kg than
with 1 g/kg, and D2 mice generally showed stronger CPP than B6 mice. However, there were no
sex differences in the rate of CPP acquisition or in CPP magnitude, suggesting no sex difference in
ethanol reward sensitivity as indexed by CPP. Nevertheless, there were sex differences in
locomotor activity. B6 females were generally more active than B6 males during CPP acquisition
whereas D2 females were slightly less active than D2 males during both CPP acquisition and
preference testing. Unexpectedly, female mice showed more variability than males in the
behavioral measures recorded in these studies, encouraging greater attention to variability in the
design, analysis and interpretation of future studies of sex differences in mice.
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1. Introduction

Female rats and mice from a wide range of genotypes generally drink more ethanol than
males (e.g., Li & Lumeng, 1984; Yoneyama et al., 2008), a finding that suggests females
find ethanol more rewarding than males. However, relatively few studies have systematically
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assessed sex differences in ethanol reward using the conditioned place preference (CPP)
procedure. Moreover, the results are sometimes contradictory. In an extensive dose-response
study using Wistar rats, Torres et al. (2014) found a biphasic dose-effect in both adult and
adolescent females, observing CPP at 1 g/kg, but conditioned place aversion (CPA) at 2.5
g/kg. Males at both ages, however, showed only CPA (at the highest dose), suggesting that
males are less sensitive than females to low-dose rewarding effects of ethanol. In contrast,
other studies have reported no sex differences in the CPP produced by a 1 g/kg dose in adult
Sprague-Dawley rats (Nentwig et al., 2017) or in adolescent Wistar (Acevedo et al., 2013) or
Sprague-Dawley (Nizhnikov et al., 2010) rats. Whether these discrepancies across rat studies
are due to differences in genotype, apparatus or procedure is currently unknown.

Studies in mice have generally been more consistent in showing no sex differences in
ethanol-induced CPP across many different genotypes. For example, male and female mice
have shown similar levels of CPP in studies involving two different genetically
heterogeneous strains (Barkley-Levenson et al., 2015; Song et al., 2007), two standard
inbred strains and their reciprocal cross (Gabriel & Cunningham, 2008; Nocjar et al., 1999),
six different selectively bred mouse lines (Barkley-Levenson et al., 2015; Phillips et al.,
2005), and six different knockout or wildtype lines (Bechtholt et al., 2004; Cunningham et
al., 2000; Giardino et al., 2011; Hill et al., 2003; Itzhak et al., 2009). One exception to this
pattern is a study that tested early and late adolescent outbred (OF1) mice (Roger-Sanchez et
al., 2012). Females at both ages showed CPP only at the highest dose (2.5 g/kg), while early
adolescent males showed CPP at that high dose as well as at a lower (1.25 g/kg) dose.
Unexpectedly, late adolescent males failed to show CPP at any dose. These data raise the
possibility of opposing sex differences in sensitivity to ethanol reward that depend on dose
and age in at least one outbred mouse strain.

