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ABSTRACT. Objective: Alcohol use disorders have both high social 
and economic costs and are among the leading causes of preventable 
death in the United States. Understanding the factors that contribute 
to escalation of alcohol intake is important in developing effective 
treatments for this problem. This study further characterizes the effects 
of limited intermittent exposure to high levels of alcohol on the prefer-
ence for alcohol consumption over other incentives. Method: Fourteen 
male, Sprague-Dawley rats were trained to consume ethanol in a gelatin 
vehicle. They were then given free access to both ethanol gelatin and 
plain gelatin during daily choice periods interspersed with nonchoice 
periods (only plain gelatin access). After baseline ethanol preference 
was established, half of the rats were given eight injections of 3 g/kg 
ethanol during nonchoice periods (spread out over about 2 months), and 

the other half received saline injections. Ethanol preference was mea-
sured during subsequent choice periods. Results: Intermittent ethanol 
injections increased ethanol preference from 21% (SEM = 2.3%) of 
their total gelatin consumption during the fi rst choice period to 46.8% 
(SEM = 3.4%) during the third choice period. The saline-treated rats had 
no signifi cant change in ethanol preference. In addition, the ethanol-
treated rats exhibited higher ethanol intake than saline-treated rats when 
ethanol gelatin was the only choice available. Conclusions: The results 
indicate that intermittent exposure to sedative doses of ethanol leads to 
an increased ethanol preference in rats. This suggests that occasional 
high-dose alcohol exposure could be an important contributor to the 
development of enhanced ethanol intake, which may affect the incidence 
of chronic alcoholism. (J. Stud. Alcohol Drugs, 76, 165–173, 2015)
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THE MEDICAL COMMUNITY RECOGNIZES that 
daily consumption of about one alcoholic beverage per 

day decreases cardiovascular risk and total mortality, where-
as higher intake is much riskier (Booyse & Parks, 2001; Di 
Castelnuovo et al., 2006). Thus, the factors that lead to an 
increase in ethanol intake from healthy levels to risky levels 
need to be determined, and the mechanism by which intake 
is increased should be characterized.
 High-dose ethanol exposure is one factor that increases 
the risk of elevated drinking in humans (Robin et al., 1998; 
Wechsler et al., 2000). In rats, high-dose ethanol exposure 
increases both ethanol self-administration and ethanol prefer-
ence (Camarini & Hodge, 2004; Crabbe et al., 2012; Griffi n 
et al., 2009; O’Dell et al., 2004; Rimondini et al., 2002, 
2003; Timberlake et al., 2009), even when evidence of toler-
ance is absent (Alaux-Cantin et al., 2013; Cox et al., 2013; 
Stuber et al., 2008). We have established that rats reliably 
consume enough ethanol in a gelatin vehicle within an hour 
to result in brain ethanol levels of 8–10 mM (Li et al., 2010; 
Peris et al., 2006; Rowland et al., 2005), which is remarkably 
similar to that achieved after one to two alcoholic beverages 
over the same period in humans (Brick 2006). When exposed 
to intermittent high-dose ethanol (designed to mimic the 
occasional, twice monthly, heavy episodic drinking that is 
common in some human populations), rats work harder for 

ethanol-containing gelatin (Li et al., 2010). There was no 
effect of this high-dose ethanol treatment on motivation for 
plain gelatin self-administration, indicating that alterations 
in appetite, cognition, or motor effects are not involved. 
Ethanol tolerance, both pharmacokinetic (increased ethanol 
metabolism) and pharmacodynamic (decreased sensitivity 
of receptors to ethanol), could explain increased ethanol 
consumption; however, there was no evidence of tolerance to 
the sedative effects of the high-dose ethanol exposures over 
time.
 There are a number of other possible explanations for 
the increased motivation for ethanol seen in this model, 
including changes in taste or caloric preference or increased 
reward value of ethanol. The present experiment examines 
the effect of intermittent sedating doses of ethanol in adult 
male rats choosing to consume ethanol-containing gelatin or 
nonalcoholic gelatin. The benefi ts of using this model allow 
for assessing the preference of two more calorically similar 
substances compared with the usual ethanol versus water 
preference that is normally used. Further characterization of 
the persistent effects of occasional high-dose ethanol expo-
sure has direct relevance to the development of alcohol use 
disorders in humans.

