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High Intensity

Dependence of Auditory

Evoked Dipole Source Activity Indicates
Decreased Serotonergic Activity in Abstinent

Ecstasy (MDMA) Users
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Steffanie Becker, Susanne Pelz, Henning Sass, M.D., Helmut Buchner, M.D.,

and Euphrosyne Gouzoulis-Mayfrank, M.D.

Neurotoxic damage of central serotonergic systems has been
demonstrated in numerous animal studies after exposure to
methylenedioxyamphetamines (ecstasy). A high intensity
dependence of auditory evoked potentials and, particularly,
of the tangential N1/P2 source activity has been associated
with low levels of serotonergic neurotransmission in
humans. We performed an auditory evoked potentials study
in 28 abstinent recreational ecstasy users and two equally
sized groups of cannabis users and nonusers. The ecstasy
users exhibited an increase of the amplitude of the
tangential N1/P2 source activity with higher stimulus

intensities; whereas, both control groups failed to exhibit
this feature. These data are in line with the hypothesis that
abstinent ecstasy users present with diminished central
serotonergic activity. This feature of information processing
is probably related to the well-recognized neurotoxic
potential of ecstasy. Our data indicate that recreational
ecstasy use may cause long-term alterations in the function
(and possibly structure) of the human brain.
[Neuropsychopharmacology 22:608-617]
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Ecstasy (34-methylenedioxymethamphetamine = MDMA
and related congerers: MDA, MDEA) is a group of pop-
ular recreational drugs with neurotoxic effects upon
central serotonergic systems. Widespread neurotoxic
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damage has been demonstrated in numerous animal
studies with several species, including nonhuman pri-
mates (Battaglia et al. 1987, 1988; Molliver et al. 1990;
O’Hearn et al. 1988; Ricaurte et al. 1985, 1988, 1992;
Schmidt et al. 1987, Wilson et al. 1989). Notably, mon-
keys seem to be more susceptible to the neurotoxic ef-
fects of ecstasy than lower mammals. Although recov-
ery from neurotoxic damage was almost complete in
most rats after 12 months, in nonhuman primates, neu-
rotoxic brain alterations were still detectable as long as
18 months after MDMA-exposure (Battaglia et al. 1988;
Fischer et al. 1995; Ricaurte et al. 1988, 1992). The lowest
MDMA dose, which elicited long-term structural dam-
age in serotonergic neurons of nonhuman primates,
was 5mg/kg SC twice daily for 4 days (Ricaurte et al.
1992). Although some heavy users take ecstasy in quan-
tities that approach those experimental doses, the ma-
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jority of recreational users do not. However, the thresh-
old dose for human neurotoxicity is not clear, and
humans may be more susceptible than primates. In ad-
dition, it is possible that the cumulative doses ingested
by typical recreational users over a longer period of reg-
ular use bear a similar neurotoxic risk as high experi-
mental doses administered within a short period of time.

In a recent positron emission tomography (PET)
study with the selective 5-HT transporter ligand McN-
5652, abstinent ecstasy users showed decreased brain
5-HT transporter binding as compared with controls,
and this decrease correlated with the extent of previous
ecstasy use (McCann et al. 1998). Hence, this finding
probably reflects neurotoxic brain damage. Serotoner-
gic systems are involved in numerous functions includ-
ing regulation of mood and drive, cognition, vegetative
function, pain, and neuroendocrine secretion. So far,
mild memory impairments (Bolla et al. 1998; Krystal et
al. 1992; Morgan 1999), elevated impulsivity (Morgan
1998) and neuroendocrine abnormalities (Gerra et al.
1998; Price et al. 1989) have been demonstrated in absti-
nent ecstasy users. In addition, depressive and anxiety
disorders after ecstasy use might also reflect, at least in
part, a neurotoxic serotonergic damage (Benazzi and
Mazzoli 1991; Gouzoulis-Mayfrank et al. 1996; Green et
al. 1995; McCann and Ricaurte 1991; McGuire et al.
1994; Pallanti and Mazzi 1992).

