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Abstract
Few studies have examined the relationship between naturally rewarding behaviors and ethanol
drinking behaviors in mice. Although natural and drug reinforcers activate similar brain circuitry,
there is behavioral evidence suggesting food and drug rewards differ in perceived value (Bickel et
al., 1995; DeGrandpre et al., 1993; Petry and Heyman, 1995). The primary goal of the present study
was to investigate the relationships between naturally reinforcing stimuli and consumption of ethanol
in ethanol preferring C57BL/6J mice. Mouse behaviors were observed after the following
environmental manipulations: standard or enhanced environment, accessible or inaccessible wheel,
and presence or absence of ethanol. Using a high resolution volumetric drinking monitor and wheel
running monitor, we evaluated whether alternating access to wheel running modified ethanol-related
behaviors and whether alternating access to ethanol modified wheel running or subsequent ethanol-
related behaviors. We found that ethanol consumption remains stable with alternating periods of
wheel running. Wheel running increases in the absence of ethanol and decreases upon reintroduction
of ethanol. Upon reintroduction of ethanol, an alcohol deprivation effect was seen. Collectively, the
results support theories of hedonic substitution and suggest that female C57BL/6J mice express
ethanol seeking and craving under these specific conditions.
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Introduction
The brain’s mesocorticolimbic reward pathway is a focus for addiction science research and
dysregulation of this reward pathway is thought to underlie addiction (Kalivas and Volkow,
2005). Regions of the mesocorticolimbic system are activated in response to reinforcing stimuli
such as food, sexual encounters, wheel running, enriched environments, and drugs of abuse
(Hyman et al., 2006; Kelley and Berridge, 2002; Kolb et al., 2003; Vargas-Perez et al., 2003;
Werme et al., 2002). Although natural and drug reinforcers activate similar brain circuitry,
there is behavioral evidence that natural and drug rewards differ in perceived value (Bickel et
al., 1995; DeGrandpre et al., 1993; Petry and Heyman, 1995). Hyman et al. (2006) suggest that
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the value of addictive drugs increases at the expense of natural rewards without serving to
increase health. Koob and Le Moal (2005) propose that drug seeking is not only associated
with reward neurocircuitry, but that drug addiction involves a decrease in the function of normal
reward-related circuitry and chronic activation of anti-reward circuitry. According to the
Diagnostic and Statistical Manual for Mental Disorders, a symptom of dependence is the
substitution of natural rewards in favor of drug rewards (DSM-IV, 2004).

Enhanced environments, ethanol consumption and wheel running are reinforcing stimuli when
presented individually to rodents (Nowak et al., 2000; Middaugh and Kelley, 1999; Samson
et al., 2000; Werme et al., 2002). Several rodent models of ethanol self-administration have
been developed to characterize specific aspects of alcohol drinking, such as initiation, binge
drinking, maintenance/chronic, withdrawal, and craving/relapse (Lovinger and Crabbe,
2005). We are interested in investigating the behaviors of mice that have chronically consumed
alcohol, as it has been shown that C57BL/6J mice display signs of ethanol dependence after
three weeks of continuous drinking (Phillips et al., 1994). The primary goal of the present study
was to investigate the relationship between wheel running and consumption of ethanol in
ethanol preferring C57BL/6J mice. Wheel running has been shown to be rewarding and anti-
depressive in several mouse strains (Brene et al., 2007). Wheel running activates brain reward
pathways known to be responsive to drugs of abuse (Nestler, 2005; Vargas-Perez et al.,
2003). After conducting a pilot experiment we noted lower than expected ethanol consumption
in housing required for use of a wheel and wheel monitor, making it evident that we needed to
consider housing as an additional variable. Housing required for wheel use and monitoring was
larger and more complex than standard housing, and is referred to here as an enhanced
environment. Therefore, mouse behaviors were observed after the following environmental
manipulations: standard or enhanced environment, accessible or inaccessible wheel, and
presence or absence of ethanol.

