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Abstract

The present study is part of a research program designed to better understand the neurochemical mechanisms underlying the
abuse liability of 3,4-methylenedioxymethamphetamine (MDMA) in humans. In these studies, MDMA will be compared to
prototypical dopamine (D-amphetamine) and serotonin (meta-chlorophenylpiperazine, mCPP) releasing agents on a variety of
measures related to dependence. In order to determine an acceptable dose range (safe but active) of MDMA and mCPP for these
studies, moderate MDMA users were administered escalating doses of MDMA (75, 110 and 145 mg/70 kg) and mCPP (17.5, 35
and 52.5 mg/70 kg). Each participant received a single dose under controlled laboratory conditions, i.e. this was a six-group design
with a separate group for each dose. There were five participants tested in each group. MDMA increased blood pressure and heart
rate whereas mCPP had no effect on these physiological measures. MDMA produced increases in subjective effects indicative of
both stimulant (increases in POMS Elation, ARCI Amphetamine, VAS High and Stimulated scale scores) and hallucinogenic
effects (increases on five of the six scales of the Hallucinogenic Rating Scale). mCPP produced similar stimulant effects (e.g.
increases on POMS Elation, VAS High and Stimulated), as well as hallucinogenic effects (four of the six scales of the
Hallucinogenic Rating Scale), which has not been observed in previous studies. © 2001 Elsevier Science Ireland Ltd. All rights
reserved.
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1. Introduction

3,4-Methylenedioxymethamphetamine (MDMA) is a
widely used psychoactive recreational drug with a novel
pharmacology. It is a substituted amphetamine with
both dopamine and serotonin releasing and reuptake
inhibition properties (Iravani et al., 2000). The ‘typical’
street dose has been reported to be between 75 and 120
mg (Solowij et al., 1992; Mas et al., 1999), although the
substances being purchased on the street vary in purity
and potency and sometimes may not even contain
MDMA. Several laboratory studies assessing a range of

effects have been conducted with doses up to 125 mg
(Vollenweider et al., 1998; Cami et al., 2000; Liechti et
al., 2000).

As part of a study program designed to better un-
derstand the effects of MDMA, MDMA will be
compared to prototypical dopamine (D-amphetamine)
and serotonin-releasing agents on a variety of measures
related to dependence. Following the removal of
fenfluramine from the market, it is not clear which
serotonin-releasing agent would be appropriate. meta-
Chlorophenylpiperazine (mCPP) is a serotonin-releas-
ing drug with some post-synaptic receptor agonist
properties (Pettibone and Williams, 1984). While it has
been widely used as a probe of serotonin systems
in psychiatric populations and heavy MDMA
users (Kahn and Wetzler, 1992; McCann et al., 1999),
its subjective effects in moderate MDMA users have
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not been well characterized. This is particularly impor-
tant because mCPP appears to provoke a wide range of
symptoms depending on the underlying disorder and
drug history (e.g. Krystal et al., 1993; Buydens-
Branchey et al., 1997).

The purpose of the present study was to determine an
appropriate dose range for MDMA and mCPP in a
population of moderate MDMA users under identical
laboratory conditions in order to be able to design
additional studies on the relative role of dopamine and
serotonin systems in mediating the dependence-related
effects of MDMA.

2. Method

Participants were recruited who were between 18 and
40 years of age, had a minimum of a high school
education, and had no psychiatric or medical condi-
tions that precluded participation. They had to have a
history of stimulant drug use (at least six times) includ-
ing previous MDMA use (at least three times). No
candidate with a current diagnosis of a drug or alcohol
dependence disorder, other than nicotine or caffeine
dependence, was eligible. The study was approved by
the Wayne State University Human Investigation Com-
mittee and participants were reimbursed for their time
and inconvenience.

A total of 22 individuals (14 female, 8 male) partici-
pated (20 white, one bi-racial and one Arabic) with an
average age of 23.6. Each participant was tested with
placebo and a single dose of either MDMA [75, 110, or
145 mg/70 kg (1.1–2.1 mg/kg)] or mCPP [17.5, 35, and
52.5 mg/70 kg (0.25–0.75 mg/kg)] during two experi-
mental sessions conducted at least a week apart. All
MDMA groups were tested first. For safety reasons,
doses for each drug were tested in ascending order with
all participants in a lower dose group completing the
study prior to testing the next higher doses. Five partic-
ipants were assigned to each group with seven individu-
als participating in two groups each and one participant
in three groups.

