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The Syrian golden hamster drinks alcohol readily, but only achieves moderate blood alcohol levels, and does
not go through withdrawal from alcohol. Because the hamster is a model of caloric homeostasis, both caloric
content and reward value may contribute to the hamster's alcohol consumption. The current study examines
alcohol consumption in the hamster when a caloric or non-caloric sweet solution is concurrently available
and caloric intake in the hamster before, during, and after exposure to either: alcohol, sucrose or saccharin. In
Experiments 1 and 2, hamsters were given access to alcohol (15% v/v) and water; once alcohol consumption
steadied, a bottle containing an ascending concentration of sucrose (99–614 mM) or saccharin (2–10 mM),
or water was added. In Experiment 3, hamsters were given access to alcohol (15% v/v), sucrose (614 mM),
saccharin (4 mM), or a second water bottle for 14 days. After the second bottle was removed, measurements
continued for 14 days. Sucrose exposure suppressed alcohol consumption at concentrations lower in calories
than the alcohol solution. Saccharin exposure failed to suppress alcohol consumption. Exposure to sucrose
and alcohol but not saccharin decreased food intake. Decreased alcohol consumption in response to a caloric
sweetener and decreased food intake during alcohol exposure support that alcohol consumption by the
hamster is mediated by caloric content. However, suppression of alcohol intake by a sucrose solution of
lower caloric content and the equivalent intake of individual alcohol, sucrose and saccharin solutions support
a role for reward value in alcohol consumption.
artmouth Medical School, One
. Tel.: +961 603 650 7549; fax:

een).

l rights reserved.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

The Syrian golden hamster (Mesocricetus auratus) has been used as
a research model for studies of alcohol intake [1–5], but also of
gustation [6] and caloric balancing [7]. The hamster readily consumes
solutions of 15–30% alcohol [2], solutions of 50–450 mM sucrose [7]
and solutions of 1–3 mM saccharin [6], and prefers these solutions to
water. Previous studies have suggested that the golden hamster may
consume alcohol for both its caloric content and its pharmacological
effects. Although the effects of pharmacological interventions on
alcohol intake in the hamster are similar to those seen in other
alcohol-preferring rodents, the hamster's pattern of alcohol con-
sumption differs from that seen in these other rodent models.
Specifically, the golden hamster is a model of moderate alcohol
drinking — it tends to drink alcohol at a steady rate during its waking
period, but achieves only moderate blood alcohol levels (approxi-
mately 2 mM) [8,9] and fails to exhibit signs of physiological
withdrawal following cessation of chronic alcohol drinking [10].

We have used the hamster as an animal model of co-occurring
schizophrenia and alcohol abuse in studies of the effects of
antipsychotic drugs on alcohol consumption. The golden hamster
has strong predictive validity for the ability of antipsychotics to
decrease alcohol consumption in patients with schizophrenia; the
atypical antipsychotic clozapine decreases alcohol intake in both
hamsters [1,3] and humans [11], while the typical antipsychotic
haloperidol fails to decrease alcohol intake in either [3,11]. However,
in order to understand the effects of pharmacological treatments on
alcohol intake in the hamster, we need to understand the factors
underlying the hamster's consumption of alcohol.

To test whether caloric content is a more significant factor than
reward value in the consumption of alcohol and other rewarding fluids
by the golden hamster, the current studies examine changes in alcohol
intake and food intake when an additional palatable fluid – either the
caloric sweetener sucrose or the non-caloric sweetener saccharin – is
made available. In addition, to determine whether the hamster
maintains caloric homeostasis during exposure to each reward, we
examine changes in food intake and total caloric intake prior to, during,
and after cessation of free access to alcohol, sucrose or saccharin.