The aim of our investigation was to study an aspect
of information processing in abstinent ecstasy users,
which is thought to reflect the level of central serotoner-
gic neurotransmission (Hegerl and Juckel 1993). For this
purpose, we recorded auditory evoked potentials
(AEP) and used the method of dipole source analysis.
An old debate exists on the dependence of the ampli-
tude of sensory evoked potentials on stimulus intensity
(Buchsbaum and Silverman 1968; review in: Carillo-de-
la-Pena 1992; Von Knorring and Perris 1981; Von Knor-
ring 1982; Zuckerman et al. 1974, 1988). In more recent
years, extensive work suggested that a high intensity
dependence is associated with a low functioning of se-
rotonergic neurotransmission (Hegerl and Juckel 1993;
Hegerl et al. 1994, 1996; Von Knorring 1982; Von Knor-
ring and Perris 1981). Several lines of evidence support
the existence of this link. The intensity dependence of
visually evoked potentials (VEP) correlated negatively
with the cerebrospinal fluid concentration of the seroto-
nin metabolite 5-Hydroxyindoleacetic acid (5-HIAA)
(Von Knorring and Perris 1981). Similarly, serotonin se-
rum levels in depressive patients correlated negatively
with the intensity dependence of the auditory evoked
N1/P2 component (Hegerl et al. 1991). In addition, the
intensity dependence of VEPs was decreased by sero-
tonergic substances such as zimelidine (Von Knorring
et al. 1980; Von Knorring 1982). The auditory evoked
N1/P2 component and, particularly, its tangential di-
pole source activity increased strongly with higher
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stimulus intensities in persons with personality traits
thought to be associated with diminished serotonergic
activity such as high novelty or sensation seeking
(Zuckerman 1990; Juckel et al. 1994; Hegerl et al. 1995a,b).
Finally, a high intensity dependence of the auditory
evoked N1/P2 component predicted good clinical re-
sponse to such serotonergic drugs as fenfluramine and
lithium in clinical populations (Bruneau et al. 1989; He-
gerl et al. 1987, 1992).

According to studies of dipole source analysis
(Scherg 1991; Scherg et al. 1989), the tangentially ori-
ented dipole of the N1/P2 component of AEP repre-
sents mainly the activity of the primary auditory cortex;
whereas, the radially oriented dipole represents the ac-
tivity of the secondary auditory cortex in the more lat-
eral part of the temporal lobe (Hegerl et al. 1994). Al-
though serotonergic fibers from the raphe nuclei project
to virtually every brain area, the highest rate of seroto-
nergic innervation has been found in the primary sen-
sory cortex; whereas, serotonergic innervation in the
secondary sensory areas is clearly lower (Azmitia and
Gannon 1986; Campbell et al. 1987; Lewis et al. 1987;
Morrison and Foote 1986; Takeuchi and Sano 1983).
Hence, the intensity dependence of the tangential audi-
tory evoked N1/P2 source activity may be a more sen-
sitive electrophysiological measure of the serotonergic
innervation of the cerebral cortex than the amplitude of
the entire N1/P2 component (Hegerl and Juckel 1993).

Based on this evidence, we hypothesized that a high
dependence of the tangential N1/P2 source activity on
stimulus intensity should indicate a low serotonergic
innervation in abstinent ecstasy users. This, in turn,
might be an index of long-term neurotoxic brain dam-
age attributable to the use of ecstasy.

METHODS
Subjects

We enrolled 28 ecstasy users who reported regular use
of ecstasy over 6 months or longer with a minimum fre-
quency of twice per month within the last 2 years or use
of ecstasy on at least 25 occasions during the last 2 years
(inclusion criteria). Recruitment was through personal
contacts in the dance scene by students who were in-
volved in the study and through the snow ball tech-
nique. Exclusion criteria were: (1) regular use of other le-
gal or illegal psychotropic drugs, with the exception of
cannabis (regular use was defined as use once per
month or more frequently over 6 months or longer
within the last 2 years); and (2) regular heavy use of al-
cohol (defined as severe drunkenness occurring at a fre-
quency of at least twice per month). Because almost ev-
ery ecstasy user smokes hashish, it was impossible to
recruit an “exclusive” ecstasy user group. Therefore, we
enrolled two control groups. The first one consisted of
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28 healthy persons with no previous or current history
of drug or alcohol abuse who were matched for age, sex,
and education with the ecstasy user group. The second
control group consisted of 28 persons who were
matched for age, sex, education, and cannabis use with
the ecstasy user group, but did not use any other psy-
chotropic substances except for cannabis. Exclusion cri-
teria for all participants were any current or previous
Axis I psychiatric diagnoses (except for drug abuse in
the two user groups), any organic brain disorder, and
any relevant general medical disease requiring regular
medication. Subjects were screened for inclusion and ex-
clusion criteria by means of a preliminary telephone in-
terview, which was followed by a personal interview
and medical history, including the Scheduled Interview
for the Diagnostic and Statistical Manual of Mental Dis-
orders IV (DSM-IV) and a detailed history of drug
abuse. In addition, subjects completed the two self-ques-
tionnaires Sensation Seeking Scale SSS V (Zuckerman et
al. 1978) and Barratt Impulsiveness Scale (Barratt 1985).
The ecstasy users agreed to abstain from ecstasy use for
at least 7 days before the study. Ecstasy and cannabis us-
ers agreed to abstain from use of cannabis at the study
day. Drug screens were performed on the study day
with urine samples for the following substance groups:
amphetamines, methamphetamines, cocaine and its me-
tabolite, marijuana, benzodiazepines, barbiturates, and
opiates. A positive screen for any substance except for
cannabis was an exclusion criterion. All subjects were
paid for participating in the study and gave written in-
formed consent after the study was described to them in
detail. The study was approved by the local ethics com-
mittee at the RWTH Aachen.

