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Negative-Ion Chemical Ionization Gas
Chromatography–Mass Spectrometry Assay for

Enantioselective Measurement of Amphetamines in
Oral Fluid: Application to a Controlled Study with

MDMA and Driving Under the Influence Cases
Frank T. Peters,1 Nele Samyn,2 Thomas Kraemer,1 Wim J. Riedel,3 and

Hans H. Maurer1*

Background: Enantioselective analysis of amphetamine
(AM), methamphetamine (MA), 3,4-methylenedioxyam-
phetamine (MDA), 3,4-methylenedioxymethamphet-
amine (MDMA), and 3,4-methylenedioxyethylamphet-
amine (MDEA) helps interpret toxicological results.
Methods have been described for various matrices, but
so far not for oral fluid, a matrix of increasing impor-
tance in testing for drugs of abuse, especially in the
context of driving under the influence of drugs (DUID).
Methods: After dilution with 200 �L carbonate buffer
(pH 9), oral fluid samples (10–50 �L) were derivatized
with S-heptafluorobutyrylprolyl chloride. The resulting
diastereomers were extracted into 100 �L of cyclohex-
ane, separated by gas chromatography (HP-5MS col-
umn), and detected by mass spectrometry in the nega-
tive-ion chemical ionization mode (GC-NICI-MS). The
method was validated and applied to samples from a
controlled study with MDMA and from authentic DUID
cases.
Results: The derivatized AM, MA, MDA, MDMA, and
MDEA enantiomers were well separated from each
other. The method was linear from 5–250 �g/L per
enantiomer of MDA and from 25–1250 �g/L per enan-
tiomer of AM, MA, MDMA, and MDEA. With the

exception of MDEA, analytical recoveries, repeatability,
and intermediate precision were within required limits.
The analyte concentrations and enantiomer ratios in the
application samples correlated only weakly with corre-
sponding published plasma data.
Conclusions: This sensitive, reliable, and fast GC-
NICI-MS assay enantioselectively measures AM, MA,
MDA, and MDMA in oral fluid samples. Prediction of
plasma concentrations and enantiomer ratios from re-
spective oral fluid data is not possible.
© 2007 American Association for Clinical Chemistry

Amphetamine (AM)4, methamphetamine (MA), and the
amphetamine-derived designer drugs 3,4–methylenedioxy-
amphetamine (MDA), 3,4-methylenedioxymethamphet-
amine (ecstasy, MDMA), and 3,4-methylenedioxyethylam-
phetamine (MDEA) are widely abused recreational drugs.
AM and MA are potent stimulants (1), whereas the so-called
entactogens MDA, MDMA, and MDEA increase alertness
and endurance while causing a sense of euphoria and
greater sociability (2 ). Undesired effects include tachycar-
dia, hypertension, increased muscle tension, hyperpyr-
exia, and blurred vision (1, 2), and many severe or fatal
intoxications have been described (1, 2). Evidence from
animal experiments and studies comparing recreational
users with nonusers further suggest that these drugs may
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a matter of debate (4, 5). In recent years, these drugs have
also become increasingly important in the context of
driving under the influence of drugs (DUID) (6 ). Unde-
sired effects such as altered sensory perception, attention,
and risk-taking in decision-making behavior, as well as
psychomotor effects, can impair the ability to safely
operate a vehicle (7, 8).

In the last few years, oral fluid has become increasingly
important in drug analysis. Its main advantage is the
relatively easy and noninvasive sample collection, which
can be closely supervised, thus preventing adulteration or
substitution of samples (9, 10). A number of reports have
recently been published on analysis of AM, MA, MDA,
MDMA, and/or MDEA in oral fluid samples using im-
munoassays (11–13), gas chromatography-mass spec-
trometry (GC-MS) (14–21), liquid chromatography with
fluorescence detection (22 ), or liquid chromatography–
tandem mass spectrometry (23–25). Although informa-
tion on enantiomer composition in clinical and forensic
samples can help interpret analytical results, the chirality
of the above drugs has been neglected. The S-(�)-enanti-
omers of the drugs are known to be more potent than the
respective R-(�)-enantiomers, and their toxicokinetics are
known to be different (2, 26–30). Furthermore, not only
are AM and MA abused as stimulants, but both are also
metabolites of several (racemic or optically pure) thera-
peutic drugs, or are even used as such themselves (27, 31).
Hence, their enantioselective analysis can provide the
information needed for differentiation of illicit and ther-
apeutic drug use. In the case of MDMA, enantiomer ratios
(R vs S) in plasma samples increase steadily over time,
which might be useful for estimating the time since
ingestion (26, 30). Numerous procedures have been pub-
lished for enantioselective analysis of these analytes in
various biological matrices, but so far not in oral fluid.
The only exception is a method by Matin et al. (32 ) that
was limited to analysis of AM enantiomers and based on
now-outdated analytical equipment.

