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ABSTRACT: It has recently been reported that purity of illicit tablets of ecstasy (MDMA) is now high. Our objective was to confirm whether
hair of drug users, who request only ecstasy from their supplier, contains MDMA in the absence of other drugs. GC-MS analysis of scalp hair
segments disclosed the presence of MDMA in 19 of 21 subjects and amphetamine/methamphetamine in eight subjects. Surprisingly, seven subjects
had hair levels of the MDMA metabolite, MDA, equal to or greater than those of MDMA, suggesting use of MDA in addition to that of MDMA.
These amphetamine derivatives might be included by clandestine laboratories to enhance effects of the drug cocktail or because of a perception that
MDA synthesis might be simpler than that of MDMA. Drug users and investigators examining possible brain neurotoxic effects of MDMA need to
consider that “ecstasy” tablets can contain MDA and methamphetamine despite no demand for the drugs.
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MDMA (“ecstasy”, 3,4-methylenedioxymethamphetamine) is a
widely used synthetic amphetamine derivative used illicitly in part
for its reported ability to induce a state of heightened empathy
and introspection (1). MDMA can be metabolized in the human
by N-demethylation to MDA (3,4-methylenedioxyamphetamine)
(2–4); (see Fig. 1 for the structures of MDMA and MDA), pre-
viously known as the “love drug,” which was commonly used in
the United States and Canada 30 years ago (5–7). Today, however,
the present drug of choice in the “entactogen” class of drugs is the
parent drug, MDMA.

Although death can occur, rarely, following ingestion of either
MDMA (10–14) or MDA (7–9), the most serious (as yet unre-
solved) public health concern is that MDMA might cause long-
term brain damage in users of the drug, as suggested by animal
data (see 15). Because of the possibility that the purity of illicit
tablets of MDMA obtained “on the street” might be low, and the
reliability of drug self-report data uncertain, it would seem obvious
that investigators conducting studies to quantify the extent of brain
injury (e.g., by cognitive or brain scan testing) should employ drug
testing of hair to prove that the subjects actually used MDMA and
not other potentially neurotoxic agents. However, drug testing in
such investigations is rarely performed (16–18). This concern be-
comes somewhat less of a confounding issue should the purity of
illicit MDMA tablets be very high. In this regard, a recent review
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of the literature has concluded that the purity of illicit MDMA
tablets is now much higher (between 90% to 100%) than that
during the mid-1990s, although dosage levels can still be highly
variable (19).

As part of an investigation designed to determine whether
MDMA users, who do not use other potentially neurotoxic drugs,
might have compromised brain function, we recruited, by advertise-
ment, a highly selected group of subjects in the Toronto Canada area
who, unlike most MDMA users, reported to us that each requested
tablets from their supplier which contained only ecstasy (MDMA).
To address the question, in this subgroup of MDMA users, of the
purity of MDMA tablets used chronically by such drug users, we
conducted forensic drug testing on sequential segments of scalp
hair of the subjects. Hair was selected as the specimen for anal-
ysis in order to provide a drug history and time line of use that
could not be obtained by a single urine test. Our hair data, together
with local drug seizure findings, indicate that despite an absence
of any specific demand, the drugs MDA and methamphetamine,
both neurotoxic in animals, are now being marketed to and used
by unsuspecting ecstasy users. These findings provide further jus-
tification for the use of forensic drug analyses to confirm selective
use of MDMA in investigations of brain integrity and behavior in
MDMA users.

Subjects and Methods

Subjects

Table 1 shows the subject and drug history characteristics of 21
subjects recruited by a newspaper advertisement that stated that
our objective was to examine ecstasy users who do not use other
drugs. Each participant received $100 in compensation for their
time involved in the entire investigation (including neuropsychi-
atric testing and brain scan procedures). There was no specific
“incentive” provided to any subject to provide an accurate self-
report of drug history. However, each subject was advised that the
accuracy of self-reported drug history would be compared with
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FIG. 1—Notice that the only difference between the two molecules
is the additional methyl group attached to the amine group in MDMA.
Abbreviations: MDMA, 3,4-methylenedioxymethamphetamine; MDA, 3,4-
methylenedioxyamphetamine.

scalp hair drug analysis findings. All participants reported to us
that ecstasy (MDMA) was the only illicit drug requested from
their drug suppliers over the period of time approximately cor-
responding to the extent of growth of scalp hair (one month/one
half-inch of hair) with the exception, for some of the subjects,
of use of cannabis and “mushrooms.” A detailed structured inter-
view was performed on 20 subjects whereas one subject (Case
20) withdrew from the study before the interview could be con-
ducted. As expected (1), most of the subjects ingested the drug in
the typical group setting, and confirmed the presence of behavioral
features (hyperthermia, drug tolerance and withdrawal) typical of
MDMA use.

This investigation was approved by the Centre for Addiction and
Mental Health Ethics Review Board. All subjects provided written
informed consent.

Hair Sample Analysis

Hair Segmentation and Wash Procedure—The entire length of
hair (pencil thickness) of each subject, beginning at the scalp end,
was divided, lengthwise, into two parallel parts, one part to be
used for measurement of amphetamines, and a second part used for

TABLE 1—Subject characteristics of 21 MDMA users who reported and assumed use only of MDMA.

