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ABSTRACT

With increasing requests for the analysis of various specimens related to fatal and non-fatal abuse of
methylenedioxy-methamphetamine (ecstasy, MDMA), the toxicology laboratory of the Institute of Forensic
Medicine has established appropriate protocols for the analysis of MDMA and related compounds in hair, urine,
and various postmortem specimens.

Analytical protocols include extraction, derivatization, and GC-MS analysis adapting deuterated analogs of
the analytes as internal standards. Data resulting from these analyses and hereby reported include (a) postmortem
distribution of MDMA and MDA in heart blood, gastric content, urine, and bile specimens from 20 fatal cases;
(b) other drugs found in the heart blood from these 20 cases; and (c) the distributions of MDMA and MDA in 25
antemortem urine and six hair specimens. Data summarized in Table 1 are compared to those reported in the
literature [1-7] and discussed.

The MDA/MDMA concentration ratio observed in a limited number of hair specimens (n = 6) are consistent
and appear to be higher than those found in other specimens. Compared to other commonly abused drugs, e.g.,
cocaine and heroin, the "metabolite/parent drug" concentration ratio (MDA/MDMA) in hair is not significantly
different from the ratios derived from other specimens, such as urine and blood. This observation is consistent
with the relative drug/metabolite incorporation rates reported for cocaine/benzoylecgonine, tetrahydrocannabinol/
tetrahydrocannabinoic acid, and MDMA/MDA [8].

Table 1. The highest MDMA levels” and the ranges of MDA/MDMA ratio found in ante- and post-
mortem specimens analyzed in our laboratory

Highest MDMA MDA/MDMA ratio observed Literature
Specimen concentration Range Mean Stddev Mean+2stddev reference
Urine (n = 10) 67.115 <0.011-0.174 0.061 0.049 0.038-0.160 m
Bile (n=28) 130.952 <0.011-0.146 0.057 0.045 0.000-0.147 1]
Gastric (n = 12) 40.515 <0.004-0.463 0.086 0.130 0.000-0.346 2]
Heart blood (n =15) 40.412 <0.014-0.045 0.069 0.053 0.000-0.174 [3.4]
Hair (n = 6) 59.91 0.128-0.211 0.160 0.032 0.096-0.224 [5.6]
Urine (n =22) 33.31 0.014-0.236 0.101 0.052 0.000-0.205 7.

@ In ng/mg for hair; in pg/mL for other specimens.
¢ Antemortem specimens.

INTRODUCTION / BACKGROUND

¢ Taiwan has, in recent years, experienced a very significant increase in the abuse of
methylenedioxymethamphetamine (ecstasy, MDMA) [9].

*  Requests for the analysis of post- and antemortem specimens related to fatal and non-fatal abuse of MDMA
received by the Institute of Forensic Medicine have also significantly increased.

«  Protocols for the analysis of MDMA and related compounds in hair, urine, and various postmortem speci-
mens have been established and hereby reported.

*  Analytical data hereby reported include:

e Postmortem distribution of MDMA and MDA in heart blood, gastric content, urine, and bile from 20
MDMA-induced (or related) fatal cases;

*  The distribution of MDMA and MDA in 25 antemortem urine and 6 hair specimens; and

*  Other drugs found in the heart blood from the 20 fatal cases.



EXPERIMENTAL DESIGN

Samples

Twenty sets of postmortem specimens received during the period of June 2001 to July 2003. Most of
these sets include heart blood, gastric content, urine, and bile specimens, while one or two specimens
(typically bile or urine) are missing in some of these sets.

Twenty-five antemortem urine specimens.

Six antemortem hair specimens.

Sample Pretreatment — Extraction and Derivatization (Figure 1)

Liquid-liquid extraction was adapted as the basis for sample pretreatment.

Hair specimens were processed differently from other specimens, such as urine, gastric, and blood (see
the upper portion of Figure 1).

Heptafluorobutyl (HFB)-derivatives of the analytes and the internal standards were found to generate the
most favorable mass spectrametric data for GC-MS analysis and adapted for the analysis of all specimens
[10].

Derivatization was carrid out by dissolving the extraction residue in ethyl acetate, followed by reacting
with heptafluorobutyric anhydride at 70 °C for 20 minutes (see the lower portion of Figure 1).

GC-MS Analysis

Instrumentation: Agilent 6890 GC/5972N MSD with HP-1MS (30-m, 0.25-mm ID, 0.25-pm film thick-
ness).

Column temperature: From 60 °C (1 min) to 300 °C (1 min) at 20 °C/min; Injector: 260 °C; Interface: 280
°C. )
Full-scan mass spectra of the analytes and the internal standards are shown in Figure 2.

Quantitation

. Internal standards: MDMA-ds and MDA-ds (see Figure 2 for their structures); ions designated for
MDMA, MDMA-ds, MDA, and MDA-ds are m/z 254, 258, 162, and 167, respectively.

. Calibrations: Five-point calibrators at 100, 250, 500, 1000, and 2000 ng/mL for urine, gastric,
blood, and bile; and at 2, 5, 10, 20, and 40 ng/mg for hair specimens.

RESULTS and DISCUSSION

Distribution of MDMA and MDA in Postmortem and Antemortem Specimens

Postmortem Specimens — Heart blood, Gastric, Urine, Bile

. Distribution of MDMA and MDA in heart blood, gastric, urine, and bile specimens from 20 MDMA-
induced (or related) fatal cases (June 2001 to July 2003) tested in this laboratory are listed in Table
2.

. With no MDMA detected, Cases 10 and 13 are most likely caused by the ingestion of MDA.

. Some statistical data of the findings from these 20 cases are listed in Table 1 (in the Abstract
section) and summarized as follows:

. Gastric contains significant amounts of the drug (MDMA or MDA). )

. The wide range of MDA/MDMA ratios found in gastric samples may reflect variations in the
duration between drug intake and the time of death.