A

Cz - average reference

A0ms

90dB
ecstasy users

cannabis users
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Procedures

Auditory evoked potentials with a passive listening
paradigm were recorded using a Nicolet Pathfinder
Mega® and a 32-channel Nicolet SC-2000% preamplifier.
Recordings were performed in a sound-attenuated and
darkened room. Subjects were seated in a comfortable
chair and were instructed to relax, but keep their eyes
open, and to listen passively to the acoustic stimuli
without paying special attention to them. Thirty-three
Ag*/Cl™ scalp electrodes were applied using a modi-
fied 10/20 scheme with Fz as reference. Transition resis-
tance was less than 5 kQ. Stimuli consisted of sinus tones
of 1 kHz frequency and 30 ms duration with a rise and
fall time of 10 ms. Tones were presented binaurally with
a closed headphone (Phillips® SBC 484). Interstimulus in-
tervals were randomized between 1.5 and 2.5 s. Stimuli
were presented in four blocks of 100 sweeps each for ev-
ery one of four intensities (60, 70, 80, and 90 dB) in in-
creasing succession. Recordings were performed over a
600-ms time interval per sweep with a 200-ms prestimu-
lus interval and were averaged for each channel. Artifact
rejection was performed in the range of + 100 wV: peaks
with amplitudes larger than 100 wV were rejected for av-
eraging to reduce eye movement artifacts.

Data were converted into BESA 2.1 software
(MEGIS, Munich Germany) for dipole source analysis
for each subject. After filtering with a low pass of 30 Hz,
24 dB/oct slope and a high pass of 0.5 Hz, 12 dB/oct
slope, the four blocks of each intensity were averaged
separately for each subject. Four frontally located chan-
nels were excluded from further analysis because of eye
movement artifacts. For source deconvolution, a three
shell spherical head model assuming a scalp thickness

Figure 1. (A) Auditory evoked
potentials, grand-average data
(Cz-average reference) of the
ecstasy users, the cannabis users,
and the control subjects to four
different stimulus intensities (60,
70, 80, and 90 dB). Ecstasy users
showed an increase of the N1/
P2 amplitude with stimulus
intensity; whereas, there was no
increase in the cannabis and con-
trol groups. (B) Maps at the N1
and P2 latency (90 dB) in the
three groups, showing very sim-
ilar topography of the electric
fields.

shaded:
negative

non-users
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of 6 mm (0.33 [1/(Qm)]), a skull thickness of 7 mm
(0.0042 [1/(Qm)]), and a conductivity of the brain of
0.33 [1/(Qm)] was applied. On the basis of the grand-
average data of the control subjects, a source model was
constructed consisting of two pairs of tangential and ra-
dial dipoles placed symmetrically in the region of the
auditory cortex. Figure 1 presents the data of the three
groups at one selected channel to each stimulus inten-
sity (1A) together with the maps at the N1 and P2 peaks
(1B). Maps were very similar between the three groups.
Figure 2 presents the source model (2A) and the source
activity in time for the grand average of all subjects
(2B). This source model was applied to the data of each
subject and each stimulus intensity. The model ex-
plained the data with a goodness of fit (GoF) between
83.0% (SD 9.0) in the 60 dB stimulus intensity and 67.0%
(SD 11.7) in the 90 dB intensity data. There was a signif-
icant decrease of the GoF stepwise depending on the
stimulus intensity (p < .01), pointing to increasing noise
at higher stimulus intensities. Noteworthy, there was
no significant or even marginal difference of the GoF
between the groups; thus, the data were explained to a
very similar extent in the control and the ecstasy group
by the model. Thus, in accordance with the maps (Fig.
1B), one single model was adequate to model the data
in all three groups. The latencies and amplitudes of the
major deflections of the source activities were deter-
mined and used for further statistics.

