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Fig. 2 Main metabolic pathway
of dextromethorphan in humans
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spectrometer (Waters, Milford, MA, USA) equipped with an
electrospray ionization (ESI) interface. Quantification was
performed using multiple reaction monitoring of the tran-
sitions of precursor ions to product ions with each cone
voltage and collision energy as shown in Table 1. The optimal
MS parameters obtained were as follows: capillary 3.0 kV,
source temperature 120 °C, and desolvation temperature
350 °C. Nitrogen was used as the desolvation and cone gas,
with a flow rate of 800 and 50 L/h, respectively. Argon was
used as the collision gas, with a flow rate of 0.25 mL/min.
All data collected in the centroid mode were processed using
MassLynx™ NT4.1 software with a QuanLynx™ program
(Waters, Milford, MA, USA).

Since the standard compounds of (—)-3-MEM and (—)-3-
HM were not available, these peaks were confirmed by
comparison of their retention times and mass fragmenta-
tions with those of the standard compounds of the dextro
forms ((+)-3-MEM and (+)-3-HM) using an ODS column.
The analyses were performed using an Acquity HSS T3
column (100x2.1 mm i.d., 1.8 pm) from Waters (Milford,
MA, USA). The column temperature was maintained at
40 °C, and the following gradient system was used with a
mobile phase A (1% formic acid) and mobile phase B (1%
formic acid/acetonitrile) delivered at 0.3 mL/min: 90%
A/10% B (0 min)-70% A/30% B (8 min). The MS
parameters were the same as for the analyses using the
chiral column described above.

Animal experiments

The animal experimental model was designed as shown in
our previous reports [33, 34]. All experiments were carried
out with the approval of the Committee for Animal Care
and Use of the National Institute of Health Sciences, Japan.
Dextromethorphan hydrobromide (dissolved in an isotonic
sodium chloride solution, 2.5 mg/mL, rat 1-3) or levome-
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thorphan (dissolved in a mixed solution of 5% Emulphor™
EL-620/5% ethanol/90% isotonic sodium chloride solution,
2.5 mg/mL, rat 4-6) was administered to male DA
pigmented rats, which were 5 weeks old and around 90 g
mean weight (Japan SLC, Shizuoka, Japan). The drugs
were given once daily at 5 mg/kg by intraperitoneal
injection for ten successive days. Blood samples were
collected 5, 15, 30, 60, 120, and 360 min after the first
administration from the orbital vein plexus. Plasma
samples were prepared by centrifugation at 10,000xg
for 3 min and stored at —20 °C until analysis. The area
under the plasma concentration time curve (AUC) was
calculated by the conventional method. Urine samples
were collected 0-24, 24-48, and 48-72 h after the last
administration and stored at —20 °C. Each animal had been
shaved on the back just before the first drug administra-
tion. The new growing hair samples were collected 28 days
after the first administration.

Extraction of parent compounds and their metabolites
from rat plasma and urine samples

For the quantitative analysis of O-demethyl and N,
O-didemethyl metabolites in the rat plasma and urine
samples, the analytes were measured as free compounds
after the hydrolysis of O-glucuronides. The optimal
condition of the hydrolysis was evaluated, with the peak
of putative O-glucuronide at nearly 2 min (m/z 434—258)
on the MRM chromatogram disappearing from rat plasma
and urine samples after the hydrolysis.

A 25-uL plasma sample with 50 pL of added 10 mM
ammonium formate buffer (pH 5.0) was reacted with 20 pL
of the B-glucuronidase solution at 37 °C for 20 h. To
precipitate the proteins in the plasma, 40 pL of the IS
methanol solution and 100 pL of methanol were poured into
each tube, and the mixtures were then vigorously mixed. The
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Table 1 Analytical conditions of LC-MS/MS using the Chiral CD-Ph column

