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Abstract 

Rationale  Neurotoxic effects of 3,4-methylenedioxymethamphetamine (MDMA, ecstasy ) on the serotonin (5-HT) system have been 
described in animals and humans, but little is known about long-term effects of ecstasy use on mood.

Objectives  To investigate short-term and long-term effects of ecstasy use on mood and its association with 5-HT neurotoxicity, dose, and 
gender in humans.

Methods  Fifteen moderate ecstasy users, 23 heavy ecstasy users, 16 former heavy ecstasy users and 15 drug-using, but ecstasy-naive 
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controls were included. Mood was assessed using the Composite International Diagnostic Interview (CIDI) and the Beck Depression 
Inventory (BDI). Outcomes were correlated with 5-HT transporter (SERT) density, assessed with [123I] -CIT single photon emission 

computed tomography (SPECT).

Results  The prevalence of mood disorders assessed by CIDI did not differ between all groups. The overall test for differences in BDI scores 
between groups was near significance (P=0.056), with BDI scores higher in former heavy ecstasy users than in ecstasy-naive controls 
(P=0.045). BDI scores were correlated with the total number of ecstasy tablets used (r=0.310; P=0.021). No associations between CIDI or 
BDI outcomes and SERT density or gender were observed.

Conclusions  These results suggest that ecstasy use is not associated with clinical depression (CIDI). However, the number of ecstasy tablets 
taken lifetime was associated with higher BDI scores for depressive mood, and this relationship seemed to persist after ecstasy use had 
stopped. We did not find that depressed mood in ecstasy users was associated with decrease in SERT density. Prospective studies are 
needed to establish the causal relationship between ecstasy use and depressed mood.

Keywords  3,4-Methylenedioxymethamphetamine - Ecstasy - Mood - Depression - SERT - Neuroimaging

Introduction

Neurotoxic effects of 3,4-methylenedioxymethamphetamine (MDMA, ecstasy ) on the serotonin (5-HT) system have been extensively 
studied in animals (e.g. Ricaurte et al. 2000). In addition, possible effects in humans were reported (e.g. Semple et al. 1999; McCann et al. 
2000; Reneman et al. 2001a, 2001b). As 5-HT modulates many neuropsychological processes, including mood, we postulated that in 
ecstasy users 5-HT deficits are associated with increased prevalence of mood disorders.

Previous research on the functional consequences of 5-HT neurotoxicity induced by ecstasy showed converging evidence of memory 
impairments (Gouzoulis-Mayfrank et al. 2000; Reneman et al. 2000; Verbaten 2003). However, studies on the effect of ecstasy use on mood 
are less conclusive. Several case reports described individuals who developed psychiatric problems associated with the use of ecstasy, 
including depression (McGuire et al. 1994; Steele et al. 1994). Other studies, however, reported no difference in prevalence of depression 
between ecstasy users and non-users (Morgan 1998; Parrott et al. 2000).

As a short-term effect, enhanced mood was described to occur shortly after ecstasy consumption (Vollenweider et al. 1998; Cami et al. 
2000), followed by lowered mood a few days later (Curran and Travill 1997; Parrott and Lasky 1998). Women were found to be more 
susceptible than men to this mid-week low mood (Verheyden et al. 2002).
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Studies in abstinent ecstasy users reported inconsistent results concerning the effect of ecstasy on mood. Krystal and co-workers (1992) 
reported no indication of clinical depression in ecstasy users after abstinence of psychoactive drugs for at least 3 weeks. However, higher 
depression scores were found in 1-week abstinent heavy ecstasy users than in controls (Gamma et al. 2000, 2001). Higher depression scores 
in moderate ecstasy users reported by Verkes and co-workers (2001) appeared not to be significant after correction for confounders.

Only a few studies examined the long-term effect of ecstasy on mood, and their results seem to suggest that (former) heavy use of ecstasy is 
associated with increased symptoms of depression. MacInnes et al. (2001) examined the long-term effect of ecstasy on mood in former 
chronic, but currently moderate ecstasy users and found mild depressive symptoms in this group. Gerra et al. found mood changes 
(dysphoria) 3 weeks (1998) and 12 months (2000) after ecstasy discontinuation. Morgan and co-workers (2002) found elevated depression 
scores in ecstasy users and former ecstasy users who had stopped using ecstasy for at least 6 months. However, these elevated depression 
scores correlated only with the amount of cannabis they also used, and not with the number of ecstasy tablets.

Because all studies were conducted retrospectively, it is not certain whether the observations of increased depressive symptoms in (former) 
ecstasy users represents a pre-existing condition, or is caused by 5-HT deficits induced by ecstasy, or is the result of a combination of the 
two. Lieb and co-workers (2002) studied the (temporal) relationship between ecstasy use and mental disorders in a representative sample of 
adolescents and young adults in a prospective follow-up study. They reported increased prevalence of mood disorders in ecstasy users 
compared to non-users, but found that the mood disorder preceded the first use of ecstasy in about 45% of persons with major depression 
and in 70% of persons with dysthymia. However, information about the onset of ecstasy use and the onset of mood disorders prior to 
baseline was obtained retrospectively.

In approaching this problem of the relationship between ecstasy use and mood disorders, we thought it would be relevant to link depression 
scores in (former) ecstasy users with markers of 5-HT neurotoxicity. 5-HT neurotoxicity can be assessed in the living human brain by 
measuring 5-HT transporter (SERT) density. SERT is a structural element of the pre-synaptic membrane, and has been shown to be a 
reliable marker of MDMA-induced 5-HT neurotoxicity (Scheffel et al. 1992). SERT density can be assessed using the radiotracer [123I] -

CIT that binds with high affinity to SERTs and dopamine transporters (DATs) (Laruelle et al. 1993) in combination with single-photon 

emission computed tomography (SPECT) (Reneman et al. 2002). Previous [123I] -CIT SPECT studies showed loss of SERTs in subjects 

with a history of ecstasy use (Semple et al. 1999) and we found the same also in the population of the current study (Reneman et al. 2001a, 
2001b).

