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MDMA toxicity: no evidence for a major
influence of metabolic genotype at CYP2D6
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Abstract

3,4 Methylenedioxymethamphetamine (MDMA or ecstasy) has become a major drug of abuse over the last
decade. It produces a mixture of systemic and neuropsychological effects. Animal studies show a range of
short- and long-term toxic effects, both systemically and neurochemically. In humans, toxicity and death due
to the drug have been attributed to a variety of causes, with “idiosyncratic’, or non-dose-related, reactions
often cited. It has recently been established that MDMA is metabolized via the cytochrome P450 enzyme,
debrisoquine hydroxylase. This enzyme is coded by the gene CYP2D6. This gene contains mutations which
effect the function of the enzyme, and individuals homozygous for these mutations are known as poor
metabolizers. Between 3 and 10% of the Caucasian population are thus affected, and therefore may be less
able to metabolize MDMA. In this paper we examine the hypothesis that individuals selected on the basis of
having had an adverse reaction to MDMA will be more likely than the general population to have homozygous
mutations at CYP2D6. We obtained retrospectively seven cases of toxicity or death thought to be due to
MDMA. DNA was extracted from these patients, and their genotype ascertained. None of this small sample
was shown to be homozygous for the mutation at CYP2D6. Three possible explanations are offered for these
results. (1) The non-dose-related nature of MDMA toxicity may be due, either alone or in combination, to
contaminants in the drug, or ambient environmental/physiological factors. (2) Our genotyping methods may
have missed one of the rare additional mutations which effect gene function at CYP2D6. (3) Our study
sample may be too small to demonstrate a statistically significant result. A larger study is currently under way.

Introduction first description of its actions in humans

The hallucinogenic amphetamine, 3,4 methyl-
enedioxymethamphetamine (MDMA, E, or
ecstasy) was first synthesized and patented by
Merck in 1914 as an appetite suppressant. With
little or no subsequent commercial interest, the
patent expired. There was little mention of
MDMA in the literature until the late 1970s,
apart from work on toxicology in animals.' The

described the production of ‘an easily controlled
altered state of consciousness with emotional and
sensual overtones’.” It was the latter qualities,
and the concept of MDMA being used as an
‘affective enhancer’, which led to its proposed
use in psychotherapy.”® In 1985 MDMA was
placed on Schedule 1 of controlled substances by
the Drug Enforcement Agency in the USA. This
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was because of increased recreational use and a
report’ that one of its analogues, 3,4 MDA (3,4
methylenedioxyamphetamine) produced
effects on brain serotonin in rats. An increase in
usage in universities, and the spread of the drug
to Europe and beyond, led to frequent medical
and media reports of toxicity and death due to
the drug.®” A literature search using the key
words ‘MDMA’ and ‘toxicity’ indicated none in
1985, nine in 1987, 19 in 1991, 15 in 1994 and
20 in 1996.

MDMA has stimulant effects in humans char-

toxic

acterized by increased heart rate, increased blood
pressure, dry mouth, decreased appetite, sweating
and jaw clenching.'® Blood biochemical indices
are usually within the reference range. Neuro-
psychological effects include a subjective feeling
of euphoria. Subjects report that their ‘attention
is focused on the here and now rather than
future or past’.'” MDMA, in typical doses, rarely
produces despite being
classified as an hallucinogenic amphetamine."'
Animal studies with MDMA have shown an
anticipated spectrum of signs consistent with
sympathomimetic stimulation, including pilo-
erection, mydriasis and hyperthermia. In larger
doses, seizures are induced.' Prolonged adminis-
tration to dogs has been shown to cause testicular
atrophy and prostatic hypertrophy.'” Neurochem-
ical evidence points to induced deficits in the

frank hallucinations

serotonin pathways, in a dose-related fash-

> Furthermore, these effects appear to
16

ion
last beyond the cessation of MDMA intake.
Damage to dopaminergic neurones in animals
has been shown to occur with high doses.'” Toxic
systemic effects in humans include cardiac

7,18
and !