Statistics

The latencies and amplitudes of the two dipoles of the
N1/P2 components were analyzed by means of analysis

A source model

AN
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of variance (ANOVA) using the stimulus intensity (60,
70, 80, 90 dB) as the within-subject factor and the group
(ecstasy users, cannabis users, nonusers) as the between-
subject factor. ANOVA was followed by post hoc tests
(Scheffé). In addition, the amplitudes of the tangential
dipoles were analyzed for each group separately using
paired two-tailed t-tests and subsequent Holm'’s proce-
dure (60/70, 70/80, 80/90 dB). The relation between the
intensity dependence of the tangential dipole of the N1/
P2 component and the previous drug use was analyzed
with Pearson’s correlation coefficient in the ecstasy user
group. For this analysis, the arithmetic differences of the
amplitudes (70-60 dB, 80-70 dB, 90-80 dB, 90-60 dB)
were correlated with the frequency, intensity, and dura-
tion of use of ecstasy and cannabis as assessed in our in-
terview (see Table 1). Group differences in the psycho-
metric scores of the Sensation Seeking Scale SSS V and
the Barratt Impulsiveness Scale were analyzed by means
of ANOVA and post hoc tests (Scheffé). Finally, because
of literature reports of a strong intensity dependence of
sensory evoked potentials being associated with high
novelty seeking and related personality characteristics
(Zuckerman 1990; Juckel et al. 1995; Hegerl et al. 1995a,
1995b), we correlated the psychometric scores of the
above mentioned instruments with the arithmetic differ-
ences of the amplitudes of the tangential dipoles. All
procedures were performed using SPSS version 7.5.

RESULTS

The three groups were similar in terms of sex distribu-
tion, age, and educational level (Table 2 ). Although the

B source activities
P2
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Figure 2. (A) Source model, consisting of two pairs of tangential (t) and radial dipoles (r) placed symmetrically in the
region of the auditory cortex. (B) Source activities with marked N1/P2 components as derived by source deconvolution of
the data.
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Table 1. Patterns of Ecstasy and Cannabis Use in the Two User Groups (1 = 28 in Each Group)

Ecstasy Users

Cannabis Users

Patterns of Use Ecstasy Use Cannabis Use Cannabis Use
Regular/sporadic/no use 26/2/0 22/1/5 23/2/3
Estimated total dose 93.4 = 119.9 tablets

(range: 20-500) — —
Average frequency of use 24+16 20.7 £ 11.5 20.95 + 10.2

(days per month)
Average estimated daily or
one-night dose
Duration of regular use in
regular users
Age at onset of use

(range: 0, 75-8)

1.4 = 0.9 tablets
(range: 0.5-3.5)

27 * 18 months
(range: 6-60)

19.4 * 3. 3 years

(range; 14-27)

41 = 71.1 days
(range: 7 days-1 year,

median: 23 days)

Time since last dose

THC-screen in urine
sample on study day

650 = 635 mg daily 724 = 608 mg daily

66.6 = 37 months 35.1 * 24 months
16.6 * 2.9 years 17.1 = 2.4 years

4.3 + 5.3 days
(median: 2 days)

4.0 = 15 .5 days
(median: 1 day)

17 positive/11 negative 20 positive/8 negative

level of education was slightly lower in the ecstasy
group, the differences were not statistically significant
(*-test p .59, educational levels 1-3 and 4-5 were pooled
together for testing). The data for ecstasy and cannabis
use are given in Table 1. The two user groups were simi-
lar for the extent of previous use of cannabis. Ecstasy us-
ers had used ecstasy over 27 months on average. The av-
erage estimated total dose was 93.4 ecstasy tablets.
Hence, the average extent of use was about 3.5 ecstasy
tablets per month, which is a typical recreational and not
a very heavy use. Most ecstasy users had taken the drug
for the last time 2 to 8 weeks before the study. In four
cases, this time period was shorter (7-10 days); whereas,
in two cases, it was considerably longer (6-12 months).

