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Abstract
Rationale Binge drinking is a common pattern of alcohol
consumption among young people. Binge drinkers are
especially susceptible to brain damage when other substances
are co-administered, in particular, 3,4-methylendioxyme-
thamphetamine (MDMA).
Objective To evaluate the behavioural consequences of
voluntary binge ethanol consumption, alone and in combina-
tion to MDMA. Also, to elucidate the effects of the combined
consumption of these two drugs on neuroinflammation.
Materials and methods Adolescent mice received MDMA
(MDMA-treated mice), ethanol (ethanol-treated mice
group) or both (ethanol plus MDMA-treated mice).
Drinking in the dark (DID) procedure was used as a
model of binge. Body temperature, locomotor activity,
motor coordination, anxiety-like and despair behaviour
in adolescent mice were evaluated 48 h, 72 h, and 7 days
after the treatments. Also, neuroinflammatory response to
these treatments was measured in the striatum.
Results The hyperthermia observed in MDMA-treated mice
was abolished by pre-exposition to ethanol. Ethanol plus
MDMA-treated mice showed lower locomotor activity.
Ethanol-treated mice showed motor coordination impair-
ment and increased despair behaviour. Anxiety-like behaviour

was only seen in animals that were treated with both drugs.
Contrarily, neuroinflammation was mostly seen in animals
treated only with MDMA.
Conclusions Ethanol and MDMA co-administration
increases the neurobehavioural changes induced by the con-
sumption of each one of these drugs. However, as ethanol
consumption did not increase neuroinflammatory responses
induced by MDMA, other mechanisms, mediated by etha-
nol, are likely to account for this effect and need to be
evaluated.
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Abbreviations
MDMA 3,4-Methylenedioxymethamphetamine
DID Drinking in the dark
GFAP Glial fibrillary acid protein
5-HT 5-Hydroxytryptamine
CRF Corticotrophin-releasing factor

Introduction

Binge drinking is defined as drinking at least 5 units of
alcohol (ethanol) on a single occasion (Wechsler and Nelson
2001). It is a common pattern of alcohol consumption
among adolescents and young adults that may lead to brain
damage due to inflammatory processes and causes long-
lasting neurobehavioural consequences (Pascual et al.
2007) with implications for the development of alcohol
dependence. Several studies have demonstrated that binge
drinking itself presents negative behavioural consequences,
affecting mood and cognitive performance (White 2003;
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Grothues et al. 2008). Additionally, binge drinkers are par-
ticularly susceptible to eventual brain damage induced by
other often co-administered drugs (Hunt 1993). Nowadays,
ethanol and 3,4-methylendioxymethamphetamine (MDMA
or “ecstasy”) are two of the most common co-abused
substances (Winstock et al. 2001; Barrett et al. 2006),
and the behavioural and neurotoxic consequences of such
association have not been yet elucidated.

MDMA is an amphetamine derivative compound that
exhibits rewarding properties in humans (Camí et al. 2000)
and in experimental animals, such as monkeys (Lamb and
Griffiths 1987; Fantegrossi et al. 2008), rats (Bilsky et al.
1991), and mice (Trigo et al. 2006; Touriño et al. 2008;
Ruiz-Medina et al. 2011). However, MDMA ingestion in
humans can also induce neurochemical, behavioural, and
endocrine alterations similar to those produced by expo-
sure to acute stress, suggesting a potential role for
MDMA as a “chemical stressor” (Pacifici et al. 1999).
There are several MDMA toxic effects reported in
humans and laboratory animals, with the induction of
hyperthermia following its ingestion being the most
predominant (Lyles and Cadet 2003; Cadet et al. 2007).
Our team has previously demonstrated that MDMA-induced
hyperthermia promotes glial activation in discrete brain
areas such as striatum in mice (Touriño et al. 2010;
Ruiz-Medina et al. 2011), which has been postulated to be
involved in MDMA-induced neurotoxicity (Green et al.
2003; Gudelsky and Yamamoto 2003; O’Shea and Colado
2003; Sanchez et al. 2004).

Although the combined consumption of ethanol and
MDMA in humans is not fully understood, some explana-
tions have been proposed. Among them, is the fact that the
combined intake of ethanol and MDMA produces a longer
lasting euphoria and feelings of well being, than the con-
sumption of either drug alone, suggesting an increased
subjective perception of the positive effects induced by
the drug (Hernández-López et al. 2002). Also, it has been
proposed that ethanol attenuates the negative side effects
of MDMA, in particular, regarding the hyperthermia
associated to MDMA intake (Winstock et al. 2001).

