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RESEARCH ARTICLE

Long-term effects of MDMA (Ecstasy) on the human central
nervous system revealed by visual evoked potentials

C. CASCO!, M. C. FORCELLA? G. BERETTA', A. GRIECO! & G. CAMPANA!

! Dipartimento di Psicologia Generale, Unwersita’ di Padova, Italy, and *SerT (Service for Drug Abuse} of Padvva, Italy

Abstract

Several studics indivate long-term cogrartve impuirment of MDMA (ecstasy) wsers. In the presene
study we attempted to esiablish whether electrophysiological correlates of lore-level COgRITIve processes
present @ long-term alteration, dependent on the level of use of ecstasy. W addressed this tssie by
investigating amplinude and latency of VEPs reluted 1o a wery simple discrimination task wwolving
sustained attention (arowael). Eight heaty-MDMA wsers, eight moderate-MDMA users and 18
drug-free control subjects were asked to discriminate whether the digi a1 the cenire of the screern was |
or 2. Nome of the subjects (excepr one) hud wsed MDMA tn the 6 months previous festing. We
measured psychophysical performance and EEG, recorded in Oz and Fz during rask execion. The
heaun-MDMA users made significantly more errors than the vther two groups (p = .03 Moreover,
they presented reduced amplitude but not latency of VEPs in both Oz and Fz, The gifece in Oz &5
present i P200 (for heavy users only, p < .03) and in P300 components or both MDMA groups;
heawy users: p < 001, moderate users: p < .0.3). In Iz, the ampliude gffect 5 presens in N230 (for
heavy users only, p < .05) and m P300 components (for both MDMA groups; heavy users: pr < 03,
moderate users: p < .03). The three groups do not diffor in early components, reflecting doee-level
processing. These results provide evidence of long-term decirophysiological abnormality displayed by
ecstasy users and agree with the suggestion that even rypical recrearional doses of eestasy are sufficient
to cause long-term ahered cortical acrivity in humans.

Semple et al., 1999), which has been suggested 1o be long-

Introduction

The use of (=) 3,4-methylenedioxymethanphetamine
(MDMA, “ecstasy’) i3 common among young people in
Western countries. MDMA is a potent and selectdve
serotonin (5-HT) neurotoxin in a variety of animal species,
including nen-human primates (Commins et al, 1987
Green et al., 1993; O’Heamn et al., 1988; Ricaurte et al,
10884; Ricaurte et al, 1988b; Schmidt and Lovenberg,
1986; Stone et al., 1986). Animal models of MDMA toxtcity
suggest a degeneration of serotoninergic (Colado et al,
2004; Green et al, 1995; Green and Goadwin, 1996;
Ricaurte and McCann, 1992; Schmidt and Kehne, 1990)
and depaminergic neurons {Crespi et al,, 1997; Ricaurte et
al, 2002), althougn contradictory results are also  found
iColado et al, 2004; Fone et al., 2003). Several studies,
invesugating how ecstasy exposure correlates with serotonin
{(5-HT} and dopamine system impairment, Ssuggest 4
comparable neurotoxic effect in humans (Gerra et al,
2000, 2002, McCann e al, 1994, 1998, 1999, 2000;

lasting {Cowan et al., 2003; Croft et al., 2001 Gerra et al.,
2000, Parrot, 2002; Semple et al., 1999).