# Tablets/Interval Interval from Last Use
Case # Age Sex Race Years of Use Usage Hyperthermia Group Tolerance Withdrawal to Hair Sampling

1 22 M C 3 1–2/week P P P P 21 days
2 24 M C 2 1–2/2 months P P P No 2–3 months
3 22 M C 0.6 2–3/week P P P P 2 days
4 30 F C 2 1/1–2 weeks P P P P 2 days
5 33 M C 2 1/1–2 weeks P P P P 3 weeks
6 33 M A 3 0.5–1/2–4 weeks P P No P 1 day
7 26 F C 9 2/2–4 weeks P P P P 2 days
8 28 M C 5–6 2/4 weeks P P No No 2 months
9 26 M A 9 3–6/week P Either P P 4 days

10 21 M C 4 1–2/week P P P P 1 day
11 38 F C 2 1–2/week P P P P 1 week
12 29 M C 8 1–2/week P Alone No P 5 days
14 20 F C 2 1–1.5/2 weeks P P No P 1 week
15 23 M C 4 1–1.5/2 weeks P P P No 1–2 months
16 32 M C 6 3–6/1–3 weeks P P P P 3 weeks
17 25 M C 6 2–3/1–4 weeks P P P P 2 months
18 21 M C 3 2/2–4 weeks P P P P 1 month
19 19 F C 3 1–1.5/6 weeks P P P P 1 week
20 24 M A n/a n/a n/a n/a n/a n/a n/a
21 19 M C 2 2.5–5/2 weeks P P No P 2 weeks
22 39 M C 8 1–4/3–4 days P Either P P 1 week

“Group”: Subject uses drug in group setting vs. taking drug alone. “Tolerance and withdrawal”: Subject reports tolerance to the desired effects of the drug and a
withdrawal syndrome characteristic of ecstasy use one-two days following use of the drug.

Abbreviations: MDMA, 3,4-methylenedioxymethamphetamine, ecstasy; C, Caucasian; A, Asian; P, present; n/a, not available.

measurement of cocaine, opiates, and PCP (phencyclidine). Each
length of hair was then segmented into 1/2-in. segments approximat-
ing one month’s growth per segment, beginning with the scalp end.
The segments (approximately 10 mg) were weighed and washed to
remove environmental contamination by treatment with 3 × 1 mL
of 1% SDS (sodium dodecylsulfate) in deionized water, followed
by 3 × 3 mL of deionized water rinse and 3 × 3 mL of methanol
rinse. Once the hair segment was dried, it was transferred to a test
tube.

Analysis of Amphetamines

Hair Spiking—The segment aliquots were cut into 1–2 mm
size pieces while in the test tubes using tweezer scissors. Internal
standards were added to each tube of hair at the concentration of
2 ng/mg based on 10 mg of hair. The internal standards included d8-
amphetamine, d11-methamphetamine, d5-MDA, and d5-MDMA.
A 5-point standard curve was prepared in blank tubes contain-
ing buffer at concentrations of 0.2, 0.5, 1.0, 5.0, and 10.0 ng/mg
each of amphetamine, methamphetamine, MDA, MDMA, PMA
(paramethoxyamphetamine), and PMMA (paramethoxymetham-
phetamine). A control consisting of 10 mg of female Asian
hair was spiked at 1.0 ng/mg for each drug. Internal standards
were also added at 2 ng/mg to the standard curve tubes and the
control.

Acid Digestion

One mL of 100 mM HCl was added to each of the standard curve
tubes, control and hair segment tubes. The tubes were placed in a
heat bath at 45◦C for 18 h. All of the tubes were then treated with
0.1 mL 1N NaOH to neutralize the acid, 3 mL of pH 6.0 100 mM
phosphate buffer was then added to the tubes for solid phase
extraction.
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Solid Phase Extraction

The solid phase extraction utilized Clean Screen (CSDAU020;
UCT, Bristol, PA) cartridges and the manufacturer’s recommended
extraction procedures were followed with minor modifications.
The solid phase extraction (SPE) cartridges were conditioned with
3 mL methanol, 3 mL dionized water, and 1 mL pH 6.0 100 mM
phosphate buffer. The samples were loaded into individual SPE
cartridges at 1–2 mL/min. The cartridges were washed with 3 mL
deionized water, 1 mL 1.0 M acetic acid, 3 mL methanol and then
dried under vacuum. The drugs were eluted from the cartridges with
3 mL methylene chloride/isopropanol/concentrated ammonium hy-
droxide (78:20:2). The collection tubes were prepared with 0.02 mL
of 1% HCl in methanol prior to the collection. The eluent was dried
down under nitrogen at 40◦C.

Sample Derivatization

The residues were derivatized with the addition of 0.05 mL ethyl
acetate and 0.05 mL HFBA (heptafluorobutyric anhydride). The
tubes were purged with nitrogen, capped, vortexed briefly, and
incubated for 20 min at 70◦C. Tubes were then centrifuged briefly
to concentrate the derivative at the bottom and then evaporated
to dryness at 40◦C under nitrogen. The residue was reconstituted
with 0.05 mL ethyl acetate and vortexed briefly. Tubes were briefly
centrifuged to concentrate the sample at the bottom. Samples were
transferred to autosampler vials for GC/MS analysis.

