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Abstract
Introduction—Alcohol dependence in aging populations is seen as a public health concern, most
recently because of the significant proportion of heavy drinking among “Baby Boomers.” Basic
animal research on the effects of aging on physiological and behavioral regulation of ethanol
(EtOH) intake is sparse, since most of this research is limited to younger models of alcoholism.
Here, EtOH drinking and preference were measured in groups of aged Syrian hamsters. Further,
because voluntary exercise (wheel-running) is a rewarding substitute for EtOH in young adult
hamsters, the potential for such reward substitution was also assessed.

Methods—Aged (24 month-old) male hamsters were subjected to a three-stage regimen of free-
choice EtOH (20% v/v) or water and unlocked or locked running wheels to investigate the
modulatory effects of voluntary wheel running on EtOH intake and preference. Levels of fluid
intake and activity were recorded daily across 60 days of experimentation.

Results—Prior to wheel running, levels of EtOH intake were significantly less than levels of
water intake, resulting in a low preference for EtOH (30%). Hamsters with access to an unlocked
running wheel had decreased EtOH intake and preference compared with hamsters with access to
a locked running wheel. These group differences in EtOH intake and preference were sustained for
up to 10 days after running wheels were re-locked.

Discussion—These results extend upon those of our previous work in young adult hamsters,
indicating that aging dampens EtOH intake and preference. Voluntary wheel running further
limited EtOH intake, suggesting that exercise could offer a practical approach for managing late-
life alcoholism.

INTRODUCTION
Chronic ethanol (EtOH) intake disrupts the regulation of physiological and behavioral
processes, which can lead to a self-reinforcing cycle of EtOH dependence [1, 2, 3]. Like
EtOH, aging can also perturb these regulatory processes [4, 5, 6]. Thus, aging could
exacerbate the adverse effects of EtOH drinking on these processes [7, 8]. Further, high rates
of late-life alcohol dependence compounded by the increasing longevity of aging
populations are viewed as public health concerns [9, 10, 11]. In this regard, it is notable that
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little is known of the physiological effects of aging on EtOH intake and dependence, since
most basic research on alcoholism is limited to young animals.

With the goal of developing therapeutic interventions for EtOH dependence, recent studies
in humans and animal models suggest that aerobic exercise may offer a practical substitute
for EtOH. Access to a running wheel, which is a rewarding stimulus [12,13], decreases
EtOH intake in several young adult rodent models of alcoholism, including the C57BL/6J
mouse [14], Syrian hamster [15], and the P (but not NP) rat [16]. Wheel running can also
suppress cocaine and methamphetamine self-administration [17, 18]. In young adults with a
family history of alcoholism, aerobic exercise can result in less frequent alcohol use and can
decrease relapse risk [19, 20]. In the elderly, exercise can also improve general health and
well-being [21], but the potential, therapeutic effects of daily exercise on alcohol intake are
unknown.

Basic information on the physiological aspects of EtOH drinking and its related pathologies
in aging populations is sparse. This is largely due to the difficulties inherent in assessing
drinking problems in this population; the lack of standardized tests for assessing alcohol
dependence in humans is problematic, as are the distortive effects of cognitive impairment
associated with aging and long-term drinking on self-reported drinking practices [22]. Other
confounds include geographic and socioeconomic differences between populations studied,
as well as differences in the age range used to define an elderly population [22]. In view of
these limitations, the use of inbred strains of laboratory animals is useful for reducing
genetic and environmental variables to better understand the effects of aging on behavioral
and physiological aspects of EtOH intake and preference. Our previous work has focused on
the effects of EtOH on circadian behavioral processes and interactions between exercise and
EtOH intake in young adult, male Syrian hamsters [15], owing, in part, to their high levels
of EtOH intake and ~80% preference for an EtOH solution over pure water [15, 23, 24].
Here we extend this work to explore how voluntary exercise might modulate this first-time
assessment of chronic EtOH intake in aged hamsters. This information would increase our
understanding of age-related behavioral and physiological changes underlying EtOH
dependence and possibly point to practical strategies for managing or preventing alcoholism
in the elderly.

