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Although 3,4-methylenedioxymethamphetamine (MDMA, ecstasy) is a
known serotonergic neurotoxin in different animal species, there is to
date no conclusive evidence of its neurotoxicity in humans. MDMA use
was associated with impairments of psychological well-being, verbal
memory and altered serotonergic functioning in a number of cross-
sectional studies. Due to inherent methodological limitations, such as
the notorious polydrug use of ecstasy users and lack of control of
possible pre-existing differences between ecstasy users and control
participants, researchers have called for well-controlled, prospective
longitudinal studies to shed more light on the issue of MDMA
neurotoxicity to the human brain.

This longitudinal study investigated whether mood, cognition and
central serotonin transporters (SERT) would deteriorate with continued
MDMA use and whether or not they would recover over increasing periods
of MDMA abstinence.

In a repeated-measures design, 11 current and ten ex-ecstasy users,
and 11 polydrug (but not MDMA) and 15 drug-naive controls participated
three times within approximately two years. Both ecstasy user groups
reported a polydrug use pattern besides heavy ecstasy use. Subjective
reports of ecstasy use or abstinence were verified by toxicological analyses.
On each trial, the participants underwent a cognitive test battery and filled
in the Symptom Check List. The availability of central SERT was assessed
with positron emission tomography using the McN5652 ligand for all
groups at t1, and only for the ecstasy user groups on follow-ups.

The factor Group yielded significant results in the SCL-90 scales
Global Severity Index, Anxiety, Obsessive/compulsive and Interpersonal

sensitivity, with the ex-ecstasy users reporting the highest symptom
scores. There were significant Group effects in all measures of verbal
memory, with the lowest performance in the group of ex-ecstasy users.
The repeated-measures analyses yielded no significant Group×Time
interactions in any SCL-90 scales or measures of memory performance,
with the exception of AVLT 1 immediate recall. Thus the ex-ecstasy users’
psychopathological symptoms and memory performance failed to
improve, and the current ecstasy users’ failed to deteriorate, over time
relative to the other groups. While there was a significant effect of Group
in all brain regions examined (except the control region white matter),
the current users´ SERT availability seems to have recovered in the
mesencephalon, as indicated by a significant Group×Time interaction.

Reduced SERT availability might be a transient effect of heavy ecstasy
use, since it partially recovered as the current users reduced their MDMA
use. However, this measure may not necessarily be a valid indicator of
the number or integrity of serotonergic neurons. Ex-ecstasy users’ verbal
memory showed no sign of improvement even after over 2.5 years of
abstinence and thus may represent persistent functional consequences of
MDMA neurotoxicity. However, alternative causes such as pre-existing
group differences cannot be completely ruled out in spite of the
longitudinal design.
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Introduction

Twenty years after the publication of the first evidence of 3,4-
methylenedioxymethamphetamine’s (MDMA, ecstasy) serotoner-
gic neurotoxicity to laboratory animals (Ricaurte et al. 1985;
Gehlert et al., 1985) the recreational use of MDMA is still wide-
spread, despite warnings of potential damage to the central
nervous system (McCann et al., 1999; Parrott 2000). Various signs
of long-term damage to the serotonergic system were discovered
following MDMA administration to laboratory animals, such as
depletion of 5-HT and 5-hydroindolacetic acid concentration
(Commins et al., 1987), inhibition (Fleckenstein et al., 1999) and
loss of serotonin transporters (SERT; Battaglia et al., 1987;
Aguirre et al., 1998), and degeneration of 5-HT axonal projections
and nerve terminals (O’Hearn et al., 1988). MDMA-induced neu-
rodegeneration persists for months in rats and for years in primates
(for review see Ricaurte et al., 2000) and is often, but not always
accompanied by behavioural changes in different animal species
(review cf. Green et al., 2003). Slikker et al. (1989) for instance
report that neurotoxic MDMA doses did not necessarily produce
observable behavioural changes in female rhesus monkeys. As
O’Hearn et al. (1988, p. 2788) have proposed, MDMA is now an
experimental tool for analysing the organization and function of 5-
HT projections because of its ability to induce a selective degener-
ation of 5-HT axons in animals. Thus the animal data raise the
possibility that MDMA may be toxic to the human serotonergic
system. This issue has been addressed on several levels. A number
of human studies investigated various aspects of serotonergic
functioning in MDMA users, such as the integrity of serotonergic
neurons by neuroimaging of SERT, and levels of cognitive per-
formance and psychological well-being, e.g. memory performance
or certain psychopathological symptoms.

Measures of SERT availability are generally considered to be a
marker of the number or integrity of 5-HT nerve terminals, even
though the validity of this assumption has been questioned (see
Kish, 2002). Validation studies on animals indicate that single
photon emission tomography (SPECT) with [123I] β-CIT
(Reneman et al., 2002; De Win et al., 2004b) and position emis-
sion tomography (PET) with [11C](+)McN5652 (Szabo et al.,
2002) may be suitable to detect the neurotoxic effects of MDMA
in serotonergic neurons. Human PET studies by McCann et al.
(1998, 2005) and a SPECT study by Semple et al. (1999) revealed
a reduced global and regional SERT availability in ecstasy users.
McCann et al. (2005) found the binding parameters obtained with
the two SERT ligands [11C](+)McN5652 and [11C]DASB to be
highly correlated. Furthermore, a significant correlation between
global SERT binding distribution volume ratios (DVR) and the
duration of abstinence from ecstasy seems to indicate that SERT
availability recovered over time. Similarly, in a previous PET
study by our team (Buchert et al., 2003; Thomasius et al., 2003)
and a SPECT study by Reneman et al. (2001a and b), SERT avail-
ability was reduced in current, but not in former, ecstasy users. In
the latter sample, SERT availability did neither correlate with
depressive symptoms (De Win et al., 2004b), nor with neuropsy-
chological performance (Reneman et al., 2001b).

The absence of a relationship between SERT availability and

cognitive performance or symptoms of depression is somewhat
surprising in light of the serotonergic system´s involvement in
cognition and mood. It may imply that either SERT availability is
not a valid indicator of the functional integrity of the serotonergic
system or that there are alternative causes for elevated depression
and impaired cognitive performance in ecstasy users, such as the
concomitant use of other drugs. Heavy cannabis use may aggra-
vate depressive symptoms (Degenhardt et al., 2003) and cognitive
performance (Bolla et al., 2002).

Clinical studies found persistent use of MDMA to be associated
with significantly elevated self-reported symptoms of depression
(Gerra et al., 1998, 2000; Gamma et al., 2001; MacInnes et al.,
2001; Morgan et al., 2002; Hanson and Luciana, 2004; McCardle et
al., 2004), anxiety (Parrott et al., 2000; Morgan et al., 2002;
Daumann et al., 2004), impulsiveness (Gerra et al., 1998; Parrott et
al., 2000; Tuchtenhagen et al., 2000) and aggression (Gerra et al.,
1998; Parrott et al., 2000; Curran and Verheyden, 2003). Studies in
former ecstasy users showed subclinically elevated depressive symp-
toms (Gerra et al., 2000; MacInnes et al., 2001; Thomasius et al.,
2003; Verheyden et al., 2003; De Win et al., 2004a) or no differ-
ences to controls (Morgan et al., 2002). Some authors reported psy-
chopathology to be primarily associated with cannabis use in their
sample of ecstasy users (Morgan et al., 2002; Daumann et al., 2004),
while others did not (Thomasius et al., 2003; De Win et al., 2004a).

