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Early social isolation augments alcohol consumption in rats
Heidi M.B. Lesscher®, Marcia Spoelder®, Marthe D. Rotte® Martijn J. Janssen?,
Peter Hesseling®, José G. Lozeman-van't Klooster®, Annemarie M. Baars®

and Louk J.M.J. Vanderschuren®®

There is a considerable degree of individual vulnerability
for alcohol use disorder (AUD) as only a subpopulation of
individuals who regularly consume alcohol develop AUD.
It is therefore very important to understand the factors and
mechanisms that contribute towards the individual risk for
AUD. In this respect, social influences, in particular during
development, may be relevant for AUD as disruptions in
early social experiences are associated with an increased
risk for AUD. Social play, the most prominent form of social
behaviour shown by young mammals, is rewarding and
considered to be important for social, emotional and
cognitive development. Recent studies suggest that early
social isolation, effectively depriving animals from social
play, increases the risk for addictive behaviour. The aim

of this study was therefore to explore the long-term
consequences of early social isolation on alcohol
consumption and motivation for alcohol. To this end, rats
were socially isolated from postnatal days 21-42, followed
by 4 weeks of social housing, and voluntary alcohol
consumption and operant responding for alcohol were
determined in adulthood. We observed enhanced levels

of alcohol consumption in adulthood in previously isolated
rats, whereas operant responding for alcohol was not

Introduction

Alcohol use disorder (AUD) is a chronic relapsing dis-
order that affects ~76 million individuals worldwide,
thus representing a major medical and socioeconomic
problem for our society (Rehm ez @/., 2009; World Health
Organization, 2011; American Psychiatric Association,
2013). Importantly, there is a considerable degree of
variability in the vulnerability for developing AUD. That
is, most individuals consume alcohol in a controlled
manner, but a subpopulation of 3-5% of individuals who
regularly consume alcohol develop AUD (World Health
Organization, 2011). Considering that treatment strate-
gies for addiction are currently limited in number and
efficacy (O’Brien, 2008; Koob ez a/., 2009; Pierce et al.,
2012; van den Brink, 2012), understanding the factors
and mechanisms that contribute towards the individual
variability in the propensity for AUD is essential to pre-
vent and treat this devastating disorder.

Alcohol is often consumed in a social context. In fact,
social context and peer norms are important determinants
of alcohol consumption (e.g. Perkins, 2002; Homish and
Leonard, 2008; Lau-Barraco e# a/., 2012). Recent animal

0955-8810 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

altered. The impact of early social isolation was
independent of the individual variation in alcohol
consumption. These data indicate that social isolation,
during a developmental period when social play is
highly abundant, enhances the propensity to consume
alcohol in adulthood. This implies that early social
experience may be a protective factor against excessive
alcohol use. Behavioural Pharmacology 26:673-680
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studies also provide support for social influences on
alcohol consumption. For example, voles show greater
preference for alcohol when housed in pairs and they
adjust their alcohol consumption in the presence of lower
alcohol-drinking cagemates (Anacker er al., 2011a,
2011b). Conversely, early social insults have been shown
to enhance the propensity to consume alcohol and other
drugs of abuse, suggesting that a dysfunctional social
context during development comprises a risk factor for
AUD (Bonin ¢z a/., 2000; Alwan ¢z al., 2011; Stickley ez al.,
2013; Whelan ez a/., 2014). Furthermore, social disorders
in childhood and adolescence, in particular disruptive
behaviour disorders, are associated with a higher inci-
dence of AUD (Compton er al., 2005; Goldstein e al.,
2007). There is also ample evidence from animal studies
supporting a critical role of social development in
addiction sensitivity. For example, peer rearing in non-
human primates consistently leads to elevated alcohol
consumption in adulthood compared with mother-reared
conspecifics (Higley er a/., 1991; Fahlke ez a/, 2000;
Huggins ef al., 2012). In agreement with these findings,
maternal separation in rodents is known to induce per-
sistent increases in alcohol consumption in adulthood
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(Roman ez al., 2005; Cruz et al., 2008; Nylander and
Roman, 2013). Furthermore, postweaning isolation rear-
ing in rodents has repeatedly been shown to result in
augmented alcohol consumption and operant responding
for alcohol in adulthood (Ellison, 1981; Schenk ez /.,
1990; Wolffgramm, 1990; Hall e 4/, 1998; L.odge and
Lawrence, 2003; Advani ez a/., 2007; Dechan ez al., 2007,
McCool and Chappell, 2009; Sanna ¢z a/., 2011; Chappell
et al., 2013; Butler er al., 2014).