METHODS AND MATERIALS
2.1. Animals

Aged (24-month) male, Syrian hamsters (Mesocricetus auratus) raised from breeders
purchased from Harlan Sprague-Dawley (Madison, IL) were individually housed in cages
with a 14” running wheel in a temperature-controlled vivarium (23°C). Males were strictly
used to reduce any endocrinal confounds on daily wheel running rhythms and EtOH intake
as reported in females [25, 26]. Animals were maintained on a 14-hour light (light intensity:
~270 lux): 10-hour dark photocycle (LD). Food (Prolab 3000; PMI Feeds, St. Louis, MO)
and water were provided ad libitum. The experiments were approved by the Kent State
University Institutional Animal Care and Use Committee and were conducted under the
National Institutes of Health Guidelines for the Care and Use of Laboratory Animals.

2.2. Combined Effects of Aging and Exercise on EtOH Intake and Preference
This experiment was designed to test the modulatory effects of wheel-running on EtOH
intake and preference in aged hamsters (n=7, experimental group; n=8, control group, due to
one animal that died mid-experimentation). All animals received free-choice access to 20%
EtOH (v/v; Sigma-Aldrich, St. Louis, MO) or water in 50 ml canonical tubes (Fisher
Scientific, Pittsburgh, PA) across three experimental phases: Phase I: All running wheels
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were locked across the 10-day EtOH introductory period; Phase II: Running wheels were
unlocked for the experimental group or remained locked for the control group across 30
days; Phase III: Running wheels were re-locked for the experimental group or remained
locked for the control group across the final 20 days of the experiment. Schematic
representation of this experimental protocol is shown in Fig. 1.

Wheels and overhead infrared sensors were interfaced to a Clocklab behavioral analysis
system (Coulbourn Instruments, Whitehall, PA) to monitor nighttime levels and onsets of
wheel running and general locomotor activity. Daily total distances run were calculated from
revolutions per minute (RPMs). Nighttime onsets of general locomotor activity and wheel
running were characterized as activity near the light-dark photocycle transition that: 1)
exceeded 10% of the maximum rate for the day; 2) was preceded by at least 4 hr of activity
quiescence; and 3) was followed by periods of sustained activity. Daily amounts of fluids
consumed were measured at midday to the nearest 0.25 ml. Preference was calculated as the
percentage of volume of EtOH solution consumed over total volume of fluid consumed.

2.3. Statistical Analyses
Repeated measures ANOVAs and subsequent Student Newman-Keuls post-hoc mean
comparison tests were used for between-treatment statistical comparisons of fluid intake and
EtOH preference. A one-way ANOVA was used for between-treatment statistical
comparisons of nighttime general locomotor activity onset across experimentation. Paired t-
tests were used for within-treatment statistical comparisons of fluid intake, EtOH preference,
and distances run between phases I-III and the first, second, and third 10-day periods of
phase II. A Pearson's correlation of mean fluid (EtOH or water) intake or EtOH preference
against mean distance run across each 10-day period of phase II was also undertaken. All
statistical analyses were completed with SPSS 19.0 (Chicago, IL). Significance level was set
at p<0.05, in all cases.

