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LETTER TO THE EDITOR

 

Drs. Gijsman, Verkes, van Gerven, and Cohen are of the
opinion that the risk of long-term MDMA-produced se-
rotonin reductions makes MDMA too dangerous to ad-
minister to humans, even when using a single moderate
dose in research contexts.

We respect the authors’ opinion and agree that the
potential risk of administering MDMA to healthy vol-
unteers is an important ethical issue that must be thor-
oughly evaluated in light of all available evidence. We
do, however, not agree with the authors’ conclusion
that a single oral dose of 1.7 mg/kg MDMA in humans
is likely to cause damage to serotonergic neurons. We
think the existing evidence does not support such a
conclusion.

Firstly, Gijsman et al. argue that repeated adminis-
tration of MDMA in animals leads to damage of sero-
tonergic axons and terminals and that this neurodegen-
eration is associated with decreased serotonin (5-HT)
levels in the brain. They then conclude, since a single
dose of MDMA can also lead to a decrease in serotonin
levels, that this would be strong evidence for serotoner-
gic neurodegeneration after a single dose. This conclu-
sion, however, is false, since a MDMA-induced de-
crease in brain serotonin levels does, by no means,
imply that such a decrease is ultimately associated with
serotonergic neurodegeneration. Perhaps the best evi-
dence of potential neurodegenerative risks of MDMA
comes from studies demonstrating that MDMA de-
creases not only 5-HT and 5-HIAA, but also [3H]parox-
etine binding, a measure of 5-HT uptake sites and more
direct indicator of serotonergic neurodegeneration, in a
dose- and frequency-dependent manner. In fact, Colado
et al. (1995) found that 10 mg/kg, i.p. of MDMA de-
creased 5-HT and [3H]paraoxetine binding by 30%,
while 5 mg/kg i.p. had no effect either on 5-HT levels
or [3H]paroxetine binding (Colado et al. 1995 and per-
sonal communication). This finding was recently cor-
roborated in a study demonstrating that a single dose
(4–15 mg/kg i.p.) of MDMA dose-dependently de-
creased 5-HT, 5-HIAA and [3H]paroxetine binding in

regions of the Dark Agouti rat brain 7 days later, while
4 mg/kg i.p. having no degenerative effects. This dose
(4 mg/kg) was also without effects when given once
daily for 4 days, but produced a decrease in 5-HT and
[3H]paroxetine binding when given twice daily for 4
days (Oshea et al. 1998). Similarly, Battaglia et al. (1988)
demonstrated that 10 mg/kg of MDMA given four
times every 12 hour s.c. to Sprague-Dawley rats, did not
reduce 5-HT uptake sites, although 5-HT and 5-HIAA
levels were decreased by about 40%. Even more impor-
tant for the human case is a study by Insel et al. (1989)
performed in monkeys. This group found that adminis-
tration of 2.5 mg/kg of MDMA twice daily for four con-
secutive days in rhesus monkey did not reduce the den-
sity of 5-HT uptake sites, although 5-HT and 5-HIAA
were decreased by 50–70%. However, 10 mg/kg given
twice daily for 4 days decreased both the number of 5-HT
uptake sites and 5-HT levels. Finally, a linear dose-
response relationship between the amount of MDMA
used and the average total reduction of 5-HT uptake
sites (transporter binding) has recently also been re-
ported in a PET study with MDMA users (McCann et al
1998). In that study, an average reduction in 5-HT up-
take sites of about 25% was found in 14 people who had
taken MDMA an average of 228 times with an average
doses of each time of 386 mgs. None of the subjects
showed any evidence of current DSM-IV Axis I psychi-
atric diagnoses in which 5-HT has been implicated.

In summary, these studies demonstrate that the
MDMA-induced decrease in 5-HT and 5-HIAA levels
can occur independently of changes in 5-HT uptake
sites. Thus reductions in 5-HT and 5-HIAA alone are
not reliable indicators of reduced 5-HT uptake sites and
neurodegeneration. Given the fact that [3H]paroxetine
labelling of the serotonin transporter constitutes a more
direct marker for assessing structural changes in 5-HT
terminals, and given the supposed dose-response rela-
tionship, it seems extremely unlikely that administering
MDMA (1.7 mg/kg) only one, two or three times within
an experimental context, in a dose of a maximum of
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about 50% of what subjects in the McCann study self-
administered (McCann et al. 1998), will produce mea-
surable serotonin reductions or functional or behavioral
consequences. Finally, it is noteworthy that changes in
the number of 5-HT uptake sites in sensu stricto do not
only indicate a loss or overall damage of 5-HT termi-
nals, but also include adaptive modulations of 5-HT
reuptake sites. In fact, subchronic (less than a month)
administration of 5-HT transporter ligands like antide-
pressants (SSRIs, TCAs and tianeptine) has also be re-
ported to reduce 5-HT transporter mRNA and radioli-
gand binding to 5-HT transporter (see e.g., Lesch et al.
1993). Hence more research is needed to address the
question how to interpret discrete reductions of 5-HT
ligand binding in human brain.

