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Abstrac t t 
RationaleRationale - Although 3,4-methylenedioxymethamphe-
tarminee (MDMA or "Ecstasy") has been shown to 
damagee brain serotonin (5-HT) neurons in animals 
andd possibly humans, little is known about the long-
termm consequences of MDMA-induced 5-HT neuro-
toxicc lesions on functions in which 5-HT is involved, 
suchh as cognitive function. Because 5-HT transporters 
playy a key element in the regulation of synaptic 5-HT 
transmissionn it may be important to control for the 
potentiall covariance effect of a polymorphism in the 5-
HTT transporter promoter gene region (5-HTTLPR) 
whenn studying the effects of MDMA on cognitive 
functioning.. Objectives - To investigate the effects of 
moderatee and heavy M DMA use on cognitive func-
tion,, as well as the effects of long-term abstention 
fromm MDMA, in subjects genotyped for 5-HTTLPR. 
Methods-Methods-1515 moderate MDMA users (< 55 lifetime 
tablets),, 22 heavy MDMA users {> 55 lifetime tablets), 
166 ex-MDMA users {last tablet > 1 year ago) and 13 
controlss were compared on a battery of neuropsycho-
logicall tests. DNA from peripheral nuclear blood cells 
wass genotyped for 5-HTTLPR using standard polyme-
raserase chain reaction methods. Results - A significant 
groupp effect was observed only on memory function 
taskss (p = 0.04) but not on reaction times (p = 0.61) 
orr attention/executive functioning (p = 0.59). Heavy 
andd ex-MDMA users performed significantly poorer 
onn memory tasks than controls. In contrast, no evi-
dencee of memory impairment was observed in mode-
ratee MDMA users. Greater use of MDMA was associa-
tedd with greater impairment in verbal memory. No 
significantt covariance effect of 5-HTTLPR was obser-
ved.. Conclusions - While the use of MDMA in quanti-
tiess that may be considered 'moderate' is not associa-
tedd with impaired memory functioning, heavy use of 
MDMAA use may lead to long lasting memory impair-
ments.. No effect of 5-HTTLPR on memory function or 
MM DMA use was observed. 

Introductio n n 
Thoughh generally regarded as relatively safe, it has 
becomee increasingly apparent that the popular recre-
ationall drug 3,4-methylenedioxymethamphetamine 
MDMAA ("Ecstasy") can lead to toxic effects on brain 
serotoninn (5-HT) neurons in animals and possibly 
humanss (McCann et al., 1998; Semple et al., 1999; 
Renemann et al., 2001a; 2001b), In animals, damage to 
5-HTT neurons has been demonstrated by reductions 
inn various markers unique to 5-HT axons, including 
thee density of 5-HT transporters (Schmidt etal., 1986; 
1987;; Stone etal., 1986; Commins et al., 1987). 

Sincee MDMA-induced 5-HT neurotoxic damage may 
leadd to impairment of functions in which 5-HT is 
involvedd (e.g., memory function) (McEnteeS, Crook 
1991;; Altman etal., 1988; Hunter 1989) it is not only 
importantt to study the effects of MDMA on 5-HT 
neurons,, but on cognitive function as well. Memory 
functionn is of particular interest since several studies 
havee found that MDMA users display significant 
memoryy impairments, whereas their performance on 
otherr cognitive tests is generally normal (Krystal et al., 
1992;; Parrottetal., 1998; Parrott 2000). In animals, 
MM DMA severely damages 5-HT axons in brain regions 
involvedd in memory function, including the hippo-
campuss and cerebral cortex (O'Hearn et al., 1988; 
Steelee et al., 1994). 

Whilee the short-term neurotoxic effects of 
MDMAA on 5-HT neurons and memory have been stu-
diedd extensively, little is known about the long-term 
effectss in humans. Studies in non-human primates 
havee shown that up to seven years after treatment 
withh MDMA neocortical brain regions remain partially 
denervatedd while others show evidence of complete 
recoveryy (Hatzidimitriou et al., 1999). Furthermore, it 
iss unclear, whether moderate use of MDMA can pro-
ducee these changes. 

