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Abstract
Alcohol and chronic stress exposure, especially during adolescence, can lead to an increased risk
in adulthood of developing alcohol use disorders (AUDs). To date, however, no study has assessed
the potential long-term effects of chronic intermittent and unpredictable ethanol (EtOH) exposure
in mice chronically stressed beginning in adolescence on brain function and anxiety-like behaviors
in adulthood. In particular, alterations in function of the bed nucleus of the stria terminalis
(BNST), a brain region heavily implicated in anxiety-related behaviors and altered plasticity
following EtOH exposure, may play a key role in the pathological responses to chronic stress and
EtOH. In the present study, adolescent and adult C57Bl/6J mice were exposed to a regimen of
chronic social isolation and unpredictable stressors and EtOH (or air (sham); CSI-CUS-EtOH and
CSI-CUS-Sham, respectively) for 8–10 weeks. In adulthood, mice were tested for altered anxiety-
like behavior [elevated plus maze (EPM) and modified social interaction (SI) test]. Following
behavioral testing, mice were re-exposed to CSI-CUS-EtOH (and CSI-CUS-Sham for controls) for
an additional three days. 4–6 hours following the final EtOH (or air) exposure, field potential
recordings of the dorsal-lateral (dl)BNST were performed. Mice first exposed during adolescence
to CSI-CUS-EtOH displayed lower levels of anxiety-like behavior on the EPM compared to mice
first exposed to CSI-CUS-EtOH during adulthood and control mice only exposed to CSI-CUS-
Sham, regardless of age of first exposure. However, mice first exposed to CSI-CUS-EtOH during
adulthood displayed lower levels of anxiety-like behavior on the SI test compared to mice first
exposed during adolescence and control CSI-CUS-Sham mice. CSI-CUS-EtOH exposure,
regardless of age, produced blunted expression of long-term potentiation (LTP) in the dlBNST
compared to CSI-CUS-Sham mice. This study demonstrates age-dependent effects of chronic
unpredictable ethanol exposure in chronically stressed mice on anxiety-like behaviors during
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adulthood. Further, CSI-CUS-EtOH exposure results in blunted LTP expression in the adult
dlBNST.
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INTRODUCTION
In adolescents, maladaptive responses to chronic stress have been linked to an increased
likelihood of consuming alcohol and later in life developing an alcohol use disorder (AUD)
(Grant and Dawson, 1998; DeWit et al., 2000; Enoch, 2006; Dawson et al., 2007). Chronic
stress can produce sustained increases in corticosteroid levels, depression-like symptoms,
learning/memory deficits and anxiety (McEwen, 2004; Mizoguchi et al., 2000; Arborelious
et al., 1999). Negative affect or stress, especially among adolescents, is associated with a
two- to six-fold higher incidence of alcohol related problems (Grant et al., 2004a,b; Mulia et
al., 2008). Moreover, adolescents who believe alcohol will relieve their anxieties are more
likely to engage in heavy alcohol drinking (Kuntsche et al., 2005). Consistent with the link
between stress and alcohol use, stressful stimuli have been effective at inducing alcohol
craving in clinical studies (Breese et al., 2005; Sinha, 2001).

Behavioral testing in adolescent laboratory animals supports some of the findings from the
clinical literature. In mice, adolescence spans from postnatal day (PND) 22 to PD 60
(Laviola et al., 2003). As in humans, adolescent mice can also display an enhanced
susceptibility to the deleterious effects of stress (Stone & Quartermain, 1997). Adolescents
show a more prolonged increase in corticosterone levels in response to an acute stressor but
a more rapid recovery following chronic stressors (Choi and Kellogg, 1996; Romeo et al.,
2006). Numerous studies, however, have suggested that exposure to chronic homotypic
stressors given at predictable intervals may lead to habituation (Amario et al., 2004; Muir &
Pfister, 1987; Grissom and Bhatnagar, 2009). One method that has been used to address this
potential issue of adaptation and may better mimic the variability of type (psychological and
physical), frequency, and duration of stressors that adolescent humans encounter is the
chronic unpredictable stress (CUS) paradigm (Pego et al., 2008; Cerqueira et al., 2007;
Willner et al., 1987; Bondi et al., 2008; Salomons et al., 2010). In adult mice, CUS results in
a state of chronic hypercorticalism, enhanced anxiety- and depressive-like behavior, and
reduced body weight gain (Bondi et al., 2008; Pego et al., 2008; Cerqueira et al., 2007). In
addition, chronic social isolation (CSI) in adult C57 mice has also recently received
additional attention as a unique model for depression and anxiety-like behavior and the
behavioral effects of isolation stress may increase over time.