2. Methods

2.1. Animals

Adult, male Syrian golden hamsters (M. auratus), (90–110 g) were
acquired from Harlan Inc. (Indianapolis, IN), maintained on a normal
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12 h/12 h light/dark cycle, and individually housed in standard home
cages with ad libitum access to food (Teklad Global 18% Protein
Extruded Rodent Pellets; 3.4 Cal/g) andwater. Animals in Experiments
1 and 2 were given continuous access to a bottle of water, a bottle of
alcohol (15% v/v), and a bottle of either sucrose (99–614 mM),
saccharin (2–10 mM), or water. Animals in Experiment 3 were given
continuous access to a bottle of water and a second bottle containing
either alcohol (15% v/v), sucrose (614 mM), saccharin (4 mM), or
water. Within each experiment, the positions of the drinking bottles
were rotated on a daily basis to prevent positional preference. A
technician, blinded to the experimental conditions, measured fluid
intake (by weight) every 24 h, and food intake and body weight every
48 h. Fluid intakewasmeasuredmore frequently than food intake and
body weight because previous studies in our laboratory have
demonstrated that fluid consumption fluctuates more rapidly in
response to environmental changes than either food consumption or
bodyweight. Measurements took place at the same time each day (4 h
before the start of the dark cycle). All experiments were carried out in
accordance with the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised
1978) andwere approved by Dartmouth Institutional Animal Care and
Use Committee.

2.2. Experiment 1: Preference for alcohol or an ascending sucrose
concentration

In order to determine whether the hamster shows greater
preference for alcohol or sucrose, and whether this preference
depends on the caloric content of the available solutions, we first
examined alcohol consumption in the presence or absence of another
bottle containing an ascending concentration of the caloric sweetener
sucrose. Sixteen golden hamsters were given access to 15% (v/v)
alcohol and water for 14 days prior to pseudo-randomization into 2
groups (n=8 per group) in order to achieve similar baseline alcohol
intake values (g/kg/day) (baseline alcohol intake was calculated using
the last 4 days of access to only alcohol and water) and body weight
between groups. One group was then given access to a third bottle of
an ascending concentration of a sucrose solution (99–614 mM), and
the other group was given access to a third bottle containing only
water. The alcohol concentration was based on previous work
demonstrating regular consumption by the hamster [1,3], and the
sucrose concentration range was chosen to fall within levels that the
hamster prefers to water [1,6], with the highest concentration
(614 mM) being isocaloric to the alcohol solution. The concentration
of the sucrose solution was increased every five days. Only the last
four days at each concentration were used for data analysis in order to
allow time for adaptation of behavior due to the change in sucrose
concentration.

2.3. Experiment 2: Preference for alcohol or an ascending saccharin
concentration

In order to further examine whether the hamster's preference for
sweet solutions over alcohol depends on the caloric content of the
available solutions, we next examined alcohol consumption in the
presence or absence of another bottle containing an ascending
concentration of the non-caloric sweetener saccharin. Sixteen golden
hamsters were given access to 15% (v/v) alcohol andwater for 16 days
prior to pseudo-randomization into 2 groups (n=8 per group) in
order to achieve similar baseline alcohol intake values (g/kg/day)
(baseline alcohol intake was calculated using the last 4 days of access
to only alcohol and water) and body weight between groups. One
group was then given access to a third bottle of an ascending
concentration of saccharin solution (2–10 mM), and the other group
was given access to a third bottle containing only water. The saccharin
concentration range was chosen to fall within concentrations that the
hamster prefers to water [6]; because saccharin is non-caloric, there is
no equivalency to alcohol in terms of caloric content. The concentra-
tion of the saccharin solution was increased every five days. Only the
last four days at each concentration were used for data analysis in
order to allow time for adaptation of behavior due to the change in
saccharin concentration.

2.4. Experiment 3: Caloric intake during exposure to alcohol, sucrose, or
saccharin

Finally, we examined the hamster's food and total caloric intake
during exposure to a single rewarding solution. Thirty-four golden
hamsters were given access to water for 7 days prior to pseudo-
randomization into 4 groups (n=8–9 per group) in order to achieve
similar baselinewater and food intake values (mL/kg/day or g/kg/day)
(calculated using the last 4 days of the baseline period) and body
weight between groups. Each groupwas then given access to a second
bottle containing alcohol (15% v/v), sucrose (614 mM), saccharin
(4 mM), or water for 14 days. After this 14-day period, the second
bottle was removed, and water and food intake, as well as body
weight, were measured for 14 days. The alcohol and sucrose
concentrations were chosen to be isocaloric; the saccharin concen-
tration was chosen because the hamster drank similar volumes of
sucrose and saccharin at these concentrations in Experiments 1 and 2.
Only the last six days of each week-long block were used for data
analysis in order to allow time for adaptation of behavior due to
changes in the available solutions.