Social play behaviour is the most prominent form of social
behaviour shown by young mammals (Panksepp e /.,
1984; Vanderschuren ¢z a/., 1997; Pellis and Pellis, 2009).
Social play behaviour is rewarding, as shown using place
conditioning, operant tasks and T-maze tasks (Mason
et al., 1962; Humphreys and Einon, 1981; Calcagnetti and
Schechter, 1992; for a review, see Trezza er al., 2011).
Importantly, social play behaviour is modulated through
neural systems that also mediate the rewarding effects of
substances of abuse (Trezza er al., 2010; Siviy and
Panksepp, 2011). This suggests a critical role of social
play in the development of brain reward circuitry, which
may determine an individual’s sensitivity to addictive
behaviour. Interestingly, acute treatment with alcohol
enhances social play behaviour (e.g. Varlinskaya e a/.,
2001; Varlinskaya and Spear, 2002; Trezza et al., 2009)
and the sensitivity to the facilitating effects of acute
alcohol on social play behaviour seems to influence the
amount of alcohol consumption during adolescence in a
sex-dependent manner (Varlinskaya er al, 2015).
Postweaning social isolation rearing has been shown to
enhance alcohol consumption in rats and mice (Ellison,
1981; Schenk ¢z al., 1990; Wolffgramm, 1990; Hall ¢ a/.,
1998; Lodge and Lawrence, 2003; Advani ez a/., 2007;
McCool and Chappell, 2009; Sanna ¢ a/., 2011; Chappell
et al., 2013; Butler et al., 2014). However, these animals
were reared in isolation from weaning onward, which
leaves the question of whether deprivation of social play
behaviour contributed towards the increase in alcohol
consumption. In fact, animals that were socially isolated
only during the period in development when social play
is most abundant [i.e. postnatal day (PND) 21-42,
Panksepp, 1981], thus effectively depriving them of
social play, show enhanced sensitivity for cocaine self-
administration and amphetamine-induced and alcohol-
induced conditioned place preference in adulthood
(Whitaker er al., 2013; Baarendse e al., 2014). Taken
together, these studies suggest that social play behaviour
is essential for the adaptive development of brain reward
mechanisms, such that deprivation of social play may
increase the risk for later addictive behaviour (Trezza
et al., 2014). However, the importance of social play
behaviour for the sensitivity or resilience to alcohol
consumption is unknown. The aim of this study was
therefore to explore the long-term consequences of early
social isolation on alcohol consumption and motivation
for alcohol. Therefore, we socially isolated rats during

PND 21-42, and determined alcohol consumption and
operant responding for alcohol during adulthood. We
hypothesized that early social isolation would lead to
enhanced levels of alcohol consumption in adulthood and
increased operant responding and motivation for alcohol.

Methods

Subjects

Male Lister Hooded rats (Charles River, Sulzfeld,
Germany) arrived in litters of six to eight pups at an age of
14 days with a nursing mother. The rats were housed with
free access to food and water under controlled conditions
(20+2°C and 50-70% humidity) in a reversed 12 h day/
night cycle (lights on, 19.00 h). Experimental procedures
were approved by the Animal Ethics Committee of
Utrecht University and were conducted in agreement
with Dutch laws (Wet op de dierproeven, 1996) and
European regulations (Guideline 86/609/EEC).

Early social isolation and alcohol consumption

As in our previous studies (Baarendse er a/., 2013, 2014),
the rats were weaned and housed either socially in groups
of four rats per cage (SOC) or individually (ISO) at
21 days of age. Half of the rats of each litter were assigned
to the SOC group and the other half to the ISO group in a
semirandomized manner. The rats of the ISO group were
resocialized, that is housed together with another pre-
viously isolated animal, on day 43. At that time, the
animals in the SOC groups were also housed in pairs.
After 4 weeks of social housing, all animals were indivi-
dually housed for subsequent alcohol consumption
experiments 2 weeks later. The experiment was con-
ducted in two batches (7 =24 and 48).

