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_llowing A new chiral assay for 3,4--(methylenedioxy)methamphetamine (MDMA) and three of its metabolites in biological
specimens is based on direct aqueous derivatization with N-heptafiuorobutyryI-S-prolyl chloride, followed by capil-
lary chromatographic separation of the diastereomeric derivatives and detection by a mass spectrometer operated
in the electron capture negative ion chemical ionization mode. The assay is linear from 5 to 1000 ag mi- 1 for each
enantiomer and allows simultaneous quantitation of MDMA and three of its metabolites in biological specimens.
Investigation of the disposition of racemic MDMA in rats and mice revealed quantitative differences in the dis-

boratories position of the enantiomers of MDMA in these species; the most noteworthy result was a two-fold greater urinary·r and D.
Fhey wish excretion of the neurotoxic S-( + )-MDMA by mice. Only MDMA and 3:d-4methylenedioxy_ )amp.__amine (MDA)
anco. en.a__.nfiomerswere de__tgllal.Jttttttttttt_asurabl_J_eco_n t_ frontal eortjges and hippocamp_s from rats dosed

with 10 mg kg -1 of racemic_; in this species the enantiomeric profiles of these two compounds were
similar in brain and urine.

r-ranqois, INTRODUCTION selectivity in the disposition of MDMA was indicated
:erBO, 30 by differences in the mcan ratios of the areas under

vinnsland curves of blood concentration versus time for each of
The illicit drug 3,4-(methylenedioxy)methamphetamine the enantiomers of MDMA [S-(+)/R-(--)= 0.7] and

I. 7. 329 (MDMA), which contains a chiral center, is normally its N-demethylated metabolite, MDA [S-(+)/R-(-)
prepared as a racemic mixture of the R-(-) and S-(+ )- = 3.13. 4 The lower concentration of S-(+)-MDMA was

_. Martin, enantiomers. These enantiomers display different phar- attributed to greater metabolism of this enantiomer to

oar. 530, macodynamic properties: the S-(+)-MDMA is a more S-(+)-MDA, since no appreciable differences in absorp-
potent psychotomimetic agent than the R-(-)-enantio- tion, distribution or urinary excretion were observed

,ss Spec- merfi and apparently only S-(+)-MDMA is neurotoxic between the two enantiomers of MDMA. 4
because in neurotoxicity studies in rats only this enan- The previously reported study of the stereochemistry
tiomer caused a significant long-term depletion of sero- of metabolism and disposition of MDMA in rats
tonin and its uptake sites, and depression of tryptophan employed an assay which involved formation of dia-
hydroxylase activity. 2.a Also, differences in stereochemi- stereomers of MDMA and MDA by derivatization with
cal requirements for the acute and long-term depletion N-trifiuoroacetyl-S-prolyl chloride, and subsequent
of cortical serotonin suggest that the acute depletion of quantitation by gas chromatography/electron ioniza-
serotonin is unlikely to contribute to the neurotoxicity tion mass spectrometry (GC/EIMS). 6 The linear
of MDMA. 2 dynamic range of that assay was 5-2000 ng per enantio-

Whether the differences in the pharmacodynamic mcr of each analytc per milliliter of blood.
effects of the two enantiomers of MDMA are related to This communication reports the development of an

differences in their metabolism and disposition was enantioselective assay using GC/negative ion chemical
recently investigated by administration of either racemic ionization MS for simultaneous quantitation of individ-
or individual enantiomers of MDMA to rats. 4's Stereo- ual enantiomers of MDMA and three of its primary

metabolites in biological specimens. Data are shown to
illustrate application of the chiral assay to investigation

t Presented in part at the 31st Annual Meeting of the Society of of the stereoselective disposition of MDMA in two
Toxicology, Seattle, Washington, 23-27 February 1992, and at the animal species (rats and mice) with documented differ-
40th ASMS Conference on Mass Spectrometry and Allied Topics, ences in susceptibilities to MDMA-induced neuro-
Washington, DC, 31 May to 5 June 1992.
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address: Wyeth-Ayerst Research, 567 Ridge Road, Monmouth June- MDMA in the regions of the rat brain affectedby this
tion, New Jersey 08852,USA. drug.
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EXPERIMENTAL 60 em s-_ at an oven temperature of 100 °C. The injec-
tor was maintained at 260 °C and operated in the spli-
tless mode for 0.7 min following injection. After

Materials injection, the oven temperature was held at 100 °C for 4
rain and then linearly programmed to 300°C at 10°C

-' min- _.