The latency of the N1/P2 component showed a non-
significant tendency to be shortened by an increasing
stimulus intensity, but there was no significant or mar-
ginal difference between the three groups. Similarly,
the radial sources of the N1/P2 component showed no
significant effect of stimulus intensity and no signifi-
cant difference between control groups and ecstasy us-
ers. Therefore, these data are not shown.

Descriptive data (mean values * standard deviation) of
the amplitude of the tangential dipoles of the N1/P2 com-
ponent of the AEPs are presented in Figure 3. Because
there were no notable hemispheric differences, the ampli-
tudes of the left and the right tangential dipole were aver-
aged for reducing the number of data. Because of artifacts
and technical reasons, there were missing data for single
stimulus intensities in some subjects. Hence, the ANOVA
was run with the data of 23 ecstasy users, 25 cannabis us-
ers, and 27 nonusers. ANOVA revealed a significant main
effect of stimulus intensity (p = .002, F = 5.158, df = 3), a
marginal effect of group (p = 0.084, F = 2.561, df = 2) and
a significant interaction stimulus intensity X group (p =
.000, F = 8.151, df = 6). Post hoc tests demonstrated no
significant group differences at the lower intensities of 60
and 70 dB. At 80 dB, the ecstasy user group differed signif-
icantly from the cannabis user group (p = .017), but not
from the nonuser group (p = .133). At 90 dB, the ecstasy
user group differed from both control groups (ecstasy us-
ers/nonusers: p = .007; ecstasy users/cannabis users: p =
.000). There were no significant differences between the
two control groups at any stimulus intensity.

Table 2. Demographic Data of Ecstasy Users and Control Groups (1 = 28 in Each Group)

Ecstasy Users Cannabis Users Nonusers
Mean age in years (range) 23.25 (18-29) 22.9 (18-31) 23.5 (18-30)
Men : women 16:12 15:13 17:11
Level of education
1. No school-leaving exam/ at least 9 years of education 1 0 0
2. Basic school-leaving exam after form 9 2 2 0
(Hauptschulabschluf)
3. Intermediate school-leaving exam after form 10 8 5 8
(Realschule/mittlere Reife)
4. Highest school-leaving exam qualifying for admission to 16 20 20
college/university after form 12 or 13 (Fachabitur/Abitur)
5. University degree (Hochschulabschluy) 1 1 0
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Figure 3. Mean amplitudes (* standard
deviation) of tangential dipoles of the N1/
P2 component of auditory evoked poten-
tials in nAm. Level of significance: *: p <
.05, **: p < .01, **: p < .001 (paired two-
tailed t-test, Holm’s procedure).

cannabis users

ecstasy users

Paired two-tailed f-tests revealed no significant de-
pendency of the tangential dipole activities from the
stimulus intensity in the two control groups. In con-
trast, the ecstasy user group exhibited increasing ampli-
tudes of the tangential dipole activity with ascending
stimulus intensities (two-tailed paired t-tests and
Holm’s procedure: 60/70 dB: p = .019, df = 24, n = 25;
70/80 dB: p = .000, df = 24, n = 25; 80/90 dB: p = .002,
df = 22, n = 23; missing data because of artifacts and
technical reasons).

There was no significant correlation between the pat-
terns of ecstasy and cannabis use and the dependency
of the tangential dipoles on stimulus intensity in the
group of ecstasy users. Although ecstasy users had sig-
nificantly or at least marginally higher scores for experi-
ence seeking (subscale of the Sensation Seeking Scale) and
for nonplanning impulsivity (subscale of the Barratt Im-
pulsiveness Scale) than the control groups (table 3: de-
scriptive statistics, ANOVA and Scheffé tests), there

non-users

was no significant correlation between those psycho-
metric scores and the dependency of the tangential di-
poles on stimulus intensity.

