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Abstract

Enantioselective quantification of amphetamine (AM), methamphetamine (MA), 3,4-methylenedioxyamphetamine (MDA), 3,4-
methylenedioxymethamphetamine (MDMA) and 3,4-methylenedioxyethylamphetamine (MDEA) enantiomers in hair using gas
chromatography—mass spectrometry (GC—MS) is described. Hair specimens were digested with 1 M sodium hydroxi@efat 200nin
and extracted by a solid phase procedure using Cleanscreen ZSDAUO020. Extracted analytes were derivaSsée piiifi(orobutyrylprolyl
chloride and the resulting diastereocisomers were quantified by GC-MS operating in the negative chemical ionization mode. Extraction yields
were between 73.0 and 97.9%. Limits of detection varied in the range of 2.1-45.9 pg/mg hair, whereas the lowest limits of quantification varied
between 4.3 and 91.8 pg/mg hair. Intra- and inter-assay precision and respective accuracy were acceptable. The enantiofRegcIagtios (

S of AM, MA, MDA, MDMA and MDEA were determined in hair from suspected amphetamine abusers. Only MA and AM enantiomers
were detectable in this collective and the quantification data showed in most cases higher concentr&)eda\afr(d (R)-AM than those

of the correspondingSj-enantiomers.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction MDA, MDMA and MDEA no legal precursor drugs ex-
ist, it is known that several therapeutic drugs contain or
Amphetamine (AM), methamphetamine (MA) and are metabolized to AM and MA. For example, selegiline
the amphetamine-derived designer drugs like 3,4-meth-for treatment of Parkinson’s disease, is metabolizedje (
ylenedioxyamphetamine (MDA), 3,4-methylenedioxymet- MA and (R)-AM [3—6] and Vicks Inhaler, a nasal decon-
hamphetamine (MDMA) and 3,4-methylenedioxyethyl- gestant, containsRj-MA [7]. For correct interpretation of
amphetamine (MDEA) are a major class of central nervous the positive results, the separation and identification of enan-
system stimulants (CNS) widely abused in many countries. tiomers might be helpful to differentiate therapeutic from
All of these compounds contain a chiral center and their enan-illicit ingestion of AM, MA, or one of their precursor drugs
tiomers show different pharmacological properties. Thus, [4-6].
the §-isomers of AM, MA and MDMA, have more CNS Inrecent years, hair analysis for drugs of abuse has rapidly
stimulant activity of than theR)-isomers[1,2]. While for emerged as a useful tool for detecting and monitoring drugs
over a long time period8,9]. Various methods have been
* Corresponding author. Tel.: +352 46 66 44 488; fax: +352 22 13 31. pgbhshed for the det.eCthn Of. AM, MA’ and methylene-
E-mail addressmartins@cu.lu (L. Martins). dioxylated amphetamines in hair. Analytical procedures used
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for the enantioselective separation in hair were capillary MDEA-ds (10.g mL~1 each) were added. The tubes were
electrophoresifl0,11]and liquid chromatography methods  shaken and incubated at 10D for 30 min. After digestion,
(HPLC)[12-14] However, these developed methods gener- the pH was adjusted to 6 with HCI 2 M. The solid phase ex-
ally lack sensitivity. traction (SPE) was done with Clean Scr@e®y g ZSDAU020
Recently, a negative chemical ionization gas columns previously conditioned with 3 mL of methanol, 3 mL
chromatography—mass spectrometry (GC/NCI-MS) assayof purified water and 1 mL of phosphate buffer (KO,
was developed for the quantification and the determination 0.1 M, pH 6). After specimen addition, the columns were
of enantiomeric ratios of AM, MA, MDA, MDMA or  washed with 3 mL of purified water, 1 ml of acetic acid 1 M

MDEA enantiomers in plasmfi5-17]and oral fluid[18] and 3mL of methanol. The columns were dried and were
after derivatization by§-heptafluorobutyrylprolyl chloride  eluted with 3mL of dichloromethane/2-propanol/ammonia
((9-HFBPCI)[19]. (80:20:2 by volume). After the addition of 20_ of 1% (vol-

This feasibility study describes a method for the simul-  yme fraction) HClin methanol, the eluant was removed under
taneous determination of AM, MA, MDA, MDMA and  nitrogen at 37C and the enantiomers were derivatised with