Hydrochloride salts of racemic MDMA, MDA and 3,4- The mass spectrometer was operated in the negative
(methylenedioxy)propylamphetamine (MDPA) were ion chemical ionization mode. Typical operating condi-
purchased_.,f_ Alltech Applied Science (.D_eerfield,

,r---Illiao./._Racemic 4-hydroxy-3-methoxymethanap et_ tions were: electron energy 100 eV, filament emission
( mine (HMM) and 4-hydroxy-3- methoxyamphetamine [ current 15 mA, conversion dynode -3 kV, and indi-

(HMA) were synthesized in our laboratory according to ] cated ion source temperature 100°C. Before analysis,
'_ i_s reported previously. 7 ll_'_vents o ta_ the mass spectrometer was tuned by opening the valve

from m_rOick and Jackson (lWu-_egon, Michigan)were to the instrument's calibration compound inlet after
high-performance liquid chromatography (HPLC) bleeding in methane to an indicated ion source pressure
grade and glass distilled. The following reagents were of 0.80 torr; ion source voltages were adjusted so that
purchased from Aldrich Chemical Co. (Milwaukee, the negative ions at m/z 452 and 633 from perfiuorotri-
Wisconsin): sodium hydroxide (98%), sodium acetate butylamine displayed a maximum ion current while

'; trihydrate (99+%), anhydrous sodium sulfate (99+%), retaining unit mass resolution and peak symmetry.
, sodium chloride (99 + %), sodium bicarbonate (99%), Also, the quadrupole field was dropped to a potential of

_<+4 V with respect to the ion volume (ground
N-methylbis(trifiuoroacetamide) (98%), S-(-)-proline potential) using both quad offset and offset program
(99 + %), heptafiuorobutyric anhydride (98%), thionyl pods. In addition, the voltages applied to the extractor
chloride (99+%), dl-_-methylbenzylamine (99%), d-_- and quadrupole entrance lens were adjusted to givemethylbenzylamine (98%) and sodium carbonate
(99+ %). fi-Glucuronidase (Helix pomatia, type H-l) maximum ion transmission while a minimum voltage

was applied to the ion focusing lens without sacrificing
was obtained from Sigma Chemical Co. (St Louis, ion transmission efficiency. Typically the lenses wereMissouri). Ammonium hydroxide and glacial acetic acid
were purchased from VWR Scientific Co. (Salt Lake cleaned when the applied potential to the quadrupole

I City,Utah). filterexceeded+4V.
The mass spectrometer was set to monitor the mol-

ecule anions of the N-heptafiuorobutyryl-S-prolyl deriv-
Instrumentation ative of each compound (see Fig. 1 for structures),

except for MDMA and MDPA, where the ions moni-
: The analysis of MDMA and three of its primary metab- tored were those due to loss of HF from their molecule
: olites in urine and brains was performed on a Finnigan- anions. The ion currents were monitored at: m/z 466

MAT 4500 gas chromatograph/mass spectrometer (MDMA); m/z 472 (MDA); m/z 494 (MDPA); m/z 570
system. The gas chromatograph was equipped with a 15 (HMA); and m/z 485 (HMM), using a sampling time of
m x 0.25 mm i.d., 0.25 gm film thickness, DB-5 fused- 0.05 s per mass and a total cycle time of 0.289 s. Typi-

'_ silica capillary column coupled to a 15 m x 0.25 mm cally, a 1 itl aliquot of derivatized racemic MDMA and
i.d., 0.25 gm film thickness, DB 1301 fused-silica capil- related compounds (1 ng per enantiomer on-column)
lary column (J & W Scientific, Rancho Cordova, was injected to verify the performance of the gas
California). The end of the second column was routed chromatograph/mass spectrometer system before actual
through the separator oven (maintained at 250 °C), and analysis of samples. All acquisitions and reductions of
directly into the ion source of the mass spectrometer, data were performed with the Finnigan INCOS data
Hydrogen, the carrier gas, was set at a linear velocity of system.

H R 0
0
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CH3 ?_-o
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MDMAR= CH= 1. HFBPCI

J MDPA R = Call?

2, N-Methylbls(trlfiuoroecetemlde)

H HIt0 I_

,.tx.r-+'CHaO NHR CHaO N--C

°", .J . ,
HO CFa,8.O_ _ CmO( I

· HMA R= H O C3F?
HMM R= CH;

Figure 1. The structures of MDMA and related compounds before end after derivatizafions.
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Fhe injec- Treatment of animals extracted with 4 mi ethyl acetate by gentle rocking for
the spli- 15 min. After centrifugation at 1377 × g for 5 min, the

)n. After Dosing with MDMA enantiomets. Three male Sprague-- organic phase was removed by aspiration. The remain-
3°C for 4 Dawley rats (200-250 g) were deprived of food over- ing aqueous phase was adjusted to pH 9 by addition of
at 10°C night before being injected subcutaneously with 10 mg 10 M NaOH and 0.5 mi of a chilled 1 M sodium

kg -I of either S-(+)-MDMA or R-(-)-MDMA (each bicarbonate/sodium carbonate buffer (pH 9). Each tube
negative calculated as free base). Drugs for injection were pre- was cooled in an ice-water bath for 25 min, 40 itl of

ag condi* pared in 0.9% (w/v) NaC1 solution. The rats were then HFBPC1 was added, and the tube was immediately
emission housed individually in metabolic cages in a room with capped and vortexed at 1800 rpm for 30 min. After the
_nd indi- controlled lighting (12 h light/dark cycle) and tem- aqueous derivatization, the urine was adjusted to pH 9,
analysis, perature (24 °C). All the animals had access to food and saturated with KCI and extracted with 4 ml of ethyl