. The MDA/MDMA ratios observed in urine, bile, and heart blood specimens are not signifi-
cantly different.



. Antemortem Specimens — Hair

. Distribution of MDMA and MDA in antemortem hair samples collected from 6 individuals are
shown in Table 3.

. Some statistical data are summarized in Table 1 (in the Abstract section).

. MDA/MDMA ratios derived from this limited number of specimens (n = 6) are consistent and
appear to be higher than the corresponding ratios derived from other biological matrices. This is not
consistent with an animal (rats) study [6,8] in which MDMA's incorporation rate into hair was
found higher than MDA.

. Antemortem Specimens — Urine

. Distribution of MDMA and MDA in 25 antemortem urine case samples are shown in Table 4.

. Statistical data are summarized in Table 1 (in the Abstract section). Data derived from Cases 15,
20, and 21 are not included in calculating the statistical information shown in Table 1. It is likely
that both MDA and MDMA were ingested in Cases 15 and 21.

. MDA/MDMA ratios shown in Table 4 and summarized in Table 1 are comparable with what have
been reported in the literature [1-7]. .

Characteristics of '"Metabolite/Parent Drug' Concentration Ratios in Various Biological Matrices
. MDA/MDMA Ratios Observed among Various Biological Matrices

. MDA/MDMA ratios derived from a limited number (7 = 6) of hair specimens are consistent and
appear to be higher than those derived from other biological matrices (see Table 1).

. Animal studies (rats) have reported that MDMA''s incorporation rate into hair was higher than MDA
(2.3 times higher in one study [6] or 0.6 vs. 0.5 in another study by the same group [11]). If this is
also true in human, one would expect to see a lower MDA/MDMA ratio in hau' than the ratios
derived from other biological matrices.

. Comparison of MDA/MDMA Ratio to "Metabolite/Parent Drug" Concentration Ratios Observed for Other
Drug Categories, Such as Cocaine, Heroin, and Methamphetamine

. Animal studies (rats) have reported much higher incorporation rates of cocaine over benzoylecgonine
(3.6 vs. 0.003) and 6-acetylmorphine over morphine (0.21 vs. 0.03) [8]; thus, benzoylecgonine/
cocaine and morphine/6-acetylmorphine ratios in hair are expected to be much lower than the cor-
responding ratios derived from other biological matrices. These predictions have been proven true

. by actual observations.

. Since the difference between the incorporation rates of MDA and MDMA into hair is much less, the
difference in the MDA/MDMA ratios between hair and other biological matrices is expected to be
less significant. This is consistent with the observation hereby reported.

CONCLUSION / SUMMARY

. The highest MDMA concentrations observed in 25 antemortem urine and 6 antemortem hair specimens
are 33.31 pg/mL and 59.91 ng/mg, respectively.

. The highest MDMA concentrations observed in postmortem heart blood, gastric, bile, and urine speci-
mens derived from 20 MDMA -induced (or related) fatal cases are 40.41,40.52, 130.95, and 67.12 pg/mL,,
respectively.

. MDA/MDMA ratios observed in hair appear to be slightly higher than the ratios denved from other
biological specimens.

. The difference between the MDA/MDMA ratios in hair and other biological matrices is much less signifi-
cant than the "metabolite/parent drug” ratio differences observed for drug categories such as cocaine,
heroin, and marijuana.
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Table 2. Distributions of MDA and MDMA (pg/mL) in 20 postmortem case specimens

Case

1

10

11¢

13

14

15

Age

36

21

23

30

20

19

20

20

20

25

Sex

Drug

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

MDA
MDMA
MDA/MDMA

Heart
blood

ND*

- 3.045

NA?

0.026
1.815
0.0143

0.017
1.036
0.0164

0.217
2.247
0.0966

0.191
2.539
0.0752

0.034
0.231
0.1472

0.112
1.630
0.0687

0.063
0.308
0.2045

0.301
4971
0.0606

5.540

NA

2.350
2.449
0.9596

0.070
2.393
0.0293

10.083

NA

0.094
1.011
0.0930

0.072
3.121
0.1430

Gastric

ND

NA

0.311
7.047
0.0441

0.013
0.993
0.0131

0.873
10.197
0.0856

0.642
5.543
0.1158

NA

0.242
24.725
0.0098

0.345
0.745
0.4631

0.728
40.515
0.0130

32.869

NA

3.714
3.953
0.9395

0.157
37.202
0.0042

28.578

NA

0.274
NA

0.254
19.017
0.8805

14.153

Urine

0.588
28.948
0.0203

0.169
15.390
0.0110

28.948
NA

5.187
67.115
0.0773

0.292
4.102
0.0712

1.398
16.993
0.0823

0.199
6.075
0.0328

0.677
3.902
0.1735

2.462
58.003
0.0424

NA

15.445
16.555
0.9330

0.124
11.340
0.0109

148.847
ND
NA

0.204
2.347

0.0869

NA

Bile
a

NA

ND
6.090
NA

NA

NA

NA

NA

0.378
16.021
0.0236

0.161
14.295
0.0113

36.447

NA

0.196
3.094
0.0633

0.323
7.888
0.1656

Other drugs (found in heart blood)

Ethanol

ND

ND

Codeine, morphine, flurazepam

ND

Amphetamine, methamphetaxnine,
diazepam, nordiazepam, oxazepam,
temazepam, ketamine

Ketamine

Diazepam, nordiazepam, 7-amino-
flurnitrazepam, ketamine

ND

Lidocaine

Diazepam, ketamine, zolpidem
Codeine, morphine, diazepam,
nordiazepam, ketamine, lidocaine

