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Abstract:A gas chromatography-massspectrometryassay basedonperfluorotributylamine-enhancedammoniapositive m
ion chemical ionization has been developed for MDMA and three of its primary metabolites in biological specimens; the
assayis linearfrom2 to 1000ngmi-t. Quantitatively,moreof an administereddoseof 10mg kg-_ MDMAwasexcreted mm
by the mouse (72%) than by the rat (35%); most in both specieswas excreted in urine and within24 h. The difference in f

Vynckier,J. Vet. per cent excretionis entirely due to proportionallygreater excretion of the parent drug by the mouse. 4-Hydroxy-3-
71). methoxymethamphetamine(HMM) is the major urinary metaholite in both species. HMM and another primary
um, Europ. J. metabolite, 4-hydroxy-3-methoxyamphetamine(HMA), were excreted mainlyas glucuronideand sulphate conjugates

Biopharm. Drug (>85%).
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.i
,ed 18June 1992] _ Introduction 9]; however, only two of these metabolites ,

(2,4,5-trihydroxymethamphetamine and 2,4,5-
3,4-(Methylenedioxy)methamphetamine trihydroxyamphetamine) are neurotoxic [10,
(MDMA) has been banned from clinical use as 11]. Furthermore, the actual involvement of
an adjunct to psychotherapy because of these two trihydroxyphenylisopropylaminesin
numerous reports about its neurotoxic effects the neurotoxicity of MDMA remains to be

_--" in several animalspecies,includingrat [1], established. _'
mouse [1], guinea pig [2] and primate species No qualitative differences between the
[3]. The drug selectively destroys serotonin- mouse and the rat have been observed in the

containing neurons and this serotonergic toxic N-demethylation, O-dealkylation, deamin-
effect of MDMA is species-dependent; among ation and O-methylation of MDMA [7]. The
the animals investigated, the primate and the metabolites of MDMA that have been re-
mouse are, respectively, the most and least ported for mouse include HMM, HMA, 3,4-

sensitive to the neurotoxic effect of MDMA (methylenedioxy)amphetamine (MDA), 3,4-
[1, 3]. dihydroxymethamphetamine,(3,4-dihydroxy-

Failure of intracerebroventricular injection phenyl)acetone, (4-hydroxy-3-methoxy-

of MDMA to e 'll_neurotoxicity in the rat {4] phenyl)acetone and [3,4-(methylenedioxy)-
suggested that net_otoxicity depends upon phenyl]acetone [7]. Whether the difference in
bioactivation of MDMA. Studies to investigate susceptibilities of the rat and mouse to the
the metabolism of MDMA in the rat [5,6], the neurotoxic effects of MDMA is rehtted to

mouse [7] and the human [8] have identified a quantitative differences in the disposition of
total of 16 metabolites of MDMA itl vivo [5, 6, MDMA is unknown.

* Presented in part at thc 30th Annual Meeting of thc Society of Toxicology. Dallas, TX. 25 February-1 March 1991.
* Author IQ whom correspondence should be addressed.
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This paper describes development of an Instrumentation
assay based on perfluorotributylamine- Quantitative determinations of MDMA and
enhanced gas chromatography-ammonia three of its primary metabolites in urine and
positive ion chemical ionization mass spectro- faeces were performed on a Finnigan-MAT
metry for quantitation of MDMA and three of 4500 gas chromatograph-mass spectrometer
its primary metabolites (Fig. 1) in biological system. The gas chromatograph was equipped !_
specimens, and application of this assay to with a DB-5 fused silica capillary column

comparative investigation of disposition of (15 m x 0.25 mm i.d., 0.25 t_m film thickness; !
MDMA in two animal species where differ- J & W Scientific, Rancho Cordova, CA,
ences in susceptibility to the neurotoxicity of USA), routed through the separator oven ·
MDMA have been documented. (maintained at 250°C) and directly into the ion

source of the mass spectrometer. The linear

(_ __NHR velocity of the carrier gas (hydrogen) was

60 cms -_ at an oven temperature of 100°C.
The Grob-type capillary injector was main-
tained at 260°C and operated in the splitless

MDA R = H

MDMA R = CH 3 mode for 0.7 rain following injection. After

(I MDE R = C2H5 injection, the oven temperature was held at
100°Cfor4 rain,andthenincreasedlinearlyto