Therefore, the first aim of this study was to develop
and validate an assay for simultaneous measurement of
concentrations and ratios of AM, MA, MDA, MDMA, and
MDEA enantiomers in oral fluid. The second aim was to
apply the assay to samples from a controlled study with
MDMA and from authentic DUID cases and compare the
results to published plasma data (28, 30).

Materials and Methods
materials
Chemicals and reagents. We obtained methanolic solutions
(1000 mg/L) of racemic AM-d11 and MA-d5 and methan-
olic solutions (100 mg/L) of racemic MDA-d5 and
MDMA-d5 from Promochem; racemic hydrochlorides of
AM, MA, MDA, MDMA, and MDEA from Lipomed;
sodium bicarbonate from Fluka; and all other chemicals
from E. Merck. All chemicals were of analytical grade or
the highest purity available. The derivatization reagent

S-heptafluorobutyrylprolyl chloride (S-HFBPCl) was syn-
thesized as described (29 ).

Biosamples. We collected blank oral fluid samples used for
validation experiments from drug-free volunteers. Resid-
ual oral fluid samples (n � 33) previously collected for
DUID testing were used in this study. All personally
identifying information was removed from the samples.
The oral fluid samples from the controlled study had been
collected from 12 study participants 1, 2, 3, 4, and 5 h after
administration of 75 mg racemic MDMA (33 ). Oral fluid
samples were not available from all volunteers at each
sampling time; the numbers of samples were as follows:
n � 10 (1 h), n � 10 (2 h), n � 11 (3 h), n � 12 (4 h), and
n � 11 (5 h). All samples were unstimulated oral fluid
samples (0.2–0.5 mL) collected by spitting into a dry
polypropylene tube. They were frozen immediately after
collection and stored without preservatives at �20 °C
until achiral analysis. After thawing, the oral fluid sam-
ples were centrifuged to eliminate food residues and cell
debris, and the clean supernatant was recovered for
analysis. The remainder of these clean oral fluid speci-
mens was stored at �20 °C until enantioselective analysis.

sample preparation
We diluted 50-�L aliquots of oral fluid with 200 �L
aqueous carbonate buffer (35 g/L sodium bicarbonate
and 15 g/L sodium carbonate, pH 9). After adding 25 �L
methanolic solution of the racemic internal standards (IS)
MDA-d5 (0.2 mg/L), AM-d11, MA-d5 and MDMA-d5 (1.0
mg/L each), and 6 �L derivatization reagent (0.1 mol/L
S-HFBPCl in dichloromethane), we sealed the reaction
vials and left them on a rotary shaker at ambient temper-
ature for 30 min. We added 100 �L cyclohexane to the
reaction vials, resealed them, and placed them on a rotary
shaker for 1 min. After phase separation by centrifugation
(10 000g for 1 min), we transferred the cyclohexane phase
to autosampler vials. We injected 3-�L aliquots into the
GC-MS system. Samples with concentrations exceeding
the highest points of the calibration curves were reana-
lyzed using 10-�L volumes. If the results still exceeded
the calibration interval after this reduction of sample
volume, approximate concentrations were estimated by
extrapolation.

enantioselective quantification
The prepared samples were analyzed using an Agilent
Technologies 6890 Series GC system combined with an
Agilent 5973 network mass selective detector, an Agilent
7683 series injector, and an Agilent enhanced Chem
Station G1701CA, v. C.00.00 21-Dec-1999. GC conditions
were as follows: splitless injection mode, split vent
opened after 1.5 min; 5% phenylmethyl siloxane column
(HP-5MS; 30 m � 0.25 mm internal diameter, 250 nm film
thickness); injection port temperature, 280 °C; carrier gas,
helium; flow rate, 1 mL/min; column temperature, 100 °C
raised to 190 °C at 30 °C/min, to 230 °C at 5 °C/min, to

Clinical Chemistry 53, No. 4, 2007 703
D

ow
nloaded from

 https://academ
ic.oup.com

/clinchem
/article/53/4/702/5627652 by U

niversiteit M
aastricht user on 04 January 2022



245 °C at 30 °C/min, to 260 °C at 5 °C/min, and to 310 °C
at 30 °C/min. Negative-ion chemical ionization (NICI)-MS
conditions were as follows: transfer line heater, 280 °C; NICI,
methane (2 mL/min); source temperature, 150 °C; solvent
delay, 7.5 min; selected-ion monitoring mode. The time
windows, selected ions, and electron multiplier voltage
offsets are listed in Table 1.