ND

'ND

Diazepam



16 25 M MDA 0.186 0.457 3.614 0.209 Ethanol

MDMA 1.301 0519 5.568 1.262
MDA/MDMA 0.1430 0.8805 0.6491 0.1656

17 — M MDA '0.285 0.394 — 0.712 Ethanol, atropine, hyoscyamine
MDMA 3.209 4.024 — 4792
MDA/MDMA 0.0838 0.0979 NA 0.1486

18 — M MDA 0.138 0.500 — 0.207 ND
MDMA 3.436 3.052 — 2.184
MDA/MDMA 0.0402 0.1638 NA 0.0948

19 25 F MDA 1.809 5270 -_— 5.522 Ketamine
MDMA 40412 737.848 — 130.952
MDA/MDMA 0.0448 0.0071 NA 0.0422

20 17 F MDA 0.115 ND —_ 0.218 ND
MDMA 3.548 32.648 — 6.865
MDA/MDMA 0.0324 NA NA 0.0318

2 ND: Not detected (detection limits for urine: MDA, 0.0025 pg/mL; MDMA: 0.001 ug/mL); NA: Not applicable; ~—: Sample (or

information) not available.
b Data derived from these 2 case were excluded from the calculation of statistical information shwon in Table 1. Most likely, both MDA

and MDMA were digested in Case 11, while some of the data observed derived from Case 16 are not consistent with others..



Table 3. Distributions of MDA and MDMA (ng/mg) in hair from
six case specimens

Case Sex MDA MDMA MDA/MDMA
1 M 357 27.86 0.1281
2 F 10.27 59.91 0.1714
3 M 7.7 59.35 0.1299
4 M 6.07 43.11 0.1408
S F 5.60 31.82 0.1760
6 M 2.96 14.02 0.2111

Table 4. Distributions of MDA and MDMA (pg/mL)
in antemortem urine from 25 case specimens

Case MDA MDMA MDA/MDMA

1 0.289 2325 0.1243
2 0.947 7.015 0.1350
3 0.427 4323 0.0988
4 0.080 1.915 0.0418
5 0.368 5.444 0.0676
6 0.589 6.525 0.0903
7 0324 2.983 0.1086
8 0.075 5.206 0.0144
9 1020 16065 0.0635
10 0.423 5.025 0.0842
1 0.516 3.583 0.1440
12 0393 2.959 0.1328
13 1.996 11.419 0.1748
14 1.848 8.610 0.2146
15 0308 0.562 0.5480
16 0.681 6.829 0.0997
17 2072 11107 0.1865
18 0.483 6.528 0.0740
19 0236 3.174 0.0744
200 — 0.580 NA
210 5.390 5.741 0.9389
2 0.126 1.547 0.0814
23 1413 33307 0.0424
2 0.563 6.852 0.0822
25 1.268 5.384 0.2355

@ These three samples were not included in the calcu-
lation of the statistical information summarized in
Table 1.
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Figure 1. Sample preparation scheme for the analysis of MDMA and MDA.
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Abstract

Eight commercially available immunoassays for amphetamines
(DRI® Amphetamines, CEDIA® DAU Amphetamines-
Semiquantitative, EMIT® d.a.u. Monoclonal
Amphetamine/Methamphetamine, Synchron CX® Systems AMPH,
TDx®/TDxFLx® Amphetamine/Methamphetamine 1I, CEDIA
Amphetamines/Ecstasy, COBAS® INTEGRA Amphetamines, and
Abuscreen® OnlLine HS Amphetamine/MDMAY) are evaluated for
their effectiveness in serving as the preliminary test methodology
for the analysis of 3,4-methylenedioxymethamphetamine/
3,4-methylenedioxyamphetamine (MDMA/MDA) and
methamphetamine/amphetamine (MA/AM). Standard solutions (in
urine matrix) of MDMA, MDA, MA, and AM are used to determine
these immunoassays’ reactivities (or cross-reactivities) toward these
compounds of interest. Case specimens containing MDMA/MDA
and MA/AM are also used to study the correlations of the apparent
immunoassay MDMA (or MA) concentrations and the gas
chromatographic-mass spectrometric concentrations of these
compounds. Data resulting from this study suggest that CEDIA
Amphetamines/Ecstasy can best predict the concentrations of
MDMA and MA in case specimens and can also detect the presence
of MDMA at low levels, whereas Abuscreen OnLine HS
Amphetamine/MDMA can detect both MDMA and MA at low
concentrations.

Introduction

Along with heroin, methamphetamine (MA) has long been
one of the two most commonly abused drugs in Taiwan. With
recent popularity of “club” drugs, especially ecstasy (3,4-

* Authar to whom c dence should be add

P

methylenedioxymethamphetamine, MDMA), among the
younger population (1), we are interested in better under-
standing the performance characteristics and effectiveness of
various commercially available immunoassays for the prelim-
inary identification of urine specimens that contain MA or
MDMA and their metabolites, amphetamine (AM) and 3,4-
methylenedioxyamphetamine (MDA); respectively.

There have been several reported studies addressing the per-
formance characteristics of immunoassays for amphetamines.
For example, in 1988, Ruangyuttikarn and Moody (2) reported
low MDMA cross-reactivity of the three immunoassays
(Abuscreen RIA, EMIT, and TDx) that adapted MA/AM as the tar-
geted analytes. In 1990, Kunsman et al. (3) reported that MDMA
cross-reactivity exhibited by EMIT d.a.u. Monoclonal Am-
phetamine/Methamphetamine was generally low, while that
exhibited by TDx Amphetamine/Methamphetamine was high
(118%) at low concentration (150 ng/mL), but unacceptably low
(18%) at a higher level (10 pg/mL). Zhao et al. (4) recently eval-
uated TDx, EMIT II, CEDIA DAU Amphetamines, and five dif-
ferent Abuscreen OnLine formats and concluded that TDx
Amphetamine/Methamphetamine II and Abuscreen OnLine HS
Amphetamine/MDMA displayed greater detection sensitivity
for MDMA. Very recently, scientists from the manufacturer re-
ported the performance characteristics of Multiplex CEDIA
Amphetamines/Ecstasy (5), which incorporates three mono-
clonal antibodies specific for AM, MA, and MDMA.

