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Abstract
Rationale We have shown previously, using an animal model
of voluntary ethanol intake and ethanol-conditioned place
preference (EtOH-CPP), that exposure to chronic psychoso-
cial stress induces increased ethanol intake and EtOH-CPP
acquisition in mice.
Objective Here, we examined the impact of chronic subordi-
nate colony (CSC) exposure on EtOH-CPP extinction, as well
as ethanol-induced reinstatement of CPP.
Methods Mice were conditioned with saline or 1.5 g/kg eth-
anol and were tested in the EtOH-CPP model. In the first
experiment, the mice were subjected to 19 days of chronic
stress, and EtOH-CPP extinction was assessed during seven
daily trials without ethanol injection. In the second experiment
and after the EtOH-CPP test, the micewere subjected to 7 days
of extinction trials before the 19 days of chronic stress. Drug-
induced EtOH-CPP reinstatement was induced by a priming
injection of 0.5 g/kg ethanol.
Results Compared to the single-housed colony mice, CSC
mice exhibited increased anxiety-like behavior in the elevated
plus maze (EPM) and the open field tests. Interestingly, the
CSC mice showed delayed EtOH-CPP extinction. More im-
portantly, CSC mice showed increased alcohol-induced rein-
statement of the EtOH-CPP behavior.
Conclusion Taken together, this study indicates that chronic
psychosocial stress can have long-term effects on EtOH-CPP
extinction as well as drug-induced reinstatement behavior and
may provide a suitable model to study the latent effects of

chronic psychosocial stress on extinction and relapse to drug
abuse.
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Abbreviations

CPP Conditioned place preference
CSC Chronic subordinate colony
EPM Elevated plus maze
EtOH Ethanol
OF Open field
SHC Single-housed colony

Introduction

Alcohol is one of the most commonly abused substances.
However, the etiology of alcohol dependence remains poorly
elucidated and only a few treatments are available [for review
see Heilig and Egli 2006]. In addition, one of the most
troubling aspects of ethanol abuse and alcoholism is the
relapse that may occur after several years of abstinence. Sev-
eral reports have shown that, when exposed to stressful events,
humans are more likely to relapse to ethanol and other drugs
(Chaplin et al. 2010; Fox et al. 2005; Kosten et al. 1986; Sinha
et al. 2000). A factor long known to increase the risk for
development and maintenance of alcohol use disorders is
environmental stress (Zimmermann et al. 2004). Environmen-
tal stress may produce an exaggerated endocrine response,
which is normalized by alcohol, often in conjunction with
genetic risk factors for alcoholism (Sinha 2001, 2007). Nev-
ertheless, the biological mechanisms by which chronic stress
increases craving and relapse to chronic alcohol abuse are
unclear. One potential mechanism is that stress acts by altering
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the pharmacological and subjective effects of alcohol. Stress
produces a cascade of physiological and psychological effects,
each with a distinctive time course. In turn, alcohol adminis-
tration also influences both ACTH and cortisol secretion
(Zimmermann et al. 2004). Thus, there are bi-directional
relationships between alcohol and stress: alcohol influences
responses to stress, and stress changes reactions to alcohol,
depending on an individual's pattern of response to alcohol
(Childs et al. 2011). Alcohol's anxiolytic effect is probably
another important underlying mechanism of abuse that may
induce reinforcement of abuse habits by reduction of negative
feelings and negative self-perception, most probably leading
to a repetition effect resulting in habituation, although the
dampening of stress hormone response by alcohol does not
appear to be paralleled by any effect on how subjects per-
ceived the stress situation (Zimmermann et al. 2004).

Chronic stress in humans enhances the susceptibility for
addiction disorders including alcoholism (Enoch 2011; Lipton
1997). This has been recapitulated in animal models, but most
studies have utilized non-social rather than social stress para-
digms, of which the latter are believed to be more relevant to
the human situation, mainly for a lack of appropriate animal
models. Nevertheless, recent studies have found that chronic
psychosocial stress in mice induces an anxiogenic-like pheno-
type and enhances alcohol consumption and preference (Bahi
2013a; Peters et al. 2013) as well as ethanol-induced condi-
tioned place preference (EtOH-CPP) (Bahi 2013a). Animal
studies reporting a positive correlation between stress and
alcohol consumption suggest that drinking may take place in
response to chronic stress if it is perceived as unavoidable
(Nash and Maickel 1988; Volpicelli 1987), when alternative
resources are lacking, when alcohol is accessible, andwhen the
individual believes that alcohol will help to reduce the stress
(Jennison 1992).When exposed to unavoidable shock, animals
exhibit the hormonal changes indicative of the stress response,
including increased levels of corticosteroid hormones
(Volpicelli 1987). On the other hand, under certain circum-
stances and at certain doses, alcohol may induce rather than
reduce the body's stress response (Waltman et al. 1993). As a
matter of fact, several studies demonstrate that alcohol actually
induces the stress response by stimulating hormone release by
the hypothalamus, pituitary, and adrenal glands (Krishnan et al.
1991; Tsigos and Chrousos 2002; Wand and Dobs 1991).