Severall studies suggest that 5-HT transporters 
mayy play an important role in cognitive processes 
suchh as memory function (Meneses 1999). As a key 
elementt in the regulation of synaptic transmission in 
serotonergicc neurons, the 5-HT transporter has beco-
mee an important research target. For instance, it has 
beenn shown that selective 5-HT reuptake inhibitors in 
non-dementedd elderly depressed patients improved 
bothh mood and cognitive function (Meltzer et al., 
1998).. Recently, a polymorphism in the 5-HTtranspor-
terr promoter gene region (5-HTTLPR; Heils et al., 
1995)) has been shown to regulate 5-HT transporter 
densityy in human cell lines (Lesch et al., 1996). 
Besidess reduced 5-HT transporter expression, the in 
vitroo transcriptionally less active 5-HTTLPR s allele has 
beenn associated with depression and anxiety-related 
personalityy traits (Collier et al., 1996; Lesch et al., 
1996).. In line with this, Heinz and colleagues (2000) 
foundd reduced in vivo 5-HT transporter densities (as 
measuredd with ['^IJp-CIT SPECT) in healthy subjects 
carryingg the s allele. It has been argued that low 5-HT 
functionn may be a cause rather than an effect of 
MDMAA use, since low 5-HT levels have been linked to 
impairedd cognitive functioning and impulsivity or sen-
sationn seeking in humans (Boot et al., 2000). Based 
onn these considerations, it could be hypothesized that 
thee s allele is associated with MDMA use and/or cog-
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nitivee function, and therefore an important confoun-
dingg variable when investigating cognitive function in 
userss of this drug. 

Therefore,, the present study investigated the 
effectss of moderate and heavy MDMA use on cogniti-
vee function in subjects genotyped for 5-HTTLPR. 
Furthermore,, the effects of long-term abstention from 
MDMAA use were analyzed. We hypothesized that we 
wouldd observe: (i) a dose related effect of MDMA on 
cognitivee function, (2) impaired cognitive function in 
subjectss with a long-term abstention period from 
MDMA,, and {3) that these effects are modified by the 
ss allele of the 5-HTTLPR genotype. 

Methodss and Materials 
Participants Participants 
Threee different groups of ecstasy users were compared 
withh ecstasy-naïve but drug using controls. Subjects 
weree recruited with flyers distributed at venues asso-
ciatedd with the "rave scene" in Amsterdam with the 
helpp of UNITY, an agency which provides harm reduc-
tionn information and advice. Experimental and control 
groupss were thus recruited from the same community 
sources.. Subjects selected were matched for gender 
andd age, between 18 and 45 years, otherwise healthy, 
andd with no psychiatric history. Three different groups 
off ecstasy users were recruited: 15 moderate ecstasy 
userss ("MDMA group"), 22 heavy ecstasy users 
("MDMA+group"),, and 16 ex-ecstasy users ("ex-
MDMAA group"). The eligibility criterion for the MDMA 
groupp was previous use of maximum 50 tablets of 
ecstasy,, whereas the MDMA+ group had to have used 
att least 50 tablets prior to the study. The ex-MDMA 
groupp had to have taken a minimum of 50 tablets but 
stoppedd using ecstasy for at least 1 year prior to the 
study.. The cut-off point of 50 lifetime tablets was based 
onn previous findings of increased risk of developing 
psychiatricc disturbances in people with a lifetime con-
sumptionn of 50 or more MDMA tablets (Schifano et 
al.,, 1994). The 13 controls were healthy subjects with 
noo self-reported prior use of ecstasy. 

Participantss agreed to abstain from use of all 
psychoactivee drugs for at least 3 weeks before the 
study,, and were asked to undergo urine drug scree-
ningg (with an enzyme-multiplied immunoassay for 
amphetamines,, barbiturates, benzodiazepine meta-
bolites,, cocaine metabolite, opiates, and marijuana) 
beforee enrolment. Subjects were interviewed with a 
fullyy structured computer assisted diagnostic psychia-
tricc interview (Composite International Diagnostic 
Interview:: GDI , version 2.1) to screen for current axis I 
psychiatricc diagnoses. After testing urine samples, 

exclusionn criteria were: a positive drug screen; preg-
nancy;; and a severe medical or neuropsychiatry 
illnesss that precluded informed consent. 

Subjectss were informed that reimbursement for 
participationn was contingent on no evidence of drug 
usee on the urine sample. The institutional Medical 
Ethicss Committee approved the study. After complete 
descriptionn of the study to the subjects, written infor-
medd consent was obtained from all participants. 

NeuropsychologicalNeuropsychological testing 
Wee selected a battery of widely used tests that have 
beenn related to serotonergic functions, particularly 
memoryy (Buhot 1997). 
Testt  o f genera l intelligenc e 

 Dutch Adult Reading Test (DART; Schmand et al., 
1992).. Fifty words with irregular spelling are read 
aloud.. The number of correctly read words is transfor-
medd into an estimate of verbal intelligence (DART-IQ). 
Thee DART is the Dutch counterpart of the National 
Adultt Reading Test (NART; Nelson 1982). This test 
givess an estimate of premorbid intelligence as it is 
relativelyy insensitive to cognitive deterioration due to 
neurologicc disorders. It was used to describe the 
samplee and as a covariate in the statistical analyses. 
Reactio nn Times 

 Reaction times were tested using FePsy, an automa-
tedd computerized battery of validated neuropsycholo-
gicall tasks (Alpherts&Aldenkamp 1994). Reaction 
timess were evaluated separately on the non-dominant 
handd and dominant hand in response to simple auditi-
vee and visual stimuli, and to a Binary Choice Task. 
Memor yy functio n 

 Logical Memory of the Rivermead Behavioural 
Memoryy Test (Wilson et al., 1985). A 21-item news 
messagee is read to the subject, who repeats as many 
itemss as he or she can remember. After a 15-minute 
intervall he or she is asked to recall the message again. 
Scoree is the number of items recalled. In view of the 
limitedd reliability of this type of test, two messages 
weree used and the scores were summed. 