In this study, a daily limited-access ethanol intake
model named drinking in the dark (DID) test (Rhodes
et al. 2005) was used as a model to assess the increased
vulnerability to neural damage observed in binge drinkers.
The work presented here evaluates, first, the negative
consequences of voluntary binge ethanol intake on body
temperature, locomotion and motor coordination, and
emotional-like related responses in adolescent mice. Second,
it measures the effects of acute co-administration of
MDMA on behavioural deficits induced by binge ethanol
consumption. Finally, it reveals the neuroinflammatory
response induced by binge ethanol drinking and MDMA
acute co-administration.

Materials and methods

Subjects

Adolescent naive male CD-1 mice (postnatal day 21)
weighing 25–30 g at the beginning of the experiments
were used in this study. Mice were purchased from
Charles River (France) and housed four per cage during
7 days (quarantine period) until 1 week prior to the
beginning of experiments when mice were individually
housed (postnatal day 28). Experiments started 7 days
after the individualization (postnatal day 36). Animal
rooms were controlled for temperature (22±1°C), humidity
(55±10%) and photo-period (12:12 L/D). Lights were
turned on at 0800 hours and off at 2000 hours. One
week prior to the experiment, mice were switched to a
reverse light/dark schedule in which lights turned on at
1900 hours and off at 0700 hours. Food and water were
available ad libitum except when water was substituted
for ethanol for 2 or 4 h per day according to DID
procedure, described below. All animal care and experi-
mental procedures were conducted according to the
guidelines of the European Communities Directive 86/
609/EEC regulating animal research and were approved
by the local ethical committee (CEEA-PRBB). All pro-
cedures were conducted by an experimenter blind to the
treatment.

Drugs

Racemic MDMA hydrochloride was purchased from
Lipomed, A.G. (Arlesheim, Switzerland), dissolved in
0.9% physiological saline to obtain a dose of 20 mg/
kg (2 mg/ml) expressed as the salt, and injected in a
volume of 0.1 ml/10 g body weight by intraperitoneal
(i.p.) route of administration. Ethyl alcohol was pur-
chased from Merck Chemicals (Darmstadt, Germany)
and diluted in tap water in order to obtain a 20% (v/v)
ethanol solution. Ketamine hydrochloride (100 mg/kg;
Imalgène 1000®, Rhône Mérieux, Lyon, France) and
xylazine hydrochloride (20 mg/kg; Sigma, Madrid, Spain)
were mixed in ethanol and water (1:9). This anaesthetic
mixture was injected in a volume of 0.2 ml/10 g body
weight i.p. and used for intracardiac perfusion.

Behavioural testing

Drinking in the dark procedure

This procedure was conducted as previously reported
(Rhodes et al. 2005). Briefly, food was removed and the
water bottles were replaced with 10-ml graduated cylinders
fitted with sipper tubes containing either 20% (v/v) ethanol
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in tap water or only tap water (groups Ethanol and Water,
respectively) 3 h after lights were turned off in the animal
rooms. During this time, animals were maintained in home
cages individually housed (see above). The ethanol or water
cylinders remained in place for 2 h. After the 2-h period,
individual intake was recorded and food and water bottles
were replaced. This procedure was repeated on days 2
and 3 and fresh fluids were provided each day. On day 4,
all subjects were injected with a single dose of saline
(0.1 ml/10 g, i.p.) prior to the DID procedure. On the
following week, the DID procedure was conducted again
as described above. In addition, on day 4, 30 min before
the ethanol or water exposure, rectal temperatures were
measured in each mouse with a rectal probe (Panlab,
Madrid, Spain). After that, subjects were injected by a
single dose of MDMA (20 mg/kg) or saline (i.p.). In this
day, the ethanol or water cylinders were left for 4 h and
intakes were recorded after 2 and 4 h, respectively. After
the first recording (2 h), rectal temperatures were registered
again and animals received a second injection of MDMA
(20 mg/kg) or saline (i.p.). The dose of MDMAwas selected
in accordance to previous studies performed by our team
(Touriño et al. 2010; Ruiz-Medina et al. 2011). Following
the 4 h free access to fluid and immediately after recording
fluid intake, ethanol and water cylinders were replaced with
water bottles. Then, animals were separated in three groups:
48 h (postnatal day 40), 72 h (postnatal day 41) or 7 days
(postnatal day 45) after the last MDMA or saline injection
(under ethanol absence). Each group of animals was
subjected to a battery of behavioural tests to evaluate

different alterations on behavioural responses: (1) locomotor
activity, (2) motor coordination, (3) anxiety-like responses
and (4) depressive-like responses (see schedule of the
experimental procedure in Fig. 1), leaving at least 1 h between
each test. Inflammatory responses were also evaluated as
explained below.

