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Abstract

Recreational use of ecstasy, or (±)-3,4-methylenedioxymethamphetamine (MDMA), is often associated with other drugs, among which ethanol
is one of the most common. Little is known, however, about the interaction between these two drugs. Using a daily ethanol and/or MDMA
administration regimen, we recently showed that ethanol potentiated the hyperactivity (in the home cage), but attenuated the hyperthermia induced
by MDMA. The prevention of hyperthermia occurred only on the first of four daily ethanol–MDMA treatments, indicating possible tolerance to
ethanol. In order to test the tolerance hypothesis, we treated Long-Evans adult male rats with ethanol on 4 consecutive days prior to their first
treatment with MDMA–ethanol. Our results first confirmed that ethanol (1.5 g/kg, i.p.) potentiates the psychomotor effects of MDMA (10 mg/kg,
i.p.), while attenuating its pyretic effects (6.6 mg/kg, i.p.). The results also showed that both the potentiation of locomotor activity and the
attenuation of hyperthermia by ethanol are not at all altered by prior ethanol treatment. This indicates that tolerance to ethanol per se does not
account for what appears to be tolerance to the ethanol–MDMA combination, thus indicating that ethanol–MDMA combination likely has unique
pharmacological effects.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The amphetamine derivative (±)-3,4-methylenedioxyme-
thamphetamine (MDMA, ecstasy) is a popular recreational
drug used by young people, particularly in the dance club and
rave cultures (Green et al., 1995, 2003; Schifano, 2004). In
rodents and primates, MDMA causes a rapid release of serotonin
and dopamine in the brain, psychostimulant effects, hyperther-
mia, and can be fatal (Schifano, 2004). In rats and primates (not
mice) MDMA may also result in long-term depletion of hippo-
campal, striatal and cortical serotonergic markers (Cole and
Sumnall, 2003; Green et al., 2003; Taffe et al., 2001). It is
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noteworthy, however, that the thermoregulatory and locomotor
effects of MDMA may be different between rodents and pri-
mates, in which the pyretic response to MDMA appears less
sensitive to ambient temperature, and no hyperlocomotion is
observed (Taffe et al., 2006).

In humans, MDMA is frequently taken in combination with
other drugs (Scholey et al., 2004). One of the drugsmost frequently
taken in combination with MDMA is ethanol (Lora-Tamayo et al.,
2004; Pedersen and Skrondal, 1999; Schifano, 2004). Recently, we
found that ethanol dramatically potentiated the hyperlocomotion
induced by MDMA, but surprisingly, attenuated its hyperpyretic
effects (Cassel et al., 2004, 2005). Although ethanol was found to
potentiate the MDMA-induced hyperactivity on each of
4 consecutive days, this potentiation seemed to decline over the
first 3 days (Cassel et al., 2004). More remarkably, the attenuation
ofMDMAhyperthermia by ethanolwas found only on the first day,
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suggesting that subjects might develop tolerance to this effect of
ethanol. Furthermore, although informative as to ethanol–MDMA
interactions, none of these studies (Cassel et al., 2004, 2005) ad-
dressed the question about whether previous ethanol ingestion
without co-administration of MDMAwould attenuate the apparent
protective effect of ethanol on MDMA hyperthermia. In Western
countries, many young people are exposed to ethanol early in life,
sometimes even repeatedly, which means that many may have
developed some tolerance to ethanol when taking ecstasy for the
first time and concomitantly with ethanol. In our recent studies, the
rats were naïve to both drugs at the time of administration of either
or in combination. Thus, it is possible that if our animals had
received ethanol on one or more occasions prior to its being
combined with MDMA, the results might have been different, viz.,
no potentiation of locomotor activity and no initial protection
against MDMA hyperthermia.

Consequently, in the present study, we investigated the effects
of MDMA and ethanol treatments on both locomotion and body
temperature in rats that had been treated with ethanol prior to
MDMA–ethanol administration as compared to controls that
were naïve to ethanol.

2. Materials and methods

2.1. Subjects

Eighty male Long-Evans rats (3 months old; Centre d'Elevage
R. Janvier, LeGenest-St-Isle, France)were used. Theywere housed
individually in transparent Makrolon cages (42×26×15 cm3)
under controlled temperature (23 °C) and a 12/12 h light/dark cycle
(lights on at 7:00 a.m.). Food and water were provided ad libitum.
After arrival, the animals were allowed to acclimate to the labo-
ratory for 1 week, during which they were handled for 5 min daily
by two experimenters. At the end of that week, they were randomly
assigned to one of two experiments, one in which locomotor ac-
tivity was assessed (n=48) and one in which body temperature was
measured (n=32). All experimental procedures were conducted in
conformity with both the national institutional guidelines (council
directive 87848, October 19, 1987,Ministère de l'Agriculture et de
la Forêt, Service Vétérinaire de la Santé et de la Protection
Animale; permission 67–215 to J-C.C. and 67—217 to C.K; other
authors were supervised by J-C.C. under his authority) and the
international guidelines (NIHpublication, 86-23, revised 1985). All
efforts were made to reduce the number of animals to its minimum
regarding statistical constraints.

