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Abstract

In a randomised double-blind trial the subjective, neuropsychological and brain activation effects of the two enantiomers of the
MDMA (ecstasy-) like drug N-ethyl-3,4-methylenedioxyamphetamine (MDE) were studied in fiv normal subjects using functional
magnetic resonance imaging (fMRI). (S)-MDE produced elevated mood, impairments in conceptually driven cognition and marked
right frontal activation. In contrast, (R)-MDE produced increased depression, enhanced visual feature processing, and activation of
visual cortical and left frontal areas. Plasma concentrations were higher for the (R)-enantiomer. The so-called entactogenic effects
of MDE are likely to be caused by the (S)-enantiomer, whereas (R)-MDE appears to be responsible for neurotoxic effects.
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With the advent of cognitive neuroscience and func-
tional brain imaging, the subjective as well as objective
brain activation effects of psychotropic agents can be
studied in unprecedented detail in human subjects.

Substituted amphetamine derivatives, such as N-
methyl-3,4-methylenedioxyamphetamine (MDMA,
ecstasy) widely used as a recreational drug and N-ethyl-
3,4-methylenedioxyamphetamine (MDE, eve) induce
subjective effects that are described by users as different
from classic hallucinogens such as lysergic acid diethyl-
amide (LSD) and stimulants such as amphetamine
(Nichols, 1986). These effects consist of changes in
affect, perception, and cognitive style described as ‘oce-
anic boundlessness’ and peaceful experiences of
emotional closeness, and were confirme in controlled
double-blind experiments with normal subjects
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(Gouzoulis-Mayfrank et al., 1999a,b). Pharmacologi-
cally, these agents affect the serotonergic (5-HT) as well
as catecholaminergic system, releasing 5-HT as well as
dopamine from presynaptic terminals (Johnson et al.,
1986; Hegadoren et al., 1995).

There is now an increasing body of evidence that the
repetitive use of MDMA causes a series of psycho-
pathological and neuropsychological deficit in abstinent
users, such as depression (Curran and Travill, 1997) and
impairments in higher executive processing (Morgan,
1999; Parrot, 2000; Gouzoulis-Mayfrank et al., 2000;
Wareing et al., 2000). These deficit are generally
believed to be the result of serotonergic neurotoxicity
(Sprague et al., 1998) concluded from animal and human
studies (Parrot et al., 1998; McCann et al. 1998, 2000;
Ricaurte et al., 2000).

While MDMA and MDE share a similar acute psy-
choactive profile MDE is known to be less neurotoxic
than MDMA (Ricaurte et al., 1987). MDE exists in two
enantiomers because of an asymmetric C-atom in C9-
position. Behavioural studies in mice have shown enan-
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tiomer-specif c effects, suggesting stereo-specif c drug–
receptor interactions. In particular, the hallucinogenic
effects of MDE have been completely attributed to the
(R)-enantiomer, whereas the (S)-enantiomer has been
related to amphetamine-like effects (Nichols, 1994).
Given the practical importance of the use of ecstasy in
society, the limited knowledge of its mechanisms of
action, and the complete absence of data on enantiomer-
specif c effects in humans, we used functional magnetic
resonance (fMRI) during a language and a perceptual
task, in addition to neuropsychological tests and subjec-
tive rating scales, to study the differential effects of the
(R)-MDE and (S)-MDE in a double-blind randomised
study.

While the mood-elevating effects of (S)-MDE may be
caused by dopaminergic projections to the frontal cortex,
high densities of 5-HT uptake sites in subcortical regions
(Scheffel et al., 1998) and in primary visual cortex
(Morrison and Hof, 1992; Nauta and Feirtag, 1990) pro-
vide a possible mechanism of the visual hallucinogenic
effects of the (R)-MDE. Accordingly, we reasoned that
the subjective effects of both enantiomers should be dis-
sociable on a subjective, neuropsychological, and brain
imaging level. Therefore, we have chosen experimental
paradigms tapping into the respective processes of low
level vision and high level cognitive functioning. Out-
side the MR scanner, standard neuropsychological para-
digms were used (visual pop-out search, Wisconsin Card
Sorting Test, semantic priming paradigm) whereas for
use within the MR scanner, a semantic and a perceptual
paradigm were adapted according to our previous experi-
ences (Spitzer et al., 1996).