Few studies have examined the relationship between naturally rewarding behaviors and ethanol
drinking behaviors in mice. Crews et al. (2004) reported that ethanol consumption does not
differ for mice with or without access to a running wheel, however these mice had not
chronically consumed ethanol prior to wheel running. For rats that had ethanol consumption
experience, it has been shown that wheel running during alcohol deprivation increases
subsequent ethanol consumption in rats (Werme et al., 2002). We hypothesize that C57BL/6J
mice will maintain ethanol consumption in a standard housing environment (for several weeks
of drinking). We hypothesized: 1) that ethanol consumption would be lower in the enhanced
environment than in the standard housing, regardless of wheel access, 2) patterns of ethanol
consumption would change during wheel access, 3) that mice would increase wheel running
during ethanol deprivation and decrease wheel running upon reintroduction of ethanol, and 4)
mice would increase ethanol consumption after a deprivation period. In alcohol dependent mice
there may be a decrease in the function of normal reward-related circuitry and chronic
activation of anti-reward circuitry. Increased ethanol consumption could represent hedonic
allostasis, a deviation in the natural reward and anti-reward processes in order to maintain a
deceptive stability.

Materials and Methods
Animals and Experimental Design

C57BL/6J breeding stocks were obtained from Jackson Laboratories (Bar Harbor, ME) and
mice were bred in house to generate the mice used in this study. C57BL/6J female mice were
chosen for this experiment because they consistently consume higher amounts of alcohol and
display higher levels of wheel running as compared with C57BL/6J males (Belknap et al.,
1993; de Visser et al., 2007). Fifteen female mice were group housed three or four to a standard
mouse cage (19.05 × 31.75 × 12 cm). The temperature and humidity of the room were
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maintained at 20°C and 50%, respectively. All experiments were approved by the Institutional
Animal Care and Use Committee and adhered to NIH Guidelines. The University of Texas
facility is Association for the Assessment and Accreditation of Laboratory Animal Care
(AAALAC) accredited.

Behavioral testing began when the mice were at least 70 days old. Food, water, and 10% (v/
v) ethanol were available ad libitum for one month while the mice were acclimated to a phase
advance in the 12:12 hour light/dark cycle (with lights off at 3:00 PM). After this initial alcohol
exposure (termed Habituation period), the mice were housed individually in standard mouse
cages and their fluid intake was measured daily for a period of six days. Ethanol was offered
in a two bottle choice paradigm in which one bottle contained a 10% ethanol solution in tap
water and the second identical bottle contained tap water. The positions of the bottles were
alternated on a daily basis just before the offset of lights. Data from this condition is represented
by the term “Standard”. The mice were then housed in a larger (23.62 × 35.3 × 19.56 cm) cage
containing a 12.7 cm diameter running wheel (Automated Wheel Monitor, LaFayette
Instruments, LaFayette, IN), feeder, and plexiglass drinking platform (18.5 × 9.5 × 2.5 cm) the
remainder of the experiment. Although ethanol was still offered in a choice paradigm, fluid
access was provided using Precision Drinking Monitors (Columbia Instruments, Columbus,
Ohio). The mice experienced a period in which the running wheel was blocked mechanically
followed by a period of free access to wheel running. Data from these conditions are represented
by the terms “Baseline 1” and “Wheel 1”, respectively. This cycle was repeated three times
followed by a fourth wheel access period in which ethanol was not offered (termed “Wheel
4”) and a fifth wheel access period where ethanol was again offered (termed “Wheel 5”). Each
period lasted six days. During the baseline periods the wheel was mechanically blocked by
inserting a metal rod through the wheel apparatus to prevent it from moving. The metal rod
was removed during wheel periods to allow wheel running. Mice were weighed at the beginning
of each period and at the end of the experiment (every 6 days). As per University of Texas at
Austin animal research facility guidelines (at the time the experiment was conducted) cages
were changed once every two weeks. Measured ethanol-related behaviors included ethanol
preference ratio [calculated as (mL of 10% ethanol solution consumed)/( mL of 10% ethanol
solution consumed + mL of water consumed)], pure ethanol consumption (g pure ethanol
consumed/kg body weight/day), number of ethanol bouts, and amount (in g/kg) of pure ethanol
consumed per bout. We defined a bout as consumption of a fluid at any time, lasting 1–60
seconds, during a one minute interval followed by consumption of the same fluid at any time
during subsequent one minute interval(s) (lasting 1–60 seconds). Refer to Table 1 for timetable
of experimental design.