the valve water for the duration of the study. Urines were col- acetate by gentle rocking for 15 min. Phase separation
llet after lected 24 h after drug administration. The samples were was again achieved by centrifugation and the organic
pressure stored in polyethylene bottles at -20 °C until analysis, layer was transferred to another 10 ml test tube. The
:!so that organiclayerwaswashedwith2 mi waterby rocking
fluorotri- Disposition study. Six male Sprague-Dawley rats (200- for 10 min. After another phase separation, the organic
',nt while 250 g) and five male CF-1 mice (25-30 g) were deprived layer was transferred to a 10 mi disposable centrifuge
ymmetry, of food overnight before being injected subcutaneously tube and evaporated to dryness under a gentle stream
tential of with 10 mg kg -_ racemic MDMA (expressed as free of air at 55 °C.
(ground base). Urine collection and storage were as described To the residue in each test tube were added 25 gl

program above except that all of the mice were placed together in each of acetonitrile and N-methylbis(trifluoroaceta-
extractor one metabolic cage. For measurement of concentrations mide). The tubes were capped, hand vortexed for 5 s,

to give of MDMA and its metabolites in brain, four male and heated at 80 °C for 30 min. After cooling to room
I voltage Sprague-Dawley rats (200-250 g) were injected sub- temperature, an aliquot of 1 gl of each derivatized
acrificing cutaneously with 10 mg kg-t racemic MDMA extract was analyzed by GC/MS.
_ses were (expressed as free base); 3 or 6 h after administration of
adrupole the MDMA, the rats were decapitated and whole brains Rat brains. The frontal cortex or hippocampus was

were removed. Frontal cortices and hippocampi were weighed into a 10 ml test tube and the weight recorded.
the mol- removed from the brains of half the rats; these tissues To each tube was added 1 mi of chilled 1 M HCI and
lyl deriv- were wrapped separately in aluminum foil and stored at 800 ng of racemic MDPA. The tissue in each tube was
ructures), -20 °C until analysis. Whole brains from the remaining homogenized using a polytron for 20 s at a setting of '6',
ns moni- rats were individually wrapped with aluminum foil and then centrifuged at 1377 x g for 10 rain at 5 °C. The
molecule stored at --20 °C. supernatant was analyzed in the same manner as urines.
m/z 466 For analysis of whole brain, the tissue was homogenized
m/z 570 in chilled 1 M HCI equivalent to twice its wet weight;

g time of Synthesis of chirai derivatizing agent homogenization was as described above except that it
s. Typi- was carried out for a longer time (1 min). Homogenate

_MA and N-Heptafiuorobutyryl-S-prolyl chloride (HFBPCI) was equivalent to 0.5-1 g of wet brain weight was weighed
-column) synthesized according to a previously reported pro- into a 12 mi polypropylene centrifuge tube and 800 ng
the gas cedure. 8 The final product was dissolved in a sufficient of racemic MDPA was added. Following hand vor-

re actual volume of chloroform to give a final concentration of texing (5 s), the tubes were centrifuged at 10000 x g for
ctions of 0.1 M. The HFBPCI solution was aliquoted and sealed 20 min at 5 °C; the supernatant was analyzed for indi-
OS data under nitrogen prior to storage at -20 °C. The optical vidual enantiomers of MDMA and its metabolites, as

purity of HFBPCI, determined as previously described, s described for urines.
was greater than 98%.

Working standards

Assay procedure Separate 100 gg rrd-t stock solutions of racemic

Rat urines. All glassware was vapor-phase silanized, MDMA, MDA, HMM, HMA and MDPA were pre-
rinsed with methanol, and oven-dried before use. To a pared by dissolving 1 mg of the free base equivalent in

10 mi of methanol. Working solutions containing all
10 mi Teflon-lined, screw-capped test tube containing 1 four analytes (MDMA, MDA, HMM and HMA), eachml of urine, 800 ng of racemic MDPA was added as the
internal standard. Typically, urine samples from dosed at concentrations of 0.2, 0.4, 1.0, 2.0, 4.0, 10.0 and 20.0
rats were diluted 10- and 100-fold with pooled urines ng gl-l, were prepared by serial dilution of the stock
from control rats prior to analysis; for mice, the dilu- solutions with water. Racemic MDPA was diluted only
tions were 20- and 200-fold. The tube was capped and ten-fold with water to give a working solution with a
allowed to equilibrate at room temperature by gentle concentration of 10 ng gl-_. All the working solutions
rocking for 15 min. The pH of the sample was adjusted were freshly prepared for each set of analyses.
to 5 with 6 M HCI, followed by addition of 0.5 mi of 1
M sodium acetate buffer (pH 4.8) containing 1000 units Calibration curves
of _-glucuronidase. Enzymatic hydrolysis was allowed
to proceed for 16 h at 37°C. After hydrolysis, the Calibration standards containing 10, 20, 50, 100, 200,
sample was adjusted to pH 2-3 with 6 M HC1 and 500, 1000 and 2000 ng of each racemic analyte
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(MDMA, MDA, HMM and HMA) were prepared by using a commercially available chiral capillary columnc
adding 50 !xl of the respective working solutions to 1 mi (Chirasil-Val) were not successful because the deriva-
of urine or brain supernatant. The samples were then tized enantiomers could not be separated. Because of