To our knowledge, only one study has investigated both mood disorders and 5-HT neurotoxicity by measuring SERT densities using 
positron emission tomography (PET) (Thomasius et al. 2003). In this study, significantly elevated depression scores were associated with 
the number of exposures to ecstasy, in recent as well as in former ecstasy users (who had stopped using ecstasy for at least 5 months) when 
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they were compared to the scores of drug-naive controls. Evidence for 5-HT neurotoxicity was only observed in central serotonergic brain 
regions in current, but not in former ecstasy users. The authors did not investigate the association between 5-HT neurotoxicity (SERT 
availability) and depression scores.

The objective of the present study was to investigate short-term as well as long-term effects of ecstasy use on mood, and its association with 
SERT densities. Moreover, as there are indications that the effects of ecstasy are dose-dependent, and that female users are more susceptible 
than male users (Liechti et al. 2001; Reneman et al. 2001b; Verheyden et al. 2002), the influence of dose and gender were investigated as 
well.

Material and methods

Participants

The present study population and sub-sets of it were described in previous publications in which the effects of ecstasy on SERT (Reneman 
et al. 2001b), on DAT densities (Reneman et al. 2000) and on memory function (Reneman et al. 2001a) were analysed. In brief, 69 subjects, 
aged 18–45 years, participated in the study and were divided into four subgroups: 15 moderate ecstasy users, 23 heavy ecstasy users, 16 
former heavy ecstasy users and 15 controls that used drugs, but were ecstasy-naive. Lifetime use of more than 50 tablets was defined as 
heavy ecstasy use, whereas lifetime use less than 50 tablets was defined as moderate ecstasy use. Individuals who had used at least 50 
tablets lifetime but had stopped using ecstasy at least 12 months prior to the study were included in the subgroup of former heavy ecstasy 
users. Both ecstasy users and controls were recruited by means of flyers at locations in the Netherlands associated with the rave scene  
with the help of UNITY, a Dutch agency that provides harm-reduction information and advice about drugs.

Participants agreed to abstain from all psychoactive drugs for at least 3 weeks before the study. On the day of examination, urine drug 
analysis was performed with an enzyme-multiplied immunoassay for amphetamines, barbiturates, benzodiazepine metabolites, cocaine 
metabolite, opiates, and marijuana. Exclusion criteria were positive drug screening, pregnancy, medical or neuropsychiatric illness that 
impeded informed consent, and current use of anti-depressive medication that could compete with [123I] -CIT for SERT binding, such as 

selective serotonin re-uptake inhibitors. All subjects completed the Dutch version of the National Adult Reading Test (NART), which 
provides an estimate of premorbid IQ (Nelson 1991). Written informed consent was obtained from all participants, and the study was 
approved by the local Medical Ethics Committee.
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Outcome measures of mood

Lifetime and current diagnoses for mood disorders, including major depression, dysthymia and bipolar disorders, were assessed in all 
subjects using a computerised version of the Composite International Diagnostic Interview (CIDI, lifetime version 2.1) (WHO 1992). The 
CIDI is a fully structured interview that covers the criteria for diagnoses of the fourth edition of the Diagnostic and Statistical Manual of 
Mental Disorder (DSM-IV) (American Psychiatric Association 1994).

Additionally, current depression was assessed using the Beck Depression Inventory (BDI) (Beck et al. 1961). The BDI is a 21-item self-
report rating inventory, which measures characteristic attitudes and symptoms of depression in the week prior to assessment; higher scores 
indicate more depressive symptoms. The BDI showed high levels of reliability and validity across cultures (Beck and Steer 1984; Bouman 
et al. 1985; Kojima et al. 2002).

SPECT imaging

As described previously, 123iodine-2 -carbomethoxy-3 (4-iodophenyl)tropane ([123I] -CIT) SPECT was used to measure SERT densities 

(Reneman 2001a, 2001b). SPECT imaging was performed with a dedicated 12-detector single-slice head scanner with a spatial resolution of 
7.5 mm full-width at half-maximum (Strichman Medical Equipment 810, Inc., Medfield, Mass., USA).

Subjects were intravenously injected with approximately 3.8 mCi (140 MBq) of [123I] -CIT. Scanning was started 4 h after injection when 

the specific binding to SERT is regarded to be stable (Pirker et al. 2000). Subjects lay in supine position with the head parallel to the 
orbitomeatal line. Image analysis was performed using regions of interest (ROIs) for frontal cortex, temporal cortex, parieto-occipital 
cortex, occipital cortex, striatum, thalamus and cerebellum, as described earlier (Reneman et al. 2001a, 2001b). Binding ratios of [123I] -

CIT were calculated by dividing binding in the ROI by binding in the cerebellum.

Statistics

We used a two-way analysis of variance with group and gender as factors to analyse differences in continuous variables (log transformed if 
necessary) between the four groups.

Differences in prevalence of lifetime and current mood disorders between the four groups, measured by CIDI, were analysed using the chi-
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square test. Overall differences in BDI scores between the four groups were analysed using the non-parametric Kruskal-Wallis test, because 
BDI values were not normally distributed. Post hoc, Mann-Whitney U-tests were performed to analyse differences in BDI scores between 
groups. The correlations between CIDI and BDI outcomes and lifetime ecstasy consumption (log transformed) were analysed using 
Spearman s correlation coefficient.