GC/MS

The hair samples were run on a Varian Saturn 2000 ion trap
GC/MS equipped with a Varian 3400 gas chromatograph and
a Varian 8200 autosampler. The GC column was an HP-5MS,
15 m × 0.25 mm with 0.25 µm loading. The transfer line was held
at 280◦C and the ion trap was operated at 220◦C. The injector was
held isothermal at 150◦C. The column was ramped at 75◦C initial
hold for 1 min and then increased at 15◦C per min up to 180◦C,
then increased at 40◦C per min up to 300◦C and held for 1 min.
A 1 µL solvent plug of ethyl acetate was used on injection with
splitless mode rapid injection. The mass spectrometer was run in
the SIS (Selected Ion Storage) mode and the following ions (m/z)
were monitored for each derivatized analyte:

d8-amphetamine 243, 126
amphetamine 240, 118, 117
d11-methamphetamine 260, 213
methamphetamine 254, 210, 118
PMA 121, 148, 91
d5-MDA 136, 166
MDA 135, 162, 240
PMMA 254, 121, 148
d5-MDMA 258, 213
MDMA 254, 210, 162

The first ion listed for each analyte was the quantitation ion and the
following ion(s) were the qualifying ion(s). The analytes are listed
in elution order. d5-MDMA was used as the internal standard for
PMA and PMMA. Drugs and deuterated internal standards were
obtained from Cerilliant (Round Rock, TX).

For the analysis of PCP, cocaine, benzoylecgonine, codeine,
morphine and 6-acetyl morphine, a combined extraction/analysis
was performed using the same general sample spiking and acid
digestion procedure used for the amphetamines. The extraction
followed that of the recommended UCT method with a cartridge

wash of either 2 mL 100 mM HCl or 2 mL pH 4.5 100 mM ac-
etate buffer, depending on whether cocaine or opiate prevalence
were the most desired analytes. The samples were derivatized
with BSTFA/1% TMCS (bis-triethylsilyltrifluoro-acetamine/1%
trimethylchlorosilane).

The method and analysis were tested and the accuracy mea-
surements had a mean coefficient of variation of 3.5% for am-
phetamines, 6.8% for cocaine and metabolites, and 7.1% for opiates
measured against three sets of proficiency samples. The precision
had a mean coefficient of variation of 6.8% for amphetamines,
5.6% for cocaine and metabolites, and 5.2% for opiates measured
for 15 repetitive injections. The recoveries were greater than 80%.
The Limit of Detection was 0.01 ng/mg and was determined by
the amount of analyte that could reliably be distinguished from the
background at a minimum 2:1 signal to noise. For the purpose
of this study, in which the intent was to determine only whether
the drug was or was not present, the Limit of Quantitation was
considered to be the same as the Limit of Detection.

Results

Drug Hair Analyses

Table 2 shows the results of the forensic drug hair analyses in
one representative hair segment (not the same hair segment in all
subjects) of the 21 drug users.

MDMA

For 19 of the 21 users, MDMA was detected in one or more
1/2-in. hair segments, providing good agreement between the re-
sults of the structured interview and the hair forensic drug anal-
ysis. We suggest that the absence of MDMA detected in hair of
Case 2 (only 2 in. available) could be related to the long interval in
this subject between last drug use and hair sampling (2–3 months),
or possibly the use of a low dose of MDMA resulting in a hair drug
level below the limit of detection of sensitivity of our procedure.
Based on our observation that Case 22 was the only subject who
repeatedly insisted on receiving, before conclusion of the study, the
participation fee for the investigation, it is likely that this subject
(who tested positive for cocaine; see Table 2) falsified his drug
history report.

MDA

As shown in Table 2, the MDMA metabolite MDA could be
detected in most of the hair samples that tested positive for MDMA.
Although no precise cut-off ratio has yet been established, high
ratios MDA:MDMA (e.g., >1.00) are suggestive of the use of both
MDA and MDMA (see below). Thus, of the 19 subjects testing
positive for MDMA, 12 subjects (Cases 1,3,5,6,8,10,14,17–21) had
MDMA levels in hair much greater than those of MDA, or MDMA
in the absence of any MDA, suggesting selective or primary use
of MDMA, whereas seven subjects (Cases 4,7,9,11,12,15,16) had
levels of MDA similar to or much greater than those of MDMA,
suggesting use of both MDMA and MDA. One female subject
(Case 4) in particular, tested positive for MDA in a total of 23 of
26 examined 1/2-in. hair segments (representing about two years
of hair growth), whereas in 24 of the segments, no MDMA was
detected and in two segments, relatively low levels of MDMA
were present, indicating primary or exclusive use of MDA for this
extensive period of time (Table 3).



4 JOURNAL OF FORENSIC SCIENCES

TABLE 2—Results of forensic drug hair analyses in one representative hair segment of 21 drug users.