A meta-analysis of neuropsychological studies comparing
ecstasy users with controls by Verbaten (2003) yielded significant
effect sizes for immediate and delayed verbal recall, processing
speed and attention. The effect sizes for immediate and delayed
verbal recall indicated a reduction of nearly 40% in memory per-
formance. There was no association between lifetime consumption
of ecstasy and cognitive performance.The effect size for delayed
verbal recall was no longer significant after controlling for the life-
time cannabis consumption. In a later study, McCardle et al.
(2004) found that group differences in memory performance tested
with the Auditory Verbal Memory Test (AVLT) were only
significant for delayed, but not for immediate recall after control-
ling for cannabis use and depression. In another study, both
current and former ecstasy users exhibited impaired working
memory and verbal recall, but only former ecstasy users per-
formed significantly worse on verbal recall in the Rivermead
Behavioural Memory Test (RBMT) than both the drug-free and
the polydrug control groups (Morgan et al., 2002). The majority of
their neuropsychological measures was best predicted by para-
meters of ecstasy use. Thomasius et al. (2003) found that only
former, but not current ecstasy users performed significantly
worse on AVLT immediate recall and RBMT immediate and
delayed recall compared to drug-free but not polydrug controls.
Regression analyses showed AVLT immediate and delayed recall
to be best predicted by measures of self-reported ecstasy use,
while RBMT immediate and delayed recall were best predicted by
the amount of cannabis smoked over the 12 months prior to partic-
ipation. Similarly, in a recent study by Dafters et al. (2004), heavy
cannabis users were significantly impaired on RBMT immediate
and delayed recall, independently of whether they used MDMA or
not. A few studies reported no cognitive impairments in ecstasy
users (e.g. Back-Madruga et al., 2003).
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In spite of extensive research, there is to date no general agree-
ment as to the neurotoxic potential of MDMA. Green (2004, p. 4)
concludes that ‘none of the data obtained have produced absolute
evidence that regular MDMA ingestion causes damage to sero-
tonin nerve endings in the human brain or results in impaired
physiological performance or psychiatric problems’. MDMA
obeys common pharmacological principles of dose and effect and
neurotoxic doses have been identified in most animal species
(Green et al., 2003). As the content of ecstasy tablets (Parrott,
2004a) and the amount of MDMA taken on single occasions vary,
it seems likely that some recreational ecstasy users may expose
themselves to neurotoxic doses at certain times. They may take
ecstasy in a hot environment at low levels of plasma antioxidants,
putting themselves at higher risk of neurotoxic damage. The
effects of concomitant multiple drug use, which is common among
ecstasy users, are not understood well enough to realistically
estimate the consumer risk. Although it seems likely that multiple
drug use may potentiate the risk of MDMA-induced neurotoxicity,
even the possibility of neuroprotective combinations cannot be
ruled out (see Parrott, 2004b).

One fundamental problem of human ecstasy research lies in the
possibility that differences between ecstasy users and control
participants in serotonergic functioning, psychopathological symp-
toms, personality and cognitive performance may coincide with the
likelihood to use certain substances. Since the administration of a
potentially neurotoxic substance to volunteers poses an ethical
dilemma, longitudinal studies seem to be the only way to circum-
vent this limitation. One of the rare longitudinal studies discovered
no change in self-reported depressive symptoms after one year of
abstinence from ecstasy (Gerra et al., 2000). Another found a
significant decline in performance on RBMT immediate and
delayed recall after 1 year of continued ecstasy use (Zakzanis and
Young, 2001). However, in a recent study, Gouzoulis-Mayfrank et
al. (2005) found no changes in the memory performance of 21
current and 17 ex-ecstasy users over the course of 18 months.

In this study we present the results of a follow-up on part of a
larger sample described earlier (Thomasius et al., 2003). The aim
of this longitudinal study was to investigate how elevated psy-
chopathology, cognitive deficits or alterations of serotonergic
neurons observed in the original cross-sectional investigation
would develop over time in current and ex-ecstasy users. Both
groups took other drugs in addition to ecstasy, and would better be
described as polydrug ecstasy users. However, they will be
referred to as current and ex-ecstasy users for the sake of conven-
ience throughout this text. According to the hypothesis of MDMA
serotonergic neurotoxicity, we expected an aggravation of psy-
chopathological symptoms, memory deficits and reduced SERT
availability with continued MDMA consumption by the current
ecstasy users. The question of recovery from possible MDMA-
induced serotonergic dysfunction was addressed by following up
on ex-ecstasy users in the course of growing periods of abstinence.
Two additional groups were included to control for general effects
of time and repeated measurements: drug-naive control particip-
ants and polydrug users with a pattern of drug usage similar to that
of the ecstasy users except for MDMA. Moreover, the latter
served to differentiate between general effects of polydrug use

which is common among ecstasy users and possible MDMA-
specific effects.

Material and methods

Participants

Of the original 120 participants of a cross-sectional study reported
on earlier (Thomasius et al., 2003), 66 participated in the longitu-
dinal investigation. In spite of attempts to invite all participants for
follow-ups, there was a considerable drop-out rate, especially
among the current and ex-ecstasy users. Reasons for drop-out
were: participants were no longer available under given phone
number and address and could not be traced; inability to comply
with the requirement to abstain from substance use for 6 days
prior to investigation; lack of motivation to participate again, espe-
cially regarding the PET scan; and pregnancy. Recruitment of
control participants was terminated after the control groups had
reached a size comparable to those of the ecstasy groups. Both
follow-ups were completed by 18 of the original 30 current poly-
drug ecstasy users, 16 of 31 ex-ecstasy users, 17 of 29 polydrug
and 15 of 30 drug-naive controls. Participants were excluded ret-
rospectively in case of drug-positive urine screenings on any
testing day, disagreement of their subjective reports of MDMA
use and hair analyses, or if they no longer fulfilled the defining cri-
teria of their group. In order to compare two distinctive groups of
current versus ex-ecstasy users, we set the criterion for ‘current
ecstasy user’ at five tablets between follow-ups. Accordingly,
current ecstasy users were excluded if they reported having taken
less than five ecstasy tablets between t1 and t3. Ex-ecstasy users as
well as polydrug controls were excluded if they had taken more
than five ecstasy tablets between t1 and t3, or any amount of
ecstasy within 6 months prior to one of the follow-ups. This pro-
cedure left a total of 47 participants for the final data analysis: 11
current ecstasy users, 10 ex-ecstasy users, 11 polydrug controls
and 15 drug-naive controls.

Recruitment and procedure

For the initial assessment (t1), participants were recruited and
examined as described in Thomasius et al. (2003). Nine to 12
months later, those who were still available and willing to
participate were given an appointment for the first follow-up (t2),
and 9 to 12 months after that for the second follow-up (t3). The
procedure at both follow-ups was very similar to that at t1, with
the exception that most participants completed the testing in 1
instead of 2 days. Those parts of the procedure which are directly
relevant to the data analyses presented here are described below
(for a complete description see Thomasius et al., 2003).