At the beginning of each experimental session, vital
signs (heart rate, blood pressure) were taken and partic-
ipants completed baseline mood and subjective effect
rating scales. They were administered one opaque cap-
sule containing either placebo or one of the three doses
of MDMA or mCPP. Administration was double blind
with order of administration counterbalanced. Physio-
logical and subjective effects evaluations were obtained
every hour. Six hours after drug administration, sub-
jects completed an end of session questionnaire.

The following questionnaires were used:
Profile of mood states (POMS). This version

(modified from McNair et al., 1971) consists of 72
adjectives commonly used to describe mood states and

has been factor analyzed into ten scales. Participants
indicate how they feel at the moment in relation to each
of the adjectives.

Visual analog scales (VAS). The VAS consists of a
series of seven horizontal 100-mm lines, each labeled
with an adjective (stimulated, high, anxious, sedated,
down, and hungry). Participants are instructed to place
a mark on each line indicating how they feel at the
moment from ‘not at all’ to ‘extremely’.

Addiction research center in�entory (ARCI). Martin et
al. (1971) have compiled a shortened version (49 true–
false items) from the 550-item ARCI that is separated
into five scales.

Hallucinogen rating scale (HRS). This scale was de-
veloped and validated by Strassman et al. (1994) for
measuring hallucinogenic symptoms following
dimethyltryptamine administration. The HRS identifies
six domains that purportedly describe hallucinogenic
experiences: (a) somaesthesia; (b) affect; (c) perception;
(d) cognition; (e) volition; and (f) intensity.

End of session questionnaire. At the end of each
session, participants were asked to identify what drug
they believed they received (stimulant, sedative, em-
pathogen, hallucinogen, or placebo) and rate their lik-
ing of the drug’s effects on a 100-mm line visual
analogue scale.

Data from each group were analyzed separately. All
physiological measures as well as the POMS, VAS,
ARCI, and HRS were analyzed with a repeated mea-
sures two-way analysis of variance (ANOVA) with drug
condition (active drug or placebo) and session time as
factors. Except for the HRS, which was not adminis-
tered prior to capsule ingestion, predrug baseline mea-
sures were included in the analyses. The drug
identification questionnaire was not analyzed statisti-
cally whereas the liking VAS was analyzed with a
one-way ANOVA with drug condition as the factor.

3. Results

On average, the participants had taken MDMA pre-
viously 14.1 times (range 3–40). None of the 22 partic-
ipants dropped out of the study and no untoward
effects were reported although nausea was frequently
reported following the administration of mCPP.

All three doses of MDMA produced significant in-
creases in systolic and diastolic blood pressure (P�
0.04) and 110 mg/70 kg MDMA produced significant
increases in heart rate compared with placebo (P�
0.02). At the higher dose of MDMA there was a trend
for increased heart rate (P�0.06). Peak effects lasted
from 1–3 h following drug administration and had
returned to baseline levels by the end of the session.
Maximum mean increases compared to placebo ranged
from 20 to 38 mmHg for systolic blood pressure, from
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15 to 19 mmHg for diastolic blood pressure, and from
18 to 25 bpm for heart rate. Increases did not appear to
be dose-dependent. There were no significant effects of
any of the mCPP doses on systolic blood pressure,
diastolic blood pressure, or heart rate.

Significant subjective effects of MDMA and mCPP
are summarized in Table 1. MDMA produced increases
on several scales that indicate stimulant-like effects such
as Elation (POMS), Friendly (POMS), Amphetamine
(ARCI), MBG (ARCI), Stimulated (VAS) and High
(VAS). Increases were also seen on both anxiety scales
and the LSD of the ARCI. Increases were also seen on
five of the six scales of the HRS. Most subjective effects
peaked by hour two and returned to baseline levels by
hour four as illustrated for the Stimulated VAS data
shown in Fig. 1. Although not analyzed statistically,
visual inspection of the data indicated that there was no
clear dose response relationship between the magnitude
of the subjective response and the dose of MDMA.

At the end of the session, all 15 subjects who received
MDMA and placebo correctly identified placebo as
placebo. At each dose, four of the five participants
identified MDMA as an empathogen or hallucinogen
with the fifth identifying it as a stimulant. On the drug

liking VAS, 110 and 145 mg/70 kg had significantly
higher ratings of liking (P�0.004, P�0.008, respec-
tively) compared to placebo.