Case Number of Segments MDMA MDA Amphetamine Methamphetamine Cocaine PCP

1 3 2.25 PNQ nd nd nd nd
2 4 nd nd nd nd nd nd
3 3 0.63 nd 0.34 nd nd nd
4∗ 26 0.19 3.16 nd nd nd nd
5 3 1.21 0.13 nd nd nd nd
6 4 14.2 1.98 nd nd nd nd
7∗ 16 0.41 1.31 PNQ 1.12 nd nd
8 2 0.71 0.06 nd nd nd nd
9∗ 3 3.08 9.31 nd nd nd nd

10 4 0.30 nd nd 0.04 nd 0.12
11∗ 11 0.53 2.37 0.04 0.14 nd nd
12∗ 2 2.00 3.21 0.05 0.44 nd nd
14 19 0.64 nd nd nd nd nd
15∗ 5 0.77 0.91 nd nd nd nd
16∗ 5 0.64 6.01 nd nd nd nd
17 3 0.33 nd nd nd nd nd
18 2 0.92 0.46 nd 0.20 nd nd
19 14 2.59 0.27 nd nd nd nd
20 6 28.42 6.33 nd 2.98 0.94 nd
21 2 1.29 0.34 0.03 0.12 32.93 nd
22 4 nd nd nd nd 14.07 nd

Values expressed as ng/mg tissue. Case number 13 not examined. All subjects tested negative for opiate drugs with the exception of Case 20 who tested positive
for codeine in one hair segment. Note that some users show predominantly MDMA whereas other cases (denoted by asterisk and by boldened MDA level) have
MDA > MDMA level, suggestive of use of MDA and MDMA.

Abbreviations: PNQ, present but not quantifiable; nd, not detected; ne, not examined; MDMA, 3,4-methylenedioxymethamphetamine; MDA, 3,4-methyl-
enedioxyamphetamine; PCP, phencyclidine.

TABLE 3—Results of forensic drug hair analyses in 26 consecutive one
half-inch segments (beginning with root end) of Case 4.

Segment Number MDMA MDA

1 nd 3.75
2 0.19 3.16
3 nd nd
4 0.15 1.94
5 nd 1.37
6 nd 1.13
7 nd 0.99
8 nd 1.05
9 nd 1.09

10 nd 1.29
11 nd 1.10
12 nd 1.05
13 nd 0.86
14 nd 0.78
15 nd 0.69
16 nd 0.56
17 nd 0.72
18 nd 0.44
19 nd 0.30
20 nd 0.22
21 nd 0.15
22 nd 0.01
23 nd nd
24 nd nd
25 nd 0.17
26 nd 0.04

Values expressed as ng/mg tissue. Note that MDA (3,4-methylene-
dioxyamphetamine) and MDMA (3,4-methylenedioxymethamphetamine) were
detected in 23 and in two hair segments, respectively, of this subject who
assumed that she was using only ecstasy (MDMA). Other amphetamine deriva-
tives, cocaine and metabolites, opiates, and PCP were not detected in any ex-
amined hair segment of this subject.

Because MDA can be a breakdown product of MDEA
(3,4-methylenedioxy-N-ethylmethamphetamine), in addition to
MDMA, it was possible that the MDA in hair from some sub-
jects having high MDA/MDMA ratio could have derived in whole

or part from MDEA. However, we found no evidence for the pres-
ence of MDEA (as assessed by the absence of the162 ion in the
chromatographic region in which the HFBA derivative of MDEA
would elute) with the single possible exception of segment four
(of five total) of case 16 for which the 162 ion was present at the
appropriate elution time frame but no other qualifying ions were
examined by trap collection.

Other Drugs

Analysis of hair also revealed that amphetamine/methamphet-
amine and cocaine/benzoylecgonine were observed in a total of
eight and three subjects, respectively. PCP and codeine could be de-
tected in hair of subjects 10 and 15, respectively. PMA and PMMA
could not be detected in any subject. The subjects who tested posi-
tive for cocaine/benzoylecgonine and PCP denied knowingly using
these drugs.

Results of Follow-up Interview with Subjects

A second interview was conducted with those subjects who
tested positive for drugs other than MDMA in the hair sam-
ples. None of the subjects who tested positive for MDA or
amphetamine/methamphetamine reported to us awareness that they
had been ingesting any drug other than ecstasy (MDMA). Only two
of the drug users were aware of the pharmacological properties of
amphetamine/methamphetamine (“speed”) or of the existence of
the drug MDA.

Drug Analysis of Seized Tablets in Province of Ontario Area

Following completion of our drug hair analysis study, we con-
tacted Health Canada to obtain information on the composition
of seized tablets in Ontario, Canada. Assuming that the ecstasy
users who tested positive for other amphetamine derivatives, de-
spite lack of any demand for the drugs, provided truthful self-report
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TABLE 4—Partial list of contents of seized tablets in Ontario area purported to contain ecstasy and analyzed by Health Canada.

Single Component Dual Component Tri-Component Multi-Component

MDMA MDMA, MDA MDMA, MDA, meth MDMA, MDA, meth, ketamine
MDA MDMA, Ketamine MDMA, MDA, ketamine MDMA, meth, amph, acetaminophen
MDEA MDMA, PCP Dextromethorphan, ephedrine, MDMA, meth, PCP, ketamine, ephedrine, caffeine,

acetaminophen guaiphenesin
Nexus MDMA, caffeine Meth, PCP, ketamine Meth, cocaine, ketamine, caffeine
PCP Meth, PCP MDMA, caffeine, ephedrine Meth, PCP, caffeine, dimethylsulfone
Ketamine PMA, PMMA Meth, ketamine, caffeine PMA, PMMA, amph, guaiphenesinephedrine
Ephedrine Ketamine, caffeine Meth, ephedrine, dimethylsulfone PCP, ketamine, caffeine, ephedrine
Meth PCP, ephedrine MDMA, amph, caffeine PCP, dextromethorphan, levorphanol, dimenhydrinate, caffeine
Pseudoephedrine MDMA, meth MDMA, meth, caffeine MDMA, meth, ketamine, caffeine

