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Identification of Metabolites of 3,4-(Methylenedioxy)methamphetamine in Human Urine
[

Sir: That 3,4- (methylenedioxy) methamphetamine lg_/.

.-" (MDMA) is a serotonergic neurotoxin has been established ri[ _ [
I in several animal models (I-3). Furthermore, it has been I t_ t

suggested that the neurotoxicity is due to a metabolite (4), !ii

Jt [i!
/ on the basis primarily of the resemblance of MDMA's Vll "

! l! I

.. neurotoxicity to that of p-chloroamphetamine (4, 5), and I0I ! Ul _ iH '

' evidence that p-chloroamphetamine's neurotoxicity in- ,, !:

! W iI Iii i',volves formation of a reactive metabolite (6, 7). UllIiI t //

[ Because MDMA continues to be a popular recreational _, v, Ii [ Iii [ t· tdrug, particularly among college students (8), there is a ?L.fi .)2!? _ ' \-: , _ ,_,
critical need to determine the potential hazards of MDMA ..,, ..... , , ,,, _
use by humans. However, any assessment of risk in hu- 3sQ 4_ 150 ' S_ sSg scA__,

: mans that is based on extrapolation of animals neurotox- 5:51 6:41 7:31 8:21 _:li II_
icity data is complicated by the lack of information on Figure 1. Total ion chromatogram (positive ion chemical ioni.zation, reagent gas is methanol) of a trifluoroacetylated extract

I human metabolism of MDMA, because metabolism of of human urine.
amphetamine-type drugs is species-dependent (9). Un- l

' fortunately, MDMA's status as a Schedule 1 drug prevents o_ ""_ o_ ..c.. .o_ ._c_:
application of normal investigative procedures for studying (o1..._ a., ' (o_ _, ' .o1.._ _,

' the drug's metabolism in man. MDAXxVI MDMAI IV L

At the beginningofourinvestigation,the onlymetabolic //

pathway that had been demonstrated for MDMA in rats I %X //
_' (10) and humans (II) was N-dealkylation. Recently, we CH_O NH2

O_'_C 0[ reported the identificationof sevennewmetabolitesof <o "' .o ' ' .o '
MDMA in the rat (12) and showed that the rat brain v,,,

i. metabolizes MDMA in vitro. 3,4-(Methylenedioxy)- ,.xX ,v

amphetamine (MDA), also a known neurotoxin, was one X%
- of the in vitro brain metabolites. Because little has been .o , ..c_,

reported regarding the metabolism of MDMA in man, we .o "' c.,o 'reporthereour findingthat allbut oneof the metabolites v,, ,,

previodsly reported in the rat are also formed in man after Figure 2. Prooosed metabolic pathways of MDMA in huma._.
ingestionofMDMA.

Materials and Methods. The reference metabolites fiuoroacetylated extract of the human urine specimen/s
of MDMA were synthesized in our laboratory as previously shown in Figure 1; the locations of the peaks corresponding

", described (12). Because MDMA is a Schedule 1 drug, it to metabolites of MDMA are indicated by arrows. Each
is difficult to obtain approval to administer the drug to of these peaks is clearly evident in the reconstructed ion

I _ human subjects. However, a urine specimen from a fatally current profile for the corresponding protonated molecule
injured motorcyclist was made available to us after it was ion (not shown). Good quality EI and CI mass spectra

, found to contain MDMA. The metabolites described here were obtained for MDMA (I), 3-hydroxy-4-methoxy-
->

_ were all identified in this urine specimen. No information methamphetamine (II), 4-hydroxy-3-methoxymeth-
is available regarding the amount of MDMA ingested prior amphetamine (III), 4-hydroxy-3-methoxyamphetamine
to the subject's death, nor the time of ingestion. (IV), 3,4-dihydroxymethamphetamine (V), and 3,4-(me-

t Enzymatic hydrolysis, extraction, and derivatization of thylenedioxy)phenyl]acetone (VIII). The EI or CI ma_x

- MDMA and its metabolites were performed according to spectra obtained for (4-hydroxy-3-methoxyphenyl)acetone
I the procedures we described previously (12). All of the (VII) contained interfering ions due to coeluting corn-

analyses were performed with a Finnigan MAT Model 800 pounds, so that its identification was based primarily on
-_'_ ion-trap detector. MDMA and its metabolites were its retention time relative to the internal standard, 3,4-

chromatographically separated on a fused-silica capillary (methylenedioxy)ethylamphetamine (MDE). The mm
-" column coated with 5% phenyl/95% methylsilicone (30 spectra of the other metabolites are in good agreement _*_

m x 0.2 mm i.d., 0.25-_m film thickness, J & W Scientific, those of the reference synthetic metabolites and with th_
Folsom, CA). The oven temperature was held at 100 °C previously published (12), and the relative retention tirn_

t for 0.5 min after injection and then temperature-pro- of the metabolites were identical with those of reference

grammed to 300 °C at 12 °C/min. Other chromatographic standards run after the sample.and mass spectrometric conditions were identical with Although no quantitation was performed on the sample
those previously described (I2). the C1 total ion chromatogram suggests that 4-hydrexy-

Results and Discussion. The trifluoroacetylated ex- 3-methoxymethamphetamine (III) is the major metabolite

tract of human urine was analyzed by capillary gas chro- in the basic extract of the human urine specimen. ,
.,_ matography/mass spectrometry under both electron ion- Conclusions. Our data indicate that most of the me

ization (El) and positive ion chemical ionization (CI). The tabolites identified in rat are also formed in man follo_
total ion current chromatogram obtained from the tri- MDMA ingestion. The metabolites that have been iden-

!
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.fled include 3-hydroxy-4-methoxymethamphetamine, (5) Stone, D. M., Merchant, K. M., Hanson, G. R., and Gibb, J. W.
:.hvdroxy-3-methoxymethamphetamine, MDA, 4- (1987) Immediate and long-term effects of 3,4-rnethylenedioxy-
· · metharnphel_rnine on serotonin pathways in brain of rat. Neu-
.ydroxy-3-methoxyamphetamine, 3,4-dihydroxymeth- ropharmacology 26, 1677-1683.
;mphetamine, (4-hydroxy-3-methoxyphenyl)acetone, and (6) Sherman, A., Gal, E. M., Fuller, R. W., and Molloy, B. B. (I975)
.:_.4-methylenedioxy)phenyl]acetone. The human meta- Effects of intraventricular p-chloroamphetamine and its analogues
i,,lic pathways of MDMA that have been identified are on cerebral 5-HT. IVeuropharmacology 14, 733-737.
._.demethylation, O-dealkylation, deamination, and O- (7) Ames, M. M., Nelson, S. D., Lovenberg, W., and Sasarne, H. A.
.-.ethvlation, as shown in Figure 2. (1977) Metabolic activation of para-chloroamphetamine to a

- chemically reactive-rnetabolite. Commun. Psychopharmacol. 1,
455-460.
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