 Visual Reproduction subtest of the Wechsler 
Memoryy Scale- Revised (WMS-R; Wechsler 1987) 
Fourr geometric figures are shown to the subject, one 
byy one during 10 seconds. Immediately after presenta-
tionn the subject draws each figure from memory. After 
aa delay of 30 minutes he is asked to draw the figures 
oncee again. The number of correctly reproduced ele-
mentss is scored. Total scores range to a maximum of 
411 points. 

 Rey Auditory Verbal LeamingTest (RAVLT; Reyig64). 
Thee subject memorizes a series of 15 words in five lear-
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ntngg trials. Following a 20-minute delay, the subject is 
askedd to recall the word list. Raw scores are used. 

 Corsi Block-tapping Test (Mi lner io j i ) This is a test 
off spatial memory span. The subject has to reproduce 
aa series of taps on blocks that are randomly dispersed 
onn a board. The length of the series is gradually incre-
asedd until the subject consistently fails. 

Testss of attentio n and executiv e functionin g 
 Category fluency (Luteijn & Van der Ploeg 1983). 

Namingg animals and occupations, for 1 minute each. 
Scoree is raw number correct in 2 minutes. 

 Controlled Oral Word Association Test (COWAT; 
Bentonn & Hamsher 1976). During 1 minute the sub-
jectt must say as many words as he or she can think of 
thatt begin with a given letter. Three trials with diffe-
rentt letters were done. Score is raw number correct in 
22 minutes. 

 Stroop Color Word Test (Stroop 1935; Hammes 
1971).. This test measures perceptual interference, 
responsee inhibition, and selective attention by having 
subjectt name colors, and name the color of ink of 
color-wordss when the words are printed in a non-mat-
chingg colored ink. Score is the time to completion in 
secondss for 100 items. 

 Trail making Test part A and B (Reitan 1958; 1992). 
Thee task is to connect numbers (part A) and to con-
nectt numbers alternating with letters (part B) on a 
sheett of paper. This is a test of visual scanning, visuo-
motorr and conceptual tracking, mental flexibility, and 
motorr speed. Score is time to completion in seconds. 

 Wisconsin Card Sorting Test (WCST; Heaton et al., 
1993),, This test uses a deck of cards on which diffe-
rentt numbers of different forms in different colors are 
shown.. The task is to sort the cards according to one 
off three possible sorting rules (color, number, or 
form).. These rules are not told to the subject; he or 
shee must identify the sorting rules. However, after 
eachh sort feedback is given on whether it was correct. 
Oncee a sorting rule has been found (ten correct sorts 
onn a row), the sorting rule is changed without war-
ning,, so that the subject has to shift to a different rule. 
Off particular interest are perseverative errors of the 
kindd where the subject keeps sorting according to a 
previouslyy correct rule or to a rule that he or she was 
toldd to be wrong in the immediately preceding sort. 
Thee WCST is a test of concept formation and set shif-
ting.. Scores are the raw numbers of errors, persevera-
tionss and sort shifts ("categories"). 

Genotyping Genotyping 
Genotypingg was performed using peripheral nuclear 
cellss obtained by centrifugation of approximately 5 mL 

bloodd from the antecubital vein. 5-HTTLPR I and s 

alleless were analyzed using polymerase chain reaction 

ass described elsewhere (Lesch et al., 1996; Heils et al., 

1995)--

StatisticalStatistical Analyses 
CharacteristicsCharacteristics of the sample 
Differencess in continuous variables (log transformed 
iff necessary) between the four groups were analyzed 
usingg ANOVA and Bonferroni post hoc analysis. 
Differencess in the prevalence of subjects carrying the 
ss allele between MDMA users and control subjects 
weree investigated using the Chi-square test. In addi-
tion,, Pearson correlation analyses was performed 
betweenn the 5-HTTLPR genotype and extent of pre-
viouss MDMA use. 
NeuropsychologicalNeuropsychological testing 

Differencess between the four groups in the three main 
cognitivee domains (reaction speed, memory function 
andd attention/executive functioning) were analyzed 
usingg general linear model-based MANOVA, with one 
betweenn group factor (Croup) and five potential cova-
riantss (age, gender, DART-IQ, 5-HTTLPR and extent of 
previouss cannabis use). If MANOVA revealed a signifi-
cantt group effect, we investigated differences in cog-
nitivee parameters between groups by one-way ANOVA 
andd Bonferroni post hoc analysis. 

