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Abstract

Background—In human adolescents, heavy drinking is often predicted by high sociability in 

males and high social anxiety in females. This study assessed the impact of baseline levels of 

social activity and social anxiety-like behavior in group-housed adolescent and adult male and 

female Sprague-Dawley rats on ethanol intake when drinking alone or in a social group.

Methods—Social activity and anxiety-like behavior initially were assessed in a modified social 

interaction test, followed by six drinking sessions that occurred every other day in animals given 

ad libitum food and water. Sessions consisted of 30-min access to 10% ethanol in a “supersac” 

(3% sucrose + 0.1% saccharin) solution given alone as well as in groups of five same-sex 

littermates, with order of the alternating session types counterbalanced across animals.

Results—Adolescent males and adults of both sexes overall consumed more ethanol under social 

than alone circumstances, whereas adolescent females ingested more ethanol when alone. Highly 

socially active adolescent males demonstrated elevated levels of ethanol intake relative to their 

low and medium socially active counterparts when drinking in groups, but not when tested alone. 

Adolescent females with high levels of social anxiety-like behavior demonstrated the highest 

ethanol intake under social, but not alone circumstances. Among adults, baseline levels of social 

anxiety-like behavior did not contribute to individual differences in ethanol intake in either sex.

Conclusions—The results clearly demonstrate that in adolescent rats, but not their adult 

counterparts, responsiveness to a social peer predicts ethanol intake in a social setting – 

circumstances under which drinking typically occurs in human adolescents. High levels of social 

activity in males and high levels of social anxiety-like behavior in females were associated with 

elevated social drinking, suggesting that males ingest ethanol for its socially enhancing properties, 

whereas females ingest ethanol for its socially anxiolytic effects.
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Alcohol is a widely used substance by American adolescents (Johnston et al., 2013). A 

critical question regarding adolescent use of alcohol is why do young people drink and 

sometimes drink excessively? The impact of social context on adolescent drinking is viewed 

as particularly important (Read et al., 2003), with young individuals typically using alcohol 

in social situations (Kuntsche et al., 2005). Analysis of drinking motives and personality 

factors revealed two distinct types of adolescents that engage in heavy drinking (Ham and 

Hope, 2003; Kuntsche et al., 2006): those that drink to enhance positive emotions, and those 

that drink to cope. Adolescent males who demonstrate high sociability, impulsivity, and high 

levels of novelty seeking report enhancement motives more frequently than adolescent 

females (Cooper, 1994). Adolescent females who show high levels of anxiety, especially in 

social situations, report drinking for coping reasons (i.e., drinking to avoid negative affective 

states) more frequently than males (Comeau et al., 2001).

One limitation of the human data, however, is the frequent use of single session, self-report 

questionnaires, thereby limiting causal interpretation of the results. Empirical studies of 

underage drinking are also limited by ethical considerations that constrain administration of 

alcohol to adolescents. Similarities found between adolescent humans and those of other 

mammalian species in developmentally-related neural, hormonal and behavioral alterations 

provide reasonable justification for the use of animal models of adolescent alcohol 

consumption (Spear, 2000, 2011). In humans, adolescence is often thought to subsume the 

second decade of life, with a late adolescence / emerging adulthood period extending into 

the mid-late twenties (Arnett, 2000). In rats, a conservative age range during which 

adolescent-characteristic behavioral and neural features are evident in males and females is 

the range between postnatal days (P) 28 and P42 (Spear, 2000), with a late adolescence / 

emerging adulthood period extending from P42 – P55 or so (Schneider, 2013; Vetter-

O’Hagen and Spear, 2012).

High levels of ethanol consumption are evident not only in human adolescents but in 

adolescents of other mammalian species, with for instance adolescent rats ingesting more 

ethanol relative to their body weights than do adults (Doremus et al., 2005; Hargreaves et 

al., 2011; Schramm-Sapyta et al., 2013; Vetter-O’Hagen et al., 2009). The vast majority of 

animal models of ethanol intake have tested animals alone (see Crabbe et al., 2011 for a 

review). Assessment of drinking under social circumstances, however, seems of 

considerable importance, given the prominent influence of the social environment on 

ethanol intake (see Anacker & Ryabinin, 2010).