One of the difficulties in interpreting the mouse studies of sex differences in CPP is that
most have only used doses in the plateau of the monotonic increasing ethanol dose-effect
curve for male mice. Thus, greater sensitivity to ethanol reward in females might be
obscured due to ceiling effects (Groblewski et al., 2008). Additionally, most studies have
only tested CPP after a relatively large number of conditioning trials when performance is
already asymptotic, eliminating the ability to detect sex differences in the rate of CPP
acquisition. Finally, many previous studies were not designed with sufficient statistical
power to detect sex differences. The present studies were designed specifically to address
these shortcomings by testing two commonly used inbred mouse strains that are known to
differ in their sensitivity to ethanol CPP—C57BL/6J (B6) and DBA/2J (D2) (Cunningham,
2014; Cunningham et al., 1992). Several strategies were used to enhance our ability to detect
possible sex differences in sensitivity to ethanol reward. First, we used two ethanol doses,
one known to be near the threshold for producing CPP (1 g/kg) and another at the beginning
of the dose-effect plateau (2 g/kg) for D2 male mice (Groblewski et al., 2008). Second, we
tested all mice twice, once at the midpoint of training (after only two ethanol conditioning
trials) and again after training ended. Finally, we selected group sizes for each sex (n = 11—
12/conditioning subgroup) that were expected to have sufficient power (B = 0.8; a = 0.05) to
detect conditioning subgroup differences in mean test scores of 10-12 sec/min based on
variability measured in previous studies with D2 male mice in our lab. If female mice are
more sensitive to ethanol reward, we expected that they would develop CPP at a lower dose
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and/or after fewer conditioning trials than male mice. Based on past studies, we also
expected that D2 mice would generally be more sensitive to ethanol reward than B6 mice,
regardless of sex (Cunningham, 2014; Cunningham et al., 1992; Gabriel & Cunningham,
2008).

2. Methods

2.1. Subjects

Six-week old female and male C57BL/6J and DBA/2J mice (n = 46-48 of each sex from
each strain, i.e., a total of 94-96 per strain) were shipped from the Jackson Laboratory
(Sacramento, CA) and housed in same Strain x Sex groups of four in polycarbonate cages
(27.9 x 9.5 x 12.7 cm) with cob bedding in a colony room maintained on a normal 12 h
light-dark cycle. Water and mouse chow were continuously available in the home cage.
Behavioral testing began when mice were about 8 weeks old and all testing occurred during
the light phase of the circadian cycle. Estrus cycle phases were not monitored and it is likely
that several estrus phases are represented in the dataset. The Oregon Health & Science
University IACUC approved the protocol, which followed the National Institutes of Health
(NIH) “Principles of Laboratory Animal Care.”

2.2. Apparatus

The apparatus consisted of 12 identical acrylic and aluminum boxes (30 x 15 x 15 cm)
contained in individual light- and sound-attenuating enclosures (Coulbourn Instruments
Model E10-20). These enclosures had ventilation fans but no internal lighting. General
activity and position were detected by six sets of infrared sensors and light sources mounted
opposite each other at 5-cm intervals 2.2 cm above the floor on the long walls of each box.
LabVIEW 2014 software stored data to computer during all sessions.

The floor of each box consisted of reversible halves made of two distinct textures: a "grid"
floor composed of 2.3 mm stainless-steel rods mounted 6.4 mm apart in acrylic rails, and a
"hole" floor made from stainless steel (16 GA) perforated with 6.4-mm round holes on 9.5-
mm staggered centers (Cunningham et al., 2006). These floor textures were selected on the
basis of previous studies showing that drug-naive (saline only) groups of male B6 and D2
mice spend about half their time on each floor type during preference tests (Cunningham,
1995; Cunningham et al., 1992). The apparatus and floors were wiped with a damp sponge
and the litter paper was changed after each animal.

2.3. Procedure

Two identical experiments were completed, one with B6 mice and the other with D2 mice.
To facilitate detection of possible sex or strain differences in sensitivity on the rising limb of
the dose-effect curve (Groblewski et al., 2008), half of the mice in each Strain x Sex group
were randomly assigned to receive a relatively low ethanol dose (1 g/kg) while the other half
received our standard conditioning dose (2 g/kg). Each experiment included three phases:
pretest (one session), conditioning (four ethanol trials and four saline trials) and preference
testing (two sessions). Experimental sessions were conducted during the light cycle, 5 days
per week.
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2.3.1. Pretest—The primary purpose of the pretest session was to determine whether B6
or D2 female mice showed any bias for the floor textures before conditioning. Although
previous studies have shown no apparatus bias in male mice from these strains
(Cunningham, 1995; Cunningham et al., 1992, 2003), female mice have not been
systematically tested. Mice were weighed and injected (IP) with saline (12.5 ml/kg)
immediately before placement in the conditioning apparatus with a different floor texture on
each side of the apparatus. Floor positions were counterbalanced within each conditioning
subgroup. The amount of time spent on each floor texture was recorded during a 30-min
session before returning mice to their home cages.