2.2. Pharmacological treatments

The ethanol solution (20% w/v) was prepared from absolute
ethanol diluted in 0.9% NaCl. MDMA ((±)-3,4-methylenediox-
ymethamphetamine; NIDA, USA) was diluted in 0.9% NaCl.
Both drugs, whether administered alone or in combination, as
well as the NaCl solution, were injected intraperitoneally in a
volume of 7.5 ml/kg, 1 to 5 min before activity recording was
started, or 30 or 60 min (see below for detail) before the first post-
injection temperature measurement. For the combined adminis-
tration, MDMA was dissolved directly in the 20% ethanol so-
lution. Ethanol was always given at a dose of 1.5 g/kg, whereas
MDMAwas injected at a dose of 10mg/kg (locomotor activity) or
6.6 mg/kg (body temperature). Given i.p., in Long-Evans adult
rats, a dose of 1.5 g/kg ethanol typically results in a blood con-
centration of about 230 mg/dl, when measured 15 min post-
injection (personal unpublished data), with a zero-order disap-
pearance rate of 67 mg/dl/h. MDMAwas administered together
with ethanol in order to reduce the number of injections. In-
jections may be stressful, and stress may interact with the effects
of MDMA (e.g., Johnson et al., 2004). For the body temperature
experiment, the dose of MDMA was reduced to 6.6 mg/kg
because temperature recordings require frequent handling, which,
due to stress, may potentiate the effects of MDMA (e.g., Johnson
et al., 2004). Furthermore, in our previous experiments assessing
the pyretic effects ofMDMA inLong-Evansmale rats, the dose of
10 mg/kg was occasionally lethal, which was not the case at
6.6 mg/kg, a dose sufficient to induce hyperthermia. In our hands,
using the activity test described hereafter, this dose induces a five-
fold increase (compared with saline) in spontaneous activity
during the first hour after administration (unpublished preliminary
data).

2.3. Locomotor activity measurements

Spontaneous activity of the rats was measured in their home
cage and all rats were tested at once as in our former experiment
(Cassel et al., 2004). No experimenter entered into the room in
which activity was measured during recording. The cages were
taken from the colony room and placed on shelves (8 cages/
shelve) in a separate room (same light conditions as in the colony
room). All rats had free access to food and water during activity
recording. Each cage contained two crossing infrared light beams
targeted on two photocells, 4.5 cm above floor level and 28 cm
apart. The number of crossings in the cage (successive inter-
ruptions of the beams, and thus only 2-dimensional movements)
was monitored continuously by a microcomputer. Activity was
first monitored continuously during 2 days, starting the day on
which rats were introduced to the testing conditions (Days −2
and −1, in Fig. 2). Then, over 3 days (Days 1, 2 and 3, in Fig. 2),
rats were injectedwith aNaCl solution at 12:00 p.m. to familiarize
them with the injection procedure. Activity was recorded during
2 h before and 2 h after each injection. Subsequently, onDays 4, 5,
6 and 7, rats were further injected with 0.9%NaCl or with ethanol
(1.5 mg/kg, i.p.). On Day 8, half the rats treated with NaCl were
given MDMA, and the other half were treated with a mixture of
ethanol (1.5 mg/kg) andMDMA (10 mg/kg). The same was done
for those that had received prior ethanol injections (see Fig. 1 for
protocol summary). The ambient temperature during measure-
ment of locomotor activity was 22±1 °C. On the challenge day,
activity was recorded during 3 consecutive hours, a period suffi-
cient to allow ethanol-induced potentiation to vanish.

2.4. Body temperature

Rectal temperature was measured with a Pic indolor Vedo
Flex (Artsana-Grandate, Italy) digital thermometer with a 0.1 °C
accuracy, and lubricated with medical petroleum jelly. Each



Fig. 2. Left panel: Locomotor activity scores recorded in the home cage during
2 consecutive hours (or first three post-injection hours on the challenge day) on
the different testing days; Day −2: right after the rats were placed in the non
familiar testing room on the activity recording devices; Day −1: same 2 h on the
following day without any prior manipulation of the rats; Day 1 – Day 3: same
2 h after NaCl injections (values averaged over the 3 consecutive days of daily
injections); Day 4 – Day 7: same 2 h after NaCl or EtOH injections (values
averaged over the 4 consecutive days of treatment administration); Right panel:
first 3 h after MDMA or EtOH+MDMA challenge (Day 8). Statistics:
$significant activity reduction due to ethanol injections (pb0.01); *significant
increase of activity as compared to MDMA alone (pb0.001). Note that the Y-
scale on the challenge day (on the right) is much larger than that used for all
previous days, due to MDMA effects. All data are means+S.E.M. Average
hourly activity scores during the 2 h preceding the injections (i.e. about 5 cage
crossings) were not different among groups and days (see Results).