Compounds Retention time Precursor ions Cone voltage Product ions Collision energy
min m/z v miz eV
Dextromethorphan 10.6 272 40 171 45
Dextrorphan 6.1 258 45 157 40
(+)-3-MEM 8.1 258 40 170 35
(+)-3-HM 3.9 244 30 156 35
Levomethorphan 11.3 272 40 171 45
Levorphano] 55 258 45 157 40
(-)-3-MEM 9.8 258 40 170 35
(-)-3-HM 4.5 244 30 156 35
Levallorphan (IS) 7.5 284 40 157 40

mixed solution was centrifuged at 1,200xg for 3 min and
filtered prior to the injection for the LC-MS/MS analysis.
To a 50-puL urine sample (20 pL for 0-24 h samples)
was added 100 pL of the 3-glucuronidase solution, 1 mL of
10 mM ammonium formate buffer (pH 5.0) and 50 uL of
the IS aqueous solution, respectively. The mixed solution
was incubated at 37 °C with gentle shaking. After an
OASIS HLB column was pre-activated with 2 mL of
methanol and distilled water, the reaction mixture was
applied to the column. Following the wash of the column
with 2 mL of distilled water, | mL of methanol was passed
through the column to elute the target drugs. A 2-pL of the
solution was automatically injected into the UPLC-MS/MS.

Extraction of parent compounds and their metabolites
from rat hair samples

Hair samples were washed three times with 0.1% sodium
dodecy! sulfate under ultrasonication, followed by washing
three times with water under the same condition. After the
sample was dried under a nitrogen stream at room
temperature, approximately 10 mg of finely cut hair was
precisely weighed and extracted with 1 mL of methanol/
5 M hydrochloric acid mixed solution (20:1) containing
50 uL of the IS methanol solution for | h under
ultrasonication. Following overnight storage at room tem-
perature, the hair was filtered off, the filtrate was evaporated
with a nitrogen stream, and the residue was dissolved in
1 mL of distilled water. The solution was treated with an
OASIS HLB column and analyzed as described above.

Linearity, precision, and recovery of the analytical method
for the rat samples

An individual standard solution of 1.0 mg/mL of each drug,
dextromethorphan, levomethorphan, dextrorphan, 3-
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hydroxymorphinan, 3-methoxymorphinan, and levorphanol,
was prepared in methanol and stored at 4 °C. The IS solutions
of 1 pg/mL of levallorphan in methanol for the analysis of hair
samples and those of 1 pg/mL of levallorphan in distilled
water for plasma and urine samples were also prepared.

The drug concentrations in the samples were calculated
using the peak—area ratios of the ions monitored for the target
compounds versus IS. The calibration curves for the determi-
nation were constructed by analyzing extracted drug-free
control samples spiked with the standard solution, as described
above. The calibration samples containing 0, 1, 2, 4, 20, 40,
200, and 400 ng/mL of the target drugs for the rat plasma, 0, 5,
10, 50, 100, 500, 1,000 2,500, 5,000, and 10,000 ng/mL for
the urine samples and 0, 0.1, 0.5, 1.0, 5.0, 10, 25, and 50 ng/
mg for the hair samples were prepared just before analysis.
The limit of quantitation (LOQ) of each drug was chosen to be
the concentration of the lowest calibration standard with an
acceptable limit of variance, while the limit of detection
(LOD) was defined as concentrations in a sample matrix
resulting in peak areas with signal-to-noise ratios (S/N) of 3.

The precision of the method was evaluated by five
consecutive analyses of the plasma and urine samples that
were spiked with the standard solutions containing 2, 20,
and 200 ng/mL for the rat plasma samples and 5, 500, and
5,000 ng/mL for the urine samples, respectively. For the
hair analyses, the control samples spiked with the standard
solutions each containing 0.1, 5, and 50 ng/mg of the
targeted drugs were evaluated. The recoveries of the four
analytes from the rat samples were determined using each
sample spiked with the analytes at a concentration of 80 ng/mL
for the plasma, 500 ng/mL for the urine, and 10 ng/mg for the
hair, respectively. To determine the recoveries, the responses of
the analytes in the standard solutions and in the extracts from
the rat control samples were compared. For the quantitative
analysis of (—)-MEM and (—)-HM, the calibration curves of
(+)-MEM and (+)-HM were used.
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Demethylation of dextromethorphan/levomethorphan in rat
and human liver microsomes