To assess early and supposedly automatic visual pro-
cesses as functions of occipital visual cortical areas, a
visual popout search task was used. For the assessment
of controlled conceptual thought processes, supposedly
subserved by frontal brain areas, the Wisconsin Card
Sorting Test (WCST) was administered. In order to
assess the effects of the two MDE enantiomers on sem-
antic processing independently of the task used in the
MR-scanner, reaction times for associated, indirectly
associated and non-associated words were recorded in a
semantic priming task. In order to investigate perceptual
effects, supposedly related to hallucinogenic activity, as
well as substance related actions on higher cognition, a
colour and a semantic discrimination task were used dur-
ing data acquisition in the MR-scanner (Fig. 2a). Subjec-
tive and behavioural effects of the drugs were studied
using self-rating scales before and after drug intake.

1. Methods

1.1. Subjects

The study was carried out in accordance with the Dec-
laration of Helsinki. We obtained permission from the

Local Internal Review Board (Landesärztekammer,
Baden-Württemberg) as well as the German Drug
Agency to investigate f ve healthy young male phy-
sicians with no history of drug abuse and psychiatric or
neurologic disorders. All subjects were right-handed
according to the Oldf eld (Oldf eld, 1971) handedness
quotients (range between: +95 and +100). None had any
sign of colour blindness or visual f eld defects. All sub-
jects gave written informed consent prior to the study.

1.2. Study design

A f xed dose of 70 mg MDE hydrochloride (59 mg
base) of either enantiomer was given to each subject in
a randomised double-blind design. On the days before
each test session subjects were well trained on parallel
versions of the neuropsychological tasks and familiar-
ised with the instructions of both the tasks and the
psychopathometric scales. On test day baseline measures
were taken before drug application at 09:00 a.m. fMRI
measurements took place about 90 min thereafter.
Immediately after scanning the neuropsychological tests
as well as the psychometric scales were administered in
a randomised order across subjects and test days. Blood
samples were collected from a cannulated forearm vein
immediately before drug intake and 10 min, 20 min, 30
min, 60 min, 90 min, 2 h, 4 h, 6 h, 10 h, 12 h, 14 h, 24
h, 30 h, and 34 h thereafter. Plasma concentrations were
measured using a new established enantioselective
HPLC method with f uorimetrical detection. Pharmaco-
kinetic data were calculated according to the standard
noncompartmental model with the TopFit 2.1 program
(Heinzel et al., 1993). After a washout phase of at least
2 weeks the same procedure was replicated for the
other enantiomer.

1.3. Experimental behavioural procedures

To measure visual pop-out search (Treisman and Sato,
1990; Derrington, 1996) an oblique white bar was
embedded within a display of vertical white bars of the
same height and width. The number of distractors were
4, 8, 12, 16, resulting in four different set sizes. There
were 12 trials with and 12 without a feature target for
each set size, giving a total of 96 trials in randomised
order. Subjects responded with their right index f nger
when a target was present. Pre- and post-drug reaction
time analyses revealed non-signif cant parallel slopes of
mean reaction time over increasing set sizes. Therefore,
to enhance statistical power individual mean reaction
times for target search were calculated for each set size
under the two drug conditions. After pooling both pre-
sessions data analysis was conducted by means of a one-
factor MANOVA with repeated measures (pre, post-(S)-
MDE, post-(R)-MDE). For post-hoc analyses Newman–
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Keuls tests were used to correct for multiple compari-
sons (nominal p level, p�0.05).

A computerised version of the Wisconsin Card Sort-
ing Test was used very parallel to the test modus pro-
posed by Nelson (Nelson, 1976). This modif cation elim-
inates all ambiguous cards, reducing the number of trials
(48-card pack). Alternations of the sorting rule after six
correctly sorted single trials are presented by the PC.
Owing to this modif cation the number of sorting errors
is rather small in young healthy controls. Reaction times
after each rule alternation were used to calculate switch-
ing costs for rule alternations. The median of the last
three correctly sorted trials before a change of the sorting
criterion was calculated. These values were subtracted
from the reaction time of the f rst correctly sorted card
after rule change. After pooling the data from both pre-
measures, drug effect analyses were computed by means
of a one-factor MANOVA for repeated measures with
three levels (pre, post-(S), post-(R)). For post-hoc analy-
ses the Newman–Keuls test was used to correct for mul-
tiple comparisons (nominal p level, p�0.05).

