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Abstract Rationale: (±) 3,4-Methylenedioxymethamphetamine (MDMA or “ecstasy”) has been shown to cause long term damage to serotonergic cerebral neurons in animals. The neurotoxic effects in humans are less clear and little is known about the functional consequences, although some studies suggest memory impairment. Given the widespread use of MDMA, our lack of knowledge raises concerns. Objective: We investigated, in humans, the relation between past use of ecstasy and cognitive performance as well as serotonergic function. Methods: Two groups of 21 males with moderate and heavy recreational use of MDMA, respectively, and a control group of 20 males without use of MDMA were compared. All were from the same subculture. Reaction time, direct recall, and recognition were assessed. Serotonergic function was measured by the neuro-endocrine response to a placebo-controlled, crossover challenge with dexfenfluramine. Results: Ecstasy users showed a broad pattern of statistically significant, but clinically This study was fully funded by a research grant from the Ministry of Health, Welfare and Sports of the Netherlands. There are no conflict of interest issues for this study R.J. Verkes (✉) · H.J. Gijsman · M.S.M. Pieters R.C. Schoemaker · S. de Visser · M. Kuijpers J.M.A. Van Gerven · A.F. Cohen Centre for Human Drug Research, Zernikedreef 10, 2333 CL Leiden, The Netherlands e-mail: [email protected] Fax: +31-24-3540561 R.J. Verkes Department of Psychiatry, University Medical Centre Nijmegen, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands E.J.M. Pennings Department of Toxicology, Leiden University Medical Center L1-39, P.O. Box 9600, 2300 RC Leiden, The Netherlands D. de Bruin · G. Van de Wijngaart Addiction Research Institute (CVO), Bijlhouwersstraat 6, 3511 ZC Utrecht, The Netherlands



small, impairment of memory and prolonged reaction times. Heavy users were affected stronger than moderate users. Release of cortisol but not of prolactin after dexfenfluramine administration was significantly reduced in both groups of ecstasy users compared with the controls. Analyses of covariance showed that likely confounding variables including recent exposure to ecstasy, psychosocial profiles and use of other drugs did not explain the differences found between the groups. Conclusions: These results provide further evidence that use of ecstasy may be associated with impairment of memory and of serotonergic function. These findings are compatible with neurotoxicity of ecstasy as shown in animals. Keywords MDMA · Ecstasy · Serotonin · Memory · Cognition · Neurotoxicity



Introduction (±) 3,4-Methylenedioxymethamphetamine (MDMA) or “ecstasy” is a recreational drug that is widely used at rave parties. Administration of MDMA to animals in doses comparable to those used by humans results in damage to serotonergic cerebral neurons (Green et al. 1995). Some studies suggest comparable neurotoxic effects in humans (McCann et al. 1998; Semple et al. 1998), but more research in the area is required. Impairment of the central serotonergic system may result in a blunted rise in the plasma levels of cortisol and prolactin after a serotonergic challenge (Bond et al. 1995; Newman et al. 1998). Challenge with L-tryptophan in ecstasy users showed equivocal results (Price et al. 1989; McCann et al. 1994). Challenge with the indirect serotonin agonist dexfenfluramine showed a blunted cortisol and prolactin response in ecstasy users, but the differences with normal controls could be ascribed to personality and other baseline characteristics (Gerra et al. 1998).
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The serotonergic system plays a role in the regulation of mood, impulse control, memory, and in behaviour that involves a high cognitive demand (Buhot 1997). A neurotoxic effect of MDMA could theoretically compromise the serotonergic system to such an extent that this may result in abnormalities in all these areas. Indeed, chronic MDMA use has been associated with impulsiveness on self-report and behavioural measures (Morgan 1998) and electroencephalogram variables (Allen et al. 1993; Dafters et al. 1999). In three previous neuropsychological studies (Krystal et al. 1992; Bolla et al. 1998; Parrott et al. 1998), ecstasy users showed a slightly diminished performance on memory tasks. However, the interpretation of these results is hampered by confounding effects of recent MDMA use, use of other drugs, and psychosocial differences between users and controls. Moreover, users of multiple drugs who also had been using ecstasy showed deficits in memory compared to users of multiple drugs who never used ecstasy (Morgan 1999). Many of these methodological problems could be solved by a large, well-controlled prospective study, but such a study would be impossible with an illicit and potentially toxic substance. The current cross-sectional study attempted to circumvent the methodological difficulties by studying participants from the same subculture with widely varying levels of ecstasy exposure. This makes it possible to rule out the effects of other drugs and to look for relations between exposure and effect. Additionally, we carefully measured a wide range of theoretical confounding variables. The aim of the present study was to investigate the relation between past use of ecstasy and cognitive performance as well as serotonergic function.