2.3.2. Conditioning—AIl mice were exposed to a one-compartment place conditioning
procedure (Cunningham et al. 2003, 2006, 2011). Within each Strain x Sex x Dose group,
mice were assigned to one of two conditioning subgroups (n = 11-12/subgroup) that were
matched on the basis of their pretest scores, i.e., approximately equal numbers of mice
showing a preference or aversion for each cue were assigned to each subgroup. Thus, the
subject assignment procedure was unbiased in that there was no systematic relationship
between initial bias and the floor cue that was later paired with ethanol. Mice in one
subgroup (GRID+) received IP injections of ethanol (1 or 2 g/kg, 20% v/v in saline)
immediately before placement on the grid floor whereas mice in the other subgroup (GRID-)
received ethanol before placement on the hole floor. Injection of saline preceded placement
on the opposite floor type within each of these subgroups. The difference between these
counterbalanced conditioning subgroups during preference testing is used to index CPP
strength, with mice in the GRID+ subgroups expected to spend more time on the grid floor
during testing than mice in the GRID- subgroups (Cunningham et al. 2003, 2006, 2011). The
floor texture was identical on both sides of the apparatus during conditioning trials and mice
had free access to the entire apparatus (one-compartment procedure). A 5-min conditioning
trial duration was selected on the basis of previous studies showing that it produces stronger
CPP than longer trial durations in male D2 mice (Cunningham and Prather, 1992). Mice
received only one trial per day, with ethanol (CS+) and saline (CS-) trials alternating across
days (counterbalanced order within conditioning subgroups). Mice were trained and tested
in a darkened enclosure because previous research has shown that illumination reduces CPP
to tactile cues in D2 mice in the one-compartment CPP procedure (Cunningham & Zerizef,
2014).

2.3.3. Preference Tests—All mice received two 30-min preference tests that were
procedurally identical to the pretest. The first test occurred 24 h after mice had received two
conditioning trials of each type and the second test occurred 24 h after the fourth (and final)
pair of trials. The position of each floor type matched that used during the pretest for each
mouse.

3. Results

Mean sec/min (£SEM) spent on the grid floor by B6 females, B6 males, D2 females and D2
males during the pretest session were 30.4 (£ 0.8), 30.1 (+ 0.8), 30.4 (£ 0.8), and 28.1
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(£ 1.2), respectively. Expressed as the mean percentage of time spent on the floor that would
later serve as the CS+, both B6 (49.5 + 1.0%) and D2 (50 £ 1.2%) mice spent about half of
the session on each floor, consistent with previous studies indicating a lack of bias in this
apparatus (Cunningham et al., 2003). Three-way ANOVA (Strain x Sex x Conditioning
Subgroup) applied to grid time scores showed no significant group differences in initial
biases for the floors within either strain.

3.2. Conditioning

3.2.1. B6 Mice—Mean activity rates (:SEM) collapsed over the four conditioning trials of
each type are shown for each Sex x Dose group in the left panel of Fig. 1. As can be seen,
activity was consistently higher on ethanol trials than on saline trials and activity on ethanol
trials was positively related to dose. In addition, females were generally more active than
males. Three-way ANOVA (Sex x Dose x Trial Type) supported these observations, yielding
significant main effects of Sex [F(1,90) = 22.8, p < .001], Dose [F(1, 90) = 26.8, p < .001]
and Trial Type [F(1, 90] = 187.4, p <.001), as well as significant Sex x Trial Type [F(1, 90)
=5.2, p =.03] and Dose x Trial Type [F(1, 90] = 59.9 p <.001) interactions.