In the present study, we aimed to examine whether chronic
subordinate colony (CSC) housing-induced chronic psycho-
social stress would affect extinction and reinstate ethanol-
conditioned place preference. We believe that such findings
may be of considerable consequence to tackle alcoholism and
drug abuse in humans. Indeed, they would suggest that stimuli
previously associated with social stressful events could pre-
cipitate and accelerate relapse after years of abstinence.

Therefore, in the present study, we examined the effects of
chronic psychosocial stress and CSC housing on the extinction

of EtOH-CPP, and we investigated the impact of CSC housing
on ethanol-induced reinstatement of EtOH-CPP after extinc-
tion. Based on preliminary findings from our laboratory and
the previously published study (Bahi 2013a, b), we hypothe-
sized that the CSC housing would delay EtOH-CPP extinction
and exacerbate drug-induced reinstatement after extinction.

Materials and methods

Animals

Male C57BL/6 mice weighing 19–24 g (experimental mice) or
Tuck-Ordinary “TO” (resident mice) weighing 35–40 g were
housed in standard Plexiglas observation cages (35×23×
19 cm) before the experimental procedure started. All mice
were bred in the local central animal facility of the CMHS
and were kept under standard laboratory conditions. A bedding
was produced locally and autoclaved before use and the mice
had free access to tap water and standard mouse chow diet
obtained from the National Feed and Flour Production and
Marketing Company LLC (Abu Dhabi, UAE). The experimen-
tal procedures were approved by the local research ethics
committee (protocol no. A01-12).

Drugs

Ethanol (catalog number 131086) was purchased from Panreac
Quimica SAU (Barcelona Spain). For the CPP experiment,
ethanol was diluted in isotonic saline (NaCl 0.9 %) (10 %; v/v)
and injected intraperitoneally (IP) at 1.5 g/kg.

Chronic subordinate colony housing stress procedure

The CSC procedure has been previously described (Bahi
2013a). In brief, four C57BL/6 experimental subordinate “in-
truder” mice were introduced into the home cage of a larger,
dominant TO outbred male mouse “resident” that had been
housed with female mice for 10 days to enhance its territoriality
and aggression. The CSC procedure lasted for 19 consecutive
days. To avoid habituation the four intruder mice were trans-
ferred to a novel resident cage on day 8 and 15. In all colonies,
the larger male mouse established a dominant status by chasing
and attacking all four experimental mice. In parallel, single-
housed control (SHC)mice remained undisturbed in their home
cages except for a change of bedding once a week if needed. A
total of 48 mice were used (SHC=16, CSC=16).

Elevated plus maze test

At the end of the CSC procedure, the anxiety-like behavior
was assessed using the elevated plus maze (EPM) test as
described previously between 0800 hours and 1100 hours
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for 5 min (Bahi 2013a, b; Bahi and Dreyer 2012a; Bahi et al.
2009). The EPM apparatus was made of wood painted black
and elevated 0.4 m above the ground. The maze was com-
posed of two open arms (40×6 cm) aligned perpendicularly to
two closed arms (40×6×30 cm). The open arms had a 2-mm
high wood rim to prevent falling. In brief, each mouse was
placed on the central platform facing a closed arm and the
number of entries into the open and closed arms as well as the
time spent on the respective arms were manually recorded to
allow calculation of the percentage of time spent on, and the
percentage of entries performed into the open arms of the
maze. A total of 48 mice were tested (SHC=24, CSC=24).

Open field test

After completion of the EPM test, mice were tested in an open
field (OF) for their anxiety-like behavior, and locomotor ac-
tivity was measured as described previously (Bahi 2013a, b;
Bahi and Dreyer 2012a; Bahi et al. 2009). The test was carried
out in the OF arena between 1300 hours and 1500 hours 24 h
after the completion of the chronic stress housing. The OFwas
a 32×32 cm white Plexiglass arena marked into 64 equal
squares by black lines and surrounded by 20-cm-high walls.
The central 16 squares were defined as the center area. The
mice were put in the center of the arena and allowed to explore
freely for 10 min. Line-crossing (defined as at least three paws
in a square) and the time spent in the center of the arena were
manually recorded and used as a measurement of locomotion
and anxiety, respectively. In total, 48 mice were used (SHC=
24, CSC=24).