2.5. Data analysis

Alcohol intake (g/kg or mL/kg) and preference (alcohol intake/
total fluid intake), sucrose intake (g/kg or mL/kg) and preference
(sucrose intake/total fluid intake), saccharin intake (g/kg or mL/kg)
and preference (saccharin intake/total fluid intake), water intake
(mL), food intake (g/kg), total caloric intake (cal/kg), and body weight
(g) data were analyzed using one-way or two-way repeatedmeasures
analysis of variance (RMANOVA), using time (4-day concentration
blocks for Experiments 1 and 2, and 6-day blocks for Experiment 3)
and group as independent variables. When the analysis indicated that
significant differences existed between treatments, Tukey's post-hoc
tests were used to examine differences between groups and between
time-points. Significance was determined at pb0.05. Data are
expressed as mean (M)±standard error of the mean (SEM).

3. Results

3.1. Experiment 1: Preference for alcohol or an ascending sucrose
concentration

3.1.1. Alcohol and sucrose intake
We first examined fluid and food consumption when alcohol was

offered in addition to water or an ascending concentration of sucrose
solution. Two-way RMANOVA indicated a significant effect of sucrose
concentration, F(5,70)=23.25, pb0.001, and of group, F(1,14)=13.78,
pb0.001, as well as a significant concentration by group interaction,
F(5,70)=17.88, pb0.001 on alcohol intake. Tukey's post-hoc tests
revealed that the group exposed to sucrose drank significantly less
alcohol than the water-only group for the duration of sucrose exposure
(pb0.05). In addition, the sucrose-exposed group drank significantly
less alcohol when exposed to the highest (485 and 614 mM) sucrose
concentrations as compared to the lowest (0, 99, and 228 mM)
concentrations (pb0.05) (Fig. 1A). Two-way RMANOVA indicated a
significant effect of sucrose concentration, F(5,70)=44.72, pb0.001,
and of group, F(1,14)=164.42, pb0.001, as well as a significant
concentration by group interaction, F(5,70)=43.08, pb0.001 on
alcohol preference. Tukey's post-hoc tests revealed that the group



Fig. 1. Average alcohol intake and preference during the last four days of exposure to
each sucrose concentration. A) Alcohol intake decreased when sucrose was made
available. Concentrations of 485–614 mM sucrose produced maximal suppression of
alcohol intake. B) Alcohol preference decreased when sucrose was made available.
Concentrations of 357–614 mM sucrose produced maximal suppression of alcohol
preference (mean±SEM).

Fig. 2. Average sucrose intake and preference during the last four days at each
concentration when presented with alcohol. A) Sucrose intake increased significantly
between each of the first four sucrose concentrations (99–485 mM) but not between
the fourth and fifth concentrations. B) Sucrose preference increased between the first
and second sucrose concentrations (99–228 mM), then remained stable for the
remainder of sucrose exposure (mean±SEM).
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exposed to sucrose showed significantly lower alcohol preference than
the water-only group for the duration of sucrose exposure (pb0.05). In
addition, the sucrose-exposed group showed significantly lower
alcohol preference when exposed to the higher concentrations of
sucrose (357, 485, and 614 mM) as compared to the lowest (0 and
99 mM) concentrations (pb0.05) (Fig. 1B). Thus, availability of sucrose,
even at concentrations of lower caloric content than alcohol, decreased
preference for alcohol.

One-way RMANOVA indicated a significant effect of sucrose
concentration, F(4,24)=41.13, pb0.001 on sucrose intake. Tukey's
post-hoc tests revealed that sucrose intake increased steadily between
the first through fourth sucrose concentrations (99–485 mM)
(pb0.05), but there was no increase between the fourth and fifth
sucrose concentrations (485–614 mM) (Fig. 2A). One-way RMANOVA
indicated a significant effect of sucrose concentration, F(4,24)=8.60,
pb0.001 on sucrose preference. Tukey's post-hoc tests revealed that
sucrose preference only increased significantly between the first and
second sucrose concentrations (99–228 mM) (pb0.05); therewere no
other significant differences (Fig. 2B). Although concentration was
a factor in the hamster's preference for sucrose, preference reached
a ceiling level at a concentration of lower caloric content than the
available alcohol.