Meth, acetaminophen Meth, PCP, dimethylsulfone MDMA, meth, acetaminophen, caffeine

Seized tablets in Ontario area contained a variety of single (e.g., MDMA) or multiple (e.g., MDMA, MDA, plus methamphetamine) contents. Each row
identifies the composition of a tablet. Abbreviations: MDMA, 3,4-methylenedioxymethamphetamine; MDA, 3,4-methylenedioxyamphetamine; MDEA, N-ethyl-
3,4-methylenedioxyamphetamine; amph, amphetamine; meth, methamphetamine; PMA, 4-methoxyamphetamine; PMMA, N-methyl-4-methoxyamphetamine; PCP,
phencyclidine; Nexus, 4-bromo-2,5-dimethoxyphenethylamine.

TABLE 5—Drugs produced at “Ecstasy” clandestine laboratories in
Ontario: January 2000 to June 2003.

Clandestine Produced Produced Produced
Lab # MDMA MDA Methamphetamine

1 Yes No No
2 No Yes No
3 No Yes No
4 Yes Yes Yes
5 Yes No No
6 No Yes No
7 Yes Yes Yes
8 Yes Yes Yes
9 Yes No No

10 Yes No Yes
11 Yes No Yes

MDMA, 3,4-methylenedioxymethamphetamine; MDA, 3,4-methylenedi-
oxyamphetamine.

information, it would be expected that some ecstasy tablets mar-
keted in the Toronto area should contain amphetamine derivatives
other than MDMA. Anecdotal information from the Drug Analysis
Service of Health Canada in Toronto indicates that approximately
40 to 70% of suspected ecstasy tablets contain only MDMA (J.
Hugel, unpublished observations). The Drug Analysis Service ana-
lyzes illicit drug exhibits submitted by the police services of Ontario
as part of their (police) drug investigations. Whether or not drug
police seizures reflect the drug scene in Ontario cannot be readily
established. Table 4 provides a listing of some of the analysis results
of some of the suspected ecstasy tablets submitted to that labora-
tory between January 2000 and June 2003, and demonstrates that
ecstasy tablets in Ontario can contain a variety of components in-
cluding MDA and methamphetamine. Drug analysis data indicated
the presence of MDA alone in some tablets, as well as a variety
of combinations of MDMA, MDA, methamphetamine, PCP, and
cocaine. MDEA is occasionally observed as a relatively low con-
centration component in ecstasy tablets containing MDMA. On rare
occasions (<1% of exhibits suspected to contain ecstasy), MDEA
is the most concentrated component. This information corroborates
the findings of MDA, methamphetamine, and amphetamine in hair
samples of ecstasy users.

During the period January 2000–June 2003, there were 11 clan-
destine laboratories seized in the province of Ontario which were
producing MDMA and/or MDA. The drugs being produced at each
of the laboratories are summarized in Table 5. Of the 11 laboratories,

the drugs manufactured were: MDMA only (n = 3); MDA only
(n = 3); MDMA and methamphetamine; (n = 2), and MDMA,
MDA, and methamphetamine (n = 3). There was no indication at
any of the listed clandestine laboratories, or at any other laboratory
seized in Ontario during the specified period, that MDEA was being
produced or was planned to be produced.

Discussion

The unique focus of our investigation was the restriction of the
subjects of our study to a small subgroup of self-reported ecstasy
users who explicitly stated that each has requested only ecstasy
(MDMA) from their drug supplier. This approach can be dis-
tinguished from that employed in other studies (e.g., 15,16) and
addresses to some extent the concern of “deliberate polydrug us-
age” (19). The many generic limitations to our investigation in-
clude small sample size, uncertain truthfulness of self-reported
drug history data (e.g., over- or under-reporting drug use), pos-
sible individual differences in drug metabolism, and drug mea-
surement issues (e.g., assay sensitivity, possible influence of hair
treatments).

The results of our drug hair testing, supported by tablet seizure
data, suggest that 12 of 21 (57%) of the ecstasy users in our sample
used (unknowingly, assuming the self-reporting data were truth-
ful) MDA and/or methamphetamine/amphetamine in addition to
MDMA. In addition, the drug hair data suggest that MDA was
likely ingested by Case four for most of a two year period, as MDA
in the absence of potential parent drugs MDMA and MDEA was
detected in almost all sequential hair segments.

