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Background. 3,4-Methylenedioxymethamphetamine (MDMA or Ecstasy) is a synthetic amphetamine analogue that is
recreationally used to obtain a psychological effect of enhanced affiliative emotional response. Its use in Western countries
appearsto be increasing, particularly among young individuals.

Methods. Pertinent basic and clinical literatureiscritically reviewed.

Results. A significant body of literature suggests that the patterns of MDMA use differ fromtraditional drugs of abuse, with
relatively uncommon dependence and escalation of dosage. Nonetheless, MDMA is also neurotoxic with significant
deleterious effects on serotonergic neurons, memory, and mood. Despite this, there is a dearth of treatment strategies for
both acute intoxication and consequences of longer term use.
Conclusions. MDMA is an important drug of abuse that has a wide range of adver se consequences.
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INTRODUCTION

3,4-Methylenedioxymethamphetamine (MDMA, commonly
known as “ecstasy”) is a synthetic amphetamine analogue that
was originally synthesized in 1914 (1). During the 1960s and
1970s, recreational use of MDMA took root (2), in part fueled
by reports of the use of MDMA as a psychotherapeutic adjunct
(3). In 1985, the Drug Enforcement Administration (DEA)
placed MDMA on Schedule | of controlled substances (4).

The publicity that followed the scheduling of MDMA only
served to increase its popularity, particularly on college cam-
puses (5). Recognition of thistrend led the National Institute of
Drug Abuse (NIDA) to begin formal collection of epidemio-
logic data in 1989 in the form of the Monitoring the Future
Study. Recently, the use of MDMA has increased and its pat-
tern of use has changed. These factors have heightened public
awareness of the drug and paradoxically led to an increase in
use and adverse consequences. Emerging evidence supports
the hypothesis that repeated and extensive MDMA is a neuro-
toxin in humans with long-lived sequelae on cognition, mem-
ory, and emotions.
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Epidemiology

Despite its existence for nearly 90 years, the recreational
use of MDMA appearsto have had its origins in the 1960s (6).
At that time MDMA use was generaly confined to small
groups on college campuses (6,7), and in 1977 about 2.8% of
United States college students reported using MDMA (8).
While college is frequently the first time people begin use of
MDMA (9,10), use in high school students is becoming more
common. In 1998 4.4% of 10" graders and 5.6% of 12" grad-
ers had used MDMA at least once (11). In a survey of 14,000
college students at 119 American colleges by the Harvard
School of Public Health College Alcohol Study, there was a
69% increase in use between 1997 and 1999 (from 2.8% to
4.7%) (8). At ten high-use schools with a 1997 rate of 4.7%,
the rate increased to 10.6% by the year 2000 (8). Over the same
time the use of marijuana did not significantly change (38.5%
in 1977 and 37.6% in 2000) (8). MDMA isthe only illicit drug
to see continued increase in use. In a survey of alarge New
England college performed in 1969, 1978, 1989, and 1999, all
drug use peaked in 1978 and dropped thereafter, but MDMA
use has continued to increase (6). The increasing popularity of
MDMA is not just an American phenomenon, but is seen in
both Australia (12) and Europe (13,14), where in some coun-
triesit is second only to marijuana use (15).
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A change in the pattern of use accompanied the increase in
MDMA popularity. Specificaly, usersinitialy preferred small
groups in private settings (7,16-18), but with the onset of the
rave phenomenon in the 1990s MDMA became common in
large gatherings in public warehouses or dance clubs. Preferred
dosage increased from 75 to 150 mg with an occasional booster
of 50 to 100 mg (7,16-18), to 100 to 750 mg and as high as
1250 mg per night (19,20). Concomitant drug use of alcohal,
marijuana, and opiatesis also more common in raves (8,21,22).
MDMA users are less likely to see the drug as harmful (23). It
is important to remember that MDMA manufacture is unregu-
lated and quality control is an additional safety issue. The
introduction of testing services that ensure that Ecstasy pills
contain only MDMA (e.g., DanceSafe kits available commer-
cialy) has removed an additional deterrent to some 20% of
rave attendees (24).