Data from each baseline and wheel period was collected simultaneously at one minute intervals
independently from the Precision Drinking Monitors and Automated Wheel Monitors. The
Precision Drinking Monitors interfaced with a desktop PC (Windows operating system) and
the Volumetric Drinking Monitor program recorded fluid consumption at one minute intervals
during lights off (3:00 PM to 3:00 AM). One interface monitored consumption of water and
the other interface monitored 10% ethanol consumption. Fluids were available for consumption
only during measured periods; therefore fluid intake was restricted to lights off periods when
the Precision Drinking Monitor was used. Fluid restriction was a technical consequence of
limiting volumetric drinking monitor data collection to lights off. Measuring fluid consumption
every minute of the day seemed excessive, so we restricted data collection to lights off, when
mice are know to be active and consume most of their fluids and food (Gill et al., 1986). When
a mouse removed one drop from her sipper, the next was being delivered from a fluid reservoir
to individual dispensers by a pump. The Precision Drinking Monitor measures liquid
consumption with 20 microliter resolution.
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The Automated Wheel Monitor interfaced with another desktop PC (Windows operating
system) and the Wheel Activity Monitor program recorded wheel activity at one minute
intervals during lights off (3:00 PM to 3:00 AM). Although activity was only measured for 12
hours during periods Wheel 1, 2, 3, 4, and 5, the wheel was accessible 24 hours a day. During
Baseline periods (Baseline 1, 2, and 3), the wheel was mechanically blocked 24 hours a day
and no activity was recorded by the monitor. The Wheel Activity Monitor program recorded
wheel rotations per minute (RPM), distance traveled on the wheel (in km/minute and km/12
hours), and time spent on the running wheel (in minutes/12 hours).

Statistical Procedures
Data from each period is presented as the mean ± SEM. Student’s t-test (paired, two-tailed)
was used to compare ethanol-related behaviors (Baseline 1 vs. Wheel 1, and Wheel 3 vs. Wheel
5) and wheel running behaviors (Wheel 3 vs. Wheel 4, and Wheel 4 vs. Wheel 5). We tested
the effect of changing environmental conditions (Baseline 1 and Wheel 1 periods) on fluid
consumption using Student’s t-test (paired, two-tailed). We tested the effect of alternating
periods of wheel access (Baseline 1, Wheel 1, Baseline 2, Wheel 2, Baseline 3, and Wheel 3
periods) on ethanol-related behaviors using repeated measures two-way ANOVA. Repeated
measures one-way ANOVA was used to test whether alternating periods of wheel access
(Wheel 1, Wheel 2, and Wheel 3 periods) in the presence of ethanol had an effect on running
wheel behaviors. An outlier was observed when analyzing the ethanol-related behaviors from
period Wheel 5. Data for this mouse was greater than ±2σ from the mean, therefore it was
considered to be an outlier. Data from this mouse was removed from all analyses, resulting in
an n=14 mice for this study. Statistics were performed using Statistica version 6 (StatSoft,
Tulsa, Oklahoma, USA) and GraphPad Prism version 4.00 (GraphPad Software, San Diego,
California, USA).

Results
Remarks on the effects of limiting fluid access and modifying environments on fluid
consumption

