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Early onset of alcohol consumption increases the risk for the development of dependence. Whether
adolescent consumption of other highly palatable solutions may also affect alcohol drinking in adulthood is
not known. The purpose of this study was to determine the effects of adolescent consumption of four
solutions: water, sucrose, sucrose–milk and milk on ethanol drinking in adult rats. Rats had limited access to
one of the four solutions from day PND 29 to PND 51 and were subsequently trained to consume ethanol (E)
using a sucrose (S) fade-out procedure. Adolescent consumption of sucrose and sucrose–milk solutions
increased intake of 2.5% E when it was combined with 10% S but it had no effect on the drinking of 10% E
alone. Adolescent consumption of milk and sucrose–milk significantly decreased the intake of 10% E when it
was combined with 10% S, and milk significantly reduced 10% E consumption alone and when it was
combined with 5% S. Adolescent exposure to the sucrose–milk and sucrose solutions was also found to
increase sucrose and sucrose–milk consumption. Our findings suggest adolescent exposure to sucrose
increases, whereas, exposure to milk reduces ethanol consumption in adult rats. Our results may provide a
new theoretical approach to the early prevention of alcoholism.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

A rapid increase in the consumption of sweet beverages among
adolescents aged 12 to 19 years in the United States has occurredwith a
concurrent escalation in the rates of obesity in adolescents and adults
(Flegal et al., 2002; Nielsen and Popkin, 2004; Ogden et al., 2002).While
evidence suggests a relationship between adolescent consumption of
sweet solutions and obesity, many questions remain unanswered about
the consequences of exposure to sweet solutions during adolescence.
For instance, it is still unclear whether adolescent exposure to high
levels of sucrose is also a risk factor for the development of substance
abuse.

One of themost salient and compelling predicators of alcohol intake
in animal models is the consumption of sweet-tasting solutions. Studies
in rodents have shown positive correlations between consumption of
alcohol and solutions sweetenedwith either saccharin or sucrose in rats
(Dess et al., 1998; Eiler et al., 2005; Kampov-Polevoy et al., 1990, 1996;
Overstreet et al., 1993; Sinclair et al., 1992;Stewart et al., 1994) andmice
(Bachmanov et al., 1996; Belknap et al., 1993; Rodgers and McClearn,
1964). Sweet solutions may be reinforcing due to a number of reasons
including taste and/or post-ingestive feedback. Genetic correlations
between the intakes of sucrose or saccharin and alcohol seen in inbred
strains could bedue to factors related to taste or post-ingestive feedback
or independent influences of unrelated genes that are caused by the
chance fixation of unrelated alleles during inbreeding (Blizard, 1992).
+1 858 784 7409.
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However, a positive association between the intake of sucrose and
alcohol has been demonstrated in congenic mice suggesting that this
correlation is not a result of fortuitous fixation of unrelated genes and
provides evidence that in the B6/D2 lineage the correlation between
intake of sucrose and alcohol reflects close linkage or the pleiotropic
effects of the same genes (Blizard and McClearn, 2000). Additionally,
studies in genetically selected rats have also demonstrated that, at
least in the Indiana Preferring/Non-Preferring lines, that sucrose is
more reinforcing in preferring animals both for its taste (Eiler et al.,
2005) and for its appetitive and consummatory properties (Cza-
chowski and Samson, 2002).

An association between sugar consumption and alcohol-related
phenotypes has also been demonstrated in human subjects. For
instance, alcohol-dependent individuals prefer more concentrated
sucrose solutions than control subjects (Kampov-Polevoy et al., 1997,
2004). It has also been demonstrated that subjects categorized as
“sweet-likers”, based on their preference of high concentration sucrose
solutions, were more likely to have a family history of alcoholism
(Kampov-Polevoy et al., 2003). Additionally, abstinent alcohol-depen-
dent individuals that stayed sober longerwere found to have consumed
twice the amount of sugar than other groups with shorter periods of
abstinence (Yung et al., 1983). Sweet-liking may also predict response
to naltrexone in alcohol-dependent subjects (Garbutt et al., 2009).