Ethanol-induced conditioned place preference

The CPP apparatus used in the current study has been previ-
ously described (Bahi 2012, 2013a, b; Bahi and Dreyer
2012b; Bahi et al. 2013b). In brief, it consists of two equal-
sized compartments (30×30×30 cm) with a sliding guillotine
door in the center of the base. Both compartments are
equipped with different visual and tactile cues: one is black
with a large metal grid floor, the other is white with a fine
metal grid rod floor. Following an unbiased procedure in
terms of initial spontaneous preference, the effects of chronic
subordinate colony housing on EtOH-CPP extinction and
reinstatement were studied in C57BL/6 mice. The place con-
ditioning consisted of three phases. During the first phase
(pre-conditioning, day 1), the mice were allowed to access
both chambers of the apparatus for 15 min and the time spent
by the animal in each chamber was recorded during a 900-s
period. During the second phase (conditioning, day 2–9), and
before eight daily 30-min conditioning sessions (four alternat-
ing drug and vehicle pairings), the animals received IP injec-
tions of ethanol or isotonic saline, and the guillotine door
between the two compartments was closed. The mice

received ethanol injections (1.5 g/kg prepared from 10 %
ethanol solution in isotonic saline v /v ) on drug days and were
placed 1–2 min later in one compartment. On non-drug days,
these animals received isotonic saline injections (10 mL/kg)
and were subsequently placed in the opposite compartment.
The presentation of ethanol was counterbalanced so that half
of the mice were injected with the drug on days 2, 4, 6, and 8,
and the other half on days 3, 5, 7, and 9. During the third phase
(post-conditioning, day 10), the guillotine doors separating the
two chambers were removed and the time spent by the mice in
each chamber was recorded during a 900-s test period. The
difference in seconds between the time spent in the EtOH-
paired compartment in the post- and pre-conditioning tests is a
measurement of the degree of conditioning induced by the
drug. The detailed procedure has been described previously
(Bahi 2013a; Bahi and Dreyer 2012b, c; Bahi et al. 2013a, b).

Place preference to ethanol was extinguished as previously
described (Bahi 2012).Mice were injectedwith isotonic saline
and allowed to move freely in the apparatus for 900 s. This
procedure occurred for 7 consecutive days to extinguish place
preference, i.e., until the mean difference between the time
spent in the EtOH-paired and the saline-paired chambers was
no longer statistically significant.

Reinstatement was performed the day following extinction.
Reinstatement was identical to the post-conditioning test ses-
sion except that mice were injected with an ethanol prime
(0.5 g/kg, IP) for drug-induced reinstatement. Immediately
after injection, the mice were placed in the central zone of
the CPP apparatus with free access to both chambers. The time
spent in each chamber was recorded for 900 s to enable
comparison with the last extinction session.

Experiment 1: effects of chronic psychosocial stress
on EtOH-CPP extinction

After the post-conditioning CPP test, the mice were divided
into two groups: a single-housed group (SHC; n =8) and
chronically stressed colony-housed mice (CSC; n =8). After
19 days, the EPM and open field tests were performed on
day 30 and EtOH-CPP extinction started for 7 days as detailed
above. The experimental timeline is depicted in Fig. 1a.

Experiment 2: effects of chronic psychosocial stress
on ethanol-induced reinstatement after extinction
of EtOH-CPP

After the EtOH-CPP extinction was determined, experimental
mice (CSC=8) were exposed to 19 days of chronic stress as
described above. Control mice were single-housed (SHC=8).
On day 37, both groups were tested for the anxiety-like
behavior and locomotor activity in the EPM and OF tests as
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described above. Twenty-four hours later, the mice were given
a priming injection of ethanol (0.5 g/kg, IP) before being
placed between the two chambers with access to the entire
apparatus for 15 min. The time spent on each side was
recorded. The experimental timeline is depicted in Fig. 1b.

Statistical analysis

For statistical comparisons, the software package SPSS (ver-
sion 19.0) was used. Data were expressed as means±SEM.
The analysis of the effects of housing on bodyweight gain, the
elevated plus maze, and the open field behavior were analyzed
using one-way analysis of variance (ANOVA). Also, EtOH-
CPP pre-, post-conditioning, the difference and reinstatement
scores (Experiment 2) were analyzed using one-way ANOVA.
Finally, the effects of housing on weight gain and EtOH-CPP
extinction data were analyzed using one-way ANOVA with
repeated measure with housing (CSC or SHC) as the between-
subjects factor and time as the within-subjects factor. The
criterion for statistical significance was p ≤0.05.