Sociodemography, psychopathology and drug histories

Sociodemographic data were collected with a questionnaire
developed by the research group. The subjective perception of
psychopathological symptoms was assessed with the Symptom
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Check List (SCL-90-R, Derogatis, 1994; Franke, 1995). Drug his-
tories were obtained by trained interviewers in detailed semi-struc-
tured interviews. The participants were asked to remember the
amount of drugs taken in each month, starting with the last month
and then going back along the time axis. In order to aid their
recall, participants were encouraged to recollect the relevant
events of each month. The participants also estimated their
alcohol, tobacco and medication intake of the past week. Urine
samples were screened for amphetamine, methamphetamine,
MDMA, MDA, MDE, barbiturates, benzodiazepines, THC,
cocaine metabolites, opiates and alcohol. Hair samples were
analysed for amphetamine, methamphetamine, MDA, MDMA,
MDEA and MBDB.

Neurocognitive test battery

Premorbid intelligence was estimated with a German multiple-
choice test of vocabulary knowledge (Mehrfachwahl-
Wortschatztest (MWT-B), Lehrl, 1985). A brief news story from
the Rivermead Behavioural Memory Test (RBMT, Wilson et al.,
1985) was used to test the immediate and 20 minute delayed recall
of verbal context-bound material. A different story was used on
each trial. Sequential tests of acquisition, recall and decay of
verbal memory were performed with the Auditory Verbal Learn-
ing Test (AVLT, Lezak, 1983). This involves learning a list of 15
words read out loud to the participant with immediate reproduc-
tion of the learned items in each of five consecutive trials (AVLT
one to five). A second list is presented on the sixth trial (AVLT 6).
Interference is measured on a seventh trial by asking the partici-
pant to reproduce the original list (AVLT 7). Delayed recall of the
first list is tested after 20 minutes (AVLT 8).

Positron emission tomography

PET scans were performed on all participants at t1. However, due
to ethical considerations, only the current and ex-ecstasy users
underwent PET scans on the follow-ups. For the control groups,
there were no sufficiently urgent research questions regarding the
development of SERT availability to justify repeated exposure to
the tracer substance.

Four brain structures were selected for testing the hypothesis of
MDMA-induced alteration of SERT availability: mesencephalon,
putamen, caudate nucleus and thalamus. We focused on these sub-
cortical regions which are rich in SERT and in which SERT avail-
ability can be reliably investigated by the probe [11C](+)McN5652
(Laruelle et al., 1988; Buck et al., 2000; Parsey et al., 2000). The
relatively low SERT density in the cerebral cortex, together with
the limited signal-to-noise ratio of [11C](+)McN5652-PET might
have compromised the validity of SERT analysis in the cerebral
cortex. White matter served as a control region in which no
MDMA-induced effects were expected because of its absence of
SERT. The grey matter of the cerebellum was chosen as reference
region for the kinetic modelling.

The SERT ligand [11C](+)McN565 was synthesized according
to Suehiro et al. (1992, 1993). Imaging was performed on a full-
ring whole-body system ECAT EXACT 921/47 (Siemens/CTI,

Knoxville, TN, USA; Wienhard et al., 1992) in 2d-mode. This
system covers an axial field-of-view of 16.2cm by collecting 47
transversal slices with 3.4mm slice separation.

Head movement was minimized by a thermoplastic mask (Tru-
Scan Imaging, Annapolis, MD). A 15 minute transmission scan
for attenuation correction was obtained before tracer injection
using three rotating 68Ge rod sources, about 70 MBq each. After
the transmission scan 400–600 MBq of [11C](+)McN5652 dis-
solved in 40ml of 0.9% NaCl were injected through a vein of the
left hand at a rate of 600ml/h. At the beginning of tracer injection
a dynamic scan protocol was initiated including 35 frames with a
total acquisition time of 90 minutes. Subjects were asked to keep
their eyes open during the whole time of acquisition. Noise in the
acquisition room was kept to a minimum.

The sinograms were corrected for random coincidences,
radioactive decay, dead time and varying detector efficiency.
Thereafter, the sinograms were 3d-smoothed by application of a
3×3×3 binomial kernel. Forty-seven transaxial slices with 64×64
voxels were reconstructed using an iterative method. The voxel
size was 3.4×3.4×3.4mm3, in-plane spatial resolution was about
9mm full width at half maximum (FWHM). No scatter correction
was performed.

In spite of the thermoplastic mask immobilization, there was
significant head movement during the acquisition in a number of
subjects. This was corrected by application of the Realign-Tool of
the SPM99 software package (Welcome Department of Cognitive
Neurology, Institute of Neurology, University College, London;
Acton and Friston 1998). In order to support standardized identifi-
cation of the volumes of interest (VOIs), individual images were
stereotactically normalized using the Normalize-Tool of SPM 99.
A [11C](+)McN5652 template created earlier served as reference
for stereotactic normalization.

VOIs for the structures to be examined were predefined in the
template. Each VOI was composed of circles of 4.1 mm radius,
placed in an appropriate number of transversal slices (Weeks et
al., 1997). No individual adjustment was performed in order to
guarantee reproducible results.

Kinetic modelling was performed on the level of voxels. Distri-
bution volume ratios (DVRs) were derived by application of the
graphic reference tissue method for reversible binding described
by Ichise et al. (1996, 2001; Ichise noninvasive plot). The time-
activity curve of the reference region was generated using the
mean of the cerebellum-VOI. The start time for the multilinear
regression analysis was fixed at t*=12min. DVRs for the exam-
ined structures were taken to be the mean voxel values within the
corresponding VOIs copied to the individual parametric images.

Statistical analysis

Data were statistically analysed with SPSS for windows (version
10). Transversal group differences at t1, t2 and t3 were tested for
significance with one-way analyses of variance (ANOVA). Post
hoc tests were performed with Scheffé tests and, in the case of
variance inhomogeneity, with Tamhane’s T2. The nonparametric
Kruskal-Wallis tests and pairwise Mann-Whitney U-tests for
independent samples were performed whenever the Kolmogorov-
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Smirnoff test indicated that the normality assumption was vio-
lated. Profile analyses (see Stevens, 2002) of the parameters of
psychopathology, verbal memory performance and SERT avail-
ability were performed with the MANOVA procedure, with the
between-subject factor GROUP (current ecstasy users, ex-ecstasy
users, polydrug controls, drug-naive controls) and the within-
subject factor TIME (t1, t2, t3).

The multitude of measures covered by our data analysis raises
the issue of multiple testing. Due to the small sample size in the
cross-sectional comparisons, only very large effects can yield sta-
tistical significance. Because of this already conservative testing
situation we did not correct for alpha. Therefore, the probabilities
given below should be viewed as the results of a descriptive,
rather than confirmatory, data analysis (see Abt 1987).

Results

Participant details, alcohol and nicotine use

An overview of the relevant sociodemographic and personal
characteristics of each group is presented in Table 1. The groups did
not differ significantly in gender ratio, mean age, level of education or
estimated premorbid IQ. There were significant group differences in
the use of alcohol in the week prior to testing (F3,43=3.05, P=0.038)
at t1, but not at t2 (F3,43=2.85, P=0.086) and t3 (F3,43=1.56,
P=0.213). Group differences in the use of nicotine in the week prior
to testing were significant throughout the study (t1: F3,43=7.00,
P=0.001; t2: F3,43=6.94, P=0.001; t3: F3,43=8.67, P=0.000). Com-
parisons of the change scores t2–t1 and t3–t2 concerning the use of
alcohol or cigarettes yielded no significant differences.