Method

Animals and housing

 The study used 14 male Sprague-Dawley rats (3 months 
old, Mweight [SEM] = 220 g [18] at the start of this experi-
ment). Body weight was recorded weekly and before all etha-
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nol injections. All rats were singly housed in a vivarium with 
a 12 light:12 dark cycle (lights off at 1800) and an ambient 
temperature maintained at 23 °C (SD = 2). Bottled water and 
8604 Teklad Rodent Diet (Harlan Laboratories, Indianapolis, 
IN) were available ad libitum in the home cage at all times, 
including during experiment sessions. Rat use was approved 
by the Institutional Animal Care and Use Committee and was 
consistent with the Guide for the Care and Use of Laboratory 
Animals (Committee for the Update of the Guide for the Care 
and Use of Laboratory Animals, 2011).

Free choice model

 Rats were acclimated to 10% ethanol-containing gelatin 
as described previously (Peris et al., 2006) until rats had only 
1 hour of access per day (at 0930 + 1 hour) for a total of 15 
days. Ethanol gelatin was made using 10% ethanol, 10% 
Polycose, and 2.5% gelatin in tap water.
 After acclimation, rats were presented with two jars, one 
containing 10% ethanol gelatin and the other containing 
plain (ethanol-free) gelatin, for 1 hour daily over 7 days. Jar 
positions were switched on a daily basis in a random pattern 
to avoid conditioning to placement. This 7-day choice period 
was followed by 10 days where only plain gelatin was given 
to rats for 1 hour every day (nonchoice period). The weight 
of each jar was measured on an electronic balance before 
and after each session, and the amount of gelatin consumed 
was recorded. This procedure was repeated for six cycles 
of 7 days of choice periods, directly followed by 10 days of 
plain gelatin nonchoice periods. At the end of this procedure, 
all rats received 10 daily 1-hour periods of ethanol gelatin–
only access.

High-dose ethanol exposure

 Rats were divided into two groups of seven rats each, 
equated for body weight, ethanol preference, and total etha-
nol consumption during Choice Period 2. Rats in Group E 
were injected with 3 g/kg ethanol intraperitoneally (20% in 
saline) on Days 4 and 6 of Nonchoice Periods 2–5 (a total of 
eight injections over a period of about 2 months). An intra-
peritoneal saline injection of the same volume was given to 
rats in Group S on corresponding days. All injections were 
given at least 3 hours after the nonchoice period that day. 
Injections were given in divided doses of no more than 3 
ml each over the course of 10 minutes. In the event that loss 
of righting refl ex (LORR) did not occur within 10 minutes 
after the last aliquot of the 3 g/kg dose, an additional 0.5 g/
kg injection was given. Booster injections occurred less than 
5% of the time and in each case resulted in LORR. Rats 
were observed continuously until the righting refl ex was 
regained, which was defi ned as three consecutive rightings 
within 60 seconds. The duration of LORR was recorded for 
each ethanol exposure.

Data analysis

 The amount of ethanol and plain gelatin consumption 
was corrected for body weight for each rat. The preference 
ratios for ethanol gelatin were calculated by averaging the 
ethanol consumption over a choice period for each animal 
and dividing this by the sum of the average plain gelatin and 
ethanol gelatin consumption during the choice periods. The 
fi nal preference ratios were expressed as percentages. All 
data are reported as mean (SEM).
 Consumption data during the choice periods were ana-
lyzed with SPSS Version 17 (SPSS Inc., Chicago, IL) using 
four-way repeated-measures analysis of variance (ANOVA) 
with a between-group variable (Group S or Group E) and 
within-group variables of gelatin type (ethanol or plain), 
choice period (1–6), and days (nested within each choice 
session). Consumption data during nonchoice periods were 
analyzed using three-way ANOVA with a between-group 
variable (Group S vs. Group E) and within-group variables 
of choice periods and days (within each choice period). Pref-
erence ratios were analyzed with three-way ANOVA includ-
ing a between-group variable and a within-group variable of 
choice periods. The a priori level of alpha was p < .05 for 
statistical signifi cance. Signifi cant interactions between vari-
ables were analyzed using post hoc comparisons within each 
group using repeated-measures ANOVA to determine which 
group showed signifi cant changes across choice periods.