The priming tasks (Spitzer et al., 1993) consisted of
four conditions: directly associated, indirectly associa-
ted, non-associated words and pseudo-words. Subjects
had to decide whether or not a word following a prime
word was a correct word of the German language
(lexical decision). Reactions were done by button press.
Reaction times were measured by a PC. There were 18
trials for each of the non-pseudo word conditions and 54
trials embedding pseudo-words. The prime was always a
correct German word and was presented for a duration
of 200 ms. Immediately afterwards the target word
appeared centred on the PC monitor. The time frame for
a response was limited to 1500 ms. The intertrial interval
was 100 ms. There were two identical parallel forms
with different stimuli. Trials for each of the four con-
ditions were randomly mixed to avoid repetition effects
on reaction times. Median reaction times were calculated
for each condition per subject and drug enantiomer. To
reduce the number of factors, differences in reaction
times between pre- and post-drug measurements were
calculated for the non-pseudo-word conditions. Owing
to the small sample sizes, the Wilcoxon test for paired
samples was conducted to test for signif cance of the
difference times between the (S)- and (R)-enantiomers.

1.4. Psychopathometric rating scales

Four self-rating psychopathometric scales were used.
The Depression Scale (DS) (von Zerssen, 1976a) con-
sists of 16 items regarding depressive symptoms and
dysphoria. There are two parallel forms allowing
repeated tests to measure symptom change. The Actual
Subjective Mental State Scale (BfS) (von Zerssen,
1976b) has two parallel forms which makes it suitable
for repeated measurements. A set of 28 pairs of contra-

dictory adjectives allows the subject to describe the
actual subjective mental state ranging from mania to
depression. The list of Somatic Complaints (BL) (von
Zerssen, 1976c) has two parallel forms, each consisting
of 24 items. Finally, the subjects f lled out a question-
naire concerning Altered States of Consciousness (OAV,
a revised version of the ASCs; Dittrich, 1998) at the end
of the test days. Subjects had to range their experiences
after drug application retrospectively on a visual ana-
logue scale from zero to ten. The construct of ‘oceanic
boundlessness’ (OSE) was measured by items such as ‘I
felt myself to be in a wonderful world’ and ‘All things
seemed to come together in one total whole’. Owing to
the small number of subjects statistical comparisons
between the difference scores for the (R)- and (S)-enanti-
omer were computed by means of Wilcoxon tests for
paired samples.

1.5. Imaging protocols

Data were acquired with a 1.5 Tesla Magnetom
VISION (Siemens, Erlangen, Germany) whole-body
MRI system equipped with a head volume coil. T2*-
weighted functional MR images were obtained using
echo-planar imaging in axial orientation (TE=50 ms).
Image size was 64 by 64 pixels (3.6 by 3.6 mm pixels).
The volume consisted of 38 slices (TR=3.480 ms). Slice
thickness was 2 mm, with a gap of 1.2 mm. For anatom-
ical reference T2 weighted Turbo-Spin-Echo-images
(256 by 256; 38 slices; voxel-size: 0.9×0.9×3.2 mm)
were obtained. In total, 264 volumes were acquired per
session. The f rst six volumes of each session were dis-
carded to allow for T1 equilibration effects. Image pre-
processing and statistical analysis were carried out with
Statistical Parametric Mapping (SPM99, Wellcome
Department of Cognitive Neurology, London, UK;
www.f l.ion.ucl.ac.uk) executed in MATLAB 5.3 (The
MathWorks, Natick, MA). All individual functional
images of one session were corrected for motion arte-
facts by realignment to the f rst volume of the session.
A sinc interpolation was used to reslice the realigned
volumes. A T2-weighted structural MRI was coregis-
tered to the mean image of the realigned volumes. Func-
tional images of each session were spatially normalised
to a standard T2-template of 2×2×2 mm voxels. Finally,
images were spatially smoothed with an 8 mm full width
at half maximum (FWHM) isotropic Gaussian kernel.
The fMRI protocol was a block design. Each activation
epoch lasted 21 s (equivalent to six whole-brain fMRI
volume acquisitions). For each session the variance of
each and every voxel was estimated according to the
general linear model using a box-car model convoluted
with the hemodynamic response function as the predic-
tor. Images were globally scaled to 100 and low fre-
quency drifts were removed via a high pass f lter using
low-frequency cosine functions with a cut-off of 378 s.
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Differences of drug-dependent brain activations for the
semantic and colour similarity decisions were computed
using linear contrasts. Signif cant voxels were thresh-
olded at a p level of p�0.001, uncorrected for multiple
comparisons. At the cluster level, signif cance was set
to an uncorrected p level of p�0.05. Areas were labelled
using the nomenclature of Talairach and Tournoux
(1988) and Brodmann (1909).