A mixed linear model was used to analyse the relationship between CIDI and BDI outcomes and SERT densities. Using this model, it was 
possible to analyse SPECT data from the six different brain regions studied simultaneously, taking into account both within-subject and 
between-subject variations. The model we designed included brain regions (6 levels), groups (4 levels), gender (2 levels), and the 
interaction between group and gender. Outcomes of the CIDI lifetime (2 levels) and BDI (2 levels, cut-off point=median) were added to the 
model to determine their effects on SERT density.

Two-sided P-values below 0.05 were considered to be statistically significant.

Results

Characteristics of the study population

Sample characteristics were described in an earlier publication (Reneman et al. 2001b). The four groups were comparable regarding age, 
gender, premorbid IQ (NART IQ), and use of alcohol and cannabis (Table 1). Ecstasy users had used significantly more amphetamine and 
cocaine than controls. Males were significantly older (on average 3.1 years) and consumed significantly more alcohol than females. Within 
the subgroup of heavy ecstasy users, males had used more ecstasy tablets and took higher usual doses than females (Table 1), even when 
corrected for body weight. Moderate and heavy ecstasy users were abstinent from ecstasy use on average for 3.6 and 2.3 months, 
respectively, while the former heavy ecstasy users reported to be abstinent from ecstasy for almost 2.5 years on average (Table 1). 

Table 1  Demographics, characteristics of ecstasy use and exposure to other substances expressed as mean±SD 

Polydrug controls 
(n=15)

Moderate ecstasy 
users (n=15)

Heavy ecstasy users 
(n=23)

Former ecstasy users 
(n=16)

Pgroupb Pgenderb 
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Male 
(n=7)

Female 
(n=8)

Male 
(n=9)

Female 
(n=6)

Male 
(n=12)

Female 
(n=11)

Male 
(n=8)

Female 
(n=8)

Demographics

Age (years) 29.3±6.9 23.3±1.3 25.6±7.5 22.7±2.8 27.1±6.0 25.0±4.1 26.4±6.2 24.1±4.7 0.63 0.02d 

DART-IQa 104.7±6.2 106.9±7.4 111.2±11.5 112.2±8.1 106.0±9.0 104.5±8.4 105.9±11.8 102.0±7.7 0.10 0.73

Ecstasy use

Duration of use 
(years)

NA NA 4.6±3.1 3.3±1.5 6.4±3.0 4.6±2.1 4.0±2.0 5.1±3.1 0.24 0.38

Usual dose (tablets) NA NA 1.33±0.56 1.38±0.49 2.64±0.67 1.82±0.46 2.00±0.96 2.16±1.01 0.00d 0.35

Lifetime dose 
(tablets)c 

NA NA 29.5±17.5 27.3±19.7 831.8±733.0 200.9±171.2 126.9±91.4 409.3±868.7 0.00d 0.25

Time since last 
tablet (months)

NA NA 4.3±7.5 2.7±2.1 1.97±2.67 2.6±2.1 37.1±25.4 21.0±10.1 0.00d 0.38

Age of onset (years) NA NA 21.3±6.1 19.3±3.1 20.9±4.2 20.4±3.1 22.4 ±5.6 19.0±5.0 0.99 0.16

Other substances

Alcohol (no.of 
consumptions/week)

14.1±12.8 7.1±7.4 18.2±14.8 5.3±3.2 13.0±8.2 5.8±3.5 4.5±3.9 7.9±5.4 0.14 0.00d 

Tobacco 
(cigarettes/day)

9.5±3.3 10.3±6.1 11.0±6.5 9.4±9.2 12.4±13.0 6.0±7.1 11.8±8.5 13.3±8.6 0.47 0.21

Last 3 months use of 

Cannabis (no. of 
joints)c 

2.3±0.6 4.5±5.0 68.1±6.5 31.8±51.6 94.6±153.0 67.5±101.9 73.1±110.4 196.3±369.3 0.37 0.23

Amphetamine (no. 
of times used)c 

– – 0.4±0.8 – 3.8±7.4 3.6±5.5 – – 0.04d 0.80

Usual dose 
amphetamine (g)

– – 0.3±0.2 0.1±0.1 0.4±0.3 0.3±0.3 0.7±0.4 1.0±0.8 0.07 0.83

Cocainec – – 1.2±1.1 – 4.2±2.8 4.4±3.4 – – 0.09 0.74
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aDART=Dutch Adult Reading Test

bTwo-way analysis of variance

cVariables that were log transformed

dStatistical significant differences

CIDI

The prevalence of current or lifetime mood disorders according to DSM-IV criteria measured by CIDI is listed in Table 2. The groups did 
not differ significantly as to prevalence of lifetime (P=0.930) and current (P=0.866) mood disorders. The overall analysis showed that the 
prevalence of lifetime mood disorders was not significantly related to gender (P=0.203). Within the ecstasy groups, 12 out of 17 persons 
(71%) diagnosed with a lifetime mood disorder reported that the onset of their mood disorder had preceded the first use of ecstasy. 