3.1.2. Water, food, and total caloric intake; body weight
Two-way RMANOVA indicated a significant effect of sucrose

concentration, F(5,70)=10.25, pb0.001, and of group, F(1,14)=8.72,
pb0.01, as well as a significant concentration by group interaction,
F(5,70)=3.56, pb0.01 onwater intake. Tukey's post-hoc tests revealed
that the sucrose group drank significantly less water than the alcohol
control group during the highest three sucrose concentrations (357–
614 mM)(pb0.05) (Fig. 3A). The increase inwater intake in the alcohol-
only group may be due to hamsters drinking more water when two
water bottles are available rather than a single water bottle, as rodents
show higher preference for more readily available fluids (i.e., those
available from a greater number of bottles) [12]. Two-way RMANOVA
indicated a significant effect of sucrose concentration, F(5,70)=15.15,
pb0.001, no effect of group, but a significant concentration by group
interaction, F(5,70)=4.24, pb0.01, on food intake. Tukey's post-hoc
tests revealed that the sucrose-exposed group ate significantly less food
than the alcohol-only group during the final sucrose concentration
(614 mM)(pb0.05) (Fig. 3B). In addition, the sucrose-exposed group
consumed significantly less food during the last two sucrose concentra-
tions (485 and 614 mM) compared to the no-sucrose period (pb0.05),
but there were no other significant differences (Fig. 3B). Thus, exposure
to a high concentration sucrose solution decreased caloric intake from
food aswell as fromalcohol. Two-wayRMANOVA indicated a significant
effect of sucrose concentration, F(5,70)=205.39, pb0.001, no effect of
group, but a significant concentration by group interaction, F(5,70)=
8.09, pb0.001, on bodyweight. Post-hoc tests demonstrated an increase
in weight over time across groups (pb0.05), but there were no
differences between groups; there was a trend toward greater weight
gain in the sucrose-exposed group (p=0.08) (Table 1). Finally, two-
way RMANOVA indicated a significant effect of sucrose concentra-
tion, F(5,70)=11.04, pb0.001, no effect of group, but a significant
concentration by group interaction, F(5,70)=7.70, pb0.001 on total

image of Fig.�2


Fig. 3. Water and food intake during exposure to alcohol and sucrose. A) The alcohol
control group consumed more water during the latter three concentrations of exposure
to sucrose (357–614 mM). B) The group exposed to sucrose ate significantly less during
the final two sucrose concentrations (485–614 mM) than it did prior to sucrose
exposure, and also ate less than the alcohol control group during the final sucrose
concentration (614 mM) (mean±SEM).

Fig. 4. Total caloric intake during exposure to alcohol and sucrose. The group exposed to
sucrose consumed more calories than the alcohol control group only during the third
sucrose concentration (357 mM). Additionally, caloric intake in both groups increased
between the second and third sucrose concentrations (228–357 mM) and then
decreased steadily until the final sucrose concentration (614 mM) (mean±SEM).
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caloric intake. Planned comparison t-tests revealed that the sucrose-
exposed group consumedmore calories than the alcohol alone group
during the third sucrose concentration (357 mM) (pb0.05). Addi-
tionally, overall caloric intake increased between the second and third
Table 1
Changes in bodyweight (g) over time in each experiment. Although therewere significant in
groups within any experiment (mean (SEM)).

Experiment 1 Sucrose concentration (mM)

0 99 228

Alcohol-only 104.5 (2.6) 107.8(2.6) 111.4
Sucrose-exposed 103.1 (2.3) 108.1 (2.4) 113.2

Experiment 2 Saccharin concentration (mM)

0 2 4

Alcohol-only 99.8 (1.4) 100.9 (1.4) 101.6
Saccharin-exposed 100.4 (1.5) 101.4 (1.5) 102.2

Experiment 3 Week

Baseline Reward 1

Saccharin 95.1 (1.8) 98.2 (1.8)
Water 95.5 (1.1) 97.9 (1.1)
Ethanol 97.9 (2.3) 101.3 (1.7)
Sucrose 96.3 (3.7) 101.4 (3.9)
sucrose concentrations (228–357 mM), then decreased steadily be-
tween the third through fifth sucrose concentrations (357–614 mM)
(pb0.05) (Fig. 4).
3.2. Experiment 2: Preference for alcohol or an ascending saccharin
concentration

3.2.1. Alcohol and saccharin intake
We next examined fluid and food consumption when alcohol was

offered in addition to water or an ascending concentration of
saccharin solution. Two-way RMANOVA indicated no significant
effects on alcohol intake but a significant effect of saccharin
concentration, F(5,70)=13.22, pb0.001 on alcohol preference
(Fig. 5A and B). Tukey's post-hoc tests revealed a significant decrease
in alcohol preference between the alcohol baseline period and the
first saccharin concentration (2 mM) (pb0.05) and a significant
increase in alcohol preference in the fourth saccharin concentration
(8 mM) compared to the other saccharin concentrations (pb0.05).
However, there were no differences between groups, suggesting that
creases in weight over time across groups, there were no significant differences between