C' CH,O f._y._NHR 300oc at 20oc min-t ,
, [ [[[-- Themassspectrometerwasoperatedin the
_ HO_ positiveionchemicalionizationmode.Typical

am _ HMA R = It operating conditions were: electron energy,
' HMM R -- CH 3 80 eV; filament emission current, 15 mA; con- !

version dynode voltage, -3 kV; and indicated

· _. Figure I ion source temperature, 100°C. Before p
The structures of MDMA and three of its metabolites, analysis, the mass spectrometer was tuned by

openingthe valveto the instrument'scall- ,
Experimental brationcompoundinletaftermethanewasbledin to an indicated ion source pressure of 0.80 ,

w Materials Tort; ion source voltages were adjusted so that
MDMA, MDA and 3,4-(methylenedioxy)- the positive ion at m/z 414 from perfluorotri- ,

ethylamphetamine (MDE) were purchased butylamine (PFTBA) displayed a maximum
m from Alltech Applied Science (Deerfield, IL, ion current while retaining unit mass resolution

USA). HMM and HMA were synthesized and peak symmetry. During analyses, the CI
m according to methods reported previously [5]. gas consisted of a mixture of ammonia, ,

Trifluoroacetic anhydride (>99%) was ob- PFTBA and methane. Ammonia was admitted
tained from Pierce Chemical Co. (Rockford, to an indicated ion source pressure of 0.4 Torr;
IL, USA). All solvents obtained from Burdick a trace amount of PFTBA was added by
and Jackson (Muskegon, MI, USA) were opening the calibrant inlet valve one-half turn,
HPLC grade and glass-distilled. The following and finally, the indicated ion source pressure
reagents were purchased from Aldrich Chem- was raised to 0.8 Torr with methane.
ical Co. (Milwaukee, WI, USA): sodium The mass spectrometer was set to monitor
hydroxide (98%), sodium acetate trihydrate ions at m/z 293 ({M + NH.,) + for the trifluoro-
(99%), anhydrous sodium sulphate (>99%), acetyl {TFA} derivative of MDA), m/z 307
sodium chloride (>99%), sodium bicarbonate ((M + NH4}+ for the TFA derivative of
(99%), N-methyl-bis(trifluoroacetamide) MDMA), m/z 321 ({M + NH4) + for the TFA
(98%) and sodium carbonate (>99%). 13- derivative of MDE), m/z 391 ({M + NH4) +
Glucuronidase (Helix pomafia, type H-l), 13- for the TFA derivative of HMA). and m/z 405
glucuronidase (E. coil type VII, lyophilized) ({M + NH4) + for the TFA derivative of
and sulphatase (limpets type V, lyophilized) HMM). These ions were monitored using a

· were obtained from Sigma Chemical Co. (St sampling time of 0.05 s per mass and a total
Louis, MO, USA). Ammonium hydroxide and cycle time of 0.276 s. TFA derivatives of
glacial acetic acid were purchased from VWR MDMA and relatcd compounds (500 pg each)
Scientific Co: (Salt Lake City, UT, USA). were injected to verify the sensitivity of the
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GC-MS system before actual analysis of rocking for 15 min. After another phase

VIDMA and samples. Ali acquisitions and data reduction separation, the organic phases were pooled i
n urine and were performed with the Finnigan INCOS data and washed with 4 mi of 0.1 M ammonium i
migan-MAT system, hydroxide for 10 rain with gentle rocking, i

pectrometer Followingcentrifugation,the aqueouslayer :
as equipped Treatment of animals was removed by aspiration and the organic i
,ary column Male Sprague-Dawley rats (200-250 g, n = layer was dried over anhydrous sodium sulph- !
m thickness; 6) and male CF-1 mice (25-30 g, n = 5) were ate and transferred to a disposable 10-mi test
rdova, CA, deprived of food overnight prior to sub- tube after another centrifugation. The extract
arator oven cutaneous injection of 10 mg kg -I MDMA was evaporated to dryness under a gentle ' _
into the ion (calculated as free base). The rats were then stream of air at 50°C after addition of 200 Ixlof

