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Rewarding Effects and Reinstatement of MDMA-Induced
CPP in Adolescent Mice
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Although the rewarding effects of 3,4-methylenedioxy-metamphetamine (MDMA) have been demonstrated in self-administration and
conditioned place preference (CPP) procedures, its addictive potential (ie, the vulnerability to relapse, measured by its ability to induce
reinstatement of an extinguished response), remains poorly understood. In this study, the effects of MDMA (5, 10, and 20 mg/kg) on the
acquisition, extinction and reinstatement of CPP were evaluated in mice, using two different protocols during acquisition of CPP. In the
first experiment, animals were trained using a two-session/day schedule (MDMA and saline for 4 consecutive days), whereas in the
second experiment, they were trained using an alterating day schedule (MDMA and saline each 48 h). After extinction, the ability of
drug priming to reinstate CPP was evaluated. In Experiment |, MDMA did not significantly increase the time spent in the drug-paired
compartment during the post-conditioning (Post-C) test, although the preference was evident a week afterwards, lasting between 2 and
21 weeks. No reinstatement was observed after MDMA priming. In Experiment 2, all doses produced CPP in Post-C, which lasted
between | and 4 weeks. MDMA induces reinstatement at doses up to 4 times lower than those used in conditioning. The analyses
of brain monoamines revealed that the daily schedule of treatment induces a non-dose-dependent decrease in dopamine and serotonin
(5-HT) in the striatum, whereas the alternating schedule produces a dose-dependent decrease of 5-HT in the cortex. These results
demonstrate that MDMA produces long-lasting rewarding effects and reinstatement after extinction, suggesting the susceptibility of this

drug to induce addiction.

INTRODUCTION

The illicit drug MDMA (3,4-methylenedioxy-metampheta-
mine), known on the street as ‘Ecstasy’, is a substituted
amphetamine with euphoric and ‘entactogenic’ properties,
including pleasant feelings, such as reduced anxiety,
increased readiness to communicate, and lowered defen-
siveness (Nichols, 1986). Acute effects also include hyper-
activity, mental perspicacity and reduced fatigue. These
properties are probably the reason for the increasing use of
MDMA in the last 15 years, especially in adolescent and
young-adult populations during ‘raves’ or night parties, it
currently being one of the most popular drugs of abuse in
Europe (Cole and Sumnall, 2003).

MDMA induces the presynaptic release of dopamine (DA)
and serotonin (5-HT) in rats (Gough et al, 1991; Hiramatsu
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and Cho, 1990; Kankaanpaa et al, 1998; Koch and Galloway,
1997; Schmidt et al, 1987; Yamamoto and Spanos, 1988) and
raises extracellular DA and 5-HT in the nucleus accumbens
(Nacc) (Kankaanpaa et al, 1998; O’Shea et al, 2005; White
et al, 1994), increasing preferentially DA transmission in the
shell compared to the core of Nacc (Cadoni et al, 2005).
MDMA also produces a stimulatory effect on the release of
acetylcholine in the rat prefrontal cortex, striatum, and
dorsal hippocampus (Acquas et al, 2001; Nair and Gudelsky,
2006). After the initial increase in synaptic levels of 5-HT,
long-term depletions of this neurotransmitter and decreased
5-HT transporter binding have been frequently reported in
rats (Boot et al, 2002; McGregor et al, 2003; Ricaurte et al,
1985). Repeated MDMA administration also induces a
sustained loss in DA, but not in 5-HT, in the mouse striatum
(Colado et al, 2004; Escobedo et al, 2005; Stone et al, 1987).
Studies with experimental animals have provided evi-
dence of the rewarding effects of MDMA in the self-
administration procedure. Primates (Beardsley et al, 1986;
Fantegrossi et al, 2002, 2004; Lamb and Griffiths, 1987; Lile
et al, 2005), rats (Braida and Sala, 2002; Braida et al, 2005;
Cornish et al, 2003; Daniela et al, 2004; Schenk et al, 2003),



and mice (Trigo et al, 2006) learn to perform an operant
response to obtain an infusion of MDMA, which suggests
the addictive potential of this drug.

The conditioned place preference (CPP) paradigm is a
relatively simple model that has been used to assess the affective
or appetitive properties of drugs. This procedure is based on the
fact that the pairing of neutral distinctive environmental stimuli
with a drug (primary reward) results in an acquired preference
for those specific stimuli (secondary or conditioned reward).
The administration of MDMA produces CPP in rats (Bilsky and
Reid, 1991; Bilsky et al, 1990, 1991, 1998; Braida et al, 2005;
Cole et al, 2003; Herzig et al, 2005; Marona-Lewicka et al, 1996;
Meyer et al, 2002; Schechter, 1991) and mice (Robledo et al,
2004a, b; Salzmann et al, 2003).

