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Abstract

Given that human adolescents place a high value on social interactions—particularly while
consuming alcohol—the current study utilized a novel social drinking paradigm to examine
rewarding and aversive properties of ethanol in non-water deprived rats that were housed and
tested in groups of five same-sex littermates. On postnatal day (P) 34 (adolescents) or P69
(adults), rats were habituated to the testing apparatus for 30 min. On the next day, animals were
placed into the test apparatus and given 30-min access to a supersaccharin solution (3% sucrose;
0.125% saccharin), followed immediately by an intraperitoneal injection of ethanol (0, 0.25, 0.5,
1.0, 1.5 g/kg). Subsequent intake of the supersacharrin solution was assessed on three consecutive
test days. Adolescent males were less sensitive to ethanol’s aversive effects than adult males, with
adolescent males maintaining an aversion on all three test days only at the 1.5 g/kg dose, whereas
adults demonstrated aversions across test days to 1 and 1.5 g/kg. Adolescent females maintained
aversions to 1 and 1.5 g/kg across days, whereas adult females continued to show an aversion to
the 1.5 g/kg dose only. These opposite patterns of sensitivity that emerged among males and
females at each age in the propensity to maintain an ethanol-induced taste aversion under social
conditions may contribute to age- and sex-related differences in ethanol intake. Testing in social
groups may be useful for future work when studying rodent models of adolescent alcohol use
given the importance that human adolescents place on drinking in social settings.

Adolescence is the transition from childhood to adulthood characterized by a number of
behavioral, hormonal, and neural changes that are highly conserved across mammalian
species [1]. Although there is no specific incident that determines the beginning and end of
adolescence, in humans, the transition from immaturity to maturity is thought to roughly
include the second decade of life [2], with a late adolescent/emerging adulthood transition
continuing into the twenties [3]. In rodents, neural, behavioral, and hormonal alterations
associated with adolescence occur from postnatal (P) day 28-42 (early-to-mid adolescence),
with late adolescence/emerging adulthood continuing from P42-55 [4]. A notable feature of
adolescence is an increase in importance of and time spent interacting with peers, an age-
specific characteristic evident in both humans [5] and rodents [6, 7] and thought to reflect
associations beneficial for the transition into adulthood [8].
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In addition to a greater focus on peer-directed social interactions, adolescence is a period in
life during which alcohol use is commonly initiated [9], with levels exceeding those
observed in adulthood [10]. The higher rates of alcohol intake observed in human
adolescents have likewise been supported in rodent models [11, 12]. Social interactions
appear to play a role in these adolescent-typical increases in alcohol use. For instance,
adolescents report consuming alcohol mostly for its ability to encourage and facilitate ease
of interactions with peers [see 13, for review]. Similarly, animal models have demonstrated
that low doses of ethanol enhance social interactions in adolescents [7, 14], whereas this
effect is not observed in adults under normal, non-stressful, conditions [14]. On the other
hand, when compared with adults, adolescents are relatively insensitive to the social
inhibition that emerges at moderate-to-high ethanol doses [14]. This adolescent-typical
combination of enhanced sensitivity to ethanol-induced social facilitation coupled with an
insensitivity to adverse effects (e.g., social inhibition) of ethanol may promote ethanol
consumption in adolescents.

One of numerous adverse effects of ethanol to which adolescents are less responsive than
adults is its ability to serve as an unconditioned stimulus in a conditioned taste aversion
(CTA) paradigm [15, 16]. There is evidence supporting a negative relationship between the
magnitude of CTA in adolescence and later ethanol consumption in adulthood [16]. Indeed,
ethanol intake and ethanol CTA have been generally found to be negatively correlated [17],
supporting the suggestion that aversive properties of ethanol may discourage drinking.
Studies to date exploring ethanol’s aversive effects in adolescence have typically been
conducted in singly or pair-housed animals, although recent data from our laboratory has
demonstrated that exposure to a social peer during ethanol intoxication in the CTA paradigm
attenuated sensitivity to ethanol’s aversive effects in adolescents but not adults [18]. Given
the importance of social interactions for adolescents, further development of social models
to examine age differences in ethanol aversions are likely to yield data of potential relevance
to human adolescents.

Sex differences in ethanol intake are particularly prevalent in adult rodents, with adult
females typically consuming greater levels of ethanol than adult males [11]. These sex
differences in ethanol intake patterns, however, are often less apparent in adolescent rodents
[11, 19]. These findings correspond with the human data demonstrating that sex differences
in ethanol intake begin to appear in late-adolescence, albeit in the opposite direction (i.e.,
greater number of drinks consumed in men than women). In prior work, our laboratory
observed a lack of sex differences in ethanol-induced CTA in adult animals, whereas
adolescent females exposed to a social partner displayed both a conditioned taste preference
at a low dose of ethanol and ethanol-induced CTA at higher doses—effects not observed in
adolescent males [18].