This study is characterized by 1. the evaluation of an ex-
tended list of reagents under the same settings; 2. the em-
phasis on the effectiveness in simultaneous detection of
MDMA/MDA and MA/AM by these immunoassays; and 3. the
correlation of case specimen data derived from these im-
munoassays and gas chromatographic-mass spectrometric
(GC-MS) procedures.

Reproduction {photocopying) of editorial content of this journal is prohibited without publisher’s permission. 471




Materials and Methods

Immunoassay reagents and analyzers

Immunoassays and analyzers used in this study are summa-
rized in Table I. All immunoassay reagents were prepared and

o A
3" " fon
E oo
1 0 1 e P ne
* e 0 ”* o0
- gon B
- o I"
|3 yonca,
E “ . e
I 2 2 e
- - - '
" £ocyty ™ c
E o,
a Py
E » .
e ror, T
M P - - -
~ o i b
- )
ocwm’
w -
3 * 7 » |

d; (D) (all as HFB-derivatives).

N ue ue

Figure 1. Full-scan mass spectra of AM (A), AM-dg {B), MA (C), and MA-
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used according to the instructions provided by respective man-
ufacturers for the specified analyzers used for the analysis.
Name abbreviations of these immunoassays as listed in Table [
shall be used for discussion hereafter.
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Figure 2. Full-scan mass spectra of MDA (A), MDA-d; (B), MDMA (C),
and MDMA-d; (D) (all as HFB-derivatives).

Table I. Amphetamines Immunoassays and Analyzers

Immunoassay Calibrator Reagent

(abbreviation) (Suggested cutoff) Manufacturer insert date Analyzer*
DRI Amphetamines d-Methamphetamine Diagnostic Reagents, May Hitachi 7060
(DRI-Amp) (1000 ng/mL) Inc. (Sunnyvale, CA) 1999
CEDIA DAU Amphetamines- d-Methamphetamine Microgenics Co. December Hitachi 7070
Semiquantitative (CEDIA-Amp) {1000 ng/mL) (Fremont, CA) 1999
EMIT d.a.u. Monoclonal d-Methamphetamine Syva Co. 1999 Hitachi 7060
Amphetamine/Methamphetamine (1000 ng/mt) (Cupertino, CA)
(EMIT-Amp)
Synchron CX Systems AMPH d-Methamphetamine Beckman Coulter, Inc. May Hitachi 7070
{Synchron-CX-Amp) (1000 ng/ml) {Fullerton, CA) 2000
TDx/TDxFLx Amphetamine/ d-Amphetamine Abbott Laboratories January Axsym
Methamphetamine Il (1000 ng/ml) (Abbott Park, IL) 1996
(TDx-Amp)
CEDIA Amphetamines/Ecstasy d-Methamphetamine Microgenics Co. May Hitachi 7060
(CEDIA-Amp/MDMA) (1000 ng/ml) (Fremont, CA) 2001
COBAS INTEGRA d-Amphetamine Roche Diagnostics Co. May COBAS
Amphetamines (COBAS-Amp) (500 ng/ml) (Indianapolis, IN) 1998 INTEGRA 700
Abuscreen OnLine HS MDMA Roche Diagnostics Co. March Hitachi 7060
Amphetamine/MDMA (300 ng/ml) (Indianapolis, IN) 2000
(OnLine-Amp/MAMA)

* Hitachi: Hitachi High-Technogies Co. {Tokyo, Japan); Axsym: Abbott Laboratories (Abbott Park, IL;; COBAS INTEGRA: Roche Instrument Center AG (Rotkreuz, Switzerland).
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Drug standards and case specimens

Solutions used for cross-reactivity studies were prepared by
diluting drug standards (d,/-M4, d,/-AM, MDMA, MDA, and
MDEA) in methanol (1 mg/mL) purchased from Cerilliant Co.
(formerly Radian, Austin, TX) with drug-free urine. MDMA
from this source (Cerilliant) was diluted and used as the cali-
brator for CEDIA Amp/MDMA (see further detail in the Results
and Discussion section), in addition to the use of -MA that was
provided by the manufacturer. Internal standards (MA-dg,
AM-dg, MDMA-d;, MDA-d5) in methanol (1 mg/mL) were also
purchased from Radian/Cerilliant Co.

Twenty-eight MDMA/MDA- and 32 MA/AM-containing urine
specimens used in this study were case specimens scheduled for

Table 11 lons Monitored for All Amphetamines
Tested by GC-MS

Compounds lon (m/2)*

Amphetamine/Amphetamine-dg 240,117, 118; 243,126

Methamphetamine/Methamphetamine-d; 254, 210, 118; 261. 213
MDA/MDA-d; 162, 240, 375; 167, 244

MOMA/MDMA-d; 254,210, 162; 258. 213

* Quantitation jons are underlined.

disposal. These specimens were used to study the correlation of
data derived from immunoassay and GC-MS tests. Since the
linearity ranges of the immunoassays are limited and test re-
sults are most relevant around the “cutoff” concentration, these
specimens were diluted with appropriate amount of drug-free
urine so that the concentration of the targeted analytes were at
the vicinity of the adapted GC-MS cutoff concentration (6)
(see the Results and Discussion section for further detail).