Ecstasy use

When entering the study, current and ex-ecstasy users did not
differ significantly in their average self-reported lifetime ecstasy

use (current ecstasy users: M=798.23 tablets, SD=609.29; ex-
ecstasy users: M=776.25 tablets, SD=561.64, dF=19, t=�0.09,
p(t)=0.933), duration of ecstasy use (current ecstasy users:
M=49.91 months, SD=29.47; ex-ecstasy users: M=63.70 months,
SD=25.66, dF=19, t=1.14, p(t)=0.269), or age of first ecstasy
use (current ecstasy users: M=19.73 years, SD=3.95; ex-ecstasy
users: M=19.20 years, SD=4.18, dF=19, t=�0.30, p(t)=0.770).
On average, current ecstasy users had last taken ecstasy 20.45
days (SD=13.51) and ex-ecstasy users 551.90 days (SD=520.30)
prior to participation.

Current ecstasy users reported to have consumed a mean of
106 ecstasy tablets (M=105.96, SD=106.30) during the interval
between t1 and t2 and a mean of 83 tablets (M=83.05, SD=90.09)
between t2 and t3, with a typical dose of two tablets per event
(M=1.57, SD=2.11). Although this was not intended, there seems
to have been a decline in the intensity of ecstasy use after
enrolling in the study. While current users reported an average
intake of 134.96 ecstasy tablets (SD=94.21) over the 12 months
prior to t1, it was only 82.86 tablets (SD=87.35) over the 12
months prior to t2 and 87.59 tablets (SD=89.46) prior to t3. A
repeated measures ANOVA confirmed that this decline was statis-
tically significant (Pillai’s Trace=0.53; F=5.07; p=0.034).

Other illicit drug use in current and ex-ecstasy users
and polydrug controls

The group means and standard deviations of amounts of different
drugs taken by the participants are given in Table 2. The three
groups did not differ significantly in their average subjective esti-
mates of their lifetime consumption of cocaine or LSD at t1.
However, the normality assumption was violated, and Kruskal-
Wallis tests yielded significant group differences in the lifetime
doses of cannabis (χ2 =6.10, P=0.047) and amphetamine
(χ2 =11.38, P=0.003). Pairwise comparisons with Mann-Whitney
U-tests indicate that the polydrug controls had used significantly
more cannabis than current ecstasy users (U=23.00, P=0.014)
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Table 1 Sociodemographic characteristics, alcohol and nicotine use in the week prior to testing: frequencies, mean±SD

Current ecstasy users Ex-ecstasy users Polydrug controls Drug-naive controls

n (m/f) 11 (7/4) 10 (5/5) 11 (6/5) 15 (8/7)
Age 23.64±3.72 25.80±4.89 25.18±5.08 22.33±2.58
Educationa 4/4/3 4/3/3 2/2/7 4/4/7
IQb 101.36±8.29 107.40±15.39 107.91±9.22 105.20±15.23
cigarettes per week at t1; changes t2–t1 and t3–t2
t1 56.82±69.48 95.80±96.94 129.36±94.08 4.73±18.06
t2–t1 �3.64±63.69 25.67±106.34 �13.55±50.87 �2.60±10.34
t3–t2 2.36±38.53 �11.56±48.47 2.18±41.60 0.07±0.59
alcohol [g] per week at t1; changes t2–t1 and t3–t2
t1 92.22±90.77 97.56±103.77 178.32±199.61 36.18±42.17
t2–t1 14.80±113.02 �26.86±94.50 �28.25±149.93 10.96±86.18
t3–t2 8.36±154.55 �17.92±85.60 �40.13±140.79 0.48±0.80

a n basic (9 y)/intermediate (10 y)/college admission level (13 y)
b premorbid IQ estimated from MWT-B



and significantly less amphetamine than both current ecstasy users
(U=12.00, P=0.001) and ex-ecstasy users (U=26.00, P=0.037).

Only the current ecstasy users took amphetamine (M=1.40 g,
SD=4.51) and LSD (M=6.82µg, SD=22.61) in the month prior
to t1. Kruskal-Wallis tests yielded no significant group differences
concerning the use of cannabis and cocaine in the week prior to t1
(data not shown in table).

Between t1 and t3, only cannabis and cocaine were used by a

majority of participants in each of the three groups. While most of
the current ecstasy users reported amphetamine use between t1
and t3, only one polydrug control participant and two ex-ecstasy
users took single doses of amphetamine in this time span. Use of
LSD was generally rare, with only two polydrug controls and two
current ecstasy users reporting that they took LSD while partici-
pating in the study (Table 2).

To assess the development of drug use in the course of the
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Table 2 Illicit drug use at t1 and in the longitudinal perspective (change scores in the estimated lifetime dose and consumption in 6 months prior
to each point of measurement): number of participants (n) reporting use before t1 and between t1 and t3; mean±SD

Current ecstasy Ex-ecstasy Polydrug Kruskal-Wallis
users users controls Test

Cannabis (n,lifetime/t1 to t3) 11/9 10/9 11/10
Cannabis [g] consumed in 6 months before t1; changes t2–t1 and t3–t2
t1 24.56±71.61 105.80±147.13 69.27±66.45 *
t2–t1 �8.19±34.18 �42.37±80.06 �44.65±61.79
t3–t2 �9.83±33.59 �3.89±51.20 9.46±14.02
Lifetime dose of cannabis [g] at t1; changes t2–t1 and t3–t2
t1 334.01±761.04 1717.12±2160.55 1307.56±1351.67 *
t2–t1 40.31±101.05 141.71±185.18 52.14±48.04
t3–t2 73.09±140.88 371.51±858.60 18.94±22.01

Amphetamine (n,lifetime/t1 to t3) 11/9 9/2 5/1
Amphetamine [g] consumed in 6 months before t1; changes t2–t1 and t3–t2
t1 8.70±16.33 0.08±0.17 0.09±0.30 ***
t2–t1 �3.63±8.15 �0.08±0.17 0.46±1.54 *
t3–t2 �9.61±22.35 �0.01±0.03 0.37±1.24
Lifetime dose of amphetamine [g] at t1; changes t2–t1 and t3–t2
t1 74.76±105.22 52.93±112.71 5.39±11.70 **
t2–t1 12.87±30.15 0.06±0.19 1.74±5.76 ***
t3–t2 27.66±59.44 0.1100±0.35 0.18±0.60 **

Cocaine (n,lifetime/t1 to t3) 11/8 10/8 10/6
Cocaine [g] consumed in 6 months before t1; changes t2–t1 and t3–t2
t1 4.03±7.61 0.59±1.21 8.03±18.31
t2–t1 0.05±1.88 1.93±5.31 �3.67±10.63
t3–t2 0.83±2.82 �0.60±6.58 3.18±7.24
Lifetime dose of cocaine [g] at t1; changes t2–t1 and t3–t2
t1 10.42±15.68 97.59±138.48 449.21±1081.14
t2–t1 10.26±21.21 5.48±10.40 8.08±17.43
t3–t2 5.72±12.13 5.77±17.30 1.87±3.18