Results

Effects of chronic psychosocial stress on body weight gain

As expected, total bodyweights of the CSC (n =16) groupwere
lower than SHC (n =16). In fact and as depicted in Fig. 2a, one-
way ANOVAwith repeated measure have shown that there was
a main effect of time (F (3,90)=168.306, p <0.0001) and stress
(F (1,30)=8.022, p =0.008). More importantly, the interaction
between stress and time was significant (F (3,90)=11.964,
p <0.0001). In addition and as shown in Fig. 2b, the weight
gain between the first and the 19th day of chronically stressed
mice was significant (F (1,30)=26.230, p <0.0001).

Effects of chronic psychosocial stress on locomotor activity
and anxiety-like behavior

After completion of the chronic psychosocial procedure, CSC
(n =16) and SHC (n=16), the mice were assessed in the EPM
and OF tests. The OF test quantifies anxiety-like behaviors and
locomotor activity. The mice preferentially move around the
periphery of an open arena in a novel environment. Time spent
in the central area of the open field is considered to be inversely
correlated to their level of anxiety-related proneness (Cunha and
Masur 1978; Joffe et al. 1973). Therefore, results have shown
that stress had no effect on basic locomotor activity (F (1,30)=
0.0003, p=0.985) (Fig. 2c). In contrast and as expected, one-
way ANOVA revealed that CSC mice exhibited increased
anxiety-like behavior and spent less time in the center of the
arena (main effect of stress: F (1,30)=6.504, p=0.016) (Fig. 2d).

To evaluate the anxiety-like behavior following stress expo-
sure, the EPM test was used. One-way ANOVA did reveal a

Fig. 1 Schematic representation of the experimental procedures. The
timelines show sequence and duration of experimental protocols of
the effect of CSC on a EtOH-CPP extinction (Experiment 1), b
ethanol-induced reinstatement of EtOH-CPP behavior after extinction
(Experiment 2)

Fig. 2 Chronic psychosocial stress effects on body weight gain and
anxiety-like behavior in the open field test. a The daily defeated group
CSCmale mice gained significantly less body weight compared to single-
housed controls (SHC). b Chronically stressed mice showed attenuated
weight after 19 days CSC. c In the OF test, there was no significant
difference between the SHC and CSCmice in general locomotor activity,
as measured by total line crossings. In contrast, d CSC mice spent less
time in the center of the arena in center time indicating an increased
anxiety-like behavior of these mice compared to the SHC. Data represent
mean±SEM. *p <0.005 versus single-housed (SHC) control mice. SHC
(n =16) and CSC (n=16)
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main effect of stress on the time spent in the different arms of the
EPM. In detail, CSC mice showed less percentage of time spent
in the open arms (OA) (F (1,30)=8.113, p=0.008) (Fig. 3a). Con-
sequently, the total number of entries into OAwas lower in CSC
mice (F (1,30)=8.189, p=0.008) (Fig. 3b). Additionally, the per-
centage of entries into the OAwas less in the CSCmice (F (1,30)=
7.666, p=0.010) (Fig. 3c). More importantly and as depicted in
Fig. 3d, the total distance moved within the maze was not
affected by the stress as the total number of entries into closed
arms was not different between SHC and CSC groups (F (1,30)=
0.572, p=0.455). Taken together, the CSC mice exhibited more
anxiety-like behavior than their SHC control mice, but there
were no differences in basic locomotor activity per se.

Experiment 1: effects of CSC housing on EtOH-CPP
extinction

In this experiment, mice were conditioned based on a previ-
ously established unbiased EtOH-CPP paradigm (Bahi 2013a;

Bahi et al. 2013b). This has been demonstrated to be an
effective protocol for the study of extinction and reinstatement
(Bahi 2012). As shown in Fig. 4a, one-way ANOVA revealed
that mice initially demonstrated an equivalent amount of time
spent in each of the two conditioning chambers (F (1,14)=0.739,
p =0.404). When tested in the post-conditioning session, the
mice demonstrated a robust EtOH-CPP that was significantly
greater than that of the initial preference (F (1,14)=101.582,
p <0.0001) (Fig. 4a). More importantly, no difference between
SHC and CSC groups was found (stress groups main effect:
F (1,14)=0.880, p =0.364; interaction between time and stress
groups: F (1,14)=0.780, p =0.784) (Fig. 4b). During the first day
of extinction performed in the absence of ethanol, both SHC
(n =8) and CSC (n =8) mice showed a clear initial preference
for the chamber previously associated with ethanol (main effect
of time: F (1,14)=118.556, p <0.0001; main effect of stress:
F (1,14)=0.033, p =0.858, interaction between time and stress:
F (1,14)=2.061, p =0.173). However, EtOH-CPP extinction was
slower in CSC compared to SHC mice. Statistical analysis