Howsever, despite some biological evidence for brain
serolonin injury in animals, there is mixed evidence relatively
to consequences in netronal substrare {Gamma et al, 2001;
Buchert et al., 2004; Mithoefer et al., 2003; Ricaurte ot al,,
2003; Sumnall ¢t al., 2003) as well as in cognifive processes
(Gamma et al., 20017 of MDMA use in humans. The most
common suggeston is that individual may have memory
impairments &s a consequence of MDMA use such as verbal
memory {Bhattachary and Powell, 20015 Krystal et al,, 1692;
Parrot et al, 1998; McGuire, 2000}, visuospatial memory
Verkes et al., 20013, visuospatial {Wareing 2t al, 20044a) as
well as verbal {Curran and "rawvill, 1997 Wareing ot al,
2004b) working memory impairment. [ he exrent of cognitive
npairment seems to correiate with the degree of MDMA
exposurs and the reduction in prain 3-HT (Bolla et al,, 1998,
Yerkes er al., 2001).
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Other studies used tests sensitive o frontal cortical
dysfunction. Parrott {2000) reviewed evidence of npalred
higher executive processing in eCstasy users. More recently,
Zakzanis and Youag (2001} also found evidence of executive
dysfunction using the Behavioural Assessment of  the
Dysexecutive Syndrome (BADS). Interestingly, this profilc
of high-level cognitive deficit has  been related 10 a
hypothetical integrative - construct: namely teduced cortical
inhibition (Parrotr, 2000). Mere coatradictory findings are
those relative to a possible long-term attentional effect in
MDMA users. Verkes ot al. {2001) showed a stronger
impairment in simultancous than serial recognition of words
and figures, a results which cannot simply be accounted for
on the bases of memory deficit. Curran and Travilt (1997)
and McCann et al. {1999) found significant performance
deficits on a sustained attention task requiring arichmetical
calcularions. Gouzoulis-Mayfrank et al. (20007 found that
scstasy users were unimpaired in simple tests of attention
{alermess). However, they performed worse than control
groups in the more complex tests of atention. On the other
hand, Gamma <t al. (2001} do not support the hypothesis of
attentional deficits in MDMA users. They did nor find
evidence of a difference between MDMA users and controls
in cognitive tasks requiring sustained anention, and statistical
parametric mapping revealed that brain actvity did not differ
between the mwo groups durng cognitive activation by an
atzentional task using [Dositron Emission Tomography
(PET).

Overall, these findings provide mounting evidence that
MDMA users may show tmpairments in several aspects of
cognitive functioning. However, there are several problerns
with empirical research in this field. The evidence for
impaionents on several cognitive processes (l.e. long-term
arrentional deficit) 1s not conclusive and, in any case, in the
literature there is a disseciation between behavioural and
neuroscience investigaton., To our knowledge, only few
studies arrempred ro gstablish a correlaton berween corucal
actvity and cognirive variables (Dafters et al,, 1999; Gamma
et al, 20031, Reneman et al., 2001).

In the present paper we further tested the hypothesis that
MDALA users present long-lasting alterations in peurophy-
siological substrate of cognitive processing, focusing on the
cortical activiry associated to a very simple cognitive task
This was done by measuring visual evoked paotentials
{VEPs), a method widely used to address the gueston of
what physiological process ts triggered by a given sensory
stimulus {Regan, 1989). VEPs consist of an clectrophysio-
logical respomse  {potenual) time-locked to a  sensory
srimulus. Several components can be distinguished in VEPs
and those occurring after about 50-73 ms from stumulus
onset reflect cortical processing. Tt is widely assumed thar the
sequence of VEI™s peaks correspond to an ordered sequence
of information-processing stages, and indeed a major goal »f
so-called “cognitive psvchobiology™ is to identify parucular
VED components as markers of ditferent aspects or stages of
informaton processing. Those components occurming within
the range of 30-230 ms ({exogenous) depend oa the
parameters of the physical stimulas and are linle affecred
by cognitive factors with the exception of attention, which
has been shown to affect very carly positive and negative
components. Larest components (P300, N400} are deters

mined by cognitive events and by attention and may reflect
recall fromm memuorve. In parcticular, there is evidence rhat
2300 ampiitude 15 proporioaal o the amount of atzentional
resources 1 terms of processing capacity thas s emploved in
a given task (Kramer and Swaver, 1988, Regan, 1989} and
reflects neurad activity refated to basic aspecrs of cognition
(Polich and Kok, 19933,

Since iong-term 3-HT dysfunctien i MDMA wsers has
been found to be relzted to total MDMA consumption we
compared VEPs response elicited by a digit disciimination
task in three groups of subjects: one group of polydrug users
who had been heavy consumers of MDMA, one group of
polydrug users who had made moderate use of MDMA, and
one group of subjects who had never taken any illegal drugs.