LSD (n,lifetime/t1 to t3) 8/2 7/0 5/2
LSD [µg] consumed in 6 months before t1; changes t2–t1 and t3–t2
t1 17.05±52.52 0 0
t2–t1 1.14±8.78 0 4.16±15.08
t3–t2 13.64±45.23 0 4.55±15.06
Lifetime dose of LSD [µg] at t1; changes t2–t1 and t3–t2
t1 1701.56±4579.69 3860.00±7550.68 320.46±550.92
t2–t1 18.18±60.30 0 19.91±35.83
t3–t2 4.55±15.06 0 9.09±30.15

*** p<0.001 ** p<0.010 * p<0.050



study, repeated measures ANOVAs, and whenever appropriate,
Friedman tests were performed for each of the three groups
regarding the reported use of amphetamine, cannabis and cocaine
in the month and in the year prior to each of the points of measure-
ment (data not shown). There were no significant changes in the
use of any of these drugs in any group over time, with the excep-
tion of cannabis in the polydrug control group. The polydrug
control participants smoked less cannabis in the course of their
participation, as indicated by a significant decline in the values of
the two measures, cannabis use in the month prior to testing (t1:
M=10.29 g, SD=14.08; t2: M=9.00 g, SD=9.28; t3: M=2.21 g,
SD=2.76; Pillai´s trace=0.58; F=6.18; P=0.020; linear trend:
F=3.59, P=0.087) and cannabis use in the year prior to testing
(t1: M=152.82 g, SD=131.78; t2: M=96.82 g, SD=133.52; t3:
M=38.44 g, SD=128.16; Pillai´s trace=0.52; F=4.89; P=0.026;
linear trend: F=7.15, P=0.023).

Group comparisons at t1

Psychological symptoms The results of group comparisons
regarding the SCL-90 are given in Table 3. The one-way ANOVA
yielded significant group differences in the SCL-90-R Global
Severity Index and the subscales obsessive-compulsive and phobic
anxiety. Post hoc tests showed no significant differences between
current and ex-ecstasy users versus polydrug controls. However,
ex-ecstasy users had significantly elevated obsessive-compulsive
scores compared to drug-naive controls.

Verbal memory performance The relevant group means, stan-
dard deviations and group comparisons are shown in Table 4. The
groups did not differ significantly in their immediate and delayed
recall performance on the RBMT brief news story at t1. However,
there were significant group differences in performance on all
measures of the AVLT. Multiple comparisons indicated that
current ecstasy users were not significantly impaired on any
AVLT measure. Ex-ecstasy users performed significantly worse
on AVLT 1, AVLT sum of initial trials, AVLT 6, AVLT 7 and
AVLT 8 than drug-naive-controls. They also achieved signifi-
cantly higher scores on AVLT 5–1 than polydrug controls and
current users. This measure reflects the improvement from trial
one to five. Thus the ex-ecstasy users, whose performance was
significantly impaired on the first trial, seem to have caught up
with the other groups by the fifth trial. Polydrug controls were
impaired only in their performance on AVLT 6 relative to drug-
naive controls.

Availability of serotonin transporters The [11C](+)McN5652
DVRs in the white matter and putamen (F3,43 =2.61, P=0.064) did
not differ significantly between groups. There were significant
group differences in the mesencephalon, caudate nucleus and thal-
amus. Although the current ecstasy users had lower SERT DVRs
in all four regions of interest than the other groups, multiple com-
parisons yielded significant results only for the mesencephalon.
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Figure 1 Global severity index (SCL-90 R): group means at t1, t2 and t3

Longitudinal analysis

Psychological symptoms The profile analyses (Table 6) revealed
no significant TIME×GROUP interactions, indicating that the
groups did not differ in their development of psychological symp-
toms throughout the course of the study. The effects of the
between-subjects factor GROUP were significant for the scales
GSI (Fig. 1), obsessive-compulsive, inter-personal sensivity, and
anxiety. There were no significant effects of GROUP for the
remaining scales, although most could be considered marginally
significant (p<0.10). The ex-ecstasy users tended to have the
highest scores and drug-naive controls the lowest scores on all
scales at nearly all points of measurement, but these differences
were not shown to be significant by Scheffé Tests (Table 3). The
within-subject factor TIME was significant regarding the GSI,
obsessive-compulsive, inter-personal sensivity, depression,
aggression/hostility and psychoticism, with scores generally
declining in the course of the study (Table 3).

Verbal memory performance With the exception of AVLT 5, no
significant TIME×GROUP interactions were revealed by the
profile analyses (Table 7). Thus the groups did not differ in their
development of verbal memory performance over time in most
measures of verbal memory. The results concerning AVLT 1
(immediate recall) and AVLT 8 (delayed recall) are shown in Figs
2 and 3, respectively. The effects of the between-subject factor
GROUP were significant for all measures of verbal memory per-
formance. The cross-sectional analysis (Table 4) indicates that ex-
ecstasy users tended to have the lowest scores and drug-naive
controls the highest scores on most measures at most time points.
The differences between ex-ecstasy users and drug-naive controls
were statistically significant at no less than two time points in the
cases of AVLT 1, sum of initial trials, seven and eight. The
within-subject factor TIME had significant effects on AVLT 1,
AVLT 5–1, AVLT 6 and AVLT 8.
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Table 3 Means and standard deviations of the SCL-90-R scales at t1, t2 and t3 and cross-sectional group comparisons for each time point

Drug-naive Polydrug Ex-ecstasy Current ANOVA
controls controls users Ecstasy
(DC) (PC) (EE) users