RESULTS
3.1. Runners Have Lower Levels of EtOH Intake and Preference

Phase I (all wheels locked). Means±SE of EtOH intake and preference across the three-stage
regimen of free-choice EtOH (20% v/v) or water are presented in Fig. 2. Means±SE of
EtOH intake and preference for phase I represent stable levels of EtOH intake across the last
5 days. EtOH intake for the designated experimental (running) group averaged 11.4±0.4 g/
kg/d with a 28.2±3.4% preference for the EtOH solution over water. EtOH intake for the
designated control (non-running) group averaged 11.5±0.2 g/kg/d with a 30.3±1.1% EtOH
preference. No between-group differences in fluid intake and EtOH preference were found
(both, p>0.05). Phase II (wheels unlocked for the experimental group). Nighttime activity
onset averaged 23.7±3.1 min after lights-off for the experimental group and 20.1±6.2 min
after lights-off for the control group, with wheel running in the experimental group
beginning 13.3±3.0 min after activity onset. Wheel running averaged 4.4±0.2 km/d. Further
analysis revealed a decrease in wheel running from 4.9±0.4 km/d across the first 20 days of
phase II to 3.5±0.3 km/d across the last 10 days of phase II (p<0.05; Fig. 3). Runners had
reduced levels of free-choice EtOH intake (F1,13=9.0; p<0.05) and EtOH preference
(F1,13=12.9; p<0.05) compared with non-runners, such that EtOH intake for the runners
averaged 11.3±0.4 g/kg/d with a 26.3±2.1% EtOH preference and EtOH intake for the non-
runners averaged 12.9±0.4 g/kg/d with a 34.4±2.2% EtOH preference. No between-group
differences in water intake were found (p>0.05). Within-treatment comparisons revealed
lower levels of EtOH intake and preference across the first 10 days of phase II compared
with the remaining 20 days of phase II for both treatment groups (all, p<0.05). There were
no detections of significant correlations between the extent of wheel running and fluid
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(EtOH or water) intake or EtOH preference across each 10 day period of access to an
unlocked running wheel (all, p>0.05).

Phase III (all wheels locked). EtOH intake and preference remained lower in the runners
compared with non-runners (Intake: F1,13=4.1; Preference: F1,13=12.9; both, p<0.05; Fig. 2),
such that EtOH intake for the runners averaged 11.0±0.4 g/kg/d with a 24.2±2.9% EtOH
preference, and EtOH intake for the non-runners averaged 12.3±0.5 g/kg/d with a
30.7±3.3% EtOH preference. Water intake for the runners was higher vs. non-runners
(135.7±7.7 g/kg/d vs. 100.9±6.1 g/kg/d, respectively; F1,13=6.2; p<0.05; Fig. 2). Between-
phase comparisons revealed an increase in water intake for the runners across phase III
compared with levels found across phases I (97.3±11.8 g/kg/d) and II (116.6±6.6 g/kg/d;
both, p<0.05; Fig. 2).

DISCUSSION
EtOH and aging are independently disruptive to physiologic and behavioral rhythmic
processes in mammals [27, 28, 29]. Thus, it is conceivable that the adverse effects of one of
these processes could exacerbate the effects of the other. However, little is known about the
effects of aging combined with environmental enrichment, such as wheel running, on EtOH
intake, since most basic research on alcoholism is limited to studies in younger models.
Nevertheless, young adult models of addiction have been useful to reveal the suppressive
effects of voluntary exercise on reward intake and seeking, including that of EtOH, cocaine,
and methamphetamine [14, 15, 17, 18]. This suppression is thought to manifest from the
ability of exercise to offer an alternative neurochemical reward state [12, 13]. In aging
individuals, exercise has been found to improve general health [21], but the direct,
therapeutic benefits of exercise on alcohol intake, particularly for “Baby Boomers”; with
their high rates of alcohol dependence are unknown [9, 10, 11]. Here, we report that the
aging process dampens high levels of free-choice EtOH intake and preference found in
young adult hamsters from Hammer et al. 2010 [15] by 20% and 50%, respectively. We also
report that the aged hamsters with access to unlocked running wheels had lower levels of
free-choice EtOH intake and preference compared with non-runners, and that these lower
levels of EtOH intake and preference in runners persisted for up to 10 days after running
wheels were re-locked.

4.1. Aging Reduces EtOH Intake
Compared with baseline levels of EtOH intake and preference in all treatment groups of
young adult hamsters in Hammer et al. 2010 [15], which ranged from 15–17 g/kg/day with
an 80% preference for the 20% EtOH solution over water, aged hamsters under the same
experimental protocol in this study had a 20% reduction in free-choice EtOH intake
concurrent with a nearly 400% increase in water intake and a subsequent 50% decrease in
EtOH preference (data not shown, Hammer). Further, it is noteworthy that aging-related
declines in EtOH intake and preference are not associated with any modulatory effect of
daily wheel running on EtOH intake and preference in young adult vs. aged hamsters
(4.3±0.3 km/d vs. 4.4±0.2 km/d; data not shown, Hammer).