3.2.2. D2 Mice—Fig. 1 (right panel) depicts mean activity rates (+SEM) collapsed over the
four conditioning trials of each type for each Sex x Dose group. Consistent with previous
studies, ethanol-induced activation was greater in D2 mice than in B6 mice (Cunningham et
al., 1992; Cunningham, 1995). As in B6 mice, D2 mice were more active on ethanol trials,
especially at the higher dose. However, in contrast to B6 mice, D2 females were slightly less
active than males. Three-way ANOVA indicated significant main effects of Sex [F(1,92) =
5.3, p=.02], Dose [F(1, 92) = 232.4, p < .001] and Trial Type [F(1, 92) = 1347.1, p < .001],
as well as a significant Dose x Trial Type interaction [F(1, 92) = 419.3 p <.001].

3.3. Preference Tests

3.3.1. B6 Mice—Mean times (s/min + SEM) spent on the grid floor during the first and
second preference tests are shown in the left-hand panels of Figs. 2 and 3, respectively. As
can be seen, there was no evidence of place conditioning in B6 mice after the first two pairs
of conditioning trials (Fig. 2, left panel). However, after all four pairs of trials, there was a
modest CPP in the 2 g/kg groups (but not in the 1 g/kg groups), which did not differ across
sexes (Fig. 3, left panel). These conclusions were supported by three-way ANOVAs that
were applied separately to the data from each test. More specifically, the Test 1 ANOVA
showed no significant main effects or interactions, whereas the Test 2 ANOVA vyielded a
significant main effect of Conditioning Subgroup [F(1, 86) = 5.4, p =.02] and a significant
Dose x Conditioning Subgroup interaction [F(1, 86) = 4.7, p = .03]. Separate follow-up
analyses of each dose group on Test 2 indicated that the interaction was explained by a
significant effect of Conditioning Subgroup in the 2 g/kg groups [F(1, 43) = 10.6, p =.002],
but no significant effect in the 1 g/kg groups. Two-way (Sex x Dose) ANOVAs applied to
activity rates during each test showed no significant main effects or interaction. Overall
activity rates (counts/min £ SEM) were 46.6 = 1.8 and 45.0 = 1.7 in females and males,
respectively.
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3.3.2. D2 Mice—The right-hand panels of Figs. 2 and 3 depict the results of the preference
tests for D2 mice. In contrast to B6 mice, D2 mice showed CPP at 2 g/kg after only two
conditioning trials of each type (Fig. 2, right panel), reflecting their greater sensitivity to
ethanol’s rewarding effect in this procedure (Cunningham et al., 1992; Cunningham, 2014).
There were no apparent sex differences in CPP at 2 g/kg and only a weak trend toward CPP
at the lower dose. Three-way ANOVAs showed significant main effects of Conditioning
Subgroup [both F(1,88) > 30.9, p <.001] and significant Dose x Conditioning Subgroup
interactions [both F(1, 88) > 9.6, p < .005] on both tests, but no significant effects involving
Sex. Separate follow-up analyses of each dose group on each test were conducted to
interpret the interactions. Those analyses showed significant Conditioning Subgroup effects
in the 2 g/kg groups on both tests [both F(1,44) > 43.7, p < .001], but no significant effects
in the 1 g/kg groups on either test. Males were more active than females on both tests [both
F(1, 92) > 6.3, p < .02]. Overall activity rates were 45.1 + 1.1 and 40.2 £ 1.4 in males and
females, respectively.