Fig. 3 Chronic psychosocial stress effects on anxiety-like behavior in the
elevated plus maze test. Following 19 days of chronic psychosocial stress
exposure, CSC mice showed a reduced percentage time in the open arms
(OA), b reduced total number of entries into the OA, and c reduced
percentage of entries into the OA of the maze; d however, both SHC and
CSC groups have the same number of entries in the closed arms (CA)
indicating that stress procedure did not affect spontaneous locomotor
activity. Data represent mean±SEM. *p <0.001 versus single-housed
(SHC) control mice. SHC (n =16) and CSC (n =16)

Fig. 4 Chronic psychosocial stress effects on ethanol-induced condi-
tioned place preference “EtOH-CPP” extinction. a Mice were tested in
the pre-conditioning test and no side preference was detected. Also, both
groups acquired EtOH-CPP as indicated by increased time spent in the
drug-paired side during the post-conditioning session. *p<0.001 versus
pre-conditioning. b The difference between pre- and post-conditioning
sessions indicates no significant difference between the stress groups. c
CSC mice showed delayed EtOH-CPP extinction. #p <0.01 versus sin-
gle-housed (SHC) control mice. Data represent mean±SEM. SHC (n =8)
and CSC (n =8)

5

ht
tp

://
do

c.
re

ro
.c

h



revealed a significant main effect of time (F (6,84)=35.150,
p <0.0001) and a main effect of stress (F (1,14)=25.606,
p <0.0001). More importantly, the interaction between time
and stress was significant (F (6,84)=3.094, p =0.009) (Fig. 4c).

Experiment 2: effects of CSC housing on ethanol-induced
reinstatement of EtOH-CPP

As a second experiment, we evaluated the efficacy of subor-
dinate colony housing as a stressor necessary to induce rein-
statement in C57BL/6 after a priming injection of ethanol. The
results describing the effects of CSC chronic psychosocial
stress on ethanol-primed reinstatement of EtOH-CPP behavior
are depicted in Fig. 5. A total of 16 mice were evenly and
randomly distributed into two groups (SHC, n =8; CSC,
n =8). The one-way ANOVA test of the pre-conditioning
baseline showed that mice spent an almost equal amount of

time in the two chambers. In fact, and as depicted in Fig. 5a,
there were no significant differences in the time spent in the
two chambers (F (1,14)=0.061, p =0.808). Thus, the test pro-
cedures were considered unbiased in terms of chamber pref-
erences of untreated mice. In addition, both SHC and CSC
trained with ethanol acquired significantly higher CPP scores
(F (1,14)=21.017, p <0.0001) (Fig. 5a). More importantly, no
apparent difference between the two groups was found
(F (1,14)=0.071, p =0.793) (Fig. 5b). On extinction day 1, the
CPP effects remained. Thus, the animals spent a significantly
longer time in the ethanol-paired chamber as compared to the
pre-conditioning test (F (1,14)=49.285, p <0.0001) (Fig. 5c),
and there was no difference from the post-conditioning test
(F (1,14)=1.233, p =0.286). In contrast, full extinction was
observed on extinction day 7 when the ethanol-paired chamber
time did not differ from that of the pre-conditioning test (main
effect of time: F (6,84)=11.483, p <0.0001) (Fig. 5c), but both
groups extinguished in an equivalent way (main effect of stress
groups:F (1,14)=0.019, p =0.891) (Fig. 5c). The next day, the re-
administration of ethanol at a lower dose of that administered
during conditioning (0.5 g/kg) resulted in reinstatement of place
preference as revealed by the mice spending significantly lon-
ger time in the ethanol-paired chamber during the reinstatement
test as compared to the pre-conditioning test (main effect of
time: F (1,14)=76.326, p <0.0001). More importantly and as
depicted in Fig. 5d, the interaction between time and stress
was significant F (1,14)=17.064, p =0.001). To formally estab-
lish that a priming dose of alcohol reinstates CPP in CSC mice
but not SHC mice, time spent in the drug-paired compartment
was compared to the last day of extinction in both groups. A
mixed ANOVA with housing history as the between-subjects
factor and time as the within-subjects factor showed a main
effect of time (F (1,14)=21.469, p <0.0001) and housing history
(F (1,14)=4.252, p =0.058). More importantly, there was a sig-
nificant interaction between the time and housing history
(F (1,14)=5.283, p =0.037). Post hoc evaluation showed that
following a single injection of ethanol, CSC animals previ-
ously demonstrating CPP and exposed to chronic stress show
a significant preference for the side previously paired with
ethanol. In addition, Fig. 5d shows that SHCmice spent 109.8
±22.3 s in the ethanol-paired chamber during reinstatement,
which appears to reflect reinstatement, albeit lower than in the
CSC group. To further clarify this issue, we performed statis-
tical analyses comparing reinstatement- vs. pre-conditioning
values for the SHC group. Thus, a mixed ANOVA showed
that a single injection of a low dose of ethanol reinstated the
CPP behavior in CSC (F (1,14)=26.361, p <0.0001) but not in
SHC mice (F (1,14)=4.265, p =0.058). An additional analysis
comparing ethanol-induced reinstatement to the last day of
extinction in the SHC and CSC groups revealed that a single
injection of a low dose of ethanol reinstated the CPP behavior in
CSC (F (1,14)=26.035, p<0.0001) but not in SHCmice (F (1,14)=
3.261, p =0.092). In summary, our results showed that a

