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Previous studies have demonstrated that social defeat stress increases the rewarding effects of psychostimulant
drugs such as cocaine and amphetamine. In the present study we evaluated the long-term effects of repeated so-
cial defeat (RSD) on the rewarding effects of + 3,4-methylenedioxymethamphetamine (MDMA) hydrochloride
in the conditioned place preference (CPP) paradigm. Adolescent and young adult mice were exposed to four ep-
isodes of social defeat (on PND 29-40 and PND 47-56, respectively) and were conditioned three weeks later with
1.25 or 10 mg/kg i.p. of MDMA (experiment 1). The long-term effects of RSD on anxiety, social behavior and cog-
nitive processes were also evaluated in adult mice (experiment 2). RSD during adolescence enhanced vulnerabil-
Conditioned place preference ity to priming-induced reinstatement in animals conditioned with 1.25 mg/kg of MDMA and increased the
MDMA duration of the CPP induced by the 10 mg/kg of MDMA. The latter effect was also observed after RSD in young
Mice adult mice, as well as an increase in anxiety-like behavior, an alteration in social interaction (reduction in attack
Repeated social defeat and increase in avoidance/flee and defensive/submissive behaviors) and an impairment of maze learning. These
results support the idea that RSD stress increases the rewarding effects of MDMA and induces long-term alter-
ations in anxiety, learning and social behavior in adult mice. Thus, exposure to stress may increase the vulnera-
bility of individuals to developing MDMA dependence, which is a factor to be taken into account in relation to the
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prevention and treatment of this disorder.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Many people take addictive drugs and do it for different reasons, in
different ways and in different contexts (Everitt, 2014). Addiction can
be defined as a chronic, relapsing brain disease characterized by a com-
pulsion to seek and take drugs, loss of control over intake, and the emer-
gence of a negative emotional state when access to the drug is
prevented (Koob, 2013). The factors that might predispose individuals
to lose control over drug use are gradually being defined (Belin et al.,
2008; Dalley et al., 2007; Dilleen et al., 2012) leading to the identifica-
tion of endophenotypes of drug addiction and related neuropsychiatric
disorders (Ersche et al., 2010; Everitt, 2014). Adverse life experiences
may render individuals more prone to abuse addictive substances and
more vulnerable to relapse into drug-seeking after periods of detoxifica-
tion (Caprioli et al., 2007; Le Moal, 2009; Miczek et al., 2008; Sinha et al.,
2011).In experimental animals, it has been demonstrated that exposure
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neurotrophic factor.
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to stressors (i.e., social defeat stress, social isolation, maternal separa-
tion, immobilization stress, footshock stress, etc.) and activation of neu-
ral and hormonal stress mechanisms can produce behavioral and
neurochemical adaptations that render animals more vulnerable to
the initiation, maintenance and escalation of drug consumption and to
the reinstatement of this behavior after extinction (Burke and Miczek,
2014; Koob, 2010; Logrip et al., 2011, 2012; Rodriguez-Arias et al.,
2013; Sinha, 2008; Sinha et al., 2011).

Exposure to different procedures of social defeat, considered a
stressor of ecological and ethological validity in rodents (Neisewander
et al., 2012; Tornatzky and Miczek, 1993), increases the rewarding
and reinstating effects of psychostimulant drugs, such as cocaine and
amphetamine, in the self-administration and conditioned place prefer-
ence (CPP) paradigms (for a review see Aguilar et al., 2013; Burke and
Miczek, 2014; Miczek et al., 2008; Neisewander et al., 2012). No studies
have evaluated the influence of stress on the rewarding effects of ecsta-
sy (& 3,4-methylenedioxymethamphetamine, MDMA), with the excep-
tion of a previous work carried out in our laboratory in which we
observed that exposure to acute social defeat undermined the reward-
ing effects of MDMA in the CPP paradigm in adult mice (Garcia-Pardo
et al., 2014). It is not clear if these results, which diverge from those
observed with psychostimulants, were due to differences in the drug
tested (MDMA vs cocaine or amphetamine) or in the procedure of
social defeat stress. Although MDMA is a less effective reinforcer than
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other drugs of abuse, it induces rewarding and reinstating effects in the
self-administration and CPP paradigms, which are mainly due to the ac-
tivation of dopamine (DA) and serotonin neurotransmission
(Roger-Sanchez et al., 2013; Schenk, 2009). On the other hand, specific
features of the procedure of acute social defeat stress may explain the
reduction of MDMA-induced CPP. Firstly, as mice experienced social de-
feat immediately before each conditioning session with MDMA, the ad-
verse experience of social defeat could reduce the rewarding properties
of MDMA. Secondly, only the short-term effects of social defeat stress
are evaluated (48 h after the last stress exposure). Thus, in the present
study, we aim to evaluate, for the first time, the long-term effects of so-
cial defeat exposure on the rewarding effects of MDMA. It is important
to note that an increase in the rewarding effects of psychostimulants
is generally observed after the absence (for 10 days or more) of repeat-
ed social defeat stress in a resident-intruder paradigm (Boyson et al.,
2011, 2014; Cruz et al., 2011; Han et al., 2015; Miczek et al., 2008,
2011; Quadros and Miczek, 2009; Yap et al,, 2015). Similarly, in a recent
study we have demonstrated that mice exposed to intermittent repeat-
ed social defeat (RSD) during adolescence display an increase in ethanol
consumption and motivation to drink in adulthood. Moreover, we have
observed that RSD during adolescence induces depression-like symp-
toms and social subordination behavior in mice during adulthood, with-
out affecting anxiety-like behavior in the elevated plus maze or
cognitive performance in the passive avoidance and Hebb-Williams
tests (Rodriguez-Arias et al.,, 2014). In contrast to this last work, the ma-
jority of studies of the effects of RSD on drug vulnerability have been
performed in adult mice. However, it is essential to test the effects of so-
cial defeat stress in adolescent animals, since adolescence is a highly
vulnerable developmental period and adolescent rodents are more vul-
nerable to stressors than younger or older counterparts (Buwalda et al.,
2011; Romeo, 2010; Stone and Quartermain, 1998; Vazquez, 1998).

Thus, in the present work we have evaluated the long-term effects of
intermittent RSD on the CPP induced by MDMA in adolescent or young
adult mice. We hypothesized that exposure to intermittent RSD stress
would induce a long-term increase in the vulnerability of the animals
to the rewarding effects of MDMA. In experiment 1, we evaluated the
rewarding effects of a low (1.25 mg/kg) and a high (10 mg/kg) dose of
MDMA in mice pre-exposed (3 weeks before the initiation of CPP proce-
dure) to four episodes of social defeat stress during adolescence (PND
29-38) or early adulthood (PND 47-56). Corticosterone levels were de-
termined immediately or 30 min after the first and last episodes of RSD,
or three weeks after, at the initiation of the CPP procedure. Additionally,
we evaluated the long-term effects of this regime of intermittent RSD
stress on the behavioral profile of mice (anxiety, social interaction,
and cognitive performance). Three weeks after the last social defeat,
the behavior of mice in the plus maze, passive-avoidance task, social in-
teraction test and Hebb-Williams maze was evaluated (experiment 2).
This experiment was performed only in young adult mice, since the ef-
fects of intermittent RSD on these behaviors in adolescent mice have
previously been studied (Rodriguez-Arias et al., 2014). In this way, we
set out to evaluate if the changes observed in the rewarding effects of
MDMA in socially defeated mice are related with behavioral or cognitive
alterations induced by RSD.

2. Materials and methods
2.1. Animals

Male OF1 mice (Charles River, Barcelona, Spain) arrived at our labo-
ratory at 21 or 42 days of age (early and late adolescents, respectively).
70 adolescent and 84 young adult mice were employed as experimental
subjects in experiment 1, and 30 young adult mice were employed in
experiment 2. All mice (except those used as aggressive opponents)
were housed in groups of four in plastic cages (25 x 25 x 14.5 cm) for
8 days before the experiments began. To reduce their stress levels in
response to experimental manipulations, mice were handled for 5 min

per day on each of the 3 days prior to initiation of the behavioral tests.
Adult mice used as resident aggressive opponents (n = 85) were indi-
vidually housed in plastic cages (21 x 32 x 20 cm) for a month prior
to experiments in order to induce heightened aggression (Rodriguez-
Arias et al., 1998). All mice were housed under the following conditions:
constant temperature; a reversed light schedule (white lights on
19:30-07:30 h); and food and water available ad libitum, except during
behavioral tests. Procedures involving mice and their care were con-
ducted according to national, regional and local laws and regulations,
which are in compliance with the Directive 2010/63/EU.

2.2. Apparatus

2.2.1. Place conditioning boxes

For place conditioning, we employed eight identical Plexiglas boxes
with two equal-sized compartments (30.7 cm long x 31.5 cm
wide x 34.5 cm high) separated by a gray central area (13.8 cm
long x 31.5 cm wide x 34.5 cm high). The compartments had different
colored walls (black vs white) and distinct floor textures (fine grid in
the black compartment and wide grid in the white one). Four infrared
light beams in each compartment of the box and six in the central
area allowed the recording of the position of the animals and their
crossings from one compartment to the other. The equipment was
controlled by three IBM PC computers using MONPRE 2Z software
(CIBERTEC, SA, Spain).

2.2.2. Elevated plus maze

To evaluate the effects of RSD on anxiety-like behaviors, an elevated
plus maze (EPM) was employed. The apparatus consisted of two open
arms (30 x 5 x 0.25 cm) and two enclosed arms (30 x 5 x 15 cm).
The junction of the four arms formed a central platform (5 x 5 cm).
The floor of the maze was made of black Plexiglas and the walls of the
enclosed arms of clear Plexiglas. The open arms had a small edge
(0.25 cm) to provide additional grip for the animals. The entire appara-
tus was elevated 45 cm above floor level.

2.2.3. Inhibitory avoidance apparatus

For the passive avoidance test, a step-through inhibitory avoidance
apparatus for mice (Ugo Basile, Comerio-Varese, Italy) was employed.
This cage, made of sheets of Perspe, is divided into two compartments
(15 cm x 9.5 cm x 16.5 cm each one). The safe compartment is white
and illuminated by a light fixture (10 W) fastened to the cage lid,
whereas the “shock” compartment is dark and made of black Perspex
panels. The two compartments are divided by an automatically operat-
ed sliding door at floor level. The floor is made of 48 stainless steel bars
with a diameter of 0.7 mm and situated 8 mm apart.