Correlationss between cognitive parameters (on 
whichh the four groups differed significantly) and 
extentt of previous M DMA use were assessed using 
Pearsonn correlation analyses. Because age, gender, 
verball intelligence and extent of previous cannabis 
usee have been shown to be highly associated with the 
majorityy of memory tests, we also performed partial 
correlationss to control for age, gender, DART-IQ and 
extentt of previous cannabis use. In addition, partial 
correlationss were assessed between cognitive para-
meterss and extent of previous cannabis use while con-
trollingg for age, gender, DART-IQ and extent of pre-
viouss MDMA use. 

Thee chance of a type I error a was set at 0.05 
usingg two-tailed tests of significance. In case 
Bonferronii corrections were made, statistical signifi-
cancee within the text will be reported as a corrected p 
value.. All data were analyzed using SPSS version 10.0 
(SPSS,, Inc., Chicago., Ill, USA). 

Result s s 
CharacteristicsCharacteristics of the sample 
Thee three groups were similar for age, and gender dis-
tribution.. The level of education was significantly 
lowerr in MDMA users. However, MDMA users did not 
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TableTable i . Demographics, prevalence of current depression and other recreational drug exposure' 

Agee (y) 

Male/female e 

Educationn (y) 

DART-IQ^ ^ 

AlcoholAlcohol and other recreational drug use 

Alcoholl (no.alcoholic consumptions/week} 

Tobaccoo (cig./day) 

Lostt J months use of: 

Cannabiss (no joints) 

Amphetaminee (no. times used) 

Cocainee (no. times used) 

Dataa are expressed in mean  SD 
 DART = Dutch Adult Reading Test 
 Significantly different from controls (Bonferroni corrected p value = 0.004} 

'' Significantly different from controls (Bonferroni corrected p value = 0,037) 
 Significantly different from controls (Bonferroni corrected p value = 0.018) 

Control s s 

nn = T3 

25.00 (3.6) 

7/6 6 
U-5(i-3) ) 
105.88 (7.2) 

12.77 (12.2) 

9-33 (5 ) 

3-66 (37) 
0.33 (0.6) 

0 0 

MDMA A 

nn  = i S 

24.66 (6.1) 

9 / 6 6 

13.11 (2.3} 

111.6(9.9) ) 

15.4(12.5) ) 

8.88 (7-4) 

53-00 (69.4) 

i-33 (3-5) 
2.22 (2.1) 

MDMA + + 

nn = 22 

26.22 (5.3) 

11/11 1 

12.66 (2.2} 

105.22 (8.5) 

11.8(12.6) ) 

10.22 (10.6) 

81.77 (128.7)-= 

3-33 (6-3) 
4.11 (30) 

ex-MDMA A 

nn = i 6 

25-33 (54) 
8/8 8 
11.88 (2.4)5 

103.9(98) ) 

14.8(11.7) ) 

13.0(8.1) ) 

114.22 (220.5) 

0 0 

0 0 

differr from controls in verbal intelligence {DART-IQ} 
(Tablee 1}. 

Thee use of alcohol, tobacco, cocaine and amphe-
taminee was higher in MDMA users compared to con-
trols,, although not statistically different. MDMA-users 
indicatedd having used significantly more cannabis in 
thee three months prior to this investigation than con-
trolss (Table 1}. None of the subjects under study repor-
tedd using drugs other than the ones fisted in Table i, 
suchh as for instance phencyclidine or opiates. 

Apartt from the anticipated differences between 
groupss due to inclusion criteria, no significant differen-
cess between the different subgroups of M DMA users 

TableTable 2. Characteristics of MDMA use 

MDMAA MDMA+ ex-MDMA 

Durationn of use (yean) 4,1 (2,6) 5.5 (2.7) 4.6 (2.6} 

Usuall dose (tablets) 1.4(0.5)' 2.2(0.7) 2.1(1.0) 

Lifetimee dose (tablets) 28.6(17.8)' 485.0(598.1) 268,1(614.3) 

Timee since last tablet 

(months)(months) 3.6 (5.9) 2,4 (2.4) 29.0 (20.4)' 

Significantlyy different from MDMA» (Bonferroni corrected p value = 
o.OO)) and ex-MDMA group (Bonferroni corrected p value = 0.03) 

;; Significantly different from MDMA» (Bonferroni corrected p value = 
0.00)) and ex-MDMA group [Bonferroni corrected p value = 0.02) 
Significantlyy different from MDMA (Bonferroni corrected p value = O.Oo) 
andd MDMA+ group (Bonferroni corrected p value = 0.00) 

wass observed. Whereas recent M DMA users (moderate 
andd heavy) were analyzed on average 2-4 months after 
takingg their last tablet, this was 29 months for the ex-
MDMAA group (Table 2). 