As commented previously, the rewarding effects of
MDMA have been repeatedly demonstrated (for a review,
see Cole and Sumnall, 2003), however, the addictive
potential of this drug remains poorly understood. Drug
addiction can be considered as a chronic disorder
characterized by relapse. Craving is a subjective feeling
experienced by human drug addicts, which motivates them
to seek the drug and can produce relapse (O’Brien, 1997). In
laboratory animals, it is very difficult to evaluate craving
but it is possible to measure relapse directly if after the
acquisition and subsequent extinction of a particular
behavioral response (eg, pressing a lever to obtain a drug
injection) the animal reinitiates this response, often referred
to as reinstatement (Carroll and Comer, 1996). This
recovery of the learned response seems to reflect the
re-induction of craving, leading to drug seeking following a
period of extinction of drug use. The paradigm of CPP has
been used recently to study the relapse phenomenon in
animals. In this procedure, animals are first trained to
acquire a CPP, which afterwards is extinguished by
exposing the subjects to the previously drug-paired
compartment in the absence of the drug. It has been
observed that the same stimuli that reinstate self-adminis-
tration are capable of inducing the reinstatement of CPP.
The most important environmental events that may lead to
reinstatement are re-exposure to the drug itself, presenta-
tion of drug-associated stimuli or cues and exposure to a
stressful event (Maldonado et al, 2006; Ribeiro Do Couto
et al, 2005a, b; Ribeiro Do Couto et al, 2006; for a review, see
Shalev et al, 2002; Shaham et al, 2003; Weiss, 2005).

The present study is the first to consider the long-term
effects of MDMA on the extinction and reinstatement of
CPP in adolescent mice. Taking into account the influence
that the schedule used in the place conditioning procedure
could have on the acquisition of CPP, we performed two
separate experiments using two different protocols during
acquisition of place conditioning. In the first experiment,
animals were trained using a two-session/day schedule
during acquisition (MDMA and saline were administered
the same day for 4 consecutive days) during the condition-
ing phase of CPP, whereas in the second experiment they
were trained using an alternating day schedule (four
injections of MDMA and saline administered each 48h).
There was no other difference in experimental procedures.
After the acquisition of MDMA-induced CPP, all animals
underwent extinction sessions until the CPP was extin-
guished and, afterwards, the reinstating effects of the re-
exposure to MDMA were evaluated.
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MATERIALS AND METHODS

Subjects

A total of 200 male mice of the OF1 strain, 21 days of age,
acquired commercially from Charles River (Barcelona,
Spain) were used. They were housed in groups of four in
plastic cages (25 x 25 x 14.5cm) 5 days before experiments
under the following conditions: constant temperature
(21+2°C), a reversed light schedule (white lights on:
19.30-07.30h), and food and water available ad libitum,
except during behavioral tests. Animals were handled for 2
days before the pre-conditioning (Pre-C) phase to reduce
their stress levels in response to experimental manipula-
tions. Procedures involving mice and their care were
conducted in conformity with national, regional and local
laws and regulations, which are in accordance with the
European Communities Council Directives (86/609/EEC, 24
November 1986).

Apparatus

For place conditioning, eight identical Plexiglas boxes with
two equal size compartments (30.7cm length x 31.5cm
width x 34.5cm height) separated by a gray central area
(13.8cm, length x 31.5cm, width x 34.5cm height) were
used. The compartments have different colored walls (black
vs white) and also 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 animal and its crossings from one
compartment to the other. The equipment was controlled
by two IBM PC computers using MONPRE 2Z software
(CIBERTEG, SA, Spain).

Drugs

Animals were injected ip. with 5, 10, or 20mg/kg of
MDMA ( = 3,4-methylenedioxymetamphetamine hydrochloride,
Laboratorios Sigma-Aldrich, Spain), in a volume of 0.01 ml/
g. Control groups were injected with physiological saline
(NaCl 0.9%), also used to dissolve the drugs.