2.24. Hebb-Williams maze

To perform the Hebb-Williams maze, we used a maze constructed
with black plastic and measuring 60 cm wide x 60 cm long x 10 cm
high. It contains a start box and a goal box (both 14 cm wide x 9 cm
long) positioned at diagonally opposite corners. The maze contains
cold water at a wading depth (15 °C, 3.5 cm high), while the goal box
is stocked with fresh dry tissue. Several maze designs are produced by
fixing different arrangements of barriers to a clear plastic ceiling. This
apparatus allows the cognitive process of routed learning and the moti-
vation of water escape to be measured.

2.3. Drugs

Animals were injected intraperitoneally with 1.25 or 10 mg/kg of
MDMA (= 3,4-methylenedioxymethamphetamine hydrochloride, race-
mic mixture; Agencia Espafola del Medicamento, Ministerio de
Sanidad, Politica Social e Igualdad, Madrid, Spain) in a volume of
0.01 ml/g of weight. Physiological saline (NaCl 0.9%) was used to dis-
solve the drug. The doses of MDMA we administered were selected on
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the basis of previous studies showing that, in late-adolescent mice,
1.25 mg/kg induces CPP but not reinstatement after priming with
0.625 mg/kg of MDMA while 10 mg/kg induces a strong CPP that is re-
instated after priming with 5 mg/kg of MDMA (Garcia-Pardo et al.,
2014, in press).

24. Procedure of social defeat

The experimental group was exposed to a protocol of intermittent
RSD consisting of four episodes of social defeat that lasted 25 min
each, ondays 1,4, 7,and 10 (Tornatzky and Miczek, 1993). Each episode
of social defeat consisted of three phases, which began by introducing
the “intruder” (the experimental animal) into the home cage of “resi-
dent” (the aggressive opponent) for 10 min. During this initial phase,
the intruder was protected from attack, but the wire mesh walls of the
cage allowed for social interactions and species-typical threats from
the male aggressive resident, serving the function of instigation and
provocation (Covington and Miczek, 2001). The wire mesh was then re-
moved from the cage and the confrontation between the two animals
began and lasted 5 min. In the third phase, the wire mesh was returned
to the cage to separate the two animals once again for another 10 min to
allow for social threats by the resident. Intruder mice were exposed to a
different aggressor mouse during each episode of social defeat. The cri-
terion used to define an animal as defeated was the adoption of a specif-
ic posture signifying defeat, characterized by an upright submissive
position, limp forepaws, upwardly angled head, and retracted ears
(Miczek et al., 1982; Rodriguez-Arias et al., 1998). All agonistic encoun-
ters were videotaped to confirm the presence of social defeat. To evalu-
ate possible differences in social defeat between early- and late-
adolescent mice, the first and fourth social encounters of eight mice of
each age were videotaped and evaluated (Table 1: corticosterone
section, videotaping and behavioral analysis) with a computerized sys-
tem by an observer who was blind to the treatment (Brain et al., 1989).

Table 1

This custom-developed program allows the time engaged in different
broad functional categories of behavior — each of which is characterized
by a series of different postures and elements - to be estimated
(Rodriguez-Arias et al., 1998). Time spent in threat and attack by resi-
dent aggressive mice and in avoidance/flee and submission by experi-
mental mice was measured. Socially defeat-stressed animals were
exposed to this protocol of RSD, while the control groups followed the
same protocol, without the presence of a “resident” mouse in the cage.
Animals were then housed in the vivarium for three weeks, after
which they performed the behavioral tests.

2.5. Behavioral testing

2.5.1. Conditioned place preference procedure

This paradigm has been widely used to study the conditioned
rewarding effects of addictive drugs (Aguilar et al., 2009; Tzschentke,
1998, 2007).

2.5.1.1. Acquisition. Acquisition of CPP consisted of three phases and took
place during the dark cycle following an unbiased procedure in terms of
initial spontaneous preference (for a detailed explanation of procedure
see Daza-Losada et al., 2007). In brief, during preconditioning (Pre-C)
the time spent by the animal in each compartment during a 15-min pe-
riod was recorded. Nineteen animals showing a strong unconditioned
aversion or preference for a given compartment were excluded from
the study. In the second phase (conditioning), experimental animals
were conditioned with MDMA immediately before being confined to
the drug-paired compartment for 30 min on days 4, 6, 8 and 10, and re-
ceived saline before being confined to the vehicle-paired compartment
for 30 min on days 5, 7, 9 and 11. During the third phase, or post-
conditioning (Post-C), the time spent by the untreated mice in each
compartment was recorded during a 15-min period.

Experimental design. Procedures followed in the different experiments. In experiment 1, adolescents (Ado) or young adult (YA) mice were exposed on post-natal day (PND) 29-32-35-38
or PND 47-50-53-56, respectively, to repeated social defeat (RSD) or exploration (EXP) 3 weeks before initiation of the CPP procedure. Pre-conditioning (PRE-C); conditioning with 1.25
or 10 mg/kg of MDMA (M) in the drug-paired compartment on PND 62-64-66-68 in the case of Ado mice and PND 80-82-84-86 in that of YA mice. On alternate days mice were con-
ditioned in the vehicle-paired compartment after administration of saline (PND 63-65-67-69 for Ado mice and PND 81-83-85-87 for YA mice); post-conditioning (POST-C); videotaping:
videotaping of encounter for behavior analysis. Blood sampling for corticosterone determinations at 0 min, 30 min or 3 weeks after RSD or EXP (PND 29, 38 and 59 for Ado and PND 47, 56
and 77 for YA mice). In experiment 2, YA mice were exposed to RSD or EXP (on PND 47-50-53-56) and were evaluated in different behavioral tests 3 weeks later: plus maze (PND 77),
passive avoidance (PND 79-80), social interaction (PND 81) and Hebb Williams maze (PND 82-89).

Groups Procedures
Experiment 1 (n=) RSD/EXP PRE-C Conditioning POST-C Reinstatement
Adolescent mice PND 29-32-35-38 PND 59-60-61 PND 62-64-66-68 PND 70 PND +75-91
Group 1: RSD + Ado1 17 RSD M 1.25 M 0.625
Group 2: Ctr + Adol 15 Exp M1.25 M 0.625
Group 3: RSD + Ado10 13 RSD M 10 M5
Group 4: Ctr + Ado10 11 Exp M 10 M5
Young adult mice PND 47-50-53-56 PND 77-78-79 PND 80-82-84-86 PND 88 PND 4103-167
Group 5: RSD + YAl 20 RSD M 1.25 M 0.625
Group 6: Ctr + YA1 19 Exp M1.25 M 0.625
Group 7: RSD + YA10 13 RSD M 10 M5
Group 8: Ctr + YA10 15 Exp M 10 M5
Corticosterone determinations (n=) RSD/EXP Blood sampling
Adolescent mice PND 29-32-35-38 PND 29/38
Group 1: RSD 8 RSD 0 min Videotaping and behavioral analysis
Group 2: Ctr 8 Exp 0 min
Group 3: RSD 8 RSD 30 min Blood sampling PND 59
Group 4: Ctr 8 Exp 30 min Blood sampling PND 59
Young adult mice PND 47-50-53-56 PND 47/56
Group 5: RSD 8 RSD 0 min Videotaping and behavioral analysis
Group 6: Ctr 8 Exp 0 min
Group 7: RSD 8 RSD 30 min Blood sampling PND 77
Group 8: Ctr 8 Exp 30 min Blood sampling PND 77
Experiment 2 (n=) RSD/EXP Behavioral testing
Young adult mice PND 47-50-53-56 PND 77 PND 79-80 PND 81 PND 82-89
Group 1: RSD 15 RSD Plus maze Passive avoidance Social interact Hebb Williams
Group 2: Ctr 15 Exp Plus maze Passive avoidance Social interact Hebb Williams
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2.5.1.2. Extinction. After CPP had been confirmed in the Post-C session,
mice were exposed to the extinction procedure by which they
underwent an extinction session every three days (all the mice per-
formed each extinction session on the same day). This consisted of plac-
ing them in the apparatus for 900 s until the time spent in the drug-
paired compartment was similar to that of the Pre-C phase (no signifi-
cant difference revealed by the Student's t test between extinction and
Pre-C sessions). Additionally, with the objective of determining wheth-
er differences in the duration of extinction between groups were statis-
tically significant, extinction was measured in each mouse when the
animal spent less time, or until 10 s more, in the drug paired compart-
ment than in Pre-C (for details see Ribeiro Do Couto et al., 2012).

2.5.1.3. Reinstatement. The reinstatement tests were the same as for
Post-C (free ambulation for 900 s), except that animals were adminis-
tered MDMA 15 min before the test. In the reinstatement phase, the
dose administered was half that given during the conditioning phase,
and was given in a different room to that of the conditioning sessions.
The aim of this procedure was to administer the drug in a non-
contingent way with respect to conditioning, so that the animal did
not associate the contextual cues of the experimental room with the
drug.

After this first reinstatement test with half of the MDMA dose used
in the conditioning phase, the groups that demonstrated reinstate-
ment — i.e. a positive significant difference (Student's t test) between
the time spent in the drug-paired compartment in the reinstatement
and Pre-C tests — were re-tested until a new extinction was confirmed.
The following day, the effects of the priming - a quarter of the dose used
for conditioning - on reinstatement of place preference were evaluated
following the procedure described earlier. This procedure was repeated
with progressively lower priming doses until a non-effective priming
injection was determined.

2.5.2. Elevated plus maze

In order to facilitate adaptation, mice were transported to the dimly
illuminated laboratory 1 h prior to testing. At the beginning of each trial,
subjects were placed on the central platform so that they were facing an
open arm, and were allowed to explore for 5 min. The maze was thor-
oughly cleaned with a damp cloth after each trial. The behavior
displayed by the mice was videorecorded and later analyzed by a
‘blind’ observer using a computerized method. The measurements re-
corded during the test period were frequency of entries and time and
percentage of time spent in each section of the apparatus. An arm was
considered to have been visited when the animal placed all four paws
on it. The details of the procedure and measurements are described in
Daza-Losada et al. (2009a). Number of open arm entries, time spent in
open arms and percentage of open arm entries are generally used to
characterize the anxiolytic effects of drugs (Pellow and File, 1986;
Rodgers et al., 1997).

2.5.3. Passive avoidance

Tests were carried out essentially following the procedure described
in Aguilar et al. (2000). On the day of training, each mouse was placed in
the illuminated compartment facing away from the dark compartment.
After a 60 s habituation period, the door leading to the dark compart-
ment was opened. When the animal had placed all four paws in the
dark compartment a footshock (0.5 mA, 3 s) was delivered and the
animal was immediately removed from the apparatus and returned
to its home cage. The time taken to enter the dark compartment
(step-through latency) was recorded. Retention was tested 24 h later
following the same procedure but without the shock. The maximum
step-through latency was 300 s.