While MDMA has been advocated as an adjunct to psy-
chotherapy (25-27), no controlled studies of its use have
been performed. In one open study, all of 29 subjects who
received 75-250 mg reported positive changes in attitude and
emotion (26). Twenty-two reported enhanced psychothera-
peutic insight and 21 patients in couples treatment reported
increased closeness and communication with their partner
(26). All experienced adverse consequences similar to those
reported by recreational users. Large doses of MDMA have
been found to be neurotoxic in human studies (28-30), but
low doses are actively being explored in controlled studies of
psychotherapy (31).

A typical MDMA user isacollege student (6,7). In asurvey
of 14,000 college students in 119 American colleges, MDMA
users were more likely to use marijuana, smoke cigarettes,
engage in binge alcohol consumption, and have multiple sex
partners (8). But they were not academic underachievers (8). In
astudy of 132 pregnant MDMA users compared with 122 non-
users, MDMA-using women were younger (23.2 vs. 31.2 years
old, P < 0.0001), experienced more unplanned pregnancies
(84.2% vs. 54.3%, P < 0.05), and were more likely to be single
parents (57% vs. 18.3%, P < 0.001) (32). Over haf abused
acohol (66.4% vs. 37.3%, P < 0.001) (32). Over a third
reported some psychiatric problem, but only 6.5% had a psy-
chiatric diagnosis.

Metabolism and Pharmacokinetics

MDMA is usually present in two optical isomers with
the dextrorotary form, S-(+)-MDMA being more potent in
the central nervous system (CNS) (33). MDMA is metabo-
lized to MDA (which is sometimes used recreationally),
4-hydroxy-3-methoxymethamphetamine (HMMA), and 3,4-
dihydroxymethamphetamine (HHMA) (34,35,36). The
combination of MDMA and HHMA accounts for 58% of total
drug in the urine (37). MDA accounts for less than 5% to 28%
of MDMA (34,38,39).
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Maximum plasma MDMA concentrations occur two to four
hours after oral dose. Peak plasma concentrations were 130.9
ng/mL after 75 mg and 236.4 ng/mL after 125 mg (40). Half-
life is between 7.7 to 8.6 hours (40). The more active S-(+)-
MDMA isomer is metabolized faster (35,40) and more
extensively (35,41) than the levorotary form so that its half-
life is some 30% shorter (35,39,41).

Pharmacol ogy

MDMA causes release of serotonin (42,43) and dopamine
(44-46) from nerve endings with concomitant inhibition of
serotonin reuptake (47). MDMA has a very low affinity for
post-synaptic serotonin receptors (48,49). Thereis also a dose-
related increasein cortical acetylcholine (Ach) release (50), but
Itisbelieved that serotonin mediates most of the psychological
effects of MDMA.

MDMA is toxic to serotonergic neurons in lower (rats
[51-57], mice [51], guinea pigs [52]) and higher (e.g.,
monkeys [56-63]) mammals. In humans, cerebrospinal
fluid (CSF) 5-HIAA levels are reduced in MDMA users
(64). This is more pronounced in women than in men (64).
N-acetyl aspartate (NAA, a marker of cellular health), mea-
sured with magnetic resonance spectroscopy, was signifi-
cantly reduced in the frontal cortex, but not in the parietal or
occipital cortex of 15 MDMA users compared to 12 age-
matched controls (65,66). The severity of frontal cortical
neuronal loss was significantly related to the extent of pre-
vious MDMA use. On magnetic resonance imaging (MRI),
MDMA users had significant reductions in cortical gray
volume (67). MDMA use is associated with a reduction of
binding of the serotonin transporter-specific radioligand,
(*1C)-McN5652 (68). The extent of MDMA use correlated
with the severity of serotonin transporter 1oss (68). Similar
results were reported with single photon emission computed
tomography (SPECT) (69), particularly in female heavy
users of MDMA (70,71). In subjects abstinent from MDMA
for over one year, recovery to normal levels was evident in
one study (71).