Body temperature

Changes in body temperature were evaluated using an
electronic thermocoupled flexible rectal probe (Panlab)
placed in the mice rectum for 10 s. Room temperature
was maintained at 21±1°C. Basal temperature was measured
30 min before the first MDMA (20 mg/kg) or saline injection
(i.p.). Temperature was also registered 120 min after MDMA
or saline injection and changes in body temperature were
calculated for each mouse as changes of baseline temperature
for each mouse.

Locomotor responses

Locomotor activity was evaluated using locomotor activity
boxes (9×20×11 cm) (Imetronic, Lyon, France) in a low
luminosity room (5 lx) with white noise, as previously
reported (Soria et al. 2006). At 48 h, 72 h or 7 days after
last MDMA or saline injection, mice were placed in the
locomotor activity boxes and their horizontal and vertical
movements were recorded during 20 min.

Saline 
(0.1 ml/10g)

- First week 

Rectal Ta 

MDMA 20 mg/kg 
or Saline x 2

DID TEST x 2

1  2  3            4

- Second week

Ethanol/Water 2h/day

Ethanol/Water 2h/day

48 h

72 h

7 days

Days

1  2  3            4

Days

Behavioural Experiments

Neurotoxicity

Fig. 1 DID procedure
(see Materials and
methods section)
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Motor coordination

Coordination was assessed using an accelerating rotarod
apparatus (five-line accelerating rotarod; LE 8200, Panlab).
The rotarod accelerated from 4 to 40 rev/min over 2 min.
48 h, 72 h or 7 days after last MDMA or saline injection,
motor coordination was measured in a session consisting of
ten consecutive trials interleaved by 30-s breaks. The three
last values of the session were averaged as previously
reported (Valverde et al. 2009).

Anxiety-like responses

To evaluate anxiety-like responses the dark–light box test
was conducted at 48 h, 72 h and 7 days after last MDMA or
saline injection as reported (Valverde et al. 2009). Briefly,
the apparatus consisted of two plastic chambers, connected
by a small tunnel. The dark measured chamber (20×15 cm)
and the adjacent chamber, measuring 30×15 cm, was
white and illuminated from above with 600 lx. Mice
were placed into the dark compartment and number of
entries and percentage of time in the lit compartment
were recorded for 5 min.

Despair behaviour

Manifestations of despair behaviour were evaluated using
the tail suspension test 48 h, 72 h and 7 days after last
MDMA or saline injection. Briefly, mice were individually
suspended by adhesive tape 1 cm from the tip of the tail
50 cm above a bench top for a 6-min period as described by
Steru et al. (1985). The time of complete inactivity during
this period was recorded.

Evaluation of neuroinflammatory responses in the striatum

Neuroinflammatory reactions were assessed in the striatum
of mice 48 h, 72 h and 7 days after the MDMA or saline
treatment (see Fig. 1) in order to assess the time-course of
anti-glial fibrillary acid protein (GFAP) and microglial
activation (anti-Iba1) in the striatum.

Immunofluorescence procedure

The presence of GFAP and Iba1 in astrocytes and microglia
was evaluated by immunofluorescence by using anti-glial
fibrillary acid protein GFAP (1:500; DakoCytomation,
Glostrup, Denmark) and rabbit polyclonal anti Iba1
(1:500; Wako Pure Chemical Industries, Ltd., Japan)
staining, respectively, as previously reported (Touriño et
al. 2010; Ruiz-Medina et al. 2011). Animals were deeply
anesthetized with ketamine/xylazine mixture and trans-
cardially perfused with 0.1 M phosphate buffer containing

4% paraformaldehyde. Brains were quickly removed and
postfixed in the same solution for 4 h and cryoprotected in
20% v/v sucrose in 0.1 M in phosphate buffer, pH 7.4
(24 h at 4°C). After freezing in dry ice, brains were
sliced into 30-μm coronal sections containing striatum.
Free floating brains sections were washed three times in
0.1 M phosphate buffer and then sections were incubated
in a solution of 3% v/v normal goat serum (Vector
Laboratories, Inc., Burlingame, CA) and 0.3% triton X-100
(Sigma-Aldrich, Spain) for 2 h at room temperature.
Sections were incubated overnight with the aforementioned
primary antibodies (GFAP and Iba1 for astrocytes and
microglia expression, respectively). After being washed
three times for 10 min in 0.1 M PB, sections were
incubated during 2 h with the following fluorescent second-
ary antibody, goat anti-rabbit IgG Alexa Fluor 488
(1:500; Invitrogen, Barcelona, Spain) for astrocyte and
microglia expression, at room temperature. Finally, sec-
tions were mounted onto slide with a fluorescence mount-
ing medium of Mowiol 40–88 (Sigma-Aldrich), glycerol
87%, water and 2,5%1,4-diazabicyclo-[2.2.2]octane which
is prepared by laboratory technicians and coverslipped
for microscopic observation and photography. Astrocytes
and microglial cells were counted from dorsal striatum
and its ventral portion at three different rostro-caudal
levels through the striatum (2–3 sample areas/level/
mouse, bilaterally). Sample areas were visualized under a
20× or 40× objectives in a Leica DMR microscope and
digitized through a digital camera Leica DFC 300 FX.
Immunoreactive cells and stained area percentages were
analyzed using the ImageJ software.