Fig. 1. Summary of the protocol used. Rats were first exposed to the test
conditions (Days −2 and −1) and subsequently injected with saline (Days 1–3;
NaCl 0.9%, 7.5 ml/kg, i.p.). On the next 4 days (Day 4 – Day 7), half the rats
were injected with ethanol (20% w/v, 1.5 g/kg, i.p.), while the other half was
injected with NaCl. On Day 8, half the rats pre-treated with NaCl and half the
rats pre-treated with ethanol were given a MDMA (10 mg/kg, i.p.) challenge, the
other halves being subjected to an Ethanol (1.5 g/kg)+MDMA (10 mg/kg)
challenge.
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measurement took approximately 30 s. All injections were made
at about 12:00 p.m. All rats were first injected with NaCl, once
per day during 3 consecutive days, as was done for activity
measurements. Body temperature was measured once, 60 min
before and 30 min after each injection. Subsequently, on Days 4,
5, 6 and 7, rats were again injected daily, with NaCl or with
ethanol (1.5 mg/kg, i.p.). Temperatures were also taken 30 min
after ethanol injection. On Day 8, half of the rats treated with
NaCl or EtOH were injected with MDMA, and the other half
were treated with a mixture of ethanol (1.5 mg/kg) and MDMA
(6.6 mg/kg). On this challenge day, the temperature was mea-
sured 60, 120, 180 and 240 min after injection (see Fig. 1 for
protocol summary). Throughout this study, the ambient tem-
perature was 22±1 °C.

2.5. Statistical analysis

All data were analyzed using ANOVA or Student's t-test for
paired samples. ANOVA was followed, where appropriate, by
multiple comparisons using the Newman–Keuls test (Winer,
1971). Factors considered were Group (MDMA, EtOH+MD
MA, on challenge day), Hour (i.e., 2, 3 or 4, depending on the
experimental step), and Ethanol pre-exposure (pre-exposed or
not).

3. Results

3.1. Effects of EtOH and MDMA on locomotor activity after
prior ethanol experience

The data are shown in Fig. 2. ANOVA of the activity scores
recorded during the first 2 h that followed the first exposure of the
rats to the test conditions (no injection; Fig. 2, Day −2) showed
no significant Group effect (F(3,39)=1.4) and no significant
Group×Hour interaction (F(3,39)b1.0). The Hour effect was
significant (F(1,39)=71.7, pb0.001), as shown by dramatic re-
duction of activity during the second as compared to the first hour.
On the second day (no injection, Day −1), the overall activity
scores were much lower than on the previous day, reflecting
habituation of the rats to the test conditions. On the next three
NaCl injection days (Day 1 – Day 3), the average activity was
again increased during the first hour as compared to the second
one (F(1,39)=201.6, pb0.001), but without any difference
between groups (F(3,39)b1.0 for the Group and the Interaction
effects). On days of pre-exposure to ethanol (Day4 – Day 7),
ANOVA showed significant main effects for Group (F(3,39)=
6.7, pb0.001), Hour (F(1,39)=92.2, pb0.001) and for the
Group×Hour interaction (F(3,39)=25.6, pb0.001). The Group
effect was due to overall activity scores that were lower in rats
given ethanol than in those given NaCl (pb0.01). The Group×-
Hour interaction was due to ethanol preventing the increase found
after NaCl administration during the first hour, while activity
levels during the second hour were not different among the four
groups. It may be noteworthy that the activity levels recorded
during the 2 h that preceded the injections were low and com-
parable among groups and days for the entire experimental period
(in rats previously treated with NaCl, average hourly scores±S.E.
M. were 5.49±0.7 for those given MDMA and 5.21±0.3 for
those given EtOH+MDMA on the challenge day; in rats pre-
viously treated with EtOH, average hourly scores were 4.71±0.5
for those given MDMA and 4.94±0.4 for those given EtOH+
MDMA on the challenge day).
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To summarize, after familiarisation with the test conditions,
rats reacted to NaCl injections by an increase of activity, and to
ethanol injections by a decrease of activity, but these changes
were observed only during the first post-injection hour.