Immunoassay

The procedures described in respective reagent package in-
serts were followed using calibrators provided by respective
manufacturers. However, an additional test was performed for
CEDIA Amp/MDMA reagent, in which MDMA was used as the
calibrator (see the Results and Discussion section for further
discussion).

For cross-reactivity studies, d,/-MA/d,/l-AM and MDMA/MDA/
MDEA were generally evaluated at the 300-2000 and 300-1000
ng/mL concentration ranges, respectively.

GC-MS procedures

For specimen pretreatment, 2-mL urine aliquots were ex-
tracted with ethyl acetate under basic conditions. Heptafluo-
robutyric anhydride (HFBA) (Aldrich, St. Louis, MO) was used
to derivatize the analytes (AM, MA, MDMA, and MDA) and
deuterated internal standards (MA-dg, AM-dg, MDMA-d;, and
MDA-ds).

GC-MS analysis was performed on an HP 6890 GC inter-
faced to an HP 5973N MS (Agilent, Palo Alto,

Table !11. Immunoassay Cross-Reactivities toward MDMA, MDA, MDEA, CA). A30-m x 025'{“”‘ (0.25-pm film t_hiCk‘
AM, and MA ness) HP-5MS capillary column (Agilent,
Wilmington, DE) was used for this study. The
% Cross-reactivity* GC column was operated at an initial temper-
ature of 90°C for 1 min, programmed to 280°C
i librat MDMA MDA MDEA  dIAM dl-AM . . TE
mimoassay Calibrator at 15°C/min with a 3-min hold at the final
DRI-Amp dAM 11144 9951 6925 6661 8154 | temperature. Jons monitored and those
adapted for the quantitation of AM, MA,
CEDIA-Amp d-MA 68-57 0-0 25-20 N.E! N.E* MDMA4, and MDA are shown in Table II. Full-
scan mass spectra of these compounds and
EMIT-Amp d-MA 746 214175 00 223-194  0-66 their deuterated analogues are shown in Fig-
ures 1 and 2. Confirming the presence of a
Synchron-CX-Amp dMA 10049 7358 3917 90-70 9257 | specific analyte is based on the widely adapted
criteria, that is, presence of the monitored ions
TDx-Amp dAM 9382 10392 7648 179 5272 at the acceptable retention time (within + 2%
COBAS-Amp GAM 12472 4838 4224 6058 12865 of that established by the standards) and .two
independent intensity ratios of the three ions
OnlineAmpMDMA MOMA 14211 10075 4524 355-227 197125 | monitored (within +20% of those established
by the standards).
CEDIA-Amp/MDMA d-MA 173-319%  98-123 12142 78-57 65-57
CEDIA-Amp/MDMA  MDMA 100* 63-36 148-63 41-26 40-29 . .
Results and Discussion
* Except those noted, the concentration ranges tested were 300-1000 ng/mL for MDMA/MDA/MDEA and .
300-2000 ng/mt. for d,-AM/d,-MA. Typically, higher cross-reactivity values were observed when the drug
concentrations were at the lower end (300 ng/mL). Cross-reactivity studies of MA, AM, MDMA,
* N.E.: Not evaluated. MDA, and MDEA
* Concentration range tested: 200-300 ng/mL. At higher concentrations, responses exceed the analyzer's 4 a'“ X
jSspomse ange, e -, e s Reactivity data of MA, AM, MDMA, MDA,
‘oncentration L : 300 n; . Responses at higher concentrations exceed the ' range. .
* Standard M?)Miﬂffom the s;;yn'\: sourc% was used !f;or calibration and cross-veactiv;;astnld?r, Fresponse ang MDEA from the 1mrqun0a§says that were eval-
uated are summarized in Table III. These

473



values were calculated by dividing the observed immunoassay
concentrations by the true concentrations of the standards
used for the study and the results are expressed as percent-
ages. Because the calibrators were typically d-enantiomers (d-
AM or d-MA) and the prepared solutions used for evaluation
were typically racemic mixtures (d,/-AM and d,/-MA), the ob-
served cross-reactivity data were typically not 100%, even when
the calibrators and the standards were the same compound at
the same concentration.

Data shown in Table III indicate the following performance
characteristics: 1. Cross-reactivity data are typically lower when
the compounds examined are at the higher concentration (see
Figures 3 and 4 for this trend). 2. With the exception of CEDIA-
Amp/MDMA, immunoassays included in this study have lower
cross-reactivity to MDEA than MDMA. 3. CEDIA-Amp/MDMA
(d-MA as the calibrator) and OnLine-Amp/MDMA have the
highest (> 100%) detectability of MDMA and MDA. OnLine-
Amp/MDMA also has high cross-reactivities toward 4,/-MA and
d,/-AM. 4. Among those designed for the detection of MA/AM,
the following immunoassays have > 50% cross-reactivity toward
MDMA and MDA: DRI-Amp, Synchron-CX-Amp, and TDx-Amp.
The following two immunoassays have > 50% cross-reactivity
toward MDMA, but not MDA: CEDIA-Amp, COBAS-Amp. [Fifty
percent cross-reactivity is the proposed minimum acceptable
value in the draft guidelines of the National Laboratory Certifi-
cation Program (7)), EMIT-Amp has high cross-reactivity toward
MDA, but is probably not effective if used for the detection of
MDMA at the 500 ng/mL level.

Immunoassay and GC-MS data derived from

MDMA/MDA- and MA/AM-containing urine specimens
Because the use of various commercially available im-

munoassays for the preliminary test of MA/AM has been well

established, the primary emphasis of this study is on charac-
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terizing the performance of these immunoassays for detecting
MDMA. Selected assays that exhibited potential for detecting
MDMA are evaluated further to understand their performance
characteristics in the analysis of MA/AM. Immunoassays that
can be successfully used for preliminary test of both
MDMA/MDA and MA/AM are identified.