The central extended amydala, and in particular the bed nucleus of the stria terminalis
(BNST), serves as a critical region for the processing and integration of stress and reward
(Koob et al., 2008). Moreover, the BNST receives inputs from several discrete brain regions
to influence the stress response via regulation of the HPA axis. Importantly, a number of
studies have demonstrated that the BNST plays an integral role in the lasting response to
unconditioned stressors (Fendt et al., 2003; Walker et al., 2009). Indeed, long-term
activation of the BNST is associated with anxiety but not fear-conditioned behaviors (Davis
et al., 1997; Walker and Davis 2008).

Reports on the anxiogenic effects of stress and EtOH in adolescent rodents have been mixed
(Spear et al., 2000; Wills et al., 2008; 2009; Doremus et al., 2003; Varlinskaya and Spear,
2004). Reports of stressors administered in adolescent rats revealed an increase in anxiety-
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like behavior on the EPM when tested as adults (McCormick et al., 2008; Tsoory et al.,
2007). Thus, although there have been some studies on the effects of acute and chronic
homotypic stress and EtOH in the adolescent, mostly in rats, it is not yet known about the
interactions of chronic unpredictable EtOH exposure, stress and age on unconditioned
anxiety-like behavior and synaptic plasticity. Therefore, the purpose of this study was to
assess in mouse the effects of chronic intermittent EtOH exposure beginning in adolescence
on anxiety-like behavior and BNST plasticity in adulthood in chronically and unpredictably
stressed C57Bl/6J mice.

METHODS
Subjects

All procedures were approved by the Vanderbilt University Institutional Animal Care and
Use Committee. Male C57Bl/6J mice were bred on-site at Vanderbilt University Medical
Center and were used for all studies. Adult (>8 wks old) male A/J mice were used as
unfamiliar ‘target’ mice in the modified SI test. The A/J strain was chosen because they are
distinct from the C57Bl/6J strain on many anxiety-like behavioral assays (Moy et al., 2007).

CSI-CUS protocol
At PND28 (adolescent) or PND70–84 (adult) mice began the chronic unpredictable stress
(CUS) and chronic unpredictable EtOH/air vapor chamber exposure protocol. Mice were
single housed [chronic social isolation (CSI)] for the remainder of the experiment, unless
otherwise noted. Four groups were used throughout all experiments: Adolescent CSI-CUS
and chronic unpredictable air vapor chamber exposure (CSI-CUS-Sham-Youth), Adult CSI-
CUS and chronic unpredictable air vapor chamber exposure (CSI-CUS-Sham-Adult),
Adolescent CSI-CUS and chronic unpredictable EtOH vapor chamber exposure (CSI-CUS-
EtOH-Youth), Adult CSI-CUS and chronic unpredictable EtOH vapor chamber exposure
(CSI-CUS-EtOH-Adult). A modified version of the CSI-CUS protocol based on other
studies of anxiety and depression was used in this study (Cerqueira et al., 2007; Pego et al.,
2008) and included the following chronic unpredictable stressors: re-grouping, restraint
stress, over-crowding, wet bedding, cage tilting; light-dark cycle inversion (see Table 1 for
detailed CSI-CUS protocol; mice were singly housed at the start of the experiment so social
isolation persisted, unless otherwise noted). All mice averaged 5.5 exposures to stressors and
3.75 exposures to EtOH per week. Body weight gain was monitored throughout the study.
All mice were exposed to the protocol for 8–10 weeks and were then tested in adulthood for
altered anxiety-like behavior. Following the behavioral testing, mice were re-exposed for
another 3–5 days to the CSI-CUS-EtOH (or CSI-CUS-Sham) protocol and then examined
for altered plasticity in the BNST. The same cohort of mice was used for behavioral testing
and subsequent electrophysiological studies.