Damage to dopaminergic neurons is more controversial. A
recent paper claiming severe dopamine neuron loss (72), was
retracted by the authors (73) after they recognized that one of
their MDMA vials actually contained methamphetamine.

Acute Positive Psychological Effects

Unlike many drugs of abuse, which are frequently used in
private, MDMA is almost always used in the company of other
people. Most MDMA users report several positive mood
and emotional effects, particularly in their relation to others
such as greater capacity for empathy, communication and
understanding (30). Experienced and MDMA-naive subjects
also report euphoria, increased self esteem, high physical and
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emotional energy, heightened sensual awareness, relaxation,
and dissociation (16,30,74,75). Compared to amphetamine
40 mg, MDMA 125 mg induced-euphoria was greater (76).
Both MDMA and meta-chlorophenylpeperazine (mCPP), a
serotonin releasing agent, produced euphoria to a similar
degree (77).

One of the most common reasons individuals give for using
Ecstasy is its effect on sexual drive. Ninety percent of users
report an increase in sexual desire and satisfaction (77).
Orgasm is delayed but more intense (78). However, erection
can be impaired in up to 40% of men (78).

Acute Adverse Psychological Effects

Alteration of perception (17,74,76) may be reported as
dysphorogenic. MDMA-naive subjects reported anxiety,
mild depersonalization or derealization, moderate thought
disorder, and poor coordination (74). Experienced MDMA
users given MDMA under controlled conditions reported fre-
guent impaired decision making ability (40%) and decreased
mathematics performance (30%) (16). In a study of 29 sub-
jects given MDMA as an adjunct for psychotherapy, all
reported some adverse event ranging from fatigue to worsen-
ing of panic attacks (29). Twelve cases of acute psychosis
have been associated with MDMA use, but in most cases
there was concomitant substance use (79-81). In one case
with six months follow-up, psychotic symptoms were still
evident (79). Impulsive, aggressive, or irrational behaviors
have been associated with MDMA use (82—86). These may
be related to MDMA use, to associated factors that increase
the likelihood of impulsive behaviorsin MDMA users, or to
concomitant drug use (8,25,85). While driving is not
impaired, increased reckless driving has been found to fol-
low MDMA used alone (87).

Physical Consequences of MDMA Use

Nausea, vomiting, anorexia, hypertension, palpitations, dia-
phoresis, headaches, difficulty walking, muscle aches and
tension, hot and cold flashes, urinary urgency, nystagmus,
blurred vision, insomnia, and dry mouth may al be related to
the sympathomimetic and serotonergic properties of MDMA
(7,12,16,18,26,88). The common complaints of trismus and
bruxism may be mediated by serotonin activation of the 5HT ;5
receptors of the trigeminal motor nuclei (77).

All experienced MDMA users reported muscle tension
(usually in the form of trismus), diaphoresis, blurred vision,
and ataxia were all common (16,17,74). Hyperreflexia (16),
tachycardia, and hypertension occur with dlightly less fre-
guency (75). These motor abnormalities have been related to
driving impairment in at least 18 incidents (but usually used in
conjunction with other drugs) (87,89). Five involved collisions
(89), and two resulted in death (84,90).
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Clinical Manifestations of Long-term MDMA Toxicity

Neurotoxicity. Excessive MDMA use is associated with
greater self-report depression, obsessive and compulsive
behaviors, anxiety, somatization, and loss of libido (91,92).
MDMA users aso have problems with memory, attention, rea-
soning, impulse control, and deep abnormalities (70,93,94-108).
Memory dysfunction persists for one year despite recovery of
serotoninergic abnormalities on SPECT (70). In a prospective
study of MDMA users there was a progressive decline of both
immediate and delayed recall with ongoing use (103).

All subjects exposed to MDMA, regardless of dose or fre-
quency of use, had decreased verbal fluency, decreased immediate
prose recall, and decreased delayed prose recall, but no change
in visual recall (101). There is evidence that the severity of
these problems is related to dose (101). The occipital cortex
appears to be relatively spared, and 5-HT,, receptor density
may even be upregulated (27,109).