On the challenge day (Day 8), all rats were given MDMA, in
combination or not with ethanol. ANOVA of the corresponding
activity scores showed no significant effect of ethanol Pre-ex-
posure (F(1,39)b1.0), but there was a highly significant poten-
tiating effect of ethanol on the locomotor response to MDMA
(F(1,39)=23.5, pb0.001). There was also an overall Hour effect
(F(2,78)=31.1, pb0.001), which was due to a progressive
reduction of the overall activity scores (h1 vs. h2, pb0.001; h3 vs.
h2, pb0.01), as well as a significant Ethanol co-administra-
tion×Hour interaction (F(2,78)=27.3, pb0.001), which was
due to the fact that the Ethanol co-administration potentiated the
effects of MDMA, but only during the first observation hour. All
other interactions were not significant (Ethanol pre-exposur-
e×Ethanol co-administration: F(1,39)b1.0; Hour×Ethanol pre-
exposure: F(2,78)b1.0; Hour×Ethanol pre-exposure×Ethanol
co-administration: F(2,78)b1.0).

3.2. Effects of EtOH and MDMA on temperature after prior
ethanol experience

The data are shown in Fig. 3. Analysis of the temperatures
recorded 1 h before drug injections did not show any significant
inter-group difference, whether after the first or after the fourth
Fig. 3. Left panel: Body temperature changes recorded 30min (Day 1–Day 7) or
over 4 h (challenge day) after injections of NaCl (Day 1 – Day 3), of NaCl or
EtOH (Day 4 – Day 7), or of MDMA or EtOH+MDMA (Day 8). All data are
means+S.E.M. Statistics: $ significant temperature reduction due to ethanol
injections (pb0.05). Note that comparisons of temperature changes on the
challenge day showed that rats given ethanol in addition to MDMA did not
exhibit the overall temperature increase found in MDMA only rats, whether
previously pre-exposed (average value on 4 h: +0.13±0.27 °C instead of +0.84±
0.17 °C) or not (average: −0.05±0.08 °C instead of 0.61±0.14 °C) to ethanol
(pb0.01 in each case). Absolute temperatures before the injections were about
37.4 °C (see Results) and did not differ among groups and days.
injection. 1 h before the first injection, the average temperature
was 37.3±0.1 °C. 1 h before the fourth injection, the temperature
was of 37.4±0.1 °C (data not illustrated).

Analysis of the average temperature changes recorded during
the first 3 days when NaCl was injected (Day 1 – Day 3) showed
no significant Group effect (F(3,28)b1.0). Conversely, when half
the rats were treated with ethanol during the next 4 days (Day 4 –
Day 7), there was a significant Group effect (F(3,28)=13.4,
pb0.001). Multiple comparisons showed that the temperatures in
both groups of rats given ethanol were significantly lower than in
those givenNaCl injections (pb0.001). The temperature decrease
after the first ethanol injection was −1.1±0.14 °C (vs. controls
given NaCl) vs. −0.5±0.11 °C on the last day (t=3.73, pb0.01;
data not illustrated). On the challenge day (Day 8), all rats were
given MDMA, in combination or not with ethanol. ANOVA of
the corresponding temperature changes showed no significant
effect of Ethanol pre-exposure (F(1,28)=1.3), but there was a
highly significant effect of Ethanol co-administration (F(1,28)=
14.0, pb0.001), with rats having received ethanol in addition to
MDMA showing temperatures that were significantly lower than
in rats givenMDMAonly (pb0.01). Temperatures averaged over
4 h regardless of whether there was an ethanol pre-exposure were
+0.72±0.1 °C in rats given only MDMA and +0.14±0.1 °C in
those given ethanol in addition to MDMA. The Ethanol pre-
exposure×Ethanol co-administration interaction was not signif-
icant (F(1,28)b1.0). Also the overall Hour effect (F(3,84)b1.0),
the Ethanol co-administration×Hour interaction (F(2,78)=27.3,
pb0.001), as well as all other interactions failed to reach sig-
nificance (Hour×Ethanol pre-exposure: F(3,84)b1.0; Hour×-
Ethanol co-administration:F(3,84)=2.3, p=0.08; Hour×Ethanol
pre-exposure×Ethanol co-administration: F(3,84)b1.0).