2.5.4. Social interaction test
This test consisted of confronting an experimental animal with a
standard opponent in a neutral cage (61 x 30.5 x 36 cm) for 10 min

following a 1 min adaptation period prior to the encounter. Standard
opponents were rendered temporarily anosmic by intranasal lavage
with a 4% zinc sulfate solution 1 day before testing (Smoothy et al.,
1986). This kind of mouse induces an attack reaction in its opponent
but does not outwardly provoke or defend itself, since it cannot perceive
a pheromone that is present in the urine of the experimental animals
and functions as a cue for eliciting aggressive behavior in mice with a
normal sense of smell (Brain, 1981; Mugford and Nowell, 1970). Behav-
ior was videotaped under white illumination and videotapes were ana-
lyzed using the previously mentioned program (Brain et al., 1989). The
following functional categories of behavior were recorded: body care,
digging, non-social exploration, explore from a distance, social investi-
gation, threat, attack, avoidance/flee and defensive/submissive behav-
ior. In addition, the unit of social investigation (total time spent in
social investigation/number of social investigations) was calculated. A
detailed description of the different postures and elements that charac-
terized each category of behavior can be found in Rodriguez-Arias et al.
(1998).

2.5.5. Hebb-William maze

The procedure we followed was based on that employed by
Galsworthy et al. (2005), in which mice must navigate the maze and
cross from the wet start box to the dry goal box in order to escape the
cold water. Animals underwent a 5 min habituation period (dry sand,
no barriers) on day 1 and undertook problem A on day 2 and problem
D on day 3 (4 trials/day) (practice mazes). Mice were subsequently sub-
mitted to mazes 1, 5, 3, 4 and 8 on separate days on which 8 trials took
place (see Rabinovitch and Rosvold, 1951, for all maze designs). Maze-
type was always presented in the same order: however, to avoid any
training effects, easier (1, 3 and 4) and harder mazes (5 and 8) were al-
ternated. The time limit for reaching the goal box was 5 min, after which
the mouse was guided to the box. As in previous studies carried out in
our laboratory (Rodriguez-Arias et al., 2014; Vidal-Infer et al., 2012),
the following measurements were recorded: acquisition criterion
score, considered to be completion of the task in less than 60 s in two
consecutive trials; total latency score (the sum of the latencies in all
the problem trials in each maze); and error scores, for which a similar
total was used, where “error” was considered as entering the error
zone specified by Galsworthy et al. (2005).

2.6. Procedure of corticosterone measurement

Blood sampling for corticosterone determination was performed by
the tail-nick procedure, in which the animal is wrapped in a cloth and a
2-mm incision is made at the end of the tail artery. The tail is then mas-
saged until 50 pl of blood is collected in an ice-cold Microvette® CB 300
capillary tube (Sarstedt, Germany). Blood samples were kept on ice, and
plasma was separated from whole blood by centrifugation (5 min,
5000 g) and transferred to sterile, 2 ml microcentrifuge tubes. Plasma
samples were stored at — 80 °C until determination of corticosterone.
On the day of the assay, samples were diluted, in a proportion of
~1:40, in the Steroid Displacement Reagent mix provided with the kit.
Corticosterone levels in diluted plasma were then analyzed using a cor-
ticosterone EIA kit (Enzo® Life Sciences, catalog no. ADI-900-097, 96
well kit), according to the manufacturer's instructions, and an iMark mi-
croplate reader (Bio-Rad) and Microplate Manager 6.2. software. The
optical density was read at 405 nm, with 590 nm correction.

2.7. Experimental design

2.7.1. Experiment 1: effect of repeated social defeat in adolescent and young
adult mice on the acquisition and reinstatement of the CPP induced by
MDMA

To evaluate the long-term effects of RSD on the rewarding effects of
MDMA, eight groups of animals were used. Four groups of adolescent or
young adult mice experienced RSD on PND 29-38 (Ado-RSD groups) or
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PND 47-56 (YA-RSD groups). The other four groups were control mice
of the same age that only performed exploration without an opponent
(Ado-Ctr and YA-Ctr groups). Three weeks later, half of the groups
were conditioned with 1.25 mg/kg (RSD-Ado1, Ctr-Ado1, RSD-YAL, Ct-
YA1) and the other half with 10 mg/kg (RSD-Ado10, Ctr-Ado10, RSD-
YA10, Ctr-YA10) of MDMA (see Table 1). After the Post-C test, all groups
underwent extinction sessions. When extinction had been confirmed,
the animals received a priming dose of MDMA (half of the dose used
during conditioning) and performed a reinstatement test. Groups show-
ing reinstatement underwent successive extinction/reinstatement tests
(as described in Section 2.5.1). We did not include any saline-treated
control groups because of a previous study in which we demonstrated
that a social encounter resulting in defeat for experimental mice (even
when administered immediately before CPP) did not induce effects in
adolescent or young adult mice conditioned with saline (Garcia-Pardo
et al, 2014).

2.7.2. Effect of social defeat stress on corticosterone levels

Different blood samples were obtained from the mice in experiment
1 in order to evaluate the effect of social defeat on adolescent or young
adult mice. As can be seen in Table 1, blood samples were obtained
from mice of each age group (randomly chosen) at the following
times (n = 8): immediately or 30 min after the first and last social de-
feat (RSD1st-0 min, RSD1st-30 min, RSD4th-0 min and RSD4th-
30 min) or exploration of the cage (Ctr1st-0 min, Ctrist-30 min,
Ctr4th-0 min and Ctr4th-30 min), and 3 weeks after social defeat or ex-
ploration (SD3w, Ctr3w). In the first and fourth episodes of defeat, the
social defeat behavior of one group of adolescent mice and one group

of young adult mice was videotaped and analyzed, as shown in Table 1.

2.7.3. Experiment 2: effect of repeated social defeat in young adult mice on
anxiety, social interaction, learning and memory

This experiment was performed in young adult mice only, since the
effects of this kind of RSD on these behaviors in adolescent mice have
been evaluated in a previous study by our group (Rodriguez-Arias
et al., 2014). Two groups of mice were employed: one experienced
RSD (PND 47-56) and the other performed exploration without an op-
ponent during this period (control group). Three weeks after the last ep-
isode of RSD mice underwent the different behavioral tests: plus maze
(PND 77), passive-avoidance (PND 79-80), social interaction (PND
81) and Hebb-Williams (PND 82-89).

2.8. Statistical analysis

The data of the time that experimental mice and their aggressive op-
ponents spent engaged in different behavioral categories during the so-
cial defeat episodes were compared by means of a two-way ANOVA
with one between-subjects variables - “Age”, with two levels (Ado or
YA) - and a within-subject variable: “Days” with two levels (1st and
4th). The data of the time spent in the drug-paired compartment during
Pre- and Post-C tests after conditioning with each dose of MDMA were
analyzed with a mixed three-way ANOVA with two between-subjects
variables - “Age” and “Stress”, with two levels (RSD or Ctr) - and a
within-subjects variable: “Days”, with two levels (Pre-C and Post-C). Ex-
tinction and reinstatement values were analyzed by means of a
Student's t test. The time required for preference to be extinguished in
each animal was analyzed by means of the Kaplan-Meier test, with
Breslow (generalized Wilcoxon) comparisons when appropriate. Corti-
costerone data were analyzed with a mixed ANOVA with the two
abovementioned between-subjects variables and a within-subjects var-
iable: “Time”, with five levels (1st-0 min, 1st-30 min, 4th-0 min, 4th-
30 min and 3w). The data relating to social interaction and the elevated
plus maze were analyzed by a one-way ANOVA with the variable
“Stress”. The data of the passive avoidance test were analyzed by a
two-way ANOVA, with the variable “Stress” and one within-subjects
variable: “Days”, with two levels (training and test). The data of Hebb

Williams maze were analyzed by a two-way ANOVA, with the variable
“Stress” and one within-subjects variable: “Maze”, with five levels
(mazes 1, 3, 4, 5 and 8). Latency values in the Hebb Williams maze
were transformed to log scores in order to normalize the data. Maxi-
mum latencies were scored by individuals unable to complete the task
within the time limit. All post-hoc comparisons were performed with
Bonferroni tests.

3. Results

3.1. Behavioral characterization of repeated social defeat in adolescent and
young adult mice

The times spent in the behavioral categories by experimental and
opponent mice are shown in Table 2. The time spent by aggressive
mice (resident opponents) engaged in aggressive behaviors when
confronted with adolescents differed to when they were confronted
with young adults: they devoted less time to threat and attack and
showed a longer latency to initiate threat (ps < 0.05). Consequently,
the behavior of adolescent and young adult mice exposed to social de-
feat also differed. With respect to young adult mice, adolescents spent
less time in avoidance/flee behavior (p < 0.05). Moreover, the time
spent in submissive/defensive behaviors was longer and the latency to
perform this behavior was lower in the fourth than in the first episode
of defeat (ps < 0.05).

3.2. Effect of repeated social stress on corticosterone levels

Blood concentrations of corticosterone (pg/ml) are shown in Table 3.
The ANOVA revealed a significant effect of the variables “Time”
[F (4,112) = 19.389; p < 0.001], “Age” [F (1,28) = 39.286; p < 0.001]
and “Stress” [F (1,28) = 41.693; p < 0.001], and the Interactions
“Time x Age” [F (4,112) = 8.070; p < 0.001], “Time x Stress”
[F(4,112) = 5.113; p < 0.001], “Age x Stress” [F (1,28) = 14.011; p <
0.001] and “Time x Age x Stress” [F (4,112) = 3.509; p < 0.01]. Post-
hoc comparisons revealed higher corticosterone levels in socially
defeated mice than in controls, with this difference being significant at
all the time points measured (except 3 weeks) in young adult mice
and 0 min after the fourth defeat in adolescent mice (ps < 0.01). In
young adult mice, levels of corticosterone were higher after the first
and fourth episodes of defeat than 3 weeks later (ps < 0.01), and were
higher 0 min than 30 min after the fourth encounter (p < 0.05). In ado-
lescent mice, levels of corticosterone were higher after the fourth than
after the first episode or 3 weeks later (ps < 0.01). A significant differ-
ence in the levels of corticosterone between socially defeated adoles-
cent and young adult mice was observed after the first and fourth
episodes of defeat, with older mice showing higher levels (ps < 0.01).
Conversely, 3 weeks after defeat, young adult mice presented lower
levels of corticosterone than adolescents (p < 0.05).