Statistical analysis

Results are expressed as the mean ± SEM. Statistical
analysis was determined by a one-way ANOVA test
and subsequent Tukey post-hoc test when required. In
all experiments, differences were considered significant if
the probability of error was less than 5%. SPSS statistical
package was used.

Results

Water and ethanol consumption was measured for each
mouse everyday during the DID procedure (Fig. 1).
One-way ANOVA for water consumption did not show
differences in the total fluid (ml) consumed between
water-treated groups (Water × MDMA vs. Water × Saline)
(Fig. 2a). Regarding the amount of ethanol (g EtOH/kg and
ml) consumed no differences were found between groups
(Ethanol × MDMAvs. Ethanol × Saline) in none of the days
of the DID procedure (Fig. 2b). Thus, consumption of water
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and ethanol remained consistent across days in each group.
Water and ethanol consumption for each animal at the third
day of the second week of the DID procedure is represented
in Fig. 2c.

Ethanol binge drinking and MDMA effects on body
temperature

Rectal temperature was evaluated in animals housed at
room temperature (22±1°C). Mice baseline body temperature
was 38.2±1°C. Once baseline temperature had been
recorded, animals were injected with MDMA (20 mg/kg)
or saline (0.1 ml/10 g, i.p.). Then, body temperature was
measured 120 min after MDMA or saline injection.
One-way ANOVA showed significant effect of treatment
(F3, 114010.13, p<0.001). Post-hoc analysis showed that
MDMA induced a significant hyperthermia in mice pre-

exposed to water (p<0.001 vs. all groups). Surprisingly,
the hyperthermia induced by MDMA was not observed in
mice pre-exposed to binge ethanol and treated with MDMA
(Fig. 3). The number of animals per group was 26–30.

Ethanol binge drinking and MDMA effects on locomotor
activity

Forty-eight hours after last MDMA or saline injection One-
way ANOVA for vertical activity revealed a significant
effect of the treatment (F3, 3305.4, p<0.01). Post-hoc
analysis revealed a decreased vertical activity in ethanol +
MDMA-treated mice when compared with control group
(water + saline) group (p<0.01) and ethanol-treated group
(p<0.05), respectively (Fig. 4a).

One-way ANOVA for horizontal movements revealed a
significant effect of the treatment (F3, 3306.5, p<0.01).
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Post-hoc analysis showed a lower horizontal activity in
ethanol + MDMA-treated mice compared to control group
(p<0.01) and ethanol-treated group (p<0.01), respectively
(Fig. 4b). The number of animals per group was 8–10.

No differences were found on locomotor activity 72 h or
7 days after last MDMA or saline injection (data not shown).

Ethanol binge drinking and MDMA effects on motor
coordination

Forty-eight hours after last MDMA or saline injection At that
time, no differences on motor coordination were found (Fig. 5a).

Seventy-two hours after last MDMA or saline injection One-
way ANOVA in the rotarod test revealed a significant effect
of the treatment (F3, 5404.2, p<0.05). Post-hoc analysis-1,5
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revealed motor coordination impairment in ethanol + MDMA
group when compared with control (p<0.05). In the same
way, ethanol-treated mice exhibited impaired motor coordi-
nation when compared with control group (p<0.05)
(Fig. 5b). The number of animals per group was 9–15.

Seven days after last MDMA or saline injection One-way
ANOVA for the rotarod test revealed a significant effect of
the treatment (F1, 4307.13, p<0.01). Post-hoc analysis
showed motor coordination impairment in MDMA-treated
mice pre-exposed to ethanol when compared with control
group (p<0.001). In the same way, ethanol-treated mice
showed less motor coordination than control group (p<0.01)
and MDMA-treated group vs. control group (p<0.05)
(Fig. 5c). The number of animals per group was 9–15.

Ethanol binge drinking- and MDMA-induced anxiety-like
responses in the lit and dark box

Forty-eight hours after last MDMA or saline injection No
differences were found in the lit and dark box at this timing
(Fig. 6a).