Like MDMA, mCPP produced increases relative to
placebo on the elation scale of the POMS as well as
arousal and confusion. On the ARCI, increases were
seen on all the scales except amphetamine. Again, like
MDMA, increases were seen on High and Stimulated
of the VAS as well as Hungry and Sedated. The highest
dose of mCPP produced increases on four of the scales
of the HRS. Most subjective effects peaked by hour
two and returned to baseline levels by hour four (Fig.
1). Although not analyzed statistically, visual inspection
of the data indicated that the magnitude of the subjec-
tive responses increased with dose.

Unlike the participants in the MDMA groups, sub-
jects in the mCPP groups did not consistently identify
placebo or mCPP. At the lower dose, mCPP was
identified by one participant as a hallucinogen, one as a
stimulant and three as placebo. Placebo was identified
by four of the five as placebo. At the intermediate dose,
mCPP was identified by one participant as a hallucino-
gen, one as a stimulant, two as an empathogen, and one

Table 1
Significant subjective effects of MDMA and mCPP compared with placeboa

75 mg/70 kg 110 mg/70 kg 35 mg/70 kg145 mg/70 kg 17.5 mg/70 kg 52.5 mg/70 kg mCPP
mCPPMDMA MDMA mCPPMDMA

POMS
DD*–Anxiety

Arousal D*T
– D, D*TConfusion –
– –Elation D*TcD*Tc

–Friendly –D
Vigor D*T D

ARCI
D–DAmphetamine

BG D D*T
D*T D, D*T D*TLSD D

MBG – – D D*T
PCAG D*T

VAS
–Anxiety – D
D, D*THigh D, D*T D, D*T D*T D*T

Hungry D*T
Sedated D*T

D, D*T D*T D, D*TStimulated D*T D

HRS
D, D*T D*TIntensity D, D*T–

D*TD, D*TSoma D*TD, D*T
– – DAffect D*T
D, D*T DPerception D*TD, D*T

–D, D*TCognition D, D*T

a D, indicates a significant (P�0.05) main drug effect with scores for the active drug condition higher than the scores for placebo. D*T,
indicates a significant (P�0.05) drug by time interaction with scores for the active drug condition higher than the scores for placebo with the
exception of PCAG for 35 mg/70 kg mCPP where drug decreased the score relative to placebo. c , P�0.055.
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Fig. 1. The effects of 75, 110, 145 mg/70 kg MDMA (left panels) and 35 and 52.5 mg/70 kg mCPP (right panels) compared to placebo (open
symbols) on the stimulated visual analog scale as a function of time since oral administration. Different groups of subjects (five per group) received
placebo and each dose.

as placebo. Placebo in this group was identified by two
as a sedative, one as a stimulant, and two as placebo. At
the higher dose, mCPP was identified by one as a
sedative, two as a stimulant, one as an empathogen, and
one as a placebo. Placebo in this group was identified by
one as a sedative, one as a stimulant, and three as a
placebo. The drug liking ratings for mCPP did not differ
statistically from placebo at any of the three doses.

4. Discussion

This study demonstrates that both MDMA and mCPP
can be safely administered to moderate MDMA users in

a laboratory situation at doses that produce robust
subjective effects. MDMA, but not mCPP, had signifi-
cant effects on both heart rate and blood pressure similar
to those reported by Mas et al. (1999), but these were well
tolerated and short in duration. MDMA had subjective
effects that are similar to those seen with amphetamine
although these effects peaked earlier and were shorter in
duration (Chait et al., 1986). These results were qualita-
tively similar to those reported by others (e.g. Cami et
al., 2000; Liechti et al., 2000). Interestingly, the effects
did not appear dose-dependent even though a dose higher
(145 mg/70 kg) than that used in previous studies was
tested. mCPP exhibited some euphoric responses, a
pattern that has been reported in heavy MDMA users
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(average use 196 times; McCann et al., 1999) as well as
cocaine addicts (Buydens-Branchey et al., 1997). In
addition, mCPP was reported as having stimulant, dys-
phoric, anxiogenic, and sedative effects. Both MDMA
and mCPP produced increases on many of the scales of
the HRS indicating hallucinogenic properties, which
was not expected for mCPP. MDMA was also iden-
tified as a hallucinogen/empathogen but this was not
true for mCPP. However, for both drugs the magnitude
of the responses was not as great as reported by Strass-
man et al. (1994) with dimethyltryptamine. In sum-
mary, even as doses higher than previously reported,
MDMA appears safe to use under laboratory condi-
tions and produces both stimulant and hallucinogenic
effects. mCPP is devoid of physiological effects in the
dose range tested but nevertheless produces robust
changes in subjective effects, including those that are
hallucinogenic.
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