arrythmias rhabdomyolysis,
disseminated intravascular coagulation, hyper-
thermia, acute renal failure and hepato-
toxicity.”*”'®?° Toxic neuropsychiatric effects
vary from short-lived anxiety states to chronic
psychoses.”'?> Major depression, panic disorders
and memory disturbances
described.””** As noted above, animal studies
demonstrate a possible
effect on serotoninergic and, at higher doses,
dopaminergic pathways with MDMA use.
Human studies thus far, using indirect methods
of serotonin function (i.e. CSF 5SHIAA measure-
ment and neuroendocrine challenge), have been
inconclusive.”>?* The utilization of positron emis-
tomography (PET) single photon
emission computed tomography (SPECT) for

asystole,

have also been

long-term neurotoxic

sion and

evaluating the status of the serotonin system in
patients who have taken MDMA is currently
being investigated. It is possible that long-term
neurotoxic effects may begin to emerge in the
coming years, given the relative novelty of abuse
of MDMA.

It is known that there is an interindividual
variation in the propensity to the adverse effects
of MDMA noted above. Some individuals have
died after a single tablet of MDMA, while others
have suffered little more than a few hours of
sympathetic overdrive after two or three times the
dose. Various explanations have been proposed.
Drug the veracity of the subject’s
report, ambient environment (e.g. lack of water
with sustained physical activity) or concomitant

physical ailments may all have a role to play in
18

impurity,

individual cases.

Pharmacogenetics of the metabolism of
MDMA
It has recently been established that MDMA is
metabolized to DHMA (dihydroxy-methamphet-
amine), a catecholamine, via the hepatic cyto-
chrome P,s, enzyme, debrisoquine hydroxylase.
This enzyme is coded by the gene CYP2D6 on
chromosome 22.”" There is a common genetically
determined variation in the population with
regard to debrisoquine metabolism,”® caused by
mutations within the CYP2D6 gene which effect
its function. An individual homozygous for these
mutations has no functioning enzyme and is
known as a poor metabolizer. The mutations
are inherited in an autosomal recessive fashion.
Between 3 and 10% of the Caucasian population
are homozygous for mutations.” A paper by
Colado ez al.’® examined the hypothesis first set
out by Tucker ez al.’” They used the Dark Agouti
rat model’' to determine if low activity of the
debrisoquine hydroxylase enzyme might result in
rate of MDMA metabolism, with
resulting higher plasma levels of MDMA and
therefore a greater risk of toxicity. They found
that the female Dark Agouti rat, which metabol-
izes debrisoquine more slowly than the male,
was indeed more susceptible to the hyperthermic
effects of MDMA. Colado et al.’® suggest that
humans of the poor metabolizer phenotype will
be more susceptible to the acute toxic effects of
MDMA.

In this paper, we test the hypothesis that indi-
viduals selected on the basis of having had an

a lower



adverse reaction to MDMA will be more likely
than the general population to have homozygous
mutations at CYP2D6, and by implication a poor
metabolizer phenotype.

Methods

We obtained blood samples from seven cases
referred by medical colleagues. The cases were
referred on the basis of a history of MDMA
intake, and side effects severe enough to necessi-
tate hospital attendance or admission. The spec-
trum of symptoms therefore varied widely from
mild intoxication to death. All our patients had
toxicology performed. This did not
include a specific test for MDMA, although it
can be detected under the broad heading of
‘amphetamines’s MDMA becomes undetectable
in routine screening after approximately 24-36
hours. A negative screen, therefore, is informative
only in that it helps to rule out other drugs which
may be producing the clinical picture. There is
currently no local Irish study which has looked
at the purity, or lack thereof, of MDMA for sale
on the streets. With the consent of the patient/
family and treating doctors we obtained a blood
sample, and this was analysed as described below.
One hundred and sixty normal population con-
trols were obtained from blood donors. These
individuals were not screened for psychiatric dis-
order or history of drug abuse.