Chronic EtOH Procedure
Procedures were performed as outlined in the INIA-Stress standard operating procedure
(www.iniastress.org). Briefly, male C57Bl/6J mice (4 or 10–12 weeks old at start of Air or
EtOH exposure) were given a daily injection of either pyrazole (Air, 1 mmol/kg) or pyrazole
+ EtOH (EtOH group, EtOH, 1 mmol/kg + 0.8 g/kg, respectively). Thirty minutes following
the injection, in their home cages, mice were placed in a chamber filled with volatilized
EtOH (EtOH, 20.3 ± 0.2 mg/L) or volatilized water (Air). Airflow through the chambers
was maintained at 5.5 L/min and volatilization at 1.5 L/min. Mice were allowed food and
water ad libitum. After 16 hours of exposure, mice were removed from the chambers and
placed in fresh care fresh cages. Mice were randomly exposed to the EtOH vapor chamber
but averaged 3.75 exposures per week (see Table 1 for detailed protocol). Using these
parameters we tested blood ethanol levels (BEC) following the first EtOH exposure. The
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CUS-EtOH-Youth group measures were 194 and 208 mg/dl (n=2) and the CUS-EtOH-Adult
group 150 and 158 mg/dl (n=2; BEC levels determined as described in Healey et al., 2008).
All mice were tested after 8–10 weeks of the CSI-CUS-EtOH (or CSI-CUS-Sham) paradigm
for changes in anxiety-like behaviors during acute (4–6 hours) withdrawal from an EtOH/
Air vapor chamber exposure. The behavioral testing occurred during the light- phase of the
light/dark cycle and was conducted in a counter-balanced manner between groups. All
behavior tests were performed in the Vanderbilt Murine Neurobehavioral Lab shared
behavior core facilities at Vanderbilt University Medical Center
(https://medschool.mc.vanderbilt.edu/mnl).

Elevated plus maze and behavioral analysis
The elevated plus maze (EPM) follows the general design described by Lister (1987). The
EPM is comprised of two closed arms (30 × 10 × 5 cm) and two open arms (30 × 10 × 5 cm)
that meet at the junction (5 × 5 cm) of the four arms. The floor of the EPM was made of
clear plexiglass. The walls of the enclosed arms were 20 cm high and made of black
plexiglass. A small (0.25 cm) edge provided grip for the animals in the open arms. The
entire EPM apparatus was elevated 50 cm above floor level. To insure approximately equal
light distribution, Lux levels were assessed mid-length along each of the four arms and at
the junction of the EPM(~7–15 Lux). 1 hour prior to testing, the mice were brought to the
EPM testing laboratory. For each mouse, EPM testing was conducted between 4–6 hours
after the final vapor chamber exposure. We chose this acute withdrawal time-point based on
work that has shown an increase in handling-induced convulsions (Becker et al., 1997;
Jarvis and Becker, 1998) and in anxiety-like behavior in adult mice exposed to chronic
intermittent EtOH vapor for 16 hours a day for 4 days and then tested on the EPM 4–6 hours
after the last vapor chamber session (Kash et al., 2009). Testing began by placing the subject
on the central platform (facing an open arm). The videotaped test sessions were 5 minutes in
duration. Between test sessions, the maze was thoroughly cleaned with 70% EtOH.
Videotapes were automatically scored with NIH Image software for open and closed arm
entries, time spent in the open and closed arms and center zone, and total distance traveled.
Total number of arm entries (open and closed) and distance traveled are typically used as
indicators of overall locomotor activity. Although number of open arm entries may also be
analyzed to look at changes in anxiety-like behavior, it is not the best indicator and time
spent in the open arm is considered a more reliable and robust measure (Rodgers and Dalvi,
1997).