The purpose of the first phase of the experiment was to assess the effect of changing
environments on ethanol drinking behaviors. Use of the Automated Wheel Monitor (AWM)
system created a more complex, enhanced housing condition; therefore, we measured ethanol
drinking over three changing conditions (1) standard housing, (2) enhanced AWM cage with
a blocked wheel, and (3) enhanced AWM cage with wheel access. During the Standard period
mice were subjected to standard individual housing conditions for the two bottle choice ethanol
preference test where they consumed 10.8 ± 0.7 g/kg/24 hours pure ethanol and 74 ± 11 g/kg/
24 hours water with an ethanol preference ratio of 0.66 ± 0.05. During the Baseline 1 period,
fluids were accessible only during lights off (3:00 PM to 3:00 AM) and mice were subjected
to enhanced environment housing conditions with a mechanically blocked wheel. Changing
the environment and restricting fluid access resulted in 6.4 ± 0.6 g/kg/12 hours pure ethanol
consumption and a water consumption of 97 ± 12 g/kg/12 hours, with an ethanol preference
ratio of 0.47 ± 0.05. Unblocking the wheel, thus allowing access to wheel running (Wheel 1
period) did not produce a change in 10% ethanol solution consumption (67 ± 14 g/kg/12 hours,
with 5.4 ± 0.6 g/kg/12 hours pure ethanol), but did increase water consumption (118 ± 10 g/
kg/12 hours) without a change in total fluid consumption [Baseline 1 vs. Wheel 1 comparison,
paired Student’s t-test; water consumption, P <.01] (Figures 1a, b, c). Accompanying these
results was a significant decrease in ethanol preference ratio (0.37 ± 0.04) [Baseline 1 vs. Wheel
1 comparison, paired Student’s t-test; ethanol preference, P <.05].
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Alternating periods of wheel access modifies ethanol drinking patterns but not wheel
running

During the second phase of the experiment, mice were subjected to six alternating periods in
which the running wheel was blocked (Baseline 1, 2, and 3) or accessible (Wheel 1, 2, and 3)
to assess the effects of wheel running on ethanol-related behaviors. We hypothesized that wheel
access would not change ethanol preference or consumption, but would compress normal
drinking patterns, resulting in fewer ethanol bouts and a greater amount of ethanol consumed
per bout. Data for ethanol preference, ethanol consumption, water consumption, and total fluid
consumption from each period are presented in Figure 1, while ethanol-related behaviors
characterizing patterns of drinking from each period are presented in Table 2.

Wheel access had no significant effect on ethanol consumption, ethanol preference or total
fluid consumption, but wheel access changed ethanol drinking patterns. Wheel access resulted
in an increased number of ethanol bouts [main effect of wheel access - F(1,13) = 5.28, P <.
05], an increased time spent drinking ethanol [main effect of wheel access - F(1,13) = 4.65,
P <.05], and a decreased amount of ethanol consumed per bout [main effect of wheel access -
F(1,13) = 4.81, P <.05, P <.05; Table 2].

Changes in drinking patterns due to wheel access can be summarized as an increased number
of ethanol bouts, time spent drinking ethanol, and a reduced amount of ethanol consumed per
bout. Alternating periods of wheel access (periods Wheel 1, 2, and 3) in the presence of ethanol
did not significantly change subsequent wheel running distance, time spent running, or average
RPM (Figure 2a and Table 3).

Effect of alternating ethanol availability on wheel running and ethanol consumption
The third phase of the experiment began with period Wheel 3, followed by a fourth wheel
access period in which ethanol was not offered (Wheel 4) and a fifth wheel access period where
ethanol was again offered (Wheel 5). Forced ethanol abstinence resulted in increased wheel
running time and distance, and this effect was reversed upon the reintroduction of ethanol
(Figure 2a, b). We measured distance traveled, time spent running, and average wheel RPM
when running as wheel activity parameters (Figure 2a, 2b and Table 3). In the third phase of
the experiment, mice ran 6.9 ± 0.6 km/day during period Wheel 4 (in the absence of ethanol),
a significantly greater distance than during Wheel 3 (in the presence of ethanol), where mice
ran a distance of 6.3 ± 0.5 km/12 hours [paired Student’s t-test, P <.01]. This distance decreased
to 5.4 ± 0.6 km/12 hours during Wheel 5, when ethanol was reintroduced [paired Student’s t-
test, P <.01]. In addition to running distance, the amount of time spent running varied with
ethanol accessibility. The amount of time spent running was significantly decreased from 363
± 16 minutes during Wheel 4 to 282 ± 19 minutes during Wheel 5, when ethanol was
reintroduced [paired Student’s t-test, P <.0001]. The average wheel RPM was not significantly
changed by ethanol deprivation [paired Student’s t-test to compare Wheel 3 and 4, P >.05;
paired Student’s t-test to compare Wheel 4 and 5, P >.05].