Fig. 5 Chronic psychosocial stress effects on ethanol-induced reinstate-
ment of EtOH-CPP after extinction. a Mice were tested in the pre-
conditioning test and no side preference was detected. Also, both groups
acquired EtOH-CPP as indicated by increased time spent in the drug-
paired side during the post-conditioning session. *p <0.001 versus pre-
conditioning. b The difference between pre- and post-conditioning ses-
sions indicates no difference between the stress groups. c Both SHC and
CSC mice showed similar EtOH-CPP extinction. d CSC mice showed
increased drug-induced reinstatement of EtOH-CPP after extinction.
#p <0.05 versus single-housed (SHC ) control mice. Data represent
mean±SEM. SHC (n =8) and CSC (n=8)
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priming injection of ethanol was able to reinstate the EtOH-
CPP in CSC but not in SHC mice.

Discussion

The results of the present study demonstrate that chronic
psychosocial stress produced long-term effects on EtOH-
CPP. Indeed, and compared to the SHC control mice, the
CSC housing delays extinction and increased ethanol-
induced reinstatement of EtOH-CPP behavior. These findings
are in general agreement with several studies by Ribeiro and
co-workers, in which physical (restraint and tail pinch) and
social defeat stressors induced reinstatement of drug-induced
CPP (Ribeiro Do Couto et al. 2009; Ribeiro Do Couto et al.
2006). The current results are also in agreement with a differ-
ent study in which stress in rats reinstates alcohol self-
administration (Funk et al. 2005) and with the findings that a
priming injection of ethanol, cocaine, amphetamine, and mor-
phine reinstate drug CPP (DeMarco et al. 2009; Feng et al.
2011; Font et al. 2008; Romieu et al. 2004).

Consequences of CSC on body weight gain and anxiety-like
behavior

In agreement with previous reports, we showed that CSC mice
exhibited reduced body weight gain which is a well-
established physiological marker of chronic stress in both mice
(Reber et al. 2007; Reber and Neumann 2008; Singewald et al.
2009) and rats (Berton et al. 1998; Nyuyki et al. 2012; Plaznik
et al. 1993; Stefanski et al. 2001). A reduction in body weight
gain was also observed in acutely defeated animals (Berton
et al. 1998). However, stress-induced body weight loss was
more severe and longer lasting after CSC, thereby confirming
our previous results (Bahi 2013a) that weight gain is differen-
tially affected by acute and chronic social stress. It is notewor-
thy that subordinate defeated animals had free access to food,
thus suggesting that the aforementioned difference in body
weight gain probably depended on related differences in the
anorexigenic effects of stress.