357 485 614

(2.6) 115.1 (2.5) 117.6 (2.5) 121.6 (2.5)
5 (2.4) 118.1 (2.6) 122.6 (2.8) 128.0 (2.8)

6 8 10

(1.4) 102.3 (1.3) 103.0 (1.3) 103.8 (1.3)
(1.6) 102.9 (1.7) 103.6 (1.6) 104.3 (1.5)

Reward 2 Post-exposure 1 Post-exposure 2

103.3 (2.1) 109.4 (2.4) 115.6 (2.7)
102.9 (1.0) 109.5 (1.3) 115.8 (1.6)
107.2 (1.5) 113.9 (1.3) 119.4 (0.8)
107.9 (4.3) 112.6 (4.1) 116.6 (3.6)

image of Fig.�3
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Fig. 5. Average alcohol intake and preference during the last four days of exposure to
each saccharin concentration. A) There were no significant changes in alcohol intake.
B) Alcohol preference decreased in the first saccharin concentration (2 mM) and
increased in the fourth saccharin concentration (8 mM), but there were no
differences between groups (mean±SEM).

Fig. 6. Average saccharin intake and preference during the last four days at each
concentration when presented with alcohol. A) Saccharin intake increased significantly
between each of the first three sucrose concentrations (2–6 mM) but there were no
other differences. B) Saccharin preference increased between the first and second
saccharin concentrations (2–4 mM), then decreased between each of the next three
saccharin concentrations (4–8 mM) (mean±SEM).
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exposure to saccharin – unlike sucrose – does not decrease the
hamster's preference for alcohol.

One-way RMANOVA indicated a significant effect of saccharin
concentration, F(4,28)=19.65, pb0.001 on saccharin intake. Tukey's
post-hoc tests revealed that saccharin intake increased significantly
between first and second saccharin concentration and again
between the second and third saccharin concentrations (2–6 mM)
(pb0.05), but there were no other significant differences (Fig. 6A).
One-way RMANOVA indicated a significant effect of saccharin
concentration, F(4,28)=4.16, pb0.05 on saccharin preference.
Tukey's post-hoc tests demonstrated that the saccharin preference
increased between the first and second saccharin concentrations (2–
4 mM), then decreased between the second and third and again
between the third and fourth saccharin concentrations (4–8 mM)
(pb0.05) (Fig. 6B). Thus, although the hamsters consumed progres-
sively more saccharin at the lower concentrations, this was due
solely to increases in concentration and not to any increases in the
volume of saccharin consumed, and the preference for saccharin
dropped with higher concentrations.

3.2.2. Water, food, and total caloric intake; body weight
Two-way RMANOVA indicated a significant effect of saccharin

concentration, F(5,70) = 20.96, pb0.001, and of group, F(1,14)=
13.96, pb0.01, as well as a significant concentration by group
interaction, F(5,70)=11.21, pb0.001 on water intake. Tukey's
post-hoc tests revealed that the saccharin group drank significant-
ly less water than the alcohol control group throughout saccharin
exposure (pb0.05) (Fig. 7A). Two-way RMANOVA indicated a
significant effect of saccharin concentration, F(5,70)=6.00,
pb0.001 but no effect of group and no concentration by group
interaction on food intake. Planned comparison t-tests revealed
that food intake decreased across groups between the alcohol
baseline period and the first saccharin concentration (2 mM), and
again between the third and fourth saccharin concentrations and
between the fourth and fifth saccharin concentrations (6–10 mM)
(pb0.05) (Fig. 7B). Thus, exposure to saccharin decreased water
intake but did not decrease intake of alcohol or food. Two-way
RMANOVA indicated a significant effect of saccharin concentration,
F(5,70)=191.95, pb0.001; there was no effect of group and no
concentration by group interaction on body weight. Post-hoc tests
demonstrated an increase in weight over time across groups
(pb0.05) (Table 1). Finally, two-way RMANOVA indicated a
significant effect of saccharin concentration, F(5,70)=7.45,
pb0.01, but no effect of group and no concentration by group
interaction, on total caloric intake. Planned comparison t-tests
revealed that total caloric intake during the fourth and fifth
saccharin concentrations (8–10 mM) was significantly lower than
caloric intake during the alcohol baseline period and the first and
third saccharin concentrations (2 and 6 mM) (pb0.05) (data not
shown). Although there was a trend towards decreased caloric
intake over time, there were no differences between groups; thus,
saccharin exposure did not alter total caloric intake.