· The linear housed individually in metabolic cages in a 1% hydrochloric acid in methanol.
drogen) was room with controlled lighting (12-h light-dark To the residue in the test tube were added
re of 100°C. cycle) and temperature (24°C); mice were 100 WIof ethyl acetate and 200 fxl of trifiuoro-

r was main- placed together in one metabolic cage. All the acetic anhydride. The tube was tightly capped,
, the splitless animals had access to food and water for the hand vortexed for 5 s, and heated at 80°C for
ection. After duration of the study. Urine and faeces were 20 min. Following evaporation to dryness

was held at collected at 24, 48, 72 and 96 h after drug under a gentle stream of nitrogen at 50°C, 50-
.ed linearly to administration. The samples were stored in 200 Ixl of 5% N-methyl-bis(trifluoroacet-

polyethylene bottles at -20°C until analysed, amide) in toluene was added and the mixture
_erated in the was reheated at 80°C for 5 min. After cooling
node. Typical Assay procedure to room temperature, an aliquot of 1 Ixl was
:tron energy, All pieces of glassware were vapour-phase injected into the GC-MS for analysis.
,15 mA; con- silanized [12], rinsed with methanol, and oven-
and indicated dried before use. To a 10-mi test tube with a Working standards

)0°C. Before Teflon-lined screw cap was added 0.5 mi of Separate 100-_xg mi -_ stock solutions of
was tuned by urine or 10,000 g-faeces supernatant (30% w/v, MDMA, MDA, HMA, HMM and MDE were

rffment's call- prepared in 0.9% saline solution) and 200 ng prepared by dissolving an amount equivalent
thane was bled MDE. The tube was capped and allowed to to 1 mg of the free base in 10 mi of methanol.
'essure of 0.80 equilibrate at room temperature by gentle Working solutions containing all four analytes m
djusted'so that rocking for 15 min. The pH of the sample was (MDMA, MDA, HMA and HMM), each at
n perfluorotri- adjusted to 5 by addition of 20 Ixl of 6 M concentrations of 20_ 50, 100, 250, 500, 1000,
d a maximum hydrochloric acid and 0.5 mi of 1 M sodium 2500, 5000 and 10,000 ng ml-j, were prepared "
nass resolution acetate buffer (pH 4.8) containing 2000 units of by serial dilution of the stock solutions with Jg
aalyses,_the CI {3-glucuronidase. Enzymatic hydrolysis of the water. The internal standard, MDE, was only d
of _ a3nmonia, sample was allowed to proceed for 16 h at diluted 10-fold with water to give a working

a was admitted 37°C. After hydrolysis, the sample was ad- solution with a concentration of 10,000 ng ,
ureof0.4Torr; justed to pH 2-3 with 105 ixl of 6M hydro- mi -I. All the working solutions were freshly !i:i
was added by chloric acid and extracted with 4 mi of ethyl prepared for each analysis. _:
_'one-halfturn, acetatebygentlerockingfor 15min.Afterthe :I
;ource pressure mixture was centrifuged at 1280 g for 5 min, Calibration curves
thane, the organic phase was removed by aspiration. Calibration standards containing 1.0, 2.5,
set to monitor The remaining aqueous phase was adjusted to 5.0, 12.5, 25, 50, 125,250 and 500 ng of each

Or thetrifiuoro- pH 9 by addition of 40 _l of 10 M sodium analyte (MDMA, MDA, HMM and HMA)
IDA), m/z 307 hydroxide and 0.5 mi 1 M sodium bJcarbon- were prepared by addition of 50 gl of each of

derivative of ate-sodium carbonate buffer (pH 9). The the analyte working solutions to 0.5 ml urine
:}+ for the TFA sample was saturated with sodium chloride and or faeces supernatant. The samples were then

(tM + NH,:) + then extracted with 4 mi of chloroform-n- processed as described in the assay procedure.
A), and m/z 405 butanol (3:1) by gentle rocking for 15 min. Calibration curves were constructed by plot-

derivative of Phase separation was achieved by centri- ting thc ratios of thc peak areas of the analyte
,nitored using a fugation as above and the organic layer was to the internal standard (MDE)versus concen-
nass and a total transferred to a 15-mi glass test tube. The trations of the analyte. Quality controlsamples
· derivatives of remaining aqueous layer was adjusted It) pH 12 containing 2.5, 5 and 250 ng of each compound
ds (500 pg each) with 53 $xi of 10 M sodium hydroxide, and in 0.5 mi biological fluid were prepared by
,ensitivity of the extracted with 4 mi of chloroform by gentle addition of 50, I0(} and 51){)0ng, respectively.
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of each compound to 10-mi of drug-free, added to the organic extract rather than to the _

pooled control rat urine or faeces supernatant; urine sample. The peak area ratios obtainedthe spiked controls were aliquoted (0.5 mi) from these samples were compared to those
into test tubes and frozen at -20°C until obtained when equal amounts of MDMA and
analysis, three of its metaboliteswere derivatizedwith-

out prior extraction. Recovery of MDE at
Precision studies concentration of 400 ng ml- ] was carried out as