Table 2  Mood disorders: frequencies of CIDI lifetime and current mood disorders (DSM-IV) and BDI scores 

Polydrug controls 
(n=15)

Moderate ecstasy users 
(n=15)

Heavy ecstasy users 
(n=23)

Former ecstasy users 
(n=16)

CIDI lifetime mood 
disorders [no. (%)]

4 (27%) 5 (33%) 7 (30%) 6 (38%) Pgroup=0.930

2m: 29%, 2f: 25% 1m: 11%, 4f: 67% 5m: 42%, 2f: 18% 1m: 13%, 5f: 63% Pgender=0.203

CIDI current mood 
disorder [no. (%)]

2 (13%) 3 (20%) 4 (17%) 4 (25%)
Pgroup=0.866

0m: 0%, 2f: 25% 1m: 11%, 2f: 33% 2m: 17%, 2f: 18% 1m: 13%, 3f: 38%

BDI median score 
(IRQ: 25–75%)

1.0 (0.0–3.0)a 2.0 (0.0–4.0) 5.0 (0.0–8.0) 5.5 (1.3–10.0) Pgroup=0.056

m=1.5, f=1.0 m=0.0, f=3.5 m=4.5, f=6.0 m=4.0, f=7.5 Pgender=0.179

aTwo subjects with missing data

BDI
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Results of the BDI are also listed in Table 2. Two controls did not complete the BDI questionnaire, so only the results of 13 controls are 
presented. The overall test for differences in BDI scores between groups was near significance (P=0.056). Post-hoc, between-group 
comparisons revealed significantly higher BDI scores in former heavy ecstasy users (P=0.045) than in ecstasy-naive polydrug controls. BDI 
scores correlated significantly (r=0.310, P=0.021) with the log-transformed total number of ecstasy tablets (Fig. 1). BDI scores did not 
differ between men and women (P=0.179). No significant correlations were found between BDI scores and the usual dose of ecstasy per 
event (r=0.144, P=0.303) or between BDI scores and the use of cannabis in the last year (r=0.213, P=0.182). 

Fig. 1  Correlation between depressive symptoms (BDI scores) and lifetime ecstasy consumption (logarithmic scaling) 

Mood and SERT

Mean SERT densities are shown in Table 3, sub-divided for subjects with and without a diagnosis of lifetime mood disorder (CIDI). In 
addition, mean SERT densities are given, subdivided for BDI scores above or below the median value (median value=3.0). As described in 

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (9 of 18) [1/21/2004 12:10:34 AM]

http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#Tab2
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#Fig1
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#Tab3


10.1007/s00213-003-1723-4

an earlier publication (Reneman et al. 2001b), a significant group effect was observed (P=0.041) in overall [123I] -CIT binding ratios, in 

which overall SERT densities appeared to be lower in the group of heavy ecstasy users than in the other groups. Moreover, a significant 
interaction between group and gender was observed, in which overall SERT densities in female ecstasy users appeared to be lower than in 
male ecstasy users. However, we observed no main effect of CIDI (P=0.995) or BDI (P=0.410) on SERT when these variables were added 
to our statistical model. 

Table 3  Mean overall [123I] -CIT binding ratios (±SD) for persons with/without lifetime mood disorder (CIDI) and BDI score above/below median score 

Polydrug controls Moderate ecstasy users Heavy ecstasy users Former ecstasy users Main effect on SERT

CIDI with lifetime mood 
disorder

1.31±0.12 1.18±0.14 1.14±0.12 1.23±0.06
CIDI: P=0.995

CIDI without lifetime 
mood disorder

1.21±0.09 1.16±0.11 1.16±0.11 1.23±0.12

BDI above median BDI 
score (BDI 3) 1.22±0.04 1.18±0.11 1.13±0.10 1.24±0.09

BDI: P=0.410
BDI below median BDI 
score (BDI <3)

1.24±0.12 1.19±0.14 1.19±0.11 1.22±0.12

Discussion

The present study investigated the short-term as well as the long-term effects of ecstasy on mood and its association with 5-HT 
neurotoxicity. We detected no significant effect of ecstasy use on the prevalence of CIDI-DSM-IV mood disorders. However, we found 
significantly more depressive symptoms (higher BDI scores) in former heavy ecstasy users than in controls that used different drugs but no 
ecstasy. The BDI scores also correlated with the number of ecstasy tablets used. We observed no association between mood disorders and 
SERT densities or gender.
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The increased symptoms of depression (measured using BDI) might be caused by deficits in serotonin in (former) heavy ecstasy users, as 
there is evidence that ecstasy has neurotoxic effects on the serotonin system and as it is known that the serotonin system modulates many 
psychological functions. Because the number of participants in each group was relatively small, we cannot fully exclude the possibility of a 
chance finding, as indicated by the overall P-value for the difference between groups (P=0.056). However, other research groups have also 
reported more symptoms of depression in recent and former ecstasy users (Gerra et al. 1998, 2000; Gamma et al. 2000, 2001; MacInnes et 
al. 2001; Morgan et al. 2002; Thomasius et al. 2003). However, only one previous study examined the long-term effect of ecstasy use on 
mood in subjects that stopped using ecstasy for 1 year (Gerra et al. 2000) and found elevated depression scores in these former ecstasy 
users. The observation of increased depressive symptoms in former heavy ecstasy users in the present study corroborates this finding.

Using DSM-IV criteria (CIDI), we observed no difference in prevalence of current or lifetime mood disorders between ecstasy users and 
controls. Because CIDI gives a binary clinical diagnosis (mood disorder versus no mood disorder), the statistical power of this study might 
have been too low to demonstrate increased prevalence of clinical mood disorders in (former) ecstasy users. BDI, on the other hand, is more 
sensitive because of its gradual scale including both sub-clinical and clinical scores. BDI scores from 0 to 9 are considered to be within the 
normal range. Therefore, median BDI scores within all four subgroups ranging from 1.0 to 5.5 (Table 2) did not reach the clinical level of 
depression.