(CE)
M SD M SD M SD M SD dF F P(F) Scheffé-Test

Global Severity Index
t1 0.30 0.17 0.46 0.55 0.81 0.61 0.49 0.21 3/43 3.10 0.036 n.s.
t2 0.18 0.11 0.45 0.33 0.52 0.45 0.32 0.39 3/41 2.38 0.089 n.s.
t3 0.17 0.12 0.45 0.58 0.54 0.52 0.16 0.13 3/39 2.63 0.064 n.s.
Somatization
t1 0.36 0.31 0.41 0.34 0.70 0.66 0.33 0.19 3/43 1.92 0.141 n.s.
t2 0.35 0.34 0.38 0.49 0.53 0.40 0.38 0.50 3/41 0.40 0.751 n.s.
t3 0.22 0.22 0.45 0.65 0.45 0.52 0.22 0.18 3/40 1.06 0.376 n.s.
Obsessive-compulsive
t1 0.38 0.25 0.63 0.84 1.06 0.54 0.90 0.51 3/43 3.66 0.019 EE>DC*
t2 0.26 0.20 0.67 0.39 0.70 0.51 0.48 0.37 3/41 3.68 0.019 n.s.
t3 0.19 0.15 0.53 0.50 0.68 0.65 0.26 0.22 3/41 3.61 0.021 n.s.
Inter-personal sensivity
t1 0.34 0.29 0.66 0.74 1.07 1.13 0.55 0.31 3/43 2.43 0.079 n.s.
t2 0.14 0.13 0.54 0.50 0.56 0.62 0.31 0.45 3/41 2.43 0.079 n.s.
t3 0.20 0.20 0.59 0.56 0.68 0.57 0.17 0.18 3/40 4.55 0.008 n.s.
Depression
t1 0.43 0.26 0.50 0.68 0.85 0.83 0.76 0.47 3/43 1.55 0.215 n.s.
t2 0.25 0.22 0.65 0.43 0.62 0.63 0.36 0.41 3/41 2.31 0.091 n.s.
t3 0.24 0.19 0.52 0.67 0.61 0.65 0.16 0.20 3/41 2.28 0.100 n.s.
Anxiety
t1 0.25 0.28 0.44 0.60 0.68 0.79 0.27 0.29 3/43 1.72 0.178 n.s.
t2 0.09 0.12 0.39 0.37 0.46 0.40 0.26 0.44 3/41 2.70 0.058 n.s.
t3 0.16 0.18 0.40 0.59 0.39 0.36 0.10 0.13 3/41 2.06 0.121 n.s.
Aggression/hostility
t1 0.28 0.27 0.64 0.94 0.83 0.60 0.55 0.35 3/43 1.99 0.130 n.s.
t2 0.10 0.11 0.45 0.42 0.57 0.67 0.38 0.54 3/41 2.33 0.089 n.s.
t3 0.19 0.23 0.36 0.62 0.59 0.85 0.20 0.28 3/41 1.35 0.271 n.s.
Phobic anxiety
t1 0.12 0.14 0.12 0.19 0.76 0.87 0.10 0.17 3/43 6.03 0.002 n.s.
t2 0.08 0.15 0.09 0.27 0.24 0.45 0.08 0.17 3/41 .90 0.449 n.s.
t3 0.08 0.15 0.26 0.65 0.27 0.43 0.06 0.14 3/41 0.95 0.424 n.s.
Paranoid ideation
t1 0.29 0.27 0.41 0.62 0.75 0.55 0.32 0.28 3/43 2.45 0.073 n.s.
t2 0.08 0.14 0.33 0.34 0.45 0.75 0.30 0.49 3/41 1.33 0.278 n.s.
t3 0.08 0.12 0.53 0.74 0.35 0.47 0.13 0.25 3/41 2.63 0.063 n.s.
Psychoticism
t1 0.16 0.19 0.36 0.47 0.53 0.43 0.29 0.29 3/43 2.32 0.089 n.s.
t2 0.08 0.10 0.29 0.34 0.31 0.39 0.17 0.29 3/41 1.69 0.184 n.s.
t3 0.06 0.09 0.35 0.63 0.23 0.32 0.10 0.14 3/41 1.65 0.194 n.s.

* p<0.05; n.s.: not significant (p>0.05)



Availability of serotonin transporters in current and ex-ecstasy
users In the profile analyses (Table 8) regarding the SERT
DVRs, a significant TIME×GROUP interaction was found only
for the mesencephalon (Fig. 4). As shown in Table 5, the current
ecstasy users, who exhibited a significantly reduced SERT avail-
ability in the mesencephalon at t1, no longer differed from the ex-
ecstasy users (in this case the control group) by t3. The GROUP
effect was significant in the mesencephalon, putamen, caudate
nucleus and thalamus, and not in the control region white matter,
with the ex-ecstasy users generally exhibiting higher DVRs than
the current users. The within-subject factor TIME was significant
only for the mesencephalon and thalamus.
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Figure 2 AVLT immediate recall: group means at t1, t2 and t3

Time

D
is

tr
ib

ut
io

n 
vo

lu
m

e 
ra

tio
s

1.3

1.2

1.1

1.0
T1 T2 T3

Current ecstasy usersEx-ecstasy users

Figure 4 SERT availability in the mesencephalon: group means at t1, t2
and t3

Time

A
V

LT
-8

 s
co

re
s

15.0

14.0

13.0

12.0

11.0

10.0
T1 T2 T3

Drug free controls
Polydrug controls

Ex-ecstasy users
Current ecstasy users

Figure 3 AVLT delayed recall: group means at t1, t2 and t3

Discussion

Differences at t1

In the initial stage of the study with the full sample of 120
participants, group comparisons revealed reduced SERT DVRs in
current polydrug ecstasy users, but not in ex-users who were con-
siderably more impaired in terms of psychopathology and verbal
memory (Thomasius et al., 2003). This description generally
applies as well to the reduced sample of 47 participants who suc-
cessfully completed this longitudinal study. One exception is that
fewer group differences reached statistical significance. This
might be partially accounted for by the reduced power of the
cross-sectional group comparisons based on smaller sample sizes.
In order to check for selection effects, we thoroughly compared
the longitudinal sample of 47 with the remaining 73 of the original
120 participants who dropped out or were excluded. There were
significant differences in the SCL-90 scales GSI, somatisation,
paranoid ideation and psychoticism, but in no other measure of
psychopathology, drug use, verbal memory or SERT availability
(results not reported). Thus, those participants who could not be
motivated to return for the follow-ups or failed to comply with the
requirement to abstain from substance use before their appoint-
ments seem to have been more strongly impaired in terms of self-
reported psychopathology than the participants who completed the
long-term study.

Daumann et al. (2001, 2004) and Morgan et al. (2002) found
self-reported psychopathology in (polydrug) ecstasy users to be
primarily associated with the extent of cannabis, rather than
ecstasy, use. We found no significant Spearman’s correlations
between psychopathology and several parameters of cannabis or
ecstasy use, such as dose or frequency of use within the 30 days
and 6 months prior to participation, and lifetime dose (results not
presented). In the full cross-sectional sample of 120 described
earlier (Thomasius et al., 2003), psychopathology was best pre-
dicted by parameters of ecstasy use. The absence of a relationship
between elevated psychopathology and cannabis use in our sample
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Table 4 Means and standard deviations of AVLT and RBMT scores at t1, t2 and t3, and cross-sectional group comparisons for each point of
measurement

Drug-naive Polydrug Ex-ecstasy Current ANOVA
controls controls users Ecstasy
(DC) (PC) (EE) users