MDEA enantiomers in hair by GC/NCI-MS, using tl®{  (9)-HFBPCI according to a procedure described in the liter-
HFBPCI as chiral derivatization reagent. The method was ature[15].

applied to control specimens for validation purposes and
finally to 11 suspected amphetamine abusers’ hair speci-3 4 perivatization reagent

mens.
The derivatization reagen8-HFBPCI was synthesized
according to the literaturfl5,19] The optically purity of
2. Material and methods the reagent was tested by derivatization of the optically pure
enantiomers ofQ)-PEA and §)-PEA, which were of certi-
2.1. Chemicals and equipment fied high optical purity. The reagent was considered of high

optical purity, as the impurity peak area wa#.1% of the
Standard solutions of 1 mg/mL of racemic AM, MA, total peak are§l5].
MDA, MDMA and MDEA in methanol and methanolic

deuterated standards of racemic AM-tA-ds, MDA-ds, 2.5. Instrumentation

MDMA-ds and MDEA-d& were purchased from Radian

Corporation (Austin, TX).S-(—)-1-phenylethylamine &)- An Agilent GC-MS instrument was used; 7673A auto-
PEA; S:R>99.5:05) andR-(+)-1-phenylethylamine R)- matic sampler, 6890 series |l gas chromatograph, 5973 mass

PEA, SR> 99.5:05) were obtained from Sigma—Aldrich selective detector (Agilent Technologies, Brussels, Belgium).
(Bornem, Belgium). Clean ScreBi€1ZSDAUO20 columns  The gas chromatograph was equipped with an HP-Ultra 2
were obtained from United Chemical Technologies (Bristol, capillary column (12 mx 0.2 mmx 0.33um film thickness).
USA). The ball mill used was purchased from Retsch (Haan, The injector temperature was 280, the GC/MS interface
Germany). All reagents, solvents and substances were of antemperature 280C; the helium carrier gas flow rate was

alytical grade. 0.6 mL/min. A 4u.L of the sample solution was injected. Ini-
tial temperature was 10@ for 2 min, followed by an in-
2.2. Hair specimens crease of 30C/minto 180°C, 5°C/min from 180 to 230C,

30°C/min to 310°C.

Drug free hair specimens were collected from healthy sub- ~ The mass spectrometer was operated in negative chemical
jects in the authors’ laboratory. As in Luxembourg no suffi- ionization mode with methane as reagent gas (flow of 40%).
cient amphetamines positive hair specimens were available, The parameters for AM, MA, MDA, MDMA and MDEA
11 suspected amphetamines abusers’ hair specimens fronanalysis in selected-ion monitoring (SIM) mode are given

South Korea were analyzed. in Table 1 lons used for the quantification. The most abun-

dant ions and/or ions without apparent cross-contribution
2.3. Hair specimen extraction for GC/NCI-MS for the most analytes were chosen as target ions for the
analysis quantification21].

Total length of the hair specimens were washed withwater 2 6. Quantification procedure

(1 min) and two times with acetone (1 min) to reduce external

contaminant$9,20]. After drying with warm air, hair, with For calibration, 20 mg of drug-free hair were spiked with
lengths varying between 2 and 4 cm, was pulverized in a ball 14 concentration levels between 0.007 and 120 ng/mg for
mill. Depending on hair specimen, 5-30 mg hair were then each enantiomer of the authentic drugs of AM, MA, MDA,
transferred to a glass tube and 2 mL of sodium hydroxide MDMA and MDEA. Assuming a 1:1 ratio between the enan-
1M and 40uL of a methanolic solution of racemic inter- tiomers of each analyte, calibration curves were done for
nal standard (IS) AM-¢, MA-ds, MDA-ds, MDMA-ds and each enantiomer by plotting the peak-area ratios of the spiked
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Table 1

SIM parameters for GC-MS analysis of AM, MA, MDA, MDMA and

MDEA after derivatization by$)-HFBPCI

Time window (min) Analyte Monitored ions{z)
9-10 AM-ds 373,393, 433
a AM 368, 389, 428
MA-ds 387, 407, 447
10-12 MA 382, 402, 442
1315 MDA-ds 417,437, 477
- MDA 412", 432, 472
MDMA-ds 431, 451, 491
1516 MDMA 426", 446, 486
- MDEA-ds 445, 465, 485
MDEA 440, 460, 480

* lons selected for quantification.

calibrations standards versus their concentrations. The enan-

2.7. Method validation

Analytical recoveries of each enantiomer were calculated
by comparison between peak areas of the calibration speci-
men analyzed with the normal specimen procedure and those
obtained after adding the same amounts of reference sub-
stances and IS to blank hair after extraction. Recoveries
were analyzed at the concentration of 0.25, 25 and 50 ng/mg
hair, using two replicates for the concentration of each
enantiomer.