Consumption of alcohol in humans is usually initiated using
sweetened alcoholic beverages (Copeland et al., 2007; Fromme and
Samson, 1983: Margulies et al., 1977).Grant and Samson (1985)
developed an animal model of this phenomenon that takes advantage
of the rat's preference for sweet solutions to establish alcohol self-
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administration in animals without food and water restriction. These
investigators reported that the “sucrose fading procedure”, which consists
of the introduction of sucrose solutions followed by sucrose/ethanol
solutions and then the gradual elimination of sucrose, can induce rats to
eventually drink a solution that is nearly 10–20% ethanol (Carrillo et al.,
2008; Czachowski et al., 2003; Files et al., 1995, 1996, 1997; Samson et al.,
1999; Sharpe and Samson, 2003; Tolliver et al., 1988). These studies have
provided evidence that the major regulation of alcohol intake in the rat
using thisprocedure is thepost-ingestional effect of alcohol (Samsonet al.,
2002). Taken together these findings suggest that temporary exposure to
sucrose could have long-term consequences in the acquisition and
maintenance of alcohol self-administration.

Studies have shown that sweet preference in most mammals is
regulated by both environmental and genetic factors (Bachmanov et al.,
2003; Kampov-Polevoy et al., 2004; Keskitalo et al., 2007; Sinclair et al.,
1992, Stewart et al., 1994). In a series of studies, Avena et al. (Avena and
Hoebel, 2003; Avena et al., 2004, 2008a,b,c, 2009) have demonstrated
that rats with intermittent access to sucrose, but not with ad libitum
access, became “dependent” on sugar, exhibiting somatic signs of
spontaneous withdrawal when they are food deprived (Colantuoni
et al., 2002). Rats given this treatment also show cross-sensitization
with amphetamineafter aweekof abstinence (AvenaandHoebel, 2003)
and further have been shown to consume greater amounts of ethanol at
higher ethanol concentrations (Avena et al., 2004). These data suggest
that establishing “dependence” on sucrose by using a limited access
paradigm to sweet solutions can increase ethanol intake in rats and
conversely rats given ethanol increase their intake of sucrose. A recent
study has demonstrated that adolescent rats consumemore ethanol but
not more sucrose relative to adults (Maldonado et al., 2008). However,
whether adolescent exposure to sucrose would increase ethanol intake
in adult rats remains to be established.

The present report is part of a larger study characterizing the risks
for and consequences of adolescent drinking in animal models and
humans (Criado et al., 2008; Ehlers et al., 2006: Pian et al., 2008;
Slawecki et al., 2001; Walker et al., 2008). The present experiments
were designed to: (1) investigate whether: water, sucrose, sucrose–
milk, and/or milk consumption during adolescence affected adult
ethanol drinking as initiated by a sucrose fade-out procedure; and (2)
subsequently, whether adolescent exposure to these four solutions
also altered sucrose, sucrose–milk or milk consumption in adult rats
during a single limited access test session.

2. Materials and methods

2.1. Animals

Postnatal 29 days (PND 29) male adolescent Wistar rats, purchased
fromCharles River,MA(n=120; 77±1g (mean±S.E.M))were used in
this study. Adolescence in these rats was defined as PND 23 to PND 55
(Spear, 2000). Rats were housed two/cage in standard plastic cages [25
(w)×20 (h)×45 cm (l)] during the experiment. For the duration of the
experiment, a 12 h light/dark cycle (lights on at 6 am) was in effect and
ad libitum food/water accesswasmaintained. Rats wereweighed in the
morning 1 h before each drinking session (9 am to 10 am) throughout
experiment. Temperature of the colony room and experimental rooms
were constantlymaintained at 71°F. Thework described herein adheres
to the guidelines stipulated in the NIH Guide for the Care and Use of
Laboratory Animals (NIH publication No. 80-23, revised 1996) and was
reviewed and approved by The Scripps Research Institute's Institutional
Animal Care and Use Committee.