The present study explored age and sex differences in ethanol CTA among non-deprived
animals housed and tested in groups of five same-sex littermates. A wide ethanol dose range
was used in order to assess potential taste preferences as well as taste aversions to ethanol
among animals conditioned and tested in a social setting.

The experimental subjects consisted of 170 Sprague-Dawley rats bred in our colony at
Binghamton University. All animals were kept in a temperature-controlled vivarium
maintained on a 12:12-hr light/dark cycle (lights on at 0700). Litters were culled to five
males and five females within 24 hours after birth, with pups weaned on P21 and housed
thereafter in plastic cages with five same-sex littermates. All animals were treated in
accordance with the animal care guidelines established by the National Institutes of Health
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under protocols approved by the Binghamton University Institutional Animal Care and Use
Committee. Animals had ad libitum access to food and water throughout the duration of the
experiment.

To examine the effects of ethanol sensitivity in the CTA paradigm, a 2 age (adolescent,
adult) x 2 sex x 5 ethanol dose (0, 0.25, 0.5, 1.0, 1.5 g/kg) experimental design was used.
On P34 (adolescents) and P69 (adults), each set of littermates housed together was
habituated to the test context by placing the littermates together in the context (i.e., a white
opaque plastic cage [50.8 x 40.64 x 20.32 cm]) for 30 min. and then returning them to their
home cage until the next day. On conditioning day, cage mates were again placed together in
the testing context and videotaped (SONY handycam) while being given a 30-min access to
a novel sweetened supersaccharin solution containing 3% sucrose and .125% saccharin in
water—a modification of the “supersac” intake procedure [20] used previously in our
laboratory [21]. Immediately thereafter, bottles were removed and each animal in the group
was injected intraperitoneally with a different challenge dose of ethanol. Ethanol dose was
varied altering the volume of the 12.6% (v/v) ethanol solution in physiological saline, with
control animals given saline at a volume equivalent to the highest ethanol dose. After
injection, animals were returned to their home cage and left undisturbed for 24 hr. For the
following three days post-conditioning (i.e., test days), cage mates were placed into the
testing context while being given access to the supersaccharin solution for 30 min. On these
three days of testing, animals received no injections and were immediately placed back into
their home cages following each drinking session. Prior to all sessions, each experimental
subject was weighed and given a unique mark across its back to enable individual animal
identification on the video recordings of the conditioning and test sessions.

Intake values from the conditioning and post-injection test days were examined for outliers,
with 16 animals removed prior to data analyses (final n=7-10/group). Data from 11 animals
were removed due to low baseline intake—i.e., less than 1 ml: 3 Adolescent females (one
each from the 0.5, 1.0, and 1.5 g/kg groups); 4 Adolescent males (one from the 0, 0.25, 1.0,
1.5 g/kg groups); and 4 Adult females (one from the 0 and 1.5 g/kg groups; 2 from the 1.0 g/
kg group). Data from five additional animals were eliminated due to exceeding outlier
criteria of +2 standard deviations from the mean: one Adolescent female and 2 Adolescent
males from the 0 g/kg groups; and 2 Adult females (one from the 0.25 and 1.5 g/kg groups).
Individual consumption was estimated by determining time spent drinking (sec) during the
30-min videotaped session by each animal in the group; this number for each animal was
then transformed to percentage of the total intake time of the group, and multiplied by total
ml of intake of the group to obtain an intake estimate for each animal. Preliminary work
from our laboratory confirmed a significant correlation between time spent drinking and
volume consumed of a supersaccharin solution in individually-housed adolescent male
(r=0.92) and female (r=0.90) rats as well as their adult counterparts (r=0.92, r=0.97,
respectively).

Baseline intake data assessed prior to ethanol injection on conditioning day were analyzed
using a 2 age (adolescent, adult) x 2 sex x 5 ethanol dose (0, 0.25, 0.5, 1.0, 1.5 g/kg)
analysis of variance (ANOVA), whereas intake data across the three test days were analyzed
via a 2 age (adolescent, adult) x 2 sex x 5 ethanol dose (0, 0.25, 0.5, 1.0, 1.5 g/kg) x 3 (test
day) mixed-factor ANOVA, with test day treated as a repeated measure. The supersaccharin
intake across test days data violated the assumption of homogeneity of variance and were
transformed using a square root transformation to improve homogeneity prior to analyses.
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Fisher’s LSD test was used to determine significant effects and interactions. Ethanol-
induced CTA was indexed via significant decreases in supersaccharin intake relative to
corresponding saline-injected controls. All data are graphed using raw data for ease of
interpretation and reflect mean + SEM.