3.3. Experiment 1: effect of repeated social stress in adolescent and young
adult mice on the acquisition and reinstatement of the CPP induced by
MDMA

3.3.1. CPP induced by 1.25 mg/kg of MDMA

Only the variable “Days” [F (1,69) = 36.508; p <0.001] and the Inter-
action “Days x Age” [F (1,69) = 4.754; p < 0.05] were significant. Post-
hoc comparison revealed that all the groups spent more time in the
drug-paired compartment in Post-C than in the Pre-C test (p < 0.05,
for RSD-Ado1 and Ctr-Ado1; and p < 0.001, for RSD-YA1 and Ctr-YA1)
(see Fig. 1).

All the groups underwent extinction sessions until the CPP was
extinguished: 2 sessions (RSD-Ado1), 3 sessions (Ctr-Ado1), 10 sessions
(RSD-YAT1) and 4 sessions (Ctr-YA1). There are not significant differ-
ences in the duration of extinction between groups. Reinstatement of
CPP after a priming dose of MDMA (0.625 mg/kg) was observed only
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Table 2

Behavior of mice during agonistic encounters. Mean cumulative times (4 S.E.M.) spent in different behavioral categories by adolescent and young adult experimental mice (avoidance/flee,
defence/submission and latency to initiate these behaviors) and by aggressive opponents confronted with adolescent and young adult experimental mice (threat, attack and latency to

initiate these behaviors), during the first (1) and the fourth (4) agonistic encounter.

Experimental animals Behavioral categories (time spent in seconds)

Avoidance/flee Defence/submission Latency A/flee Latency D/submission
Encounter 1 4 1 4 1 4 1 4
Adolescent mice 15.12 10.18 37.23 61.63" 9.62 5.11 13.85 1.76"
(n=28) (£3.5) (£1.6) (+7.44) (+8.1) (45.45) (+1.01) (£64) (£0.7)
Young adult mice 23.01" 25.23" 41.61 60.7% 19" 2.87" 9.41 0.08"
(n=238) (42.48) (£7) (£6) (£10.16) (£6.19) (£1.09) (+8.4) (£0.24)
Aggressive opponents Threat Attack Latency threat Latency attack
Encounter 1 4 1 4 1 4 1 4
Confronted to adolescents 1.85 1.82 16.16 25.34 28.16 214 9.42 1.8
(n=28) (£0.55) (£0.5) (£5.321) (£1.7) (£10) (£7) (£5.6) (£0.5)
Confronted to young adults 513" 216" 36.01" 56.23" 7.75" 11.3" 0.12 1.05
(n=28) (£1.35) (£1.25) (£4.6) (£14.32) (£24) (£8) (£0.1) (£1)

* p <0.05, significant difference with respect to early-adolescent mice.
* p<0.05, significant difference with respect to the first encounter.

in the group of mice socially defeated during adolescence (RSD-Ado1)
(see Fig. 1).

3.3.2. CPP induced by 10 mg/kg of MDMA

Only the variable “Days” was significant [F (1,57) = 26.790; p <
0.001]. Thus, all groups spent more time in the drug-paired compart-
ment in Post-C than in Pre-C (ps < 0.001), irrespective of the exposure
to stress or the age at which this exposure took place (Fig. 2a).

There were significant differences between the RSD and control
groups with respect to the number of days needed for the CPP to be
extinguished [X? (3) = 10,690, p < 0.05] (see Fig. 2b). Post-hoc compar-
ison showed that adolescent and young adult mice exposed to RSD re-
quired more extinction sessions than their respective control groups
(7 sessions for RSD-Ado10 vs 4 sessions for Ctr-Ado10, X*> = 4.215,
p < 0.05; 15 sessions for RSD-YA10 vs 7 sessions for Ctr-YA10, X? =
3.932, p < 0.05). There were no significant differences in the time re-
quired for extinction between adolescent and adult mice in either con-
trol (X? = 1.320, p < 0.251) or RSD (X? = 0.390, p < 0.532) groups.

Reinstatement was achieved in all groups of mice after they received
a priming dose of 5 mg/kg of MDMA (Fig. 2a) (ps <0.001, significant dif-
ference with respect to previous extinction value). However, reinstate-
ment after priming with 2.5 mg/kg was observed only in the two groups
of young adult mice (RSD-YA10 and Ctr-YA10) (ps < 0.001, significant
difference with respect to previous extinction value), irrespective of
the exposure to social defeat.

3.4. Experiment 2: effect of repeated social defeat in young adult mice on
anxiety, social interaction, learning and memory

3.4.1. Elevated plus maze (see Table 4)
Socially defeated animals spent less time [F (1,26) = 6.135; p <0.05]
and percentage of time [F (1,26) = 6.104; p < 0.05] and performed a

Table 3

lower number of entries in the open arms [F (1,26) = 4.123; p < 0.05]
than control mice.

3.4.2. Passive avoidance test

Only the variable “Days” was significant. Both groups presented
longer step-through latencies in the test than in the training session
[F (1,28) = 37.916; p < 0.001] (data not shown).

3.4.3. Social interaction test (see Table 5)

In comparison with the control group, mice exposed to RSD
spent less time in Attack behavior [F (1,28) = 7.558; p < 0.05] and in
each contact with the standard opponent (Unit of Social Investigation)
[F (1,28) = 3.920; p < 0.05], but more time in Avoidance/Flee
[F (1,28) = 7.558; p < 0.05], Defence/Submission [F (1,28) = 9.604;
p > 0.05] and exploration of the opponent from a distance [F (1,28) =
98.451; p < 0.05].

3.4.4. Hebb-Williams maze

The ANOVA for the total latency score (see Fig. 3a) revealed an effect
of the variable “Maze” [F (4,100) = 8.669; p < 0.05], as the time
employed to reach the goal in the five mazes varied according to the
level of difficulty of each maze. Post-hoc analysis showed differences be-
tween the performance in maze 1 and mazes 3 and 5 (p < 0.05). The per-
formance in maze 5 (the most difficult maze) differed from that in
mazes 1, 4 and 8 (p > 0.05). The ANOVA also revealed an effect of
“Stress” [F (1,25) = 9.203; p < 0.05], because the group of socially
defeated mice employed more time to reach the goal than the control
group in all the mazes. There was also an effect of the Interaction
“Maze x Stress” [F (4,100) = 3.279; p < 0.05]. Socially defeated mice
took more time to perform the mazes than the control group, and the
time spent to reach the goal varied with the difficulty of the maze.
There were significant differences between the groups in their

Effect of repeated social stress on corticosterone levels. Mean corticosterone levels (4= S.E.M.) in blood (pg/ml) of adolescent and young adult mice after exploration (control) or repeated
social defeat exposure (defeated), 0 or 30 min after the first (1st-0, 1st-30) and fourth (4th-0, 4th-30) social defeat or exploration and 3 weeks after.

Measurements (pg/ml, & S.E.M.) after social encounters

1st-0 min 1st-30 min 4th-0 min 4th-30 min 3 weeks
Adolescent mice Control 1180 (£260) 1475 (+168) 1628 (+£225) 1777 (+187) 1134 (+75)
Defeated 1401 (£267)"F 1172 (£204)FF 4233 (+£475)" t+ 2432 (+£405)" " 1303 (+154) ©
Young adult mice Control 1726 (4-366) 2497 (+£586) 2848 (200) 2561 (4+357) 676 (+138)
Defeated 4778 (+£796)"" 6560 (£1318)™" 6380 (£765)"" 4280 (£552)™ 893 (+164)

** p < 0.01, significant difference with respect to controls of the same age.
*+ p<0.01, significant difference with respect to young adult mice.
* p<0.05, significant difference with respect to young adult mice.
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Fig. 1. Effects of repeated social defeat (RSD) on the acquisition of CPP induced by 1.25 mg/kg of MDMA and reinstatement after extinction. Adolescent or young adult mice were exposed to
exploration (Ado-Ctr, YA-Ctr) or repeated social defeat (Ado-SD, YA-SD) three weeks before initiation of the CPP procedure. All groups were conditioned with 1.25 mg/kg of MDMA. The
bars represent the time (in seconds) spent in the drug-paired compartment before conditioning sessions in the pre-conditioning (PRE-C) test (white bars) and after conditioning sessions
in the post-conditioning (POST-C) test (black bars), in the last extinction (EXT) session (light gray bars), and in the reinstatement (REINST) test (dark gray bars). *p < 0.05 and ***p < 0.001,
significant difference in the time spent in the drug-paired compartment in PRE-C vs POST-C. *p < 0.05, significant difference in the time spent in the drug-paired compartment in REINST

vs EXT.

performance in maze 3 (p < 0.05), maze 4 (p < 0.05), maze 5 (p <0.05)
and maze 8 (p < 0.05). No significant differences were found for maze 1,
as it was the easiest maze.

Regarding the total number of errors made in each maze, there was
an effect of “Maze” [F (4,104) = 15.502; p < 0.05], but not of the variable
“Stress”, since the average of errors in all the mazes was similar in both
groups (Fig. 3b).

The ANOVA of the Acquisition criterion score revealed an effect of
the variable “Maze” [F (4,112) = 9.736; p < 0.01], as all the mice
employed more time in the most difficult maze (number 5) than in
the mazes 1, 4 and 8 (ps < 0.01). The ANOVA also showed an effect of
the variable “Stress” [F (1,28) = 11.687; p < 0.01], as socially defeated
mice needed more trials to complete the task than control mice
(Fig. 3c). There was an effect of the Interaction “Maze x Stress”
[F (4,112) = 3.803; p < 0.01]. Socially defeated mice needed more trials
than controls to acquire learning in maze 3 (p <0.01), maze 4 (p <0.05),
maze 5 (p<0.01) and maze 8 (p < 0.05), while there were no significant
differences between groups in maze 1.

4. Discussion

The original contributions of the present study to the knowledge
of the effects of social defeat on the rewarding properties of
psychostimulant drugs are based on the following two aspects: the
study of the influence of RSD on the effects of MDMA in the CPP para-
digm, and the evaluation of the long-term effects of RSD in both adoles-
cent and young adult mice. We demonstrate for the first time that stress
induced by intermittent episodes of social defeat induces a long-term
increase in the effects of MDMA in the CPP paradigm. Mice exposed to
RSD during adolescence showed an increase in vulnerability to rein-
statement of the CPP induced by a low dose of MDMA and an increase
in the duration of the CPP induced by an effective dose of this drug
when they were adults. Young adult mice exposed to RSD also present-
ed an increase in the duration of CPP during adulthood, in addition to
other long-lasting behavioral changes, such as an enhancement in anx-
iety, alterations in social interaction (a reduction of attack and an

increase in defensive and avoidance behaviors) and an impairment of
learning.