routine

Methods of genotyping

DNA was extracted from anticoagulated blood
using standard procedures. Following a method
obtained from Ann Daly (personal communi-
cation) genomic DNA (0.5 ug) was amplified
using the polymerase chain reaction and primers
5-TGCCGCCTTCGCCAACCACT-3" and
5"GGCTGGGTCCCAGGTCATAC-3". The
reaction was 30 cycles of 60s at 95°C, 90s at
63°C, and 180 s at 70°C in a total volume of 50ul
containing 10 mM TRIS, pH 8.3, 1.5 mM MgCl,,
50mM KCI, 0.1% (v/v) Triton X-100, 4%
DMSO, 200uM of dNTPs, 0.25 uM primers and
1.5 units of Taq polymerase; 20 ul of product was
digested with 15 units of BsaAl and 15 units of
BsiN1 for 3 hours at 50°C and the fragments
separated on a 8% polyacrylamide gel,
stained with ethidium bromide. The B allele is
represented by bands at 380 bp, 180bp, 130 bp
and 100bp; the A allele by bands at 280 bp,

and
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160 bp, 130 bp and 100 bp; and the wild-type by
bands at 280 bp, 180bp, 130 bp and 100bp.

Results

The frequency of the A and B mutations in our
control population was 0.01 and 0.16, respec-
tively. Five individuals were homozygous for the
B mutation (frequency of 0.032) and none were
homozygous for the A mutation. It is assumed
that those individuals homozygous for one or
other mutation are of the poor metabolizer
phenotype. Case summaries and genotypes of the
7 MDMA individuals are shown in Table 1.

Discussion

Prospective human investigations on the metabo-
lism and toxicity of a controlled, and occasionally
lethal, drug such as MDMA, are plainly difficult
to perform, both ethically and practically.

In this study, we were limited to a retrospective
study of patients suffering toxic reactions to
MDMA. In addition, there were no facilities
available for the confirmation of the presence of
MDMA in the blood. As with any retrospective
study of an illicit drug, we are dependent upon
accuracy and reliability of the subject’s history.

We sought to test the hypothesis that indi-
viduals selected on the basis of severe adverse
effects to MDMA might be more likely than
the general population to have mutations at the
CYP2D6 gene and by implication be of the poor
metabolizer phenotype. We obtained blood or
tissue from seven subjects with a history of
MDMA intake and adverse effects as described
in the case summaries. DNA was extracted as
described above, at the
CYP2D6 gene assessed using molecular biology
techniques. If this hypothesis was proved true,
adverse effects may be anticipated from prior
knowledge of the individual’s genotype. However,
none of our subjects was found to be homozygous
for the mutation at CYP2D6,
unlikely to be of the poor metabolizer phenotype.
We suggest three possible explanations for our
findings, as follows:

and the mutations

and therefore

The
nature of

Contamination and ambient environment.
non-dose-related, or idiosyncratic,
MDMA toxicity may be due to contaminants in
the tablet, a factor for which it is not possible
to control, as noted above. Dehydration, water
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intoxication, physical overactivity and coinci-
dental medical problems have all individually or
jointly been implicated in producing the overall
clinical picture.

Other rare mutations. Knowledge of an indi-
vidual’s genotype at the A and B mutations at the
CYP2D6 gene will predict the poor metabolizer
phenotype in 80-90% of cases, depending on the
frequency of mutations in the population. There
are many additional mutations which also affect
gene function, but these are very rare. It is
unlikely, therefore, that we have missed these
mutations in all or many of our cases. Nonethe-
less, we intend to genotype all known mutations
as part of a larger study which includes indi-
viduals with adverse effects as a result of antide-
pressant and antipsychotic medications.>

Small sample size. This small sample of seven
patients may be too small to demonstrate a statis-
tically significant result, particularly in the likely
presence of contamination and variable ambient
environment. We are in the process of collecting
clinical samples to enlarge our study population.
It is worth noting that, while physiological and
environmental factors may change according to
the milieu in which MDMA is taken, the meta-
bolic genotype remains chronically stable over
time. This provides a degree of predictability of
metabolic function, allowing for variability pro-
duced by environmental effects. If, with larger
patient numbers, pharmacogenotype is shown to
have an influence on toxicity, this might suggest
the possibility of a ‘screening’ procedure for those
at risk.

We therefore conclude that these preliminary
results do not point to a pharmacogenetic aeti-
ology for MDMA toxicity. However, we intend
to further clarify this by performing a larger study
including all known mutations at, inter alia, the
CYP2D6 gene.
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