Social Interaction (approach-avoidance) Test
The modified Social Interaction (SI) test used in this study is based on the modified SI test
reported in Berton et al., (2006). SI test, also a commonly used measure for anxiety-like
behavior, assesses social behaviors that manifest in altered social communication and
interactions and is influenced by familiar versus unfamiliar partners or “target” mice (File
and Seth, 2003). Briefly, an experimental mouse was placed in a clear plexiglass box (40 ×
40 × 40 cm) and video tracking software (ANYmaze, Stoelting) was used to score
approaches to an unfamiliar adult (>8 weeks old) A/J mouse “target” that was enclosed in a
cylindrical container (10 cm in diameter) located in the center of one end of the box. The
designated “target area” was the 8 cm immediately outside and surrounding the container.
The experiment was carried out in low-light conditions (3 lux). At the start of each phase,
the experimental mouse in this study was placed in the corner farthest away from the empty
container “no target’ and its movements were tracked for 150 seconds. The experimental
mouse was then removed and placed back in his cage for approximately 60 seconds. For the
second phase, conditions were identical except the unfamiliar ‘target’ mouse was placed in
the container and the experimental mouse placed back in the box. Time the experimental
mouse spent in the “target area” was calculated by 100 × (time spent with “target”)/(time
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spent with “no target”). The box and container were thoroughly cleaned with 70% EtOH in
between tests.

Slice Preparation
CSI-CUS-EtOH and CSI-CUS-Sham mice) were decapitated under isoflurane. For field
potential recordings, the brains were removed quickly and placed in ice-cold sucrose
artificial cerebrospinal fluid (ACSF): (in mM) 194 sucrose, 20 NaCl, 4.4 KCl, 2 CaCl2, 1
MgCl2, 1.2 NaH2PO4, 10.0 glucose, and 26.0 NaHCO3 saturated with 95% O2/5% CO2
Hemisected coronal slices (300 μm)were prepared with a Vibratome (Pelco). Slices
containing anterior portions of the dorsal anterolateral BNST (dlBNST; bregma, 0.26–0.02
mm) (Franklin and Paxinos, 1997)were selected using the internal capsule, anterior
commissure, and stria terminalis as landmarks

Electrophysiology
Field potential recordings—After dissection, slices were transferred to an interface
recording chamber where they were perfused with heated (~29°C), oxygenated (95% O2-5%
CO2) artificial CSF (ACSF) (in mM: 124 NaCl, 4.4 KCl, 2 CaCl2, 1.2 MgSO4, 1 NaH2PO4,
10 glucose, and 26 NaHCO3, pH7.2–7.4; 290–310 mOsm) at a rate of 2 ml/min. Slices were
allowed to equilibrate in ACSF for at least 1 hr before experiments began. A bipolar
stainless steel stimulating electrode and a borosilicate glass recording electrode filled with
ACSF were placed in the dlBNST to elicit and record an extracellular field response.
Baseline responses to a stimulus (50 μsec) at an intensity that produced 40% of the
maximum response were recorded for no less than 20 min at a rate of 0.05 Hz. To elicit
LTP, two trains of 100 Hz, 1 sec tetanus were delivered with a 20 sec intertrain interval at
the same intensity as baseline test pulses. Previous studies from our lab have demonstrated
that the extracellular field response in comprised of a stimulus artifact and two distinct
negative deflections referred to as N1 and N2 (Weitlauf et al., 2004). The second negative
deflection, N2, is abolished by 10 μM 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) and
both the N1 (the first negative deflection) and N2 are eliminated by 1 μM tetrodotoxin
(TTX) (Weitlauf et al., 2004). The elimination of the N1 by the sodium channel blocker
TTX suggests that this component of the response may be similar to hippocampal fiber
volleys and striatal N1 responses. Experiments in which the N1 changed by >20% were
discarded. If the N1 could not be accurately estimated, input-output curves taken at the
beginning and end of experiments were used to determine whether the N1 at higher
stimulation intensities changed.