Quantification was performed via peak area ratios
(analyte vs IS) using linear weighted (1/x2) least-squares
calibration curves. For all analytes except S-(�)-MA and
the 2 enantiomers of MDEA, the corresponding enanti-
omers of the deuterated analogs were used as IS. R-(�)-
MA-d5 was also used as IS for S-(�)-MA, and the enanti-
omers of MDMA-d5 were also used as IS for the
corresponding enantiomers of MDEA.

assay validation
We validated the method with respect to selectivity,
linearity, analytical recovery, precision, stability, and limit
of quantification. A detailed description of the validation
experiments is provided in the supplemental data [see
Text 1 in the Data Supplement that accompanies the
online version of this article at http://www.clinchem.
ort/content/vol53/issue4].

application
The 54 samples from the controlled study and the 33
samples from authentic DUID cases were assayed as
described above. We compared the oral fluid concentra-
tions of the R-(�)- and S-(�)-enantiomers of MDMA in
individual study samples visually and by 2-tailed paired
t tests at each sampling time. We compared the mean

enantiomer ratios (R vs S) for MDMA at each sampling
time to the theoretic ratio of 1.0 for racemic mixtures by
1-tailed t tests. In addition, we compared the concentra-
tions and ratios of the analytes in the oral fluid samples to
the corresponding reported results in plasma samples
(28, 30). We studied correlations between the enantiomer
concentrations and their ratios (R vs S) by plotting the
results for the oral fluid samples against those obtained
for plasma samples.

Results
sample preparation and gc-nici-ms
quantification
We achieved baseline separation of the S-heptafluorobu-
tyrylprolyl (S-HFBP) derivatives of all 5 enantiomer pairs
within a 16-min program. The peaks corresponding to
S-(�)-MDMA and R-(�)-MDEA were not fully resolved
but could be differentiated because of their different MS
properties. The observed noise was generally low, allow-
ing detection of all enantiomers, even for sample volumes
�50 �L. Supplemental data Fig. 1 shows the merged
selected ion chromatograms of a derivatized and ex-
tracted blank sample and a derivatized and extracted
calibration sample containing 50 �g/L of each enantiomer
of MDA and 250 �g/L of each enantiomer of AM, MA,
MDMA, and MDEA.

assay validation
A detailed description of the validation studies and
observed analytical properties of the assay is provided in
supplemental data, Text 2 and Tables 1–3.

Table 1. Time windows, analytes, selected ions (with relative intensities), and electron multiplier voltage (EMV) offsets
used in the selected-ion monitoring method.

Time window, min

Analyte Target ion Qualifier ion 1 Qualifier ion 2

EMV offset, Vm/z Relative intensity, %a m/z Relative intensity, % m/z Relative intensitya, %

7.50–9.50 R-(�)-AM-d11 399 100 379 92 439 44 0
R-(–)-AM 388 100 368 83 428 45
S-(�)-AM-d11 399 100 379 89 439 54
S-(�)-AM 388 100 368 76 428 54

9.50–12.00 R-(�)-MA-d5 407 100 387 49 447 23 400
R-(�)-MA 402 100 382 45 442 19
S-(�)-MA-d5 407 100 387 46 447 20
S-(�)-MA 402 100 382 41 442 20

12.00–13.50 R-(�)-MDA-d5 437 100 417 111 477 72 600
R-(�)-MDA 432 100 412 108 472 61
S-(�)-MDA-d5 437 100 417 114 477 78
S-(�)-MDA 432 100 412 115 472 68