Materials and methods Participants Healthy male visitors of rave parties aged between 18 and 28 years were recruited by advertisements. Two groups of ecstasy users were recruited, based on the findings of a previous Dutch socio-epidemiologic study (Van de Wijngaart et al. 1998); those who had used ecstasy on 12–48 separate occasions during the past 2 years (n=21); and those who had used it on 48 or more occasions (n=21). These groups were based on recent frequency of use rather than on cumulative use, because in animals damage seemed more strongly associated with the former. A control group consisted of regular rave party visitors who had never used any ecstasy (n=20). To minimise the influence of substances other than ecstasy, exclusionary criteria included: current regular use of more than 3 units of alcohol per day, current regular use of cocaine (more than once per month), amphetamines (more than once per week or more frequently than ecstasy), opiates, or prescribed drugs. A history of alcohol or substance dependence or a major psychiatric disorder during the last year also led to exclusion. Participants were instructed to maintain a regular lifestyle and not to use any psychotropic agents, including all illegal drugs from 1 week before the first test occasion until the last test occasion. This was checked by urine tests at all visits. The study was approved by the Medical Ethics Review Board of Leiden University Medical Center and performed in accordance with the Declaration of Helsinki. After complete written and oral descriptions of the study to the participants, written informed consent was obtained. Participants were paid for their participation.



Recruitment There were 289 responders, of whom 56 violated entry criteria at first telephone contact (mostly ecstasy use on 1–12 occasions in the past 2 years). After invitation of the first 108 participants into the study, the required numbers in each group were reached and the remaining 125 responders were cancelled. Thirty-four invited participants withdrew before screening, and 74 gave informed consent. Eight participants met exclusion criteria and 66 participants entered the study. Three participants withdrew after adverse events on the first occasion. One participant was excluded after study completion because of sustained hyperprolactinaemia (eight times above the upper normal limit on both occasions; his inclusion in a separate analysis did not affect the main results). Thus, the data from 62 participants were analysed. Diagnostic procedures A detailed history of the intake of ecstasy tablets, other illicit drugs, and use of alcohol was assessed by using a structured interview, which was recently used in a large socio-epidemiological study of rave party visitors (Van de Wijngaart et al. 1998). This assessment was performed by two psychiatrists (R.J.V, H.J.G.) after training on the use of the instrument. These investigators used the Structured Clinical Interview for DSM-IV axis I disorders, nonpatient version, to exclude mood, anxiety or psychotic disorders (First et al. 1994). In addition, DSM-IV diagnostic criteria for attention-deficit and hyperactivity disorder (ADHD) in youth were scored retrospectively. ADHD in youth may be a possible confounding variable in our study, because it is often associated with substance use in adolescence (Canbor and Millman 1996) and ADHD may be associated with cognitive underachievement relative to the intellectual potential (Weiss 1996). The level of education was estimated as the highest school grade entered. The novelty seeking, harm avoidance and reward dependence personality traits were assessed with the Temperament and Character Inventory (TCI) (Svrakic et al. 1993; Duijsens et al. 1997). Assault, verbal hostility, indirect hostility and irritability were determined using the Buss-Durkee Hostility Inventory (BDHI) (Buss and Durkee 1957). Cognitive impulsivity, motor impulsivity and non-planning were measured with the Barratt Impulsiveness Scale (BIS-11) (Barratt 1991). Depression was assessed with the Beck Depression Inventory (BDI) (Beck and Beamesderfer 1974; Bouman et al. 1985), and trait anxiety with the Spielberger State-Trait Anxiety Inventory (STAI-DY) (Spielberger et al. 1970; Van der Ploeg et al. 1979). Cognitive performance Neuropsychological tests were primarily chosen to assess psychological domains which have been related to serotonergic functions, particularly memory (Buhot 1997). The tests were performed using FePsy, an automated computerised battery of validated neuropsychological tasks (Alphers and Aldenkamp 1994). The Corsi Block Tapping Test (Milner 1971; Aarts et al. 1983) consists of nine grey buttons on the screen. It starts with three buttons flashing in serial order. The task of the participant is to tap out the same order. If all responses are correct, the number of flashing buttons is increased in increments of one until the participant fails on two consecutive trials. This maximum was defined as the “span”. Subsequently, the “superspan” was determined as 24 trials of “span plus one” buttons. Working memory was assessed following serial and simultaneous presentation of six words and figures (four tests altogether) (Sternberg 1969). After presentation of these items, recognition was tested by presentation of six stimuli: five new items and one previously shown. Participants had to point out the one presented before. Each test consisted of 24 random presentations. For each recognition task the number of correct responses and the mean reaction times of correct responses were determined. These tests are influenced not only by recall, but also by reaction times [evaluated separately on the non-dominant hand in response