The factorial ANOVA of baseline supersaccharin intake revealed a significant main effect of
age [F(1,155) = 23.83, p<0.000001], with adult animals of both sexes consuming more of
the supersaccharin solution than adolescent males and females (Figure 1).

Analysis of the test day intake revealed main effects of age [F(1,134) = 9.41, p<0.01] and
dose [F(4,134) = 22.55, p<0.00001] as well as day x sex [F(2,268) = 7.02, p<0.001], day x
dose [F8,268) = 2.15, p<0.05], and day x age x sex x dose [F(8,268) = 2.86, p<0.05]
interactions. Fisher’s post-hoc test showed that, in adolescent females, significant decreases
in supersaccharin intake relative to saline-injected controls emerged after conditioning with
1 and 1.5 g/kg ethanol and were maintained across the three test days (Figure 2, top left).
Adolescent males consumed significantly less supersaccharin solution on test day 1 than
saline-conditioned animals after conditioning with 1 and 1.5 g/kg ethanol, maintaining an
aversion on subsequent testing days only at the 1.5 g/kg dose (Figure 2, top right). In adults,
females displayed an aversion to 1 g/kg ethanol only on day 1, whereas an aversion to 1.5 g/
kg ethanol was maintained across all three test days (Figure 2, bottom left). Adult males
expressed and maintained aversions to 1 and 1.5 g/kg ethanol across all three test days
(Figure 2, bottom right).

Both age- and sex-related differences in the expression and extinction of a CTA to ethanol
were seen in this study, where animals were conditioned and tested in a social context.
Adolescent males and adult females showed an attenuated sensitivity to the aversive
properties of ethanol relative to their same age, opposite sex counterparts. Age differences in
dose of ethanol required to maintain CTA across days were also evident in both sexes, with
adolescent males requiring a higher dose (1.5 g/kg) than adult males (1.0 g/kg) to express
ethanol CTA on all test days. An opposite age-related pattern of ethanol sensitivity was
evident in females. Although 1.5 g/kg ethanol was sufficient to produce a CTA in adult
males in the current study, we have previously shown that this dose of ethanol elicits a
conditioned place preference (CPP) in adult male rats [22]. It is not uncommon for the same
dose of a drug of abuse to result in a place preference and taste aversion [23, 24]. Aside
from obvious differences associated with place and taste conditioning (e.g., spatial location
vs flavor), differences in procedural manipulations likely contributed to the opposite results
found. It is possible that number of injections and timing of ethanol administration played a
role, given that rats in the CPP study were conditioned for four days and injected
immediately before placement into the place conditioning chamber on each day, whereas
rats in the current study were injected once immediately after being removed from the test
chamber. It has been shown that rats conditioned with multiple pairings of ethanol at
moderate doses (i.e., 1 g/kg) do show a preference for the ethanol-paired side [24, 25] and a
CTA [24]. Thus, it is possible that multiple pairings of ethanol may reduce the aversive
properties of ethanol associated with a particular context; however, it should be noted that
multiple injections of moderate doses of ethanol do continue to produce CTA in rats [15],
demonstrating that the differences in acquisition of preference and avoidance to the same
dose of a drug is dependent on the type of conditioning paradigm used.

A sex difference in sensitivity to the aversive effects of ethanol in this CTA test was seen in
adolescents (with adolescent males expressing an aversion only on test day 1 after 1 g/kg,
whereas adolescent females maintained an ethanol-induced CTA at this intermediate dose on
all three test days. These findings support those of Vetter-O’Hagen and colleagues (2009)
demonstrating that when tested in the presence of a conspecific, adolescent males were less
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sensitive to the aversive effects of ethanol than adolescent females. In contrast, although the
study by Vetter-O’Hagen et al. (2009) revealed no evidence for sex differences in adults, sex
differences in ethanol CTA were evident in the present study where adults were tested at 1
g/kg, with females being less sensitive than males. It should be noted, however, that no sex
differences were apparent on day 1, with these differences emerging on subsequent test
days. The reduced sensitivity to EtOH-induced CTA in females corresponds with previous
research in adults tested over multiple days [26]. An insensitivity of adult females to the
aversive effects of ethanol may permit them to consume more ethanol than their adult male
counterparts before experiencing aversive effects that presumably serve to moderate intake.