13.50–16.17 R-(�)-MDMA-d5 451 100 431 45 491 28
R-(�)-MDMA 446 100 426 44 486 22
S-(�)-MDMA-d5 451 100 431 43 491 27
S-(�)-MDMA 446 100 426 48 486 25
R-(�)-MDEA 460 100 480 84 500 28
S-(�)-MDEA 460 100 480 92 500 24

a Relative intensityion � (intensityion/intensitytarget ion) � 100%.
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assay application
Oral fluid samples from the controlled study. We applied the
described GC-MS method to 54 oral fluid samples col-
lected during a controlled study with 12 volunteers. Fig. 1
shows plots of MDMA enantiomer concentrations (A) and
ratios (B) vs sampling time for the 9 volunteers from
whom samples were collected at all time points. Concen-
trations of R-(�)-MDMA for all participants and sampling
times (including those excluded in Fig. 1) were from
26.9–2273 �g/L, and those of S-(�)-MDMA were from
�25–1567 �g/L. Peak oral fluid concentrations were
reached 1–4 h after ingestion. In all samples, concentra-
tions of R-(�)-MDMA exceeded those of S-(�)-MDMA,
with statistically significant differences at all sampling
times (P �0.05). The enantiomer ratios (R vs S) were from
1.04–1.92, increased steadily over time, and were �1.0 for
all sampling times (P �0.001).

The concentrations of R-(�)-MDA were �5 �g/L in 42
of 54 samples, with a maximum concentration of 21.4
�g/L. S-(�)-MDA was present at concentrations �5 �g/L
in only 15 samples. For this enantiomer, the maximum
concentration was 74.7 �g/L. Because of the numerous

missing values for R-(�)-MDA, enantiomer ratios (R vs S)
could be calculated for only 12 samples, in which they
were 0.29–0.87.

Oral fluid samples from authentic DUID cases. We applied
the described GC-MS method to 33 oral fluid samples
collected during routine road patrols. In Fig. 2, merged
selected ion chromatograms are shown for 2 derivatized
and extracted oral fluid samples from DUID cases. The 1st
sample (A) contained AM, MDA, and MDMA, whereas
the 2nd sample (B) contained MDA, MDMA, and MDEA.
AM was present in 11 samples. Concentrations of
R-(�)-AM were 47.8 to �7300 �g/L, with a median of 400
�g/L. Concentrations of S-(�)-AM were 49.3 to �6700
�g/L, with a median of 386 �g/L. The AM enantiomer
ratios (R vs S) were 0.97–1.33, with a mean of 1.10. MA
was detected in only 1 oral fluid sample. Concentrations
of R-(�)-MA and S-(�)-MA were 104 and 84.7 �g/L,
respectively, with the enantiomer ratio (R vs S) being 1.23.
MDA was present in 30 samples. In 4 samples, concentra-
tions of R-(�)-MDA were �5 �g/L. The highest mea-
sured concentration and the median concentration for this
enantiomer were 336 and 30.9 �g/L, respectively. Con-
centrations of S-(�)-MDA were �5 �g/L (in 3 samples) to
979 �g/L, with a median concentration of 104 �g/L. The
enantiomer ratios (R vs S) for MDA were 0.26–0.52, with
a mean of 0.31. MDMA was detected in 30 oral fluid
samples. The minimum concentration of R-(�)-MDMA
was 40.2 �g/L and the maximum concentration was
�37 000 �g/L, with a median concentration of 2523 �g/L.
S-(�)-MDMA concentrations were 36.8 to �26 000 �g/L,
with a median concentration of 1749 �g/L. After exclu-
sion of the results from the 3 samples for which only
approximate concentrations were measured, the R vs S
ratios of MDMA enantiomers were 1.09–1.98. MDEA was
detected in only 1 sample. The merged selected ion
chromatogram of this sample, after derivatization and
extraction, is shown in Fig. 2B. The concentrations of
R-(�)-MDEA and S-(�)-MDEA were �840 and 540 �g/L,
respectively, with an enantiomer ratio of �1.6.

Comparison of plasma and oral fluid data. We studied corre-
lations between enantiomer concentrations and their ra-
tios (R vs S) by plotting the results for oral fluid samples
against those for corresponding plasma samples (28, 30).
In Fig. 3, plots are shown for the concentrations of
R-(�)-AM (A), S-(�)-AM (B), and their R vs S ratios (C),
after exclusion of the results of 1 sample for which only
approximate values were available. The ratio of the con-
centrations in oral fluid vs plasma were 2.4–43.2 for
R-(�)-AM and 3.0–42.6 for S-(�)-AM. In Fig. 4, the oral
fluid concentrations of R-(�)-MDMA (A), S-(�)-MDMA
(B), and their R vs S ratios (C) are plotted against the
corresponding data obtained from plasma samples. The
correlation was too weak to allow reliable estimations of
plasma concentrations from oral fluid concentrations.
Oral fluid/plasma ratios were 2.6–46.3 for R-(�)-MDMA

