COMMENTARY

“Ecstasy” and Serotonin Neurotoxicity

New Findings Raise More Questions

HE ARTICLE by Rene-

man et al' in this is-

sue of the ARCHIVES is

timely and provoca-

tive and highlights
several areas of controversy in the
fields of substance abuse, drug-
induced neurotoxic effects, and neu-
roimaging. The authors present evi-
dence that the illicit recreational
drug 3,4-methylenedioxymetham-
phetamine (MDMA, or “ecstasy”)
may cause persistent cognitive defi-
cits*® and that these deficits are re-
lated to the extent of previous
MDMA use. Based on single-
photon emission computed tomog-
raphy (SPECT) imaging with '*’I-
labeled 2B-carbomethoxy-33-(4-
iodophenyl)tropane (3-CIT), they
conclude that MDMA causes neu-
rotoxic injury to cortical serotonin
(5-HT) axon terminals that may be
reversible. This is the first study to
evaluate a separate cohort of previ-
ous MDMA users who have ab-
stained from use for longer than 1
year, and thus has the potential to
provide information regarding long-
term effects of exposure to MDMA.

See also page 901

With respect to cognitive ef-
fects of MDMA, there is some ques-
tion regarding the role of concomi-
tant marijuana use in the cognitive
deficits observed in MDMA users. Re-
ports by Rodgers™ and Croft etal' in-
dicate that marijuana is an impor-
tant confounding factor in studies of
cognitive function in MDMA users,
with marijuana use predicting much
of the observed cognitive decline. This
is a nettlesome problem, since most
MDMA users also use marijuana. In
the present study, although the “ex-
MDMA” group of subjects abstained
from MDMA for at least 1 year, they
continued substantial marijuana use,
potentially accounting for dimin-
ished cognitive performance. Never-
theless, the present findings of im-

paired verbal memory are cause for
concern and underscore the need for
longitudinal studies in MDMA users
to evaluate the persistence of func-
tional deficits and to determine
whether tardive adverse effects
emerge. Clearly, future studies aimed
at elucidating cognitive effects of
MDMA use will need to control for
concomitant marijuana use. More-
over, the relationship between
MDMA-induced serotonin neurotox-
icity and cognitive deficits in MDMA
users needs further investigation and
will require assessment of several
brain regions (eg, hippocampus) in
addition to cerebral cortex.

Data obtained using SPECT with
the radioligand [**1]B-CIT insert
themselves into the ongoing debate
regarding the suitability of this
method for measuring serotonin
transporter (SERT) sites in cerebral
cortex. Several laboratories'*'* have
demonstrated the capability of [**I]3-
CIT for measurement of brainstem
and mid brain SERT. However, as
noted by Heinz and Jones," there is
little evidence that SPECT with
['»1]B-CIT can accurately measure
specific binding to cortical SERT sites,
with studies in a nonhuman primate
demonstrating no change in the level
of cortical [**1]B-CIT binding fol-
lowing administration of the seroto-
nin reuptake inhibitor, citalopram.'?
Nevertheless, one other research
group'® has also reported reductions
in the binding of ['**1]B-CIT in oc-
cipital cortex of MDMA users. To ad-
dress the question of whether MDMA-
induced brain serotonin injury in
cerebral cortex can be detected by
SPECT with ['’1]B-CIT, studies us-
ing large nonhuman primates, such
as baboons, with similar cortical SERT
distributions and densities as hu-
mans are required, ideally before and
after MDMA treatment.

An important issue regarding
SPECT sensitivity deserves clarifica-
tion. The authors note in the “Com-
ment” section that reductions in cor-

tical ['*1]B-CIT in MDMA users were
on the order of 9%, while previous
binding studies in nonhuman pri-
mates'’ given doses of MDMA simi-
lar to those used by humans exhibit
far greater deficits in cortical 5-HT
axonal markers, ranging from 83% to
95%. This disparity leads the au-
thors to conclude that MDMA is less
toxic toward humans than primates.
However, it has not been established
that reduced binding of ['"*’1]3-CIT
corresponds directly with decreased
5-HT axonal markers measured us-
ing in vitro tissue samples. Notably,
SPECT studies in MDMA-treated
monkeys using ['2’I]INQUIP,'® a
SERT (5-HT transporter) radioli-
gand with similar cortical/cerebellar
binding ratios to [***I]B-CIT, found
that MDMA-treated monkeys exhib-
ited cortical reductions of less than 5%
by SPECT, while in vitro measures in-
dicated reductions greater than 75%.
These values reveal a large disparity
between SERT levels determined by
SPECT and by direct in vitro tissue
samples. This difference between 2
dissimilar methods raises questions
regarding the sensitivity of SPECT for
detecting SERT in cerebral cortex, as
recognized by the authors. Thus, un-
til the sensitivity and accuracy of
SPECT with ['*1]B-CIT for measur-
ing SERT density in neocortex is es-
tablished, conclusions regarding the
degree of MDMA-induced cortical
damage may be premature.