Performance characteristics of immunoassays in the analysis
of MDMA. Shown in Table IV are GC-MS and immunoassay
apparent MDMA concentration data derived from 28
MDMA/MDA-containing specimens. Visual inspection of these
data indicate that the apparent MDMA concentrations derived
from the following reagents are lower than the true (GC-MS)
concentrations: DRI-Amp, CEDIA-Amp, EMIT-Amp, and Syn-
chron-CX-Amp. These immunoassays are designed for prelim-
inary test of MA/AM with lower cross-reactivities toward
MDMA/MDA. Thus, data derived from these reagents are not ex-
amined further.

Data derived from the remaining reagents (TDx-Amp,
COBAS-Amp, OnLine-Amp/MDMA, CEDIA-Amp/MDMA (MDMA
as calibrator) show significant responses toward MDMA/MDA
and are examined further. Specifically, apparent MDMA con-
centrations derived from these reagents are plotted against the
GC-MS MDMA concentration as shown in Figures 5A-D. The
same scale for the y- and x-axes are used in all plots to facilitate
visual comparison. Data derived from eight specimens (see the
third footnote in Table IV), of which data for certain im-
munoassays are not available (exceeding the upper response
limit), are excluded all together to ensure that comparisons
are based on plots generated by the identical set of specimens.

The four plots shown in Figure 5 reveal the following perfor-
mance characteristics:

Correlation of immunoassays and GC-MS data. Resuits de-
rived from CEDIA-Amp/MDMA (MDMA as calibrator) (Figure
5D) and COBAS-Amp (Figure 5B) exhibit the best correlations

160

120

80

Immunoassay cross-relativity (%)

200 400 600 800 1000
GC-MS MDMA concn. (ng/mL)

Figure 3. Cross-reactivity of immunoassays toward MDMA: (a) OnLine-

Amp/MDMA; (b) CEDIA-Amp/MDMA (MDMA as calibrator); (c) TDx-

Amp; (d) COBAS-Amp; () CEDIA-Amp); {f) Synchrom-CX-Amp; (g)

DRI-Amp; and (h) EMIT-Amp.

2007

160

120+

80+

Immunoassay cross-reactivity (%)

0200 600 1000 1400 1800 2200
GC-MS methamphetamine concn. (ng/mL)
Figure 4. Cross-reactivity of immunoassays toward d,l-metham-
phetamine: (a) OnLine-Amp/MDMA; (b) CEDIA-Amp/MDMA (MDMA as
calibrator); {c) TDx-Amp; {d) COBAS-Amp; (e) COBAS-Amp; (f) Syn-

chrom-CX-Amp; (g) DRI-Amp; and {h) EMIT-Amp.
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with GC-MS MDMA concentrations (r2 = 0.5117 and 0.4143).
Apparent MDMA concentrations equivalent to 500 ng/mL
MDMA for these two immunoassays are approximately 543
ng/mL and 475 ng/mL, respectively. This is an indication of lim-
ited cross-reactivities of these two immunoassays toward MDMA
metabolites, such as MDA, an observation consistent with cross-
reactivity data shown in Table IiL.

OnLine-Amp/MDMA (Figure 5C) exhibits poor correlation
(r? = 0.0876) with GC-MS MDMA concentration. Apparent
MDMA concentrations equivalent to 500 ng/mL MDMA for this
immunoassay is approximately 723 ng/mL. This is most likely
due to this reagent’s higher response toward MDMA and higher
cross-reactivities toward MDA and other MDMA metabolites
present in the specimens. This is consistent with the higher
cross-reactivity (100-75% for OnLine-Amp/MDMA of this
reagent toward MDA shown in Table IIL.

The performance of TDx-Amp (Figure 54) falls between the
characteristics exhibited by CEDIA-Amp/MDMA (and COBAS-
Amp) and OnLine-Amp/MDMA.

Detectivity. CEDIA-Amp/MDMA (d-MA as calibrator) (data

not shown) and OnLine-Amp/MDMA (Figure 5C) exhibit the
highest responses toward MDMA. These assays will detect more
specimens containing MDMA and metabolites than the other
methods.

Performance characteristics of immunoassays for analyzing
MA. Shown in Table V are GC-MS and immunoassay apparent
MA concentration data derived from 32 MA/AM-containing
specimens. Only the data derived from the four immunoassays
(TDx-Amp, COBAS-Amp, OnLine-Amp/MDMA, CEDIA-
Amp/MDMA), which show potentially effectiveness for the anal-
ysis of MDMA, are evaluated. Specifically, apparent MA
concentrations derived from these immunoassays are plotted
against the GC-MS MA concentration as shown in Figures
6A-D. Again, the same set of x- and y-axis are used for all plots
to facilitate visual comparison. Data derived from eight speci-
mens (footnoted in Table V), for which data for certain im-
munoassays are not available or are of dubious nature, are
excluded all together to ensure that comparisons are based on
plots generated from the identical set of specimens.