3.4. Variability

To address whether there were sex differences in behavioral variability, we adopted the
approach described in two recent meta-analyses (Becker et al., 2016; Prendergast et al.,
2014). More specifically, we calculated the Coefficient of Variation (CV) (defined as the
group standard deviation divided by the group mean) for each of the eight independent
groups in each experiment for all six of the following dependent variables: activity rates on
CS+ (ethanol) and CS- (saline) conditioning trials (collapsed across conditioning trials 1-4),
activity rates on the first and second CPP tests, and grid floor times for the first and second
CPP tests. Thus, we generated a total of 96 CVs, which included 24 from the female groups
of each strain (4 groups x 6 variables/group) and 24 from the male groups of each strain (4
groups X 6 variables/group). Consistent with the approach of Becker et al., we compared
sexes by pairing the female and male scores obtained for a given measure from each Strain x
Dose x Conditioning Subgroup and treating Sex as a within-group variable. Two-way
ANOVA (Strain x Sex) applied to the CVs yielded a significant main effect of Sex [F(1, 46)
=9.2, p <.01], reflecting greater variability in females (mean CV =0.299 + 0.018) than in
males (mean CV = 0.266 = 0.017). Computation of effect size yielded a Cohen’s d value of
0.44, which is just short of the 0.50 value specified for “medium” effects (Cohen, 1988, pp.
24-27). Neither the main effect of Strain nor the interaction was significant. Box plots of the
CVs for each Strain x Sex condition are provided in the supplementary material (Fig. S1).

As in the published meta-analyses, we also calculated the ratios of female to male CVs
within each treatment group, i.e., CV female/(CV female + CV male). A test (Shapiro-Wilk)
of the distribution of ratios indicated no significant deviation from normality. The CV ratios
were then compared to the theoretical mean of 0.5 (i.e., no sex difference) using a one-
sample t-test. This test indicated that the overall mean ratio (0.53 + 0.01) differed
significantly from 0.50 [t(47) = 3.0, p <.005)], confirming that female mice showed greater
variability in CPP-related behaviors. An independent-samples t-test showed no significant
strain difference in the mean ratios [p > .20], although D2 mice showed a slightly higher
mean ratio (0.54 + 0.01) than B6 mice (0.52 + 0.02).
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4. Discussion

Despite using procedures intended to enhance our ability to detect sex differences, male and
female mice within each strain developed similar levels of conditioned preference for
ethanol-paired tactile cues, suggesting there are no sex differences in sensitivity to the
rewarding effects of ethanol at 1 or 2 g/kg in B6 and D2 mice. Moreover, there were no sex
differences in the rate of CPP learning. Although these studies were not designed to directly
compare B6 and D2 mice, our results are also consistent with several previous studies
showing that D2 mice are more sensitive to ethanol reward than B6 mice (e.g., Cunningham
etal., 1992; Cunningham, 2014) and they extend the generalizability of those findings by
confirming that the genetic difference in sensitivity is similar in both sexes.

The failure to find a significant sex difference in ethanol-induced CPP argues against the
idea that higher ethanol intakes in female mice reflect a sex difference in sensitivity to
ethanol reward. One possible alternative interpretation of the ethanol drinking difference is
that female mice are less sensitive to post-absorptive aversive effects of ethanol. Several
studies support this idea, showing weaker ethanol-induced conditioned taste aversion in
female rodents than in males (Cailhol & Morméde, 2002; Phillips et al., 2005; Schramm-
Sapyta et al., 2014; Sherrill et al., 2011). Another possible interpretation of the drinking
difference is a sex difference in taste sensitivity or preference (Martin & Sollars, 2017).
However, additional research is needed to more fully address the role that sex differences in
ethanol’s aversive effects or taste sensitivity/preference play in mediating the well-
established sex difference in ethanol drinking.

Although these studies showed no sex differences in CPP, they revealed sex differences in
locomotor activity, albeit in opposite directions in the two strains. More specifically, B6
females were generally more active than B6 males during CPP acquisition whereas D2
females were slightly less active than D2 males during both CPP acquisition and preference
testing. The findings of greater activity in B6 females (Podhorna & Brown, 2002; Van
Swearingen et al., 2013) and less activity in D2 females (Bolivar et al., 2000) are consistent
with some studies, but not with other studies showing no sex differences in locomotor
activity in either strain (Cook et al., 1998; Logue et al., 1997; Morse et al., 1995). The
reasons behind these discrepancies are unknown, but may be related to differences in the
apparatus, lighting conditions or procedure.