While theresults of Reneman and
coauthors and others suggest that
MDMA can produce cognitive impair-
ment (memory loss), several impor-
tant questions concerning causality and
mechanisms remain unresolved. Does
decreased binding of 3-CIT measured
with SPECT reliably indicate aloss of
SERT inneocortex? Does the decrease
in SERT result from frank axonal de-
generation or from reduced SERT ex-
pressionin survivingaxons? Histologic
studies in animals demonstrate that
MDMA causes extensive loss of 5-HT
axonsin numerous brain regions,'"*%
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and a similar pattern of neurotoxic ef-
fectslikely occurs in humans. Anun-
resolved issueis whether the 5-HT axo-
nal damage in neocortex is directly re-
sponsible for cognitive changes.
Moreover, the regional localization of
5-HT axon loss that produces cogni-
tive decline should be determined since
denervation of hippocampus may
cause memory loss, while the neocor-
tical changes might be unrelated.

The observation that ['*I1]-CIT
binding in cortex returns to normal in
subjects who were abstinent for 1 year
leads the authors to conclude that
MDMA-induced damage to cortical
5-HT axon terminals may be revers-
ible. Thisinterpretation must be viewed
with caution since, as mentioned ear-
lier, the sensitivity of [**I]3-CIT for
measuring cortical SERT reliablyis not
established. Moreover, axonal regen-
eration in the adult brain may lead to
abnormal, dysfunctional circuitry. The
notion of spontaneous recovery hasim-
portant public health implications since
drug users may be led to believe that
MDMA-induced damage can be re-
versed merely by abstaining from
MDMA. However, experimental stud-
iesreport that MDMA'’s neurotoxic ef-
fects on serotonin neurons in primates
are extremely long-lasting and may be
permanent.'”?!

The findings by Reneman and
colleagues suggest several future direc-
tions for research in MDMA neurotox-
icity. Asnoted previously, preclinical
studies in nonhuman primates are es-
sential for the interpretation of find-
ings in humans. For example, itis im-
portant to establish that SPECT with
['Z1]B-CIT is capable of reliably detect-
ing MDMA-induced serotonin neuro-
toxicity in primate neocortex, and if
so, the sensitivity of the method should
be determined in multiple regions of
cerebral cortex. Similarly, abnormal
magnetic resonance Spectroscopy,
positron emission tomography, or
functional magnetic resonance imag-
ingdata from human MDMA users can
best be interpreted with reference to
data from nonhuman primates thatex-
hibit documented neurotoxic injury.
A similar approach could be applied
to functional consequences of MDMA
use, including cognitive and neuroen-
docrine changes seen in MDMA users.
Such studies will help clarify the rela-
tionship between neurotoxic injury

and functional deficits. Another direc-
tion for clinical research in MDMA is
to determine the long-term effects of
MDMA use. These studies should ad-
dress questions of potential recovery,
as well as the possibility that tardive
effects of MDMA on serotonin neurons
may become manifest with age. Addi-
tionally, as knowledge grows regard-
ing the mechanisms of MDMA-
induced neurotoxicity, it may be pos-
sible to define genetic risk factors for
the development of toxicity or meth-
ods for preventing injury and promot-
ing recovery in those who have sus-
tained damage.

In conclusion, the article by
Reneman and colleagues raises sev-
eral important questions. Fortu-
nately, the tools for addressing many
of these questions are available, and
will undoubtedly be used to shed
light on many issues regarding the
neurotoxic effects of MDMA and its
functional consequences in hu-
mans. Meanwhile, it is urgent to fo-
cus public attention on the current
results indicating that MDMA may
cause long-term damage and dys-
function in the human brain.
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