The four plots shown in Figure 6 reveal the following perfor-

Table IV. GC-MS and Immunoassay Data for MDMA/MDA-Containing Specimens
GCMS concn. Immunoassay apparent targeted analyte concentration

Spec. MDMA/MDA DRI- CED{A- EMIT- Synchron- TDx- COBAS- OnLine- CEDIA.

no. (ng/mt) Amp Amp Amp CX-Amp Amp Amp Amp/MDMA Amp/MDMA*
392 425/5.3 303 140 4 310 400 436 636 384
393 431/3.8 291 220 20 360 506 465 570 479
394 576/10 327 273 8 373 592 540 1006 640
395 544/8.8 361 m 15 370 686 566 746 670
396 783/6.1 320 298 Al 350 547 546 642 661
397 654/4.7 376 376 13 n 639 600 867 719
398 732{3.7 369 403 30 - 439 844 647 917 750
399 403/40 358 222 12 477 743 496 825 536
400* 638/14 425 522 25 518 928 > 666 1184 980
401 682/14 250 137 3 264 478 405 555 473
402 718/6.1 348 374 49 445 639 563 815 831
403 623/3.2 374 356 33 472 716 575 114 694
404 733117 344 334 107 450 777 566 753 690
405 654/2.8 360 415 90 475 730 538 855 731
406 469/8.8 280 177 5 274 434 380 649 467
407 464/13 317 253 7 4 574 464 647 568
DG-408° 638/29 374 437 198 534 1ne1 > 666 1093 678
409* 777/85 552 838 300 644 1630 > 666! 1283 1684
410 594/24 333 241 77 350 783 519 867 557
DF-382 546/21 285 207 4 224 434 435 565 509
DF-383 561/27 276 192 6 308 477 451 586 525
DF-394* 373/44 636 706 1099 705 2390 > 666t 3055 1678
DF-385* 48715 313 244 83 365 611 515 B 559
DF-387 513/2.7 286 308 38 318 529 499 768 675
DF-388° 604/434 >t 1776 153 1867 >t > 666 >t >t
DF-389 401115 265 181 14 353 396 395 660 an
DH-423¢ 711/61 1435 2370 2169 1299 5365 > 666! 2808 >t
DH-424*  535/64 S 3 >t s > > 666! 29593 >t
. Thﬁ;e data were obtained using MDMA as the calibrator. With the exception of two specimens, responses exceeded instrument measurement limit when using d-MA as the
¢ ;Z;p;‘l;f; exceed the analyzer’s response range.
* Data derived from these specimens are not plotted in Figure 5 (see text for reasons).
§ Data not available.
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((2 =0.2222 and 0.207, respectively). Apparent MA concentra-
tions equivalent to 500 ng/mL MA for these two immunoassays
are approximately 1146 ng/mL and 1420 ng/mL, respectively. 2.

OnLine-Amp/MDMA (Figure 6C) exhibits the
highest response, but shows poorer correla-
tion (r? = 0.1616) with GC-MS MA concentra-
tion. Apparent MA concentration equivalent to
500 ng/mL MA for this immunoassay is ap-
proximately 2582 ng/mL. This is most likely
due to this reagent’s higher response toward
MA and higher cross-reactivities toward AM
and other MA metabolites present in the spec-
imens. This is consistent with the high re-
sponse to MA (355-227%) and high cross-
reactivity with AM (197-125%) shown in Table
1II. Thus, the presence of MA (and its metabo-
lites) can be most effective detected by this
reagent. However, because of the poor correla-
tion of the immunoassay and GC-MS data, this
reagent will not be very effective in predicting
the concentration of MA.

Effectiveness in identifying specimens
“positive” for MDMA and MA

Case specimen data shown in Tables IV and V
can be used to examine these immunoassays’
effectiveness in identifying specimens that are
“positive” (above an adapted cutoff) for
MDMA/MDA and MA/AM, respectively. “False-
negative” and “false-positive” rates will obvi-
ously vary when different “cutoffs” are applied
to immunoassay data (i.e., when a lower im-
munoassay cutoff is adapted, the false-positive
rate will increase, and the corresponding false-
negative rate will decrease, and vice versa). We
have studied this issue in depth (8) and adapted
an approach that can best evaluate the “effec-
tiveness” of the immunoassays compared.
Specifically, immunoassay and GC-MS data
from a significant number of case specimens
containing appropriate concentrations of the
analytes of interest (and their metabolites) are
first collected. Regression analyses of these data
are performed to arrive at an apparent analyte
concentration for each immunoassay that is
equivalent to a specific analyte concentration
as determined by GC-MS. Immunoassay ap-
parent analyte concentrations thereby derived
are then adapted as these immunoassays’ re-
spective cutoffs, based on which false-positive
and false-negative rates are most evenly dis-
tributed. These concentrations are shown in
respective plots in Figures 5 and 6.

With this approach and adapting 500 ng/mL
MDMA (or MA) as the GC-MS cutoffs, the re-
gression analyses are illustrated in Figures 5
and 6, and the resulting immunoassay cutoffs,
and the false-positive and false-negative rates
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for the immunoassays examined are shown in Table VI. Among
the four immunoassays shown in Table VI, the immunoassay’s
apparent MDMA or MA concentrations, corresponding to 500
ng/mL MDMA or M, respectively, derived from OnLine-
Amp/MDMA are the highest. Thus, OnLine-Amp/MDMA gener-
ates the highest responses for both MDMA and MA, that is,
detecting the presence of MDMA and MA at their lowest con-
centrations. (It should be noted, however, if d-MA is used as the
calibrator, CEDIA-Amp/MDMA may generate an even higher
immunoassay concentration equivalent to-500 ng/mL MDMA,
that is, detecting the presence of MDMA even at a lower con-
centrations.)

In terms of the numbers of false-negative and false-positive
results generated, CEDIA-Amp/MDMA (MDMA as the cal-
ibrator for testing MDMA and d-MaA as the calibrator for testing
MA) appears to be the most effective immunoassay for the
preliminary tests of MDMA and MA.

Conclusions

Immunoassays’ performance can be characterized by exam-
ining 1. their cross-reactivities toward compounds that are re-
lated to the adapted calibrators and 2. the correlation of the
resulting apparent immunoassay analyte concentrations with
the analyte concentrations derived from GC-MS analysis. Pre-
pared solutions in urine matrix are used for the former studies,
whereas analyte-containing case specimens, which include
normal distributions of the analytes and refated metabolites, are
needed (and used in this study) to derive meaningful results for
the latter studies.