'_ processed as described in the assay procedure. Call- the limited selection and the high cost of chiral capillary
bration curves for the R-(-) and S-(+) enantiomers of GC columns, we chose to develop an assay based on

? MDMA and three of its metabolites were constructed derivatization with a chiral reagent and separation of
by plotting the ratios of the peak areas of the R-(-) and the diastereomeric pairs with an achiral capillary
S-(+) enantiomers of each compound to the corre- column prior to mass spectrometric analysis. The ideal
sponding R-(-) and S-(+) enantiomers of MDPA vs. chiral reagent would be commercially available in high
the concentrations of the enantiomers. This procedure optical purity and not susceptible to racemization
was followed by linear regression analysis of the cali- during derivatization. Such a reagent is (R)-(+)-a-

· bration curves. Quality-control samples containing con- methoxy-_-(trifluoromethyl)phenylacetic acid;9 how-
centrations of 10, 20, 200 and 1000 ng mi-_ of each ever, derivatization of racemic MDMA and three of its
racemic compound in urine or brain supernatant were metabolites with this chiral reagent using published
also prepared and processed together with the cali- procedures 9-_a did not give a quantitative conversion
bration standards, of each of the compounds. In contrast, all of the dia-

stereomeric pairs were formed quantitatively when
racemic MDMA and its metabolites were subjected to

Precisionstudies aqueous derivatization with HFBPCI by modification
" of previous published procedures, s'a2 Under the condi-

Intra-assay validation was conducted by analyzing on tions used only the amine functionalities were acylated;
the same day four sets of quality-control samples con- further derivatization of the free phenolic functionality
taining racemic MDMA and three of its metabolites at with N-methylbis(trifiuoroacetamide) was required in
concentrations of 2, 4, 10, 20, 40, 50 and 1000 ng mi- _; order to improve the chromatographic behavior of the
data from this study were used for determination of the phenolic amine metabolites. Commercially available N-
limit of quantitation of the assay. An inter-assay vali- trifluoroacetyl-S-prolyl chloride was not used for deri-
dation was carried out by analyzing quality-control vatization because this reagent was found to be
samples containing racemic MDMA and three of its unsuitable for aqueous derivatization of amines?
metabolites at concentrations of 20 and 1000 ng ml-a An additional advantage of the N-heptafluoro-
on each of four days; the quality-control samples were butyryl-S-prolyl derivatization is that the resulting dia-
prepared daily for this study. In each study, the concen- stereomers are very efficiently ionized under electron
trations were calculated from the linear regression cali- capture negative ion chemical ionization conditions. A
bration curves constructed as described above, ten-fold lower response was obtained when the same
Routinely, eight calibration standards and three compounds were analyzed using positive ion chemical
quality-control standards (10, 20 and 1000 ng of each ionization. The negative ion chemical ionization mass
racemic compound per milliliter of urine or brain spectra of the diastereomeric derivatives of MDMA and
supernatant) were analyzed along with samples from its related compounds are tabulated in Table 1. The
rats and mice dosed with racemic MDMA. mass spectra of each pair of diastereomers are similar

and are characterized by abundant molecular anions

Recoverystudies and prominent fragment ions resulting from successivelosses of HF from the molecular anions. The relative

Recoveries of each enantiomeric pair of MDMA and abundances of the fragment ions are strongly influenced
three of its metabolites from urine were determined at by the voltages applied to the quadrupole filter and

concentrations of 40 and 1000 ng mi -_ of each racemic lenses; typically, voltages which caused minimal frag-mentation were selected (see section on instrumentation
compound. The spiked urine samples were processed as for details). The spectra are also strongly infuenced by
described in the assay procedure except that an accu- temperature; the relative abundance of the molecularrately measured volume of the organic phase was
removed in each extraction step and the derivatized anions decreased with increasing ionizer temperature.The optimal ionizer temperature setting (100 °C) yielded
racemic MDPA (800 ng) was added to the organic abundant molecular anions without causing significantextract rather than to the urine sample. The peak area
ratios obtained from these samples were compared to broadening of the chromatographic peak due to con-
those obtained when equal amounts of racemic MDMA densation within the ion source. Electron capture nega-
and three of its metabolites were added to water and tire ion chemical ionization mass spectra are known to
processed as described above, be highly dependent on instrumental parameters, aaChromatographic separation of the diastereomeric

pairs of MDMA and its related compounds was evalu-
ated using capillary GC columns coated with stationary

RESULTS AND DISCUSSION phases of different polarity. Baseline separation of all
the diastereomeric pairs was achieved only when a 15 m
capillary column coated with 5% phenyl methyl-