As we hypothesized, exposure to RSD seems to increase the reward-
ing effects of MDMA in the CPP paradigm, which is in accordance with
the results of previous studies demonstrating that RSD enhances am-
phetamine and cocaine CPP (Burke et al., 2011; Hymel et al., 2014;
McLaughlin et al., 2006) and intake of these drugs (Boyson et al., 2011,
2014; Cruz et al., 2011; Han et al., 2015; Miczek et al., 2008, 2011;
Quadros and Miczek, 2009; Yap et al., 2015) or alcohol (Croft et al.,
2005; Norman et al., 2015; Rodriguez-Arias et al., 2014). A recent
work by our group demonstrated that the same procedure of RSD en-
hances the rewarding and reinstating effects of sub-threshold doses of
cocaine and increased the duration of the CPP induced by effective
doses (Rodriguez-Arias et al., submitted). In the present work,
the stress-induced increase in the rewarding effects of MDMA was
expressed as an enhanced vulnerability to reinstatement (in mice ex-
posed to RSD during early adolescence) and as an increase in the dura-
tion of CPP (resistance to extinction). Irrespective of exposure to RSD, all
groups exhibited a similar CPP, even with the low dose of MDMA. This
may have been due to the fact that all the mice were adults when
they underwent the CPP procedure three weeks after RSD (PND 59-70
or PND 77-88). This result, in line with that of a previous study in
which the low dose of MDMA was ineffective in adolescents but in-
duced CPP in young adult mice (Garcia-Pardo et al., 2014), suggests
that adolescent mice are less sensitive to the rewarding effects of
MDMA, conversely to that observed with cocaine (Schramm-Sapyta
et al., 2009). A stress-induced potentiation of CPP across a variety of
drugs of abuse, including cocaine and nicotine, has been reported by nu-
merous studies (Schindler et al., 2010, 2012; Smith et al., 2012). Activa-
tion of the CRF and kappa opioid receptor systems seems to play a major
role in the pro-addictive effects of stress (for a review see Bruchas et al.,
2010; Ehrich et al., 2014), and kappa receptor stimulation has been
shown to induce reinstatement of drug seeking through stress-like ef-
fects (Wee and Koob, 2010). However, in the present study we did not
observe a potentiation of MDMA CPP after RSD exposure. A possible rea-
son for this is that the rewarding effects of MDMA represented an
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Fig. 2. Effects of repeated social defeat (RSD) on the CPP induced by 10 mg/kg of MDMA. a) Effects of RSD on the acquisition and reinstatement of MDMA CPP. Adolescent or young
adult mice were exposed to exploration (Ado-Ctr, YA-Ctr) or repeated social defeat (Ado-SD, YA-SD) three weeks before initiation of the CPP procedure. All groups were conditioned
with 10 mg/kg of MDMA. The bars represent the time (in seconds) spent in the drug-paired compartment before conditioning sessions in the pre-conditioning (PRE-C) test (white
bars) and after conditioning sessions in the post-conditioning (POST-C) test (black bars), in the last extinction (EXT) session (light gray bars), and in the reinstatement (REINST) test
(dark gray bars). *p < 0.05, significant difference in the time spent in the drug-paired compartment in PRE-C vs POST-C. ©**p < 0.001, significant difference in the time spent in the
drug-paired compartment in REINST vs EXT. b) Effects of RSD on the extinction of MDMA CPP. Mean number of days needed to achieve complete extinction of CPP in the following groups:
Ado-Ctr and Ado-SD, mice exposed during adolescence to exploration or repeated social defeat, respectively; YA-Ctr and YA-SD, mice exposed during late-adolescence to exploration or
repeated social defeat, respectively. After conditioning with 10 mg/kg of MDMA all groups showed CPP in the Post-C test. Both groups exposed to repeated social defeat needed more ex-
tinction sessions to achieve complete extinction of CPP than mice non-exposed to stress. *p < 0.05, significant difference with respect to the control group of the same age.

inverted U curve in function of the dose administered, with only medi-
um doses proving to be rewarding (Daza-Losada et al., 2007; Schenk,
2009). Thus, the stress-induced increase in the sensitivity of mice to
the effects of MDMA was not reflected by a greater CPP. In previous
studies carried out in our laboratory, we have observed that the
enhancement in the rewarding effects of MDMA induced by adolescent
drug pre-exposure, which is not evident in the CPP test, can be
detected by measuring the time needed to achieve extinction of CPP
(Daza-Losada et al., 2009b; Do Couto et al., 2011; Ribeiro Do Couto
et al.,, 2012). It is well established that the duration of CPP is dependent

on the dose used (Aguilar et al., 2009), and the period required for pref-
erence to be extinguished is a marker of the motivational properties of a
drug (Pulvirenti, 2003). According to this, we observed that the CPP in-
duced by the low dose of MDMA was extinguished faster than that in-
duced by the high dose (mean of all groups, 3.5 vs 8.2 days needed to
extinguish the CPP induced by 1.25 and 10 mg/kg of MDMA, respective-
ly). Most importantly, our results demonstrate that mice exposed to
RSD have an enhanced resistance to the extinction of the CPP induced
by 10 mg/kg of MDMA, which can be interpreted as an increased sus-
ceptibility to the motivational properties of this drug. In agreement
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Table 4

Long-term effects of RSD exposure on anxiety-like behavior in the elevated plus maze.
Mice were exposed to RSD (social defeat) or exploration (control) during late-adolescence
and were tested in the elevated plus maze 3 weeks later. Data are presented as mean
values + S.E.M.

Elevated plus maze measurements Control Social defeat
Time in open arms (s) 863 £ 8.7 523+ 10.5"
Time in central platform (s) 7852 + 6.4 88.1+59
Time in closed arms (s) 138.64 £ 9.5 161.77 £ 9.5
% time in open arms 384 + 3.6 239 + 46"
Entries in open arms 9412 56+ 1.1
Entries in closed arms 147 £ 1.1 153+ 1.2
Total entries 237+16 209 + 1.7
% open entries 36.5+ 3.6 258 +4

* p<0.05, significant difference with respect to control.

with this idea, it has been suggested that adolescent defeat can enhance
behavioral responses to amphetamine and seeking of drug-associated
cues in adulthood (Burke et al., 2013). In addition, social stress increases
vulnerability to reinstatement in mice exposed to RSD during adoles-
cence and conditioned with the low dose of MDMA in adulthood. Al-
though acute exposure to an episode of social defeat immediately
before the test induces the reinstatement of morphine (Ribeiro Do
Couto et al., 2006) and cocaine CPP (Land et al., 2009; Titomanlio
et al., 2013) and increases priming-induced cocaine CPP (Ribeiro Do
Couto et al., 2009), this is the first study to demonstrate that RSD in-
duces a long-term increase in vulnerability to reinstatement. It is partic-
ularly significant the fact that adolescent mice showed weaker
behavioral and hormonal responses (less time in avoidance/flee behav-
ior and lower corticosterone levels) during exposure to social defeat
than young adult mice. This could be due to the fact that aggressive op-
ponents confronted with adolescent mice spent less time in threat and
attack behaviors. Consequently, young adult mice exposed to RSD pre-
sented higher corticosterone levels than controls at all the time points
measured (0 and 30 min after the first and fourth episodes of defeat),
while mice exposed to RSD during adolescence only showed higher
levels of corticosterone immediately after the fourth episode of defeat.
These age differences in behavior and corticosterone response have
been observed in previous studies in our laboratory after both acute
and repeated social defeat (Garcia-Pardo et al., 2014; Rodriguez-Arias
etal., 2014). In future studies it would be interesting to modify some pa-
rameters of the social interaction of adolescent and young adult mice
with an aggressive resident opponent in order to equal the level of
stress induced by social defeat in both age groups. This would allow us
to determine whether the effects of social stress exposure on the re-
warding effects of MDMA differ in adolescent and adult mice.

As discussed previously, the effects of RSD on the rewarding proper-
ties of MDMA have not been evaluated previously, but a previous study
carried out in our laboratory demonstrated that acute social defeat be-
fore each conditioning session with MDMA reduces the CPP induced

Table 5

Long-term effects of RSD exposure on social interaction with conspecifics. Means of accu-
mulated times (in seconds) with S.E.M. allocated to different categories of spontaneous
behavior from the social interaction test in mice exposed to RSD (social defeat, n = 15)
or exploration (control, n = 15) three weeks before social interaction test.

Behavioral categories (time in seconds) Control Social defeat
Body care 17.8 +3.2 145+ 2.6
Digging 162 + 22 16.8 + 2.8
Non-social exploration 4439 4+ 99 4344 4+ 7.2
Explore from a distance 74+ 1.1 411 4+ 33"
Social investigation 528 +79 50.1 + 6.4
Unit of social investigation 25+02 2+02"
Threat 28+79 143 + 6.1
Attack 19.1+58 284+ 1.5
Avoidance/flee 0+0 441"
Defensive/submissive 0+0 10.8 +3.5"

* p<0.05, significant difference with respect to exploration mice.
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Fig. 3. Long-term effects of repeated social defeat (RSD) during late-adolescence in the
Hebb-Williams maze. On PND 47-56 mice were exposed to social defeat or exploration
(control). On PND 82-89 they were tested in the Hebb-Williams maze. The mazes
were classified as easy (1, 3 and 4) or difficult (5 and 8). a) Long-term effects of RSD on
total latency score in the Hebb-Williams maze. Data of the total time (in seconds) needed
to reach the goal in the 8 trials performed in each maze are presented as mean values +
S.E.M. *p < 0.05, significant difference with respect to the performance of control group.
b) Long-term effects of RSD on the total number of errors in the Hebb-Williams maze.
Data of the total number of errors to reach the goal in the 8 trials are presented as mean
values £ S.E.M. c) Long-term effects of RSD on the acquisition criterion in the Hebb-
Williams maze. Data of the acquisition criterion are presented as mean values 4 S.E.M.
*p<0.05 and ***p < 0.001, significant difference with respect to the control group.

by this drug (Garcia-Pardo et al., 2014). Thus, different schedules of so-
cial defeat exposure have opposite results on MDMA-induced CPP. From
our point of view, the main contributing factor of these divergent results
is that, in our previous study, the adverse experience of social defeat was
suffered by mice immediately before conditioning with MDMA, which
probably reduced its rewarding properties when evaluated 48 h after
the last episode of social defeat. The importance of timing in the effects
induced by social stress has been reviewed by Neisewander et al.
(2012); for example, a decrease of alcohol intake is observed immedi-
ately after social defeat, conversely to the increase observed when
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there is a delay between social defeat and self-administration (Caldwell
and Riccio, 2010), that is consistent with the suppressant effects of
stressors on ongoing behavior (Meerlo et al., 1996). Considered togeth-
er, the results obtained by the two MDMA studies confirm that acute
and RSD alter the rewarding effects of MDMA in opposite ways.