Sensitivity to ethanol and other drugs may be also affected by social circumstances. For 

example, exposure to a social peer during intoxication modified responsiveness to aversive 

properties of ethanol in adolescents, but not in adults. Adolescent males housed alone during 

the intoxication period showed conditioned taste aversion (CTA) at 2.0 g/kg ethanol, 

whereas the presence of a peer attenuated expression of CTA at this ethanol dose (Vetter-

O’Hagen et al., 2009). While decreasing responsiveness to the aversive properties of 

ethanol, social interactions have been reported to enhance the rewarding value of cocaine 

(Thiel et al., 2008) or nicotine (Thiel et al., 2009) in adolescent rats tested in a conditioned 

place preference paradigm.
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Given the importance of social interactions in ethanol drinking, Experiment 1 assessed the 

impact of drinking context (alone or in a social group) in group-housed adolescent and adult 

male and female rats using a within-subject design. Levels of social activity were also 

assessed to investigate whether high baseline sociability serves as a major contributor to 

elevated levels of social ethanol intake in adolescent males, whereas elevated levels of 

anxiety-like behavior under social circumstances contribute to high intake in a social context 

in adolescent females. Since a sweetened ethanol solution was used in Experiment 1, 

Experiment 2 was conducted to determine whether social contributors were specific to 

ethanol by assessing intake of the sweetened solution alone.

General Methods

Subjects

Adolescent and adult male and female Sprague-Dawley rats (n=352) bred and reared in our 

colony at Binghamton University were used. All animals were housed in a temperature-

controlled (22°C) vivarium maintained on a 14-/10-hr light/dark cycle (lights on at 07:00 hr) 

with ad libitum access to food (Purina Rat Chow, Lowell, MA) and water. Litters were 

culled to 10 (5 male and 5 female) pups whenever feasible on postnatal day (P) 1 and housed 

with their mothers. Pups were weaned on P21 and placed together with their same-sex 

littermates. In all respects, maintenance and treatment of the animals were in accord with 

guidelines for animal care established by the National Institutes of Health, using protocols 

approved by the Binghamton University Institutional Animal Care and Use Committee.

Procedure

Social interaction testing was initiated on P30 or P70. Starting at P36 for adolescents and 

P76 for adults, intake of the sweetened ethanol solution was then assessed every other day 

over six 30-min drinking sessions (3 sessions of social drinking alternating with 3 sessions 

of drinking alone) in Experiment 1. In Experiment 2, only adolescent animals were tested 

using procedures similar to those of Experiment 1 except that intake of a sweetened solution 

used as the vehicle for ethanol was assessed.

Modified Social Interaction Test

On test day, each experimental animal was placed individually for 30 min in a two-

compartment testing apparatus (overall dimensions: 30 × 20 × 20 cm for adolescents and 45 

× 30 × 20 cm for adults) with an aperture (7 × 5 cm for adolescents and 9 × 7 cm for adults) 

connecting the two sides. A peer of the same age and sex was then introduced for a 10-min 

test period. Partners were always unfamiliar with both the test apparatus and the 

experimental animal, and were not socially deprived prior to the test (Varlinskaya and Spear, 

2002). Weight differences between test subjects and their partners were minimized and did 

not exceed 10 g at P30 or 20 g at P70, with test subjects always being heavier than their 

partners.

The behavior of the animals was video recorded, with real time being directly stamped onto 

the recording for later scoring (Easy Reader II Recorder; Telcom Research TCG 550, 

Burlington, Ontario). All testing procedures were conducted between 9:00 and 13:00 hr 
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under dim light (15–20 lx). Behavioral data were scored from the video records by trained 

observers without knowledge of the experimental condition of any animal. Agreement 

between observers was in excess of 90% for each measure of social behavior.