198 to simple auditive and visual stimuli, and to a Binary Choice Task (Moerland et al. 1986)], and by general information processing. Information processing was studied with a visual searching task and a classification task. In the searching task (Goldstein et al. 1973; DeMita and Johnson 1981), participants had to identify one grid pattern out of 24 as quickly as possible, matching the one shown in the screen centre. After 12 presentations the surrounding grids changed. The number of errors and mean searching time of correct responses were measured. The classification task (Robinson et al. 1980; Anderson et al. 1991) was an adaptation of the original Wisconsin Card Sorting Task, where the participant had to identify the sorting criteria for four stimuli cards, through a trial-and-error process with feedback from the computer program. Serotonergic function A double blind, cross over challenge test of 30 mg dexfenfluramine or placebo was performed with a washout-period of at least 5 days. After an overnight fast, participants were collected by taxi and received a glucose drink upon arrival. Participants were excluded if urine was positive for cocaine, amphetamines, benzodiazepines or opiates (using Abuscreen Ontrak, Roche Diagnostic Systems, Mijdrecht, The Netherlands); or for MDMA, MDA or MDEA (using TDx, Abbott, Amstelveen, The Netherlands). Cortisol and prolactin samples were obtained hourly for 7 h and measured as described previously (Gijsman et al. 1998). To check whether differences in dexfenfluramine effects could be related to underlying differences in drug disposition, serum concentrations of dexfenfluramine and of its most important metabolite nor-dexfenfluramine were measured by gas-liquid chromatography with mass selective detection. The detection range was 1–100 ng/ml. Data analysis Differences between the three groups in cognitive and psychological parameters were analysed by Student’s t-test. For significant Table 1 Demographics



Age Body weight Number of rave parties visited in past 12 months



Level of education Lower general or vocational Intermediate At least preuniversity



between-group contrasts, potential confounding variables were entered collectively into an analysis of covariance to investigate whether a change in size of the contrasts could be induced. These variables were: use of alcohol per day; cannabis (lifelong cumulative use, and frequency of use in previous 3 months); amount of time since last use of ecstasy; BDI score; STAI-DY score; retrospective ADHD criteria; school level. The effects of dexfenfluramine were summarised by subtracting the time-corrected area under the effect curve (AUEC) under placebo from the AUEC under dexfenfluramine. All three possible comparisons between groups were made by two-tailed Student’s ttests. For significant between-group contrasts, potential confounding variables were entered into an analysis of covariance, to investigate whether a change in size of the contrasts could be induced. These variables were: body weight, daily use of alcohol, cannabis (lifelong cumulative use, and frequency of use in previous 3 months); time since last use of ecstasy; AUC (nor)dexfenfluramine; TCI subscales reward dependence, harm avoidance and novelty seeking; BDI score; STAI-DY score, retrospective ADHD criteria. Calculations were performed using SPSS for Windows V6.1.2 (SPSS, Inc., Chicago, Ill., USA). All P-values are twotailed and an alpha level of 0.05 was used throughout.



Results Demographics and substance use Demographics for the three participant groups are provided in Table 1. There were no significant differences in age, body weight or level of education. On average, the heavy ecstasy user group visited more rave parties in the previous year than the other two groups, but the differences were not statistically significant. Table 2 shows that the difference in mean cumulative lifelong ecstasy use between the Non-users (n=20) Mean (SD)



Moderate users (n=21) Mean (SD)



Heavy users (n=21) Mean (SD)



20.6 (2.2) 73.8 (11.1) 32.5 (24.9)



22.1 (2.3) 74.9 (8.4) 33.5 (25.2)



21.7 (2.8) 71.5 (10.7) 47.0 (31.8)



Number



Number



Number



1 6 13



3 7 11



7 5 9



Table 2 Characteristics of ecstasy use



Differences in means between moderate versus heavy users aP 
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