Fig. 1. Oral fluid enantiomer concentrations (A) and ratios (B) of MDMA
vs time after administration of 75 mg racemic MDMA.
The data points represent means and SEs of the n � 9 datasets for which
samples were available at all time points.
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and 3.5–49.8 for S-(�)-MDMA. As can be seen in Fig. 4C,
the correlation of enantiomer ratios (R vs S) was good as
long as enantiomer ratios in plasma were �2, but above
this ratio the scatter increased considerably.

Discussion
We measured the concentrations and ratios (R vs S) of
AM, MA, MDA, MDMA, and MDEA enantiomers in oral
fluid samples and compared the concentrations to those
reported for plasma (28, 30). The availability of sufficient
sample volume is critical in oral fluid analysis. Sample
volumes of 50 �L or less were sufficient to perform our
assay, comparable to the volume required for the non-

enantioselective liquid chromatography-tandem mass
spectrometry method published by Wood et al. (23 ) and
less than the sample volumes of 100–1000 �L required by
other nonenantioselective chromatographic methods (14–
21, 24, 25). The sample preparation was simple, consisting
of direct derivatization without any previous extraction
steps. This was possible because oral fluid samples consist
mainly of water and contain only low concentrations of
protein and mucin, and because derivatization with S-
HFBPCl works well under aqueous alkaline conditions
(28, 29). With the described temperature program, enan-
tioseparation of all analytes was achieved within a run-
time of only 16 min, which is relatively short for separa-

Fig. 2. Merged selected ion chromatograms of oral fluid samples from authentic DUID cases after derivatization with S-HFBPCl.
The dotted lines separate the different time windows of selected-ion monitoring. (A), sample containing 768 �g/L R-(�)-AM (peak 2), 629 �g/L S-(�)-AM (peak 4), 65.9
�g/L R-(�)-MDA (peak 10), 161 �g/L S-(�)-MDA (peak 12), 3947 �g/L R-(�)-MDMA (peak 14), and 2564 �g/L S-(�)-MDMA (peak 16). Peaks 9 and 11 correspond
to 250 �g/L R-(�)-MDA-d5 and S-(�)-MDA-d5, respectively. Peaks 1, 3, 5, 7, 13, and 15 correspond to 1250 �g/L R-(�)-AM-d11, S-(�)-AM-d11, R-(�)-MA-d5,
S-(�)-MA-d5, R-(�)-MDMA-d5, and S-(�)-MDMA-d5, respectively; only 0.01 mL used for analysis. (B), sample containing 15.4 �g/L R-(�)-MDA (peak 10), 45.2 �g/L
S-(�)-MDA (peak 12), 281 �g/L R-(�)-MDMA (peak 14), 210 �g/L S-(�)-MDMA (peak 16), 844 �g/L R-(�)-MDEA (peak 17), and 545 �g/L S-(�)-MDEA (peak 18).
Peaks 9 and 11 correspond to 50 �g/L R-(�)-MDA-d5 and S-(�)-MDA-d5. Peaks 1, 3, 5, 7, 13, and 15 correspond to 250 �g/L R-(�)-AM-d11, S-(�)-AM-d11, R-(�)-MA-d5,
S-(�)-MA-d5, R-(�)-MDMA-d5, and S-(�)-MDMA-d5, respectively.
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tion of 5 enantiomer pairs. This is �1 min longer than our
method for analysis of AM and MA enantiomers in
plasma (29 ) and shorter than our method for analysis of
MDA, MDMA, and MDEA enantiomers in plasma (28 ).
S-(�)-MDMA could not be fully resolved from R-(�)-
MDEA, however, precluding the use of MDEA-d5 as an IS.