Materials and method

Partictpants

Three groups of subiects participated in the study, two groups
of MDMA users and one group of drug-naives. The first
group comprsed cight {7 males and | female) heavy-MDMA
users, aged 25-32 vears (M + SD =28 + 2.6 vears), with a
history  of at least 120 occasions of costasy  use
M+ SD=1054 + 720, range from 120 1o 3000). The
second group was made by cight (7 males and 1 femaiel
moderare-MDMA  users, aged 20-26 years (M + 5D=
25 = 2.0 yearsy, with a history of no more than 100 occasions
of ecstasy use (M + SD =521 + 3.3, range from 23 to 1007
One group of eightzen non-drug comirols participated in the
study. This drug-naive group consisted of a sub-group of
relatively voung individuals, {3 muales and 6 females), aged
19-23 vears (M = SD =22 = 1.4 veurs), and a sub-group of
relatively old individuals (5 males und 4 females), aged 2-4-32
vears (M = SDY=2T7 4 10.36 years) {see Table 13 MDMA
users were recruited eithar from the Drug Service in Padova
‘Az, USLY seekdng trzatment (N=8), or were recruited
through via a “snewball” effect (N=8) (Callow, 1996] in
which inital velunteers were asked w recruit additional

volunteers amony their friends. Contunl subjects were
recruited amongst university students.

History of drug use [Table 23 was obiained less than one
week before testing. Participants were formally assessed by a
personal derailed questonnaire and a generul drug usc
questionnaire, which listed questions about a variery of
different drugs. The use of MIDMA, alcohol, twbacce,
amphetamings, temarzeparl, cocalne, herown. [8D, and
magic mushrooms was assessed in this way. A specific drug
Lse guestionnatre requested information abour the duration
of the use of vostasy, the fast dme of drug use, the amount
(number of tablessd used i rhe previous month before
stopping, the frequency of use, the average and maximum
amount maken per session and an estimate of wrial fe-time
consumption.  Exclusicnary  criteriz tfor the four groups
included: past or current histery of head trauma, uncon-
scinusness, hyperastivine disorder, psyehiatric diserder, other
diseases previously linked to HEG abnormalities such as
cardivvascalar disease or diabetes. All subjecrs were assessed
for neurological and moedical iliness und psvchopathoiogy. as
histed in Table 3. Subjeuts who were currently taking
pivehotropic medication or had ever received treatment for
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Table 1. Participant’s specifications. Mean age, gender and levil of aducation fur the four groups of sunjects is shown, Note that the conwrel zroup has
been divided in two sub-groups {voung and old;.

Contral-young

Control-oid

MODERATE-MDMA HEAVY- MIDMA

n=49) m=9 m= % m=3)
AGE 23K L3 a7+ L36 25 = 2.0 KL RN
GENDER
Male 3 a T N
ligmale 5] 4 H
EDUCATION
Twer O & o] 1
[nrermediate 3 2 4 3
Ar least & 7 4 2

preuniversity

Table 2. History of drig assumption. History of drug assurnption,

assessed by a questionnaire, is ceported for the three groups of subjects.

HEAVY- MDMA

Controls MODERATE-MDAMAA
ALCOHOL {limes x week; 2.1 28 3.7
Nuration of use {years} 4.9 3.2 7.5
CIGARETTES (units x week) 68.0 HH.H 098
Duration of use (vears) 3.2 3.8 107
CANNABIS {joints x week) 2 2316 38.7
Duration of use (vears) 2 9 2.8
AMPHETAMINE
(1. exposures x year) ¢ 1.3 1.2
Diurarion of wse (years) 0 43 B
= MAGLC MUSHROOMS”
{0, eXpOSULEs X yCar) 0 1.8 0.3
Daration of use (yvars) o] 4.3 0.3
LS (““trips” x vear) 0 17 23,8
Duration of use {years) ] 4,2 3.7
COUAINE (g x year} 0 2.9 13,4
Duration of use (years) 0 1.1 &4
OPIATES (HEROIN}
‘n. exposures in life) 0 1 &
METHADONE
{q. exposures in life) o] ) L9
MDMA ‘. exposures in life) 5 52,4 1154, 1
Duration of use (vears) 0 33 3.6
Daration of apstinence (years) 0 2.3 2.5

a psychiatric disorder or substance related disorders {except
MDMAY were also excluded. All subjects had normal or
corrected-to-normal vision and had abstained from the
MDAMA use for at least six months prior to VEP recording,
except one moderate-MDMA subject who had a relapse of
MDMA consumption one month betore tesdng. The
ahstinence period, as well as history of drug use, was seif-
reported. All subjects provided informed consent priar e

study participation.