1.6. fMRI task

Word pairs were created belonging to three categories
of semantic relations: directly related (‘table–chair’),
indirectly related (‘beer–grape’) or not semantically
related (‘cloud–dog’). For decisions on the similarity of
colours an analogous set of pairs of coloured asterisks
was created (identical, similar, non-identical). Behav-
ioural results (number of correct responses and reaction
time) indicated that the task diff culties of both con-
ditions were comparable, and thus psychometrically
equivalent (Spitzer et al., 1996). In total, 120 word pairs
and 120 pairs of asterisks were created with 40 trials for
each of the three categories. The whole test was split
into two half forms of an equal number of conditions,
trials and task diff culty. The sequence of semantic and
colour similarity decisions was pseudorandomised such
that no more than two blocks of the same modality were
allowed to follow each other. Blocks of activation con-
sisted of six trials. Directly/identical and indirectly
related/similar trials were always combined with non-
related/non-identical trials within each block to prevent
response repetition effects. Presentation times of stimuli
were controlled by the subjects. The maximum presen-
tation time was set to 2850 ms. The intertrial interval
was set to 150 ms. The control condition consisted of
pairs of identical words. For colour similarity trials, two
strings of identically coloured asteriks served as control
condition. Block presentation order was at random but
constant across subjects and sessions. The sequence of
blocks of semantic and colour decisions was different
between both parallel versions. Each activation epoch
was followed by a controlled rest condition of the same
length. Responses were given by button press. The
stimulation protocol was realised by means of Experi-
mental Run Time System (ERTS, Jörg Beringer, Frank-
furt, Germany) on a standard personal computer. Seman-
tic as well as colour items were presented as coloured
bitmaps. Signal transduction to the PC was realised by
means of a f ber-optic system and an opto-coupler.
Before scanning, subjects were instructed and trained to
become familiar with the tasks. In the scanner stimuli
were presented by LCD video-goggles (Resonance
Technologies, Northridge, CA). Onset of the PC-stimu-
lation epochs was controlled by the fMRI scanner emit-
ting a 50 ms lasting TTL pulse prior to each volume
acquisition.

2. Results

Both enantiomers of MDE could be detected in the
plasma samples taken, and pharmakokinetic data
revealed comparable times of maximum activity and half
lives for both. Owing to the signif cantly increased clear-
ance for the (S)-enantiomer, plasma levels of the (R)-
enantiomer were signif cantly larger (Table 1).

The (R)- and the (S)-enantiomers of MDE led to
markedly different subjective-behavioural, brain imag-
ing, and neuropsychological effects.