Overall social activity was scored as the sum of the frequencies of the following social 

behaviors: social investigation (sniffing of any part of the body of the partner), contact 

(crawling over and under the partner and social grooming), and play behavior (pouncing or 

playful nape attack, chasing, and pinning).

The number of crossovers (movements between compartments) demonstrated by the 

experimental subject toward the partner and the number of crossovers away from the partner 

was also determined for each session (Varlinskaya and Spear, 2002). Levels of social 

anxiety-like behavior were indexed using these data via a coefficient of social preference/

avoidance [Coefficient (%) = (crossovers to − crossovers from) / (crossovers to + crossovers 

from)]. Low social anxiety-like behavior was defined by high positive values of the 

coefficient, whereas high levels of social anxiety-like behavior were associated with 

extremely low positive or negative values (Doremus-Fitzwater et al., 2009; Varlinskaya et 

al., 2010).

Drinking Procedure

Rats were given access to 10% ethanol in “supersac” solution (3% sucrose + 0.125% 

saccharin, see Ji et al., 2008) in a novel cage during a 30-min drinking session every other 

day (six sessions) from P36 to P46 for adolescents and P76–86 for adults (Experiment 1). 

Only six drinking sessions were employed, given that long-lasting ethanol exposure during 

adolescence can alter social activity and anxiety-like behavior, at least in male subjects 

(Varlinskaya et al., 2014), with these alterations markedly complicating assessment of social 

contributors to ethanol intake. On alternating days for each animal, ethanol access occurred 

either alone (one bottle of ethanol solution) or in a group of four - five littermates (2 bottles 

with ethanol), with the order of social/alone drinking sessions counterbalanced within each 

age/sex group. Animals were not food or water deprived. All social drinking sessions were 

video recorded, with individual intakes extrapolated from the proportional time spent 

drinking per individual animal × g ethanol consumed by the group / body weight. Our 

preliminary study demonstrated a significant correlation between time spent drinking and 

volume consumed of ethanol solution in individually tested adolescent male (r=0.92, p 

=0.0007) and female (r=0.90, p=0.0003) rats as well as their adult counterparts (r=0.92, 

p=0.0001, r=0.97, p<0.0001, respectively), therefore, confirming that time spent drinking is 

a reliable measure for assessment of ethanol intake. Experiment 2 was conducted similarly, 

with adolescent animals only being tested with ”supersac” solution.

Blood Ethanol Determination

Trunk blood samples were collected immediately after the last drinking session. Samples 

were assessed for blood ethanol concentration (BEC) via headspace gas chromatography 

using a Hewlett Packard (HP) 5890 series II Gas Chromatograph (Wilmington, DE).
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Data Analyses

In Experiment 1, age and sex differences in ethanol intake under social or alone 

circumstances averaged across the three drinking sessions were analyzed using a 2 (age) × 2 

(sex) × 2 (drinking context) analysis of variance (ANOVA), with context treated as a 

repeated measure. In Experiment 2, sex differences in ethanol intake under social or alone 

circumstances in adolescent rats were assessed using a 2 (sex) × 2 (drinking context) 

ANOVA, with context again treated as a repeated measure. Ethanol intake and BECc 

assessed on the last test day in Experiment 1 were analyzed using separate 2 (sex) × 2 (age) 

× 2 (drinking context) ANOVAs, with context in these analyses being a between-subject 

factor. For determination of animals with Low, Medium, and High social activity or social 

anxiety-like behavior, a tertile split was used within each age/sex condition (n=10 animals/

group, Experiment 1). Similarly, In Experiment 2, adolescent males and females were 

divided into the groups with Low (n=9 rats/group), Medium (n=10/group), and High (n=9/

group) social activity or social anxiety-like behavior. The influence of individual differences 

in baseline levels of social activity or social anxiety-like behavior on subsequent ethanol 

intake (or “supersac” intake) under social or alone circumstances were analyzed for each age 

in Experiment 1 and for adolescents only in Experiment 2, using separate 3 (level of social 

activity or social anxiety-like behavior: Low, Medium, High) × 2 (sex) × 2 (drinking 

context) mix-factor ANOVAs, with drinking context treated as a repeated measure. In order 

to avoid inflating the possibility of type II errors on tests with at least 3 factors (Carmer & 

Swanson, 1973), Fisher’s planned pair-wise comparisons were used to explore significant 

effects and interactions.