2.2. Treatment of non-alcoholic solutions during adolescence

Adolescent (PND29) ratsweredivided into fourgroups andassigned
to four different solutions in a two-bottle choice limited access drinking
paradigm. On each drinking day, each individual rat from each group
was presented with one bottle of water and one bottle of the four
assigned drinking solutions for 1-hour/day, 9 am to 10 am, Monday–
Friday. The four solutionswere: (1)water (W) (n=30); (2) sucrose (S)
(n=29); (3) sucrose–milk (SM) (n=30); or, (4) milk (M) (n=30).
Rats had limited access to thesedrinking solutions for 1/hour/day 5 days
a week from 0900 to 1000 h until PND 51. Drinking sessions were
performed in plastic cages (25 cm (w)×20 cm (h)×45 cm (l)) and rats
(two per cage) were separated with a transparent plastic divider. Prior
to each session, two graduated cylinders (with water and a drinking
solution)with stainless steel drinking tubesweremounted on each side
of the cage divider. The position of the water versus the solution in the
cage was alternated daily to prevent the development of a side
preference. Bottles were weighed to the nearest 0.1 g before and after
the 1-hour access period. The difference inweight indicated the amount
of drinking solution consumed (weight in g is converted to volume in
ml). The procedure used tomix each drinking solutionwas as followed:
sucrose (10% sucrose (w/v)), sucrose–milk (10% sucrose (w/v)+50%
(v/v) of Carnation evaporated milk fromNestle), andmilk (54% (v/v) of
Carnation evaporatedmilk fromNestle). Preference ratiowas calculated
by estimating the volume (ml) of sucrose and/ormilk intake divided by
the total volume (ml) of fluid intake. The number of calories consumed
during the limited access period was also determined.

2.3. Sucrose fade-out procedure

At PND 71 rats were trained to drink ethanol using a modified two-
bottle sucrose substitution procedure (Samson, 1986). Sucrose fading
sessions were carried out 5 days/week, 1-hour/day (9 am to 10 am,
Monday–Friday). The following solutions inone of the bottleswere then
presentedconsecutively across sessions to initiate ethanol drinking: 10%
sucrose (10S) for two sessions, 10% sucrose/2.5% ethanol (10S/2.5E) for
one session, 10% sucrose/5% ethanol (10S/5E) for three sessions, 10%
sucrose/10% ethanol (10S/10E) for four sessions, and 5% sucrose/10%
ethanol (5S/10E) for five sessions. A 10% ethanol (10E) solution was
then presented for 12 sessions. The second bottle contained only water.
The first 6 sessions of 10E are categorized as epoch 1 and second 6
sessions are categorized as epoch 2. The position of thewater versus the
solution in the cage was alternated daily to prevent the development of
a side preference. Bottles were weighed to the nearest 0.1 g before and
after the 1-hour access period. All sucrose solutions were prepared
weight/volume. All alcoholic solutions were prepared weight/volume
from 95% ethanol. The amount of ethanol consumed was estimated by
the grams of 95% ethanol consumedper kilogramof bodyweight (g/kg).

2.4. Test of post-adolescent consumption of non-alcoholic solutions in
adulthood

Consumption of sucrose, sucrose–milk and milk, as compared to
water, was tested subsequent to the sucrose fade-out procedure at
PND 105 using the two-bottle free-choice regimen with limited
access, as previously described. Each group of rats was divided into
three subgroups and all groups were exposed to sucrose, sucrose–
milk, and milk. Rats were exposed to each solution for three
consecutive days over a 9-day period in order to examine the
preference ratio and volume of intake for the solutions. The order of
presentation for the solutions was counterbalanced within the groups
and across days such that on any given day, an equivalent number of
animals from each of the original four groups (i.e., W, S, SM, and M)
were exposed to the three solutions over the 9-day period. Bottles
were weighed to the nearest 0.1 g before and after the 1-hour access
period. The difference in weight indicated the amount of drinking
solution consumed (weight in g is converted to volume in ml).
Preference ratio was calculated by estimating the volume (ml) of
sucrose and/or milk intake divided by the total volume (ml) of fluid
intake.



Fig. 1. (a) The group of adolescent rats that had limited exposed to sucrose–milk (SM)
consumed a higher averaged volume (ml) of solution than adolescent rats in the S or M
group. Data are the mean±SEM; “a” indicates significance different from M group.
⁎⁎p<0.01 indicates significance fromS andMgroups. (b) The groupof adolescent rats that
had limited exposed to sucrose–milk (SM) consumed higher averaged calories than
adolescent rats in the S or M group. Data are the mean±SEM; “a” indicates significance
different from S group. ⁎⁎p<0.01 indicates significance from S and M groups. (c) The
groups of adolescent rats that had limited exposure to sucrose (S), sucrose–milk (SM) and
milk (M) consumedhigher averaged volumes (ml) of solutions than adolescent rats in the
W group. Data are the mean±SEM; “a” indicates significance different from S and M
groups. “b” indicates significance different from S group. ⁎⁎p<0.01 indicates significance
from W group.
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2.5. Statistical analyses

Data analyses were focused on the specific aims which were to: (1)
investigate whether: water, sucrose, sucrose–milk, and/or milk con-
sumption during adolescence affected adult ethanol drinking, as
initiated by a sucrose fade-out procedure and (2) subsequently,
whether adolescent exposure to these four solutions also altered
sucrose, sucrose–milk or milk consumption in adult rats during a single
limited access test session.