NeuropsychologicalNeuropsychological testing 

Tablee 3 represents the scores on the three main cogniti-
vee domains (reaction speed, memory function and 
attention/executivee functioning) analyzed. MANOVA 
onlyy revealed a significant main effect of Croup on 
memoryy function (F = 1.66, d f= 24, p = o.03), but not 
onn reaction times (F = 0.87, df = 18, p = 0.61) or atten-
tion/executivee functioning (F = 0.92, df = 27, p = 0.58). 
Sincee a significant covariance effect of DART-IQ (p = 
0.00)) and age (p = 0.03} was observed on main effect 
off Group on memory function in the MANOVA analy-
sis,, within groups comparisons were controlled for 
thesee covariants, but not for gender (p = 0.10), 5-
HTTLPRR genotype (p = 0.44) or extent of previous can-
nabiss use (log transformed; p = o.2i). 

Univariatee ANOVA demonstrated a significant 
groupp effect on RAVLT immediate (F = 7.1, df = 3, p = 
0.00)) and delayed word recall (F = 5.6, df = 3, p = 0.00}. 
Postt hoc analysis showed that heavy, but not moderate 
(pp = o.ti), MDMA users recalled significantly less 
wordss (p = 0.00) when compared to controls. Ex-
MDMAA users also recalled significantly less words on 
thee immediate RAVLT when compared to controls (p = 
o.oi).. Similar observations were made on the delayed 
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RAVLTT recall: heavy, but not moderate (p = o.2o), 
MDMAA and ex-MDMA users recalled less words {p = 
o.oii and p = 0.04, respectively) as compared to con-
trols. . 

Extentt of previous MDMA use (log transformed) 
wass significantly associated with immediate (r = -0.42, 
pp = o.oo) and delayed RAVLT scores (r = -o.33, p = o.oi) 
(Figuree l ) . When controlling for potential confounders 
(age,, gender, DART-IQ, and extent of previous cannabis 
use)) in the partial correlation analysis, the associations 
betweenn extent of previous MDMA use and RAVLT sco-
ress remained significant (r = -o.36, d f = 6 i , p = 0.00, 
andd r = -0.28, d f= 60, p = 0.03, respectively). 

Extentt of previous cannabis use (log transformed) 
wass significantly associated with immediate (r = -0.26, 

pp = o.o4) but not delayed RAVLT scores (r = -o.n, p = 
0.38).. However, when controlling for age, gender, 
DART-IQ,, and extent of previous MDMA use, the 
observedd association between extent of previous can-
nabiss use and immediate recall did not remain signifi-
cantt (log transformed; r = -o.i4, d f= 61, p = o.27), nor 
thee delayed recall (r = -o.o2, d f= 60, p = o.88). 

Genotype Genotype 
Genotypee distribution in MDMA users was in good 
accordancee with 5-HTTLPR genotype distribution pat-
ternss found in healthy white European subjects (Lesch 
ett al., 1996): l/l, 17 (3i-5%); l/s, 29 (537%); s/s, 8 
(14.8%).. Controls and MDMA users did not differ in 
genotypee distribution patterns (p = 0.38). Finally, corre-

TableTable 3. Reaction times and cognitive performance (memory and attention)' 

MedianMedian Reaction Tinnes (miec) 

Auditivee DH 

Auditivee NH 
Visuall DH 

Visuall NH 

Binairyy choice task 

Binairyy choice (total falses) 

MemoryMemory function (total scores) 

Logicall memory immediate 

Logicall memory delayed 

WMSS immediate 

WMSS delayed 

RAVLTT immediate 

RAVLTT delayed 

Corsii Block Spar 

Corsii Block Span plus one 

AttentionAttention and executive function 

Categoryy fluency (sum score) 

Letterftuencyy (sum score} 

Stroopp color (sec) 

Stroopp color-word (sec) 

Trailmakingg A (sec) 

Trailmakingg B (sec) 

WCSTT errors 

WCSTT perseverations 

WCSTT categories 

Control s s 
(11 = 13 

242.55 (22.1} 

244.44 (34-6) 
282.11 (52.2) 

316.00 (92.8) 

382.99 {112.6} 

2-55 (3-4) 

17.99 (6.1} 

15.33 (5.8) 

394( i -9 ) ) 
36.44 (3.4) 

59-11 (7-4) 
13.11 (2.1) 

5-22 (0.7) 
5.66 (0.6) 

rigg (total scores) 

44-33 (7-5) 

44-44 (9-3) 

53-99 (90) 
82.66 {144) 

24.88 (7.5) 
47-9(12.5) ) 

355 3 (24-0) 

19-33 05-7} 
4.66 (1.5) 

MDMA A 

nn  = i5 

246.77 (28.3) 

250.11 (24.1) 

287.77 (55-2} 
298.66 (56.2) 

368.22 (53.0) 

2.66 (3.1) 

16.11 (5.2) 

12-7(54) ) 
39.22 (1.8) 

36.22 (5.5} 
51.22 (8.6} 

10.77 (3.2) 

5-7(i.i) ) 