A relationship between depressive symptoms and decreased SERT availability has been reported in several diseases, such as major 
depression (Malison et al. 1998), seasonal affective disorders (Willeit et al. 2000), and Wilson s disease (Hesse et al. 2003). On the other 
hand, Dahlström et al. (2000) demonstrated elevated SERT density in depressive children and adolescents. In the present study, we found no 
correlation between overall SERT binding and mood disorders as measured by CIDI or BDI. Interestingly, when comparing former ecstasy 
users with current heavy ecstasy users, it seems that BDI scores do not improve. This is in remarkable contrast to the reversibility of 
decreased SERT binding, observed in former (female) heavy ecstasy users (Reneman et al. 2001a, 2001b). On the other hand, this finding is 
in agreement with the findings of Thomasius et al. (2003), who observed reduced SERT binding only in current but not in former ecstasy 
users, while elevated depressive symptoms were reported by both current and former ecstasy users and not by ecstasy-naive polydrug 
controls. Although no association between depressive symptoms and SERT density was calculated, this would suggest that the observed 
depressive symptoms were not correlated to 5-HT neurotoxicity induced by ecstasy. We, as well as others, previously reported a similar 
lack of association between SERT densities and memory function (Semple et al. 1999; Reneman et al. 2001a).

There are several possible explanations why we did not observe a correlation between mood and SERT densities. The first explanation is 
that depressive symptoms in (former) ecstasy users are not attributable to 5-HT deficits induced by ecstasy. This is in concordance with our 
observation and with the observation of Lieb et al. (2002) that the majority of (former) ecstasy users with mood disorders reported the onset 
of their mood disorder preceding the first use of ecstasy. On the other hand, we observed a modest but significant correlation between the 
extent of previous ecstasy consumption and symptoms of depression, similar to the one described by Thomasius et al. (2003), which 
suggests that increased depressive symptoms might be at least partially attributable to ecstasy use. A second explanation therefore might be 
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that, although loss of SERT is indicative of axonal loss or damage, recovery of SERT densities does not imply normal (behavioural) 
function. Possibly in line with this, Hatzidimitriou et al. (1999) showed that after administration of neurotoxic doses of MDMA in non-
human primates partial recovery of brain serotonin axons was accompanied by development of altered reinnervation patterns. A final 
explanation might be that the radiotracer [123I] -CIT used in this study has a limited sensitivity in detecting 5-HT neurotoxicity because it 

is not selective for binding to SERTs. The use of a selective radiotracer for SERTs might be more sensitive and therefore more capable of 
detecting a possible correlation between mood and SERT densities.

We found no correlation between gender and prevalence of lifetime mood disorders (CIDI) or BDI scores, whereas earlier findings in the 
same study population suggested that females are more vulnerable to the effects of ecstasy on SERT densities than males (Reneman et al. 
2001b). It was also reported elsewhere that females had a more pronounced subjective response to ecstasy and were more susceptible to mid-
week low mood (Liechti et al. 2001; Verheyden et al. 2002). Moreover, mood disorders in the Netherlands were reported to be almost twice 
as common among females as among males (Bijl et al. 1998). Probably because of the low prevalence of clinical mood disorders within all 
subgroups, we did not observe overall significant differences in mood between males and females.

The relatively small groups and the low prevalence of clinical mood disorders within the groups resulted in limited statistical power of this 
study, especially with regard to the control of and adjustment for potential confounders. However, except for the lifetime number of tablets, 
we found no significant correlations between BDI scores and other characteristics of ecstasy use, such as duration of use, usual dose, time 
since last tablet, and age of onset of ecstasy use. In addition, we did not find any significant correlation between BDI scores and other 
potential confounders, such as use of alcohol, tobacco, cannabis, amphetamine or cocaine. We therefore believe that it is unlikely that these 
factors confounded our results, but because of the limited statistical power of this study a potential influence cannot be entirely excluded.

In conclusion, our findings suggest that symptoms of depression in ecstasy users are related to the number of ecstasy tablets used. 
Moreover, our findings suggest that symptoms of depression may still be present more than 1 year after ecstasy use is stopped. When a 
clinical depression is ecstasy-related, involving the serotonergic neurotransmitter system, this should have implications for treatment. As 
suggested by Haddad et al. (2002), in that case treatment with norepinephrine reuptake inhibitors such as reboxetine, would be preferable 
over selective serotonine re-uptake inhibitors (SSRIs) such as fluoxetine, since the norepinephrine system is thought to remain intact in 
ecstasy users. Because this study has limited statistical power, our results need confirmation from larger studies. Moreover as this study was 
performed retrospectively, and as we found no evidence that mood disorders in ecstasy users are correlated to decreased SERT binding, no 
final conclusion can be drawn about the causal nature of the observed relationship between ecstasy use and depressed mood. It remains 
possible that there are pre-existing differences in mood between ecstasy users and controls. In order to establish a causal relationship 
prospective studies are in progress.

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (12 of 18) [1/21/2004 12:10:34 AM]

http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR15
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR34
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR21
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR42
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR4
http://ezproxy.liv.ac.uk:2118/media/43wvtlvtwah220nqhn2g/Contributions/E/5/U/5/E5U5FXJAQLKMR944_html/fulltext.html#CR14


10.1007/s00213-003-1723-4

References

American Psychiatric Association (1994) Diagnostic and statistical manual of mental disorder, 4th edn. American Psychiatric Press, Washington D.C.