For alcohol consumption experiments, we adopted the
intermittent every-other-day alcohol access model (Wise,
1973; Simms e al., 2008). Two bottles, fitted with
stainless steel dual ball bearing drinking spouts, were
placed on the home cage; one bottle contained alcohol
(20%, v/v) (Klinipath, Duiven, the Netherlands) and the
other contained water. The positions of the bottles were
switched between sessions to avoid the development of
side preference. During 3 consecutive weeks, the rats
were allowed 7 h concurrent access to alcohol and water
on Monday, Wednesday and Friday, during the dark
phase of the day-night cycle. Subsequently, during
another 3 consecutive weeks, the rats were allowed 24 h
concurrent access to alcohol and water, again on Monday,
Wednesday and Friday, starting at the beginning of the
dark phase of the day—night cycle. The bottles were
weighed before and after each alcohol access period to
determine the amount of alcohol and water that the
animals consumed. Alcohol intake (g/kg), alcohol pre-
ference (percentage alcohol volume relative to the total
volume consumed) and total fluid intake (ml/kg) were
calculated per rat per session. Subsequently, the alcohol
intake, preference and total fluid intake were averaged
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across sessions into values representing the average
alcohol intake, preference and total fluid intake over the
7 or 24 h alcohol consumption sessions, respectively.

The rats were divided into low, medium and high
alcohol-drinking rats on the basis of their average alcohol
intake in g/kg; this division was performed within each
social housing group (SOC or ISO). The rats were
assigned ranking scores (i.e. 1, 2, 3, 4, etc.; corresponding
to the number or rats in the group, in this case 1-12 for
both the SOC and the ISO group in batch 1 and 1-24 for
both the SOC and the ISO group in batch 2) on the basis
of their average alcohol intake per week. Then, to cal-
culate a total ranking score, the weekly ranking scores
were summed across the 6 weeks of alcohol consumption
to select rats with a consistent low or high level of alcohol
intake. Rats within the lower, middle and upper 33% of
the rank list were designated as low, medium and high
alcohol-drinking rats, respectively.

Operant responding for alcohol

After 2 months of alcohol consumption, all rats of the first
batch (7 =12 for SOC and ISO) and half of the rats of the
second batch (z=12 for SOC and ISO) were trained to
respond for alcohol in operant conditioning chambers.
The other half of the second batch was used for phar-
macological studies (not described here). The rats were
trained to self-administer alcohol in operant chambers
(29.5cm L, 24 cm W 25 cm H; Med Associates, Georgia,
Vermont, USA) that were enclosed in light-attenuating
and sound-attenuating cubicles equipped with a venti-
lation fan. Each chamber was equipped with two 4.8 cm
wide retractable levers; the levers were placed 11.7 cm
apart and 6 cm from the grid floor. A liquid dipper within
a recessed magazine was situated between the levers. A
cue light was present above each lever (28 V, 100 mA)
and a house light (28 V, 100 mA) was located on the
opposite wall. The position of the active and inactive
levers was counterbalanced between rats. Pressing the
active lever raised the dipper cup containing alcohol
(0.1 ml, 20% v/v), illuminated the cue light above the
active lever and switched off the house light. Access to
alcohol was terminated 10s after detection of a head
entry into the magazine, the cue light was turned off and
after a 5s interval a new trial was started. Pressing the
inactive lever was recorded, but had no programmed
consequences. To limit alcohol evaporation, the con-
tainer was filled with a fresh alcohol solution before each
session. Experimental events and data recording were
controlled using MED-PC for Windows (Med Associates,
Georgia, Vermont, USA).