Seventy-two hours after last MDMA or saline injection One-
way ANOVA for the percentage of time in the lit box
revealed effect of the treatment (F3, 5606.5, p<0.01).
Post-hoc analysis indicated an anxiety-like effect in ethanol-
treated animals that received MDMA (ethanol + MDMA),
revealed as a decrease in the time spent in the lit compartment
compared to ethanol-treated group (p<0.01) and MDMA-
treated group (p<0.01) (Fig. 6b). No differences were found
in the number of entries in the lit compartment (data not
shown). The number of animals per group was 9–15.

Seven days after last MDMA or saline injection One-way
ANOVA for the percentage of time in the lit box revealed
effect of the treatment (F3, 5504.3, p<0.01). Post-hoc analysis
indicated that ethanol and MDMA-treated animals
(ethanol + MDMA) spent less time in the lit compartment
than ethanol-treated group (p<0.05), MDMA-treated group
(p<0.05) and control group (p<0.05), respectively (Fig. 6c).
One-way ANOVA for the number of entries in the lit com-
partment did not show significant effects of treatment (data
not shown). The number of animals per group was 9–15.

Ethanol binge drinking- and MDMA-induced despair
behaviour

Forty-eight hours after last MDMA or saline injection One-
way ANOVA for the total time of immobility in the tail
suspension test did not reveal any significant effect (Fig. 7a).

Seventy-two hours after last MDMA or saline injection One-
way ANOVA for the total time of immobility in the tail
suspension test showed a significant effect of the treatment
(F3, 7303.17, p<0.05). Post-hoc analysis revealed a higher
immobility in the ethanol + MDMA group when compared
to control group (p<0.05) (Fig. 7b). The number of animals
per group was 15–20.

Seven days after last MDMA or saline injection One-way
ANOVA for the total time of immobility in the tail
suspension test showed a significant effect of the treatment
(F3, 4805.1, p<0.01). Post-hoc analysis revealed higher
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immobility in ethanol + MDMA group when compared
with MDMA-treated animals (p<0.05) and control animals
(p<0.05). In the same way, mice pre-exposed to ethanol
spent more time than control group (p<0.05) (Fig. 7c).
The number of animals per group was 9–15.

Ethanol binge drinking- and MDMA-induced
neuroinflammation

Astrocytes and microglia immunostaining (Figs. 8 and 9)
were evaluated in the striatum of animals exposed to DID
procedure and sacrificed 48 h, 72 h or 7 days after last
MDMA or saline injection (see Fig. 1).

GFAP immunostaining

Forty-eight hours after last MDMA or saline injection One-
way ANOVA for the number of GFAP positive cells

revealed a significant effect of the treatment (F13, 110
17.09, p<0.01). Post-hoc analysis showed a significant
higher GFAP expression in the MDMA-treated mice com-
pared with ethanol-treated group (p<0.001) and control
group (p<0.001). Surprisingly, GFAP reactivity induced
by MDMA treatment was attenuated in those mice pre-
exposed to ethanol (ethanol + MDMA) (p<0.01)
(Fig. 8a). The number of animals per group was 3–4.

Seventy-two hours after last MDMA or saline injection One-
way ANOVA for the number of GFAP positive cells
revealed a significant effect of the treatment (F3, 1108.48,
p<0.01). Post-hoc analysis revealed a major GFAP immu-
noreactivity in those ethanol + MDMA-treated mice com-
pared with ethanol-treated group (p<0.05) and vs. control
group (p<0.05). In the same way, MDMA-treated group
showed higher GFAP immunoreactivity compared to con-
trol group (p<0.05) (Fig. 8b). The number of animals per
group was 3–4.

Seven days after last MDMA or saline injection One-way
ANOVA for the number of GFAP positive cells (Fig. 8c)
indicated no significant effects.

Iba1 immunostaining

Forty-eight hours after last MDMA or saline injection One-
way ANOVA showed no differences for the number of
microglial cells, but a hypertrophy of these cells was
observed and was measured by an increase on the percentage
of stained area in MDMA-treated animals (F3, 1107.16,
p<0.01). Post-hoc analysis showed differences between
both groups: MDMA- and saline-treated mice (p<0.05)
(Fig. 9a). The number of animals per group was 3–4.