Stimndns and task

“The stmulus consisted in the cyclical alternation of a white
digit (34.3 cd/m®) with a red dot (193 cdim?) on a dark
background {0.23 cdim?), displayed at the cenrre of the
sereen. The digit could be either 1 or 2, randomly. A 2
viewing distance of 57 cm the stimulus subtended an angle
of 0.3 degrees. A two-alternative forced-choice (2AFC) msk

was used and the response had to be made, on average, every
three trals! indicating, by pressing the appropriate kew,
whether the last presented digit was 1 or 2. No Tme pressure
was imposed. Stmulus presentation timing was a5 follows:
afrer subject’s response a red dot was displaved for 2000 ms,
and then the digit-dot ulternation started with S00 ms of
exposure interval for =ach stimulus. After 1 o 3 digi-dot
alternation the screen hecome blank prompting for sabject’s
respOnse.

Before the experment began, the experimenter gave the
following insuctions: ~You will see a white digts {which can
be 1 or 2) cvclicaily alrernating with a red dot. When the
sequence 15 interrupred and the screen gues hlank, please
respond which was the last presented digit by pressing either 1

'This was done for nvo reasons: firs, W minimise EEG arrefacts
ineroduced by manual response, second, to #ngage 2 large amount of
sustained artendon in the rask <xecution,
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Table 3. Neurcingical and medical ilness and psychopathology. Ovourrenue of neuralogical and medicul ilinzss and psvenepatiolugy, assessed Dy a
questionnaire, is rzported for the three groups of subiedrs.

HEAVY-MDMA

Conerols MODERMNTE-MDAA
NEUROLOGICAL ILLNESS
NEURQLOGICAL DISORDERS 0 0 o
HEAD TNJURY 0 J n
DISEASE LINKED T0O EEG 0 ol 1}
ABNORMALITIES
{cardiovascular disease or diabetes)
UNCONSCIOUSNESS Q i v
SEIZURE 0 0
PSYCHOPATHOLOGY
MOOD 0 ol i
ANXIETY 0 o] 0
PSYCHOTIC DISORDERS o 8] Iy
HYPERACTIVITY (YOUTH) 0 ol
MEDICAL ILLNESS
RENAL ILLNESS o ¥l {
ENDQCRIN ILLNESS 0 8] 0
HEMATOLOGIC 1] 0 i}

or 2 on the keyboard. Try to keep your fixation on the
sumulus (red dor or white digit) all the ame. Try not o move
your eves, your head or your body during stimulus presenta-
tion. You can move yvour eyes’head/body and rest when the
stmulus disappears, before making your response. Do not
rush for responding, take your tme.”

Recording and analysis

Recording ook place in a dedicated room with a constant tow
level of illuminadon and environmental noise. Subjects were
seated in a comfortable upright chair with head movements
minimised by means of a chin rest.

The clectroencephalogram (EEG) was recorded from Agf
AgCl- coated cup electrodes placed at Oz, Fz, left (for
reference) and righrt (for ground) earlobes, Electrodes piace-
ment followed the international 120 system. Electrode
impedance was kept below 3 k. The EEG was amphfied
(BAM 623, Biomedica Mangoni Pisa, [wmly) and digitaily
converied (CED 1401, Cambridge Electronic Design, Cam-
bridge, UK} under conwol of a second PC. Stimulation and
recording onset were synchronised on the basis of the vertical
retrace signal of the moniror that displaced the stimulus. The
EE(G was amplified 30000 dmes, bandpass filtered at 1-30
Hz, sampled at 1 KHz with a resolution of 12 bits, and stored
on a hard disk. Artefact rejection was done off-line when the
sigmal amplitude exceedec + 100 1V

The VEPs were obtained by averaging the signal and then
were vertically aligned by taking as baseline their mean
amplitude in the 0—30 range after sumuius onset.