Subjective behavioural effects as indicated by self-rat-
ing scales are summarised in Fig. 1. When comparing
drug induced alternations from baseline of both enanti-
omers against each other, the (R)-MDE led to numeri-
cally increased scores on a depression scale (DS)
whereas the (S)-enantiomer decreased depressiveness
and dysphoria (P=0.22; Wilcoxon test). With respect to
subjective mental states (BfS) the difference between
(R)-MDE causing depressive, and (S)-MDE causing
manic mood was signif cant (P�0.05; Wilcoxon test).
In the BL scale there was a trend towards more somatic
symptoms of dysphoria under (R)-MDE while the (S)-
enantiomer led to decreases in somatic complaints
(P�0.07; Wilcoxon test). The OAV questionnaire
revealed signif cant differences for the scale of ‘oceanic
boundlessness’ ((S)-MDE: 86.1; (R)-MDE: 3.9, P�0.05,
Wilcoxon test for paired samples). Taken together, the
(S)-enantiomer produced the entactogenic subjective
effects of increased talkativeness, openness, and elevated
mood whereas the (R)-enantiomer mainly caused dys-
phoria and somatic complaints.

Functional MRI data were assessed by comparing the
effects of the two enantiomers directly against each other
(Fig. 2b and Table 2). During the semantic judgement
task, (R)-MDE caused signif cant activation of right vis-
ual and left frontal areas. In contrast, the (S)-enantiomer
caused right frontal and bilateral temporoparietal acti-
vation. In the colour discrimination task, no increased
activation was seen under (S)-MDE, whereas under (R)-
MDE the same occipital visual areas as during the se-
mantic task became more active (data not shown).

Neuropsychological data on low-level visual pro-
cesses and on switching costs in the WCST are summa-
rised in Fig. 3. A MANOVA for repeated measures on
reaction times for pop-out search revealed a signif cant
main effect of the factor drug (F(2,38)=9.16; P�0.001).
Newman–Keuls post-hoc analyses demonstrated that the
decrease of visual search time under (R)-MDE was sig-
nif cant when compared with pre-drug (P=0.001) as well
as the (S)-enantiomer (P=0.001). The slight increase in
scanning times after application of the (S)-enantiomer
compared with pre-drug was not signif cant (P�0.10)
(Fig. 3a). For switching costs in the WCST a MANOVA
for repeated measures showed a signif cant main effect
of drug (F(2,42)=5.45, P�0.01). Post-hoc analyses
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Table 1
Resultsa of plasma samples (mean±SD)

(S)-MDE (R)-MDE p

Cmax (ng/ml) 80.0±29.49 127.80±34.16 �0.05
Tmax (h) 2.61±0.58 2.76±0.94 0.67
T1/2 (h) 4.18±1.44 7.45±2.38 0.08
AUC (ng/h/ml) 535.41±262.51 1706.81±896.88 �0.04
Total Cl (ml/min) 2258.0±1032.21 718.20±340.16 �0.04

a Cmax, maximum concentration; Tmax, corresponding time to maximum plasma concentration; T1/2, elimination half life; AUC, area under the
curve; Total Cl, total clearance; P, level of signif cance (non-parametric Wilcoxon tests for paired samples).

Fig. 1. Results of psychopathometric rating scales. Self rating scales
were administered before and after drug application. Scores are scaled
to baseline (pre-drug) such that bars below the x-axis ref ect a decrease
and bars above the x-axis ref ect an increase (DS: Depression Scale;
BfS: actual subjective mental state scale; BL: list of somatic
complaints).

revealed that switching costs were signif cantly
increased by the (S)-enantiomer when compared with
baseline (P�0.05) and with the (R)-enantiomer
(P�0.01). The decrease of mean switching costs under
application of the (R)-enantiomer was not signif cant
when compared with baseline (P�0.05) (Fig. 3b). To
assess the effects of the two MDE enantiomers on sem-
antic processing, reaction times for the three conditions
(associated, indirectly associated and non-associated)
obtained in the pre-drug session were compared with the
corresponding reaction times under (R)- and (S)-MDE.
Only in the indirectly related condition was a trend for
differential effects found (P=0.067) in that there was a
38% decrease in reaction time under the (S)-enantiomer,
and a 5% increase under (R)-MDE, indicative of a tend-
ency towards a larger degree of activation of remote
associations under the inf uence of (S)-MDE.

3. Discussion

The present study demonstrated differential effects on
various measures assessing alterations of psychopa-
thology, neuropsychological performance and brain acti-
vation patterns after ingestion of (R)- and (S)-MDE.