Our results also demonstrate that young adult mice exposed to RSD
suffer long-term behavioral consequences, exhibiting an increase in
anxiety and impaired social behavior and cognitive processes in adult-
hood. The behavioral profile observed in young adult mice exposed to
RSD (anxiety and cognitive impairment) may have been related with
the longer duration of CPP observed in these mice. Our study shows
an increase in anxiety in socially defeated mice in the elevated plus
maze (less time, lower percentage of time and fewer entries into the
open arms) 21 days after RSD. It is very difficult to compare the different
studies because of variability in the methodology used to induce social
defeat and to evaluate its effects (acute vs chronic, short- vs long-
term, etc.); however, generally, an increase in anxiety has been ob-
served with different procedures of acute and repeated social defeat in
adult (Heinrichs et al., 1992, 1995; Jin et al., 2015; Kinn Red et al.,
2012; Patki et al., 2013, 2014; Rodgers and Cole, 1993) and adolescent
(Huang et al., 2013; Ifliguez et al., 2014; Kinsey et al., 2007) rodents.
In some studies this effect was not evident 1-3 weeks after social defeat
(Korte and de Boer, 2003; Watt et al., 2009), while in others it was ob-
served until 14 days after defeat (Jacobson-Pick et al., 2013; Ruis et al.,
1999). An anxiolytic effect of MDMA in socially defeated adult mice
with enhanced anxiety could increase the acquisition of CPP and enlarge
the duration of this effect. With respect to the effects of social defeat on
learning and memory, there are many studies reporting important
structural and functional alterations of the hippocampus produced by
social defeat, such as decreased cell proliferation (Yap et al., 2006) and
decreased BDNF levels (Miczek et al., 2011). Most studies have reported
a deficit in spatial learning in socially defeated animals (Colas-Zelin
et al., 2012; Jin et al., 2015; Novick et al., 2013; Patki et al., 2013,
2014), although a lack of effects has also been observed 3 weeks after
social defeat (Buwalda et al., 2005). The advantage of the Hebb-
Williams Maze used in the present study, with respect to other learning
tasks, is that it provides information about the acquisition process. Al-
though all animals learned how to reach the goal, socially defeated
mice needed more time to exit the maze in the first trials, suggesting
that the acquisition of learning had been slowed down by RSD exposure.
These effects on learning can also help to explain why young adults ex-
posed to RSD were so resistant to the extinction of CPP, which is consid-
ered an acquisition of a new learning rather than the simple debilitation
of previously learned information.

Social defeat stress seriously affects social behavior with conspe-
cifics, inducing social avoidance and producing consequences that per-
sist for a long time. Studies in rats report a decrease in aggressive
behavior in socially defeated rats and an increase in escape and avoid-
ance behaviors (Blanchard et al., 1995, 2001). Similarly, social defeat
stress induces significant social avoidance in the social interaction test
in adult and adolescent mice (Goto et al., 2014; Iiiguez et al., 2014).
Consequently, in the present work, we have observed that socially
defeated mice spend less time in attack and unit of social investigation
and display an increase in avoidance and defence behaviors. Similar re-
sults have observed previously in mice exposed to our RSD procedure
during adolescence (Rodriguez-Arias et al., 2014). As an increase in
the rewarding effects of MDMA and social avoidance is consistently ob-
served in adolescent and adult mice exposed to RSD, we believe that
these effects are related. The protective influence of social interaction
on vulnerability to the effects of drugs of abuse is well known; in the
CPP, social interaction is rewarding and can reduce preference for the
drug-paired context (Aguilar et al, 2013; Bardo et al, 2013;
Neisewander et al., 2012; Ribeiro Do Couto et al., 2009). Thus, it can
be hypothesized that mice with poor social attachment will show an en-
hanced response to MDMA administration, expressed as an increase in
the duration of the CPP.

In conclusion, the present study demonstrates that exposure to so-
cial stress induces a long-term increase in the rewarding effects of
MDMA, thereby enhancing vulnerability to the development of depen-
dence. Impairments in social behavior and alterations of monoamine
levels induced by RSD might account for this enhanced vulnerability
to the effects of MDMA. Future studies should evaluate the effects of
pharmacological strategies that prevent such alterations and establish
new targets for the treatment of subjects with MDMA dependence.

Acknowledgments

This work was supported by the following grants: Ministerio
de Economia y Competitividad (MINECO), Direccién General de
Investigacion, PSI2011-24762 and PSI2014-51847-R; Instituto de
Salud Carlos III, Red de Trastornos Adictivos (RTA) RD12/0028/0005
and Unién Europea, Fondos FEDER “una manera de hacer Europa”.

Unién Europea

Fando Eurcped de
Dusarrolio Regional

“Una manera de hacer Europa™

Ministerio de Sanidad, Servicios Sociales e Igualdad. Delegacién del
Gobierno para el Plan Nacional Sobre Drogas, Proyectos de Investigacion
sobre Drogodependencias, 20141007. Generalitat Valenciana, Conselleria
de Educacién, PROMETEOII/2014/063, Val + id (for MP G-P), Spain.

We wish to thank Brian Normanly for his English language editing of
the manuscript. The author(s) are entirely responsible for the scientific
content of the paper.

We declare no conflict of interest.

References

Aguilar MA, Mifarro J, Felipo V. Chronic moderate hyperammonemia impairs active and
passive avoidance behavior and conditional discrimination learning in rats. Exp
Neurol 2000;161:704-13.

Aguilar MA, Rodriguez-Arias M, Miiiarro J. Neurobiological mechanisms of the reinstate-
ment of drug-conditioned place preference. Brain Res Rev 2009;59:253-77.

Aguilar MA, Garcia-Pardo MP, Montagud-Romero S, Mifiarro J, Do Couto BR. Impact of
social stress in addiction to psychostimulants: what we know from animal models.
Curr Pharm Des 2013;19:7009-25.

Bardo MT, Neisewander ]JL, Kelly TH. Individual differences and social influences on the
neurobehavioral pharmacology of abused drugs. Pharmacol Rev 2013;65:255-90.

Belin D, Mar AC, Dalley JW, Robbins TW, Everitt BJ. High impulsivity predicts the switch to
compulsive cocaine-taking. Science 2008;320(5881):1352-5.

Blanchard DC, Spencer R, Weiss SM, Blanchard R], McEwen BS, Sakai RR. The Visible
Burrow System as a model of chronic social stress: behavioral and neuroendocrine
correlates. Psychoendocrinology 1995;20:117-34.

Blanchard R]J, McKittrick CR, Blanchard DC. Animal models of social stress: effects on be-
havior and brain neurochemical systems. Physiol Behav 2001;73:261-71.

Boyson CO, Miguel TT, Quadros IM, Debold JF, Miczek KA. Prevention of social stress-
escalated cocaine self-administration by CRF-R1 antagonist in the rat VTA. Psycho-
pharmacology 2011;218:257-69.

Boyson CO, Holly EN, Shimamoto A, Albrechet-Souza L, Weiner LA, DeBold JF, et al. Social
stress and CRF-dopamine interactions in the VTA: role in long-term escalation
of cocaine self-administration. ] Neurosci 2014;34(19):6659-67.

Brain PF. The use of animals in aggression research. Aggress Behav 1981;7:383-7.

Brain PF, McAllister KH, Walmsley SV. Drug effects on social behaviors. In: Boulton AA,
Bake GB, Greenshaw A], editors. Methods in ethopharmacology, psychopharmacolo-
gy (series: neuromethods), vol. 13. Clifton: The Humana; 1989. p. 687-739.

Bruchas MR, Land BB, Chavkin C. The dynorphin/kappa opioid system as a modulator of
stress-induced and pro-addictive behaviors. Brain Res 2010;1314:44-55.

Burke AR, Miczek KA. Stress in adolescence and drugs of abuse in rodent models: role of
dopamine, CRF, and HPA axis. Psychopharmacology 2014;231:1557-80.

Burke AR, Watt MJ, Forster GL. Adolescent social defeat increases adult amphetamine con-
ditioned place preference and alters D2 dopamine receptor expression. Neuroscience
2011;197:269-79.

Burke AR, Forster GL, Novick AM, Roberts CL, Watt M]. Effects of adolescent social defeat
on adult amphetamine-induced locomotion and corticoaccumbal dopamine release
in male rats. Neuropharmacology 2013;67:359-69.

Buwalda B, Kole MHP, Veenema AH, Huininga M, de Boer SF, Korte SM, et al. Long-term
effects of social stress on brain and behavior: a focus on hippocampal functioning.
Neurosci Biobehav Rev 2005;29:83-97.

Buwalda B, Geerdink M, Vidal ], Koolhaas JM. Social behavior and social stress in adoles-
cence: a focus on animal models. Neurosci Biobehav Rev 2011;35:1713-21.


http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0005
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0005
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0005
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0010
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0010
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0015
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0015
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0015
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0020
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0020
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0025
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0025
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0030
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0030
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0030
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0035
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0035
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0040
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0040
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0040
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0045
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0045
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0045
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0050
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0055
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0055
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0055
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0060
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0060
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0075
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0075
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0065
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0065
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0065
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0070
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0070
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0070
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0080
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0080
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0080
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0085
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0085

108 M.P. Garcia-Pardo et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 63 (2015) 98-109

Caldwell EE, Riccio DC. Alcohol self-administration in rats: modulation by temporal
parameters related to repeated mild social defeat stress. Alcohol 2010;44:
265-74.

Caprioli D, Celentano M, Paolone G, Badiani A. Modeling the role of environment in addic-
tion. Prog Neuropsychopharmacol Biol Psychiatry 2007;31:1639-53.

Colas-Zelin D, Light KR, Kolata S, Wass C, Denman-Brice A, Rios C, et al. The imposition of,
but not the propensity for, social subordination impairs exploratory behaviors and
general cognitive abilities. Behav Brain Res 2012;232:294-305.

Covington Il HE, Miczek KA. Repeated social-defeat stress, cocaine or morphine. Effects
on behavioral sensitization and intravenous cocaine self-administration “binges”.
Psychopharmacology 2001;158:388-98.

Croft AP, Brooks SP, Cole J, Little HJ. Social defeat increases alcohol preference of C57BL/10
strain mice; effect prevented by a CCKB antagonist. Psychopharmacology 2005;183:
163-70.