Stuttssical analyss

Two-way ANOVAs with group type as between-subjects
factor (moderate-MDMA users, heavy-MDMA users, Con-
trols) and VEPs components with a latency of 100 (F100],
130 IN150), 200 (P200), 250 (N250}, 300 (P300), and 100
(N0 ms as within-subjects factors were used to compare
both the latency and amplitude of the three geoups separarely

for Oz and Fz. In O, average peak latency for cach of VEPs
componenis in the three groups were: (PL00: 113~ 121 ms;
N130: 1535 166 ms; P200: 212 -224 my; N230: 248 -274;
P300; 297 - 323; N400: 390 415 ms). In Fz, average peak
latency for zach of VEIs components in the three groups
were: (P100: 121 - 139 ms; N130: 154173 ms; P200: 213 -
222 ms; N250; 247 282; P300: 330 342; N200: 406-
438 ms). Bonferroni-corrected (-tests were used for pairwise
comparison. Age-effect (as well as sex offect) was assessed by
comparing VEFs in the two sub-groups of the conrrol group
{voung vs. old). Since no ditference was found, the two sub-
groups werc merged. A scparate ANOVA was used o
compare the number of errors {behavioural data) in the three
groups.

Results

Behavioural dara

The onc-way ANOVA with the group as between-subjecrs
factor, showed that the number of errors did not significantdy
differ among the three groups (Fay =18, p > .03). However,
pairwise comparison (-rest; showed that the number of errors
was significantly higher in the heavy-MDMA with respect to
the contrel group (t=2.1, p < .03). Behavioural data {Table
4) show very little difference between the groups mn the digit-
discrmination task. This is expected since it is generally found
that MDMA-users impalrment is present in tasks mvolving
cognitive functions of higher level than the one we tested.

VEDP;

Age and sex gffects. In order to mule out the possibility that
a VEP difference in cither latency or amplinuds between any
of the rwo experimentai groups and the consrol group could
be duc to a difference in age or sex, we first compured pesk
latencies and amplimides within our control group by
assessing the effect of age (sub-group of younger vs. older
individuals} and sex. The two control sub-groups did aot
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Table 4. Behaviours] data

Contreds

MODERATE- MDA FIEAMVY MO MA

SNUMBER OF LRRORS 0.9

Table 5. AMPLITUDE of Oz components of YELs

N230 P30 N4DD

P10 N130 P20H
Heavy-MDMA 1.4 (1.4) — T2 19 (L2 a 1.101.9) 227171 h — A4 (1D
Moderate-MDMA 1.1 {135 - 1.801.7; 28 0(1.1) EXSW 3.6 0.7 1.0{1.7)
Controls 1.2 (1.2} —2.2(2.2) 3.9 (2.0)a 53 3.3 {49 b R R 3)
a: conwrols vs. heavy-MDMA users p < .05,
b controls vs. heavy-MDAMA users < .03
¢: controls vs. moderate-MDMA users < .03
B -
7 4 — Oz high
-z tow
- Oz controi
6 -
5 q
&
2 4
wt
5 3
L
o
X 2
<
1 q
. J\
0 RS RTFT 7
[ ] 00 © 200 300
1 4
2
LATENCY (mas)

Figure 1. FEP recorded ar Oz lvcation, separawely jor the thrge groups.

differ statistically in cither latency or amplitude of VEPs, nor
any difference due to sex was tound This result s
methodologically important since it could not be excluded
a prioni that any diflerence found between the three groups
of subjects may depend on subjects’ age {Regan, 1989). On
the bases of these results, the two groups were therefore
pulled together in a larze (n=18) control group 0 the
following ANOVAs,

MDMA offects. Oz, The amplitude of VEPs components for
the occipttal {O7) electrode are reported in Table 5 and Fig. 1.

The effect of compenent (peak} is significant (Fs 155=35.9,
p < .0001), as well as the interaction componear X group
(Fig,143 = 3.5: P < .0001). The effect of the group facior 1s oot
significant. Bonferroni post-hoc tests show that, with respect

to control group (no-drug), hewvy-MDALA users present
signiticanty reduced amplitude of P200 (p < .03) and 300
o < .0001) components, P300 componant was also reduced
in moderate-MD VLA users with respect to controls (p < .03).
These results indicate thae MDMA use reduces amplitude of
intermediate (P200} and late (P300; VED componsnts and
that P300 effecr also oceues in individuals with moderate
AMDMA consumpoon.