Seventy-two hours after last MDMA or saline injection One-
way ANOVA for the number of microglial cells showed a
significant effect of the treatment (F3, 1105.02, p<0.05).
Post-hoc analysis revealed greater number of microglial
cells in MDMA-treated mice and ethanol + MDMA-
treated animals compared to the control group (p<0.05 in
both cases). As in the previous point, a hypertrophy of
microglial cells was observed in MDMA-treated mice
revealed as an increase in the percentage of stained area
(F3, 1104.07, p<0.05). Post-hoc analysis showed significant
differences when compared MDMA-treated mice with
water + saline group (p<0.05) (Fig. 9b). The number of
animals per group was 3–4.

Seven days after last MDMA or saline injection One-way
ANOVA for the number of microglial cells showed signif-
icant effect of the treatment (F3, 1104.7, p<0.05). Post-hoc
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analysis revealed greater number of microglial cells in
MDMA-treated mice compared to the control group
(p<0.05). As in the previous experiments, significant effect
was found for the percentage of stained area (F3, 11027.82,

p<0.001). Post-hoc analysis revealed greater stained area in
the MDMA-treated group vs. water + saline (p<0.001),
ethanol-treated group (p<0.01) and ethanol + MDMA
(p<0.01) (Fig. 9c). The number of animals per group was 3–4.
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Discussion

The present study attempts to elucidate the pharmacological,
behavioural and neuroinflammatory effects of a binge
pattern of ethanol consumption, and the influence of
MDMA co-administration on these alterations. Our findings
revealed that ethanol binge drinking induced changes in some
of the parameters evaluated, such as motor coordination and
despair behaviour. MDMA per se did not induce relevant
behavioural alterations, but the combination of both drugs
provoked changes in all of the behavioural parameters
evaluated. These deleterious effects seem to be more
relevant 7 days rather than 48 h after the treatment,
suggesting possible long-term effects of the treatment
which may favour future compulsive use of the drugs
(Do Couto et al. 2011). The observed neuroinflammatory
effects do not seem to explain the behavioural alterations
since major neuroinflammatory responses are observed in
MDMA-alone treated mice, whereas behavioural changes
are preferentially present in ethanol-treated animals.

CD1 mice were selected for our experiments due to the
fact that this strain is considered to have low preference for
alcohol (Ryabinin et al. 2003; Rhodes et al. 2005). The
ethanol preference differences between CD1 and other
strains such as C57BL/6 J, have been attributed to changes
in ethanol metabolism and palatability (Rhodes et al. 2007).
In any case, CD1 animals reach a Blood Ethanol Con-
centration of about 50–70 mg%, which is high enough to
cause behavioural effects. Indeed, the National Institute
on Alcohol Abuse and Alcoholism considers a Blood
Ethanol Concentration of 80 mg% as intoxication in
humans (Crabbe et al. 2011).

Ethanol alone did not induce significant changes on
basal body temperature. However, MDMA produced hyper-
thermia (0.52±0.2°C) which has been reported to produce
fatal consequences in rodents, primates and humans (Lyles
and Cadet 2003; Cadet et al. 2007). Ethanol abolished
MDMA-induced hyperthermia, thus confirming its hypo-
thermic capacity. Our findings agree well with those found
in previous studies (Cassel et al. 2004) showing that the
acute combination of ethanol prevents the MDMA-induced
hyperthermia. As in the study performed by Cassel et al.
(2004), we found no differences between saline and ethanol-
treated groups. Indeed, ethanol may exert protective effects
against MDMA administration in different ways: (1) by
reducing psychostimulant-induced hyperthermia (Cassel et
al. 2004); (2) by causing peripheral vasodilatation, especially
in the tail, where heat dissipation occurs (Green et al.
2005), and thus counterbalancing the MDMA-induced
vasoconstriction; (3) by modulating the sensitivity of
the thermosensitive hypothalamic neurons (Zoeller and
Rudeen 1992), which may result in changes of the
hyperpyretic effects of MDMA; and (4) by affecting

the distribution, biotransformation and elimination of
MDMA (Hamida et al. 2007). In the same line, previous
data also showed an increase inMDMAplasma or brain levels
when MDMAwas co-administered with ethanol (Hernández-
López et al. 2002; Johnson et al. 2004).