4. Discussion

MDMA induces locomotor hyperactivity and hyperthermia in
rodents (e.g., Green et al., 2003). Although tolerance to MDMA
effects has been reported (Parrott, 2005; but this review is mainly
based on self reports in humans), we found that the effects on
spontaneous activity and thermoregulation were relatively cons-
tant in magnitude when the same dose of MDMA was admi-
nistered on 4 consecutive days (Cassel et al., 2004). Also, we
recently reported, and herein confirm, that ethanol co-adminis-
tered with MDMA potentiates the locomotor effects of MDMA,
while, at the same time, attenuating its hyperpyretic effects
(Cassel et al., 2004). As ethanol potentiated the locomotor – and
thus psychostimulant – effects of MDMA, as it simultaneously
attenuated the pyretic effects of MDMA, and as the potentiating
effects of EtOH vanished within 2 h in rats given 10 mg/kg
MDMA, whereas the preventive effects on temperature were still
present 4 h after administration of an even lower dose ofMDMA,
we suggest that the mechanisms involved in these effects of
ethanol are complex and can probably not be explained exclu-
sively by pharmacokinetic factors. In addition, when measured
45 min after drug injection, we recently found that the MDMA
and MDA content in the cortex, hippocampus and striatum were
comparable in rats given 10 mg/kg MDMA or the same dose of
MDMA+0.5 g/kg EtOH (Ben Hamida et al., unpublished data).
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This observation, however, does not exclude the possibility of an
ethanol-induced alteration of MDMA and/or metabolites brain
penetration at earlier post-injection delays. Whatever may be,
such data, which further support our previous observations, may
have implications for health risks among polydrug abusers who
combine ethanol andMDMA (but see Easton andMarsden, 2006,
for caution about inter-species comparisons of MDMA effects).
This may be particularly relevant because in humans, ethanol and
MDMA co-administration is common, as indicated in various
reports on polydrug usage including ecstasy (Lora-Tamayo et al.,
2004; Pedersen and Skrondal, 1999; Schifano, 2004; Scholey et
al., 2004). Based on our previous and current findings, ethanol
may thus increase the acute psychostimulant effects of MDMA.
Alternatively, the potential for ethanol to reduce the neurotoxic
effects of MDMA cannot be ignored, although it has to be de-
monstrated yet.MDMA is toxic for serotonergic terminals (Green
et al., 2003), and this toxicity is linked to several co-factors such
as high ambient temperature, hyperthermia, free radicals
formation (Farfel and Seiden, 1995; Johnson et al., 1995;Malberg
et al., 1996; Malberg and Seiden, 1998; Sanchez et al., 2004). For
instance, when the hyperpyretic effects of MDMA are impeded
by low ambient temperature, MDMA does not induce serotoner-
gic toxicity (e.g., Malberg and Seiden, 1998). In addition,
preventive effects were reported for pentobarbitone (Colado et al.,
1999) or dizocilpine (Farfel and Seiden, 1995) towards the
MDMA-induced serotonergic toxicity, and this prevention was
shown to be attributable to the pentobarbitone- or dizocilpine-
induced hypothermia. Thus, as ethanol reduced the MDMA-
induced hyperthermia in our rats, it seems possible that it will also
attenuate the serotonergic toxicity of this drug. If so, combining
MDMA with ethanol might be a way both to achieve psy-
chostimulant effects at doses lower than in case of MDMA alone
and, concomitantly, to attenuate the risk of serotonergic neu-
rotoxicity. Although this issue deserves further investigation, two
remarks may be worth mentioning. First, in a recent experiment,
we found that repeated administrations of 6.6 mg/kg MDMA, in
combination or not with ethanol, did not result in a significant
reduction of serotonin concentrations in structures like the cortex
or the hippocampus (unpublished data). Briefly, in this experi-
ment, rats were injected with the drugs at four occasions. The
delays between the injections were of 48 h, 120 h and 48 h,
respectively. The rats were sacrificed 2 weeks after the last into-
xication. NeitherMDMAalone, norMDMA+EtOH significantly
affected the 5-HT concentration in the brain. It is noteworthy,
however, that this experiment was performed in rats that were not
exposed to ethanol before their first MDMA intoxication, and that
the dose of MDMA may have been too weak, or the
administrations too far apart, to induce serotonergic toxicity. Se-
cond, in a previous study inwhich rats were intoxicated daily with
10 mg/kg MDMA alone or in combination with 1.5 g/kg ethanol,
but in which ethanol reduced hyperthermia only on the first day,
the concentration of serotoninwas reduced by about 30–35%, and
this reduction was comparable whether rats had received ethanol
or not in addition to MDMA (Cassel et al., 2005). Thus, the
potential for ethanol to prevent the serotonergic toxicity of
MDMA needs to be investigated using an appropriate injection
schedule and high enough MDMA doses.
The pharmacokinetic and/or pharmacodynamic mechanisms
underlying the ethanol-induced effects in MDMA-treated rats
remain as yet unknown. Recently Johnson et al. (2004) showed
that in mice given MDMA and ethanol, the striatal concentration
of MDMAwas 4 times greater than in those given only MDMA.
This observation suggests that ethanol may also interfere with the
metabolism of MDMA, or with its penetration in and/or elimi-
nation from the brain. Such a report would be more in favour of a
pharmacokinetic interaction between ethanol and MDMA. In-
terestingly, along this line, previous studies suggested that ethanol
and cocaine may interfere in a similar way, as the bioavailability
of cocaine is increased by ethanol, and as brain concentrations of
cocaine can be kept larger by ethanol, but only with a low dose
and after a post-administration delay of more than 2 h (e.g., Pan
and Hedaya, 1999). Ethanol may also directly interact with mo-
noamine transporters, as it was shown to enhance the activity of
the serotonin transporter in rat synaptosomes (Alexi and Azmitia,
1991) and of the human dopamine transporter expressed by
Xenopus oocytes (Maiya et al., 2002; Mayfield et al., 2001), al-
though at rather high concentrations. Further experiments are ob-
viously needed to discover the pharmacology of the ethanol-
induced modifications of MDMA effects.