5-99 0-o} 

47.0(12.6} } 

41.55 (9.8) 

56.7(10.5) ) 

83.55 (12.0) 

20.66 (6.5} 

49-77 04-5) 
36.77 (22.8) 

15.88 (8.5) 

4-88 0-7) 

MDMA + + 

nn  = 22 

245.22 (30.2) 

245-55 (26.8} 

257-44 (30.7) 
268.7(31.7) ) 

353-77 (67-9) 
5.00 (7-2) 

17-99 (3-8) 

14-44 (3-9) 
38.44 (2.6) 

3544 (5-6) 
47-00 (8.6) 

9.88 (2.9) 

5-66 (1.3) 
6.0(1.1} } 

45-11 (74) 
41.66 (12.6} 

53-22 (9.0) 
82.00 (15.5) 

19-99 (3-7) 
46.4(15.7) ) 
38.88 (18.3) 

19-77 (14-6) 
4 4 ( ii .6) 

ex-MDMA A 

nn  = i 6 

244-11 (290) 

254-33 (3233) 
270.33 (46.6) 

279-99 (53-6) 
368.33 (69-5} 

2.66 (1.9) 

16.33 (5.8) 

13.88 (6.2) 

377 7 (3-2) 

355 9 (41) 
48.00 (12.5) 

10.ii (2.9) 

5-77 0-3) 
6.0(1.2) ) 

41.4(10.2) ) 

39.66 {10.4) 

53-55 (7-9) 

85-55 (144) 
24.00 (n.6) 

52-55 03-5) 

35-55 (192) 
15-11 03-6) 
4-77 (2.1) 

P P 

0.61 1 

0.04' ' 

0.15 5 
0.12 2 

O.44 4 

0.91 1 
O.OO' ' 

o.ooJ J 

0.59 9 

0.51 1 

0.59 9 

Dataa are expressed in mean  SD 
Significantt group effect (MANOVA: F., = 1.66) 
Postt hoc analysis: Control vs MDMA group, corrected p = 0.11, control vs MDMA-i- group, Bonferroni corrected p = 0.00. control vs ex-MDMA group, 
Bonferronii corrected p = 0.01. 
Postt hoc analysis: Control vs MDMA group, corrected p = 0.20, control vs MDMA-t- group, Bonferroni corrected p = O.Oi, control vs ex-MDMA group, 
Bonferronii corrected p = 0.04. 
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previousprevious MDMA use (log transformed). 

lationn analysis demonstrated no significant relations-
hipss between the 5-HTTLPR genotype and extent of pre-
viouss MDMA use (p = 0.71). Thus, as also shown 
above,, the 5-HTTLPR genotype is not related to perfor-
mancee on the memory tests and is not a confounder of 
thee observed relation between MDMA use and memory 
performance. . 

Discussion n 
Ourr findings indicate impairments in memory function 
inn heavy users of MDMA with relatively intact perfor-
mancee in reaction times and tasks of attention and exe-
cutivee functioning. Similar observations were made in 
individualss who stopped using MDMA more than 1 
yearr ago. In contrast, no evidence of cognitive impair-
mentt was observed in subjects who indicated having 
usedd MDMA in quantities that may be considered 
'moderate'.. Ourr results indicate that higher lifetime 
dosess of MDMA are associated with greater decre-

mentss in memory function. Lastly, our data provide no 
evidencee for a role of 5-HTTLPR genotype in MDMA 
(ab)usee or cognitive performance. 

Thee present observations made in heavy users of 
MDMAA are generally consistent with previous reports 
suggestingg that recreational MDMA users display signi-
ficantficant memory impairments, whereas performance on 
otherr cognitive tests is generally normal (Parrott 2000; 
Spattt et al., 1997; Morgan 1998; Parrott et al., 1998). 
Impairmentss have been demonstrated in immediate 
andd delayed verbal recall (Parrott et al., 1998; Bolla et 
al.,, 1998; Morgan 1999) and in verbal working memory 
(Wareingg et al., 2000). Presently, differences in memory 
functionn between MDMA users and controls were 
observedd only using RAVLT. This may result from the 
factt that the RAVLT is known to be a very reliable test. 
Testt re-test correlation scores (with an interval of 2 
months)) for RAVLT are higher than for the other memo-
ryy tests administered in this study: 0.80 and 0.83 for 
RAVLTT immediate and delayed recall, respectively (Van 
denn Burget al., 1985). For the other memory tests 
administeredd in this study the correlation coefficient 
variess from 0.60 (WMS) to 0.75 (Logical memory) 
(derivedd from WMS-III, 1997; Wechsler 1997). 