While age differences in the dose required to maintain ethanol-induced aversions over days
were evident in both males and females, the effects were opposite at each sex. The need for
a greater dose of ethanol in males to maintain CTA over days in adolescence than in
adulthood is consistent with numerous reports demonstrating that adult males are more
sensitive to the aversive effects of ethanol in a CTA paradigm, regardless of testing
procedures [15, 16, 18]. Yet, an opposite pattern of age-related sensitivity to EtOH-induced
CTA emerged in females, with it being the adult females who exhibited only transient
aversions to the 1 g/kg ethanol dose, whereas their adolescent counterparts demonstrated and
maintained aversions to 1 and 1.5 g/kg ethanol. It is unclear why adult females would be less
sensitive to the aversive effects of ethanol than adult males and adolescent females. One
possibility is that social housing and testing of females may have reduced anxiety that may
be associated with typical CTA test circumstances where animals are not housed and tested
in large social groups, decreasing their sensitivity to the aversive properties of ethanol.
Indeed, adult females have been shown to be more affected by isolate-housing in terms of
suppressing social interactions than are males [27]. Estrous cycle was not determined or
controlled, and hence it is also possible that variations across days and among females in
stage of the estrous cycle could have increased variability in the data sufficiently to disrupt
expression of CTA among adult females tested at the intermediate dose. Previous research
has shown that reproductive status (i.e., stage of estrous) influences taste reactivity in female
rats [28]. However, the possibility that gonadal hormones influenced the aversive properties
of ethanol in females appears unlikely, in that we have previously shown no differences in
ethanol-induced CTA among females that were pre- or post-pubertally ovariectomized when
they were compared with age-matched sham-operated or non-manipulated controls [21].

Both adolescent and adult animals of each sex demonstrated an aversion to the highest
ethanol doses on the first day, with differences emerging among the groups by the second
and third test days. Differences in rate of extinction that emerged between males and
females at each age are likely due to the strength of CTA acquisition. Prior evidence
suggests that an animal’s resistance to extinction is a particularly sensitive indicator of how
strongly it acquires a conditioned response, with extinction delayed in animals that have
acquired stronger conditioned responses [e.g., 29]. Resistance to extinction has also been
observed to change as a function of age, with aged and middle-aged mice taking longer to
extinguish a lithium-chloride-induced CTA than younger mice [30]. Thus, the persistent
aversion seen over test days in adolescent females and adult males after conditioning with
the 1 g/kg dose likely reflects stronger CTA at this dose than that seen in adolescent males
and adult females who no longer displayed a significant aversion by the second test day
following conditioning at this dose.

A limitation of the current study is that we did not directly compare animals trained and
tested in a social context versus in isolation to determine the possible role that group
housing/testing per se plays in the development of an ethanol CTA. However, comparisons
with other studies performed in our laboratory found ethanol-induced CTAs in isolate- and
pair-housed adults at similar doses (e.g., 1 and 1.5 g/kg) as used here [15, 18]. In those
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studies, however, adolescents did not demonstrate an aversion to the 1 g/kg dose (as was
observed on test day 1 here), with aversions to the 1.5 g/kg dose even emerging only in one
of the studies [15]. The seeming enhanced sensitivity to ethanol CTA among adolescents
seen under the social training/test conditions used in the present study relative to animals
trained/tested alone as in prior work [15, 18] could be related to the social circumstances of
conditioning/testing, or to other procedural variables, such as the use of different CS’s (e.g.,
saccharin, sucrose, and supersaccharin). The current study used a highly palatable tastant,
supersaccharin, to encourage intake of the CS without the need for water deprivation. Yet,
there is evidence suggesting that the hedonic value of the CS influences the strength of the
CTA [31], with for instance evidence that rats exposed to a lower hedonic-valued CS
demonstrate a stronger lithium chloride CTA than those exposed to a CS with a higher
hedonic value [31]. Although not tested in that study [31], it is possible that differences in
the hedonic value of the CS may also alter sensitivity to the US; thus, rats may require
different doses of ethanol to induce a CTA depending on the value placed on the CS by the
rats. Although care should be taken when interpreting CTA results that use highly palatable
solutions, the results of the current study are in line with those using more neutral CSs in
finding similar age-related differences in sensitivity to ethanol-induced CTA [16, 18].

The observed sex and age differences in the propensity to form ethanol CTA may contribute
to age- and sex-related differences in ethanol intake. For instance, the insensitivity of
adolescent males to the aversive effects of ethanol relative to their adult counterparts may
permit the elevated ethanol consumption levels typically seen during adolescence,
particularly among males [11, 12]. Likewise, adult females may consume more ethanol than
their male counterparts [11, 18] perhaps in part because they are not as sensitive to the
aversive consequences of ethanol as adult males. Given that human adolescents typically
drink in social settings and place high value on social interactions while consuming alcohol,
testing animals in familiar social groups as in the present study may prove useful in future
work using basic animal models to explore potential contributors to elevated ethanol use in
human adolescents.
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Figure 1.
Baseline supersaccharin (supersac) intake (ml) in adolescent and adult, male and female rats.
# reflects a significant main effect of age.
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rats on the three days post-ethanol injection. * reflects a significant difference from same
age- and sex- saline-injected control animal.
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