Cruz FC, Quadros IM, Hogenelst K, Planeta CS, Miczek KA. Social defeat stress in rats: es-
calation of cocaine and “speedball” binge self-administration, but not heroin. Psycho-
pharmacology 2011;215:165-75.

Dalley JW, Fryer TD, Brichard L, Robinson ES, Theobald DE, Lidne K, et al. Nucleus accum-
bens D2/3 receptors predict trait impulsivity and cocaine reinforcement. Science
2007;315(5816):1267-70.

Daza-Losada M, Ribeiro Do Couto B, Manzanedo C, Aguilar MA, Rodriguez-Arias M,
Mifiarro J. Rewarding effects and reinstatement of MDMA-induced CPP in adolescent
mice. Neuropsychopharmacology 2007;32:1750-9.

Daza-Losada M, Rodriguez-Arias M, Maldonado C, Aguilar MA, Guerri C, Mifiarro . Acute
behavioural and neurotoxic effects of MDMA plus cocaine in adolescent mice.
Neurotoxicol Teratol 2009a;31:49-59.

Daza-Losada M, Rodriguez-Arias M, Aguilar MA, Mifiarro J. Acquisition and reinstatement
of MDMA-induced conditioned place preference in mice pre-treated with MDMA or
cocaine during adolescence. Addict Biol 2009b;14:447-56.

Dilleen R, Pelloux Y, Mar AC, Molander A, Robbins TW, Everitt BJ, et al. High anxiety is a
predisposing endophenotype for loss of control over cocaine, but not heroin, self-
administration in rats. Psychopharmacology 2012;222:89-97.

Do Couto BR, Rodriguez-Arias M, Fuentes S, Gagliano H, Armario A, Miiiarro J, et al. Ado-
lescent pre-exposure to ethanol or MDMA prolongs the conditioned rewarding ef-
fects of MDMA. Physiol Behav 2011;103(5):585-93.

Ehrich JM, Phillips PE, Chavkin C. Kappa opioid receptor activation potentiates the
cocaine-induced increase in evoked dopamine release recorded in vivo in the
mouse nucleus accumbens. Neuropsychopharmacology 2014;39:3036-48.

Ersche KD, Turton AJ, Pradhan S, Bullmore ET, Robbins TW. Drug addiction
endophenotypes: impulsive versus sensation-seeking personality traits. Biol Psychia-
try 2010;68:770-3.

Everitt B]. Neural and psychological mechanisms underlying compulsive drug seeking
habits and drug memories—indications for novel treatments of addiction. Eur ]
Neurosci 2014;40:2163-82.

Galsworthy MJ, Paya-Cano JL, Liu L, Monleén S, Gregoryan G, Fernandes C, et al. Assessing
reliability, heritability and general cognitive ability in a battery of cognitive tasks for
laboratory mice. Behav Genet 2005;35:675-92.

Garcia-Pardo MP, Rodriguez-Arias M, Maldonado C, Manzanedo C, Mifiarro ], Aguilar MA.
Effects of acute social stress on the conditioned place preference induced by MDMA
in adolescent and adult mice. Behav Pharmacol 2014;25(5-6):532-46.

Garcia-Pardo MP, Escobar-Valero C, Rodriguez-Arias M, Mifiarro J, Aguilar MA. Involve-
ment of NMDA glutamate receptors in the acquisition and reinstatement of the con-
ditioned place preference induced by MDMA. Behav Pharmacol 2015. (in press, Epub
ahead of print).

Goto T, Kubota Y, Tanaka Y, lio W, Moriya N, Toyoda A. Subchronic and mild social defeat
stress accelerates food intake and body weight gain with polydipsia-like features in
mice. Behav Brain Res 2014;270:339-48.

Han X, Albrechet-Souza L, Doyle MR, Shimamoto A, DeBold JF, Miczek KA. Social stress
and escalated drug self-administration in mice II. Cocaine and dopamine in the nucle-
us accumbens. Psychopharmacology 2015;232:1003-10.

Heinrichs SC, Pich EM, Miczek KA, Britton KT, Koob GF. Corticotropin-releasing factor an-
tagonist reduces emotionality in socially defeated rats via direct neurotropic action.
Brain Res 1992;581:190-7.

Heinrichs SC, Menzaghi F, Merlo Pich E, Britton KT, Koob GF. The role of CRF in behavioral
aspects of stress. Ann N 'Y Acad Sci 1995;771:92-104.

Huang GB, Zhao T, Muna SS, Bagalkot TR, Jin HM, Chae H]J, et al. Effects of chronic social
defeat stress on behaviour, endoplasmic reticulum proteins and choline acetyltrans-
ferase in adolescent mice. Int ] Neuropsychopharmacol 2013;16:1635-47.

Hymel KA, Eans SO, L Sitchenko K, Gomes SM, Lukowsky AL, Medina JM, et al. Stress-
induced increases in depression-like and cocaine place-conditioned behaviors are re-
versed by disruption of memories during reconsolidation. Behav Pharmacol 2014;25:
599-608.

Ifiguez SD, Riggs LM, Nieto SJ, Dayrit G, Zamora NN, Shawhan KL, et al. Social defeat stress
induces a depression-like phenotype in adolescent male c57BL/6 mice. Stress 2014;
17:247-55.

Jacobson-Pick S, Audet MC, McQuaid R], Kalvapalle R, Anisman H. Social agonistic distress
in male and female mice: changes of behavior and brain monoamine functioning in
relation to acute and chronic challenges. PLoS One 2013;8:e60133.

Jin HM, Shrestha Muna S, Bagalkot TR, Cui Y, Yadav BK, Chung YC. The effects of social de-
feat on behavior and dopaminergic markers in mice. Neuroscience 2015;288:167-77.

Kinn Red AM, Milde AM, Grenli ], Jellestad FK, Sundberg H, Murison R. Long-term effects
of footshock and social defeat on anxiety-like behaviours in rats: relationships to pre-
stressor plasma corticosterone concentration. Stress 2012;15:658-70.

Kinsey SG, Bailey MT, Sheridan JF, Padgett DA, Avitsur R. Repeated social defeat causes in-
creased anxiety-like behavior and alters splenocyte function in C57BL/6 and CD-1
mice. Brain Behav Immun 2007;21:458-66.

Koob GF. The role of CRF and CRF-related peptides in the dark side of addiction. Brain Res
2010;1314:3-14.

Koob GF. Negative reinforcement in drug addiction: the darkness within. Curr Opin
Neurobiol 2013;23:559-63.

Korte SM, de Boer SF. A robust animal model of state anxiety: fear potentiated behaviour
in the elevated plus-maze. Eur ] Pharmacol 2003;463:163-75.

Land BB, Bruchas MR, Schattauer S, Giardino WJ, Aita M, Messinger D, et al. Activation
of the kappa opioid receptor in the dorsal raphe nucleus mediates the aversive
effects of stress and reinstates drug seeking. Proc Natl Acad Sci U S A 2009;106:
19168-73.

Le Moal M. Drug abuse: vulnerability and transition to addiction. Pharmacopsychiatry
2009;42:542-55.

Logrip ML, Koob GF, Zorrilla EP. Role of corticotropin-releasing factor in drug addiction:
potential for pharmacological intervention. CNS Drugs 2011;25:271-87.

Logrip ML, Zorrilla EP, Koob GF. Stress modulation of drug self-administration: implica-
tions for addiction comorbidity with post-traumatic stress disorder. Neuropharma-
cology 2012;62:552-64.

McLaughlin JP, Li S, Valdez ], Chavkin TA, Chavkin C. Social defeat stress-induced
behavioral responses are mediated by the endogenous kappa opioid system.
Neuropsychopharmacology 2006;31:1241-8.

Meerlo P, Overkamp GJF, Benning MA, Koolhaas JM, van den Hoofdakker RH. Long-term
changes in open field behaviour following a single social defeat in rats can be re-
versed by sleep deprivation. Physiol Behav 1996;60:115-9.

Miczek KA, Thompson ML, Shuster L. Opioid-like analgesia in defeated mice. Science
1982;215:1520-2.

Miczek KA, Yap JJ, Covington IIl HE. Social stress, therapeutics and drug abuse: preclinical
models of escalated and depressed intake. Pharmacol Ther 2008;120:102-28.

Miczek KA, Nikulina EM, Takahashi A, Covington IIl HE, Yap JJ, Boyson CO, et al. Gene ex-
pression in aminergic and peptidergic cells during aggression and defeat: relevance
to violence, depression and drug abuse. Behav Genet 2011;41:787-802.

Mugford RA, Nowell NW. Pheromones and their effect on aggression in mice. Nature
1970;226:967-8.

Neisewander JL, Peartree NA, Pentkowski NS. Emotional valence and context of social in-
fluences on drug abuse-related behavior in animal models of social stress and
prosocial interaction. Psychopharmacology 2012;224:33-56.

Norman K]J, Seiden JA, Klickstein JA, Han X, Hwa LS, DeBold JF, et al. Social stress and es-
calated drug self-administration in mice I. Alcohol and corticosterone. Psychophar-
macology 2015;232:991-1001.

Novick AM, Miller LC, Forster GL, Watt M]. Adolescent social defeat decreases spatial
working memory performance in adulthood. Behav Brain Funct 2013;9:39.

Patki G, Solanki N, Atrooz F, Allam F, Salim S. Depression, anxiety-like behavior and mem-
ory impairment are associated with increased oxidative stress and inflammation in a
rat model of social stress. Brain Res 2013;1539:73-86.

Patki G, Solanki N, Atrooz F, Ansari A, Allam F, Jannise B, et al. Novel mechanistic insights
into treadmill exercise based rescue of social defeat-induced anxiety-like behavior
and memory impairment in rats. Physiol Behav 2014;130:135-44.

Pellow S, File SE. Anxiolytic and anxiogenic drug effects on exploratory activity in an ele-
vated plus-maze: a novel test of anxiety in the rat. Pharmacol Biochem Behav 1986;
24:525-9.

Pulvirenti L. Glutamate neurotransmission in the course of cocaine addiction. In: Herman
BH, editor. Glutamate and addiction. Totowa, NJ: Humana Press; 2003. p. 171-81.

Quadros IM, Miczek KA. Two modes of intense cocaine bingeing: increased persistence
after social defeat stress and increased rate of intake due to extended access condi-
tions in rats. Psychopharmacology 2009;206:109-20.

Rabinovitch MS, Rosvold HE. A closed-field intelligence test for rats. Can J Psychol 1951;5:
122-8.

Ribeiro Do Couto B, Aguilar MA, Manzanedo C, Rodriguez-Arias M, Armario A, Mifiarro J.
Social stress is as effective as physical stress in reinstating morphine-induced place
preference in mice. Psychopharmacology 2006;185:459-70.