Because MDA is a known demethylated metabolite of MDMA,
it is possible that the presence of both MDA and MDMA in hair
of most of the subjects is explained by use of MDMA either alone
or in combination with MDA. To our knowledge, no information
is available on the status of MDMA and its metabolite in scalp hair
of humans who ingested “pure” MDMA in a prospective study.
However, data from prospective studies do indicate that MDA
levels in plasma and in urine of humans selectively exposed to a
known amount of MDMA are typically only a small fraction of
levels of the parent drug (3,4). Similarly, MDA/MDMA ratio in
postmortem organs of experimental animals are also low (20,21). In
retrospective (i.e., proof of actual drug ingested is not available) in-
vestigations of MDMA-positive “ecstasy” users, the MDA/MDMA
ratios in human urine (22,23), postmortem blood (14), scalp hair
(24–30) and autopsied organs (30,31) of drug users are also
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usually low. However, a small fraction of some of the subjects
demonstrate MDA/MDMA ratio in hair greater than 1.0, prompting
the conclusion that such an unusually high ratio metabolite/parent
drug in such subjects indicates the likely use of both MDA and
MDMA (24,27; see also 22,23). Although we cannot exclude the
possibility that hair of some or perhaps all of the subjects of our
study might differentially retain MDA vs. MDMA, or be affected
by factors such as race and gender, the simplest explanation for
the presence of a high ratio MDA/MDMA (range: +1.2–9.4; see
Table 2 [excluding Case 4 in which MDA alone was detected in
most samples]) in a subgroup of the MDMA users is that MDA
was also ingested by the subjects. This possibility is supported by
our local tablet seizure data indicating the presence of MDA alone
or in combination with MDMA in seized tablets and by the seizure
of six clandestine laboratories in Ontario which were producing
MDA.

Why Are Methamphetamine and MDA Included in MDMA Tablets?

The reasons why illicit drug manufacturers include metham-
phetamine and MDA tablets marketed as ecstasy in the absence
of any specific demand are unknown. Methamphetamine might
be included to enhance the stimulant effects of the drug cock-
tail. MDA might be marketed as a replacement for MDMA be-
cause of its longer duration of action (2,3) and (possibly) higher
potency (32) in order to counter the tolerance which often oc-
curs in MDMA users (see Table 1). Alternatively, MDA might
be included because of a perception that synthesis is simpler or
that the chemicals needed to synthesize MDA were easier to ob-
tain and were not as subject to scrutiny (by the authorities) as
were those for the synthesis of MDMA (J. Hugel, unpublished
observations). The synthesis of MDMA and MDA in southern On-
tario almost always begins with sassafras oil, which consists of
75 to 90% safrole. Safrole is removed from the oil and then ox-
idized to 1-(3,4-methylenedioxyphenyl)-2-propanone (MD-P-2-P)
by one of a variety of routes (see Fig. 2). The oldest and until
recently, the most common route, involves isomerizing the safrole
to isosafrole and then oxidizing with formic acid and hydrogen
peroxide. A more recent set of methods involve the use of the
Wacker oxidation (of safrole) using palladium chloride and one
of methyl nitrite, hydroquinone, or oxygen gas. From MD-P-2-P,
MDA can be made by reductive amination using sodium cyanoboro-
hydride and ammonium chloride. From MD-P-2-P, MDMA can be
synthesized by reductive amination using methylamine and alu-
minum amalgam. Since the bulk of the effort in these synthe-
ses is obtaining MD-P-2-P, there is no clear distinction (as far
as simplicity) between the effort required to produce MDMA or
MDA.

FIG. 2—In Ontario, the most common synthetic routes to MDMA
(3,4-methylenedioxymethamphetamine) and MDA (3,4-methylene-
dioxyamphetamine) begin with sassafras oil (containing up to 90%
safrole), which is oxidized into MD-P-2-P, which in turn can be reductively
aminated to either MDA or MDMA.

Implications of Lack of Purity of Ecstasy Tablets

Although the purity of drugs manufactured by clandestine labs
can be expected to be uncertain, a recent review of the literature
(19) concluded that the purity of illicit MDMA tablets is, since
the late 1990s, very high. In one respect, our hair data support this
position, as MDMA was, in fact, detected in hair of almost all of
the 21 subjects of our study. However, whereas the proportion of
ingested tablets of ecstasy which contain some MDMA might be
high, it is equally relevant that the purity, at least in this sample of
subjects, was low, as our hair data indicated the presence of non-
MDMA drugs in about half of the subjects. Because of differences
in study design of investigations in the literature, it is difficult to es-
tablish whether inclusion of MDA and methamphetamine in tablets
purported to contain only MDMA is a common, world-wide phe-
nomenon or is limited to Ontario, Canada. MDA in the absence of
MDMA (27) and high ratio MDA:MDMA (24) have been reported
in hair of a only a small proportion of examined self-reported users
of “ecstasy and amphetamine/speed” in investigations in the UK and
Germany. Also in the UK, recent tablet seizure data (year 2000)
indicate that MDA and amphetamine/methamphetamine each ac-
count, as a “main ingredient,” for only about 2% of “ecstasy” tablets
examined (33). In the U.S., MDA has been reported to be present
in some tablets turned into a drug analysis facility (34).

From a public health perspective, it is important to establish
whether the use of methamphetamine combined with MDMA is
a new trend and which might be more harmful to humans than
MDMA taken alone. Because drug addiction and death (by car-
diovascular toxicity) can occur following exposure to metham-
phetamine (35,36), ingestion of tablets containing MDMA and
methamphetamine might be more harmful than ingestion of tablets
containing MDMA alone, which may have a somewhat lower risk of
cardiovascular toxicity and addiction potential (although this needs
to be confirmed). We also suspect that an equivalent dose of MDA
is more harmful than that of MDMA because of its longer half-life
and reported higher potency (see above); however, insufficient in-
formation in the literature is available to address conclusively this
question.