Studies addressing the behavioral effects of CSC have re-
ported some prolonged anxiogenic consequences (Nyuyki et al.
2012; Reber et al. 2007; Singewald et al. 2009; Uschold-
Schmidt et al. 2012). Thus, we have tested our SHC and CSC
mice in an elevated plus maze [a widely validated model of
anxiety, including in our hands (Bahi 2013a, b; Bahi and
Dreyer 2012a; Bahi et al. 2009)]. In the present study, a reduced
number of entries in the open arms of the elevated plus maze,
and decreased time spent therein, were observed in CSC mice
compared to SHC controls, thus confirming that the former are
more anxious than the latter (Bahi 2013a). These findings are in
line with a reduction in exploratory behavior found in a Wistar
rat line selectively bred for high anxiety-related behavior

(Salome et al. 2004). This cannot be accounted for by motor
differences as the number of entries into the closed arms was
similar in SHC and CSC mice suggesting that the observed
stress-related behavioral alterations are specific. Furthermore, it
should be emphasized that changes in line crossings in the open
field (Bahi 2013a, b; Bahi and Dreyer 2012a; Veenema et al.
2008), reflecting basic and spontaneous locomotor activity,
were not found in CSC mice. These results suggest that the
reduced number of entries and the decreased time spent into the
open arms found in CSC, compared to SHCmice, is not due to
altered locomotor activity but it is influenced by emotion.

One can argue that single-housed animals are not appropriate
as controls for the chronic subordinate stress housing condition.
This way, it is impossible to parse out whether it is the group
housing or the chronic social stress that are causing the group
difference. Singewald and colleagues have addressed this issue
in a previous study by using group-housed control mice (four
mice per cage for 19 days without a dominant resident)
(Singewald et al. 2009). In their study, the authors reported that,
like CSC mice, group-housed mice showed less exploratory
behavior into the open arms of the EPM test compared with
SHC mice. Furthermore, group-housed mice gained less weight
during the 19-day period compared with SHC mice (Singewald
et al. 2009) indicating that group housing itself is stressful for
mice and not an appropriate control for the CSC paradigm. One
possible explanation is that one mouse out of the group of four
may obtain dominant status and subordinate (aggress) its cage
mates. Indeed, it was found that in the group-housed mice, only
three out of the four mice showed a reduction in body weight
gain comparable to CSC compared with CSC mice (Singewald
et al. 2009). Taken together, group housing could not be an
adequate control condition for CSC housing.

Consequences of CSC on extinction and reinstatement
of ethanol-CPP

Consistent with our primary hypothesis and previous research
using different stress models, chronic psychosocial stress in-
creased ethanol-induced reinstatement of EtOH-CPP. Specifi-
cally, when ethanol (0.5 g/kg) was used for priming, CSCmice
spent significantly more time in the alcohol-paired chamber
relative to SHC controls given the same priming dose.

The finding that chronic psychosocial stress caused rein-
statement of ethanol-seeking behavior is novel and extends
previous work done by others examining reinstatement of
drug self-administration. In these studies, physical stress (foot
shock) given for various periods of time reinstated rat lever-
pressing for ethanol (Liu andWeiss 2003; Martin-Fardon et al.
2000), cocaine (Capriles et al. 2003; Lu et al. 2001), heroin
(Leri et al. 2004; Shaham and Stewart 1996; Zhou et al. 2008),
and morphine (Mueller et al. 2002). Also, immobilization
stress given within the place preference chamber is capable
of producing reinstatement of cocaine-seeking behavior in
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male Sprague–Dawley rats (Sanchez et al. 2003). More im-
portantly, few reports using the place conditioning procedure
have demonstrated that the restraint stress and forced swim
stress reinstated ethanol-induced place preference (Bhutada
et al. 2012). Also, increased vulnerability to reinstatement
induced by cocaine priming was observed in grouped adult
mice exposed to social defeat stressors (Ribeiro Do Couto
et al. 2009). Taken together, only animals that experienced
defeat in a social interaction with a dominant resident
displayed a reinstatement of ethanol-induced CPP, suggesting
that chronic social stress is as effective as physical stress in
reinstating drug seeking. At the molecular level, it has been
reported that the mesocorticolimbic dopamine system was
activated following social defeat stress (Burke et al. 2013;
Tidey and Miczek 1996; Wand et al. 2007; Yavich and
Tiihonen 2000), and therefore this system could be involved
in chronic social stress-induced reinstatement of ethanol seek-
ing behavior. In addition, Nikulina and co-workers have re-
ported that within 30 min after social defeat stress in rats, the
expression levels of μ-opioid receptor (MOR)-encoding
mRNA, as evaluated and quantified by in situ hybridization,
increased in the lateral ventral tegmental area (VTA) (Nikulina
et al. 1999). These findings suggest that stress-induced alter-
ation of MOR transcripts level in the VTAmay be involved in
the consequences of social defeat stress. At the serotoninergic
level, chronic social defeat increased 5-HT1B receptor mRNA
levels in the rostral nucleus accumbens shell (Furay et al.
2011). This brain region is highly involved in the rewarding
properties of drugs of abuse in general and ethanol in partic-
ular (Bassareo et al. 2003). Consequently, 5-HT1B receptor
expression increase in this particular region may facilitate
chronic social stress-induced susceptibility to the rewarding
aspects of ethanol.