In our previous experiment (Cassel et al., 2004), we found that
the potentiation by ethanol of the stimulant effects of MDMA
seemed to disappear when the treatment was repeated over four
consecutive days, and also that the protective effects of ethanol on
MDMA-induced hyperthermia were observed only on the first of
these days. The latter observation was discussed initially in terms
of rapid development of tolerance to ethanol (Cassel et al., 2004),
and it was the aim of our present study to check whether the
effects of ethanol on the physiological and behavioural responses
to MDMAwere still observed in rats that were not naïve to etha-
nol. Tolerance to ethanol, and particularly tolerance of the pyretic
effects of ethanol (in general hypothermia at a normal ambient
temperature; but see e.g., Myers, 1981), is described as a rela-
tively fast phenomenon. For instance, such tolerance is observed
when a second exposure to ethanol takes place within 24 to 48 h
after the first one (Chan and York, 1994; Khanna et al., 1993,
1996). Our present results demonstrate that the rapid ethanol
tolerance hypothesis, which we proposed to account for our for-
mer findings on the pyretic consequences of repeated EtOH+
MDMA treatment, was in fact incorrect. Had it been true, pre-
exposure to ethanol should have abolished the preventive effect of
this drug on the MDMA-induced hyperthermia. Instead, repeated
exposure to 1.5 g/kg ethanol alone, which resulted in the classi-
cally described body temperature decrease (and its attenuation
with renewed administrations), did not alter the subsequent effects
of ethanol combined with MDMA, whether on body temperature
or on locomotor activity.

Also, prior treatment with ethanol did not alter the effects of
MDMA when it was given alone on the challenge day. This
observation may have some implications as regards cross-
tolerance between drugs, especially because ethanol alone was
shown to alter functional properties of the dopaminergic system,
which is one of the target systems of MDMA. For instance,
chronic ethanol intake may increase the number of D1 receptor
sites in the nucleus accumbens and thereby enhance the



167S.B. Hamida et al. / Pharmacology, Biochemistry and Behavior 84 (2006) 162–168
behavioural response to a subsequent D-amphetamine challenge
(Lograno et al., 1993). Changes in dopaminergic functions have
also been described following short periods of exposure to ethanol
(24 h to ethanol vapours), which revealed sufficient to induce both
tolerance to ethanol-induced hypothermia and attenuation of
amphetamine-induced release of dopamine by striatal synapto-
somes (Mullin and Ferko, 1983). The status of the dopaminergic
receptors or terminals was not assessed in the present study. Given
that the response to MDMAwas similar on the challenge day in
rats pre-treated with ethanol and in their controls given saline pre-
treatment instead, it seems reasonable to consider that our ethanol
administration protocol did not affect dopaminergic functions
(and this might be true also for serotonergic ones, another target
for MDMA), at least not in a way that would result in altered
responses to MDMA.

A last remark concerns the fact that our former experiment
showed that EtOH only attenuated the hyperthermia due to
MDMA, whereas prevention was complete in the current study.
This difference in the magnitude of ethanol effects must be
attributed to a difference in the magnitude of MDMA effects.
Indeed, because we used a lower dose of MDMA (6.6 mg/kg, i.p.
vs. 10 mg/kg, i.p.) in the present experiment, we produced less
hyperthermia (about +0.7 °C vs. about +1.9 °C, 60min after drug
injection), which may have been easier to reverse by the same
dose of EtOH. Another possible factor to account for this dis-
crepancy may be related to differences in the ambient tempe-
rature, which is also known to exert dramatic influence on the
magnitude ofMDMA-induced hyperthermia (Green et al., 2004).
Ambient temperature in the current study, however, was close to
that used in our former study (the difference was of about 1 °C).