On the last drinking day, all animals were video recorded, and time spent drinking was 

scored for each individual experimental subject. Then, correlations between time spent 

drinking and BECs were calculated for each age/sex/drinking context condition, with 

significance of these correlations assessed using Z test.

Results

Experiment 1. Ethanol intake when alone or under social circumstances

Ethanol intake averaged across social and alone drinking sessions (Fig.1)—
Intake was greater in adolescents than in adults, F(1, 116) = 36.92, p < .0001, and females 

demonstrated higher intake than males regardless of age, F(1, 116) = 31.74, p < .0001. 

Context significantly interacted with both of these variables, F(1, 116) = 14.20, p < .001. 

Ethanol intake was significantly higher in the social context than when drinking alone in 

males of both ages and in adult females, whereas adolescent females drank notably more 

ethanol when alone than in a social context.

Last drinking session: intake and BEC (Table 1)—Ethanol intake and BECs from 

the last day of testing in Experiment 1 were assessed across age and sex among animals 

drinking alone versus socially on the last test day (i.e., with drinking context serving as a 

between-subject factor). Pronounced age, F(1, 112) = 16.0, p < .0001, and sex differences, 

F(1, 112) = 21.04, p < .0001, emerged, with adolescents showing higher intake than adults 

and females consuming more ethanol than males. Similar to intake data averaged across 
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social and alone drinking sessions (see Figure 1), adolescent males drinking in groups 

consumed more ethanol than their counterparts drinking alone, whereas adolescent females 

drank more ethanol while alone relative to those tested in social groups [age × sex × context 

interaction, F(1,112) = 14.34, p < .001]. In adults, however, ethanol intake on the last test 

day did not differ as a function of drinking context.

Although adolescents ingested more ethanol than adults, they demonstrated lower BECs, 

F(1, 112) = 19.4, p < .0001, whereas females showed higher BECs than males regardless of 

age, F(1, 112) = 14.64, p < .001. Most importantly, BECs differed as a function of drinking 

context in adolescents only [age × sex × context interaction, F(1, 112) = 7.97, p < .01]: 

males drinking in groups showed higher BECs than those drinking alone, whereas females 

drinking alone achieved substantially higher BECs than those drinking in groups. Similar to 

intake, there was no effect of drinking context on BECs of adult males and females.

Statistically significant correlations between time spent drinking and BECs were evident for 

all experimental conditions, with animals of the same age and sex demonstrating comparable 

correlation values when drinking socially or alone (see Table 1), suggesting that time spent 

drinking is a reliable measure for the assessment of ethanol intake.

Social activity and ethanol intake (Table 2, Figure 2)—When overall social activity 

(Table 2) was used to divide animals into tertiles, and the data analyzed by a 2 age × 2 sex × 

3 activity level ANOVA, overall social activity was found to be substantially higher in 

adolescents than adults, F(1, 108) = 83.65, p < .0001, with the most pronounced age 

differences evident in Medium and High socially active animals [age × activity level 

interaction, F(2, 108) = 4.33, p < .05]. Females were less socially active than males, F(1, 

108) = 7.85, p < .01.

In adolescents, level of social activity was associated with ethanol intake under social and 

alone circumstances in a sex-dependent fashion [level of social activity × sex × context 

interaction, F(2, 54) = 4.17, p < .05]. High socially active adolescent males demonstrated 

elevated levels of ethanol intake relative to their Low and Medium active counterparts when 

drinking in groups and drastically decreased intake when drinking alone (Fig.2, left). 