(CE)
M SD M SD M SD M SD dF F P(F) Scheffé-Test

AVLT 1 (immediate recall on first trial)
t1 8.27 2.63 8.18 1.99 5.50 1.08 7.18 2.64 3/43 3.61 0.021 DC>EE*
t2 9.73 2.52 7.09 2.07 6.10 1.66 6.91 2.21 3/43 6.87 0.001 DC>(PC,EE,CE)*
t3 9.00 2.42 9.45 2.30 6.80 1.87 8.27 3.20 3/43 2.31 0.090 n.s.
AVLT 5 (immediate recall on fifth trial)
t1 14.27 0.96 12.55 2.50 13.40 1.58 12.36 2.01 3/43 3.08 0.037 n.s.
t2 14.27 1.10 12.82 2.18 12.70 2.16 12.45 2.38 3/43 2.39 0.082 n.s.
t3 14.33 1.11 13.55 1.63 12.20 2.35 12.82 2.14 3/43 3.22 0.032 n.s.
AVLT 5–1 (improvement from trial 1 to 5)
t1 6.00 2.36 4.36 1.43 7.90 1.97 5.18 2.04 3/43 5.86 0.002 EE>(PC, CE)*
t2 4.53 2.17 5.73 2.33 6.60 1.78 5.54 2.25 3/43 1.92 0.140 n.s.
t3 5.33 2.23 4.09 1.51 5.40 2.22 4.55 2.30 3/43 1.05 0.381 n.s.
AVLT (sum of 5 initial trials)
t1 63.27 6.59 55.70 10.76 52.20 5.16 55.27 12.55 3/42 3.49 0.024 DC>EE*
t2 63.80 7.29 55.18 11.14 50.40 7.81 55.36 10.42 3/43 4.73 0.006 DC>EE*
t3 63.47 6.38 59.27 8.81 51.60 9.91 56.18 12.11 3/43 3.52 0.023 DC>EE*
AVLT 6 (interference list)
t1 9.00 2.27 6.45 1.75 5.70 2.58 7.27 1.79 3/43 5.65 0.002 DC>(PC, EE)*
t2 7.67 2.29 7.09 2.17 5.20 2.25 6.18 2.09 3/43 2.81 0.051 n.s.
t3 7.87 3.09 6.27 1.62 5.40 1.78 5.36 1.86 3/43 3.49 0.024 n.s.
AVLT 7 (recall of original list after interference list)
t1 13.80 1.42 11.82 2.36 11.40 1.84 10.64 4.90 3/43 2.94 0.044 DC>EE*
t2 13.53 1.60 12.27 2.15 10.70 3.23 11.55 3.33 3/43 2.69 0.058 n.s.
t3 14.13 1.06 12.64 2.54 10.40 2.84 11.55 3.67 3/43 4.67 0.007 DC>EE*
AVLT 8 (delayed recall)
t1 13.75 1.82 12.14 2.34 10.44 2.35 11.82 3.12 3/35 3.21 0.035 DC>EE*
t2 13.80 1.52 12.00 2.32 11.20 1.99 11.64 3.35 3/43 3.16 0.034 n.s.
t3 14.40 0.74 12.64 2.58 10.70 3.27 11.45 3.88 3/43 4.41 0.009 DC>EE*
RBMT immediate recall
t1 11.07 3.43 10.68 3.63 8.35 2.50 8.45 2.90 3/42 2.35 0.086 n.s.
t2 12.87 6.17 11.18 2.58 8.00 2.84 8.70 3.01 3/42 5.55 0.003 DC>(EE, CE)*
t3 11.73 5.05 11.50 4.24 7.30 2.55 8.09 4.12 3/43 3.41 0.026 n.s.
RBMT delayed recall
t1 9.96 3.52 10.18 3.35 7.05 2.18 8.25 3.34 3/41 2.37 0.085 n.s.
t2 12.10 4.15 10.86 2.00 7.05 2.57 7.80 2.78 3/42 7.07 0.001 DC>(EE, CE)* PC>EE*
t3 10.20 5.09 10.96 4.71 6.20 2.66 7.18 4.37 3/43 3.02 0.040 n.s.

* p<0.05; n.s.: not significant (p>0.05)
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Table 5 Means and standard deviations of the [11C](+)McN5652 distribution volume ratios at t1, t2 and t3, and cross-sectional group comparisons for
each point of measurement

Drug-naive Polydrug Ex-ecstasy Current ANOVA
controls controls users Ecstasy
(DC) (PC) (EE) users

(CE)
M SD M SD M SD M SD dF F P(F) Scheffé-Test

Mesencephalon
t1 1.22 0.05 1.22 0.08 1.23 0.06 1.13 0.04 3/40 5.88 0.002 (DC,PC,EE)>CE*
t2 1.24 0.06 1.16 0.03 1/16 10.79 0.005 –
t3 1.23 0.07 1.21 0.05 1/16 0.43 0.522 –
Putamen
t1 1.39 0.07 1.38 0.12 1.38 0.09 1.30 0.07 3/40 2.04 0.123 n.s.
t2 1.40 0.08 1.32 0.10 1/16 3.32 0.087 –
t3 1.41 0.07 1.33 0.09 1/16 3.96 0.064 –
Caudate Nucleus
t1 1.23 0.05 1.23 0.10 1.25 0.08 1.15 0.09 3/40 2.95 0.044 n.s.
t2 1.25 0.08 1.18 0.12 1/16 2.05 0.171 –
t3 1.25 0.08 1.17 0.06 1/16 6.28 0.023 –
Thalamus
t1 1.40 0.07 1.39 0.11 1.41 0.08 1.31 0.07 3/40 2.83 0.049 n.s.
t2 1.43 0.09 1.34 0.12 1/16 3.43 0.083 –
t3 1.45 0.07 1.39 0.08 1/16 3.27 0.089 –
White matter
t1 0.57 0.05 0.54 0.06 0.57 0.05 0.53 0.08 3/40 1.18 0.329 n.s.
t2 0.61 0.05 0.58 0.04 1/16 1.04 0.323 –
t3 0.59 0.03 0.53 0.02 1/16 8.90 0.009 –

† Two-tailed t-tests were employed at t2 and t3. For the sake of a consistent representation, F-values are given throughout the table, since t2 =F. *
p<0.05; n.s.: not significant (p>0.05)

Table 6 Longitudinal analysis of the SCL-90-R scales

TIME GROUP TIME×GROUP
dF F P(F) dF F P(F) dF F P(F)

Global Severity Index 1/37 6.64 0.014 3/37 3.78 0.018 1/37 0.98 0.423
Somatization 1/38 1.45 0.235 3/38 0.88 0.464 1/38 0.45 0.717
Obsessive-compulsive 1/39 14.62 0.000 3/39 4.65 0.007 1/39 1.77 0.170
Inter-personal sensivity 1/38 6.12 0.018 3/38 5.08 0.005 1/38 0.67 0.573
Depression 1/39 7.20 0.011 3/39 2.51 0.073 1/39 1.76 0.171
Anxiety 1/39 1.65 0.206 3/39 3.14 0.036 1/39 0.23 0.877
Aggression/hostility 1/39 4.36 0.043 3/39 2.82 0.051 1/39 0.32 0.808
Phobic anxiety 1/39 0.77 0.385 3/39 2.32 0.090 1/39 1.92 0.142
Paranoid ideation 1/39 4.23 0.460 3/39 2.55 0.070 1/39 2.01 0.128
Psychoticism 1/39 7.57 0.009 3/39 2.57 0.068 1/39 1.14 0.343



may be related to the exclusion criteria applied. Daumann et al.
(2001, 2004) and Morgan et al. (2002) did not exclude participants
with THC-positive urine screenings. In the present study,
however, participants with positive drug screening results were
excluded in order to avoid effects of residual THC on neuropsy-
chological testing (Pope 2001) or other measures. Possibly, some
ecstasy users, who are generally polydrug users, utilize cannabis
to alleviate psychopathological symptoms, or else suffer from
impaired psychological well-being as a consequence of cannabis
dependence. Such individuals would probably have been unable to
abstain from cannabis use for several days, and thus to participate
in our study, but would have been included in the above men-
tioned studies.

Longitudinal data

One important and unexpected fact that needs to be taken into
account when interpreting the longitudinal data is that the current
ecstasy users reduced their ecstasy consumption in the course of
their participation in the study.