Two replicates of blank hair sample spiked with
0.25ng/mg hair were used for the estimation of the limits
of detection (LOD) and the lowest limits of quantification
(LLOQ) of each enantiomer. LOD and LLOQ were deter-
mined as the 3- and 10-fold deviation of the base line noise,
respectively22].

Nine replicates drug-free hair spiked with 2 ng/mg of each

tiomers of AM, MA and methylendioxylated amphetamines enantiomer were used for the determination of intra-assay
in abusers’ hair were quantitated by comparison of their peak- precision (relative standard deviation expressed as percent-
arearatios (enantiomer of analyte versus corresponding enanage) and accuracy (expressed as percentage error of concen-

tiomers of IS) to calibration curves.
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Fig. 1. NCI mass spectra oB\-HFBPCI derivates of AM, AM-¢, MA, MA-d5, MDA, MDA-ds5, MDMA, MDMA-d 5, MDEA and MDEA-d; enantiomers.
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and accuracy were determined at the same concentration fol Abundance
5 days. 500000, .,

3. Results and discussion

3.1. GC/NCI-MS analysis £
Sa
5b
Fig. 1 shows the NCI mass spectra of)-HFBPCI L 4
derivates of all authentic drugs and the internal standards o _ ""
enantiomersFig. 2represents a typical mass chromatogram 9.00 1000 11.00 12.00 1300 14.00 1500 16.00

of a extract of blank hair spiked with racemic standards of Time (min)

AM, MA, MDA, ,MDMA a_‘nd,MDEA at the concentration Fig. 2. Typical SIM chromatogram of &-HFBPCI-derivatised extract of

of 30ng/mg hair an derivatized byfHFBPCI. The R)- blank hair spiked with amphetamines at the concentration of 30 ng/mg per
isomers of the five analyzed substances were distinctly sep-hair. Peaks: (1aR)-AM, m/z388; (1b) §)-AM; (2a) (R-MA m/z402; (2b)
arated from their respectivfisomers and primary peaks (S-MA;(3a) (R-MDA, m/z412; (3b) §-MDA,; (4a) (R-MDMA, m/z426;
corresponded in each case to tRe-€nantiomers. Although, ~ (40) §-MDMA; (5) (R)-MDEA, mz460; (5b) §)-MDEA.

the peak corresponding t8¢MDMA and (R)-MDEA were

not fully separated, the quantification could be done correctly, 3.2. Validation results

because the target ions used for the quantification of MDMA

and MDEA had different/zvalues. The enantiomeric ratios Data on method validation are reportedrables 2 and 3
(R/S) of racemic standards of AM, MA, MDA, MDMA and  Standard curve plots for each enantiomer were linear in the
MDEA were close to their theoretical valueB/$=1.00). range of tested concentrations with a coefficient of corre-

The average enantiomeric ratid¥§) were 1.00£0.01 for  jation (2) higher than 0.992. LOD and LLOQ values var-
AM, 1.02+0.01 for MA, 1.02+ 0.02 for MDA, 0.98+ 0.02 ied between 0.002 and 0.046 ng/mg and between 0.007 and

for MDMA and 0.99+0.01 (=4). 0.151 ng/mg, respectively. Precision and accuracy were al-
Table 2
Validation data for enantioselective analysis of AM, MA, MDA, MDMA and MDEA in hair
LOD (ng/mg) LLOQ (ng/mg) Linearity (ng/mg) Intra-dap € 9) Inter-day (=5)
Precision Accuracy Precision Accuracy
(R.S.D., % (bias, %) (R.S.D., % (bias, %)
(R-AM 0.002 Q007 0.007-120 2 79 17 94
(9-AM 0.002 Q007 0.007-120 3 4.0 28 4.6
(R-MA 0.011 Q035 0.035-120 A 40 6.6 108
(9-MA 0.011 Q035 0.035-120 3 32 5.0 4.6
(R-MDA 0.005 Q017 0.017-120 4 11 24 16
(9-MDA 0.004 0014 0.014-120 B 0.2 27 22
(R-MDMA 0.024 Q078 0.078-120 6 04 58 16
(9-MDMA 0.046 Q151 0.151-120 8 12 6.2 11
(R-MDEA 0.016 Q054 0.054-120 8 37 42 27
(9-MDEA 0.013 Q042 0.042-120 a 0.1 5.0 0.2

* R.S.D., relative standard deviation.