DISCUSSION

Auditory evoked potentials with stimuli of increasing
intensity were recorded in a group of 28 abstinent recre-
ational ecstasy users with concomitant use of cannabis
only and in two equally sized matched groups of can-
nabis users and nonusers. Dipole source analysis was
performed to separate the tangential dipole of the N1/
P2 component, which mostly represents the highly se-
rotonergically innervated primary sensory cortex, from
the radial dipole, which represents the less densely se-
rotonergically innervated secondary sensory cortex
(Hegerl and Juckel 1993; Hegerl et al. 1994). The ecstasy
user group exhibited a clear-cut increase of the ampli-

Table 3. Scores on Two Psychometric Scales (Group Means * Standard Deviation, (n = 28 in Each Group) and Results of
ANOVA (p) and Post Hoc Group Comparisons. Significant Group Differences Are Indicated by Bold Characters

Scores Scheffé p
ANOVA
Esctasy Users Cannabis Users Nonusers P E/N E/C C/N

Barratt Impulsiveness Scale BIS

Global score 78.89 = 14.20 7625 £ 9.31 73.36 = 7.94 ns.

Motor 24.04 £3.77 22.64 = 3.32 22.54 * 3.04 ns.

Cognitive 27.36 = 3.93 27.68 * 4.18 25.79 £2.79 ns.

Nonplanning 28.93 = 4.83 2593 + 4.87 25.04 = 4.52 .008 * ** n.s.
Sensation Seeking Scale SSS-V

Global score 25.18 = 4.27 2529 = 4.28 22.46 * 4.57 .028 ** ns. **

Experience seeking 8.50 = 1.0 7.21 = 1.6 7.64 +1.64 .004 ** * n.s.

Disinhibition 6.07 =211 6.25 = 2.29 5.75 = 1.99 ns.

Boredom susceptibility 3.93 = 1.65 411 =159 3.64 =1.16 n.s.

Thrill and adventure seeking 6.68 £ 2.61 7.71 £ 2.72 5.43 * 2.17 .004 ns. ns. *

n.s. = not significant, * = p < .05,* = p < .1

E/N = Ecstasy users / Non-users; E/C = Ecstasy users / Cannabis users; C/N = Cannabis users / Non-users.
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tude of the tangential dipole of the N1/P2 component
with the higher stimulus intensities; whereas, both
matched control groups failed to exhibit this feature.
These data are in line with the hypothesis that abstinent
ecstasy users present with diminished serotonergic ac-
tivity in the central nervous system.

The high intensity dependence of the N1/P2 tangen-
tial dipole source activity is likely to represent a conse-
quence of the use of ecstasy. The ecstasy users reported
an average time period of more than 3 weeks from the
last intake of ecstasy to the study day. Therefore, purely
pharmacological effects and functional “after effects” of
the drug are unlikely to have determined the data. Dif-
ferences across the three groups in the degree of atten-
tion paid to the stimuli are also unlikely to have influ-
enced the data substantially. First, all subjects were
instructed to relax and give little attention to the stim-
uli, and there were no other attentional tasks involved
in the experimental procedure. Second, a number of re-
cent studies on the cognitive performance of ecstasy us-
ers have failed to reveal differences in basic cognitive
skills between users and controls (Krystal et al. 1992;
Parrott et al. 1998; Parrott and Lasky 1998; Semple et al.
1999). In conclusion, the high intensity dependence of
the N1/P2 tangential dipole source activity probably
represents a long-term alteration in information pro-
cessing attributable to neurotoxic effects of ecstasy. It is
noteworthy that our sample of ecstasy users did not in-
clude very heavy or polydrug users. Our data raise con-
cerns that ecstasy use, even in typical recreational
doses, may lead to long-term changes in brain function
(and possibly structure) of otherwise healthy young in-
dividuals. Although we cannot rule out the possibility
that subjects concealed concomitant regular use of other
legal and illegal drugs and/or heavier ecstasy use, we
do not think that this is the case, because subjects were
unaware of our inclusion and exclusion criteria when
first interviewed, and there was no motivation for them
to falsify their data once they agreed to participate in
the study. In addition, our clinical impression of the ec-
stasy users did not fit the typical characteristics of
heavy polydrug users.