Results

 The baseline gelatin consumption is shown in Figures 1A 
and 1B for each day of the fi rst and second choice periods. 
Once consumption stabilized (by Day 3 of Choice Period 1), 
the plain gelatin consumption was 17.7 g (2.1) gelatin/kg 
body weight, and the average ethanol gelatin consumption 
was 3.61 g (1.3) gelatin/kg body weight for both groups. 
This corresponds to a dose of 0.36 g ethanol/kg body weight. 
There was no difference in consumption between groups 
during either Choice Periods 1 or 2 [Group × Choice × 
Gelatin Type interaction; F(1, 12) = 0.5, N.S.].
 The duration of the LORR (M [SEM]) did not differ after 
any of the high-dose ethanol injections (196 [25], 255 [33], 
212 [32], 208 [25], 264 [22], 225 [24], 265 [30], and 238 
[14] minutes for Injections 1–8, respectively), indicating 
that rats did not become tolerant to the sedative effects of 
3 g/kg ethanol. Although some rats required a booster dose 
of ethanol to lose the righting refl ex (less than 5% of the 
time), this did not occur signifi cantly more often during later 
ethanol injections versus earlier ethanol injections. In fact, 
the additional dose of ethanol required to achieve LORR 
decreased on average from 0.2 g/kg (0.06) during the fi rst 
four ethanol injections to 0.06 g/kg (0.03) during the last 
four ethanol injections. In addition, mean body weight did 
not differ for the two groups during any time of the 4-month 
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FIGURE 1. Ethanol (EtOH) and plain gelatin consumption of Group S and Group E on each day of the six choice periods. Ethanol gelatin consumption in-
creased and plain gelatin consumption decreased in Group E beginning with the third choice period (Panel C). Consumption of both types of gelatin remained 
relatively stable in Group S.

long experiment (fi nal body weight for Group S = 383 g [20] 
and for Group E = 379 g [19]).
 The fi rst set of high-dose ethanol injections was given 
between Choice Periods 2 and 3. The ethanol gelatin con-
sumption during Choice Periods 3–6 was markedly increased 
in Group E compared with Group S, whereas plain gelatin 
consumption decreased in Group E during Choice Periods 
3–6 relative to Group S (Figure 1). These differences were 
apparent on all days within these sessions. Because the 
ANOVA revealed no signifi cant interaction or main effects 
including days, the data are presented collapsed across days 
within each choice period (Figure 2). In this fi gure, it is ap-
parent that although both ethanol gelatin and plain gelatin 

consumption remained stable in Group S across choice 
periods, ethanol gelatin consumption increased while plain 
gelatin consumption decreased across choice periods in 
Group E. These observations are supported by a signifi cant 
Group × Choice × Gelatin Type interaction, F(5, 60) = 5.5, 
p < .001. This interaction was attributable to a signifi cant 
Choice × Gelatin Type interaction, F(5, 30) = 12.0, p < .001, 
in Group E and no Choice × Gelatin Type interaction, F(5, 
30) = 1.7, N.S., in Group S.
 The alteration caused by the high-dose ethanol treatment 
appeared to occur mainly after the fi rst set of high-dose 
ethanol injections (i.e., between Choice Periods 2 and 3). 
Additional high-dose ethanol injections did not further affect 
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FIGURE 2. Average ethanol and plain gelatin consumption for each choice period collapsed across days. Panel A: Ethanol gelatin consumption increased 
signifi cantly in Group E beginning with the third choice period but remained stable in Group S. Panel B: Plain gelatin consumption decreased in Group E 
beginning with the third choice period but remained stable in group S.
*p < .05 compared with Group S.

ethanol or plain gelatin consumption in either group during 
Choice Period 4 (Figure 1D), Choice Period 5 (Figure 1E), 
or Choice Period 6 (Figure 1F), which is supported by a 
signifi cant Group × Choice × Gelatin Type interaction, F(1, 
12) = 10.8, p < .01, observed between Choice Periods 2 and 

3 without additional interactions between the other choice 
periods.
 Overall, total gelatin consumption (including ethanol 
and plain gelatin) was signifi cantly less for Group E during 
Choice Periods 3–6 (14.5 [1.1] g total gelatin) compared 
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FIGURE 3. Plain gelatin consumption decreased signifi cantly after rats were injected with 3 g/kg ethanol (Group E) but returned to control levels by the end 
of the nonchoice period. Daily plain gelatin consumption during nonchoice periods remained stable in Group S.
*p < .05 compared with Group S.

with Choice Periods 1 and 2 (21.3 [1.9] g total gelatin) or 
compared with Group S (20.6 [2.1] g total gelatin). However, 
when total calorie consumption is calculated (based on 1.109 
calories/g ethanol gelatin and 0.376 calories/g plain gelatin), 
there is no difference in calories consumed between groups 
during any session (Group S: 10.7 [1.1], 11.5 [1.3], 10.9 
[0.9], 10.5 [1.0], 10.3 [1.4], 9.8 [0.8]; Group E: 10.5 [1.1], 
11.5 [1.0], 10.9 [1.2], 10.9 [1.0], 11.6 [1.2], 9.6 [1.0], for 
Choice Periods 1–6, respectively).