Much attention in the toxicological literature has been focused on
the important question whether use of MDMA might, as suggested
by animal data, harm the human brain by damaging serotonin neu-
rones (15). A position has been taken that since the purity of illicit
MDMA tablets has been reported to be high, there is “. . . validity
of using data from [self-reporting] ecstasy users, to estimate the
human psychobiological conseqences of repeated MDMA” (19).
However, our data suggest that a substantial proportion of MDMA
users, at least in the Toronto area, are unknowingly ingesting other
amphetamine derivatives known to damage serotonin neurones in
experimental animals (37,38). Therefore, we strongly recommend
that drug hair testing be conducted on all subjects involved in stud-
ies of MDMA and brain damage/behavior so that any conclusions
made regarding the toxicity of MDMA are justified.

Conclusion

We found that unsuspecting MDMA users in the Toronto area are
using other amphetamine derivatives. Further investigation needs
to be conducted to confirm whether this is a phenomenon limited
to Ontario, the relative harm to humans of MDA and metham-
phetamine vs. MDMA, and the explanation for the inclusion in
ecstasy tablets of such drug combinations by clandestine labora-
tories. Finally, studies focused on the controversial question of
MDMA toxicity to the brain will need to confirm carefully, by
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hair drug analysis, the extent to which MDMA was the only toxic
amphetamine derivative chronically used by the subjects.

References

1. Kalant H. The pharmacology and toxicology of “ecstasy” (MDMA) and
[PubMed] related drugs. CMAJ 2001;165:917–28.

2. Mas M, Farre M, de la Torre R, Roset PN, Ortuno J, Segura J, et al.
Cardiovascular and neuroendocrine effects and pharmacokinetics of
3,4-methylenedioxymethamphetamine in humans. J Pharmacol Exp Ther

[PubMed] 1999;290:136–45.
3. de la Torre R, Farre M, Ortuno J, Mas M, Brenneisen R, Roset PN,

et al. Non-linear pharmacokinetics of MDMA (’ecstasy’) in humans. Br
[PubMed]          J Clin Pharmacol 2000;49:104–9.

4. Pizarro N, Ortuno J, Farre M, Hernandez-Lopez C, Pujadas M, Llebaria
A, et al. Determination of MDMA and its metabolites in blood and urine
by gas chromatography-mass spectrometry and analysis of enantiomers

[PubMed] by capillary electrophoresis. J Anal Toxicol 2002;26:157–65.
5. Richards KC, Borgstedt HH. Near fatal reaction to ingestion of the hal-

[PubMed] lucinogenic drug MDA. JAMA 1971;218:1826–7.
6. Richards RN. Experience with MDA. CMAJ 1972;106:256–9.
7. Simpson DL, Rumack BH. Methylenedioxyamphetamine. Clinical de-

scription of overdose, death, and review of pharmacology. Arch Intern
[PubMed] Med 1981;141(11):1507–9.

8. Cimbura G. 3,4-methylenedioxyamphetamine (MDA): analytical and
[PubMed] forensic aspects of fatal poisoning. J Forensic Sci 1972;17:329–33.

9. Lukaszewski T. 3,4-methylenedioxyamphetamine overdose. Clin Toxicol
[PubMed] 1979;15:405–9.

10. Henry JA, Jeffreys KJ, Dawling S. Toxicity and deaths from
3,4-methylenedioxymethamphetamine (“ecstasy”). Lancet 1992;340:

[PubMed]          384–7.
11. Mueller PD, Korey WS. Death by “ecstasy”: the serotonin syndrome?

[PubMed] Ann Emerg Med 1998;32:377–80.
12. Fineschi V, Centini F, Mazzeo E, Turillazzi E. Adam (MDMA) and Eve

(MDEA) misuse: an immunohistochemical study on three fatal cases.
[PubMed] Forensic Sci Int 1999;104:65–74.

13. Watson JD, Ferguson C, Hinds CJ, Skinner R, Coakley JH. Exertional
heat stroke induced by amphetamine analogues. Does dantrolene have a
place? Anaesthesia 1993;48:1057–60.

14. Gill JR, Hayes JA, deSouza IS, Marker E, Stajic M. Ecstasy (MDMA)
deaths in New York City: a case series and review of the literature.

[PubMed] J Forensic Sci 2002;47:121–6.
15. Kish SJ. How strong is the evidence that brain serotonin neurons

are damaged in human users of ecstasy? Pharmacol Biochem Behav
[PubMed] 2002;71:845–55.

16. McCann UD, Szabo Z, Scheffel U, Dannals DF, Ricaurte GA. Positron
emission tomographic evidence of toxic effect of MDMA (“Ecstasy”) on

[PubMed] brain serotonin neurons in human beings. Lancet 1998;352:1433–7.
17. Reneman L, Booij J, de Bruin K, Reitsma JB, de Wolff FA, Gunning

WB, et al. Effects of dose, sex, and long-term abstention from use on
toxic effects of MDMA (ecstasy) on brain serotonin neurons. Lancet

[PubMed] 2001;358:1864–9.
18. Parrott AC. Human psychopharmacology of ecstasy (MDMA): a review

of 15 years of empirical research. Hum Psychopharmacol 2001;16:557–
[PubMed] 77.

19. Is ecstasy MDMA? A review of the proportion of ecstasy tablets contain-
ing MDMA, their dosage levels, and the changing perceptions of purity.