Procedure of CPP

Acquisition. The place conditioning, consisting of three
phases, was carried out during the dark cycle following a
procedure unbiased in terms of initial spontaneous
preference (for more details see Manzanedo et al, 2001).
During the first phase or pre-conditioning (Pre-C) mice
were given access to both compartments of the apparatus
for 15min (900s) each day for 3 days. On day 3, the time
spent by the animal in each compartment was recorded for
900s. A total of 25 animals showing strong unconditioned
aversion (<33% of the session time) or preference (> 67%)
for any compartment were discarded. In each group, half
the animals received the drug or vehicle in one compart-
ment and the other half in the other compartment. After
assigning the compartments, an ANOVA showed that there
were no significant differences between time spent in the
drug-paired and the vehicle-paired compartments during
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the Pre-C phase. In the second phase (conditioning),
animals were conditioned with MDMA or saline through
four pairings with the respective compartment. In Experi-
ment 1, animals received two pairings each day: animals
conditioned with MDMA received an injection of physio-
logical saline before being confined to the vehicle-paired
compartment for 30min, and after an interval of 4h,
received MDMA immediately before confinement in the
drug-paired compartment for 30min; control animals
received an injection of physiological saline before being
confined for 30min to first one compartment and then
30 min to the other, there being an interval of 4h between
each confinement (days 4-7, PN days 30-33). In Experiment
2, mice received only one pairing each day: animals
conditioned with MDMA received an injection of MDMA
immediately before confinement in the drug-paired com-
partment for 30 min on days 4, 6, 8, and 10 (PN days 30, 32,
34, and 36) and received physiological saline before being
confined to the vehicle-paired compartment for 30 min on
days 5, 7, 9, and 11; control animals received an injection of
physiological saline before being confined for 30 min to first
one compartment on days 4, 6, 8, and 10 and then 30 min to
the other on days 5, 7, 9, and 11. The central area was never
used during conditioning and was blocked by guillotine doors.
During the third phase or post-conditioning (Post-C), on day 8
(Experiment 1) or 12 (Experiment 2), the guillotine doors
separating the two compartments were removed and the time
spent by the untreated mice in each compartment was
recorded during 900s of observation (Post-C tests were
performed between 1000 and 1400 hours). The difference in
seconds between the time spent in the drug-paired compart-
ment in the Post-C test and that spent in the Pre-C test is a
measure of the degree of conditioning induced by the drug.
If this difference is positive then the drug has induced a
preference for the drug-paired compartment, whereas the
opposite indicates the induction of an aversion.

Extinction: Control and MDMA-conditioned groups
underwent a weekly extinction session which consisted of
the placement of animals in the apparatus (without
guillotine doors separating the compartments) for 15 min
until the time spent in the drug-paired compartment for
each group conditioned with MDMA was similar to those of
Pre-C. Thus, in each group, all the animals received the
same number of extinction sessions, independently of their
individual scores, as the criterion of extinction was a lack of
significant differences with respect to Pre-C values. Saline-
conditioned groups only performed one extinction session
to confirm the lack of CPP. The extinction of CPP was
always confirmed in a subsequent session performed
48h after the last extinction session. A weekly extinction
was chosen on the basis of a previous study that used
this schedule to evaluate drug-priming reinstatement of
p-methamphetamine CPP (Li et al, 2002).

Reinstatement: The effects of a priming dose of MDMA
were evaluated 48 h after the confirmation of extinction. The
tests of reinstatement (performed between 1000 and 1400
hours) were the same as for Post-C (free ambulation for
15min) except that animals were tested 15min after the
administration of the respective dose of MDMA.
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Analysis of biogenic amines: Eight separate groups of
animals received the same schedules of treatment as in the
first and second experiment, that is, four daily consecutive
injections (daily schedule of treatment) or four injections
on alternating days (intermittent schedule) of saline, 5, 10,
or 20 mg/kg of MDMA. At the corresponding time of test, 24
(daily schedule) or 48 (intermittent schedule) h after the last
injection, mice were killed by cervical fracture. Within
2 min their brains were removed and placed on an ice-cold
plate. The striatum, cortex, and hippocampus were dis-
sected out, frozen on dry ice and stored at —80°C. The
tissue was thawed, weighed and then, homogenized in 200 pl
of perchloric acid (0.1 N) using ultrasounds. The homo-
genate was centrifuged at 14000r.p.m. for 30 min. The
supernatant was divided into aliquots for the analysis of
biogenic amines. DA, dihydroxyphenyl acetic acid (DO-
PAC), homovanilic acid (HVA), 5-HT, and 5-hidroxyindole
acetic acid (5-HIAA) were analyzed in a high performance
liquid chromatograph (Agilent 1100 series HPLC). Samples
were applied to a column (0.5 um, 12.5 cm, 4.6 cm; Agilent
Zorbax High Pressure Cartige Guard-column). An isocratic
mobile phase consisting of 0.10M chloroacetic acid,
0.70 mM EDTA, 1.0 mM sodium octysulphate (pH 3.25) in
14% methanol was passed through the column at a constant
flow of 1ml/min. The column was maintained at 21°C.
Analytes were oxidized on a glassy carbon electrode
maintained at 300 mV (450 mV for HVA detection) against
a Ag/AgCl reference electrode (BAS). The complete separa-
tion of biogenic amines was achieved in 25 min. Data were
collected and analyzed using the Merk-Hitachi software
package (Model D-7000). Levels of 5-HT and 5-HIAA were
analyzed in striatum, cortex and hippocampus. Moreover,
levels of DA, DOPAC, and HVA were analyzed in striatum.