 

Beck AT, Steer RA (1984) Internal consistencies of the original and revised Beck Depression Inventory. J Clin Psychol 40:1365–1367

 

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961) An inventory for measuring depression. Arch Gen Psychiatry 4:561–571

 

Bijl RV, Ravelli A, van Zessen G (1998) Prevalence of psychiatric disorder in the general population: results of The Netherlands Mental Health Survey 
and Incidence Study (NEMESIS). Soc Psychiatry Psychiatr Epidemiol 33:587–595

 

Bouman TK, Luteijn F, Albersnagel FA, Van der Ploeg FAE (1985) Enige ervaringen met de Beck Depression Inventory (BDI). Gedrag 13:13–24

 

Cami J, Farre M, Mas M, Roset PN, Poudevida S, Mas A, San L, de la Torre R (2000) Human pharmacology of 3,4-methylenedioxymethamphetamine 
( ecstasy ): psychomotor performance and subjective effects. J Clin Psychopharmacol 20:455–466

 

Curran HV, Travill RA (1997) Mood and cognitive effects of ± 3,4-methylenedioxymethamphetamine (MDMA, ecstasy ): week-end high  followed by 
mid-week low. Addiction 92:821–831

 

Dahlström M, Ahonen A, Ebeling H, Torniainen P, Heikkilä J, Moilanen I (2000) Elevated hypothalamic/midbrain serotonin (monoamine) transporter 
availability in depressive drug-naive children and adolescents. Mol Psychiatry 5:514–522

 

Gamma A, Frei E, Lehmann D, Pascual-Marqui RD, Hell D, Vollenweider FX (2000) Mood state and brain electric activity in ecstasy users. Neuroreport 
11:157–162

 

Gamma A, Buck A, Berthold T, Vollenweider FX (2001) No difference in brain activation during cognitive performance between ecstasy (3,4-
methylenedioxymethamphetamine) users and control subjects: a [H2 15O]-positron emission tomography study. J Clin Psychopharmacol 21:66–71

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (13 of 18) [1/21/2004 12:10:34 AM]

http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ABiqD1c%252Fmt10%253D&md5=ee0821f1178106047ab9933be70cba3a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6511949
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ACC%252BD3cjmtFQ%253D&md5=587f659afd18f12757ec9f5a69f02368
http://ezproxy.liv.ac.uk:2306/10.1007/s001270050098
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADyaK1M%252FnsFWiug%253D%253D&md5=193534951309e7bac31da4020bb119f7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9857791
http://ezproxy.liv.ac.uk:2306/10.1097/00004714-200008000-00010
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXlsFymtLo%253D&md5=36c4d97de2f53f395b5ceec01ef1e226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10917407
http://ezproxy.liv.ac.uk:2306/10.1080/09652149737386
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3AByiH3sflsFc%253D&md5=95c524effeeb6143a5cd3bffc2eaf1b2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9293041
http://ezproxy.liv.ac.uk:2306/10.1038/sj.mp.4000766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11032385
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADC%252BD3c7kslCksQ%253D%253D&md5=bb0d39f0ef2fab0ce641fe9f5326c7d7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10683849
http://ezproxy.liv.ac.uk:2306/10.1097/00004714-200102000-00012
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXptlKktg%253D%253D&md5=20d709c26f6418b45b4a46a45f14bbc1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11199950


10.1007/s00213-003-1723-4

 

Gerra G, Zaimovic A, Giucastro G, Maestri D, Monica C, Sartori R, Caccavari R, Delsignore R (1998) Serotonergic function after (±)3,4-methylene-
dioxymethamphetamine ( ecstasy ) in humans. Int Clin Psychopharmacol 13:1–9

 

Gerra G, Zaimovic A, Ferri M, Zambelli U, Timpano M, Neri E, Marzocchi GF, Delsignore R, Brambilla F (2000) Long-lasting effects of (±)3,4-
methylenedioxymethamphetamine (ecstasy) on serotonin system function in humans. Biol Psychiatry 47:127–136

 

Gouzoulis-Mayfrank E, Daumann J, Tuchtenhagen F, Pelz S, Becker S, Kunert HJ, Fimm B, Sass H (2000) Impaired cognitive performance in drug free 
users of recreational ecstasy (MDMA). J Neurol Neurosurg Psychiatry 68:719–725

 

Haddad PM, Strickland P, Anderson I, Deakin JF, Dursun SM (2002) Effects of MDMA (ecstasy) use and abstention on serotonin neurons. Lancet 
359:1616–1617

 

Hatzidimitriou G, McCann UD, Ricaurte GA (1999) Altered serotonin innervation patterns in the forebrain of monkeys treated with (±)3,4-
methylenedioxymethamphetamine seven years previously: factors influencing abnormal recovery. J Neurosci 19:5096–5107

 

Hesse S, Barthel H, Hermann W, Murai T, Kluge R, Wagner A, Sabri O, Eggers B (2003) Regional serotonin transporter availability and depression are 
correlated in Wilson s disease. J Neural Transm 110:923–933

 

Kojima M, Furukawa TA, Takahashi H, Kawai M, Nagaya T, Tokudome S (2002) Cross-cultural validation of the Beck Depression Inventory-II in Japan. 
Psychiatry Res 110:291–299

 

Krystal JH, Price LH, Opsahl C, Ricaurte GA, Heninger GR (1992) Chronic 3,4-methylenedioxymethamphetamine (MDMA) use: effects on mood and 
neuropsychological function? Am J Drug Alcohol Abuse 18:331–341

 

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (14 of 18) [1/21/2004 12:10:34 AM]

http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADyaK1M7ktVyqsg%253D%253D&md5=66feb3a69f27e01f6c96e123b0ad5bc3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9988361
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXosVagtw%253D%253D&md5=fdab585a88f4dc03e4b12d6ee95f0ce1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10664829
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADC%252BD3c3ntF2lsA%253D%253D&md5=b761df3bbd5ce3ddbb9f120d078a0d68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10811694
http://ezproxy.liv.ac.uk:2306/10.1016/S0140-6736(02)08491-X
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADC%252BD38zgsVGrsw%253D%253D&md5=d8134e895e7bafb37ac715efeae62f6c
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK1MXjvVGjurc%253D&md5=033b719ea578a7ca698913a618c5569a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10366642
http://ezproxy.liv.ac.uk:2306/10.1007/s00702-003-0008-8
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3sXlvVWqurY%253D&md5=2c11a4270185058b36ca8413af186ae9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12898347
http://ezproxy.liv.ac.uk:2306/10.1016/S0165-1781(02)00106-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12127479
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3AByyD3srhs1M%253D&md5=c4d88b6dc9b400930612c3f3c3e27577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1357957


10.1007/s00213-003-1723-4

Laruelle M, Baldwin RM, Malison RT, Zea-Ponce Y, Zoghbi SS, al Tikriti MS, Sybirska EH, Zimmermann RC, Wisniewski G, Neumeyer JL (1993) 
SPECT imaging of dopamine and serotonin transporters with [123I] -CIT: pharmacological characterization of brain uptake in nonhuman primates. 