Both ethanol (at low doses) and MDMA produce
increases in spontaneous activity in humans and rodents
(Kamens and Phillips 2008; Hamida et al. 2008; Rodsiri et
al. 2011). In this sense, different studies have found that
ethanol potentiated the hyperlocomotion effect of MDMA
in rats (Hamida et al. 2007, 2008; Cassel et al. 2004, 2007).
The stimulant effects of ethanol are known to be mediated
by the release of dopamine in the mesocorticolimbic system
(Di Chiara and Imperato 1985; Nestby et al. 1997), whereas
hyperlocomotion induced by MDMA is due to a rapid
release of dopamine in the mesocorticolimbic system
(Touriño et al. 2008), but also a release of serotonin (5-HT)
at the cortical level (Green et al. 2003). Frequently, the
stimulant effects of ethanol and MDMA are observed a
few minutes after the co-administration of both drugs
(Riegert et al. 2008). In these previous experiments, only
acute, short term effects of the combination were investigated.
However, in our study, the effects of drug co-administration
on locomotor activity were assessed at long term, that was
48 h, 72 h or 7 days after theMDMA (or saline) treatment, and
during ethanol absence, characterised by an irritability and
dysphoria (Cole et al. 1999). Thus, our findings revealed
lower horizontal and vertical activities 48 h after treatment
in MDMA-injected mice pre-exposed to ethanol when
compared with control groups. However, this change
was not observed 72 h and 7 days after treatment. This
hypoactive phenotype in ethanol plus MDMA group
could be explained by behavioural alterations produced
by the combination of both drugs rather than a specific
acute pharmacological effect of these drugs. Indeed, when
ethanol and MDMAwhere administered alone, no effects on
locomotion was observed. However, the co-administration of
MDMA and ethanol induced other behavioural changes
including motor coordination impairment, anxiety-like
behaviour and despair behaviour.

Repeated ethanol treatment induces impairment in motor
coordination due to a long-lasting dysfunction of cerebellar
neurons (Gruol et al. 1997; Wang et al. 1999) that alters the
necessary integration of motor commands and sensory
information to produce coordinated movements. Our
results showed lower motor coordination skills 72 h
and 7 days after ethanol treatment in mice, but not
48 h after. Additionally, 7 days after treatment,
MDMA-treated animals showed this impairment but the
combination of both drugs did not increase the motor coor-
dination affectation. In mice, MDMA produced neurotoxicity
in dopamingergic terminals which has been shown to pro-
duce motor impairment consequences. This effect is
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attributed to the loss of nigrostriatal dopaminergic neu-
rons (Touriño et al. 2010). A previous study by Cassel
and colleagues found that co-administration of these drugs
induced a severe impairment of the sensory–motor coordina-
tion compared with ethanol or MDMA alone in rats
exposed to the beam-walking test (Cassel et al. 2005).
Our results are not in agreement with this previous
study as we do not find a major motor coordination
impairment in animals treated with both drugs when
compared to MDMA-treated or ethanol-treated animals.
The apparent discrepancy could be due to different
animal species (rat vs. mice) and the different methodology
used to assess motor coordination test (rotarod apparatus vs.
beam-walking test).

Previous studies have reported signs of anxiety and
despair behaviour during withdrawal to long-term ethanol
treatment in animals (File et al. 1993; Huang et al. 2010).
These behavioural alterations could be explained by the
important hormonal and neurotransmitter changes produced
by ethanol, such as elevated levels of corticotrophin
releasing factor (CRF) in the central nucleus of the
amygdala (Merlo Pich et al. 1995), and decreased levels
of GABA, dopamine and 5-HT in different limbic areas
(Díaz et al. 2011; Weiss et al. 1996; Diana et al. 1993).
Consistent with these data, the administration of CRF antag-
onists or serotonin 5-HT1A receptor stimulation ameliorated
the anxiety-like effects of ethanol absence, as measured on
the elevated plus-maze (Lal et al. 1991; Rassnick et al.
1993). Although our study does not reveal that mice pre-
exposed to ethanol spent less time in the lit compartment of
the dark–light box, it does show that these mice spent more
time immobile in the tail suspension test than the non
ethanol-treated animals. This despair behaviour was observed
72 h and 7 days after the treatment, but not 48 h after.
Conversely, different studies have shown that acute MDMA
intoxication produces anxiety effects (Sumnall et al. 2004)
that can be evidenced weeks, and even months after repeat-
ed MDMA injections (Bull et al. 2004; Clemens et al.
2004). On the contrary, our findings did not reveal a residual
anxiety-like effect when MDMA was given alone (2×
20 mg/kg, i.p., at 2 h interval) at any of the times evaluated
after the treatment. Anxiety-like responses were only
observed in animals that received both ethanol and MDMA.
In agreement, Daza-Losada et al. (2009) demonstrated that
acute MDMA given alone did not exert anxiety-like
effects in the social interaction test in adolescent mice,
whereas MDMA and cocaine co-administration induced
anxiety-like responses in the same experimental condi-
tions (Daza-Losada et al. 2009). A possible explanation
might be that acuteMDMA (2×20mg/kg, i.p., at 2-h intervals)
per se was not enough to induce significant levels of anxiety
whereas it may be able to enhance anxiety-like effects of
ethanol absence. On the other hand, experimental studies