image of Fig.�5
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Fig. 7. Water and food intake during exposure to alcohol and saccharin. A) The
saccharin-exposed group drank significantly less water than the alcohol control group
throughout exposure to saccharin. B) Food intake decreased between the alcohol
baseline period and the first saccharin concentration (2 mM) and again between the
third and fifth saccharin concentrations (6–10 mM) but there were no differences
between groups (mean±SEM).

Fig. 8. Reward intake and preference. A) There was greater consumption of alcohol,
saccharin, and sucrose than water in the second week of exposure to the rewards, but
there were no differences in intake of the three rewarding solutions. B) There was
greater preference for alcohol, saccharin, and sucrose than water during both weeks of
exposure to the rewards, but there were no differences in preference for the three
rewarding solutions (mean±SEM).
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3.3. Experiment 3: Caloric intake before, during, and following exposure
to a reward

3.3.1. Reward (alcohol, sucrose, or saccharin) intake
Finally, we explored the preference for alcohol, sucrose, or

saccharin solutions when they are available in a two-bottle choice
versus water. The concentration of sucrose (614 mM) was chosen
based on the high consumption of it in the first experiment and
because it is isocaloric to the alcohol concentration (15% v/v) used in
these experiments. The saccharin concentration (4 mM) was chosen
based on the hamster's highest preference during the second
experiment [6]. Two-way RMANOVA indicated a significant effect
of time, F(1,30)=16.65, pb0.001, and of group, F(3,28)=48.32,
pb0.001, as well as a significant time by group interaction, F(3,28)=
5.35, pb0.01 on reward intake (g/kg). Tukey's post-hoc tests revealed
that significantly more sucrose and alcohol were consumed com-
pared to water and saccharin during both weeks of exposure
(pb0.05); additionally, more alcohol was consumed than sucrose
during the first week of exposure but not during the second week
(pb0.05). However, because the concentration of saccharin was
so low compared to those of alcohol and sucrose, we did an addition-
al analysis to examine intake by volume. Two-way RMANOVA indi-
cated a significant effect of time, F(1,30)=30.82, pb0.001, and of
group, F(3,28)=6.15, pb0.01, as well as a significant time by group
interaction, F(3,28)=3.58, pb0.05 on reward intake (mL/kg). Tukey's
post-hoc tests revealed a trend toward greater saccharin, sucrose,
and alcohol consumption compared to water during the first week
(p=0.09) and significantly greater saccharin, sucrose and alcohol
consumption compared to water during the second week of exposure
(pb0.05) (Fig. 8A). Two-way RMANOVA indicated a significant effect
of time, F(1,30)=27.90, pb0.001, and of group, F(3,28)=5.204,
pb0.01, but no time by group interaction on reward preference.
Tukey's post-hoc tests revealed significantly greater saccharin,
sucrose and alcohol preference compared to water during both
weeks of exposure (pb0.05) but no other differences (Fig. 8B). Thus,
the hamster shows nearly identical intake of, and preference for, all
three reward solutions although they vary in both taste and caloric
content.

3.3.2. Water, food, and total caloric intake; body weight
Two-way RMANOVA indicated a significant effect of time, F(3,90)=

136.91, pb0.001, and of group, F(9,90)=4.18, pb0.05 and a significant
time by group interaction, F(9,90)=2.79, pb0.05 on water intake.
Tukey's post-hoc tests revealed significantly lower water intake in all
three groups exposed to a reward compared to the group exposed only
to water during both weeks of exposure (pb0.05), but there were no
differences between groups in the non-exposure periods. In addition,
post-hoc tests showed that the water-only group drank significantly
more water when a second water bottle was available (pb0.05), while
the other three groups drank significantly less water during the second
week of reward exposure compared to both the baseline and post-
exposure periods (pb0.05) (Fig. 9A). Two-way RMANOVA indicated a
significant effect of time, F(3,90)=294.17, pb0.001, no effect of group
but a time by group interaction, F(9,90)=3.03, pb0.05 on food intake.
Tukey's post-hoc tests revealed that the overall food intake increased
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Fig. 9.Water and food intake before, during, and after exposure to alcohol, sucrose, and
saccharin. A)Water intake decreased in all three groups exposed to rewarding solutions
during both weeks of exposure to the rewards, and increased in the group exposed only
to water during the same period. B) Food intake was greater in all groups during the
two weeks of exposure to the rewards than during the week of baseline measurements.
In addition, the group exposed to sucrose ate less than the water- and saccharin-
exposed groups during both weeks of exposure to the rewards, and the group exposed
to alcohol ate less than the water- and saccharin-exposed groups during the second
week of exposure to the rewards (mean±SEM).