As soon as the animals had acquired responding, defined
as less than a 25% variation in active lever presses over
three consecutive sessions under the fixed ratio (FR) 1
schedule of reinforcement, the response requirement was
increased to an FR2, then to an FRS and finally to an
FR10 schedule of reinforcement, with the requirement
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that each rat had to earn at least 10 rewards for two ses-
sions before progressing to FR5 and FR10, respectively.
Subsequently, the rats had to earn at least 10 rewards for
three sessions during FR10 training before progressing to
the progressive ratio (PR) schedules of reinforcement.
These requirements were set to ensure that the rats
understood the task contingencies and performed at least
100 presses under an FR10 to assess a reliable motivation
during PR sessions. Once the rats completed FR10
training, a linear PR schedule of reinforcement was
introduced, in which 2 (PR2; i.e. 2, 4, 6, 8, 10, etc.) and
subsequently 4 (PR4; 1.e. 4, 8, 12, 16, 20, etc.) additional
lever presses were required for each subsequent reward.
This PR paradigm, rather than the commonly used
exponential increase in the response requirement
(Richardson and Roberts, 1996), was chosen on the basis
of the results of previous studies that showed that (a)
alcohol nonpreferring rats have low breakpoints; (b) the
required workload should be increased, but before the
sedative effects of alcohol begin to interfere with operant
performance; and (c) because alcohol is delivered in
relatively small volumes (0.1 ml/reinforcement) with a
slow absorption rate (Hodos, 1961; Ritz ez a/., 1994; Rodd
et al., 2003). Responding was deemed stable when there
was less than 25% variation in reward deliveries over
three subsequent sessions. T'wo rats from the SOC group
did not reach stable responding on the PR2 schedule of
reinforcement and therefore did not proceed to PR4. The
rats were tested for 3 days/week (Monday, Wednesday
and Friday), and sessions lasted for 30 min, except for the
PR4 schedule of reinforcement, which lasted 60 min.
The breakpoint was defined as the maximum number of
presses performed in the last, successfully completed
ratio in either the 1 h session or when no reward had been
obtained in 20 min, whichever came first.

Data analysis

The alcohol consumption data were averaged across the 7
and 24 h sessions, respectively, and analysed by two-way
analysis of variance with group (SOC and ISO) and
subgroup (low, medium, high) as between-subject fac-
tors. For analyses of the operant self-administration data,
the numbers of lever presses (FR1) and breakpoints (PR2
and PR4) were averaged over the first three sessions in
which the rat acquired the response criteria as described
above. These data were also analysed by two-way ana-
lysis of variance with group (SOC and ISO) and subgroup
(low, medium, high) as between-subject factors. Post-hoc
analyses were carried out when appropriate using two-
tailed #-tests. Differences between pairs of means were
considered significant at a less than 0.05. SPSS 22.0
(SPSS Inc., Chicago, Illinois, USA) was used for data
analysis. Data are presented as mean+SEM.

Results
Analysis of the alcohol consumption data showed a large
variation in alcohol intake in the population of the rats.
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Individual rats

Alcohol consumption for individual isolated rats (ISO) and socially housed control rats (SOC) (n=36). The average levels of alcohol intake (in g/kg) of
each individual rat over all 7 h (a) and 24 h (b) access sessions are shown. There is a leftward shift in the distribution curve for the ISO rats compared

with the SOC rats.

Inspection of the individual levels of alcohol intake
indicated a shift towards higher levels of alcohol intake
across the range of alcohol consumption during the 7 and

24 h access sessions for the ISO rats compared with the
SOC animals (Fig. 1).

The animals were assigned to subgroups of low, medium
and high alcohol-drinking rats. Analysis of the 7 h alcohol
consumption data showed that the subgroups (low,
medium and high) differed in their level of alcohol
intake [Fpgroup2,71) =106.5, P <0.001]. Moreover, early
social isolation increased the level of alcohol intake
[Feroup(1,71)=7.6, P<0.01], but there was no differential
effect of early social isolation in the subgroups of rats
[F group x subgroupz,71y = 1.1, NS] (Fig. 2a). The low, med-
ium and high alcohol-drinking rats also differed in their
preference for alcohol over water [Fyupgroupez,71)=64.2,
P <0.001] and preference for alcohol was significantly higher
in the ISO group [Froup,71y=7.5, P <0.001], but this effect
was not subgroup dependent [Fgroupx subgroup (2,71)=0.137,

NS] (Fig. 2b). There were no significant differences
between the groups or the subgroups in the total
volume of liquid consumed by the rats in the 7h
sessions [Foupgroupz,71) = 0.90, NS; Fyroup(1,71) = 0.47, NS;
Fsubgr()upXgr()up(2,71)= 13, NS] (Flg ZC)

In line with the analysis of the 7 h consumption data,
analysis of the 24 h alcohol consumption data confirmed
that the amount of alcohol consumed by low, medium
and high alcohol-drinking rats was significantly different
[Fsubgroupz,71) =109.8, P <0.001]. Moreover, alcohol
intake was higher in the ISO rats [Fgoupa,71y=12.3,
P<0.001], which was independent of the subgroup
[Feroup x subgroupz,7ny = 1.2, NS] (Fig. 3a). The low,
medium and high alcohol-drinking rats also showed
differences in their preference for alcohol over water
[Fsubgroup(z,71) =101.3, P<0.001], and early social isola-
tion enhanced the preference for alcohol compared with
the SOC animals [Fgoup,71)=14.6, P<0.001]. The
increase in alcohol preference in the ISO rats was