To investigate whether water, sucrose, sucrose–milk, and/or milk
consumption during adolescence affected adult ethanol drinking, as
initiated by a sucrose fade-out procedure, first the averaged intake of
solutions and preference ratio of the solutions consumed in the two-
bottle choice paradigm during adolescence was calculated by
estimating the volume (ml) of the solution in one bottle for the four
groups (e.g. water, sucrose, sucrose–milk and/or milk intake) divided
by the total volume (ml) of both the solution bottle and the water
bottle for all the drinking sessions during adolescence. The data were
analyzed by one way ANOVA with repeated measures, with post hoc
testing (Fisher's Least Significance Difference test). Volumes of
solutions of sucrose, sucrose–ethanol, and ethanol consumed by the
S, SM, and M groups as compared to the W group were compared
during the sucrose fade-out procedure using one way ANOVA with
repeated measures, with post hoc testing (Fisher's Least Significance
Difference test). Evaluation of differences in 10% ethanol consumption
for the two different drinking epochs in the four adolescent drinking
groups (W, S, SM and M) were compared using a two way ANOVA
with post hoc testing (Fisher's Least Significance Difference test).
Pearson's linear correlation was used to determine the relationship
between adolescent caloric (calories) and total fluid (ml) intakes with
adult ethanol intakes (g/kg).

To test whether adolescent exposure to these four solutions during
adolescence also altered sucrose, sucrose–milk or milk consumption
in adult rats during a single limited access test session, the averaged
intake of 3-day drinking sessions and preference ratio of the solutions
consumed in the two-bottle choice paradigm was calculated by
estimating the volume (ml) of the solution in one bottle for the four
groups (e.g. water, sucrose, sucrose–milk and/or milk intake) divided
by the total volume of both the solution bottle and the water bottle for
the single drinking session and the data were analyzed by two way
ANOVA (group×solution) with post hoc testing (Fisher's Least
Significance Difference test).

3. Results

3.1. Consumption of sucrose, sucrose–milk and milk during adolescence

Analysis of the average solution intake (ml) for the three solutions
(sucrose, sucrose–milk and milk) consumed during the 1-hour limited
access period during adolescence showed significant differences among
groups [F(2,89)=36.06, p<0.001; Fig. 1a]. Post hoc assessment
revealed that SM group of rats consumed significantly more solution
than S and M groups (p<0.01). In addition, post hoc assessment also
indicated that S group of rats consumed more solution than M group
(p<0.01). Analyses of the preference ratio during the 1-hour limited
access period indicated significant differences among the groups of rats
exposed to sucrose, sucrose–milk or milk [F(2,89)=9.71, p<0.001].
Post hoc analyses revealed that the preference ratios of S [0.97±0.03]
and SM [0.97±0.03] groups were significantly higher than the ratio of
M group [0.95±0.03]. Average calories and total fluid intake during the
1-hour limited access sessions were also calculated and are shown in
Fig. 1b–c. These results showed that the caloric intake of SM group was
significantly higher than S or M group [F(2,89)=202.6, p<0.001] (see
Fig. 1b). Similarly, the totalfluid intake of SMgroupwas higher than S or
M groups [F(3,119)=219.8, p<0.001] (see Fig. 1c). In contrast, W
group during the 1-hour limited access sessions consumed only a small
amount offluid (0.9±0.1ml average per session)with no caloric intake
(Fig. 1b–c). No significant differences in body weight measured on the
last day of the drinking session (PND 51) were observed among
treatment groups [F(3,119)=0.40, NS].
3.2. Effects of adolescent consumption of sucrose, sucrose–milk, milk on
ethanol intake during the sucrose fade-out

Fig. 2 graphically presents the ethanol intake for each day the
animals were evaluated during the sucrose fade-out and during the
10% ethanol drinking sessions for the four treatment groups.