Ribeiro Do Couto B, Aguilar MA, Lluch ], Rodriguez-Arias M, Mifiarro J. Social experiences
affect reinstatement of cocaine-induced place preference in mice. Psychopharmacol-
ogy 2009;207:485-98.

Ribeiro Do Couto B, Daza-Losada M, Rodriguez-Arias M, Nadal R, Guerri C, Summavielle T,
et al. Adolescent pre-exposure to ethanol and 3,4-methylenedioxymethamphetamine
(MDMA) increases conditioned rewarding effects of MDMA and drug-induced rein-
statement. Addict Biol 2012;17:588-600.

Rodgers RJ, Cole JC. Anxiety enhancement in the murine elevated plus maze by immedi-
ate prior exposure to social stressors. Physiol Behav 1993;53:383-8.

Rodgers RJ, Cao BJ, Dalvi A, Holmes A. Animal models of anxiety: an ethological perspec-
tive. Braz ] Med Biol Res 1997;30:289-304.

Rodriguez-Arias M, Mifiarro ], Aguilar MA, Pinazo J, Simén VM. Effects of risperidone and
SCH 23390 on isolation-induced aggression in male mice. Eur Neuropsychopharmacol
1998;8:95-103.

Rodriguez-Arias M, Garcia-Pardo MP, Montagud-Romero S, Mifiarro ], Aguilar MA. The
role of stress in psychostimulant addiction: treatment approaches based on animal
models. Chapter 10. In: Van Hout MC, editor. Drug use and abuse. New York: Nova
Science Publishers, Inc.; 2013. p. 153-220.

Rodriguez-Arias M, Navarrete F, Blanco-Gandia MC, Arenas MC, Bartoll-Andrés A, Aguilar
MA, et al. Social defeat in adolescent mice increases vulnerability to alcohol consump-
tion. Addict Biol 2014. [Sep 14].

Roger-Sanchez C, Aguilar MA, Manzanedo C, Mifiarro J, Rodriguez-Arias M. Neurochemi-
cal substrates of MDMA reward: effects of the inhibition of serotonin reuptake on the
acquisition and reinstatement of MDMA-induced CPP. Curr Pharm Des 2013;19:
7050-64.

Romeo RD. Adolescence: a central event in shaping stress reactivity. Dev Psychobiol 2010;
52:244-53.


http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0090
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0090
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0090
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0095
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0095
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0100
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0100
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0100
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0105
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0105
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0105
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0110
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0110
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0110
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0115
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0115
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0115
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0120
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0120
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0120
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0125
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0125
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0130
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0130
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0130
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0135
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0135
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0135
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0140
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0140
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0140
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0145
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0145
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0145
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0150
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0150
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0150
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0155
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0155
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0155
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0160
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0160
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0160
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0165
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0165
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0165
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0170
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0170
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0480
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0480
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0480
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0480
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0175
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0175
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0175
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0180
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0180
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0180
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0185
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0185
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0185
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0190
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0190
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0195
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0195
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0195
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0485
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0485
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0485
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0485
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0205
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0205
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0205
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0210
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0210
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0210
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0215
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0215
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0220
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0220
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0220
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0225
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0225
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0225
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0230
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0230
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0235
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0235
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0240
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0240
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0245
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0245
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0245
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0245
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0250
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0250
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0255
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0255
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0260
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0260
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0260
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0265
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0265
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0265
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0270
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0270
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0270
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0275
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0275
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0280
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0280
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0285
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0285
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0285
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0290
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0290
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0295
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0295
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0295
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0300
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0300
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0300
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0305
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0305
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0310
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0310
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0310
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0315
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0315
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0315
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0320
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0320
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0320
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0325
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0325
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0330
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0330
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0330
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0335
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0335
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0340
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0340
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0345
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0345
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0345
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0350
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0350
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0350
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0355
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0355
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0360
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0360
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0365
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0365
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0365
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0490
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0490
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0490
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0490
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0370
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0370
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0375
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0375
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0375
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0375
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0380
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0380

M.P. Garcia-Pardo et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 63 (2015) 98-109 109

Ruis MA, te Brake JH, Buwalda B, de Boer SF, Meerlo P, Korte SM, et al. Housing familiar
male wildtype rats together reduces the long term adverse behavioural and physio-
logical effects of social defeat. Psychoneuroendocrinology 1999;24:285-300.

Schenk S. MDMA self-administration in laboratory animals: a summary of the literature
and proposal for future research. Neuropsychobiology 2009;60:130-6.

Schindler AG, Li S, Chavkin C. Behavioral stress may increase the rewarding valence of
cocaine-associated cues through a dynorphin/kappa-opioid receptor-mediated
mechanism without affecting associative learning or memory retrieval mechanisms.
Neuropsychopharmacology 2010;35:1932-42.

Schindler AG, Messinger DI, Smith ]S, Shankar H, Gustin RM, Schattauer SS, et al. Stress
produces aversion and potentiates cocaine reward by releasing endogenous
dynorphins in the ventral striatum to locally stimulate serotonin reuptake. ] Neurosci
2012;32:17582-96.

Schramm-Sapyta NL, Walker QD, Caster JM, Levin ED, Kuhn CM. Are adolescents more
vulnerable to drug addiction than adults? Evidence from animal models. Psychophar-
macology 2009;206:1-21.

Sinha R. Chronic stress, drug use, and vulnerability to addiction. Ann N'Y Acad Sci 2008;
1141:105-30.

Sinha R, Shaham Y, Heilig M. Translational and reverse translational research on the role
of stress in drug craving and relapse. Psychopharmacology 2011;218:69-82.

Smith JS, Schindler AG, Martinelli E, Gustin RM, Bruchas MR, Chavkin C. Stress-induced
activation of the dynorphin/k-opioid receptor system in the amygdala potentiates
nicotine conditioned place preference. ] Neurosci 2012;32:1488-95.

Smoothy R, Brain PF, Berry MS, Haug M. Alcohol and social behaviour in group-housed fe-
male mice. Physiol Behav 1986;37:689-94.

Stone EA, Quartermain D. Greater behavioral effects of stress in immature as compared to
mature male mice. Physiol Behav 1998;63:143-5.

Titomanlio F, Manzanedo C, Rodriguez-Arias M, Mattioli L, Perfumi M, Miiarro J, et al.
Rhodiola rosea impairs acquisition and expression of conditioned place preference in-
duced by cocaine. Evid Based Complement Alternat Med 2013;697632.

Tornatzky W, Miczek KA. Long-term impairment of autonomic circadian rhythms after
brief intermittent social stress. Physiol Behav 1993;53:983-93.

Tzschentke TM. Measuring reward with the conditioned place preference paradigm: a
comprehensive review of drug effects, recent progress and new issues. Prog
Neurobiol 1998;56:613-72.

Tzschentke TM. Measuring reward with the conditioned place preference (CPP) para-
digm: update of the last decade. Addict Biol 2007;12:227-462.

Vazquez DM. Stress and the developing limbic-hypothalamic-pituitary-adrenal axis.
Psychoneuroendocrinology 1998;23:663-700.

Vidal-Infer A, Aguilar MA, Mifiarro J, Rodriguez-Arias M. Effect of intermittent exposure to
ethanol and MDMA during adolescence on learning and memory in adult mice.
Behav Brain Funct 2012;8:32.

Watt MJ, Burke AR, Renner K], Forster GL. Adolescent male rats exposed to social defeat
exhibit altered anxiety behavior and limbic monoamines as adults. Behav Neurosci
2009;123(3):564-76.

Wee S, Koob GF. The role of the dynorphin-kappa opioid system in the reinforcing effects
of drugs of abuse. Psychopharmacology 2010;210:121-35.

Yap JJ, Takase LF, Kochman LJ, Fornal CA, Miczek KA, Jacobs BL. Repeated brief social defeat
episodes in mice: effects on cell proliferation in the dentate gyrus. Behav Brain Res
2006;172:344-50.

Yap JJ, Chartoff EH, Holly EN, Potter DN, Carlezon Jr WA, Miczek KA. Social defeat stress-
induced sensitization and escalated cocaine self-administration: the role of ERK sig-
naling in the rat ventral tegmental area. Psychopharmacology 2015;232:1555-69.


http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0385
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0385
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0385
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0390
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0390
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0395
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0395
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0395
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0395
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0400
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0400
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0400
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0400
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0495
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0495
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0495
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0410
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0410
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0415
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0415
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0420
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0420
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0420
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0425
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0425
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0430
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0430
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0435
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0435
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0440
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0440
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0445
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0445
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0445
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0450
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0450
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0455
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0455
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0460
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0460
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0460
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0465
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0465
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0465
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0470
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0470
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0475
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0475
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0475
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0500
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0500
http://refhub.elsevier.com/S0278-5846(15)00133-5/rf0500

	Long-�term effects of repeated social stress on the conditioned place preference induced by MDMA in mice
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Apparatus
	2.2.1. Place conditioning boxes
	2.2.2. Elevated plus maze
	2.2.3. Inhibitory avoidance apparatus
	2.2.4. Hebb–Williams maze

	2.3. Drugs
	2.4. Procedure of social defeat
	2.5. Behavioral testing
	2.5.1. Conditioned place preference procedure
	2.5.1.1. Acquisition
	2.5.1.2. Extinction
	2.5.1.3. Reinstatement

	2.5.2. Elevated plus maze
	2.5.3. Passive avoidance
	2.5.4. Social interaction test
	2.5.5. Hebb–William maze

	2.6. Procedure of corticosterone measurement
	2.7. Experimental design
	2.7.1. Experiment 1: effect of repeated social defeat in adolescent and young adult mice on the acquisition and reinstateme...
	2.7.2. Effect of social defeat stress on corticosterone levels
	2.7.3. Experiment 2: effect of repeated social defeat in young adult mice on anxiety, social interaction, learning and memory

	2.8. Statistical analysis

	3. Results
	3.1. Behavioral characterization of repeated social defeat in adolescent and young adult mice
	3.2. Effect of repeated social stress on corticosterone levels
	3.3. Experiment 1: effect of repeated social stress in adolescent and young adult mice on the acquisition and reinstatement...
	3.3.1. CPP induced by 1.25mg/kg of MDMA
	3.3.2. CPP induced by 10mg/kg of MDMA

	3.4. Experiment 2: effect of repeated social defeat in young adult mice on anxiety, social interaction, learning and memory
	3.4.1. Elevated plus maze (see Table 4)
	3.4.2. Passive avoidance test
	3.4.3. Social interaction test (see Table 5)
	3.4.4. Hebb–Williams maze


	4. Discussion
	Acknowledgments
	References