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Average alcohol intake (a), alcohol preference (b) and total fluid
consumption (c) for all 7 h alcohol consumption sessions. The average
data for low, medium and high subgroups of socially housed (SOC) and
social play-deprived (ISO) rats (n=12) are shown. Early social isolation
increased alcohol consumption and alcohol preference in 7 h sessions
without affecting the total fluid intake (*P<0.01,**P<0.001; main
effect of early social isolation). Total V, total volume.

independent of the subgroup [Fupbgroup x groupz,71y= 1.5,
NS] (Fig. 3b). The subgroups consumed equal total
volumes of liquid in the 24 h sessions [Fsubgroup(z,71) = 2.6,
NS] and there was no significant effect of early social
isolation on the total volume consumed [Fgroup(1,71y=0.1,
NS], nor was there a significant interaction between the
two factors on the total fluid intake [Fubgroup x group2,71)=
0.08, NS] (Fig. 3c).

Subsequent to the home-cage alcohol consumption, the
rats were trained to respond for alcohol. Analysis of the
FR1 self-administration data indicated no significant

Average alcohol intake (a), alcohol preference (b) and total fluid
consumption (c) for all 24 h alcohol consumption sessions. The average
data for low, medium and high subgroups of socially housed (SOC) and
social play-deprived (ISO) rats (n=12) are shown. Early social isolation
enhanced alcohol consumption and alcohol preference without altering
the total fluid intake in 24 h sessions (**P < 0.001; main effect of early
social isolation). Total V, total volume.

effect of early social isolation [Fgroup(1,48)=0.32, NS]J.
The reinforcing effects of alcohol were dependent on the
subgroup, as apparent from a trend [Fyupgroup(z,48) = 3.0,
P=0.063], but there was no differential effect of early
social isolation in the subgroups of rats [Fgoup x subgroup(2,48) =
1.9, NS] (Fig. 4a).

Finally, the rats were tested under PR2 and PR4 sche-
dules of reinforcement to determine whether early social
isolation affects the motivation to respond for alcohol
(Fig. 4b and 4c¢). As a requirement to progress to PR

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Operant responding for alcohol under different schedules of reinforcement: (a) FR1 (n=7-9), (b) PR2 schedule and (c) PR4 (n=5-9). Early social
isolation did not affect alcohol reinforcement or the motivation for alcohol self-administration. FR, fixed ratio; ISO, social play-deprived rats; PR,

progressive ratio; SOC, socially housed rats.

schedules of reinforcement, each rat had to earn at least
10 rewards for two to three sessions before progressing
from FR2 to FRS to FR10 and ultimately to PR2 sche-
dules of reinforcement. Of the SOC rats, 96% fulfilled
these requirements, as opposed to only 80% of the ISO
rats. Analysis of the PR data indicated no significant
effect of early social isolation under either PR schedules
[Fgmup(l,41) = 069, NS for PR2 and Fgroup(l,39) = 13, NS
for PR4]. In addition, the motivation for alcohol was not
significantly different between the low, medium and
high alcohol-drinking rats [Fgupgroupz4n=1.5, NS for
PR2 and Fupgroup(2,39) = 0.82, NS for PR4], nor was there
a subgroup-dependent effect of early social isolation on
PR responding [Fgroup x subgroup(z,41) = 0.20, NS for PR2
and FgroupX311bgroup(2,39)=0-477 NS]

Discussion

In this study, we show that social isolation during a period
in development during which rats show high levels of
social play behaviour, that is PND 21-42, augments
alcohol consumption in adulthood. The increase in
alcohol consumption was restricted to home-cage drink-
ing as responding for alcohol under FR1 or PR schedules
of reinforcement was not altered by early social isolation.