Although ethanol intake was similar under social and alone conditions among Low and 

Medium socially active adolescent females, High socially active adolescent females drank 

significantly more when alone than under social circumstances.

Adult males and females with High levels of social activity drank significantly less when 

tested alone than when tested socially, whereas ethanol intake did not differ as a function of 

drinking context in Low and Medium socially active adults [level of social activity × context 

interaction, F(2, 54) = 3.29, p < .05].

Social anxiety-like behavior and ethanol intake (Table 3, Figure 3)—When the 

coefficient of social preference (an index of anxiety-like behavior) was used to divide 

animals into tertiles and analyzed, the coefficient was found to be significantly higher in 

adolescents than in adults, F(1, 108) = 20.64, p < .0001 (see Table 3). The coefficient did 

not differ as a function of sex in animals with Low and Medium levels of social anxiety-like 
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behavior, whereas sex differences became evident in rats with High social anxiety-like 

behavior, with females still showing social preference indexed via positive, albeit low values 

of the coefficient, and males demonstrating social avoidance [sex × anxiety-like behavior 

level interaction, F(2, 108), p < .005].

In adolescent females, but not adolescent males, drinking context influenced the impact of 

levels of social anxiety-like behavior on ethanol intake [level of social anxiety-like behavior 

× sex × context interaction, F(2, 54) = 3.82, p < .05]. Adolescent females exhibiting High 

levels of social anxiety-like behavior consumed more ethanol under social circumstances 

than those with Low levels, whereas the intake of the Low group of females was notably 

increased when they were tested alone. Indeed, under alone test circumstances ethanol 

intake did not differ among adolescent females with Low, Medium and High levels of 

anxiety-like behavior. In adult males and females, levels of social anxiety-like behavior 

were not associated with ethanol intake.

Experiment 2. “Supersac” intake when alone or under social circumstances

“Supersac” intake (Figure 4)—“Supersac” intake measured in terms of ml/kg was 

significantly higher in adolescent males than adolescent females under both test 

circumstances, F (1, 54) = 4.98, p < .05. Social versus alone test circumstances played no 

role in “supersac” intake.

Social activity, social anxiety-like behavior and “supersac” intake (Table 4, 
Figure 5)—When overall social activity was used to divide animals into tertiles, and the 

data analyzed by a 2 sex × 3 activity level ANOVA, overall social activity was found to be 

significantly higher in adolescent males than adolescent females, F(1, 50) = 9.24, p < .01. 

The coefficient of social preference did not differ as a function of sex.

There were no effects of levels of social activity on “supersac” intake either under social or 

alone circumstances. However, level of social anxiety-like behavior was associated with 

“supersac” intake in a sex-dependent fashion [level of social anxiety-like behavior × sex 

interaction, F(2, 50) = 5.45, p < .01]. Adolescent males with High levels of social anxiety-

like behavior demonstrated significantly lower “supersac” intake relative to their 

counterparts with Medium and Low levels regardless of test circumstances. In adolescent 

females, levels of social anxiety-like behavior did not contribute to individual differences in 

“supersac” intake.

Discussion

Age and sex differences in ethanol intake have been reported previously under social and 

alone test circumstances, with adolescents showing higher intake than adults (Doremus et 

al., 2005; Hargreaves et al., 2010; Schramm-Sapyta et al., 2013; Vetter-O’Hagen et al., 

2009) and females drinking more than males (Lancaster et al., 1996; Piano et al., 2005; 

Vetter-O’Hagen et al., 2009). In the present study, these levels of intake, however, were 

found to be influenced by the drinking context in which ethanol access occurred. When 

intake under social and alone conditions was averaged across sessions and the drinking 

context was treated as a repeated measure, adolescent males, adult males, and adult females 
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consumed more ethanol when drinking in groups than when drinking alone. In contrast, 

ethanol intake of adolescent females was significantly higher when drinking alone than 

socially. This impact of test circumstances on ethanol intake during adolescence was not 

related to the sweet taste of ethanol solution, since intake of the sweet solution alone did not 

differ as a function of test circumstances in either adolescent males or females. In contrast to 

sex differences in ethanol intake, with adolescent females ingesting more ethanol than 

adolescent males, intake of “supersac” was significantly higher in males than in females 

during adolescence.