Synapse 13:295–309

 

Lieb R, Schuetz CG, Pfister H, von Sydow K, Wittchen H (2002) Mental disorders in ecstasy users: a prospective-longitudinal investigation. Drug 
Alcohol Depend 68:195–207

 

Liechti ME, Gamma A, Vollenweider FX (2001) Gender differences in the subjective effects of MDMA. Psychopharmacology 154:161–168

 

MacInnes N, Handley SL, Harding GF (2001) Former chronic methylenedioxymethamphetamine (MDMA or ecstasy) users report mild depressive 
symptoms. J Psychopharmacol 15:181–186

 

Malison RT, Price LH, Berman R, van Dyck CH, Pelton GH, Carpenter L, Sanacora G, Owens MJ, Nemeroff CB, Rajeevan N, Baldwin RM, Seibyl JP, 
Innis RB, Charney DS (1998) Reduced brain serotonin transporter availability in major depression as measured by [123I]-2 -carbomethoxy-3 -(4-

iodophenyl)tropane and single photon emission computed tomography. Biol Psychiatry 44:1090–1098

 

McCann UD, Eligulashvili V, Ricaurte GA (2000) (±)3,4-Methylenedioxymethamphetamine ( ecstasy )-induced serotonin neurotoxicity: clinical studies. 
Neuropsychobiology 42:11–16

 

McGuire PK, Cope H, Fahy TA (1994) Diversity of psychopathology associated with use of 3,4-methylenedioxymethamphetamine ( ecstasy ). Br J 
Psychiatry 165:391–395

 

Morgan MJ (1998) Recreational use of ecstasy  (MDMA) is associated with elevated impulsivity. Neuropsychopharmacology 19:252–264

 

Morgan MJ, McFie L, Fleetwood H, Robinson JA (2002) Ecstasy (MDMA): are the psychological problems associated with its use reversed by 
prolonged abstinence? Psychopharmacology 159:294–303

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (15 of 18) [1/21/2004 12:10:34 AM]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7683143
http://ezproxy.liv.ac.uk:2306/10.1016/S0376-8716(02)00190-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12234649
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXitlSlsro%253D&md5=08b00e6ed5e4e322499aad40c92ca8af
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11314678
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXnt1Sms70%253D&md5=5b51bf8620e8dcbbb885aedbaa976b06
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11565625
http://ezproxy.liv.ac.uk:2306/10.1016/S0006-3223(98)00272-8
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK1cXnvFKqurg%253D&md5=7aac3af20768bf88b5de30b2e0564b1c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9836013
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXlvVemsrY%253D&md5=c2b693616270bc990c2baed15e561806
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3AByqD1cnnslY%253D&md5=679d1651bbb42c2533284f8d1e823fff
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7994514
http://ezproxy.liv.ac.uk:2306/10.1016/S0893-133X(98)00012-8
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK1cXlslWktbo%253D&md5=932a62dae305817b3f1cf6b9886ea4df
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9718589
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD38XisVKltLk%253D&md5=da7707d18a2db45a09363e7a67929b1f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11862362


10.1007/s00213-003-1723-4

 

Nelson HE (1991) The revised national adult reading test manual. NFER-Nelson. Windsor, UK

 

Parrott AC, Lasky J (1998) Ecstasy (MDMA) effects upon mood and cognition: before, during and after a Saturday night dance. Psychopharmacology 
139:261–268

 

Parrott AC, Sisk E, Turner JJ (2000) Psychobiological problems in heavy ecstasy  (MDMA) polydrug users. Drug Alcohol Depend 60:105–110

 

Pirker W, Asenbaum S, Hauk M, Kandlhofer S, Tauscher J, Willeit M, Neumeister A, Praschak-Rieder N, Angelberger P, Brücke T (2000) Imaging 
serotonin and dopamine transporters with 123I- -CIT SPECT: binding kinetics and effects of normal aging. J Nucl Med 41:36–44

 

Reneman L, Booij J, Schmand B, van den Brink W, Gunning B (2000) Memory disturbances in ecstasy  users are correlated with an altered brain 
serotonin neurotransmission. Psychopharmacology 148:322–324

 

Reneman L, Lavalaye J, Schmand B, de Wolff FA, van den Brink W, den Heeten GJ, Booij J (2001a) Cortical serotonin transporter density and verbal 
memory in individuals who stopped using 3,4-methylenedioxymethamphetamine (MDMA or ecstasy ): preliminary findings. Arch Gen Psychiatry 
58:901–906

 

Reneman L, Booij J, de Bruin K, Reitsma JB, de Wolff FA, Gunning WB, den Heeten GJ, van den Brink W (2001b) Effects of dose, sex, and long-term 
abstention from use on toxic effects of MDMA (ecstasy) on brain serotonin neurons. Lancet 358:1864–1869

 