Intra-assay validation was conducted by above except the internal standard was
analysing on the same day three sets of quality MDMA (200 ng).
control samples (n = 5) at concentrations of
5, 10 and 500 ng mi -_. The concentrations
were calculated from the linear regression Results and Discussion
calibration curves. A five-day inter-assay GC-MSassay development
validation was carried out by analysing three In the development of a sensitive and
independently prepared quality control specific GC-MS assay for MDMA and its
samples at concentrations of 5, 10 and 500 ng major metabolites, chemical ionization of the ti
mi -1 on each day; 1 mi of each quality control TFA derivatives with various CI reagent gases 1
sample was prepared daily for this study, was investigated. Methane was found to be I[

h Routinely, nine calibration standards and three unsuitable because it caused considerable frag- ._
l_ previously aliquoted quality control standards mentation of the derivatized amines but not

C s (5, 10 and 500 ng mi -l) were analysed along the derivatized phenolic amines, even though
!

with samples from rats and mice dosed with all the derivatized compounds were ionized

_i I MDMA. with highefficiencies.A mixtureof methane
and ammonia is often used in this laboratory i

Enzymatic hydrolysis for quantitative analysis of drugs. With this

The amount of enzyme required to com- combination of reagent gases, basic com- t
r', pletely hydrolyse the conjugate of each phen- pounds are generally ionized with high ef- J
_,_ olic amine metabolite of MDMA was deter- ficiency and give el mass spectra consisting of a

,, mined by analysis of pooled 24-h dosed rat single major peak corresponding to the pro-
i_ urines treated with 13-glucuronidase (H. tonated molecule; nonbasic compounds are I

w, pomatia type H-l) at three different concen- ionized with much lower efficiency and often
_, trations (500, 2000 and 8000 units mi-l). The give prominent ammonia adduct ions

amount of each phenolic amine metabolite (M.NH4 +) [14]. Addition of a trace amount of

_' I excreted in dosed-rat urine was established as an efficient electron-capturing compound, such
, total, sulphate and glucuronide conjugates as perfluorotributylamine or carbon tetrachlor-

according to a published procedure [13] which ide, to the reagent gas mixture is known to
Il! !

' involved hydrolysis of the dosed-rat and mouse provide more efficient formation of positive !
urine with each of the following enzymes: 13- ions under ammonia chemical ionization con-
glucuronidase (H. pomatia type H-I, 2000 units ditions [15-17] although the actual mechanism
ml-l), sulphatase (limpets type V, lyophilized, of this phenomenon is uncertain [16]. For the
250 units mi -I) and 13-glucuronidase (E. coil analysis of TFA derivatives of MDMA and its
type VII, lyophilized, 2000 units mi-I), respec- related compounds, the addition of perfluoro-
tively. Phenolic amine metabolites in the free tributylamine to the methane-ammonia re-
form were measured by analysis of unhydro- agent gas mixture resulted in a 10- to 20-fold
iysed urine samples, increase in the intensity of the M.NH4 + ion as

shown in Fig. 2. In addition to the M-NH4 +
Recovery studies ion, the Cl mass spectra also showed trace

Recoveries of MDMA and three of its amounts of ammonia dimer adduct ions

metabolites from urine were determined at (M.NH4NH3 +) and protonated molecule ions
concentrations of 10 and 500 ng mi -1. The (MH+).
spiked urine samples were processed as Initial investigation oftheTFAderivativeof
described in the assay procedure except that an the hydrolysed basic extract of MDMA-spiked
accurately measured fraction of the organic rat urine by the perfluorotributylamine-
phase was removed in each extraction step and enhanced GC-CI-MS assay was unsuccessful
the internal standard (MDE, 200 ng) was because compounds from the biological matrix
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Total ion current profiles from gas chromatographic-positive ion chemical ionization mass spectrometric analysis of the m

this laboratory trifiuoroacetyl derivatives of MDA (1), HMA (2), HMM (3), MDMA (4) and MDE (5) under selected ion monitoring m

·ugs. With this mode: (top) CH4-NH3-perfluorotributylamine mixture as reagent gas; (bottom) same analysis but without the

s, basic corn- perfluorotributylamine. Amount of each compound injected on column was 500 pg. !