The impact of drinking circumstances on ethanol intake in adults was not as robust as in 

adolescents, since no differences were evident on the last test day between adults drinking in 

groups or alone. Similarly, only in adolescents, BECs differed between animals drinking 

socially and those drinking alone, with adolescent males demonstrating higher BECs under 

social than alone drinking circumstances and adolescent females drinking alone achieving 

greater BECs than those drinking in groups. Although ingesting more ethanol than adults, 

adolescents demonstrated lower BECs. These discrepancies between intake and BECs were 

reported previously (e.g., Broadwater et al., 2011). Taken together, these results suggest 

possible age-associated differences in post-ingestion ethanol pharmacokinetics, including its 

absorption and elimination.

Adolescent males ingested more ethanol under social than alone test circumstances. Studies 

using rats have previously shown that interactions with peers provide a significant source of 

positive experiences (Trezza et al., 2011) and are seemingly more rewarding for adolescents 

than for their more mature counterparts (Douglas et al., 2004; Doremus-Fitzwater et al., 

2009). This social context may make ethanol more appealing for adolescent males by 

attenuating the aversive effects of ethanol (e.g., Vetter-O’Hagen et al., 2009), while also 

perhaps enhancing its positively reinforcing effects. Indeed, although not yet examined with 

ethanol, social context-related enhancement of drug reward during adolescence has been 

observed in adolescent male rats with nicotine (Thiel et al., 2009) and cocaine (Thiel et al., 

2008). Not only social context of drinking, but deprivation from social interactions during 

adolescence can elevate ethanol intake in males as well. When male rats underwent a 

stressful procedure of long-term social deprivation during the adolescent period, they 

demonstrate a number of neural and behavioral alterations (Miyazaki et al., 2012; Pascual 

and Bustamante, 2013; Wall et al., 2012; Whitaker et al., 2013), and increased ethanol self-

administration is one of these alterations (Chappell et al., 2013; Ehlers et al., 2007; Juarez 

and Vazquez-Cortes, 2003; Schenk et al., 1990). Therefore, an opportunity to interact with 

peers while drinking enhances ethanol intake in adolescent males under normal 

circumstances, whereas long-term deprivation of adolescent male rats from these normal 

social interactions increases ethanol intake under stressful social isolation circumstances.

The impact of drinking context on ethanol intake was evident predominantly in high socially 

active animals. Greater intake in a social context than when alone was seen only in males 

and adult females that demonstrated the highest levels of social activity. This social context-

dependent ethanol intake was most pronounced in high socially active adolescent males, 

with these animals showing a 31% decrease in ethanol intake when drinking alone than 

when drinking socially. Social intake in this group of adolescent males was almost two times 
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higher than that of medium and low socially active adolescent males. The observed impact 

of drinking context and baseline levels of social activity were evident in adolescent males 

exposed to sweetened ethanol. However, in adolescent males, intake of the sweet solution 

was similar under social and alone drinking circumstances, with no differences evident 

among adolescent males with Low, Medium and High levels of social activity. Taken 

together, these findings suggest that high baseline sociability may serve as a major 

contributor to initiation of heavy social drinking in adolescent male rats, similar to their 

human counterparts (Ham & Hope, 2003; Kuntsche et al., 2006), with this contributor being 

to a large extent selective for ethanol intake. It is tempting to speculate that these socially 

active adolescent males may find ethanol especially appealing due to its socially facilitating 

effects – effects that can be obviously experienced only under social drinking circumstances. 

This possibility has yet to be systematically tested.