The latencies of VEPs components for the acciptral (Oz)
clectrode are reported in Tahle 6. "Lhe zffect of the greup
factor is not significant. The effect of component ‘peak) 15
significant (Fs 5o =qu0 2 < .0001), v well as the mieraction
group X compoueni (Fiais,z25 P < 011, However, Bon-
ferroni post-hoe tests did pet reveal any significunt group
difference within the selected components. This suggests that.
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Table 6, LATENCY of Oz companents of VEDs

(SN w130 P200 N2} 123000 S HI
Heavv-MDMA 121 (189 155 (23 2402 ERL TN G100 726 3E0 (38)
SModerate-SMDMA 120 (15 166 (24 221 73 27H2T ERERSEY BUERER:
Controls 113 (22} 160 (21 21472 249 723 20T 030 413 (31
. _ ‘
Table 7. AMPLITUDE of Fz components of VEPs
L MW1s0 P200 MN250 r300 A

Heavy-MIDMA 1.1 (1.3} — 618 3.3 (2.6) F(r.9ya EREN YR 0.8 (1T
Moderate-MDMA 1.2 (0.9) — .1 (1. 350619 (1.7 28(2.0c 0 (3.3
Controls B (1.2) — 812 3.8{2.8 23(2.3a T4 be 144
a: controls vs. heavy-MIODMA users p = .03,
b controls vs. heavv-MDMA users < .05,
¢: controls vs. moderate-MDMA users <2 .03,

8 -

7 —=Fz high

) ~=FZ low
-~ Fz controf

B 4

5 4

4

AMPLITUDE (V)

LATENCY (ms)

Figure 2. VEPs recorded at Fx focation, sepurately for the three gronps.

Table $. LATENCY ol Iz components of VEPs

F1ao Ni1350 P00 NI 300 N0
Heavy-MDMA 132 (32 173 (36} 222032 282 31 342 (42 423 b
Modemare-MDMA 136 217 1ot (267 220 41 2H2 43 331 (4 HME (5E
Conrrols 121 {33 134 (35} 213039 247 1539 333 (09 138 0330

respectively. The effect of component (peak} is significant
(T4 552230 P < 0001}, as well as the interaction component
x group (Fig 55224, D < 003}, The effect of the group factor
is nor significant. Bonferroni post-hoc rests show that, with
respect 10 contrel group (no-drug), N230 component was

the latency of VEPs components of either heavy-MDMA or
moderate-MDMA users never significantly differed from that
of contrels.

Fz. The amplitude of VEPs components relative o the
tronral (Fz) elecwode are reported in Table 7 and Fig. 2




significantly smalizr in heavy-MDMA users (p < .03) and
nearly  significandy  smaller  in  moderate-MDMA  users
fp=.06). P300 component was reduced in both moderate
{p < 05) and heavy-MDMA users (p < .03) with respect o
controls. These results indicate that both moderate-MDMaA
users and heavy-MDMA users present smaller amplitude in
the exogenous late VEP components.

“Fhe latencies of VEP components for the frontal {Fz)
electrade are reported in Table §. The effect of component is
significant (F5 ;55 364, D < .0001), whereas the effect of group
and the interaction group X component is not. This indicates
that the latency of VEPs components of either heavy-MDMA
or moderate-MDMA users never significantly differed from
thar of controls.

Conclusion

The major finding is that there is a long-lasdng effect of
MDMA use, reflected in VEPs amplitude but not latency. In
Oz, the amplitude of intermediate (P200) and late (P300) is
smaller in heavy-MDMA users than conmols. Moderate-
MDMA users also present smaller amplitude of P300 with
respect o controls. In Fz, the amplitude of 300 is reduced in
both heavy- and moderate-MDMA users with respect to
controls. Amplitude of N250 component is also reduced, in
heavy-MDMA users only. The three groups do not ditfer in
the amplinide of carly components, reflecting early proces-
sing. To our knowledge this result provides one of the first
(see also Reneman et al. (2001} for a related finding) direct
evidence of a long-term effect of MDMA use on VEP
responses associated to low-level cognitive tasks. [t is accepred
thar a difference in latency in VEPs latency reflects differences
either in conduction tme or in dming processing {Regan,
1989). Since our subjects do not ditfer in latency of VEPs
component we infer thar processing speed i3 not affected in
these individuals.