Previous work from our laboratory has shown that, using
the two-bottle choice drinking paradigm, CSC housing in-
creased voluntary alcohol intake and exacerbated EtOH-CPP
acquisition (Bahi 2013a) in mice. Along the same line, Peters
and colleagues were able to show that shorter stress periods
produced the same effect. In fact, following 14 days of chronic
subordinate colony housing, the CSC mice consumed signif-
icantly more ethanol than SHC controls (Peters et al. 2013).
However, to our knowledge, this is the first study to report that
CSC housing-induced chronic psychosocial stress produces
reinstatement of ethanol-induced CPP behavior. These results
are in agreement with those described previously suggesting
that chronic psychosocial stress may interact with drug de-
pendence through the reactivation of EtOH-CPP following a
prolonged drug-free period. Nevertheless, it should be empha-
sized that acute exposure to social defeat decreased ethanol
self-administration, reduced rates of responding during extinc-
tion, and did not reinstate ethanol-seeking behavior (Funk
et al. 2005). The discrepancy between these observations
(and, in particular, those of the present experiment) and those

from the studies by Funk et al. may be the result of procedural
differences. In that study, only five exposures to social defeat
were given. In our procedure, however, the four intruder
experimental mice were housed for 19 consecutive days with
a dominant resident mouse and were transferred to a novel
resident cage in days 8 and 15. Thus, the fewer defeat expo-
sure sessions used by Funk et al. may have resulted in weaker
reinstatement behavior.

Deroche and colleagues have shown that cross-sensitization
may occur between stress and chronic drug taking (Deroche
et al. 1992), since stress activates the hypothalamic–pituitary–
adrenal axis and induces the secretion of corticosterone.
Therefore, when rats were exposed to environmental stressors
(foot shock or physical restraint) or social defeat, increased
levels of CRF transcripts were found in the shell of the
nucleus accumbens, the basolateral and central amygdalar
nuclei and the dorsal region of the bed nucleus of the stria
terminalis (Funk et al. 2006). More importantly, it has been
reported that, when exposed to an acute heterotypic stressor
(5 min on an elevated platform) CSC mice have shown an
exaggerated adrenal corticosterone response (Fuchsl et al.
2013; Uschold-Schmidt et al. 2012). Also, it has been reported
that corticosterone secretion following social isolation stress is
required for the expression of the enhanced locomotor re-
sponse to morphine (Deroche et al. 1994) and amphetamine
(Deroche et al. 1993). In addition, Yohimbine, which pro-
vokes stress- and anxiety-like behaviors in both humans and
rodents, increased operant ethanol self-administration.
Yohimbine-induced reinstatement of alcohol seeking was at-
tenuated by the corticotrotropin-releasing factor 1 (CRF1)
receptor antagonist antalarmin (Marinelli et al. 2007). More
importantly, preclinical evidence with pharmacological thera-
pies targeting CRF receptor (CRF-R) signaling were involved
in the regulation of neurobiological responses to ethanol;
CRF-R antagonists protect against increased ethanol intake
and relapse-like behaviors precipitated by exposure to a stress-
ful event [for review see Lowery and Thiele 2010]. Therefore,
the fact that chronic psychosocial stress reinstated drug seek-
ing in animals following an extinction period confirms clinical
impressions that stressors can provoke relapse in individuals
after long periods of drug abstinence (Breese et al. 2005,
2011). The impact of social stress on initiation and extinction
of drug consumption, but also on relapse, was extensively
reviewed by Aguilar and colleagues (Aguilar et al. 2013).

Taken together, these data and our present findings suggest
that the initial memory formation involved in acquisition
(Bahi 2013a), the inhibitory learning unique to extinction, as
well as memory retrieval involved in drug-induced reinstate-
ment of EtOH-seeking behavior in mice were affected by CSC
housing. Additionally, our experiments showed that etOH
reward and the conditioned rewarding effects of etOH were
altered by chronic psychosocial stress. In conclusion, compre-
hension of the multiple molecular and neurochemical events
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involved in chronic psychosocial stress- and drug-induced
relapse to alcohol dependence may therefore shed more light
on the biological basis of addiction in general and alcoholism
in particular.
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