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Abstract In recent years the illicit drug ecstasy
(MDMA, 3,4-methylenedioxymethamphetamine) has
come into widespread use among young people. Despite
clear evidence for the neurotoxic potential of MDMA in
animals, corresponding evidence in humans is limited to
indirect findings. In an exploratory study we compared
the hippocampal 'H-MRSI (magnetic resonance spec-
troscopic imaging) spectra of five MDMA users with
those of controls with no history of substance abuse. Al-
though 'H-MRSI is sensitive in detecting alterations in
neuronal viability in association with diseases leading to
neuronal degeneration, we were not able to demonstrate
any differences in hippocampal 'H-MRSI between
MDMA users and controls.
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Introduction

In recent years the illicit drug ecstasy (3,4-methylene-
dioxymethamphetamine, MDMA) has come into wide-
spread use among young people. There is good evidence
for a neurotoxic potential of MDMA in animals (Ricaur-
te et al. 1992). The available data suggest a distal alter-
ation of central serotonergic neurons (McCann et
al. 1998). Investigations in humans show indirect evi-
dence of neurotoxic effects, such as memory impair-
ment and altered EEG power (Bolla et al. 1998, Dafters et
al. 1999). Reduced prolactin and cortisol responses to
the serotonergic agonist d-fenfluramine further indicate
long-lasting serotonergic system impairment after
discontinuation of MDMA (Gerra et al. 2000). With
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positron emission tomography using the selective sero-
tonin transporter radioligand carbon-11-labelled
McN-5652, abstinent MDMA users showed decreased
global and regional brain serotonin transporter binding
compared to controls (McCann et al. 1998).

Magnetic resonance spectroscopic imaging (MRSI)
provides a non-invasive method for the quantitative
analysis of certain tissue compounds. Although 'H-
MRSI usually only allows the detection of NAA (N-
acetylaspartate), creatine and choline signals, the ad-
vantages of a non-invasive method for in vivo studies are
obvious. In temporal lobe epilepsy MRSI signal diffe-
rences can be used to determine the affected hemisphere
(King and Baltuch 1998). In schizophrenic patients de-
creased hippocampal NAA signals may reflect the neu-
ronal dysfunction associated with this disease (Deicken
et al. 1998).

As MDMA has been shown to be associated with
serotonergic axonal degeneration in animals (Ricaurte
et al. 1992), we opted to focus on the hippocampus as a
region of high serotonergic synapse density. We hypoth-
esized that impaired neuronal viability associated with
MDMA consumption would reflect in a decrease of NAA
signals.

Purpose

The purpose of this study was to explore whether 'H-
MRSI could serve as a means for investigating the effects
of MDMA use on the hippocampus. In preparation of fu-
ture longitudinal studies on the temporal aspects of
changes associated with MDMA use, our second goal
was to test the temporal reliability of our MRSI mea-
surements.

Materials and Methods

Using MRSI we studied 5 ecstasy users (age 25.7 £ 2.7 years) and 5
age-matched healthy controls (age 26.6 £ 2.9 years) with no history of



substance abuse. MRSI studies of healthy controls were carried out
twice with an interval of 3 to 7 days. Ecstasy users had consumed at
least 100 doses (range 120-350 doses) of MDMA each for three to six
years without showing significant psychiatric alterations based on the
patient’s history, the positive and negative syndrome scale (PANSS),
and the Beck depression inventory (BDI). Ecstasy users and controls
did not differ in the Wisconsin Card Sorting Test (WCST) or in the
subtest working memory of the “Testbatterie zur Aufmerksamkeit-
spriifung” (TAP). All ecstasy users were drug free at the time of ex-
amination according to their own report. The last ingestion of MDMA
had taken place between three weeks and four months prior to test-
ing.
All 'H-MRSI studies were performed on a 1.5T Siemens Vision
MRI/MRS system equipped with a standard head coil. For MRSI lo-
calization 2D FLASH images in coronal, sagittal and oblique trans-
verse orientation were acquired. Oblique transverse images were an-
gulated parallel to the long axis of the hippocampus.