Social isolation after weaning has been shown to enhance
alcohol consumption in previous studies in rats and mice
(Ellison, 1981; Schenk ez a/., 1990; Wolffgramm, 1990;
Hall er al., 1998; Lodge and Lawrence, 2003; Advani
et al., 2007; Deehan ez al., 2007; McCool and Chappell,
2009; Sanna ez al., 2011; Chappell ez a/., 2013; Butler ez al.,
2014). Importantly, however, in these studies, the ani-
mals were reared in isolation from weaning onwards. As a
resul, it is not possible to discern whether the increase in
alcohol consumption results from social isolation during
alcohol consumption or is the consequence of neuro-
adaptive changes that are induced by social isolation
during postweaning development. In support of the latter
possibility, the present findings show that social isolation
during a restricted time window (i.e. between PND 21
and 42) results in increased alcohol consumption in
adulthood. This is in line with recent findings of aug-
mented alcohol-induced conditioned place preference
after early social isolation (Whitaker ez @/, 2013). An
important element of this study, and ours, is that the
animals were resocialized for at least 5 weeks in-between
the social isolation and the alcohol consumption or place
conditioning tests. Together, these data identify the
period between PND 21 and 42, which is characterized

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



by an abundance of social play behaviour (Panksepp,
1981), as a sensitive period for social isolation to augment
alcohol reward in adulthood. Importantly, the increased
sensitivity to alcohol reward (Whitaker er /., 2013; this
study) that results from early social isolation extends to
other drugs of abuse as amphetamine-induced condi-
tioned place preference and cocaine self-administration
are also enhanced following social isolation during PND
21-42 (Whitaker ¢ al., 2013; Baarendse ¢z al., 2014). "This
suggests that social play experience serves to develop
resilience to addictive behaviours in adulthood.

The isolation window between PND 21 and 42, followed
by resocialization, was chosen to selectively prevent the
animals from reaping the benefits of social play experi-
ence during postweaning development, without depriv-
ing them completely from social contact during
development into adulthood. However, using this
approach, it is not possible to specifically attribute the
consequences of social isolation to the lack of social play.
Previous studies indicate that the lack of social play is an
important determinant of the consequences of social
isolation during early postweaning development (Einon
et al., 1978). Thus, Juarez and Vazquez-Cortes (2003)
showed that social isolation during PND 25-35 enhanced
alcohol consumption, but not when rats were inter-
mittently exposed to a social partner during the isolation
period. Moreover, Whitaker ez /. (2013) reported that the
augmented alcohol-induced and cocaine-induced condi-
tioned place preference after social isolation between
PND 21 and 42 was not observed in animals isolated from
PND 21-28 (with the possibility for substantial social
play experience after PND 28) or from PND 42-63 (that
had social play experience before a period of social iso-
lation of similar length). Taken together, these findings
suggest that it is indeed the experience gained during
social play behaviour that serves to properly develop
brain mechanisms that are important in reward processes
(Whitaker ez al., 2013) or cognitive control over behaviour
(Baarendse e al., 2013) that protects against addictive
behaviour in adulthood.

It is important to mention that the effects of early social
isolation were independent of the individual variability in
alcohol consumption. That is, they were present in low,
medium as well as high alcohol-drinking rats. This
implies that this social insult, that is the lack of social play
behaviour during postweaning development, sums with
other factors that determine individual levels of alcohol
consumption in adulthood. Interestingly, studies by
Ellison (1987) have reported a large degree of individual
variation in the propensity to consume alcohol within
colonies of rats, which correlated with several aspects of
social behaviour, such as grooming, dominance, chasing
and aggression, supporting the notion that social beha-
viour is an important factor contributing towards an
individual’s  propensity for alcohol consumption.
Interestingly, however, the effect of early social isolation
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on alcohol consumption and alcohol preference was
restricted to the situation in which the animals had free
access to alcohol in their home cages. The lack of an
effect on operant responding for alcohol suggests that
early social isolation impacts on the consummatory, per-
haps hedonic aspects of alcohol reward, rather than the
appetitive and incentive motivational properties of alco-
hol assessed in operant settings. Alternatively, during the
operant sessions, animals could only earn relatively small
amounts of alcohol, which may have obscured the effect
of early social isolation, that is, socially vulnerable indi-
viduals are particularly at risk for enhanced alcohol con-
sumption when large amounts of the substance are
available.

In conclusion, our present data show that disruption of
early social play interactions during postweaning devel-
opment enhances the propensity to consume alcohol in
adulthood, identifying early social experience as an
important protective factor against excessive alcohol use.
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