Within this framework of our experimental neuropsy-
chological data, combined with the subjective-behav-
ioural observations, the differential effects of (R)- and
(S)-MDE on brain activation in fMRI are interpreted as
follows. The (R)-enantiomer of MDE activates visual
areas, thereby facilitating bottom-up driven information
processing, as indicated by facilitating parallel visual
search. The activation of left frontal areas was paralleled
by numerically decreased switching costs and lower
priming effects. From the experimental psychology of
affective states it is known that bad mood is associated
with ‘tightening’ and focusing of thought processes
whereas good mood is concomitant with ‘loosening’ of
thought processes and increased associations (Fiedler,
1991). During cognitive tasks, people in bad mood prefer
systematic strategies and show improvement in tasks
requiring assiduity and discipline whereas people in
good mood prefer heuristic problem-solving strategies
and are better at creative tasks. Depression and anxiety,
i.e. the main subjective components of (R)-MDE driven
experiential changes, promote bottom-up information
processing and thereby facilitate automatic feature detec-
tion and, in general, scrutiny to environmental signals
under the inf uence of possible incipient danger to the
organism. Moreover, under the (R)-enantiomer subjects
are more depressed and better at performing the WCST.

Although the above mentioned animal data suggest
that the hallucinogenic activity of MDE is caused by its
(R)-enantiomer, our subjects did not report prominent
positive visual non-object bound phenomena such as hal-
lucinations or severe illusory experiences. As both the
semantic and the colour task caused increased activation
of visual occipital areas under the (R)-enantiomer, we
may tentatively conclude that our data do not rule out,
but are compatible with, the view that higher doses of
(R)-MDE may cause hallucinatory effects in humans by
the activation of visual areas. This argument of dose-
dependency still holds even with respect to previous
studies that applicated hallucinogens in suff ciently high
doses. Most of these studies that failed to observe sen-
sory phenomena were so-called resting studies that did
not use sensory stimulation that might have been neces-
sary to induce the expected sensory alternations or hal-
lucinations (ffytche et al., 1998).
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Fig. 2. Stimulus examples of the fMRI task and 3D-rendered fMRI results. (a) Examples of stimuli used within the fMRI experiment. Subjects
had to decide whether the words or colours were directly associated/identical (Africa, America), indirectly associated/similar (lemon, sweet) or
non-related/different (anchor, gentleman). (b) Three-dimensional rendered standardised brains ref ecting the areas of activity when comparing brain
activation during the semantic similarity judgement task. Red-yellow spots demonstrate activity comparing the (S)-enantiomer minus the (R)-
enantiomer. Green-blue spots show activity comparing the (R)-enantiomer minus the (S)-enantiomer.

The effects of the (S)-enantiomer are in contrast to the
effects of (R)-MDE, producing subjective experiences of
elevated mood, a decrease in concept-driven thought
processes (as indicated by increased set shifting costs)
and some evidence for increased availability of remote
associations. This is in line with the activation of right
frontal areas that have been found to harbour remote
associations in a number of experimental behavioural
and neuropsychological studies (Weisbrod et al., 1998).
The f nding of a decrease of WCST performance under

(S)-enantiomer and an increase of performance under the
(R)-enantiomer is consistent with the view of a dynamic
balance between two synergistic decision making sys-
tems in the frontal lobes: context-dependent in the left
hemisphere and context-invariant in the right (Podell et
al., 1995). Thus, the increase in right dorsolateral pre-
frontal functioning under application of the (S)-enanti-
omer results in a decreased ability to consider contextual
cues and to switch between conceptual affordances. (S)-
MDE does not cause activation in the visual system in
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Table 2
Signif cantly activated brain regions during semantic judgements when comparing both enantiomers against each other

Anatomical region BAa Talairach-coordinates z-value

(S)-MDE minus (R)-MDE
Left x y z

Superior temporal gyrus 21/22 �56 �14 2 4.81
Superior parietal lobule 7 �20 �40 76 4.50
Cerebellum �44 �58 �22 4.36
Postcentral gyrus 1/2 �52 �24 56 4.03
Transverse temporal gyrus 41 �28 �32 14 3.63