The fragment ions of MDEA-d5, with the exception of the
molecular ion, had the same m/z values as those of
MDMA, causing interference with the quantification of
the latter. While the alternative use of MDMA-d5 as an IS
for MDEA worked well for enantioselective analysis of

Fig. 3. Oral fluid concentrations of R-(�)-AM (A), S-(�)-AM (B), and their
R vs S ratios (C) vs corresponding plasma data (28, 30). Fig. 4. Oral fluid concentrations of R-(�)-MDMA (A), S-(�)-MDMA (B),

and their R vs S ratios (C) vs corresponding plasma data (28, 30).
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MDEA in plasma samples (28 ), it did not work in the
present method, as illustrated by the unacceptable analyt-
ical recovery and precision data for MDEA [see Tables 2
and 3 in the online Data Supplement]. Extending the
chromatographic run-time or choosing a different GC
column with respect to phase material or dimension
might solve this problem; however, we decided not to
modify the assay because of the low prevalence of MDEA
(34 ) and the inconvenience of an extended analysis time
or the need to change the column, which can be used for
enantioselective analysis of the same analytes in plasma
samples.

As previously observed (28, 29), the ionization proper-
ties of the S-HFBP derivatives of the primary amines were
better than those of the secondary amines. We adjusted
for this difference by modifying the electron multiplier
voltage during the run (Table 1). The chosen calibration
intervals were in good agreement with the calibration
intervals of nonenantioselective chromatography-based
methods for analysis of the same analytes in oral fluid
(14–17, 20–25) and covered the majority of observed
concentrations in real samples, as determined in the
present study and reported in the literature (24, 34–36).
Much higher oral fluid concentrations have also been
reported, however, particularly for AM and MDMA. The
ability to use reduced sample volumes to achieve analyte
concentrations within the intervals of the calibration
curves was demonstrated using 10 �L of a quality control
sample with a concentration above the calibration
interval.

Freeze-thaw stability is usually tested over 3 cycles
(37 ). We tested it over 6 cycles [see Text 1 and 2 in the
online Data Supplement], because oral fluid samples are
sometimes deliberately frozen and thawed before analysis
to reduce viscosity, which markedly facilitates handling
(9 ).

The findings of oral fluid concentrations of R-(�)-
MDMA significantly exceeding those of S-(�)-MDMA at
all sampling times during the controlled study, and
steadily increasing enantiomer ratios (R vs S) are similar
to results reported for plasma samples (26, 28, 30, 38). The
low concentrations of MDA enantiomers, particularly
R-(�)-MDA, in these oral fluid samples are in agreement
with plasma data, in which R-(�)-MDA was also the
minor MDA enantiomer (26, 28, 30, 38). This is also in
agreement with low concentrations of AM, the corre-
sponding demethylation product of MA, after controlled
administration of MA (16, 35).

In the 33 oral fluid samples collected during routine
road patrols, AM as well as MDMA and its metabolite
MDA were most frequently detected, with 11 and 30
occurrences, respectively. There was a large distribution
of total AM, MDMA, and MDA concentrations in these
samples, which is in accordance with the findings of
Wylie et al. (34 ). In some of the samples, the concentra-
tions of AM and MDMA enantiomers were so high they
did not fall within the calibration interval after using

reduced sample volumes, so only approximate concentra-
tions could be measured.

Navarro et al. (21 ) studied oral fluid vs plasma ratios
for total MDMA and concluded that oral fluid concentra-
tions might be helpful to estimate plasma concentrations,
but also cautioned that these conclusions were obtained
under controlled conditions that might be different for
authentic samples. When we compared the enantiomer
concentrations and ratios of the above analytes in oral
fluid samples to plasma samples taken at the same time
from the same individuals (28, 30), very large ranges of
oral fluid:plasma ratios were observed. In our opinion,
these wide ranges for oral fluid:plasma ratios preclude
any reliable prediction of plasma concentration from oral
fluid data. In the case of AM, the same is true for the
enantiomer ratios (R vs S), for which only a weak associ-
ation could be found. Therefore, the only real interpreta-
tive value of enantioselective analysis of AM in oral fluid
samples should be the possibility to differentiate between
illegal or legitimate ingestion of AM and/or one of its
precursor compounds, as has been described previously
for other matrices (27, 29, 31, 39, 40). For MDMA, enan-
tiomer ratios (R vs S) in plasma have been described as
being potentially helpful for assessing the time since
ingestion of MDMA (26, 30). Unfortunately, the correla-
tion between the enantiomer ratios of MDMA in oral fluid
and plasma samples was not strong enough to draw
similar conclusions for the enantiomer ratios of MDMA in
oral fluid samples. As can be seen in Fig. 4C, the correla-
tion is rather good as long as enantiomer ratios in plasma
are �2. Above that, the scatter increases, making reliable
estimations impossible.
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