Fig. 3. Mean ethanol intake (g/kg) during different stages of the sucrose fade-out: 10%
sucrose+2.5% ethanol (10S2.5E); 10% sucrose+5% ethanol (10S5E); 10% sucrose+
10% ethanol (10S10E); 5% sucrose+10% ethanol (5S10E). Data are the mean±SEM;
⁎p<0.05 indicates significance different fromWgroup. ⁎⁎p<0.01 indicates significance
different fromW group. 10% ethanol (10E) (Epochs 1 and 2). Data are the mean±SEM;
⁎p<0.05 indicates significance different from the rest of experimental groups.
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One way ANOVA with post hoc analysis of the averaged alcohol
intake during the sucrose fade-out sessions revealed that the solution
drank during adolescence was associated with altered ethanol intake.
Ethanol intake was increased in the 10S/2.5E condition in the S and SM
groups as compared to W group [F(3,118)=20.38, p<0.01; Fig. 3].
Analysis of averaged ethanol intake during the 10S/5E 1-hour sessions
also showed significant differences among groups [F(3,356)=9.79,
p<0.01; Fig. 3]. Post hoc analysis showed that only S group exhibited
higher ethanol intake than W group (p<0.01).

Averaged ethanol intake during the 10S/10E sessions was also
significantly different among groups [F(3,475)=3.54, p<0.05]. How-
ever, post hoc analysis revealed that SM (p<0.05) and M (p<0.01)
groups exhibited significantly lower ethanol intake than W group.
Analysis of averaged ethanol intake during the 5S/10E drinking sessions
also revealed significant differences among groups [F(3,591)=4.85,
p<0.01; Fig. 3]. Post hoc assessment showed that M group showed
significantly lower ethanol intake than W group (p<0.01).

Pearson's linear analysis was used to determine the relationship
between adolescent caloric intakes (calories) and adult ethanol intakes
(g/kg). These findings suggested a significant correlation between
adolescent caloric intake and adult ethanol intake during the 10S/2.5E
session (p<0.01). However, no correlation was observed between
adolescent caloric intake and adult ethanol intake for any of the other
sessions. The relationship between adolescent total fluid intake (ml)
and adult ethanol intake (g/kg) was also tested. Results suggested a
significant correlation between adolescent total fluid intake and adult
ethanol intake during the 10S/2.5E and 10S/5E sessions (p<0.01).
However, no correlation was observed between adolescent total fluid
intake and adult ethanol intake during any other sessions.
3.2.1. Adolescent exposure to milk reduces ethanol intake in adult rats
Analysis of the averaged ethanol intake during the first 6 sessions of

access to 10% ethanol alone (epoch 1) revealed significant differences
among treatment groups [F(3,118)=3.33, p<0.05; Fig. 3]. Post hoc
analysis showed that M group consumed significantly less ethanol than
W, S and SM groups (p<0.05). Analysis of the averaged ethanol intake
during the second6 sessions of access to 10% ethanol (epoch2) revealed
no significant differences among treatment groups [F(3,118)=1.67, NS;
Fig. 3]. However, analysis of ethanol intake during the 12 sessions of
access to 10% ethanol (combined averaged of epochs 1 and 2) showed
no significant differences among treatment groups [F(3,118)=2.47, NS;
data not shown].
Fig. 2. Mean ethanol intake (g/kg) for each individual session across the 25 days of the
sucrose fade-out. Data points represent means; bar represent standard errors.
3.3. Effects of adolescent exposure of sucrose, sucrose–milk or milk on
consumption of three solutions in adult rats

Two way (group×solution) ANOVA of the sucrose intake in adult
rats after adolescent exposure to water, sucrose, sucrose–milk or milk
indicated a main effect of group on post-adolescent sucrose
consumption over a 3-day period [F(3,114)=13.40, p<0.01]. Post
hoc one way ANOVA revealed that S or SM groups consumed
significantly more sucrose than M or W groups [F(3,118)=13.75,
p<0.01; Fig. 4a]. Analysis of sucrose–milk intake in adult rats also
showed amain effect of group on post-adolescent sucrose–milk over a
3-day period [F(3,112)=14.26, p<0.01]. Post hoc one way ANOVA
demonstrated that S and SM groups consumed significantly more
sucrose–milk than the M and W groups [F(3,118)=11.15, p<0.01;
Fig. 4b]. Analysis of adult milk intake showed amain effect of group on
post-adolescent milk consumption over a 3-day period [F(3,112)=
14.26, p<0.01]. Post hoc one way ANOVA showed that S and SM
groups consumed more milk than the W group [F(3,118)=8.45,
p<0.01; Fig. 4c]. However, adult consumption of milk was not
different between S and M groups. Results also indicated that SM
group consumed more milk than M group [F(3,118)=8.45, p<0.01;
Fig. 4c].