The VEPs amplitude results indicate that MDMA con-
sumption affects cortical activity reflected in both exogenous
‘P200 and N230) and endogenous (P300) aspects of
information processing. There is consisting ewidence that
P200 and N230 amplitude depend on physical parameters of
stimulation. For example, Bach and Meigen (1992) and
Caputo and Casco (1999) showed that N250 is modulated by
global figure-ground segmentation. Oka etal. (2001) reported
evidence thar P200 amplitude s atfected by figure symmeuy.
On the other hand, it is widely accepted that P300 is an
endogenous component (Regan, 1989). A general fearure of
the effects here reported of MDMA use on VEDPs is that they
seem o be present in those components of coctical activiry,
which are affected by artentional demands (Coull, 1998).

However, the precise relatiouship between areentonal
demands set by a very simple digit discrimination task as the
one used in the present study and the strong VEPs amplitude
effect in MDMA users is not evident. A possible hok is
suggested by the view that a substannal portion of P300
variation appears o be caused by factors not only relared to
alterations of the task structure bue also to fluctuation in the
arousal state of the subject. Indeed, parameters contributing
to P300 and N250-P300 complex production are shown to be
sensitive to the “energetical” or “'inrensive” factors that are
induced by the activation state rather than by the task {Kok,
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1990; Kulikowski et al,, 19847, Since rhe fask we used seems
p be wery sasy for all groups, the effect of MDMA
consumption ca P300 amptitude could indeed be interprered
as a result of a nen-specific reduction of the whole organism’s
activity level, resulting from variativns of ceticular systemn
activation (Lindsley, 19617,

Howcver, the finding of an amplitude effect on specific
stimutus-dependent components {200, N250) but not other
components (P 100 and N{30) does not support the
suggestion that MIDMA affects in general mode cortcal
activity in human brain. Indesd, a gencral arousing cffect is
expected to facilitate the alerting effect of sensory processes
and therefore o be reflected in earlier as well late VEDPs
components (Kulikowski et al., 1984}, The reduced arousal 1§
alsa very difficult to conciliate with the very ingeresting
hypothesis that reduced cortical inhibition may be a general
explanation of behavioural and cognitive impairment in these
individuals (Parrotr, 2000). On the bases of these considera-
tions it cannoe be excluded that a specific attenuation of late
VEPs components may be possibly related to cognidon in a
more focused way (Polich and Kok, 1993). Indeed, McKetin
and Solowi] (1999) sugpested that late processing negauvity
{increased negativity of ERPs in the interval of 270-700s)
represents the active maintenance of the attentional race
corresponding to the relevant stimulus in preparedness for
further processing. Naatanen {1990) proposes that late
processing negativity to the relevant stimulus reflect the
activity of a limired-capacity exccutive processor and that it
is generated by a subcortical structure in the frontal lobe
{Ciiard et al., 1988).

Although a specific explanation has to be considered, the
alternative explanation of our findings in terms of a general
reduction of the arousal level seems o us more appealing for
several reasons. First, laboratory animals are shown to develop
serotonergic(3-HT) nevrotoxicity after repeared doses of
MDMA, Anatomical studies show that serotongrgic neurons
originating from Rafe nuclei project extensively to all levels of
the ceniral nervous system. Moreover, in favour of the
hypothesis of a general effect is the rzsults of McCann et al.
{1998) which teported that serotonin uansporters at the
synapses were reduced in 2cstasy users in every brain region
studied, and the study of Gamma et al. {2000} that provided
evidence from PET studies of a dustmibuted cluster of brain
arzas underlying the various effects of MDMA in humans.

To conclude, these results provide new evidence that
cortical activity associated with low levels of cognidve
processing is altered after prolonged exposure to £CStasy.
They confirm the evidence of long-term EEG deficits (Datters
et al, 1999) displaved by Jrug-free costasy users and are
consistent with the evidence that even rypical recreational
doses of costasy are sufficient (0 cause IneurOroXiCiy in
humans and thar this neurotoxicity is associated with a subtle,
but sigaificany, low-level cognirive deficit.
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