Measures of verbal memory showed mostly stable profiles over
time. The relative absence of GROUP×TIME interactions indi-
cates that while the current ecstasy users’ performance did not
deteriorate with continued ecstasy use, the ex-ecstasy users did not
improve over increasing periods of abstinence. This is in agree-
ment with the results of a recent longitudinal study by Gouzoulis-
Mayfrank et al. (2005), but in contrast to a study by Zakzanis and

Young (2001) who reported declining memory performance in
ecstasy users over a period of 12 months. The hypothesis that the
poor memory performance of the ex-ecstasy users was indeed the
result of MDMA serotonergic neurotoxicity would have been
strongly supported by a significant deterioration of the current
ecstasy users’ memory. However, since this was not the case,
alternative explanations need to be considered. Fifty-five per cent
of the ex-ecstasy users and 43% of the current ecstasy users (from
the full cross-sectional sample) were diagnosed with a current sub-
stance-induced cognitive disorder caused by ecstasy and/or mul-
tiple substances (Thomasius et al., 2005). Thus there might have
been more vulnerable individuals (or simply more individuals
whose memory was worse independently of MDMA use) among
the ex-ecstasy users than among the current ecstasy users, possibly
due to a systematic selection effect having to do with the motiva-
tion to participate in the study. Again, even in this longitudinal
study, we cannot rule out the possibility of pre-existing group dif-
ferences. One alternative explanation for the absence of a decline
in memory performance in the group of current ecstasy users may
possibly be a unique motivation to prove that ecstasy is harmless.
Unlike participants from other groups, current ecstasy users
tended to have a positive attitude towards ecstasy use and some
expressed their hope that it would be proven harmless. Therefore,
they might have tried harder than other participants. In summary,
while we cannot exclude alternative causes, the lack of significant
improvement of the ex-ecstasy users’ memory performance,
together with evidence from other neuropsychological studies (see
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Table 7 Longitudinal analysis of the AVLT and RBMT scores

TIME GROUP TIME×GROUP
dF F P(F) dF F P(F) dF F P(F)

AVLT 1 1/43 10.02 0.003 3/43 5.04 0.004 1/43 0.16 0.922
AVLT 5 1/43 0.12 0.727 3/43 3.30 0.029 1/43 3.77 0.017
AVLT 5–1 1/43 5.65 0.022 3/43 3.51 0.023 1/43 1.24 0.307
AVLT sum of initial trials 1/42 0.72 0.400 3/42 4.82 0.006 1/42 0.51 0.677
AVLT 6 1/43 8.14 0.007 3/43 4.93 0.005 1/43 1.62 0.199
AVLT 7 1/43 0.66 0.423 3/43 4.29 0.010 1/43 1.62 0.199
AVLT 8 1/35 4.90 0.033 3/35 3.78 0.019 1/35 1.61 0.203
RBMT immediate recall 1/41 0.01 0.938 3/41 5.45 0.003 1/41 0.77 0.516
RBMT delayed recall 1/40 0.23 0.633 3/40 5.24 0.004 1/40 0.52 0.671

Table 8 Longitudinal analysis of the [11C](+)McN5652 distribution volume ratios

TIME GROUP TIME×GROUP
dF F P(F) dF F P(F) dF F P(F)

Mesencephalon 1/16 6.58 0.021 3/16 14.90 0.001 1/16 5.37 0.034
Putamen 1/16 3.09 0.098 3/16 5.18 0.037 1/16 0.02 0.882
Caudate nucleus 1/16 0.17 0.686 3/16 5.86 0.028 1/16 0.39 0.541
Thalamus 1/16 14.97 0.001 3/16 5.75 0.029 1/16 1.45 0.246
White matter 1/16 0.73 0.406 3/16 4.26 0.056 1/16 1.23 0.284



meta-analysis by Verbaten 2003), implies that verbal memory
deficits found in ex-ecstasy users might be due to long-term
effects of (polydrug) ecstasy use, indicating the possibility of
long-lasting or even irreversible serotonergic damage.

We found no significant dose-effect relationships, neither
between ecstasy and cannabis use and verbal memory perform-
ance at t1, nor between the changes in ecstasy and cannabis use
and the changes in verbal memory performance between the three
time points (data not presented). The reason may well be the
reduced sample size because in the full cross-sectional sample of
120 participants (Thomasius et al., 2003) stepwise regression
analyses had revealed small but significant effects, with ecstasy
use best predicting AVLT immediate and delayed recall and
cannabis use best predicting RBMT immediate and delayed recall
performance.

The initially reduced SERT DVRs of current ecstasy users
showed an unexpected development over time. SERT availability
did not only fail to decrease with continued ecstasy use, but on the
contrary, seemed to normalize in the course of the study in the
mesencephalon. The fact that SERT availability seemed to
approach normal levels after a reduction in ecstasy use, together
with findings of normal SERT availability in ex-ecstasy users
(Reneman et al., 2001a and b; Thomasius et al., 2003) implies that
effects of heavy ecstasy use on SERT availability may be
reversible. It is not clear why this development was especially pro-
nounced in the mesencephalon. Possibly this has to do with the
mesencephalon being a region particularly rich in serotonergic
nuclei.

Regarding the psychopathological symptoms, again the current
ecstasy users did not show an aggravation and the ex-ecstasy users
did not improve, as indicated by a lack of significant
TIME×GROUP interactions. Part of these findings is in agree-
ment with Gerra et al. (2000), who found no change in former
ecstasy users’ depressive symptoms over time. The ex-ecstasy
users exhibited the highest symptom scores of all groups, but the
group comparisons generally missed significance. There was an
overall tendency towards declining scores in the course of the
study. This might have to do with accidental therapeutic effects of
participating in this study. It is also possible that mainly those
participants in a psychosocially rather positive development or
stable situation continued participating and those with negative
developments tended to quit.

The main limitations of this study were that we could not com-
pletely rule out possible pre-existing group differences in the areas
of verbal memory performance and psychopathology, or to avoid
some group differences in the use of cannabis and amphetamine,
with the ex-ecstasy users also being the strongest cannabis users.
Perhaps most important was the reduction of MDMA consumption
by the current ecstasy users. We intended to investigate users with
stable or growing ecstasy use in order to maximize the chance of
detecting aggravations of possible MDMA-induced impairments.
We recruited only heavy users to avoid differences between the
current and ex-ecstasy user groups in lifetime doses. Having taken
a large amount of ecstasy, some of the current users may have
developed tolerance for the desired psychological effects of
ecstasy by the time of their participation and therefore lost interest

in taking the drug (see Parrott 2005). The decline in average
ecstasy use would have been even more pronounced had we not
excluded those five current users who took less than five tablets
between follow-ups. However, analyses of PET data including
those five participants (Buchert et al., 2005) indicate that exclud-
ing them did not change the pattern of results.

Conclusion

In summary, our results indicate that impairments of verbal
memory and psychological well-being in ex-ecstasy users may
persist for longer than 2.5 years after quitting ecstasy. In contrast,
the reduced SERT availability of current users seems to be a tran-
sient effect of heavy ecstasy use which may recede with declining
ecstasy use. However, this result might not necessarily imply a
complete recovery from possible serotonergic damage, as the
number and activity of SERT can be relatively flexibly up- or
down-regulated and does not reflect the number of serotonergic
neurons (see Kish, 2002). Therefore, cognitive and psychological
impairments repeatedly found in ex-ecstasy users may be the
result of serotonergic damage which cannot be detected by the
neuroimaging methods employed in ecstasy research as yet. Since
we were unable to exclude the possibility of premorbid group dif-
ferences, this interpretation needs to be viewed with caution,
because there is no conclusive evidence that memory and psycho-
logical impairments were indeed caused by MDMA in our sample.
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