Statistical Analysis
All values are expressed as mean ± SEM. Data was analyzed using the Prism Software
package. Statistical significance was assessed using a Two-Way ANOVA for all tests (P <
0.05) and when a significant effect was found, Bonferroni’s was used for post-hoc analysis.

RESULTS
CSI-CUS-EtOH-Youth display reduced levels of anxiety-like behavior in the EPM

After 8–10 weeks of the CSI-CUS and chronic unpredictable EtOH or air vapor exposure,
mice were tested 4–6 hours after the last vapor chamber session for altered anxiety-like
behavior on the EPM.

In the current study, we found that mice in the CSI-CUS-EtOH-Youth group spent a
significantly greater amount of time in the open arm compared to all other groups (Fig. 1A;
age F1,28=12.02; drug F1,28= 14.20; age × drug F1,28= 7.775) consistent with a decrease in
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anxiety-like behavior in the CSI-CUS-EtOH-Youth group. Likewise, we found that the CSI-
CUS-EtOH-Youth group spent significantly less time in the closed arm of the EPM
compared to all other groups (Fig. 1B; age F1,28=13.59; drug F1,28 = 13.00; age × drug F1,28
= 12.78). No differences were found in time spent at the center of the EPM apparatus (Fig.
1C). No differences were found in the open arm entries in any group (Fig. 1D). However, a
significant decrease in closed arm entries was found in the CSI-CUS-EtOH-Youth compared
to CSI-CUS-Sham-Adult group (Fig. 1E; age F1,28=11.51; drug F1,28= 6.251; age × drug
F1,28<1). No differences were found in distance traveled in any of the groups (Fig. 1F).

CSI-CUS-EtOH-Adult group displays increased social-interaction
We chose the SI test based on several reports that following several cycles of intermittent
but not continuous EtOH exposure, adult rats display a decrease in interaction with an
unfamiliar ‘target’ animal in the social interaction test for anxiety (i.e. an increase in
anxiety-like behavior; Overstreet et al., 2002; Overstreet et al., 2003). In the SI test, we
found that the CSI-CUS-EtOH-Adult group spent significantly more time in the interaction
zone (“target area”) when the unfamiliar “target” mouse was present (Fig. 2; age
F1,28=6.858; drug F1,28 = 11.13; age × drug F1,28=10.31) compared to all other groups.

CSI-CUS-EtOH-Youth and Adult mice display blunted LTP in the dlBNST
To investigate whether glutamatergic plasticity in the dlBNST would be altered following
the CSI-CUS-EtOH and CSI-CUS-Sham regimens, we stimulated these afferents with a
tetanus protocol (two 100 Hz, 1 sectrains with a 20 sec intertrain interval; Figure 3A)
previously shown to induce NMDA receptor dependent LTP (Weitlauf et al., 2004). Only
experiments in which the N1 remained stable (<20% change throughout) were included for
analysis. This tetanus protocol had no effect on the early (0–5 minutes post- tetanus)
component of LTP of the N2 (Fig. 3B). However, this protocol elicited significantly greater
LTP of the N2 55 minutes after tetanusin the CSI-CUS-Sham but not CSI-CUS-EtOH
groups (Fig. 3C; CSI-CUS-Sham-Adult: 141.5 ± 11.3%; CSI-CUS-Sham-Youth: 126.8 ±
3.67%; CSI-CUS-EtOH-Adult: 108.4 ± 5.18%; ; CSI-CUS-EtOH-Youth: 102.76 ± 3.83%;
effect of treatment: F1,36 = 40.27; p< 0.05) but no effect of age or interaction of age ×
treatment was observed.

DISCUSSION
In this study, we showed that age of first exposure to chronic and intermittent unpredictable
stress and EtOH can have a differential impact on anxiety-like behaviors and dramatically
alter plasticity in the dlBNST in adult C57Bl/6J mice.