Wheel running in the absence of ethanol resulted in an increase in alcohol consumption,
suggesting an ethanol deprivation effect (Figures 1a, 3a). In addition to ethanol consumption,
ethanol preference and the time spent drinking ethanol were increased in Wheel 5 as compared
with Wheel 3 [paired Student’s t-tests - ethanol consumption, P <.05; ethanol preference, P <.
01; time spent drinking ethanol]. There were no observed changes in total fluid consumption,
number of ethanol bouts, or amount of ethanol consumed per bout.
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Discussion
Natural and drug reinforcers activate similar brain circuitry (Carrelli and Wondolowski, 2006;
Kelley and Berridge, 2002). Few studies have examined the relationship between naturally
rewarding behaviors and ethanol drinking behaviors. In our study, we examined the
relationship between wheel running and ethanol-related behaviors. Specifically, we evaluated
whether alternating access to wheel running modified ethanol-related behaviors and whether
alternating access to ethanol modified wheel running or subsequent ethanol-related behaviors.
Given that changes in environment, consumption of ethanol, and wheel running can induce
neuroadaptive responses (with each stimulus having an independent response timeline), it is
important to point out that results might be different under different temporal testing periods.

Comments of the effect of fluid restriction, enhanced environment, and first access to a
running wheel on ethanol-related behaviors

In the first phase of the experiment, we were interested in assessing the effect of increasingly
complex environments on ethanol drinking behaviors. Two limitations of our experimental
design that hinder our ability to interpret the effects of enhanced environment on ethanol-
related behaviors are 1) fluids were available for 24 hours in the standard cage, but restricted
to 12 hours in the AWM cage, and 2) the order of treatments was not counterbalanced. Future
studies will attempt to correct for this by measuring ethanol-related behaviors under limited
access conditions throughout the experiment and measuring ethanol-related behaviors in a
standard cage after the last wheel access period. Based on previous data (unpublished
observation, A.R. Ozburn, 2005), we hypothesize that returning mice to their standard cage
would increase ethanol consumption and preference as compared with the enhanced
environment AWM cage. To our knowledge, no study has examined the effect of enhanced
environmental conditions on ethanol consumption in mice, but previous studies have shown
that under specific conditions, complex environments can increase ethanol preference and
consumption in rats (Ellison et al., 1983; Fernandez-Teruel et al., 2002; Rockman et al.,
1989). However, direct comparisons of our results to others are not possible due to differences
in experimental paradigms (such as prolonged or limited access to enriched housing and the
use of more complex environments including multiple rats of same and opposite gender,
running wheels, and toys).

Ethanol preference decreased during the first wheel access period as compared with Baseline
1 period. This decrease is a result of increased water consumption without a change in ethanol
consumption.

Wheel access modifies ethanol drinking patterns
In the second phase of the experiment we assessed the effect of alternating periods of wheel
access on ethanol-related behaviors. Ethanol preference and consumption were maintained
regardless of wheel access. These results support earlier findings by Crews et al. (2004) that
ethanol consumption does not differ for mice with or without access to running wheels. It has
been previously reported that voluntary wheel running reduces the effects of acute ethanol
(delivered via i.p. injections) in C57BL/6 mice, suggesting development of cross-tolerance
(Mollenauer et al., 1991). Since ethanol consumption and wheel running distances were
maintained during this experimental phase, our data do not support earlier findings describing
the development of cross-tolerance.

Although wheel access did not impose a change in ethanol intake, it did modify ethanol drinking
patterns. When the wheel was accessible mice had an increased number of ethanol bouts, but
they consumed less ethanol per bout. Under these conditions, wheel running resulted in several
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sipping bouts or a dilute drinking pattern rather than the hypothesized condensed bouts of
consumption or binge type drinking pattern.