Ethanol intake of adolescent females, however, was significantly higher when drinking 

alone than socially. This increase in ethanol intake when alone may be associated with 

enhanced sensitivity of adolescent females, especially high socially active animals, to the 

stressfulness of social deprivation, with adolescent females that were socially deprived 

during the intake test perhaps consuming more ethanol for its anxiolytic effects. Indeed, it 

was only in adolescent females that baseline levels of social anxiety-like behavior were 

associated with ethanol intake. Specifically, adolescent females with High levels of social 

anxiety-like behavior demonstrated the highest ethanol intake under social circumstances, 

whereas adolescent females with the lowest levels of social anxiety demonstrated the lowest 

social intake but drastically increased their intake when drinking alone. However, levels of 

social anxiety-like behavior did not contribute to “supersac” intake in adolescent females, 

suggesting that social anxiety-like behavior may be viewed as a rather specific predictor of 

elevated social drinking in females during adolescence. These findings suggest that 

adolescent females may ingest ethanol for its anxiolytic effects, with these effects playing a 

substantial role for socially anxious females under social circumstances and for females that 

are not socially anxious when they are socially deprived. The hypothesis that adolescent 

females with high levels of social anxiety-like behavior are more sensitive to the socially 

anxiolytic effects of ethanol than adolescent and adult males as well as adult females still 

remains to be investigated.

The relationship between different forms of anxiety disorders and alcohol consumption in 

humans during adolescence and adulthood is complex and still not well understood. 

Although anxiolytic effects of alcohol have sometimes been suggested to contribute to 

elevated levels of ethanol intake during adolescence in human studies (Carrigan and 

Randall, 2003; Kuntsche et al., 2005), it has been reported that anxious adults do not choose 

alcohol more often then non-anxious controls under acute test circumstances (Chutuape and 

deWit, 1995). The results of animal studies are inconsistent as well. Some studies have 

shown a strong relationship between anxiety-like behavior and ethanol intake in male rats 

and mice (Bahi, 2013; Chappell et al., 2013; Kallupi et al., 2014; Lopez et al., 2011) 

following experimental manipulations that enhance anxiety-like behavior (i.e., ethanol 

dependence, social isolation, stress). Positive correlations between baseline levels of 

anxiety-like behavior on the elevated plus maze (EPM) and ethanol intake were found for 

Wistar rats (Spanagel et al., 1995).. A similar relationship between anxiety-like behavior on 
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the EPM and ethanol intake was reported for male Tuck-Ordinary mice (Bahi, 2013). In 

contrast, Langen and Fink (2004), using males from three strains of rats with different 

anxiety-like behavior on the EPM, failed to find positive correlations between levels of 

anxiety-like behavior and ethanol intake. When ethanol self-administration was assessed in 

rats selectively bred for differences in anxiety-like behavior on the EPM – i.e., the high 

anxiety-related behavior (HAB) and low anxiety-related behavior (LAB) lines – female 

LAB rats ingested more ethanol that their HAB counterparts during the initiation phase, with 

a similar, although not statistically significant trend seen in males (Henniger et al., 2002). 

Reminiscent of these latter studies, we also failed to find any differences between socially 

anxious and non-anxious adults and adolescent males in ethanol intake when drinking under 

social or alone circumstances. Although ethanol intake was comparable in adolescent males 

with different baseline levels of social anxiety-like, “supersac” intake was substantially 

lower in adolescent males with High levels of social anxiety-like behavior relative to those 

with Medium and Low levels. Decreased intake of a sweet solution may be viewed as a sign 

of anhedonia in these adolescent males (Anisman and Matheson, 2005).

In summary, the results of the present study clearly demonstrate that in adolescent rats, but 

not adults, responsiveness to a peer predicts ethanol intake under social circumstances – 

circumstances that are most common for adolescent drinking in humans (Read et al., 2003). 