The finding of greater variability in behavioral responding in females than in males was
unexpected because recent meta-analyses had not shown such differences in either rats
(Becker et al., 2016) or mice (Prendergast et al., 2014). In fact, male mice were found to
exhibit greater variability in several physiological trait categories (Prendergast et al., 2014).
One possibility is that the sex difference in variability seen here was somehow related to
estrus cycling in female mice. However, in the absence of data on sex differences in
variability across a wider range of behavioral phenotypes and mouse genotypes, it is difficult
to know whether the differences observed here are unique to these behaviors and strains or
are more broadly representative. Moreover, the mechanisms underlying the sex difference in
variability are unknown and must be determined by future research.
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One simple implication of the sex difference in behavioral variability is that more female
than male mice may be needed to detect group mean differences of the same magnitude. For
example, using the means of the standard deviations averaged separately for the male and
female groups (from both strains) on the second CPP test, power analyses (G*Power 3.1)
indicate one would need to test 16 female mice per group to detect a 12-sec mean group
difference in grid time, but only 11 male mice per group (two-tailed tests, a = 0.05, p =
0.80). Another way to characterize the sex differences is in terms of effect size. More
specifically, these data suggest that even when group mean differences are similar in males
and females, effect size will be smaller in females. For example, if both sexes showed a
mean difference of 12 sec between the GRID+ and GRID- groups, the effect size (Cohen’s
d) would be 1.29 for males but only 1.02 for females. It is important to note that the absence
of sex differences in ethanol-induced CPP in these studies does not provide a rationale for
studying only one sex in future studies with this procedure.

It is possible, for example, that changes in the apparatus, conditioning parameters or a
variety of other variables (e.g., housing, light cycle, diet) would reveal sex differences not
seen under the “standard” conditions tested here (i.e., a sex x environment interaction).
Furthermore, the observed sex differences in variability suggest that closer attention must be
given to variability in the design, analysis and interpretation of future studies that compare
female and male mice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research Highlights
. Ethanol induced conditioned place preference (CPP) in both C57BL/6J and

DBA/2J mice

. DBA/2J mice developed CPP more strongly and more quickly than C57BL/6J
mice

. Females and males did not differ in rate of CPP learning or magnitude in

either strain

. Females and males differed in activity rates in opposite directions across
strains
. Females showed greater variability than males
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Figure 1.

Mean activity rates (activity counts/min = SEM) on CS- (saline) and CS+ (ethanol)
conditioning trials in female and male C57BL/6J mice (left panel) and DBA/2J mice (right
panel). Each bar depicts data from 23-24 mice.
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Test 1

Page 13

DBA/2J
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Females

Mean time spent on the grid floor (s/min £ SEM) by C57BL/6J mice (left panel) and
DBA/2J mice (right panel) during the first preference test (after the first two ethanol
conditioning trials) in each Sex x Dose conditioning subgroup. Each bar depicts data from
11-12 mice. (G+ = GRID+; G- = GRID-). Dashed lines depict overall mean times spent on
the grid floor during the pretest by each Strain x Sex group. Analyses based on individual
changes from the pretest baseline scores can be found in the supplementary material (Figure

S1).
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Figure 3.

C57BL/6J

Test 2

Page 14

DBA/2J

Mean time spent on the grid floor (s/min £ SEM) by C57BL/6J mice (left panel) and
DBA/2J mice (right panel) during the second preference test (after all four ethanol
conditioning trials) in each Sex x Dose conditioning subgroup. Each bar depicts data from
11-12 mice. (G+ = GRID+; G- = GRID-). Dashed lines depict overall mean times spent on
the grid floor during the pretest by each Strain x Sex group. Analyses based on individual
changes from the pretest baseline scores can be found in the supplementary material (Figure

S1).
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