Among the immunoassays evaluated, many are effective for
the preliminary test of MA/AM-containing specimens. CEDIA-
Amp/MDMA appears to be most effective in serving as the pre-
liminary test methodology for both MDMA/MDA and MA/AM
{MDMA as the calibrator for testing MDMA and d-MA as the cal-

Table V. GC-MS and Immunoassay Data for MA/AM-Containing Specimens
GC-MS concn. Immunoassay apparent targeted analyte concentration CEDIA AmO/MOMAS

Spec.  MA/AM DRI- CEDIA- EMIT- Synchron- TDx- COBAS- OnlLine- A AmpEMA

no. (ng/mL) Amp Amp* Amp CX-Amp Amp Amp Amp/MDMA MDMA d-MA
1 250/194 666 ms 945 1589 932 1790 332 1069
12 522/86.4 627 1236 848 1200 465 1827 360 790
13 646/106 768 1062 858 1360 590 6081 339 947
14* 285/25.8 21 241 160 ~ 100 72 173 81 54
15 456/83.1 594 1069 708 1057 483 ’ 2091 326 729
16 338/88.4 410 603 649 894 409 1050 251 392
17 449/246 683 1709 1035 1584 1220 4818 . 354 1035
18* 360/46.6 385 529 483 496 277 960 207 270
19* 541/62.2 303 0o - 181 162 92 149 155 104
20 638/159 1295 1914 1190 2096 ms3 3550 475 1967
21 449/85.4 578 797 761 1025 526 1668 283 676
23 334/98.6 432 612 525 836 539 1464 264 510
24 576/55.1 694 625 685 1061 - 470 1614 305 1757
25* 640/108 1479 20m 1094 2190 677 5880 779 22,774
26 588/142 1345 1653 1130 2135 924 2270 440 1976
27* 636/72.7 381 217 369 447 313 1847 213 201
28 418/106 524 649 638 876 631 1089 301 677
29 448/212 1070 1496 1085 2106 1500 3060 a1 1733
30* 455/22.8 288 0 19 96 57 139 14 68
3 660/109 860 1069 873 1348 618 2600 n 860
32 594/247 1606 1794 1273 2614 1534 . 3830 491 2745
33 435111 668 Ll 802 116 725 3090 333 912
36 467/83.4 434 376 49 647 420 981 242 394
37 601/104 748 9mn 927 1451 660 2496 358 977
38 767/125 937 1641 964 1793 812 3180 N 1359
39 3251121 498 1195 712 1075 753 1425 310 793
40 525/135 835 953 973 1683 828 1810 369 1348
a1* 767/47.1 S 1856 1168 2161 618 8290 455 2034
42 367/61.4 527 41 C765 935 460 4230 289 614
43 473/67.5 1322 1536 1143 1938 830 2770 467 1813
44* 388/58.6 320 224 187 145 45 148 136 115
45 581/44.2 938 1062 1015 1493 414 2800 370 1233
* Data derived from these specimens are not plotted in Figure 6 (see text for reasons).
* Not studied.
* Data obtained using methamphetamine as the calibrator are plotted in Figure 6. Data obtained using MDMA as the calibrator are lower than true {GC-MS) MDMA concentration

and are not discussed further,
§ Data not available.

477



Journal of Analytical Toxicology, Vol. 27, October 2003

Table VI. Effectiveness of Four MDMA-Responsive Immunoassays in Identifying Specimens Containing MDMA or

MA 2500 ng/mL
Cutoff, specimen no., OnLine- CEDIA-Amp/MDMA
analyte, pos./neg. rate TDx-Amp COBAS-Amp Amp/MDMA MDMA d-MA
MDMA/MDA
immunoassay cutoff (ng/mL) 560 480 730 550 —
Specimens with valid datat 28 28 7 28 —
Number of false negatives 5 3 4 3 —
Immunoassay positive/GC-MS positive* 1915 2017 18/16 2017 —
(% false positive) (21%) (15%) (11%) (15%)
MA/AM
Immunoassay cutoff (ng/mL) 1420 750 2590 - 1150
Specimens with valid data® 32 32 32 - 32
Number of false negatives 6 10 7 - 6
Immunoassay positive/GC-MS positive* 13/9 10/5 13/8 — 19
(% false positive) (31%) (50%) (38%) — (18%)

used to derive data in this table for that specific immunoassay.

table for that specific immuncassay.

* MDMA and d-MA were used as the calibrators for the analysis of MDMA and MA, respectively.
* Out of the 28 specimens listed in Table IV, for the reason stated in the text, only 20 were adapted for regression analysis to derive the immunoassay apparent MDMA
concentrations (adapted as cutoffs for respective immunoassays) that are equivalent to 500 ng/mL MDMA. However, all valid data derived from each specific immunoassay are

# The following example illustrates how the numbers of “immunoassay positive”, “GC-MS positive”, and “% false positive” are derived. 19/25 (21%): Out of 19 specimens iound
positive by the immunoassay, 15 were confirmed positive by GC-MS positive; thus, 21% (4 out of 19) were false positive. Since different |As may identify different specimens
and difierent number of specimens positive, the number of “GC-MS positive” out of the specimens, that have been identified as positive by respective immunoassays, may vary.

§ Out of the 32 specimens listed in Table V, for the reason stated in the text, only 24 were adapted for regression analysis to derive the immunoassay apparent MA concentrations
(adapted as cutoffs for respective immunoassays) that are equivalent to 500 ng/mL MA. However, all valid data derived from specific immunoassay are used to derive data in this

ibrator for testing MA). CEDIA-Amp/MDMA (d-MA as the cali-
brator) and OnLine-Amp/MDMA can detect the presence of
MDMA and MA, respectively, at the lowest concentrations.
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