On the EPM test, we found that the CSI-CUS-EtOH-Youth mice displayed reduced anxiety-
like behavior compared to CSI-CUS-Sham and CSI-CUS-EtOH-Adult mice. Moreover,
although there were a reduced number of entries to the closed arm in the CSI-CUS-EtOH-
Youth group, we think this is reflective of an overall decrease in time spent in the closed
arm (indicative of a decrease in anxiety-like behavior) rather than a reduction in overall
locomotor activity because the total distance traveled between groups was unchanged.
Although increases, decreases and no changes in anxiety-like behaviors on the EPM has
been observed in adult mice exposed to alcohol (Kliethermes, 2005), previous studies have
not assessed EPM in adult chronically stressed mice exposed to long-term and intermittent
EtOH beginning in adolescence. Interestingly, the CSI-CUS-Sham-Youth/Adult and CSI-
CUS-EtOH-Adult mice may actually display an increase in anxiety-like behavior (measured
as time spent on the open arm; ~20%) when compared to adult naïve mice (time spent on the
open arm: 30–40%)run in our laboratory (Conrad KL, unpublished observations). Future
studies should explore the possibility that mice subjected to the CSI-CUS paradigm display
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an increase in anxiety-like behavior compared to naïve controls. Further, it is important to
note that it is possible that the age-related differences in our results could at least in part be
derived from age-depend differences in the pharmacol kinetics of alcohol metabolism.

In contrast to the decreased anxiety-like behavior observed in CSI-CUS-EtOH-Youth group
on the EPM, on the modified SI test, we found that the CSI-CUS-EtOH-Adult mice
displayed reduced anxiety-like behavior. It is possible that the CSI-CUS-Sham mice display
altered social interaction compared to what would be seen in naïve mice. However, we think
this possibility improbable given the degree of social interaction reported for CSI-CUS-
Sham mice is nearly identical to that reported in control mice in another study that used the
same modified SI test (Krishnan et al., 2007).

This study also adds to our current understanding of the role altered function in the BNST
plays in EtOH and stress-related adaptations. Thus, CSI-CUS-EtOH mice, regardless of age
of first exposure, displayed blunting of the late (55–60 minutes post-tetanus) but not early
(0–5 minutes post-tetanus) component of LTP in the dlBNST. Inclusion of chronically air
but not stress exposed mice may reveal that even mice in the CSI-CUS-Sham groups display
modestly blunted LTP, however, we think this result unlikely based on other work from our
lab that has found normal LTP in naïve mice to be approximately what we report here for
the CSI-CUS-Sham groups (~130–140% of baseline; data not shown).

There are several possible explanations for the altered anxiety-like responses in the CSI-
CUS-EtOH groups. One possible interpretation for the reduced levels of anxiety-like
behavior in the CSI-CUS-EtOH-Youth on the EPM test is that EtOH may offer some
protective benefits against the deleterious effects of stress exposure. For example,
intermittent EtOH exposure in adolescent but not adult mice can lead to a tolerance for the
aversive effects of EtOH in adulthood (Diaz-Granados and Graham, 2007). Moreover,
stressed rats that received EtOH displayed lower corticosterone levels compared to rats that
had been stressed but given saline (Brick and Pohorecky, 1982). Several studies have
assessed social interaction following differing regimens of EtOH and/or stress
administration and have found, in general, that withdrawal from EtOH exposure typically
results in a reduction in social interaction in adult rats (i.e. increase in anxiety-like behavior).
For example, Overstreet et al., (2002) exposed adult rats to an intermittent EtOH paradigm
and found reduced social interaction. Further, the authors found that neither continuous
exposure to EtOH (without withdrawals) nor stress alone lead to an increase in anxiety like-
behavior on the SI test, suggesting that it is the multiple withdrawals from EtOH exposure
that sensitizes the anxiety-like behavior and this effect is more pronounced in adolescent rats
(Overstreet et al., 2002; Breese et al., 2004; Wills et al., 2009). These studies are in line with
our own findings in the CSI-CUS-Sham mice, in that stress alone was unable to modify the
degree of social interaction with an unfamiliar A/J mouse and adolescents display higher
levels of anxiety-like behavior on the SI test following combined stress/EtOH exposure. The
modified SI test was chosen based on previous studies that successfully utilized it to assess
anxiety-like behavior in C57 mice (Berton et al., 2006; Krishnan et al., 2007); however, it
may not be directly comparable to many SI tests used in rats or results in different strains of
mice (Moy et al., 2008). Indeed, C57Bl/6J mice may exhibit distinct trait anxiety, emotional
reactivity and altered EtOH consumption compared to other inbred strains of mice (Crawley
et al., 1997; Voikar et al., 2005; Milner and Crabbe, 2008). To our knowledge, only one
other study has assessed social interaction in adult mice following prolonged (6 weeks)
EtOH exposure that began in adolescence and found, consistent with our findings in the
CSI-CUS-EtOH-Youth group, no effect on anxiety-like behavior (Zou et al., 2009).
Moreover, an additional possibility for the lack of an increase in SI in the CSI-CUS-EtOH-
Youth group is the fact that they were isolated from their peers at 1 week post-weaning and
remained isolated for the remainder of the study (except during the social regrouping