have found that binge drinking of ethanol is an additional
risk factor to develop depressive symptoms (Bazargan-
Hejazi et al. 2008; Paljärvi et al. 2009) and that the brain of
adolescent mice exhibited a higher sensitivity to ethanol
and MDMA, thus effects of these drugs can be mani-
fested after long-term (White and Swartzwelder 2005;
Rodríguez-Arias et al. 2011). Moreover, this pattern of
drinking during adolescence increases the long-lasting
effects of MDMA on the loss of brain DA levels in adult-
hood (Rodríguez-Arias et al. 2011). In our study, mice
pre-exposed to ethanol showed higher levels of inactivity
in the tail suspension test (a behaviour of despair) compared
with control group. This response was observed 72 h and
7 days after the treatment. MDMA given alone did not
induce despair behaviour, but, importantly, its adminis-
tration to ethanol pre-exposed mice did not enhance but
accelerated the presentation of this depressive symptom.
Anxiety and despair behaviours observed could be
explained, as we stated above, by the fact that hormonal
and monoamine levels are altered by ethanol, MDMA or
both, and that adolescent brain is more sensitive to the
combined effects of these drugs.

Data in the literature regarding ethanol plus MDMA
neurotoxicity are inconsistent. Thus, some authors have
observed an increase of MDMA-induced serotonin deple-
tion when co-administered with ethanol (Izco et al. 2007),
whereas others have not seen this effect (Cassel et al. 2005).
Some cases report a protective effect of ethanol on MDMA-
induced neurotoxicity (Johnson et al. 2004) whereas others
did not find such a protective effect of ethanol (Rodríguez-
Arias et al. 2011). In our study, MDMA-treated animals
exhibited GFAP positive cells in striatum. Microglial expres-
sion was enhanced in MDMA-treated animals. The GFAP
immunoreactivity response in MDMA group was mostly
observed 48 h after the last MDMA injection, and could be
attributed to MDMA-induced hyperthermia that exacerbates
neuroinflammation (Colado et al. 2001; Touriño et al. 2010).
This GFAP expression was decreased 72 h after treatment
and even disappeared 7 days after. In contrast, the lower
GFAP expression in MDMA-injected mice pre-exposed to
ethanol (ethanol plus MDMA-treated mice) could be
explained by the body temperature lowering effects. This
different GFAP expression between MDMA-treated and
ethanol plus MDMA-treated mice was neither observed at
72 h nor at 7 days after the treatment. In addition, ethanol
alone did not induce neuroinflammation in our experimental
procedure. As stated above, microglial expression was
enhanced in animals injected with MDMA. This increase
was observed 48 h after the treatment as a hypertrophy
of microglial cells (revealed as an increase in the per-
centage of stained area) without increasing the number of
cells. These changes in microglial cells morphology are
denominated “activated microglia” and consist in processes
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of retraction and hypertrophy of the cell body (Stoll and
Jander 1999). Such activation was also observed after 72 h
after the treatment when an increase in the number of these
cells was also observed. After 7 days of treatment, this
activated microglia only persisted in the MDMA-treated
group, whereas this activation disappeared in ethanol plus
MDMA-treated mice. Activated glial cells release different
proinflammatory cytokines and reactive oxygen species that
promote neurobehavioural alterations and neurodegenera-
tion (Leonard 2007; Block et al. 2007). So, even though
we did not observe a significant difference in the number of
microglial cells after 48 h, it was evident the existence of an
activated morphology of microglial cells, 72 h and even
7 days after the treatment with MDMA. However, these
neuroinflammation does not totally correlate with the
behavioural alterations exhibited by animals, since major
neuroinflammation was observed in MDMA-treated animals
which exhibited a low behavioural affectation. In addition,
MDMA-induced hyperthermia is one of the factors most
closely related with MDMA-induced neurotoxicity; but
considering the behavioural alterations observed in ethanol
plus MDMA group, we hypothesize that other neurochemical
mechanisms might be involved.

In conclusion, our study demonstrates that binge ethanol
drinking induces important physiological and behavioural
alterations in adolescent mice. These negative behavioural
effects are enhanced and maintained as long-lasting effects
after the acute co-administration of high-doses of MDMA.
Contrarily, neuroinflammatory response is majorly observed
in MDMA-treated animals, and therefore, it is unlikely to
underlie the deleterious effects of the combination of
ethanol and MDMA on neurotoxicity, whose mechanism
needs to be elucidated. Finally, our findings demonstrate
the potential risk of the consumption of ethanol and
MDMA in combination by adolescents, since behavioural
effects can persist during a long period after concomitant
exposure to these drugs.
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