In conclusion, one has to keep in mind that our findings were
obtained in rats. Although results obtained in animal models
cannot be translated as such to humans (e.g., De la Torre and
Farre, 2004; Easton and Marsden, 2006), they can generate
valuable information on potential mechanisms, substrates or risks
of drug interactions in humans. Interestingly, ethanol has been
described to potentiate the subjective effects of MDMA in
humans, subjects having taken ethanol and ecstasy reporting
longer-lasting euphoria than those given MDMA alone (Hernan-
dez-Lopez et al., 2002). This observation is parallel to our present
findings on locomotor activity in rats, if one considers
hyperactivity to account for psychostimulant effects. In so far as
our results suggest, ethanol may both potentiate the psychosti-
mulant effects of MDMA and prevent its hyperpyretic con-
sequences. In addition, prior experience towhat can be considered
a moderately high dose of ethanol, at least when administered on
four consecutive days, alters neither the potentiation of
psychostimulant, nor the prevention of hyperthermic MDMA
effects. Further studies should address whether this remains true
after much longer periods of ethanol pre-exposure beforeMDMA
and ethanol are taken in combination.

Acknowledgements

The authors thank Olivier Bildstein, Okwandjo Egesi and
George Edomwonyi for animal care.We also thankKevinGormley
at the National Institue on Drug abuse for providing MDMA. The
experiments presented in the manuscript comply with the current
laws applying to experimental approaches in animals in our res-
pective countries.

References

Alexi T, Azmitia EC. Ethanol stimulates [3H]5-HT high-affinity uptake by rat
forebrain synaptosomes: role of 5-HT receptors and voltage channel blo-
ckers. Brain Res 1991;544:243–7.

Cassel JC, Jeltsch H, Koenig J, Jones BC. Locomotor and pyretic effects of
MDMA–ethanol associations in rats. Alcohol 2004;34:285–9.

Cassel JC, Riegert C, Rutz S, Koenig J, Rothmaier K, Cosquer B, et al. Ethanol,
3,4-methylenedioxymethamphetamine (ecstasy) and their combination:
long-term behavioral, neurochemical and neuropharmacological effects in
the rat. Neuropsychopharmacology 2005;30:1870–82.

Chan AW, York JL. Influence of age on the development of rapid tolerance to
ethanol. Pharmacol Biochem Behav 1994;47:567–73.

Colado MI, Esteban B, O'Shea E, Granados R, Green AR. Studies on the
neuroprotective effect of pentobarbitone on MDMA-induced neurodegen-
eration. Psychopharmacology 1999;142:421–5.

Cole JC, SumnallHR.The pre-clinical behavioural pharmacology of 3,4-methylene-
dioxymethamphetamine (MDMA). Neurosci Biobehav Rev 2003;27:199–217.

De la Torre R, Farre M. Neurotoxicity of MDMA (ecstasy): the limitations of
scaling from animals to humans. TIPS 2004;25:505–8.

Easton N, Marsden CA. Ecstasy: are animal data consistent between species and
can they translate to humans? Psychopharmacology 2006;20:194–210.

Farfel GM, SeidenLS. Role of hypothermia in themechanism of protection against
serotonergic toxicity: I. Experiments using 3,4-methylenedioxymethampheta-
mine, dizocilpine, CGS 19755 and NBQX. JPET 1995;272:860–7.

Green AR, Cross AJ, Goodwin GM. Review of the pharmacology and clinical
pharmacology of 3,4-methylenedioxymethamphetamine (MDMA or “ec-
stasy”). Psychopharmacology 1995;119:247–60.

Green AR, Mechan AO, Elliott JM, O'Shea E, Colado MI. The pharmacology
and clinical pharmacology of 3,4-methylenedioxymethamphetamine
(MDMA, “ecstasy”). Pharmacol Rev 2003;55:463–508.

Green AR, O'shea E, Colado MI. A review of the mechanisms involved in the
acute MDMA (ecstasy)-induced hyperthermic response. Eur J Pharmacol
2004;500:3-13.

Hernandez-Lopez C, Farre M, Roset PN, Menoyo E, Pizarro N, Ortuno J, et al.
3,4-Methylenedioxymethamphetamine (ecstasy) and alcohol interactions in
humans: psychomotor performance, subjective effects, and pharmacokinet-
ics. JPET 2002;300:236–44.

Johnson CS, Hanson GR, Gibb JW. Body temperature effect on methylenediox-
ymethamphetamine-induced acute decrease in tryptophan hydroxylase
activity. Eur J Pharmacol 1995;293:447–53.