[PubMed] Psychopharmacology 2004;173:234–241.
20. Chu T, Kumagai Y, DiStefano EW, Cho AK. Disposition of methylene-

dioxymethamphetamine and three metabolites in the brains of different
rat strains and their possible roles in acute serotonin depletion. Biochem

[PubMed] Pharmacol 1996;51:789–96.
21. De Letter EA, Clauwaert KM, Belpaire FM, Lambert WE,

Van Bocxlaer JF, Piette MH. Post-mortem redistribution of 3,4-
methylenedioxymethamphetamine (MDMA, “ecstasy”) in the rabbit.
Part I: experimental approach after in vivo intravenous infusion. Int J

[PubMed] Legal Med 2002;116:216–24.

22. Zhao H, Brenneisen R, Scholer A, McNally AJ, ElSohly MA, Murphy
TP, et al. Profiles of urine samples taken from Ecstasy users at Rave
parties: analysis by immunoassays, HPLC, and GC-MS. J Anal Toxicol
2001 May–Jun;25(4):258–69.                                                                       [PubMed]

23. Kunsman GW, Levine B, Kuhlman JJ, Jones RL, Hughes RO, Fujiyama
CI, et al. MDA-MDMA concentrations in urine specimens. J Anal Toxicol
1996;20:517–21.                                                                                            [PubMed]

24. Cooper GA, Allen DL, Scott KS, Oliver JS, Ditton J, Smith ID. Hair
analysis: self-reported use of “speed” and “ecstasy” compared with lab-
oratory findings. J Forensic Sci 2000;45:400–6.                                           [PubMed]

25. Kintz P, Cirimele V, Tracqui A, Mangin P. Simultaneous determination
of amphetamine, methamphetamine, 3,4-methylenedioxyamphetamine
and 3,4-methylenedioxy-methamphetamine in human hair by gas
chromatography-mass spectrometry. J Chromatogr B Biomed Appl
1995;670:162–6.                                                                                           [PubMed]

26. Kikura R, Nakahara Y, Mieczkowski T, Tagliaro F. Hair analysis for
drug abuse. XV. Disposition of 3,4-methylenedioxymethamphetamine
(MDMA) and its related compounds into rat hair and application to hair
analysis for MDMA abuse. Forensic Sci Int 1997;84:165–77.                    [PubMed]

27. Rothe M, Pragst F, Spiegel K, Harrach T, Fischer K, Kunkel J. Hair
concentrations and self-reported abuse history of 20 amphetamine and
ecstasy users. Forensic Sci Int 1997;89:111–28.                                          [PubMed]

28. Tagliaro F, De Battisti Z, Groppi A, Nakahara Y, Scarcella D,
Valentini R, et al. High sensitivity simultaneous determination
in hair of the major constituents of ecstasy (3,4-methylenedioxymeth-
amphetamine, 3,4-methylenedioxyamphetamine and 3,4-methylene-
dioxyethylamphetamine) by high-performance liquid chromatography
with direct fluorescence detection. J Chromatogr B Biomed Sci Appl
1999;723:195–202.                                                                                       [PubMed]

29. Skender L, Karacic V, Brcic I, Bagaric A. Quantitative determination of
amphetamines, cocaine, and opiates in human hair by gas chromatogra-
phy/mass spectrometry. Forensic Sci Int 2002;125:120–6.                          [PubMed]

30. Kish SJ, Furukawa Y, Ang L, Vorce SP, Kalasinsky KS. Striatal sero-
tonin is depleted in brain of a human MDMA (Ecstasy) user. Neurology
2000;55:294–6.                                                                                             [PubMed]

31. De Letter EA, Clauwaert KM, Lambert WE, Van Bocxlaer JF,
De Leenheer AP, Piette MH. Distribution study of 3,4-methylene-
dioxymethamphetamine and 3,4-methylenedioxy-amphetamine in a fatal
overdose. J Anal Toxicol 2002;26:113–8.                                                    [PubMed]

32. Hegadoren KM, Baker GB, Bourin M. 3,4-Methylenedioxy analogues
of amphetamine: defining the risks to humans. Neurosci Biobehav Rev
1999;23:539–53.                                                                                          [PubMed]

33. National Drug Monitor 2001 Annual Report. Ecstasy, amphetamines,
and related substances.

34. DanceSafe: Lab Pill Testing- Search Results. www.dancesafe.org
35. Karch SB, Stephens BG, Ho CH. Methamphetamine-related deaths

in San Francisco: demographic, pathologic, and toxicologic profiles.
J Forensic Sci 1999;44:359–68.                                                                   [PubMed]

36. Yudko E, Hall HV, McPherson AB. Methamphetamine use. CRC Press,
2003.

37. Ricaurte G, Bryan G, Strauss L, Seiden L, Schuster C. Hallucino-
genic amphetamine selectively destroys brain serotonin nerve terminals.
Science 1985;229:986–8.                                                                             [PubMed]

38. Ricaurte GA, Yuan J, Hatzidmitriou G, Cord BJ, McCann UD. Se-
vere dopaminergic neurotoxicity in primates after a common recre-
ational dose regimen of MDMA (“ecstasy”). Science 2002;297:2260–
63.                                                                                                                 [PubMed]

Additional information and reprint requests:
Stephen Kish, Ph.D.
Human Neurochemical Pathology Section
Centre for Addiction and Mental Health
250 College Street
Toronto, Ontario
Canada M5T 1R8
Phone: 416-535-8501, ext. 6256
Fax: 416-979-6871
E-mail: Stephen Kish@CAMH.net