Conrad and Winder Page 7

Alcohol. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stressor and the SI test). Previous studies have demonstrated that the effects of social
isolation at post-weaning/early adolescence can alter anxiety-like behavior well into
adulthood, even in rodents that have been resocialized, and these effects have been
especially pronounced on the SI test and EPM (Hall et al., 1998; Lukkes et al., 2009). It is
important to note that although studies have reported increases in anxiety- and/or
depressive-like behavior and increased EtOH consumption following chronic social isolation
in C57Bl/6J mice (Kwak et al., 2005; Lopez et al., 2010), there are also reports of decreases
or no effect of long-term social isolation on affective and EtOH use behaviors(Voikar et al.,
2005). It is also possible that CSI-CUS-EtOH-Youth and CSI-CUS-EtOH-Adult mice may
have displayed differential blood EtOH content (BEC) levels during the experiment which
may have contributed to altered anxiety-like behavior. The only other study, to our
knowledge, that assessed BEC levels following chronic intermittent EtOH vapor chamber
exposure found no significant differences between adolescent and adult mice (Diaz-
Granados and Graham, 2007). Unfortunately, a detailed and rigorous time course would be
needed to address this possibility but was beyond the scope of this paper.

Previous research strongly implicated the BNST in EtOH and stress-induced adaptations.
Indeed, researchers showed in the juxtacapsular BNST (jcBNST), reduced LTP of intrinsic
excitability of jcBNST neurons following protracted withdrawal from EtOH self-
administration (Francesconi et al., 2009). Furthermore, prior work from our lab has shown
that ex vivo EtOH applied acutely to BNST slices resulted in a blunting of NMDAR-
dependent LTP (Weitlauf et al., 2004). Consistent with our findings of no change in LTP in
the dlBNST in CSI-CUS-Sham mice, a recent study found no effect of repeated restraint
stress on excitatory postsynaptic signaling in amygdala principal neurons in adult C57Bl/6
mice, suggesting, along with our findings, that repeated stress alone may not be sufficient to
alter plasticity in the amygdala and BNST regions (Holmes et al., 2010). It is unclear how
blunted LTP in the dlBNST may be associated with increased anxiety-like behavior.
However, the BNST is considered an important regulator and inhibitor of the paraventricular
nucleus (PVN) of the hypothalamus which then activates the hypothalamic pituitary adrenal
(HPA) axis (Ulrich-lay and Herman, 2009). Thus, impairment of LTP in the BNST may
serve to remove its inhibitory influence on the PVN and increase output to the PVN and
HPA axis activation. Moreover, dysregulation of the HPA axis is commonly observed in
patients suffering from affective and substance use orders. Thus, maladaptive forms of
plasticity in regions regulating the HPA axis may occur following chronic stress and EtOH
use.