We also assessed whether wheel running behaviors changed over time. In the present study
running distance, average RPM, and time spent running did not change over wheel periods 1,
2, and 3, indicating that the running behavior is stable over time and with intermittent wheel
access. These results are in agreement with data reported by Jung et al. (2006), indicating that
wheel running in (distance and duration) is stable for at least 15 weeks in C57BL/6J mice. It
has been shown that intermittent wheel availability or periods of alternating access do not
induce a rebound effect on running distance in C57BL/J mice (de Visser et al., 2007).

Wheel running increases during ethanol deprivation and decreases upon reintroduction of
ethanol

In the third phase of the experiment, we assessed the effects of forced ethanol abstinence and
subsequent reintroduction on wheel running. We found that running distance increased during
abstinence and decreased upon reintroduction of ethanol. Koob and Le Moal (2005) have
proposed that drug seeking is not only associated with reward neurocircuitry, but that drug
addiction involves a decrease in the function of normal reward-related circuitry and chronic
activation of anti-reward circuitry. The increased running distance during ethanol deprivation
and decreased running distance upon reintroduction of ethanol may represent hedonic
substitution in order to maintain stability in the reward and anti-reward processes. Upon
reintroduction of ethanol, it is unlikely that the decreased running distance is due to the sedative
effects of ethanol since mice are not consuming sufficient alcohol to produce sedation at any
given time.

It is of interest to point out that Crews et al. (2004) reported no difference in wheel running
distance between ethanol drinking and water drinking mice, indicating a similar stability in
normal reward-related processes. Without the experience of chronic self-administration
followed by forced deprivation, hedonic substitution processes are not recruited. The
reinforcing value of running does not appear to change during ethanol abstinence, given that
mice do not run more vigorously (as demonstrated by the unchanged average wheel RPM).
There have been reports of correlations between high running in ethanol preferring animals
and low running in ethanol non-preferring animals (Belknap et al., 1993; deVissar et al., 2007;
Festing, 1977; Werme et al., 1999). Specifically, Hofstetter et al., (2003) reported marked
differences in the circadian activities of two selected lines of mice, high alcohol preferring
(HAP) and low alcohol preferring (LAP). The circadian period of wheel running activity in
ethanol naïve HAP and LAP mice was assessed over five weeks in the dark. Although running-
wheel counts were not different between the two selected lines, the HAP mice ran more
vigorously in the wheel and had a shorter circadian period of wheel running than LAP mice.

Effect of wheel running during ethanol deprivation on subsequent ethanol consumption
In the third phase of the experiment, we also assessed the effects of wheel running during forced
ethanol abstinence and subsequent reintroduction on ethanol-related behaviors. Wheel running
in the absence of ethanol stimulated an ethanol deprivation effect, resulting in a subsequent
increase in alcohol consumption, ethanol preference and the time spent drinking. During this
time, ethanol consumption was below the metabolic capacity for mice. Since we did not
measure blood alcohol levels during this experiment, the reported ethanol consumption may
not reflect a pharmacological effect of alcohol. However, Phillips et al., (1994) reported signs
of physical dependence (ethanol withdrawal measured by handling-induced convulsions) when
blood alcohol levels were not detectable after consumption of a sweetened ethanol solution
(average 10 g/kg/day) for three weeks. There are notable methodological differences in the
present study and that of Phillips et al., (2004): 1. Phillips reported ethanol consumption as g/
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kg/day and the present study measured ethanol consumption as g/kg/12 hours; and 2. Phillips
reported withdrawal severity after 21 days of (saccharin sweetened) ethanol consumption,
while mice in the present study consumed (unsweetened) ethanol consumption for 72 days.

The ethanol deprivation effect is a model of alcohol craving expressed as relapse-type drinking
(Li TK, 2000). This effect has been reported for rodents of specific genetic backgrounds under
precise conditions (Melendez et al., 2006; Rodd-Henricks et al., 2000). These results are
consistent with Koob’s theory on the plasticity of reward neurocircuitry and the dark side of
addiction (Koob and LaMoal, 2005). Specifically, that dependence involves a decrease in the
function of normal reward-related circuitry (expressed here as a decrease in wheel running)
and chronic activation of anti-reward circuitry (expressed here as increased ethanol seeking
and consumption). The increased ethanol consumption may represent hedonic allostasis, a
deviation in the natural reward and anti-reward processes in order to maintain a deceptive
stability. However, without additional studies, we cannot determine whether increases in
drinking are reflective of cross-sensitization, a decrease in function of normal reward-related
circuitry, both or neither.