To date, few studies have undertaken any long-term assessment of daily EtOH intake in
aged animal models of alcoholism or have shown aging-related reductions in EtOH intake.
However, there is prior evidence of differential sensitivities to the hypothermic, ataxic, and
soporic properties of EtOH between young adult and aged rodent models of alcoholism [7,
8, 30], which can affect overall levels of subsequent EtOH intake independently of age [31,
32]. Daily profiles of systemic EtOH levels achieved with 24-hr of continuous microdialysis
sampling were not measured in this study due to the higher risk of infection and poorer
recovery from anesthesia with advanced aging. In a previous study, we have found that
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systemic EtOH concentrations consistently peak at 40 mM following a drinking episode in
young adult Syrian hamsters consuming ~ 15 g/kg of EtOH per day with an 80% preference
for a 20% EtOH solution over water [24]. Based on the findings of Ruby et al. 2009 [24], we
predict daily systemic EtOH peaks to have been significantly lower in the aged Syrian
hamsters in this study.

Previous studies that have independently investigated the underlying physiological
mechanisms of elevated EtOH intake and the effects of aging on EtOH intake may also
provide a physiological context for the present results. For example, it has been shown that
EtOH intake and craving are tightly gated by central ghrelin signaling; upregulation of
central ghrelin signaling in the ventral tegmental area increases EtOH intake and its reward
threshold. In contrast, knockdown or antagonism of central ghrelin signaling decreases
EtOH intake and its reward threshold [33]. It has also been shown that aging and vigorous
exercise can independently dampen central ghrelin signaling [34, 35], which could,
hypothetically, suppress EtOH intake and its reward threshold. An aging-related decline in
central reward dopamingeric tonus, including a decrease in the number of dopamine
receptors, a decline in receptor binding affinities, and enhanced degradation of dopamine
[36, 37], could also, hypothetically, have contributed to the reduction in EtOH intake in the
aged hamsters compared with the young adults of Hammer et al. 2010 [15] through a
reconstitution of dopamine homeostasis. Thus, future studies ought to examine the
physiological mechanisms that underlie the reported aging- and exercise-related reductions
in EtOH intake, including changes in central neuroendocrine processes and dopaminergic
tonus. Further, it would be notable to quantify aging- and exercise-related influences on
EtOH reward through experimental paradigms of EtOH self-administration and conditioned
place preference, which are stronger measures of the motivating and self-reinforcing
properties of EtOH compared with two-bottle, free-choice access to an EtOH solution or
water [38].

The substantially higher levels of water intake at ~100 g/kg reported in the aged hamsters in
this study reflect a 330% increase from levels of water intake at ~30 g/kg in young adult
hamsters of Hammer et al. 2010 [15; data not shown, Hammer]. This difference in daily
water intake in young adult hamsters of Hammer et al. 2010 compared with the aged
hamsters under the same experimental protocol in this study is possibly due to aging-related
declines in rhythmic expression and central circulation of arginine-vasopressin (AVP)
signaling [39, 40] compounded by the dehydrating effects of chronic EtOH intake [41].
There was also a trend towards increased water intake in runners compared with non-runners
across phase II (repeated measures ANOVA; p=0.08), although there was no detection of a
significant correlation between the extent of wheel running and water intake. Despite this,
there was a significant and prolonged increase in water intake in the runners compared with
non-runners once running wheels were re-locked across phase III, suggesting that the
hamsters were mildly dehydrated during the 30-day regimen of wheel running. Further,
while higher levels of water intake in runners compared with non-runners, particularly after
re-locking of the running wheels across phase III, may have contributed to a concomitant
treatment difference in EtOH preference, it is important to emphasize that levels of daily
EtOH intake were still lower in the runners compared with non-runners across this time as
well.