Statistical analysis: To evaluate the acquisition of CPP in
both experiments, data of the time spent in the drug-paired
compartment were analyzed with a mixed ANOVA with a
between subjects variable ‘MDMA dose’ with four levels
(SAL, MDMA 5, 10, and 20), and a within subjects variable
‘Days’ with two levels (Pre-C and Post-C). Newman-Keuls
tests were used to make post hoc comparisons. With the
data of Post-C, a separate one-way ANOVA with a between
factor (MDMA dose) was performed when the variable
MDMA Dose resulted significant on Post-C day. During
extinction and reinstatement tests, differences in time spent
in the drug-paired compartment between Pre-C and each
extinction session or reinstatement test were analyzed with
a Student’s t-test. Each monoamine or metabolite in each of
the brain structures studied was analyzed using a two-way
ANOVA with two between variables ‘Schedule of Treatment’
with two levels (Daily and Alternating) and ‘MDMA Dose’
with four levels (SAL, MDMA 5, 10 and 20).

RESULTS
Experiment 1

Effects of MDMA on acquisition, extinction and reinstate-
ment of place preference using a two-session/day schedule
during acquisition of place conditioning. The results
obtained in Experiment 1 are represented in Figure 1.



Acquisition

The ANOVA revealed a significant effect of the variable
Days (F(1,36) =4.830; P<0.0345). The variable MDMA Dose
(F(3,36) =0.736; P<0.5376) and the Interaction MDMA
dose x days (F(3,36) = 1.224; P<0.315) were not significant.

Extinction

Animals treated with saline did not present CPP on Post-C
days and nor did they exhibit CPP in the first extinction
session. Conversely, although animals conditioned with
5mg/kg of MDMA did not present CPP in Post-C, they
exhibited a clear CPP when tested in the first extinction
session performed a week after Post-C (P <0.001, significant
difference with respect to Pre-C) and this CPP lasted 1 week
more (P<0.01). Similarly, in the first extinction session
animals conditioned with 10 and 20 mg/kg showed CPP,
which lasted for twelve weeks (P<0.05) and 21 weeks more
(P<0.05), respectively.

Reinstatement

The dose of 2.5mg/kg of MDMA did not produce
reinstatement in animals conditioned with saline. In
animals conditioned with 5, 10, or 20 mg/kg of MDMA,
after confirmation of extinction, an injection with half of the
dose used for conditioning (2.5, 5 or 10 mg/kg, respectively)
also failed to produce reinstatement.

Experiment 2

Effects of MDMA on acquisition, extinction and reinstate-
ment of place preference using an alternating day schedule
during acquisition of place conditioning. The results
obtained in Experiment 2 are represented in Figure 2.

Two-session/day schedule
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Figure 1 Acquisition, extinction and reinstatement of MDMA-induced

CPP using a two-session/day schedule during the conditioning phase in four
groups of animals (n=10): O, animals receiving saline in both compart-
ments; 5, 10, and 20, animals receiving 5, 10, or 20 mg/kg of MDMA in the
drug-paired compartment. The bars represent the mean (+SEM) time
spent in the drug-paired compartment before conditioning sessions (white
bars), after conditioning sessions (black bars), in the first extinction session
(dashed bars), in the last extinction session (light gray bars) and in the
reinstatement test (dark gray bars). Each reinstatement bar contains the
dose of MDMA (mg/kg) used as priming. **P<0.01, *P<0.05, significant
difference in the time spent in Pre-C vs Post-C sessions or reinstatement
tests.
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Acquisition