Development of the enantioselective GC/MS assay polysiloxane was coupled to another 15 m capillary
column coated with 6% cyanopropylphenyl methyl-

Initial efforts to develop an enantioselective GC/MS polysiloxane. The elution order of R-(-) and S-(+)
assay for racemic MDMA and three of its metabolites enantiomers of MDMA and three of its metabolites was
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column Table 1. Electron capture negative ion chemical ionization mass spectra of N-heptafiuorobutyryI-S-prolylderivatives of MDMA and
: deriva- its related compounds
cause of

capillary Mass*_.um
,ased on Compound Mol. wt R-(-) enantiomer S-(+) enantiomer

·ation of MDMA 486 486[M-] (39), 467(18), 466 (100), 446(48), 426 (20) 486[M-] (33), 467(17),466 (100),446 (46), 426(19)
capillary MDA 472 473 (17), 472[M-] (100),452 (36), 433(11), 432 (58), 473 (16), 472[M-] (100), 452 (15),433 (11), 432 (59),
?he ideal 414 (10), 413 (10),412 (39) 414 (13),413 (10),412 (36)
: in high HMM 584 585 (19), 584[M-] (100), 565 (18), 564(98), 545(21), 585 (18), 584[M-] (100), 565 (15), 564(83), 545 (19),644 (91), 525(15), 524(60), 504 (23), 113(48) 544 (86), 525 (12).524 (54), 504 (22), 113(62)
mization HMA 570 571 (16), 570[M-] (100),550 (64), 511(18), 510(73) 571 (17), 570[M-] (100), 550 (38), 511(22), 510 (95),
_)-(+)-_'- 490 (17) 490 (22)
9 how- MDPA 514 514[M-] (42), 495 (18),494 (100), 475(13), 474 (54), 514[M-] (39), 495 (18),494 (100), 475(12), 474 (49)
roeof its 454 (22) 454 (20)
,ublished
nversion
the dia-
ly when
jected to established from analysis of urine samples from rats stereomeric pairs (Table 1). HFBPCI has been used with
iification dosed with optically pure R-(-)- or S-(+)-MDMA. The similar success for the analysis of enantiomers of other
le condi- R-(-) enantiomer of each diastereomeric pair eluted drugs. 8az
icylated; earlier than the S-(+) enantiomer, except for HMM. The recoveries of each enantiomeric pair of MDMA
:tionality This exception illustrates the unpredictability of assign- and its related compounds by direct aqueous derivatiza-
Luired in ing configurations to a diastereomeric pair based solely tion of urine with HFBPCI are summarized in Table 2.
_r of the on the basis of comparison with the chromatographic There were no statistically significant differences in the
ilable N- behavior of related compounds, recoveries of R-(-) and S-(+) enantiomers of each
for deft- Previously, we reported difficulty in developing an analyte. The extraction recoveries for the internal stan-
I to be efficient, single-step extraction for MDMA and its dard (MDPA) at a concentration of 400 ng mi-z of
s metabolites from biological fluids because their poi- each enantiomer were comparable: 85% [coefficient of
tafiuoro- arities and pK a values differ. 14 We therefore investi- variation (CV) = 2.4%] for the R-(-) enantiomer and
[ting dia- gated an alternative approach consisting of aqueous 83% (CV = 2.1%)for the S-(+) enantiomer.
electron derivatization of the amines under Schotten--Baumann The computer-generated regression lines of the cali-

itions. A conditions prior to extraction into an organic solvent, bration curves for R-(-)and S-(+)enantiomers of each
:he same The resulting extracts were too 'dirty' to permit quanti- analyte were linear from 5 to 1000 ng mi-' and gave a
chemical tation of the analytes at low nanogram per milliliter correlation coefficient of at least 0.99 for each enantio-
ion mass concentrations of each enantiomer; however, much mcr of each analyte. That racemization during derivati-
_MA and cleaner extracts were obtained simply by extracting the zation was minimal was indicated by the nearly
e 1. The hydrolyzed urine at an acidic pH before performing the identical slopes of the linear regression lines of the cali-
e similar aqueous derivatization. This procedure effectively bration curves for both enantiomers of each analyte.
x anions removed non-basic and neutral components of the Before the enantioselective GC/MS assay could be
uccessive urine, so that after aqueous derivatization with applied to the analysis of urine samples from the dis-
.' relative HFBPCI and extraction of the derivatized amines, each position study, it was necessary to rigorously establish
afluenced diastereomer of derivatized MDMA and its metabolites that the assay could reproducibly measure each of the
liter and could be detected at concentrations down to 2 ng mi- z enantiomeric pairs of MDMA and the three metabolites
hal frag- of each enantiomer. The detection limits of this assay with sufficient accuracy and precision over an extended
aentation are comparable to those previously reported 6 and are period of time. With each batch of urine specimens,
enced by limited by thc distribution of the ion currents amongst eight calibrators and three quality-controI samples were
nolecular the numerous fragment ions present in the negative ion analyzed. The extracts of the urine specimens were
perature, chemical ionization mass spectrum of each of the dia- injected only if the quality-control samples were within
2)yielded
ignificant
,' to con-