Reneman L, Booij J, Habraken JBA, de Bruin K, Hatzidimitiou G, den Heeten GJ, Ricaurte GA (2002) Validity of [123I] -CIT SPECT in detecting MDMA-

induced serotonergic neurotoxicity. Synapse 46:199–205

 

Ricaurte GA, Yuan J, McCann UD (2000) (±)3,4-Methylenedioxymethamphetamine ( ecstasy )-induced serotonin neurotoxicity: studies in animals. 
Neuropsychobiology 42:5–10

 

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (16 of 18) [1/21/2004 12:10:34 AM]

http://ezproxy.liv.ac.uk:2306/10.1007/s002130050714
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK1cXmtlygsLs%253D&md5=3434c7308fbc840368b5a187fc553147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9784083
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADC%252BD3czpsVyqsw%253D%253D&md5=2faf2867da5968b57510b6d5c1709bbc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10821995
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXotVSqtg%253D%253D&md5=e01133c13d25f53c286aeb5c34c16a8c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10647603
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXit1ensbY%253D&md5=ccff68f300d0c8f23d3052c66a741b6b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10755746
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXnvVCru7g%253D&md5=baff14ac8da7a24d392701f19a7b37b2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11576026
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXptVSmsro%253D&md5=8f7321dd86a6449fb4f931ad67e05e10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11741626
http://ezproxy.liv.ac.uk:2306/10.1002/syn.10130
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD38XotVKlsrc%253D&md5=56c7e633b9b557b5aaca739c8773c88f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12325046
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXlvVemsrk%253D&md5=43602ff364b83a55cb80d56c21809c02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10867550


10.1007/s00213-003-1723-4

Scheffel U, Dannals RF, Cline EJ, Ricaurte GA, Carroll FI, Abraham P, Lewin AH, Kuhar MJ (1992) [123/125I]RTI-55, an in vivo label for the serotonin 
transporter. Synapse 11:134–139

 

Semple DM, Ebmeier KP, Glabus MF, O Carroll RE, Johnstone EC (1999) Reduced in vivo binding to the serotonin transporter in the cerebral cortex of 
MDMA ( ecstasy ) users. Br J Psychiatry 175:63–69

 

Steele TD, McCann UD, Ricaurte GA (1994) 3,4-Methylenedioxymethamphetamine (MDMA, Ecstasy ): pharmacology and toxicology in animals and 
humans. Addiction 89:539–551

 

Thomasius R, Petersen K, Buchert R, Andresen B, Zapletalova P, Wartberg L, Nebeling B, Schmoldt A (2003) Mood, cognition and serotonin 
transporter availability in current and former ecstasy (MDMA) users. Psychopharmacology 167:85–96

 

Verbaten MN (2003) Specific memory deficits in ecstasy users? The results of a meta-analysis. Hum Psychopharmacol 18:281–290

 

Verheyden SL, Hadfield J, Calin T, Curran HV (2002) Sub-acute effects of MDMA (±3,4-methylenedioxymethamphetamine, ecstasy ) on mood: 
evidence of gender differences. Psychopharmacology 161:23–31

 

Verkes RJ, Gijsman HJ, Pieters MS, Schoemaker RC, de Visser S, Kuijpers M, Pennings EJ, de Bruin D, Van de Wijngaart G, Van Gerven JM, Cohen 
AF (2001) Cognitive performance and serotonergic function in users of ecstasy. Psychopharmacology 153:196–202

 

Vollenweider FX, Gamma A, Liechti M, Huber T (1998) Psychological and cardiovascular effects and short-term sequelae of MDMA ( ecstasy ) in 
MDMA-naive healthy volunteers. Neuropsychopharmacology 19:241–251

 

Willeit M, Praschak-Rieder N, Neumeister A, Pirker W, Asenbaum S, Vitouch O, Tauscher J, Hilger E, Stastny J, Brücke T, Kasper S (2000) [123I]- -CIT 

SPECT imaging shows reduced brain serotonin transporter availability in drug-free depressed patients with seasonal affective disorder. Biol Psychiatry 
47:482–489

 

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (17 of 18) [1/21/2004 12:10:34 AM]

http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK38XlsVKgsr4%253D&md5=d3905441f8d358d76ef4255867685a81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1385663
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3ADC%252BD3c%252FoslKmsg%253D%253D&md5=a7a9c60dbd1dcb8388d15d76d2bddcc6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10621770
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ASTN%3A280%3AByuA3MbislY%253D&md5=ea807c1b5f727051cd792400879f9f5f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7913850
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3sXislyqsbs%253D&md5=0a4f16923c729cebd6a2dfb2abaf5e37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12632248
http://ezproxy.liv.ac.uk:2306/10.1002/hup.482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12766933
http://ezproxy.liv.ac.uk:2306/10.1007/s00213-001-0995-9
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD38XktFSmsrc%253D&md5=8290b3734ff664d46c6065a01dc7af5a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11967627
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3MXhtlGitbg%253D&md5=5cdb79149275d64f0625ae22f3cd258b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11205419
http://ezproxy.liv.ac.uk:2306/10.1016/S0893-133X(98)00013-X
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK1cXlslWktb0%253D&md5=33a5efae50efefe71beaf64c85eaa029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9718588
http://ezproxy.liv.ac.uk:2306/10.1016/S0006-3223(99)00293-0
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXhsleku7c%253D&md5=8df45adb98f0613b214ba1b10251b6ee
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10715354


10.1007/s00213-003-1723-4

World Health Organization (1992) Composite international diagnostic interview. WHO, Geneva

 

file:///C|/Program%20Files/Qualcomm/Eudora%20Mail/Attach/deWin_2004.html (18 of 18) [1/21/2004 12:10:34 AM]


	Local Disk
	10.1007/s00213-003-1723-4