The ANOVA revealed a significant effect of the variables
MDMA dose (F(3,53)=2.837; P<0.0467) and days
(F(1,53) =44.581; P<0.0001) and the Interaction MDMA
dose x days (F(3,53) = 8.021; P<0.0002). Simple effects of
the interaction indicated that the effects of MDMA Dose was
significant only in Post-C (P<0.001) and the effects of days
was significant in the groups receiving each dose of MDMA
(P<0.001). A separate ANOVA performed with the data
of Post-C revealed a significant effect of MDMA dose
(F(3,53) = 8.378; P<0.0001). Post hoc comparison demon-
strated that animals treated with MDMA spent more time in
the drug-paired compartment in comparison to animals
receiving saline (P<0.01).

Extinction

Animals treated with saline did not present CPP on Post-C
days and nor in the first extinction session. Conversely,
those treated with 5 or 20 mg/kg of MDMA showed CPP
through four extinction sessions (P<0.05), it disappearing
in the fifth session (lack of significant differences with Pre-
C). Animals treated with 10 mg/kg of MDMA presented CPP
only in the first extinction session (P<0.05) but not in the
second.

Reinstatement

The dose of 10mg/kg of MDMA did not produce the
reinstatement of CPP in animals conditioned with saline. In
those conditioned with 5mg/kg of MDMA, after confirma-
tion of extinction, the dose of 2.5 mg/kg of MDMA produced
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Figure 2 Acquisition, extinction and reinstatement of MDMA-induced
CPP using an alternating day schedule during the conditioning phase in four
groups of animals: 0, animals receiving saline in both compartments
(n=14); 5, 10, and 20, animals receiving 5, 10, or 20 mg/kg of MDMA in
the drug-paired compartment (n=14, |13, 14, respectively). The bars
represent the mean (4 SEM) time spent in the drug-paired compartment
before conditioning sessions (white bars), after conditioning sessions (black
bars), in the last extinction session (light gray bars) and in the reinstatement
test (dark gray bars) after a priming injection of MDMA at half of the dose
used to induce CPP (1/2). In those groups which presented reinstatement
of CPP, after a new extinction, the priming effects of a dose corresponding
to a quarter (1/4) and an eighth (1/8) of the dose used to induce CPP. Each
reinstatement bar contains the dose of MDMA (mg/kg) used as priming.
*##P<0.01, *P<0.05, significant difference in the time spent in Pre-C vs
Post-C sessions or reinstatement tests.
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reinstatement (P<0.05), which lasted 1 week (P<0.05).
After confirmation of a new extinction, the dose of 1.25 mg/
kg of MDMA did not produce reinstatement (approximately
eight weeks after Post-C). In animals conditioned with
10mg/kg of MDMA, after confirmation of extinction, the
dose of 5mg/kg of MDMA produced the reinstatement of
CPP (P<0.01), which lasted one week (P<0.05). After
confirmation of a new extinction, the dose of 2.5 mg/kg of
MDMA again produced reinstatement (P<0.05), approxi-
mately eight weeks after Post-C. After confirmation of a new
extinction, the dose of 1.25mg/kg of MDMA did not
produce reinstatement (approximately seven weeks after
Post-C). In animals conditioned with 20 mg/kg of MDMA,
after confirmation of extinction, 10 mg/kg of MDMA did not
produce the reinstatement of CPP, approximately five weeks
after Post-C.

Analysis of Biogenic Amines

The results obtained are represented in Figures 3-6.

Cortex

A decrease in the amount of 5-HT was obtained in mice
treated with the low dose of MDMA with the daily regimen
and after received 10 or 20mg/kg of MDMA with an
alternating schedule. Irrespective of the regimen employed,
after receiving 10 mg/kg of MDMA the amount of 5-HIAA
was higher than in the other groups. Conversely, after
receiving the highest dose of MDMA with an alternating
regimen, the level of this metabolite was lower (Figure 3).

Hippocampus

Irrespective of the schedule employed, mice treated with the
higher doses of MDMA presented a decrease in 5-HT and 5-
HIAA. In addition, the low dose decreased this metabolite
only with the alternating schedule (Figure 4).

Striatum

5-HT was lower in animals treated with the daily regimen,
there not being a significant decrease in those receiving
MDMA on alternate days. The low and intermediate doses
of MDMA decreased the amount of 5-HIAA (Figure 5).
Administration of 5 or 10 mg/kg of MDMA decreased DA
concentration in the mice treated with the daily regimen, as
there were no differences between groups on the alternating
regimen. The DOPAC level was higher in the animals
treated with 10 or 20mg/kg of MDMA with the daily
regimen. Administration of MDMA decreased HVA con-
centration in comparison with the other two groups, except
for the higher dose administered with the daily schedule
(Figure 6).