are nega- Table 2. Extraction recoveries of R-(-) and S-(+) enaatiomers of MDMA and three of
mown to its metabolites from spiked rat urine
'S. 13

xeomeric % mean recovery (CV') (n = 4)

as evalu- Amount of drug added to urine (ag mi -1) MDMA MDA HMM HMA

tationary R-(-) enantiomer
on of all 20 67.4 (5.7) 69.5(9.9) 63.8 (7.6) 89.7(5.9)
n a 15 m 500 67.0 (2.9) 59.7(9.9) 76.6(5.7) 93.8(6.2)

methyl- S-(+) enantiomer
capillary 20 81.1 (9.4) 69.6 (7.9) 72.3 (11.2) 84.5 (11.7)
methyl- 500 68.8 (3.5) 65.9 (3.5) 70.9 (4.3) 82.7 (4.5)

d S-(+ ) · CV,coefficientofvariation.lites was
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Table 3. Precision and accuracy for quantitation of R-(-) and S-(+) enanfiomers of
;. MDMA and three of/ts metabolites in spiked rat urine

Measuredconcentration(rigmi'l, CV'.n=4)
I Targetconcentration(ngmi-t) MDMA MDA . HMM HMA

Intra-assay R-(- ) enantiomer
5.0 5.4 (13.2) 4.9 (4.4) 5.3 (6.7) 5.7 (8.6)

10.0 11.4 (4.7) 11.9 (6.8) 10.7 (4.2) 9.4 (12.0)
20.0 19.7 (1.9) 19.1 (3.4) 19.1 (11.0) 20.9 (4.2)
25.0 25.0 (7.7) 28.1 (7.0) 28.3 (7.1) 24.2 (4.1)

500.0 501.4 (2.5) 498.8 (3.3) 499.9 (0.2) 518.3 (1.4)

S-(+) enantiomer
5.0 5.9 (1.4) 5.0 (9.5) 4.9 (10.7) 5.3 (5.8)

10.0 10.3(3.7) 11.1 (6.9) 10.6(8.3) 10.5(4.1)
20.0 20.2 (1.4) 19.4 (6.5) 21.4 (5.7) 19.8 (12.8)
25.0 27.5 (1.1) 28.1 (2.3) 27.0 (6.5) 25.2 (4.0)

500.0 497.1 (1,8) 496.5 (6.5) 511.2 (5.3) 507.9 (2.7)

Inter-assay R-(- ) enant/omer
10.0 10.5 (6.3) 9.8 (12.9) 9.8 (6.2) 9.8 (7.9)

500.0 500.1 (1.7) 502.8 (1.1) 505.8 (0.8) 498.6 (3.9)

S- (+) enantiomer
10.0 9.9(4.9) 9.9(7.5) 10.4(7.1) 9.8 (4.6)

500.0 506.6 (3.6) 486.1 (3.5) 501,0 (3,1) 492,8 (2.8)

· CV, coefficient of variation.

20% of their target concentrations. If the measured con- chromatographic performance. If the QC sample(s) con-
centration of one or more of the QC samples was unac- tinued to give an unacceptable measured concentration,
ceptable, instrument maintenance was performed in an new sets of calibrators, quality-control samples and
effort to improve the ion current intensities and the specimens were extracted for analysis. Using this proto-

s-(+)

R-(.) g/mL
4;= 4430.1

ng/mLf_

'*'1Each enantiomer is 400 ng/mL
4_4

S-(+)

: ng/mL
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D 13:2S 13;57 14:26 14_1_ 15_24 ISiS IE:_--.
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;i ng/_ /mL

,, 14:41 14:_ 15:B 1_:24 i_:_m 1_:_3 lEI07 IE:;Q

Retention time (rain)

Figure 2. Selected ion current profiles corresponding to the diastereomerJcpairs of MDMA and four related compounds from the gas
chromatographic electron capture negative ion chemical ionization massspectrometric analysisof a derivatized extract from a rat's hydro-
lyzed 24 h urine after subcutaneousinjection of 10mg kg -_ of racemic MDMA.
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col, acceptable accuracy and precision were obtained Rats
for each enantiomeric pair of each analyte during intra- 16
and inter-assay validation studies (see Table 3). A · $-(+)

The data in Table 3 indicate that a simple linear _ 14 [] R-(-)
regression analysis of the calibration curves is adequate -o 12 -l-
for quantitation of each of the enantiomers of MDMA _ 10

i!ifl

and three of its metabolites over the indicated concen- _ 8

tration range. In the present study, the limit of quanti- : '.o_ 6-

tation (LOQ) was defined as the lowest concentration of _ 4 'each enantiomer that could be measured with an aecu- ,_
racy within 20% of the target concentration and with a tu 2 _j/_

CV _<15%. The LOQs were determined by analysis of 0 . .
quality-control samples in quadruplicate at concentra- MDMA MDA HMM HMA
tions downward from 25 ng mi -_ of each enantiomer;
by this definition, the LOQs of each of the R-(-) and Compounds