withhighcf- _r

a c0nsistingof a co-eluted and interfered with the measurement MDMA, MDA, HMM or HMA when the _
ing to the pro- of these analytes. Fortunately most of these urine samples were hydrolysed with different m
:ompounds are interfering compounds could be removed from amounts of 13-glucuronidase. Consequently, _.
i6ncy and often the hydrolysed urine by simple extraction into 500 units of enzyme was considered sufficient _/

adduct ions ethyl acetate after acidification. Differences in for complete hydrolysis of conjugated _:
trace amount of polarities and pKas among amines and ampho- metabolites.
:ompound, such teric phenolic amine compounds also compli- With the extraction procedure described _"II

rbon tetrachlor- cate the development of an extraction scheme here, we obtained acceptable extraction ef-

ire is known to that will give both a clean extract and a high ficiencies for MDMA and three of its metab-
tion of positive extraction efficiency for all the analytes. With olites from rat urine. Within the range of _'
ionization con- these problems in mind, we developed a two- concentrations examined, the mean recoveries

:tual mechanism step extraction scheme consisting of initial of MDMA, MDA, HMM and HMA were 96,
tin [16]. For the extraction of the amphoteric phenolic amine 81, 66 and 73%, respectively. For each analyte,
· MDMA and its compounds at pH 9 with a polar solvent the relative standard deviation (RSD) was less
ion of perfluoro- mixture of chloroform-n-butanol (4:1), than 15% at each concentration, and extrac-
lc-ammonia re- followed by adjustment of the pH to 12 and tion efficiency appeared to be independent of
a 10-to 20-fold extraction with chloroform to extract any concentration for all compounds. Further-

: M.NH4+ ion as amine compounds remaining in the aqueous more, the internal standard (MDE) was ex-
to the M-NH4+ phase after the first extraction at pH 9. tracted with comparable efficiency as those of

so showed trace Since the majority of the phenolic amine MDMA and its metabolites; a recovery of 71%
er adduct ions metaholites of MDMA are excreted in urine as (RSD = 3.25%, n = 4) was obtained.
ed molecule ions conjugates [5], it was necessary to subject the For each analyte, the computer-generated

urine to enzymatic hydrolysis before extrac- regression line of the calibration curve was
FFA derivative of tion. Replicate aliquots of pooled 24-h urine linear from 2 to 1000 ng mi -t and gave an r2
ffMDMA-spiked from rat injected with 10 mg kg -1 of MDMA of at least 0.99. The limit of quantitation
orotributylamine- were hydrolysed with 500, 2000 and 8000 units (LOQ) was defined as the lowest concentration
was unsuccessful of 13-glucuronidase. No significant differences of analyte that could be quantitated within

. biological matrix were found in the measured concentrations of 20% of the target value and with an RSD of
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-<15%. On the basis of this definition, allofthe The combined amount of MDMA and the

analytes could be measured at concentrations three metabolites eliminated in urine and ·
as low as 2 ng mi -t. faeces over 96 h in mice (72%) was double that

Because a deuterium-labelled analogue of eliminated by the rat (36%) following adminis- t
MDMA was not available, we used a homo- tration of 10 mg kg -_ MDMA (as free base). _i
logue of MDMA (MDE) as the internal stan- In faeces only, over 96 h both species excreted ?
dard for quantitation of each of the analytes, comparable amounts of MDMA and the three

Before the GC-MS analysis of either rat or metabolites corresponded to less than 0.5% of
mouse urine extracts, calibrator and quality the administered dose. The presence of only
control samples were injected. Only if the trace amounts of phenolic amine metabolites
quality control samples measured within 20% (HMM and HMA) in faeces suggested that
of their target values was analysis of the rat or there is no appreciable biliary excretion of i
mouse urine extracts begun. The quality con- these compounds even though their glucur-

trol sample of lowest concentration was re- onide conjugates exceed the molecular weight i
analysed after analysis of 10 rat urine extracts, of 325 daltons typically required for biliary

By followingthis protocol we were able to excretion[18].
achieve the precision and accuracy reflected in Of the quantities of MDMA and the three _!
the results listed in Table 1. metabolites recovered in excreta, >99% of the !

' material was present in the urinary fraction.

Comparative disposition Furthermore, most elimination occurs within !
_' The mouse resembles the rat in the metab- 24-h; 24 h urinary excretion accounted for 98%

!

