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Abstract

3,4-Methylenedioxymethamphetamine (MDMA, “Ecstasy”) is a drug frequently used under hot conditions in nightclubs. In rats tested in
the social interaction paradigm, greater prosocial effects of MDMA (5.0 mg/kg) were seen at a hot temperature (30 °C) relative to normal
laboratory temperature (21 °C). In the intravenous drug self-administration paradigm, hot temperature (30 °C) increased the number of
MDMA infusions (0.1, 0.3 or 1.0 mg/kg/infusion) self-administered by rats. Hot temperatures thus appear to affect both the social and

reinforcing effects of MDMA.
© 2003 Elsevier B.V. All rights reserved.
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3,4-Methylenedioxymethamphetamine (MDMA, ““Ecsta-
sy”) is a popular drug that is frequently used in hot and
sweaty nightclub conditions. The high ambient temperatures
under which MDMA is often taken are of some concern as
they may promote MDMA-induced hyperthermia and asso-
ciated adverse reactions (Parrott, 2002). Moreover, taking
the drug at high ambient temperatures may promote the
long-term neurotoxic effects of MDMA (Malberg and
Seiden, 1998). However, the influence of high temperatures
on the acute social and reinforcing effects of MDMA are as
yet unknown.

We previously reported that MDMA increases social
interaction in pairs of rats meeting briefly for the first time
(Morley and McGregor, 2000) and others have reported that
MDMA is intravenously self-administered in rats (Ratzen-
boeck et al., 2001). Here we re-examined these phenomena
at the normal temperature of our animal colony (21 + 1 °C)
and at a higher ambient temperature (30 £1 °C). All
experiments were approved by the University of Sydney
Animal Ethics Committee and adhered to both Australian
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and European Community guidelines for the use of exper-
imental animals.

In the social interaction experiments, pairs of male Wistar
rats were given either 5 mg/kg MDMA (IP), a dose that
approximates typical human use (Boot et al., 2000), or
vehicle. The rats were placed in a black Perspex box for
10 min where social interaction was assessed. MDMA
caused an overall increase in social interaction, but the
effect was significantly greater at 30 °C than at 21 °C
(Fig. 1A). Under the same conditions, similar moderate
stimulant doses of cocaine (15 mg/kg IP) and d-amphet-
amine (1 mg/kg IP) decreased social interaction (cocaine
data shown in Fig. 1B) confirming the relatively unique
prosocial properties of MDMA.

To examine whether intake of MDMA is also modified
by ambient temperature, male Hooded Wistar rats were
trained to self-administer MDMA or cocaine intravenously
in daily 2-h sessions at 21 °C under a FR-1, 20-s time-out
schedule in operant chambers equipped with two retractable
levers (Norwood et al., 2003). Pressing one lever (the active
lever) resulted in delivery of drug while pressing the other
lever (the dummy lever) had no consequences.

As reported by others (Ratzenboeck et al., 2001),
MDMA maintained lower rates of self-administration than
cocaine (Fig. 1C, D). Once responding for a particular dose
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Fig. 1. (A) MDMA (5 mg/kg, n=8 pairs per condition) significantly
increased social interaction (P<0.001) with a greater increase at 30 °C
(P<0.05, #significant drug by temperature interaction, two-way ANOVA,
M=MDMA, VEH = vehicle, COC = cocaine). (B) Cocaine (15 mg/kg, n=4
pairs per condition) significantly decreased social interaction regardless of
temperature ( P <0.01). (C) There were significantly more self-administered
infusions of MDMA at 30 °C than 21 °C for the 0.1 (n=13), 0.3 (n=17)
and 1 mg/kg/infusion (n=10) doses and (D) for the 1 mg/kg/infusion
cocaine dose (n=6) (*P<0.05, for each dose tested a repeated measures
ANOVA compared number of infusions on test day (30 °C) with number of
infusions on the previous day (21 °C)).

had stabilised, rats were given a test session at an ambient
temperature of 30 °C. Each rat was tested with at least two
different doses of MDMA. Under higher ambient tempera-
ture, rats self-administered more MDMA at all doses tested
(Fig. 1C). Responses on the dummy lever were not signif-
icantly affected by temperature.

Locomotor activity counts during MDMA self-adminis-
tration, measured by the rat triggering passive infra-red
detectors within the test chambers, declined by more than
50% at the 30 °C temperature (21 vs. 30 °C: MDMA (0.1
mg/kg/infusion) 2081 £175 vs. 814 £ 124 counts,
P<0.001; MDMA (0.3 mg/kg/infusion) 2390 £ 161 vs.
817 £ 101 counts, P<0.001; MDMA (1 mg/kg/infusion)
1415 £ 193 vs. 610 + 87 counts, P<0.05, repeated meas-
ures ANOVAs). This rules out hyperactivity as a cause of
the self-administration results.

A moderate increase in cocaine self-administration (Fig.
1D) and decrease in locomotor activity (5114 + 702 counts
(21 °C) vs. 3108 £ 622 counts (30 °C), P<0.05) was also
seen at 30 °C.

After completing testing with MDMA, a subset of rats
(n=7) were run under extinction conditions (no infusions
given) at 21 °C for 23-29 days. At the end of this
extinction phase, a single extinction test at the high tem-
perature (30 °C) failed to increase the number of “infu-
sions” delivered (6.8 & 1.26 at 21 °C vs. 4.00 &+ 1.79 at 30
°C), but greatly decreased locomotor activity counts
(1288 £ 205 at 21 °C vs. 384 + 84 at 30 °C). This indicates
that heat does not reinstate drug seeking behavior for
MDMA and that heat does not increase responding when
no MDMA is being delivered.

Overall, these results indicate that high ambient temper-
atures potentiate the prosocial effects of MDMA and en-
courage higher levels of MDMA self-administration in
rodents. The increase in MDMA self-administration might
conceivably involve temperature-induced facilitation of do-
pamine transporter function (Xie et al., 2000). The mecha-
nisms underlying the modulation of social behavior are at
present uncertain and are the subject of ongoing studies in
our laboratory.

These results suggest that it may not be coincidental that
MDMA is often used by humans under hot conditions. Hot
conditions may accentuate the desirable social effects of the
drug and encourage its consumption. It is therefore of
concern to note that high temperatures may also exacerbate
the long-term adverse effects of MDMA on brain serotonin
systems (Malberg and Seiden, 1998) associated with in-
creased anxiety and a seemingly permanent reduction in
social interaction (McGregor et al., 2003).
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