A PRESS MRSI technique with TE = 135 ms and TR = 1800 ms was
applied. PRESS volume pre-selection was performed parallel to the
transverse images and included both hippocampi. A MRSI field of
view (FOV) of 210 x 210 mm and a PRESS volume thickness of 15 mm
was used with circular k-space sampling equivalent to a maximum of
24 x 24 phase encoding steps. Postprocessing including Gaussian line
fitting for NAA, creatine (Cr) and choline (Ch) was carried out using
an automated fit algorithm (Soher et al.1998, Young et al. 1998a,
Young et al. 1998b). A k-space apodization resulting in an effective
voxel size of approximately 4 cc and zero filling to 32 x 32 k-space
points was applied prior to the spatial Fourier transformation. Zero-
filling from 512 to 1024 time domain data points and Gaussian mul-
tiplication corresponding to 0.6 Hz line broadening were carried out
prior to the time domain Fourier transformation. The person con-
ducting the interactive procedures was blind as to the user or non-
user status of the test persons. For direct inter-subject comparisons of
metabolite signals, metabolite signals were also corrected for coil
loading. A more detailed description of the MRSI protocol and data
processing is given in Ende et al. (2000).

For statistical comparisons MRSI data were subdivided into two
groups, i. e., ecstasy users and controls. Two-tailed t-tests were used to
determine differences in NAA, creatine and choline values as well as
NAA/(Cr+Ch) ratios. Additionally, the findings in our control group
were used to provide test-retest comparisons.

Results

The repeated MRSI measures in our controls showed the
intra-subject variability of the NAA signals to be within
1% to 5.8 % with a mean of 3.28%. The individual dif-
ferences for NAA/(Cr+Ch) ratios were 0.6% to 6.5%
with a mean of 2.9 %.

The mean group results for NAA, Cr, Ch and
NAA/(Cr+Ch) ratios have been summarized in Table 1.
Although Ch signals showed a trend towards higher val-
ues in ecstasy users, none of the results reached statisti-
cally significant levels.

Table1 Mean group results for NAA, Cr, Ch and NAA/(Cr+Ch) ratios in institu-
tional units

Mean values + SD i. u.] Ecstasy user Controls
(h=5) (n=5)

NAA 1418 £1.77 14.35+£1.37

Creatine 8.10+0.89 8.14£1.1

Choline 9.73+0.89 9.08+1.2

NAA/(Cr+Ch) 0.80+0.10 0.84+0.07
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Fig.1 Spectrafrom a repeated MRSI experiment in a healthy control showing the
peaks assigned to NAA at 2.0 ppm, Cr at 3.0 ppm and Cho at 3.2 ppm. The location
of the evaluated voxels is shown in the inset.

Discussion

Our exploratory '"H-MRSI follow-up study showed no
differences in hippocampal NAA or choline compounds
between asymptomatic, abstinent MDMA users and
controls.

The retest reliability of our MRSI study proved to be
well within the reproducibility range determined for a
single voxel STEAM technique (Choi and Frahm 1999)
as well as for a single voxel PRESS technique (Hoshino
et al. 1999). Thus, MRSI is well-suited for studies requir-
ing test-retest reliability.

This lack of significant signal differences in NAA is
consistent with recent findings of Chang et al. (1999 a) in
a single voxel study of ecstasy users, who had examined
the mid-frontal, mid-occipital, and parietal brain re-
gions with short echo time (TE) single voxel MRS. Sup-
porting our findings, they also found no changes for
NAA, Cr and Ch but an increase in myo-inositol in the
parietal white matter in ecstasy users. Since we used a
PRESS MRSI technique with long TE, myo-inositol val-
ues could not be evaluated in our study.

A decrease in NAA signals is a quite sensitive marker
for neuronal loss (Ende et al. 1997). This could already
be demonstrated for abstinent crack cocaine users by
Changetal. (1999b). Besides decreased NAA signals, the
crack cocaine users examined showed an increase in
myo-inositol signals. These signal alterations have been
explained by neuronal loss and glial activation due to
crack cocaine use.

Based on our data, MDMA seems not to lead to a de-
crease in hippocampal NAA signals as a sign for a pro-
found disturbance of neuronal viability in distal sero-
tonergic neurons. This view is supported by findings in
squirrel monkeys where abnormal innervation patterns
in MDMA-treated monkeys are not the consequence of
loss of a particular serotonergic nerve cell group
(Hatzidimitriou et al. 1999).
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Due to our study design with all examined persons
drug abstinent at the time of MRSI acquisition and with
varying time intervals to the last ecstasy use we cannot
exclude that there is a transient disturbance of neuronal
viability. Furthermore, our study is limited to asympto-
matic users. Therefore, MDMA may cause long-lasting
neuronal alterations in more vulnerable brains with the
consequence of neuropsychological deficits or psy-
chopathology in the context of MDMA use. MRSI in
combination with thorough neuropsychological testing
seems to be a suitable approach to identify and charac-
terize possible risk populations and to examine long-
term effects on neuronal viability and function. There-
fore, longitudinal MRSI studies including subjects with
psychiatric alterations attributable to MDMA are
needed.
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