S-(+ ) enantiomers were 5 ng mi - 1 (Table 3). Mi c e
20

Comparative stereoselective disposition

The inherent ability of optically active receptors and

enzymes to interact differentially with drug enantiomers _ l0 __i_!_ J

is the basis for the stereoselective pharmacodynamic §
and pharmacokinetic properties of a racemic drug. _5 .*
However, this assumption has been proven experimen- o

e(s) con- tally only recently, when chemically synthesized enzyme "'
_tration, enantiomers were shown to exhibit reciprocal chiral 0
Dies and specificity in their substrate interactions, x6 Therefore, it MDMA MDA HMM HMA
Sprote_ is not surprising that the two MDMA enantiomers

display different pharmacodynamic and phar- Compounds
macokinetic properties. _-4 Even though stereoselective Figure 3. EliminationofR-(-) and S-(+) enantiomersof MDMA
disposition has been established for racemic MDMA, 4 and threeof itsmetabolitesin 24 h urinesfrom rats(eachpoint is
earlier investigations were limited to quantitative the mean 4-SD for six rats)and mice (urinepooled from five mice)
accounts of MDMA and MDA enantiomers in rats'* aftersubcutaneous injectionof 10 mg kg-_ of racemicMDMA.

and mice _7 without investigation of the stereoselective
elimination of the two compounds. Such information comparison, the total amounts (expressed in
may be pertinent to our understanding of the relative micrograms) of each of the enantiomeric pairs [R-{--)
insensitivity of mice, in comparison to rats, to MDMA- and S-(+)] in 24 h pooled mice urine were: MDMA,
induced neurotoxicity, since the absence of neuro- 51.9 and 50.3; MDA, 14.4 and 18.8; HMM, 28.8 and
toxicity in mice is thought to arise from the greater 17.6; and HMA, 3.2 and 5.2. The different amounts of
urinary excretion of the parent drug by this species. _4 each enantiomer of MDMA and the three metabolites

Preliminary analyses of urine samples from either excreted in 24 h urines from dosed rats and mice dearly
dosed rats or mice indicated that in some of the animals indicate stereoselective disposition of MDMA in both
the urinary concentrations of MDMA and its metabo- animal species. In general, the 24 h urines from rats and
lites were beyond the linear dynamic range of the call- mice contained more of the R-(-) enantiomers for the
bration curves. Therefore, it was necessary to dilute secondary amines (MDMA and HMM), while the S-(+)
those samples so that their concentrations fell within enantiomers were the predominant stereoisomers for
the linear dynamic range of the calibration curves. Each the primary amines (MDA and HMA), except that mice
pair of analyte enantiomers was chromatographically excreted comparable amounts of each MDMA enantio-
separated from the co-extracted endogenous eom- mcr. Reported enantiomeric profiles of MDMA in
pounds. Figure 2 shows the ion current profiles corre- murine plasma are similar. _7
spending to the enantiomeric pairs of MDMA and four Most of the stereoselectivity in disposition can be
related compounds from analysis of 24 h urine from a accounted for by stereoselective metabolism. _s Stereo-
dosed rat. The ion current profiles obtained from selectivity in the N-demethylation pathway is indicated
analysis of 24 h urine pooled from dosed mice were also because the enantiomeric profiles [S-(+.) > R-(-)] of
free of interferences. The results from investigation of MDA and HMA are the. reverse of those [S-(+) < R-
the stereoselective disposition of racemic MDMA are (-)] for MDMA and HMM. The current data are con-
presented in Fig. 3. The total amounts (expressed in sistent with those reported by others. 4'5a7 Stereoselecti-
micrograms) of each of the enantiomeric pairs [R-(-) vity in the O-dealkylation metabolic pathway has been
and S-(+)] excreted in urine over 24 h by rats were: previously demonstrated in vitro? Nonetheless, the in

i the gas MDMA, 305.1 _+ 118.0 and 222.9 4- 89.3; MDA, vive chirality of the O-dealkylation pathway needs to be
'ahydro- 90.6 + 55.8 and 146.4 _+68.4; HMM, 207.3 _+113.5 and verified by measurement of the precursors of HMM and

162.2 -3-83.7; and HMA, 11.8 + 5.6 and 35.7 + 16.3. In HMA, since stereoselectivity of this pathway in vitro
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may not be the same as that observed in viDo. This toxic effects of racemic MDMA are still unclear. The

r anomaly has been observed with MDA. s results from the application of the chiral GC/MS assay
With the exception of the urinary excretion of S-(+)- to analysis of the enantiomeric pairs of MDMA and

MDMA and R-(-)-HMA, species differences in the three of its metabolites in frontal cortices, hippocampi
urinary excretion of enantiomers are negligible. The and whole brains from dosed rats are summarized in
greater urinary excretion of R-(-)-HMA by mice is Fig. 4. This assay successfully measured the MDMA
unlikely to account for the relative insensitivity of this and MDA enantiomers in rat brain; its failure to
species to the neurotoxic effects of MDMA, 19 because measure HMM and HMA does not imply that these
racemic HMA is not neurotoxic to rats? However, phenolic amine metabolites were not present in the
previously we suggested that the difference in suscep- brain, but rather that their concentrations were below
tibilities of rats and mice to MDMA-induced neuro- the LOQs of the chiral assay. In another study the peak