DISCUSSION

The results obtained show that daily and alternating
schedules of MDMA administration produced different
behavioral and neurochemical effects. The main findings
are that two different schedules of MDMA treatment yield
different effects on CPP (as assessed by acquisition,
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Figure 3 Effects of MDMA (5, 10, or 20 mg/kg) on the concentrations of
5-HT (a) and 5-HIIA (b) in the cortex following daily or alternating schedule
of administration. In the daily schedule, animals received four injections of
the MDMA dose on 4 consecutive days and the levels of biogen amines
were tested 24 h after the last injection. In the alternating schedule, animals
received four injections of the MDMA dose each 48 h through 8 days and
amine levels were evaluated 48h after the last injection. **P<0.0l,
significant difference with respect to saline group.

extinction and reinstatement) and that the MDMA priming
produces a reinstatement of MDMA-induced CPP. Overall,
our results confirm the rewarding effects of MDMA and
demonstrate that this drug can produce long-term effects
which influence the vulnerability of the animals to relapse
after withdrawal.

MDMA-Induced Reinstatement of CPP

The most important and original results observed in the
present study are the long-term effects of MDMA on reward
processes, as the reinstating effects of MDMA exposure after
extinction have not been evaluated previously. Here, using
the place conditioning paradigm, we observed that re-
exposure to MDMA after extinction of CPP reinstates its
conditioned rewarding effects. The reinstatement of pre-
viously extinguished CPP is observed with half of the dose
used during conditioning in animals which demonstrated
CPP after the low and medium dose (priming of 2.5 and
5mg/kg of MDMA, respectively). Moreover, the animals
conditioned with the medium dose of MDMA (10 mg/kg)
also present reinstatement after the re-exposure to a quarter
of the dose previously used during conditioning (2.5 mg/kg)
after a new extinction of reinstatement induced by 5 mg/kg.
Conversely, animals which received the high dose of MDMA
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Figure 4 Effects of MDMA (5, 10, or 20 mg/kg) on the concentrations of
5-HT (a) and 5-HIIA (b) in the hippocampus following daily or alternating
schedule of administration. In the daily schedule, animals received four
injections of the MDMA dose on four consecutive days and the levels of
biogen amines were tested 24 h after the last injection. In the alternating
schedule, animals received 4 injections of the MDMA dose each 48h
through 8 days and amine levels were evaluated 48 h after the last injection.
##P < 0.01, significant difference with respect to saline group.

during conditioning do not present reinstatement after a
priming dose of 10mg/kg. Thus, although the different
doses produced a similar degree of CPP in all groups of
animals, their susceptibility to the reinstatement induced by
MDMA re-exposure may vary, it being greater in those
conditioned with 10 mg/kg. A possible explanation for the
lack of effects of the high dose on reinstatement can be
focused on the development of sensitization after MDMA
pre-exposure. During conditioning, animals were exposed
to MDMA and, after a period of several weeks without
injections (extinction), the effects of the drug were tested
again in the reinstatement tests. If pre-exposure to MDMA
could induce an increase in its effects (sensitization), the
dose-effect curve would be shifted to the left and thus, the
dose of 2.5 and 5 could induce more rewarding effects than
10mg/kg, which may induce non-rewarding or even
aversive effects in pre-exposed mice, interfering with the
reinstatement process. Using the self-administration proce-
dure, it has been observed that MDMA exhibited an
inverted U dose-effect curve in mice, which were more
motivated to obtain lower rather than higher doses of
MDMA. Although no overt changes in the pattern or the
rate of responding were observed during 15 days of MDMA
self-administration, suggesting the lack of acute tolerance or
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Figure 5 Effects of MDMA (5, 10, or 20 mg/kg) on the concentrations of
5-HT (@) and 5-HIIA (b) in the striatum following daily or alternating
schedule of administration. In the daily schedule, animals received 4
injections of the MDMA dose on four consecutive days and the levels of
biogen amines were tested 24 h after the last injection. In the alternating
schedule, animals received four injections of the MDMA dose each 48 h
through 8 days and amine levels were evaluated 48 h after the last injection.
*##P<0.01, significant difference with respect to saline group.

sensitization to its reinforcing properties, it is possible that
sensitization only emerges after a non-drug interval (Trigo
et al, 2006). In accord with this hypothesis, in one study
evaluating the motor effects of MDMA in rats, it was
observed that dose-dependent increases were produced in
motor activity that remained constant through six con-
secutive daily injections but after 5 or 25 days of washout,
an increase in locomotion was observed, which expresses
behavioral sensitization (Modi et al, 2006). Similarly, we
found that a low dose MDMA injection, after an interval of
2 or 5 weeks from the last drug administration during
conditioning, produces a clear reinstatement of CPP, which
can be even greater than that observed during Post-C.