Johnson EA, O'Callaghan JP, Miller DB. Brain concentrations of D-MDMA are
increased after stress. Psychopharmacology 2004;173:278–86.

Khanna JM, Shah G, Weiner J, Wu PH, Kalant H. Effect of NMDA receptor
antagonists on rapid tolerance to ethanol. Eur J Pharmacol 1993;230:23–31.

Khanna JM, Chau A, Shah G. Characterization of the phenomenon of rapid
tolerance to ethanol. Alcohol 1996;13:621–8.

Lograno DE, Matteo F, Trabucchi M, Govoni S, Cagiano R, Lacomba C, et al.
Effects of chronic ethanol intake at a low dose on the rat brain dopaminergic
system. Alcohol 1993;10:45–9.

Lora-Tamayo C, Tena T, Rodriguez A, Moreno D, Sancho JR, Ensenat P, et al.
The designer drug situation in Ibiza. Forensic Sci Int 2004;140:195–206.

Maiya R, Buck KJ, Harris RA, Mayfield RD. Ethanol-sensitive sites on the
human dopamine transporter. J Biol Chem 2002;277:30724–9.

Malberg JE, Seiden LS. Small changes in ambient temperature cause large changes
in 3,4-methylenedioxymethamphetamine (MDMA)-induced serotonin neuro-
toxicity and core body temperature in the rat. J Neurosci 1998;18:5086–94.

Malberg JE, Sabol KE, Seiden LS. Co-administration of MDMAwith drugs that
protect against MDMA neurotoxicity produces different effects on body
temperature in the rat. J Pharmacol Exp Ther 1996;278:258–67.

Mayfield RD, Maiya R, Keller D, Zahniser NR. Ethanol potentiates the function
of the human dopamine transporter expressed in Xenopus oocytes. J Neu-
rochem 2001;79:1070–9.



168 S.B. Hamida et al. / Pharmacology, Biochemistry and Behavior 84 (2006) 162–168
Mullin MJ, Ferko AP. Alterations in dopaminergic function after subacute
ethanol administration. JPET 1983;225:694–8.

Myers RD. Alcohol's effect on body temperature: hypothermia, hyperthermia or
poikilothermia? Brain Res Bull 1981;7:209–20.

PanWJ, HedayaMA. Cocaine and alcohol interactions in the rat: effect on cocaine
pharmacokinetics and pharmacodynamics. J Pharm Sci 1999;88:459–67.

Parrott AC. Chronic tolerance to recreational MDMA (3,4-methylenediox-
ymethamphetamine) or ecstasy. J Psychopharmacol 2005;19:71–83.

Pedersen W, Skrondal A. Ecstasy and new patterns of drug use: a normal
population study. Addiction 1999;94:1695–706.

Sanchez V, O'shea E, Saadat KS, Elliott JM, Colado MI, Green AR. Effect of
repeated (‘binge’) dosing of MDMA to rats housed at normal and high
temperature on neurotoxic damage to cerebral 5-HTand dopamine neurones.
J Psychopharmacol 2004;18:412–6.
Schifano F. A bitter pill. Overview of ecstasy (MDMA, MDA) related fatalities.
Psychopharmacology 2004;173:242–8.

Scholey AB, Parrott AC, Buchanan T, Heffernan TM, Ling J, Rodgers J. Increased
intensity of ecstasy and polydrug usage in the more experienced recreational
ecstasy/MDMA users: a WWW study. Addict Behav 2004;29:743–52.

Taffe MA,Weed MR, Davis SA, Huitron-Resendiz S, Schroeder R, Parsons LH,
et al. Functional consequences of repeated (±)3,4-methylenedioxymetham-
phetamine (MDMA) treatment in rhesus monkeys. Neuropsychopharmacol-
ogy 2001;24:230–9.

Taffe MA, Lay CC, Von Huben SN, Davis SA, Crean RD, Katner SN. Hyper-
thermia induced by 3,4-methylenedioxymethamphetamine in unrestrained
rhesus monkeys. Drug Alcohol Depend 2006;82:276–81.

Winer BJ. Statistical principles in experimental design. New York: McGraw-Hill;
1971.


	Ethanol–ecstasy (MDMA) interactions in rats: Preserved attenuation of hyperthermia and potentia.....
	Introduction
	Materials and methods
	Subjects
	Pharmacological treatments
	Locomotor activity measurements
	Body temperature
	Statistical analysis

	Results
	Effects of EtOH and MDMA on locomotor activity after prior ethanol experience
	Effects of EtOH and MDMA on temperature after prior ethanol experience

	Discussion
	Acknowledgements
	References