Table 3
Analytical recoveries at three different concentratiams 2)
Concentration Analytical recoveries (%)
ng/m
(ng/mg) (R-AM  (S}AM  (R-MA  (9-MA (R-MDA (S-MDA (R-MDMA (9-MDMA (R-MDEA (S-MDEA
0.25 Mean 953 979 843 885 915 875 835 804 732 730
’ S.D! 7.6 71 94 100 89 9.6 72 79 52 48
o5 Mean 1002 999 96.9 1014 96.0 961 915 953 983 958
S.D! 6.1 6.9 8.4 75 5.6 58 5.6 6.1 21 6.8
50 Mean 1018 1030 1013 1005 1016 1019 1000 1008 1011 1010
s.D! 37 34 43 47 29 36 31 44 5.4 33

* S.D., standard deviation.
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Table 4

61

Concentrations and enantiomeric ratios of AM and MA in abusers’ hair specimens determined by GC/NCI-MS after derivatizgkibifr B Cl

Specimen R)-AM (ng/mg) (9-AM (ng/mg) Enantiomer rati®R vs. S (R)-MA (ng/mg) (S-MA (ng/mg) Enantiomer rati®R vs. S
1 ND?2 1.8 - ND 252 -
2 05 41 01 156 644 0.2
3 01 0.6 02 41 245 0.2
4 04 03 12 921 91 101
5 05 14 03 7.0 227 0.3
6 04 34 01 183 816 0.2
7 0.2 17 01 129 217 0.6
8 ND 11 - ND 448 -
9 03 21 02 6.0 27.3 0.2

10 10 32 0.3 9.7 236 0.4

11 06 18 03 83 186 04

2 Not detectable.

ways lower than 10.8%.able 3shows the analytical recov-

over, MA was found in higher concentrations in hair than

eries determined at three different concentrations using two AM, which suggests that MA was used by all the abusers
replicates for each evaluated concentration. They were con-[12,23,24] Fig. 3 illustrates chromatograms obtained after

sidered adequate for the purpose of the study.

3.3. Enantioselective determination in abusers’ hair
specimens

analysis of three abusers’ hair. Eight specimens contained
both enantiomers of AM and MA with a prevalence of their
(9-forms. The enantiomeric ratioRIS) of MA ranged from
0.17 to 0.59 and from 0.12 to 0.31 for AMFig. 3A). In
addition, only §-MA and (S-AM were found in two hair

Hair specimens from 11 suspected amphetamine abuserSPecimensKig. 38), which might be explained by ingestion

were analyzed and the results are showrFaible 4 Only MA
and its demethylated metabolite AM were detected. More-
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Fig. 3. SIM chromatograms of hair extracts from suspected amphetamine
abusers presenting enantimeric raffiS< 1 (A), only (S)-enantiomers (B)

and enantiomeric ratid®/S> 1 (C). Peaks: (1a)R)-AM, (1b) (9-AM, m/z

388; (2a) R)-MA, (2b) (9-MA, vz 40.

of optically pure §-MA. Finally, in one hair specimen, both
enantiomers of AM and MA were quantified and the enan-
tiomeric ratios were 10.1 for MA and 1.2 for AMF{g. 3C).
This might be due to the ingestion of both racemic MA and
optically pure R)-MA [16]. (R-MA might be originating
from medication for example (e.qg., Vicks Inhal§r].

4. Conclusions

This paper describes a rapid method for the simultane-
ous determination of the enantiomeric ratio of AM, MA,
MDA, MDMA and MDEA in hair. Advantages offered by
the GC/NCI-MS method were high separation efficiency,
short time analysis and typically high sensitivity. The method
has successfully been applied to the determination of enan-
tiomeric composition of MA and AM in 11 abusers’ hair.
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