The reinstating effects of MDMA may probably be
affected by the interval elapsed between the conditioning
(performed during adolescence) and the tests of reinstate-
ment, which were performed between PN 56 and 77 in
animals conditioned with the alternating schedule but
between PN 59 and 199 in animals conditioned with the
daily schedule, however, the results obtained argue against
this hypothesis. Although both groups of animals condi-
tioned with 5mg/kg performed the reinstatement test at
similar PN days (59 or 77 in daily or alternating,
respectively), the priming dose of 2.5 mg/kg only reinstates
CPP in animals conditioned using the alternating day
schedule. Conversely, the dose of 10 mg/kg of MDMA does
not reinstate CPP in any group conditioned with 20 mg/kg,
irrespective of the time at which reinstatement tests were
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Figure 6 Effects of MDMA (5, 10, or 20 mg/kg) on the concentrations of
DA (a), DOPAC (b), and HVA (c) in the striatum following daily or
alternating schedule of administration. In the daily schedule, animals
received four injections of the MDMA dose on four consecutive days and
the levels of biogen amines were tested 24 h after the last injection. In the
alternating schedule, animals received 4 injections of the MDMA dose each
48h through 8 days and amine levels were evaluated 48 h after the last
injection. **P<0.01, *P<0.05, significant difference with respect to saline

group.

performed (PN 199 vs PN 77). Finally, although the test of
reinstatement is performed at very different PN days (164 vs
56), in both groups conditioned with 10 mg/kg, the priming
dose of 5 mg/kg induces an increase in the time spent in the

Neuropsychopharmacology

drug-paired compartment (even higher than in Post-C),
although this effect is only significant in animals condi-
tioned using an alternating day schedule. The lack of
significant differences in those conditioned using the two-
session/day schedule could be due to the great variability
between mice in response to MDMA priming (see the wide
SEM in Figure 1): some animals clearly increase the time
spent in the drug-paired compartment but others decrease
it. Thus, the temporal interval between conditioning and
test of reinstatement does not seem to be responsible for the
different susceptibility to reinstatement observed in animals
conditioned with a two/session day schedule or an
alternating day schedule. An explanation focused on the
type of conditioning acquired by mice in both types of
schedules is more plausible. Intermittent MDMA could have
more ability to induce sensitization and modify brain
reward pathways than daily treatment, rendering animals
more susceptible to reinstatement after re-exposure to the
drug received during conditioning.

Effects of Daily and Alternating MDMA Administration
on the Acquisition and Extinction of CPP

In the present study, we have used two different protocols
for the acquisition of place conditioning due to the fact that
a review of the literature on the effects of MDMA on CPP
indicates that they can vary as a function of several factors,
such as housing of the animals or procedure of CPP. Four
daily consecutive pairings of MDMA with the correspond-
ing drug-paired compartment does not significantly in-
crease the time spent in this compartment in the Post-C
session with respect to that spent on the Pre-C day,
although there is a tendency to induce CPP with the high
dose of MDMA. The lack of significant differences in this
group are probably due to the great variability in the
response of the animals: some showing a great change in
time spent in the MDMA-paired compartment (> 540 s) but
some showing even a decrease (<223 s). When animals are
tested one week after to verify the lack of CPP, surprisingly,
we observed that MDMA-conditioned animals present a
clear CPP (see Figure 1, bar of First Extinction session). As
we have previously observed with other drugs of abuse
(Maldonado et al, 2006; Ribeiro Do Couto et al, 2005a), the
duration of MDMA-induced CPP is dose-dependent:
animals presented CPP 3, 13 and 22 weeks after condition-
ing with the low-, medium-, and high-dose, respectively.
These results indicate that animals have acquired a long-
lasting CPP, although they do not express it 1 day after the
last conditioning session. A possible explanation for these
effects could be focused on the fact that MDMA may
produce a transient depletion of one or several neurotrans-
mitters involved in the expression of CPP, such as 5-HT or
DA. On the other hand, the phenomenon of ‘incubation’ of
responding to reward cues (Grimm et al, 2001; Lu et al,
2004) could also contribute to the increased CPP over time
following the completion of training, it becoming more
evident 1 or several weeks after the last conditioning session
(extinction sessions) than only 1 day after (Post-C).