'. toxicity might be related to the greater urinary brain concentrationsofracemicHMM and HMA, after
excretion of the parent drug by mice? That conclusion subcutaneous injection of 10 mg kg- t of racemic
is further supported by the current observation of a MDMA, were 8.6 and 2.4 ng g-J, respectively; 2_ these
two-fold greater elimination of the neurotoxic S-( +)- concentrations are below the chiral assay LOQs of 5 ng
MDMA enantiomer in murine urine (Fig. 3). __ for each enantiomer. As the development of ne--u-r-6_-

toxicity of MDMA can be prevented by co-
administration of a serotonin uptake inhibitor at any

:, Stereoselective disposition in rat brain regions time between 3 and 6 h post drug administration, 22 a
,, neurotoxicmetaboliteis probablyformedduringthat

Our understanding of the metabolism and disposition interval. This observation provided the rationale for
of either ra_emic MDMA or its enantiomers in the rat studying the brain disposition profiles of MDMA enan-
brain has not kept pace with the accumulation of know- tiomers at those time points.
ledge about the neurodegenerative effects of MDMA. The enantiomeric profiles of MDMA and MDA in
Hence the mechanism of MDMA-induced neurotoxicity rat brain are similar to those in urine. Interestingly,
is still elusive. Despite several studies of metabolism and comparable amounts of the S-(+) enantiomers of
disposition that have been conducted with either MDMA and MDA were present in the frontal cortex,
racemic MDMA TM or its enantiomers, 4'5'_7 the dis- hippocampus and whole brain 3 h after drug adminis-

i positional behaviors of MDMA enantiomers in the tration. However, the data also suggest that the S-(+)-
regions of rat brain that are susceptible to the neuro- MDMA was removed more rapidly from the brain than

: Frontal cortices Hippocampi

5.0- [] S-(+) 5.0-
A ' [] R-(-) . -- [] s-(+)

, v40- .o- -
g 3.0- _/_ ' '_ '

. _._ _ 3.0-

'_i 2.0- _ '. c 2.0-
O

0.0 · ' 00/
MDMA(3h) MDA(3h) MDMA(6h) MDA(6h)

MDMA(3h) MDA(3h) MDMA(6h) MDA(6h)
Compound(Time) Compound(Time)

Whole brains

3,0 [] S-(+)

[] n.(-)

; ._ 2.0

o 1.0,o

0,0 . . .

: MDMA(3h) MDA(3h) MDMA(6h) MDA(6h)
Compound(Time)

Figure 4. Concentrations of R-(-) and S-(+) enantiomers of MDMA and MDA in frontal cortices, hippocampi and whole brains from rats
injected subcutaneously with 10 mg kg -_ of racemic MDMA. Each point is the mean + SD for five rats.
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ear. The the S-(+)-MDA after 3 h; this may account for the MDMA and three of its metabolites in biological speci-
/IS assay observed > two-fold difference between the concentra- mens. Stereoselectivity was demonstrated in the dis-
MA and tions of (S)-(+) enantiomers of MDMA and MDA at 6 positions of racemic MDMA in rats and mice using this
pocampi h, when the differences in the concentrations of the assay. Even though no significant qualitative difference
arized in R(-) enantiomers were negligible. Furthermore, acom- was observed between the two species in the stereoselec-
MDMA parison of the concentrations of MDMA and MDA tive disposition of racemic MDMA, a quantitative dif-

filure to enantiomers in the frontal cortex and hippocampus to ference occurred in the 24 h urinary excretion of the
lat these those of the whole brain does not support the hypothe- S-(+)-MDMA and R-(-)-HMA. The two-fold greater
t in the sis that selective neuronal uptake in these brain regions urinary excretion of the neurotoxic S-(+)-MDMA
re below is responsible for the serotonergic neurotoxicity of enantiomer by mice may explain the relative insensi-
the peak MDMA and MDA? The detection of both neurotoxic tivity of this species to the neurotoxic effects of MDMA.
VIA,after S-(+)-MDMA and S-(+)-MDA in the affected brain Furthermore, only MDMA and MDA enantiomers

racemic regions argues for the contribution of both compounds were detected in the rat brain by this chiral assay. The
;el these to the neurotoxicity of MDMA. Precisely how these detection of the S-(+) enantiomers of MDMA and
_sof 5 ng two compounds cause neurodegeneration is unclear, but MDA in both the frontal cortices and hippocampis
_f neuro- the recently identified bioactivation pathway consisting from MDMA-dosed rats suggests the potential contri-
by co- of aromatic hydroxylation at the 6-position, prior to O- bution of the S-(+) enantiomers of these compounds to

r at any dealkylation, may play an important role in the neuro- the neurotoxicity of MDMA.
tion, 22 a toxicity. 24
ting that
male for
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