Preference ratios were determined for adult rats exposed to the
three different solutions. Analysis of the preference ratio during adult
sucrose exposure indicated significant differences among groups
[F(3,118)=2.90, p<0.05]. Post hoc analysis demonstrated that the
preference ratio for sucrose consumption in M group was lower than
the ratio in S and SM groups (p<0.05; Data not shown).

Analyses of the preference ratio during adult sucrose–milk exposure
indicated no significant differences among groups [F(3,118)=1.69, NS].
Statistical analysis of the preference ratio during adult milk exposure
also indicated no significant differences among groups [F(3,118)=2.01,
NS]. No significant differences in body weight measured on the last day
of post-adolescence exposure to the three solutions (PND 114) were
observed among treatment groups [F(3,118)=0.53, NS].

4. Discussion

Studies of food likes and dislikes in humans have clearly demon-
strated that prior exposure to a particular flavor enhances the “liking”
for that flavor and that this “liking” may generalize to other flavors
particularly those associated with calories and sweet tastes (Crandall,
1985; Pliner,1982; Yeomans et al., 2006). In animal studies, sucrose
feeding at weaning has been found to increase the preference for



Fig. 4. (a) Post-adolescent consumption of sucrose (ml) during a 3-day drinking
session. Rats in the S and SM groups consumed more sucrose than M and W groups.
Data are the mean±SEM; ⁎⁎p<0.01 indicates significance from W and M groups.
(b) Post-adolescent consumption of sucrose–milk (ml) during a 3-day drinking session.
Rats in the S and SM groups consumed more sucrose–milk than M and W groups. Data
are the mean±SEM; “a” indicates significance different from S group. ⁎⁎p<0.01 and
⁎p<0.05 indicate significance from W and M groups. (c) Post-adolescent consumption
of milk (ml) during a 3-day drinking session. Rats in the S and SM groups consumed
more milk than W group. Data are the mean±SEM; “a” indicates significance different
from S and M groups. ⁎⁎p<0.01 indicates significance from W group.
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sucrose in adolescence (Sato et al., 1991). Data from the present study
extend those findings by exploring the effect of limited access drinking
of sucrose and milk during adolescence on the consumption of those
solutions in adulthood.Aspredicted, adolescentexposure to sucrose and
sucrose–milk solutionswas found to increase sucrose and sucrose–milk
consumption in adult rats.

In contrast, in the present study, limited access to milk during
adolescence had no effect on adult consumption of sweet solutions or
milk, as compared to rats that only had access to water during
adolescence. How milk may influence ingestion of other solutions in
the environment is not entirely known. One study reported that
inhibition of rostral opioid receptors by naloxone increased the time of
oral grasp response, decreased total time on the nipple, and eliminated
ingestion ofmilk from an artificial surrogate nipple (Petrov et al., 1998).
In contrast, naloxone had no effect on the ingestion of water (Petrov
et al., 1998). Moreover, another study found that milk consumption is
positively correlated with DA function in the nucleus accumbens in rats
(Richardson and Gratton, 1996). These studies demonstrated that milk
consumption can activate reward systems, and this is consistent with
our present findings demonstrating that adolescent rats prefer milk as
compared to water during limited access. However, the present study's
results did not provide evidence to suggest that exposure to limited
access milk in adolescence modifies milk drinking in adults.

The effect of early exposure to a solution enhancing consumption of
that solution later in life has also been shown in the case of exposure to
ethanol. In one study fetal or infantile exposure to ethanol in rats was
found to promote ethanol ingestion in adolescence and adulthood (see
Spear andMolina, 2005). In another study, ethanol exposure during the
periadolescent period in rats was found to lessen conditioned aversion
to ethanol in adulthood (Diaz-Granados andGraham,2007).What is not
clear is whether exposure to specific fats, sugars, or special flavors
during adolescence can enhance other solutions, such as ethanol intake,
in adulthood.