_C_ olism of MDMA, except for a notable differ- of the 96-h total for rats, and 90% for mice. !
n_' ence in the aromatic hydroxylation pathway; The difference in 24-h excretion between the '-

that is, this pathway is dose-dependent in the two species is due entirely to the excretion of !
mouse [6, 7]. In view of the similarity in parent drug because comparable amounts of

, metabolism of MDMA between the two each of the three metabolites were excreted._ species, we investigated whether differences in This discrepancy in urinary excretion cannot be
_ the susceptibilities of mice and rats to the explained by a difference in urinary pH (Table i_

',[', neurotoxic effects of MDMA can be attributed 2). The greater excretion of the parent

w _ to quantitative differences in the disposition of drug in mice may explain the relative resist- j
, MDMA. The GC-CI-MS assay was applied to ance of mice to development of MDMA-

, quantitation of MDMA and three of its metab- induced neurotoxicity; this conclusion is con-
' olites in hydrolysed and derivatized extracts of sistent with observations that MDMA-inducedf

_ ' urines and faeces from both rats and mice. neurotoxicity [1] and formation of precursors
w , Reconstructed ion current profiles correspond- of the potent neurotoxic trihydroxyphenyliso-

lng to the four respective M.NH4 + ions derived propylamine metabolites of MDMA [unpub-
m from analysis of 72-h urine from a dosed rat are lished data] are dose-dependent in mice.

shown in Fig. 3. The comparative disposition HMM instead of the previously proposed
data for rats and mice are compared in Table 2. major metabolite MDA [19] appears according

Table 1
Precisionand accuracyfor determinationof MDMA, MDA. HMM and HMA in spikedrat urine

Mean measured conc. [ng mi-' (RSD*)J

Targetconc.(ngmi-_) MDMA MDA HMM HMA

Intra-assay
5.0 4.7(8.2) 5.1(5.5) 5.9(11.61 5.7(16.01

10.0 8.3(11.71 10.0 (8.3) 11.2 (6.5) 11.5 (6.9)
500.0 440.3 (9.5) 488.1 (6.11 5(17.4(10.01 516.5(10.31

Inter-assay
5.0 5.2 (14.01 5.2 (10.31 4.3 (10.91 4.7 (11.31
10.0 10.0(3.9) 10.0(3.3) 9.8(7.7) 10.4(8.8)

500.0 490.8(6.4) 489.6(1.41 519.3(5.5) 535.1(8.9)

*RSD = relativestandard deviation(n = 6).
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Selected ion current profiles from the gas chromatographic perfiuorotributylamine-enhanced ammonia positive ion
'_s_ chemical ionization mass spectrometric analysis of a derivatized extract from a rat's hydrolysed urine collected 48-72 h !

_11! after administration of l0 mg kg-' MDMA.
)

I
Table 3

:I s Recovery of various forms of HMM and HMA from 24 h urine from rats and mice injected subcutaneously with 10 mg )B
kg- I MDMA

r,.
I % mean recovery (-+SD*) )

la Ratst Mice-?-I

Ill s MDMA metabolites Free Glucuronide Sulphate Free Glucuronide Sulphate !

HMM 11,8 4- 6.8 42.2 4- 10.8 46.0 4- 4.8 5.7 52.4 41.9 !
HMA 14.4 _+ 5.1 60.0 + 6.7 25.6 _+3.1 14.6 39.7 45.8

* SD = standard deviation (n = 6). D
t Rats urine (n = 4).

$ Mice urine, pooled from five mice.

to the present data to be the major primary by GC-MS is often complicated by the ,
metabolite of MDMA in rat and mice. This susceptibility of derivatized conjugates (glu-

discrepancy is attributed to the fact that the curonide and sulphate)to thermal degradation ,
phenolic amine metabolites of MDMA had not in the injection port of the GC. Consequently,
been identified at the time of the earlier traditional method of enzymatic hydrolysis

investigation [19]. The phenolic amine metab- with pure 13-glucuronidase, sulphatase, or a
olites of MDMA (HMM and HMA) are mixture of the two prior to GC-MS analysis
excreted predominantly as conjugates in rat for quantitation of phenolic amine conjugates
urine [5]; however, until now the relative in 24-h urine was used (Table 3). In rats, as
amounts of the sulphate and glucuronide con- much as 88% of HMM and 86% of HMA were
jugates were unknown. Structural characteriz- excreted in urine as conjugates; in mice,

:_ ation and quantitation of phase II metabolites conjugates also represented the major frac-

,r
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