At first glance, the lack of a correlation between the
intensity dependence of the auditory dipole source ac-
tivity and the extent of ecstasy use seems intriguing.
One possible explanation for that may be that the alter-
ation of information processing emerges relatively early
after the onset of regular ecstasy use. In addition, indi-
vidual sensitivity to the drug may play a more impor-
tant role for the development of a high intensity depen-
dence of the auditory dipole source activity than the
cumulative dose administered. However, we cannot ex-
clude the possibility that the high intensity dependence
of the auditory evoked N1/P2 activity in ecstasy users
was not caused by the use of ecstasy. Alternatively, it
might represent a pre-existing characteristic feature of
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information processing in ecstasy users. Evidence from
both older and more recent work suggests a relation-
ship between high intensity dependence of sensory
evoked potentials and such distinct personality traits as
high sensation seeking, novelty seeking, extraversion,
impulsivity, and psychopathy (Barrat et al. 1987; Car-
rillo-de-la-Pena 1992; Hegerl and Juckel 1993; Hegerl et
al. 1989, 1994, 1995a, 1995b; Juckel et al. 1995; Lukas
1987; Raine 1989; Raine and Venables 1990; Stenberg et
al. 1988; Zuckerman 1990; Zuckerman et al. 1988).
Within the augmenting/reducing concept first proposed
by Buchsbaum and Silverman (1968) a high intensity
dependence (augmenting) of sensory evoked activity is
viewed as reflecting a central mechanism regulating
neuronal sensitivity and providing the organism with
an optimal level of sensory stimulation. Moreover, a re-
lationship between high intensity dependence of sen-
sory evoked potentials and the development of drug or
alcohol abuse is also discussed in the older literature
(Zuckerman 1972). Hence, the high intensity depen-
dence of the auditory evoked dipole source N1/P2 ac-
tivity in our sample of ecstasy users might represent a
predisposing factor for the development of drug use in
general, rather than a consequence of the use of ecstasy.
However, we found no significant intensity depen-
dence of the evoked potentials in our group of cannabis
users. Moreover, the correlation analyses of the electro-
physiological and psychometric data did not support a
link between high intensity dependence and distinct
personality characteristics in our sample of ecstasy us-
ers. Last but not least, the intensity dependence of the
tangential dipole source N1/P2 activity in our sample
of ecstasy users was more pronounced than that re-
ported by Juckel and co-workers (1995) in their sample
of healthy people with high novelty seeking. Taken to-
gether, these findings oppose the conception of the high
intensity dependence being a pre-existing feature asso-
ciated with personality traits in our ecstasy users, and
they support the view of the high intensity dependence
being caused by the use of ecstasy.

Interestingly, we were unable to demonstrate an in-
tensity dependence of the tangential dipole source N1/
P2 activity in our two control samples. This negative
finding seems to contradict the data from several studies
demonstrating an increase of the N1/P2 amplitude with
increasing sound intensity (Naatanen and Picton 1987)
and particularly the data of Hegerl and Juckel (1993) and
Juckel and co-workers (1995), who used the same proce-
dures for dipole source analysis of the auditory evoked
N1/P2 activity as we did. However, a methodological
detail may be responsible for these seemingly conflicting
results: because of technical limitations of the used Path-
finder Mega®, we presented the acoustic stimuli in blocks
of ascending intensity; whereas, other groups preferred
to use a randomized presentation of stimuli of different
intensities to minimize habituation (Hegerl and Juckel
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1993; Juckel et al. 1995). According to a recent study by
Carrillo-de-la Pena (1992), randomized stimulus presen-
tations produce higher amplitudes in the high intensity
levels than ascending or descending block presentations.
This effect may be attributable to a lower degree of habit-
uation with randomized presentation of stimuli. In that
case, a randomized stimulus presentation might have
caused a detectable intensity dependence of the N1/P2
dipole source activity in our two control groups, thus
matching the data of Hegerl and Juckel (1993) and Juckel
and co-workers (1995). However, it would have also
caused an even stronger intensity dependence in the
group of ecstasy users than the one demonstrated with
our methods.

In summary, and despite some incertitude, our data
suggest that ecstasy use over a period of months or few
years may cause long-term alterations in information
processing, even when it is taken in typical recreational
doses and not necessarily in very high doses. This alter-
ation is likely to be related to the well-recognized neu-
rotoxic potential of ecstasy, which is restricted to the se-
rotonergic system. A most important question refers to
the reversibility or permanence of this effect after
longer periods of abstinence. This question cannot be
answered in cross-sectional studies and must be ad-
dressed in future longitudinal investigations. Given the
popularity of ecstasy among young people, the present
data underline the need for further research in this
field.
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