Second, Gijsman et al. argue by referring to the re-
view of Steel et al. (1994) that a single dose of MDMA
can induce a biphasic decrease in 5-HT and 5-HIAA
that may last for years. However, even if we take
changes in 5-HT and 5-HIAA levels as markers for sero-
tonergic neurodegeneration in to account, there is no
indication in Steel’s review that a single dose of MDMA
approaching the dose used in our human study (1.7
mg/kg p.o.) leads to a reduction of 5-HT and 5-HIAA
levels. The authors may have overlooked that the stud-
ies cited in Steel’s review did not only use higher doses,
but that the study by Schmidt et al. (1986) found that 2.5
mg/kg of MDMA given s.c. to rats produced no acute
decrease in 5-HT and 5-HIAA 3 hours post-injection.
Since this is the time point where the most dramatic de-
crease in 5-HT and 5-HIAA levels can be observed after
higher doses of MDMA, it seems highly unlikely that
there will be a such a decrease with 2.5 mg/kg MDMA
at any later time-point. Moreover as outlined above,
Colado et al. (1995) and Oshea et al. (1998) found no ef-
fects of a single dose of 5 mg/kg and 4 mg/kg (i.p.) re-
spectively, on 5-HT and 5-HTAA content in rats.

Third, we agree that it is generally assumed that pri-
mates are more sensitive to MDMA than rats or other
non-primates. Although it is difficult to extrapolate
from animal to human data, we regard primate studies
as more pertinent to the human case. To date, there is
no evidence indicating that a single dose of MDMA ap-
proaching the dose used in our study (1.7 mg/kg, p.o.)
leads to a loss of 5-HT uptake sites in primates. The
above-mentioned study by Insel et al. shows that even
after repeated administration of MDMA up to a cumu-
lative dose of 20 mg/kg i.m., the number of 5-HT up-
take sites was not significantly changed. This is several
times the dose used in our study. Moreover, there is ev-
idence that parenteral administration of MDMA in-
creases toxicity 2–3 times over oral intake (Ricaurte et
al. 1988), which may again widen the gap between the
two dose regimens. In this respect, Ricaurte and col-
leagues’ study (cited by the authors), where a single
dose of 5 mg/kg MDMA was given orally to monkeys

(Ricaurte et al. 1988), is probably the closest approach to
the dose regimen used in our human study. This study
found a reduction in 5-HT and 5-HIAA content of about
20% in the thalamus and hypothalamus 2 weeks post-
drug. However, as shown above, this does not permit
any conclusions as to a possible loss of 5-HT terminals.
Finally, 2.5 mg/kg MDMA given p.o. once every 2
weeks for 4 months did not alter 5-HT and 5-HIAA
brain content in squirrel monkeys (Ricaurte 1993, pers.
comm. to the Swiss Federal Ethical Committee).

As to the benefits from our research, we see three
kinds. One, we can generate objective, scientific infor-
mation about the full range of effects of MDMA that can
be used to shed light on the causes and consequences of
the non-medical use of MDMA by millions of people
around the world. Two, research into the mechanism of
action of MDMA in normals should provide insight
into pathophysiological processes underlying psychiat-
ric disorders in which the 5-HT system has been impli-
cated. Third, normative data obtained with MDMA in
normals should also be useful to interpret psychological
and neurophysiological data obtained in MDMA users.
Such studies are under way or have been performed us-
ing PET, PPI, and EEG/ERP technique (Vollenweider et
al. 1998, manuscript in preparation). Fortunately, regu-
latory authorities in the United States, Germany, Spain,
and Switzerland, fully aware of the controversy over
the neurotoxicity issue, have all approved human
(phase I) studies with MDMA and related drugs such as
MDE (Gouzoulis et al. 1992; Hermle et al. 1993; Gou-
zoulis et al. 1993) and fenfluramine (see e.g., Kapur et
al. 1994; Mann et al. 1996; Smith et al. 1997; Meyer et al.
1998). Such studies should allow us not only to investi-
gate the mechanisms of action and potential risks of
MDMA, but also to gain insight into pathophysiological
mechanism of psychiatric disorders related to the sero-
tonergic system.

 

Franz X. Vollenweider, M.D.
Alex Gamma, M.S.

Matthias Liechti, M.D.
Theo Huber, M.D.

Psychiatric University Hospital
Zürich, Switzerland
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