Fig. 10. Total caloric intake before, during, and after exposure to alcohol, sucrose, and sacch
week of exposure to the rewards than the saccharin-exposed and water-only groups; the suc
exposure to the rewards, but the alcohol-exposed group remained elevated compared to th
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between the baseline and reward exposure periods (pb0.05). Post-hoc
tests also revealed that the alcohol- and sucrose-exposed groups ate
significantly less than the groups exposed towater and saccharin during
the secondweek of exposure (pb0.05); the sucrose-exposed group also
ate significantly less during the first week of exposure (pb0.05), but
there was only a non-significant trend towards lower consumption in
the alcohol-exposed group (p=0.1). Therewerenogroupdifferences in
food intake during the baseline or post-exposure periods (Fig. 9B). Two-
way RMANOVA indicated a significant effect of time, F(3,90)=697.12,
pb0.001, but no effect of group and no time by group interaction on
body weight. Post-hoc tests demonstrated an increase in weight over
time across groups (pb0.05) (Table 1). Finally, two-way RMANOVA
indicated a significant effect of time, F(3,90)=20.63, pb0.001, no effect
of group, but a significant time by group interaction, F(9,90)=8.67,
pb0.001 on total caloric intake. Planned comparison t-tests revealed
that the alcohol- and sucrose-exposed groups consumed more calories
during the first week of exposure than the saccharin-exposed and
water-only groups (pb0.05). The sucrose-exposed group returned to a
baseline level of caloric intake by the second week of exposure, but
caloric intake in the alcohol-exposed group remained elevated
compared to the other groups (pb0.05). The alcohol- and sucrose-
exposed groups also consumed more calories during both weeks of
exposure than they did during the baseline or post-exposure periods
(pb0.05) (Fig. 10). Although the hamster did not maintain a set level of
caloric intake when rewarding solutions were made available and then
removed, the changes in food intake during these periods suggest an
attempt at caloric balancing.

4. Discussion

In the current study, we demonstrate that the golden hamster
prefers alcohol, sucrose, and saccharin to water in a free access
drinking paradigm, but that there is a hierarchy in the reward value of
these solutions. Free access to the caloric sweetener sucrose decreases
alcohol consumption, but free access to the non-caloric sweetener
saccharin does not. In addition, in a separate set of studies (Gulick and
Green, in preparation), we have noted that access to either alcohol or
sucrose decreases saccharin consumption. Together, these findings
suggest a reward hierarchy in which sucrose is more rewarding than
alcohol, and both sucrose and alcohol are more rewarding than
saccharin. However, the hamster's preference for alcohol may depend
on other factors in addition to the rewarding, pharmacological effects
arin. The alcohol- and sucrose-exposed groups consumed more calories during the first
rose-exposed group returned to a baseline level of caloric intake by the second week of
e other groups (mean±SEM).

image of Fig.�9
image of Fig.�10
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of alcohol. We show that food intake is lower in animals exposed to
sucrose or alcohol than in animals exposed to saccharin or water,
although food intake returns to baseline levels once the rewarding
solutions are removed. These data indicate that the golden hamster
will maintain caloric homeostasis by balancing caloric intake from
food and caloric solutions. Thus, changes in food and reward intake
when a caloric solution becomes available may represent compensa-
tory attempts to maintain caloric homeostasis.

One alternative interpretation of the data is that the differential
effects of sucrose and saccharin availability on alcohol consumption are
due to changes in the blood alcohol concentrations achieved when
alcohol is consumed concurrently with the sweeteners. Although there
is some evidence that sucrose may increase alcohol metabolism – thus
decreasing blood alcohol concentration and possibly limiting the
rewarding effects of alcohol – under certain circumstances [13], studies
have demonstrated that chronic consumption of sucrose or saccharin
with alcohol does not significantly alter blood alcohol levels compared
to chronic consumption of alcohol alone [14,15].