 During the nonchoice sessions (plain gelatin access 
only), there was no difference in gelatin consumption be-
tween groups initially (Figure 3A). However, plain gelatin 
consumption was decreased in Group E during the second 
through fi fth nonchoice periods, primarily on the days after 
the ethanol injections (Figures 3B–3E). These observations 
were supported by a signifi cant Group × Choice × Day 
interaction, F(4, 432) = 4.8, p < .001. Follow-up ANOVAs 
indicated no difference between groups during the fi rst non-
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choice period but signifi cant Group × Day interactions dur-
ing subsequent nonchoice periods. In general, plain gelatin 
consumption was not different during the fi rst 4 days of the 
nonchoice periods but was signifi cantly decreased on Days 
5–9. Plain gelatin consumption was generally not different 
between groups on Day 10 (Figure 3).
 When the ratio of ethanol gelatin versus plain gelatin 
consumed was calculated, the ethanol preference was 21% 
(2.3) for Group E and 22% (2.9) for Group S during Choice 
Period 1 and 19.7% (3) in Group E and 20% (2.6) in Group 
S during Choice Period 2 (Figure 4). The average ethanol 
preference in Group E increased from 21% (2.3) during 
Choice Period 1 to 46.8% (3.4) during Choice Period 3 
and did not fall below this level for any of the subsequent 
choice periods (Figure 4). The increased ethanol preference 
observed in Group E was supported by a signifi cant Group × 
Choice interaction, F(5, 60) = 6.9, p < .001. The main effect 
of choice was signifi cant, F(5, 30) = 10.1, p < .001, in Group 
E but was not signifi cant, F(5, 30) = 0.8, N.S., in Group S. 
There was a signifi cant Choice × Group interaction, F(1, 12) 
= 9.7, p < .01, observed between Choice Periods 2 and 3 but 
not between Choice Periods 1 and 2, 3 and 4, 4 and 5, or 5 
and 6. There was a signifi cant effect of days overall, but this 
effect was not observed within either Groups S or E when 
analyzed separately.
 When all rats were subjected to 10 consecutive days of 
1-hour access to ethanol gelatin only (after the last choice 
period), there was a higher level of consumption in Group 
E, particularly during the fi rst few days of ethanol-only ac-

FIGURE 4. Ethanol preference was more than doubled in Group E during Choice Periods 3–6 compared with their ethanol preference during Choice Periods 
1 and 2 and also compared with ethanol preference in Group S.
*p < .05 compared with Group S.

cess (Figure 5). ANOVA revealed a signifi cant Group × Days 
interaction, F(1, 108) = 3.9, p < .05), but no main effect of 
Groups. Follow-up analyses indicated signifi cantly higher 
ethanol consumption in Group E on Days 1, 2, and 4 only.

Discussion

 Rats intermittently exposed to high doses of ethanol 
doubled their ethanol preference over the course of the ex-
periment. Starting with Choice Period 3, ethanol preference 
in Group E increased signifi cantly, from 21% (2.3) during 
Choice Period 1 to 46.8% (3.4) during Choice Period 3, 
whereas preference for ethanol gelatin in Group S remained 
constant around 20% over all six choice periods. The in-
crease in ethanol preference was due to both an increase 
in ethanol gelatin consumption as well as a decrease in 
consumption of plain gelatin. Ethanol consumption almost 
doubled in Group E over the course of the experiment, 
increasing from a baseline of about 0.4 g ethanol/kg body 
weight to about 0.75 g ethanol/kg body weight. Based on our 
previous studies of brain ethanol concentration during etha-
nol gelatin consumption (Peris et al., 2006), this increase of 
ethanol consumption represents a change from nonintoxicat-
ing doses of ethanol (projected brain ethanol levels of about 
3 mM) to a mildly intoxicating level of ethanol consumption 
(8 mM, or about 36 mg%).
 On the other hand, plain gelatin consumption was de-
creased by high-dose ethanol injections by more than half, 
decreasing from about 17 g plain gelatin/kg body weight 
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FIGURE 5. Ethanol intake during daily 1-hour access to ethanol gelatin only was signifi cantly increased in Group E compared with Group S.
*p < .05 compared with Group S.