Inn agreement with previous studies we observed 
thatt greater use of MDMA is associated with greater 
impairmentt in immediate verbal memory. Interestingly, 
wee observed that individuals who had stopped heavy 
usee of MDMA for more than year preformed equally 
poorr on the word recall test as recent heavy M DMA 
users.. Shum and co-workers (2000) reported on RAVLT 
scoress of patients with similar age and educational 
levell to our subjects who had suffered from severe trau-
maticc brain injury (TBI) 2 years previously. Criteria for 
severee TBI were: a Glasgow Coma Scale < 9 or a dura-
tionn of posttraumatic amnesia of more than 7 days. 
Scoress on the immediate RAVLT were 59.4 in controls 
vs.. 47.4 in the TBI patients, and approximately 13.8 vs. 
10.8,, respectively, on the delayed recall. These scores 
aree comparable to the scores presently observed in 
heavyy recent and ex-MDMA users, which may indicate 
thee severity and clinical significance of the memory dis-
turbancess induced by MDMA use. However, it is likely 
thatt the memory impairments will not be noticed by the 
subjectss themselves because the deterioration is a gra-
duall one and extends over a long period of time. It is 
possiblee that the cognitive impairment becomes appa-
rentt only after many years when the effects of normal 
agingg add to the possible 5-HT neurotoxic damage . 

Thee persistent memory problems in ex-MDMA 
userss may suggest irreversibility of MDMA-induced 5-
HTT neurotoxic changes in brain regions involved in 
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memoryy functions. In line with this, it has been shown 
inn non-human primates that cortical 5-HT terminal 
markerss remain decreased up to seven years after 
MDMAA treatment, particularly prominent in the hippo-
camuss (Hatzidimitriou et al., 1999). To our knowledge 
noo study has previously investigated the effects of long-
termm M DMA abstention on memory function. 

Withh respect to moderate MDMA users, contrary 
too findings in previous studies in which 'novice' MDMA 
userss (Parrott et al., 1998; Bhattachary& Powell 2001) 
demonstratedd verbal memory deficits, we did not 
observee memory deficits in moderate users of this 
drug.. As discussed above, presently only subjects with 
highh MDMA exposure (> 55 tablets, on average 530 
tabletss lifetime) were found to have memory deficits. 
Discrepanciess between the previous studies may be 
attributedd in part to the fact that subjects in our study 
abstainedd from psychoactive drugs for at least 3 weeks. 
Thus,, acute or partial residual effects, or drug withdra-
wal,, may have caused the memory disturbances noted 
inn the study by Parrott (1998). Alternatively, subjects in 
thee previous mentioned studies may have used extre-
melyy high doses of MDMA, causing brain 5-HT neuro-
toxicityy despite the small number of separate drug 
exposures.. One other study reported memory pro-
blemss in moderate MDMA users (Verkes etal., 2001). 
However,, the moderate users had used on average 169 
tabletss (lifetime), as opposed to 29 tablets in the cur-
rentt study. In any case, it is well known from animal 
studiess that higher dosages of M DMA produce greater 
neurotoxicc lesions (Steele et at., 1994). In line with this, 
wee presently observed dose-related decreases in 
memoryy function. In a study by Bolla and colleagues 
{1998)) in which CSF 5-HIAAand memory function was 
assessedd in abstinent MDMA users, only individuals 
withh more profound decrements in CSF 5-HIAA (presu-
mablyy reflecting a greater extent of 5-HT injury) had 
detectablee difficulties with memory function. In line 
withh this, we previously reported that post-synaptic cor-
ticall 5-HT2A receptors {presumably reflecting lower 
synapticc 5-HT levels) correlated positively with RAVLT-
recalll in MDMA users (Reneman et al., 2000). 

Wee presently investigated the potentially confoun-
dingg influence of heritable effects on memory function 
andd the use of MDMA, It was observed that the 5-
HTTLPRR genotype was not associated with memory 
functionn or MDMA use. Although studies observed an 
importantt role of 5-HT transporters in cognitive proces-
sess such as memory function (Meltzeret al., 1998), we 
previouslyy did not observe a correlation between 
memoryy function and cortical 5-HT transporter densi-
tiess obtained in MDMA users and MDMA-naïve sub-
jectss (Reneman etal., 2001b). Although there are stu-

diess suggesting that the s allele is associated with 
depressionn and anxiety-related personality traits 
(Collieretal.,, 1996; Lesch etal., 1996), other studies 
failedd to find such an association (Hoehe et al., 1998; 
Mendess et al,, 1998}. Thus, the findings of the present 
studyy suggest that the observed memory deficits in 
MDMAA users do not result from a genetic predisposi-
tionn to low 5-HT transporter densities (the s allele), but 
probablyy result from the use of MDMA itself. 
Furthermore,, the use of MDMA does not seem to 
resultt from pre-existing differences in 5-HT transporter 
densities,, since genotype distribution in MDMA users 
wass in good accordance with 5-HTTLPR genotype 
foundd in healthy European subjects (Lesch et al., 1996), 
andd did not differ from the distribution found in control 
subjects.. However, because of our small sample size, 
thee preliminary findings remain to be proven. 