4.2. Wheel Running Limits EtOH Intake
The rewarding and self-reinforcing properties of natural and chemical rewards, including
wheel-running and EtOH, neurochemically manifest from increases in dopaminergic
signaling within the mesocorticolimbic and mesopontine reward systems of the brain [12,
42, 43]. Hence, reciprocal interactions between dopamine neuromodulatory systems, wheel-
running, and EtOH, allow one of these rewards (wheel-running) to offer an alternative
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neurochemical reward state for another (EtOH). Reward substitution in this manner has been
found in young adult hamsters [15] and C57BL/6J mice [14]. An additional study in mice
observed that voluntary wheel running markedly increased during EtOH withdrawal and
subsequently decreased following EtOH re-introduction [44]. Here, we found a reduction in
free-choice EtOH intake in aged runners compared with non-runners across phase II as well
as for the first 10 days across phase III. We did not, however, detect a significant correlation
between the extent of wheel running and fluid (EtOH or water) intake or EtOH preference,
suggesting that even low levels of wheel running are sufficient to limit free-choice EtOH
intake. In both treatment groups, there was also a progressive increase in daily EtOH intake
across the second-third compared with the first-third of phase II (Fig. 2). This change in
EtOH intake may be a sign of EtOH tolerance, which, at a behavioral level, increases EtOH
intake through a reduction of motoric intoxication [45]. Nevertheless, access to a running
wheel did have a modest and prolonged impact on levels of EtOH intake in this first-time
assessment of chronic EtOH drinking behavior in aged hamsters.

CONCLUSIONS
We found that the aging process, in general, dampens free-choice EtOH intake and
concurrently heightens water intake, likely though aging-related declinations in
neuroendocrine processes. The results of this study are also in agreement with previous
studies in young adult models of alcoholism illustrating the therapeutic benefits of wheel
running as a means of limiting the intake of EtOH [14, 15, 44] and other drugs of abuse [17,
18]. Further, this study extends beyond these previous studies by showing the residual
benefits of exercise on levels of EtOH intake in an aged animal model of alcoholism.
Collectively, these results illustrate the therapeutic potential of exercise as a non-
pharmacological, naturally-rewarding treatment strategy for alcohol dependence and relapse
prevention in young adult and aging populations. Thus, the sustainability of an exercise
program in young adults points to its therapeutic value for individuals with a family history
of alcoholism. In aging populations, the relative cost of an exercise program compared with
alcoholism pharmaceuticals and the general physical and mental benefits of exercise [21]
make exercise a desirable and supplemental treatment strategy for late-life, heavy alcohol
use
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Highlights

1. Aging dampens high levels of free-choice EtOH intake found in young
hamsters.

2. Wheel running further lowers levels of free-choice EtOH intake.

3. Dampening of free-choice EtOH intake by wheel running is residual.
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Figure 1.
This experimental protocol was designed to test the potential of voluntary wheel running to
serve as a reward substitute for free-choice ethanol (EtOH) in 24-month old, male Syrian
hamsters. Free-choice intake of a 20% EtOH solution or water was measured across three,
separate experimental phases. Phase I: EtOH introductory period (all wheels locked; 10
days). Phase II: Wheels unlocked for the experimental group (30 days). Phase III: Wheels
re-locked for the experimental group (20 days).
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Figure 2.
Wheel running limits ethanol (EtOH) intake and preference. Line graphs: Daily fluid (EtOH
and water) intake and EtOH preference (calculated as the percentage of volume of EtOH
solution consumed over total volume of fluid consumed) in the experimental (solid line) and
control (dotted line) groups across three, separate phases. Phase I: free-choice EtOH
introductory period (wheels locked). Phase II (shaded): Wheels were unlocked for the
experimental group and locked for the control group. Phase III: All wheels locked. Bar
graphs: Fluid (EtOH and water) intake and preference for runners and non-runners averaged
over each phase. Bars represent means±SEM. Among all phases, bars with different letters
are significantly different (p<0.05).

Brager and Hammer Page 11

Physiol Behav. Author manuscript; available in PMC 2013 October 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Representative, double-plotted actograms of general locomotor activity (top) and wheel
running rhythms (bottom) across phases I–III in an experimental (running wheel unlocked;
shaded region) and control (running wheel locked) 24-month old, male Syrian hamster.
White-black bars represent the light (14 h)-dark (10 h) photoperiods.
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