Taken together, the current data support the possibility that the
golden hamster consumes alcohol for both reward value and caloric
content. As noted above, our group has studied alcohol drinking in the
hamster as a possible model of alcohol abuse in schizophrenia, and to
test the effects of antipsychotic medications on alcohol drinking. We
have presented a neurobiologic formulation suggesting: (1) that
alcohol abuse in schizophrenia is based on the ability of alcohol to
partially ameliorate a reward circuit dysfunction in patients with
schizophrenia [16]; and (2) that treatments that decrease alcohol
drinking in patients with schizophrenia also ameliorate this reward
circuit dysfunction. Studies of animal models of schizophrenia note
that such animals are highly motivated to consume rewarding
substances, e.g., they consume high concentration sucrose solutions
[17]. Just as patients with schizophrenia may consume rewarding
substances to ameliorate a brain reward circuit dysfunction, the
golden hamster may consume alcohol, sucrose and saccharin for their
positive effects on the reward circuit.

Sucrose decreased alcohol intake at concentrations of lower caloric
content than theavailable alcohol solution. The consummatorybehavior
of hamsters follows the ‘Least Consummatory Effort’ principle, in which
hamsters choose to drink from a more concentrated solution when
given the choice between two solutions of the same reward value [7].
Thus, if the hamster is consuming alcohol solely for calories, it should
continue to prefer alcohol to sucrose until the solutions become
isocaloric. Sucrose is rewarding in the hamster, as demonstrated by
greater operant responding for sucrose than water [18]; the shift in
preference from alcohol to sucrose may occur as the sucrose solution
becomesmore rewarding. In order to further examine the reward value
of alcohol compared to sucrose and saccharin, we have initiated a series
of experiments using operant conditioning to determine themotivation
of the hamster to consume each of these rewards.

Interestingly, the hamsters displayed different sweetness prefer-
ence depending on the type of sweetener available. For both sucrose
and saccharin, total intake (g/kg) initially increased as the concentra-
tions increased, but then reached a plateau — sucrose at 485 mM and
saccharin at 6 mM. These findings support previous research
demonstrating a strong preference for sweet solutions in the hamster
[6], but also suggest that there is some balance of sweetness and
caloric content that determines the intake of these sweet solutions. In
addition, alcohol is not sweet, yet the hamster consumes a similar
volume of alcohol to sucrose and saccharin in the two-bottle test
(Experiment 3), again suggesting that multiple factors contribute to
the intake of alcohol and other rewarding solutions in this animal, and
that sweetness, high caloric content, and pharmacological effects may
all factor into the reward value of solutions.

The pattern of preferences for varying sucrose and saccharin
concentrations (the preference for sucrose increased over the first
few concentrations then reached a plateau and the preference for
saccharin decreased at higher concentrations) is similar to that seen in
other rodents [19], suggesting that the hamster's responses to reward
may be very similar those in other alcohol-preferring rodents. Our
ongoing experiments with operant responding should provide further
information about the hamster's reward-driven behavior.

The hamster's ability to maintain caloric homeostasis was
differentially affected by exposure to each of the rewards. The
hamster can clearly differentiate between caloric and non-caloric
solutions, as there were no changes in alcohol or food intake in
hamsters exposed to saccharin. Alcohol, however, impaired the
hamster's ability to balance caloric intake. In Experiment 3, the
sucrose-exposed group decreased their food intake within the first
week of exposure to the reward and returned to baseline levels of
total caloric intake (as determined by the water-only group) by the
second week of exposure. The alcohol-exposed group decreased their
food intake in the secondweek of exposure but not robustly enough to
return their total caloric intake back to baseline levels. This suggests
that the pharmacological effects of alcohol, but not sucrose, may
interfere with the hamster's ability to regulate caloric homeostasis.

Together, these data portray the complex factors underlying the
consumption of alcohol and other rewarding solutions by the Syrian
golden hamster. Although taste and caloric content may contribute
to the hamster's consummatory behaviors, the reward value of the
solutions is likely to be a determining factor in consumption. Thus,
although future studies should examine the hamster's motivation
to consume alcohol in paradigms other than the free access protocol
employed in the current experiments, the hamster remains a valid
model in which to examine potential pharmacological manipula-
tions of alcohol consumption.
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