Right
Fusiform gyrus 36 58 �50 �20 5.19
Superior parietal lobule 5/7 38 �46 68 5.13
Superior temporal gyrus 21 64 �8 0 4.57
Superior frontal gyrus 11 36 54 �16 4.28
Inferior parietal lobule 40 54 �30 32 4.09
Inferior temporal gyrus 37 60 �58 �4 4.06
Middle frontal gyrus 9 42 10 40 3.96
Superior frontal gyrus 8 32 26 52 3.89
Middle temporal gyrus 39 50 �60 14 3.70
Middle frontal gyrus 8 16 30 40 3.63

(R)-MDE minus (S)-MDE
Left

Inferior frontal gyrus 47 �54 26 �10 4.44
Middle frontal gyrus 9 �50 18 32 4.22
Superior frontal gyrus 10 �28 58 18 3.97

Right
Cuneus 17 8 �84 8 4.94
Fusiform gyrus 36 36 76 �20 4.75

a Brodmann’s areas.

Fig. 3. Results of neuropsychological tasks. (a) Results of the visual pop-out search. Bar graphs represent the pooled reaction times for pop-out
search within four different set sizes ranging from four to 16 distracters. Post-(S) and Post-(R) denote the time points of measurement about 90
min after drug application. (b) Results of the Wisconsin Card Sorting Test. Mean switching times performed before drug intake (pre-drug) and
under the inf uence of the two MDE enantiomers (S) and (R). (*P�0.05, **P�0.01).



270 M. Spitzer et al. / Neuropharmacology 41 (2001) 263–271

either (semantic and colour) task, and has no effect upon
parallel visual search. Given its positive emotional effect
and its inf uences on cognition, this agent may be
responsible for the entactogenic component of the effect
of the racemic mixture that is illegally used.

An alternative interpretation of our data, i.e. (R)-MDE
has fewer psychotropic effects than the (S)-MDE and,
additionally, that enhancements in neuropsychological
performance under the (R)-enantiomer are possibly due
to repetition effects, is unlikely for the following
reasons. The increase of depressiveness after ingestion
of (R)-MDE was approximately as pronounced as the
decrease in depressive mood after (S)-MDE. Secondly,
contrasts of neural activity of both enantiomers against
each other’s data could distinctly demonstrate that there
exist objective patterns of different brain activations
after ingestion of (S)- and (R)-MDE. Finally, repetition
effects can be ruled out because the sequence of drug
application was balanced over sessions. On the f rst
study day, the (R)-MDE was applicated in three subjects
((S)-MDE: two subjects), and consequently in two sub-
jects on the second study day ((S)-MDE: three subjects).

With respect to the neurotoxic effects of substituted
amphetamines, our data favour the (R)-enantiomer as a
possible candidate for the following reasons. This
enantiomer acts upon visual cortical areas into which the
5-HT system preferentially projects. This is in line with a
previous single-photon emission computed tomography
study demonstrating 5-HT related effects to be promi-
nent in the visual cortex of abstinent MDMA users
(Chang et al., 2000). In addition, the (R)-enantiomer
affects cortical areas relevant for carrying out those cog-
nitive functions that have been found to be impaired after
excessive abuse of MDMA, possibly by causing 5-HT
depletion after increased activity of these regions.
Finally, the approximately three-fold plasma concen-
trations of (R)-MDE alone would render this enantiomer
as the likely candidate for any neurotoxic effects.
Together with the differential psychological effects of
the agent, this suggests that any future medical appli-
cations of MDE within the framework of psychothera-
peutic interventions should make use of the (S)-enanti-
omer only.

In conclusion, our results link the pharmacological
study of psychoactive agents and neuromodulatory sys-
tems with the neuropsychology of specif c cognitive
functions, and with brain activation by cognitively
def ned paradigms. They f t within the general frame-
work provided by a large number of animal and human
data from these f elds. Given the wide use of illegal
drugs and their potential for biological approaches to the
understanding of psychological and psychopathological
phenomena, this approach of stereo-specif c drug chal-
lenge in human subjects, in conjunction with experien-
tial, behavioural, neuropsychological and functional

imaging methods, should be further carried on to study
the unique features of the human mind.
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