The effects of MDMA on CPP have always been evaluated
using a schedule of alternating days. With this model, in
agreement with previous studies with adult mice (Robledo
et al, 2004a, b; Salzmann et al, 2003), we have observed that



all doses of MDMA induced a clear CPP on Post-C day,
although the duration of this CPP is not dose-dependent.
Animals treated with low and high doses present CPP up to
a maximum of 4 weeks, whereas those receiving the
medium dose only exhibited CPP for 1 week after
conditioning. Thus, besides differences in the acquisition,
the duration of CPP clearly differs depending on the
schedule used. With the two-session/day schedule, the
extinction sessions extended from PN 41 to PN 195, as the
duration of CPP is very long; whereas with the alternating
day schedule, the extinction sessions extended from PN 45
to PN 73, as CPP lasts a few weeks. It is not clear whether
the different protocols used to induce conditioning, daily
being more intensive (four conditioning sessions in 4 days)
than alternating (four conditioning sessions in 8 days),
could explain these differences.

Effects of Daily and Alternating MDMA Administration
on Biogenic Amines

With the objective of finding the neurochemical correlates
of the effects observed in the acquisition of CPP, we
evaluated the levels of 5-HT, DA and their metabolites in
brain cortex, hippocampus, and striatum of mice treated
with a daily or an alternating schedule of MDMA
administration. Daily MDMA produces a decrease in 5-HT
in the cortex with the low dose and in the striatum with all
doses (striatal 5-HT loss of 56, 32, and 23% for the low-,
medium-, and high dose, respectively). There is also a
decrease in DA after the low and medium MDMA doses (DA
loss of 74 and 52%, respectively). The lack of dose-
dependence in the effect of MDMA on 5-HT and DA levels
may be due to the fact that the animals treated with the
highest dose were under the stimulating effect of the drug
(as the neurotransmitter levels are evaluated only 24 h after
the last administration). It is important to note that the
pattern of 5-HT and DA concentrations is similar in the
striatum and cortex (only 5-HT): greater decreases with the
lower doses. It is possible that with repeated daily high
dosage the stimulant effects of MDMA on DA release
accumulates. Using in vivo microdialysis, it has been
confirmed that the extracellular DA concentration in the
mouse striatum increased after a single dose of MDMA
(Camarero et al, 2002; Colado et al, 2001; Reveron et al,
2005) and that this rise was magnified and sustained by
subsequent doses (Camarero et al, 2002; Colado et al, 2001).
The alternating schedule of MDMA administration pro-
duces a dose-dependent decrease in cortical 5-HT without
changes in striatal 5-HT or DA. In the hippocampus, 5-HT
decreased in a dose-dependent way independently of the
schedule used.

As commented previously, the apparent absence of CPP
in animals conditioned with the two-session/day schedule
could be due to the depletion of a neurotransmitter after
daily MDMA administration. Biochemical analysis demon-
strated a decrease in DA and 5-HT in the striatum that
could be related to the lack of CPP. In fact, animals
receiving the high dose of MDMA that present a lower
decrease in DA show a greater increase in the time spent in
the drug-paired compartment, whereas this is not the case
in animals receiving low and medium doses that present a
clear reduction in DA. When this drug is administered at
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48-h intervals, these possible impairing effects on neuro-
transmission are prevented, as the neurotransmitters are
within their normal levels that correlate with a clear
expression of CPP in animals conditioned with the
alternating schedule.

The CPP paradigm, a model of context-conditioned drug
reward, is especially relevant for addiction research because
contextual stimuli (acting as secondary reinforcers) can
induce craving that might finally lead to relapse (Childress
et al, 1999). As drugs that have rewarding properties are
also considered to have a higher probability of dependence
and abuse liability, the ability of MDMA to produce CPP
observed in the present study may be predictive of such
properties. Moreover, the long-term effects of MDMA on
the susceptibility of the animals to the reinstatement of CPP
induced by the re-exposure to this drug after extinction
support the idea that MDMA exposure is capable of
modifying the neural substrates of reward, making the
animal’s brain more vulnerable to addiction.
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