Taken together, this work adds to a growing body of literature on the importance of
developmental differences in alcohol and stress-related studies and highlights the differential
impact chronic intermittent and unpredictable stress and alcohol exposure can have on
affective behavior and plasticity. In addition, in comparing our results to the available
literature, our findings suggest that a CSI-CUS-Sham protocol alone is not sufficient to alter
anxiety-like behavior and plasticity in the dlBNST, suggesting chronic hyper functioning of
the HPA axis alone is insufficient in producing these alterations. Given the strong
association between anxiety and EtOH use among adolescents, and the unique tools mice
offer in the study of genetic contributions to psychiatric disorders, further investigations into
the effects of chronic EtOH use in stressed adolescent laboratory mice is clearly warranted.
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Figure 1. Anxiety-like Behavior in the EPM is decreased in the CSI-CUS-EtOH-Youth group
A. Time spent on the open arm of the EPM (seconds). All mice were tested 4–6 hours post
EtOH or Air (control) vapor chamber exposure. CSI-CUS-EtOH-Youth group spent
significantly more time on the open arm compared to CSI-CUS-EtOH-Adult, CSI-CUS-
Sham-Adult, CSI-CUS-Sham-Youth. (n=7–9 per group), *p<0.05. Data are represented as
mean ± SEM.
B. Time spent on the closed arm of the EPM. CSI-CUS-EtOH-Youth group spent
significantly less time on the closed arm compared to CSI-CUS-EtOH-Adult, CSI-CUS-
Sham-Adult, CSI-CUS-Sham-Youth. (n=7–9 per group), *p<0.05. Data are represented as
mean ± SEM.
C. Number of open arm entries on the EPM. No significant differences were found on
number of open arm entries. (n=7–9 per group). Data are represented as mean ± SEM.
D. Number of closed arm entries on the EPM. CSI-CUS-EtOH-Youth group had fewer
entries on the closed arm compared to CSI-CUS-EtOH-Adult, CSI-CUS-Sham-Adult, and
CSI-CUS-Sham-Youth. (n=7–9 per group), *p<0.05. Data are represented as mean ± SEM.
E. Distance Travelled on the EPM. No differences were found in the distance travelled on
the EPM. (n=7–9 per group). Data are represented as mean ± SEM. Only one cohort of mice
was used for all behavioral and electrophysiological studies. See Methods for additional
information.
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Figure 2. CSI-CUS-EtOH-Adult group spend significantly more time interacting with the target
mouse compared to the CSI-CUS-EtOH-Youth, CSI-CUS-Sham-Adult, and CSI-CUS-Sham-
Youth groups
A. Time spent with the target mouse [percent of total time calculated as %(time spent with
target AJ mouse/time spent without target AJ mouse)]. All mice were tested 4–6 hours post
EtOH or Air (control) vapor chamber exposure but on a different day than the EPM and LD
tests. CSI-CUS-EtOH-Adult mouse spent significantly more time with the target AJ mouse
compared to all other groups. (n=7–9 per group), *p<0.05. Data are represented as mean ±
SEM. Only one cohort of mice was used for all behavioral and electrophysiological studies.
See Methods for additional information.
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Figure 3. CSI-CUS-EtOH-Youth and CSI-CUS-EtOH-Adult groups displayed blunted LTP in
the dlBNST compared to CSI-CUS-Sham-Youth and CSI-CUS-Sham-Adult groups
A.  Time of tetanus [two trains (20 sec interstimulus interval); 100 Hz, 1 sec].
B. 0–5 minutes after administering tetanus, N2 amplitude was not significantly different
among any group.
C. Representative traces i) CSI-CUS-Sham-Adult, ii) CSI-CUS-Sham-Youth, iii) CSI-CUS-
EtOH-Adult, iv) CSI-CUS-EtOH-Youth and labeled N1 and N2.
D. 55–60 minutes after administering tetanus, N2 amplitude in the CSI-CUS-EtOH groups
was significantly lower compared to CSI-CUS-Sham groups. Only one cohort of mice was
used for all behavioral and electrophysiological studies. See Methods for additional
information.
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