The present study explored the effect of limited access to milk,
sucrose–milk and sucrose exposure during adolescence on ethanol
drinking in adults. The results of the present study demonstrate that
adolescent rats that had limited access sucrose solutions consumed
significantly more of an ethanol/sugar solution (10% sugar and 2.5 or
5% ethanol concentrations) than control rats as adults. These data are
consistent with human studies that have found that drinks with
chocolate milk and sugary/fruity tastes that had between 5% and 9%
ethanol had the highest acceptability, especially among children and
adolescents (Copeland et al., 2007). Thus these data suggest that
exposure to sucrose during adolescence may increase the tolerability
and/or enhance the reinforcing properties of drinking low concentra-
tions of ethanol combined with sucrose as an adult.

Unexpectedly, our results indicated that adolescent rats exposed to
milk consumed significantly less ethanol as adults than rats exposed to
water during the last three stages of the sucrose fading procedure (10S/
10E, 5S/10E, and 10E). These results suggest that reduced ethanol intake
in adulthoodmay not be due to a “hedonic effect” of palatable solutions
during adolescence, as only the rats exposed tomilk showed changes in
ethanol-alone intake in adulthood. If the observed reduced ethanol
intake in rats exposed to milk is due to a hedonic effect, then the other
two groups of rats exposed to sweet solutions should have also shown a
reduction in ethanol intake. It is possible thatmilkmaypossess a specific
property that alters the taste or “mouth feel” of ethanol following
adolescent exposure to milk.

The perception of flavors in milk is one of the mammal's earliest
sensory experiences and milk flavor has an effect on later food
acceptance (Sullivan and Birch, 1994). However, it is still unknown
why rats exposed to milk, but not sucrose–milk, during adolescence
showed a reduction in ethanol intake. Milk contains substantial
macronutrients such as fatty acids and proteins, which provide a
considerable quantity of calories (Berkey et al., 2005). It is possible that
adolescent caloric and fluid intake played an important role in reducing
adult ethanol intake in the present study. However if that was true then
adolescent rats exposed to sucrose–milk should have also shownhigher
ethanol intake during the 10S5E drinking sessions, which was not the
case. Therefore the present results suggest that adult ethanol intake
does not solely reflect a history of higher caloric intake. Another possible
explanation is that the macronutrients in milk (e.g. fats and/or amino
acids) could produce long-term direct effects on systems regulating
ethanol preference. Some studies have shown that maternal nutrition
can modify the neural systems that regulate appetite in the brain of the
offspring (Breier et al., 2001; McMillen et al., 2005; Muhlhausler et al.,
2006), perhaps such systems may also impact ethanol intake.
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Milk and sucrose–milk may differentially activate overlapping
neural pathways that regulate feeding and reward (e.g., opioid and
DA) (Olszewski and Levine, 2007) as well as taste preferences. There
is ample evidence to suggest that the reinforcing properties of both
alcohol and sweet substances may be mediated by overlapping
neurotransmitter systems such as DA and endogenous opioids (Avena
et al., 2004, 2006; Eiler et al., 2003; Froehlich and Li, 1994; Hodge
et al., 1994; June et al., 2004; Kelley et al., 2002; Wise, 1998; Wise and
Rompre, 1989). Human studies have also shown that opioid
antagonist can change the taste of sweet substances (Bertino et al.,
1991; Drewnowski et al., 1992; Fantino et al., 1986).

Orexigenic neuropeptides such as neuropeptide Y and Galanin could
also be impacted by early dietary experiences. Galanin has been shown
to stimulate the consumption of high-fat foods as well as increase the
intake of ethanol (Barton et al., 1995; Leibowitz and Kim, 1992; Lewis
et al., 2004; Rada et al., 2004; Tempel et al., 1988). The consumption of
fat or ethanol can, alternatively, increase the expression of galanin in the
hypothalamus (Akabayashi et al., 1994; Chang et al., 2004). Studies have
shown that the molecular function of galanin receptors is age-
dependent (Planas et al., 1994a,b; Rossmanith et al., 1994;). Therefore,
it is possible that galanin's role in reducing or stimulating ethanol intake
could also be age-dependent. Further studies aimed at more directly
evaluating the mechanisms underlying the effects of early dietary
experiences on ethanol intake will be necessary to isolate the neural
systems responsible for this phenomena.

The present study is thefirst report to showa link between sugar and
milk consumption in adolescence and subsequent consumption of
ethanol. Limited access exposure to sugar appears to enhance ethanol
consumption at low doses when it is combined with sucrose whereas
milk consumption reduces intake of ethanol alone. Studies character-
izing the mechanisms underlying these phenomena may also provide
another approach to the early prevention of alcoholism.
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