to about 7 g/kg body weight. This decrease in plain gelatin 
consumption also contributed to the increase in ethanol 
preference seen in Group E. Overall total gelatin consump-
tion (both ethanol and plain gelatin) was decreased by about 
a third in Group E (about 21 g total gelatin/kg body weight 
compared with about 15 g total gelatin/kg body weight), 
whereas total calorie intake was not different between groups 
at any time. It is unclear why plain gelatin consumption was 
decreased by the high-dose ethanol injections since the rats 
certainly had the stomach capacity to consume more plain 
gelatin even with the increase in ethanol gelatin consump-
tion. There are a number of possible explanations for the 
decrease in plain gelatin consumption seen in Group E. 
First, the increase in ethanol gelatin consumption might have 
resulted in ethanol-induced sedation, which could decrease 
total gelatin consumption. Second, the fact that the high-
dose ethanol injections occurred during nonchoice periods 
(when only plain gelatin was available) might have resulted 
in a learned taste aversion to the plain gelatin. However, the 
injections were given well after the nonchoice test sessions 
(at least 3 hours after gelatin exposure) and only on 2 of 
the 10 days that plain gelatin was available. In addition, if a 
taste aversion had developed to the plain gelatin, it is unclear 
why plain gelatin consumption during the nonchoice period 
would have returned to normal levels by the end of that 
period. Last, the most compelling reason for the decrease 
in plain gelatin consumption is the need for the animals 
to maintain a stable level of caloric intake over time. The 
caloric value of the ethanol gelatin is more than twice that 

of the plain gelatin. Even though the total amount of gelatin 
(both ethanol and plain) was decreased in Group E, total 
calorie consumption remained unchanged over the experi-
ment, and, similarly, body weight did not change. Thus, it is 
possible that the decrease in plain gelatin consumption was 
in response to the greater number of calories that were being 
consumed in the form of ethanol gelatin.
 High-dose ethanol injections also increased ethanol con-
sumption in subsequent ethanol-only test sessions. Thus, 
not only do the intermittent high-dose ethanol exposures 
increase ethanol preference, they also increase the amount 
of ethanol rats will consume under nonchoice conditions. 
These results are similar to our previous fi ndings that high-
dose ethanol injections can increase motivation for ethanol 
reinforcement under operant conditions (Li et al., 2010). 
Both the increase in motivation for ethanol responding and 
the increase in ethanol preference caused by intermittent 
high-dose ethanol exposure indicate that the reward value of 
ethanol had increased.
 The reward value of ethanol appears to be regulated by 
activation of dopamine cell fi ring in the ventral tegmental 
area (VTA), which projects to the nucleus accumbens (NAc) 
(Appel et al., 2006; Doyon et al., 2003, 2005; Robinson et 
al., 2009). Manipulating the fi ring rate of dopamine neurons 
either directly (Bass et al. 2013) or indirectly via changes in 
γ-aminobutyric acid (GABA) neuronal activity in the VTA 
(Anstee et al., 2013; Mitchell et al., 2014) can alter ethanol 
intake. In addition, increases in glutamate, taurine, and 
glycine release in the NAc occur during operant responding 
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for ethanol gelatin more so when rats have been exposed to 
high-dose ethanol treatment (Li et al., 2010). It is possible 
that intermittent high-dose ethanol causes long-lasting altera-
tions in neuronal activity in the VTA and NAc, which alters 
the reward value of ethanol and thus ethanol preference.
 Although there was no indication of the development of 
tolerance to the sedative effects of 3 g/kg ethanol, the series 
of high-dose ethanol injections may have resulted in toler-
ance to other behaviors. For example, rats generally fi nd the 
taste of ethanol aversive, and this aversion may be dimin-
ished after high-dose ethanol exposure. Thus, taste sensitivity 
to ethanol may be altered by this treatment and should be 
assessed in future experiments.
 The high-dose ethanol injections were used to simulate 
binge-drinking behavior in humans; however, this model is 
limited in a number of ways. The high-dose ethanol exposure 
is not voluntary in our model and therefore does not com-
pletely mirror the behavior of humans experiencing binge-
drinking episodes. In addition, the use of a sweetened gelatin 
vehicle most closely simulates early alcohol consumption 
behaviors rather than chronic alcoholism. The gelatin vehicle 
contains reinforcing properties itself but decreased caloric 
density. The increase in preference for ethanol gelatin in 
Group E, coupled with the stable consumption of ethanol 
in Group S, strongly suggests that the rats consume ethanol 
gelatin for the reinforcing properties of alcohol. Future stud-
ies should aim to clarify the physiological and neurochemi-
cal processes by which repeatedly high levels of intoxication 
lead to increased preference for ethanol.
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