We conclude that ethanol consumption is maintained during periods of wheel running. Wheel
running is increased in the absence of ethanol and decreased upon reintroduction of ethanol.
Upon reintroduction of ethanol, an alcohol deprivation effect is seen. Collectively, the results
support theories of hedonic allostasis and suggest that female C57BL/6J mice express ethanol
seeking under these specific conditions.
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Figure 1.
Voluntary fluid consumption. (A) 10% ethanol preference is presented as a ratio of the amount
of ethanol solution consumed divided by total fluid consumption. (B) Ethanol consumption (g/
kg/12 hr). (C) Water consumption (g/kg/12 hr). (D) Total fluid consumption (g/kg/12 hr).
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Figure 2.
Average distance travelled on the running wheel. (A) Wheel running distance (km/12 hours)
data for each period. **-P <.01 (paired Student’s t-test). (B) Wheel running distance (km/12
hours) data for individual mice for Wheel 3, Wheel 4, and Wheel 5.
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Figure 3.
Ethanol deprivation effect: Individual means for Wheel 3 and Wheel 5 periods. (A) 10% ethanol
preference is presented as a ratio of the amount of ethanol consumed divided by total fluid
consumption. (B) Ethanol consumption (g/kg/12 hr).

Ozburn et al. Page 13

Alcohol. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ozburn et al. Page 14

Table 1
Experiment Timetable

Period Days Housing 10% Ethanol Wheel Access
Habituation 1–30 Group/SE Available Not Available

Standard 31–37 Individual/SE Available Not Available
Baseline 1 38–44 Individual/EE Available Blocked
Wheel 1 45–51 Individual/EE Available Accessible

Baseline 2 52–58 Individual/EE Available Blocked
Wheel 2 59–65 Individual/EE Available Accessible

Baseline 3 66–72 Individual/EE Available Blocked
Wheel 3 73–79 Individual/EE Available Accessible
Wheel 4 80–86 Individual/EE Not Available Accessible
Wheel 5 87–93 Individual/EE Available Accessible

Abbreviations: SE (Standard Environment), EE (Enhanced Environment)
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Table 2
Ethanol-related behavioral data

Period No.EtOH Bouts Amount/Bout (g/kg) Time Drinking EtOH (min)
Baseline 1 21 ± 2 0.34 ± 0.04 24 ± 3
Wheel 1 21 ± 3 0.26 ± 0.02 24 ± 4

Baseline 2 22 ± 3 0.29 ± 0.02 26 ± 4
Wheel 2 24 ± 3 0.26 ± 0.03 28 ± 4

Baseline 3 22 ± 3 0.26 ± 0.01 26 ± 4
Wheel 3 28 ± 4 0.23 ± 0.02 32 ± 4
Wheel 4 N/A N/A N/A
Wheel 5 31 ± 4 0.28 ± 0.05 36 ± 4

Measured ethanol-related behaviors included number of ethanol bouts (where a bout is defined by consummatory behavior lasting equal to or greater than
one minute without disruption during 12 hour period), amount of ethanol (in g/kg) consumed per bout (calculated by dividing ethanol consumption by
number of ethanol bouts for individual mice), and time spent drinking (calculated from the number of minutes with a value greater than zero for amount
of ethanol consumption per minute during 12 hour period).
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Table 3
Measurement of wheel activity

Period Time Running (min/12 hr) Average RPM
Wheel 1 319 ± 43 34 ± 5
Wheel 2 332 ± 24 40 ± 4
Wheel 3 349 ± 17 44 ± 3
Wheel 4 363 ± 16 47 ± 3
Wheel 5 282 ± 19 44 ± 3
For each period, the average time spent running (minutes/12 hours) was calculated from the number of minutes with a value greater than zero for wheel
rotations per minute. Average wheel rotations per minute (RPM) when running on the wheel were calculated from RPM values greater than zero per 12
hours for each period.
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