Somatic Toxicity. There are many somatic toxic events that
have been associated with MDMA use. These include throm-
botic or hemorrhagic strokes (119-114), leukoencephal opathy
(115), myocardial infarction (116) and arrhythmias (82,117),
and pneumothorax (118). It is likely that these are either idio-
syncrétic or related to impurities from the manufacturing process.
Certainly, the cases of hepatotoxicty (117,119-125) and aplas-
tic anemia (126,127) most likely occur secondary to contami-
nants. In a drug sampling study performed in the Netherlands
only 75% of “ecstasy” pills actually contained MDMA (128).
About one third of the pills contained amphetamine or other
derivatives (128). The study did not examine the presence of
other contaminants.

Deaths associated with MDMA use have been increasing
over the last decade (129,130). There have also been several
cases of severe illness or death due to electrolyte and fluid
abnormalities (131-139) or multiple organ failure or a seroto-
nin syndrome (140)-like illness (117,141-148). Some of these
may be explained by the fact that subjects using MDMA may
experience an increase in body temperature, which isworsein
hot ambient temperatures (149). When associated with the hot,
crowded environments frequently encountered in raves,
dehydration and its consequences are likely (150). A similar
phenomenon occurs in animals where crowding increases
amphetamine toxicity in animals (a phenomenon labeled
aggregation toxicity) (151,152).

Treatment

It is uncommon for MDMA users to present seeking treat-
ment for their “ecstasy” use. Consequently, there are no clear
guidelines for treatment. The abuse potential of MDMA is
clear. Primates will self-administer MDMA (134,135). If an
anima is trained to discriminate amphetamine from saline,
MDMA easily substitutes for amphetamine (136,137). And
animals treated with MDMA have increased cocaine
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self-administration to twice the rate of saline treated controls
(138). Intracranial self-administration of MDMA increases the
perceived reward of an electrical stimulus to the medial fore-
brain bundle (139). These data suggest that if MDMA has
abuse potentia and may facilitate the abuse of other substances.

Serotonin reuptake inhibiting antidepressants may offer a
possible treatment for subjects who present with an MDMA
addiction. In rats, preadministration of fluoxetine 10 mg/kg
given prior to or concurrent with MDMA 15 mg/kg protects
against MDMA-induced serotonergic toxicity (140). MDMA-
induced behavioral disturbance in rats (in animal models of
anxiety and depression) are reversed with subsequent adminis-
tration of fluoxetine at 6 mg/kg/day (160). Interestingly, parox-
etine counters some of the immune system-related changes seen
with acute administration of MDMA in humans (reduced CD4
cells, increased cytokines but reduced responsiveness to cyto-
kines, and reduced responsiveness of lymphocytes to mitogens)
(161). Citalopram preadministration to healthy volunteers
(40 mg intravenously) prior to MDMA 1.5 mg/kg orally blocks
the increased pulse and blood pressure induced by MDMA, but
does not block the hyperthermia (150). Olanzapine or clozapine
coadministration with MDMA in rabbits and rats does block the
hyperthermia (162). Nantenine is a naturally occurring plant
alkaloid that has been shown to block the behavioral and physi-
ological effectsof MDMA in mice (163). Its safety and efficacy
has not been documented in humans. There are no specific
treatment recommendations for either helping curb MDMA
abuse or countering its consequences. Exploring the use of par-
oxetine and the atypical antipsychotic drugs, olanzapine and
clozapine, in human MDMA toxicity is indicated.

SUMMARY

MDMA use is common in college students and appears to
be increasing. The patterns of MDMA use differs from the use
of other habit-forming drugs in that MDMA is usually used in
large, socia situations. However, MDMA use is associated
with use and abuse of other drugs. Furthermore, MDMA
induces several neuropsychiatric complications that range from
depressed mood to memory difficulties. While MDMA is
frequently used to enhance sexua pleasure, its long-term use
frequently leads to sexua dysfunction. A wide range of
infrequent but dangerous medical complications have been
reported to occur as a consequence of MDMA use. No clear
treatment strategy is available, but serotonin reuptake inhibit-
ing antidepressants may play auseful role.
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