Wee previously reported gender differences in the 
neurotoxicc effects of MDMA (Reneman etal., 2001a}, 
sincee greater reductions in 5-HT transporter densities 
weree observedd in female than in male MDMA users, 
suggestingg that females are more susceptible than 
maless to the neurotoxic effects of MDMA. In line with 
this,, a recent study suggested a more pronounced sub-
jectivee response to MDMA in females compared to 
maless (Liechti et al., 2001). In addition, McCann and 
co-workerss (1994) observed greater reductions in 5-
HIAAA in female than in male MDMA users, suggesting 
thatt females may be more susceptible than males to 
thee neurotoxic effects of MDMA. In contrast to this, we 
presentlyy did not observe differences between males 
andd females in the effects of MDMA on memory func-
tion.. Previous studies have failed to investigate the 
effectt of gender on memory function in MDMA using 
subjects,, or not observed an effect. However, Bolla and 
colleaguess (1998) reported that females were less 
susceptiblee than males to MDMA dose-related decrea-
see in memory function. 

Itt is common for MDMA users to consume can-
nabis,, making it difficult to recruit MDMA users who 
havee not also used cannabis. Recent studies have poin-
tedd out the importance of taking cannabis consump-
tionn into account when studying MDMA-related cogni-
tivee impairment (Croftetal., 2001; Rodgers 2000). 
However,, the adverse effects of long-term cannabis use 
onn cognitive skills have not been clearly demonstrated 
inn the literature (Fletcher et al., 1996). For instance, 
Couzoulis-Mayfrankk and co-workers (2000) did not 
observee differences in cognitive performance between 
cannabiss users and ecstasy users or controls, whereas 
Croftt and co-workers (2001) observed no difference in 
cognitivee functioning between combined cannabis and 
MDMAA users as compared to sole cannabis users. In 
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thee present study, three lines of evidence suggest that 
thee deficits in the heavy recent and ex-MDMA users 
discussedd above were not related to cannabis con-
sumption.. The first is that if cannabis was responsible 
forr the observed memory impairments then a signifi-
cantt covariance effect of cannabis on memory function 
inn the MANOVA analysis might be expected, which 
wass not the case. The second piece of evidence is that 
noo association between extent of previous cannabis 
usee and memory function was observed after control-
lingg for potential confounders, as was observed for 
extentt of previous MDMA use. Previous studies have 
alsoo failed to demonstrate an association in MDMA 
userss between extent of previous cannabis use and 
memoryy function (Bhattachary & Powell 2001). Finally, 
thee poor memory performance in heavy and ex-M DMA 
usingg subjects is unlikely to be due to acute or partial 
residuall effects of cannabis since all participants 
reportedd that they had abstained from use of cannabis 
orr other psychoactive drugs (including MDMA) for at 
leastt 3 weeks before the study, which was checked in 
thee urine. Thus, although cannabis may have contribu-
tedd to some extent to the poorer performance of heavy 
andd ex-MDMA users compared with MDMA-naïve 
subjects,, cannabis is unlikely to fully account for the 
presentt findings. Recently a longitudinal study was 
publishedd (Zakzants &, Young 2001) in which memory 
functionn was assessed over the period of 1 year in 15 
currentt users of MDMA. Continued use of MDMA was 
associatedd with a progressive decline in terms of 
immediatee and delayed recall of a short passage (logi-
call memory). 

Wee cannot exclude the possibility that the use of 
otherr drugs than MDMA and cannabis (as discussed 
above)) may have differed between groups and have 

contributedd to the impairments observed here. We 
minimizedd the influence of other drugs than MDMA 
andd psychosocial factors by taking a control group 
fromm the same population as which the MDMA users 
weree recruited from. This differs conspicuously from 
mostt previous studies, where controls came from a 
universityy or general population. 

Unfortunately,, we were not able to assure absti-
nencee from M DMA for more than one year in the ex-
MDMAA users. In future studies, hair-sample analysis 
mayy be useful to ascertain long periods of abstinence 
fromm MDMA. In addition, follow-up studies in human 
subjectss with known MDMA-induced neurotoxicity 
needd to be conducted to allow definite conclusions on 
reversibilityy of memory impairments in humans. 

Thee observed memory impairments in heavy and 
ex-MDMAA users cannot readily be attributed to diffe-
rencess in verbal language skills, since the groups were 
alll comparable with one and another on a measure of 
verball IQ (DART). Likewise, it seems unlikely that they 
reflectt generalized impairments of attention or con-
centration,, since the groups did not differ on any of the 
taskss investigating these factors. 

Inn summary, our data suggest dose-dependent 
decreasess in memory function in MDMA users, which 
mayy not be reversible since individuals who had stop-
pedd using MDMA more than I year ago have impaired 
memoryy function, similar to recent MDMA users. In 
addition,, our data provide no evidence for a role of 5-
HTTLPRR genotype in cognitive performance or MDMA 
(ab)use. . 
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