High levels of social activity are associated with high ethanol intake in adolescent males 

when drinking in groups, but not when drinking alone, suggesting that these males ingest 

ethanol for its socially enhancing properties. High levels of social anxiety-like behavior are 

associated with high levels of social drinking in adolescent females, suggesting that these 

females ingest ethanol for its socially anxiolytic effects. To the extent that these 

experimental findings are applicable to humans, drinking under social circumstances in 

adolescent males with high baseline levels of social activity as well as in adolescent females 

with high baseline levels of social anxiety may provide useful sex-dependent animal models 

of adolescent heavy drinking. In future, these models will allow systematic assessment of 

sex-specific mechanisms involved in heavy social drinking during adolescence, providing a 

background for creating gender-specific prevention strategies.
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Figure 1. 
Ethanol intake under social or alone circumstances in adolescent and adult males and 

females averaged across social and alone drinking sessions.

Asterisks (*) indicate significant (p < .05) changes in ethanol intake under alone 

circumstances relative to social intake.
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Figure 2. 
Ethanol intake under social or alone circumstances in adolescent and adult males and 

females: Impact of baseline levels of social activity.

Asterisks (*) indicate significant (p < .05) changes in ethanol intake under alone 

circumstances relative to social intake within the same age/sex condition; the # sign reflects 

significantly (p < .05) greater intake in High relative to Low and Medium socially active 

adolescent males tested under social circumstances, whereas the $ sign indicates significant 
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(p <.05) differences between alone and social test circumstances, with data collapsed across 

sex.
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Figure 3. 
Ethanol intake under social or alone circumstances in adolescent and adult males and 

females: Impact of baseline levels of social anxiety-like behavior.

Asterisks (*) indicate significant (p < .05) changes in ethanol intake under alone 

circumstances relative to social intake within the same age/sex condition; the # sign reflects 

significantly (p < .05) greater intake in High relative to Low socially anxious adolescent 

females tested under social circumstances.
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Figure 4. 
“Supersac” intake under social or alone circumstances in adolescent and males and females 

averaged across social and alone drinking sessions.
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Figure 5. 
“Supersac” intake under social or alone circumstances in adolescent males and females: 

Impact of baseline levels of social activity (top) or social anxiety-like behavior (bottom).

The # sign reflects significantly (p < .05) lower intake in adolescent males with High social 

anxiety-like behavior relative to those with Low and Medium.
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Table 2

Experiment 1. Levels of social activity in adolescent and adult males and females.

Social Activity
Level

Overall Social Activity
Frequency / 10 min (mean ± S.E.M.)

Male Female

Adolescent Adult Adolescent Adult

Low 107.6 ± 8.6 98.5 ± 3.8 117.6 ± 5.5 81.0 ± 5.5

Medium 165.0 ± 3.1 127.9 ± 3.6 156.1 ± 3.5 116.6 ± 1.7

High 207.6 ± 6.3 162.2 ± 11.9 193.9 ± 12.4 138.8 ± 10.2
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Table 3

Experiment 1. Levels of social anxiety-like behavior in adolescent and adult males and females.

Social Anxiety
Level

Social Preference / Avoidance Coefficient
(mean ± S.E.M.)

Male Female

Adolescent Adult Adolescent Adult

Low 47.8 ± 3.4 41.0 ± 3.2 42.9 ± 3.1 34.7 ± 2.1

Medium 24.3 ± 2.0 17.9 ± 2.7 20.4 ± 1.3 15.4 ± 1.1

High −2.7 ± 3.5 −10.9 ± 4.2 4.4 ± 2.9 3.3 ± 1.5
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Table 4

Experiment 2: Levels of social activity or social anxiety-like behavior in adolescent and adult males and 

females.

Level of Activity
or Anxiety-like

behavior

Overall Social Activity
Frequency / 10 min (mean ±

S.E.M.)

Social Preference / Avoidance
Coefficient

(mean ± S.E.M.)

Male Female Male Female

Low 115.1 ± 10.2 101.6 ± 5.0 42.3 ± 2.6 42.8 ± 5.5

Medium 160.0 ± 4.8 141.7 ± 6.7 23.8 ± 1.4 27.0 ± 1.7

High 198.3 ± 9.4 177.0 ± 5.8 1.2 ± 5.6 1.8 ± 3.7
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