For the in vitro experiments with rat and human liver
microsomes, the reaction mixture consisted of 0.1 M
potassium phosphate buffer (pH 7.4) with an NADPH
generating system (1.3 mM NADP, 3.3 mM G-6-P, 0.4 U/
ml G-6-PDH, 3.3 mM MgCl,), 50 uM substrate (dextro-
methorphan or levomethorphan), and 0.5 mg protein/mL
microsomes (rat or human liver microsomes) in a final
volume of 200 pL. Dextromethorphan and levomethorphan
were dissolved in methanol, and the final concentration of
the organic solvent was 0.1%. The incubation was started
by adding the microsomal fraction and then continued for 0,
5, 10, or 20 min. The reaction was terminated by adding an
equal volume of a mixed organic solution of 50%
acetonitrile and 50% methanol, including 10 uM levallor-
phan (IS), and vigorous shaking. At the same time, a
reaction mixture without the microsomal fraction was also
incubated as an enzyme-free control. The mixture was
centrifuged at 3,500xg for 3 min at 4 °C, and the
supernatant was filtered prior to the injection for the LC-
MS/MS analysis. The in vitro experiments for kinetic
analyses were also performed as described above, except
that 2, 5, 10, 50, 100, and 150 uM of substrates were
incubated with the rat and human liver microsomes for
10 min. Each experiment was performed in duplicate and
kinetic parameters were calculated with Eadie-Hofstee
plots.

The results of the in vitro experiments were each
evaluated by three consecutive analyses. The amounts
of dextromethorphan/levomethorphan and their metabo-
lites were calculated on the basis of calibration curves
made by spiking known amounts of these compounds

into the reaction mixture without the microsomal
fraction.

Results

Chiral separation of dextromethorphan/levomethorphan
and their metabolites

Complete chiral separation of dextromethorphan, levomethor-
phan, and their metabolites was achieved in 12 min on a Chiral
CD-Ph column in 0.1% formic acid—acetonitrile by a linear
gradient program. The retention time of each compound was
as follows: the parent compounds (dextro/levo forms, 10.6/
11.3 min) and their metabolites of O-demethy] (6.1/5.5 min),
N-demethyl (8.1/9.8 min), and O, N-didemethyl (3.9/
4.5 min) as shown in Table 1. Figure 3 shows LC-MS/MS
total ion current chromatograms (MRM mode) of the extract
from plasma (30 min after the first administration), urine (0—
24 h after the last administration), and hair (collected 4 weeks
after the first administration) of rats administered with
dextromethorphan or levomethorphan. Under the chromato-
graphic conditions used, there was no interference with any
of the compounds or the internal standard by any extractable
endogenous materials in the rat samples. The peaks 7
(9.8 min, m/z 258—170) and 8 (4.5 min, m/z 244—156)
on the chromatograms shown in Fig. 3 were identified as
those of (—)-3-MEM and (—)-3-HM when the mass frag-
mentations of these peaks were considered, although the
standard compounds of these two metabolites were not
available. These peaks were also confirmed by comparison
of their retention times and mass fragmentations with those
of the standard compounds of the dextro forms ((+)-3 MEM
and (+)-3-HM) using an ODS column.

Plasma (30 min) Urine (0-24hr) Hair
(A) A 4 A !
1 /
2183 2 4 ,
Y st s 28
[ EhEE S :' ﬂl ¥ :s ot T XT: a“":‘""& Y s LA AL A '
B ° B B
(B) (B) (B)
g 8 S8 6 5
/.' ’T . O ./E:"\ 1S 8 o 2"\, l?’v 7 .
i O e TR AR R S MM R A LT AL Tt

2 4 6 8 10 12

Fig. 3 LC-MS/MS total ion current (TIC) chromatograms (MRM
mode) of the extracts from plasma, urine, and hair of rats administered
with (A) dextromethorphan and (B) levomethorphan using a chiral
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Table 2 Validation of results of the LC-MS/MS analyses of dextromethorphan/levomethorphan and their metabolites in rat plasma, urine and hair

samples (n=5)

LOD LoQ Linear  Recoveries Precision (%) Accuracy (%)

Samples Compounds (S/N>3) (S/N>10) ranges (%) (n=5) (n=5)
2.0 20 200 2.0 20 200
(ng/mL) 80 ng/ml. ng/mt  ng/mL ng/mL  ng/mL  ng/mL ng/mL
Dextromethorphan 0.8 1.0 106.1 22.1 9.3 1.5 -19.2 5.5 -0.2
Plasma pe,iro Dextrorphan 0.4 0.8 1.0.400 81.7 10.2 3.8 1.5 10.2 2.2 -3.6
(50 L) (+)-3-MEM 0.8 1.0 110.5 15.0 3.2 2.5 235 2.1 2.6
(+)-3-HM 0.8 1.0 92.5 15.7 6.1 1.8 13.7 -8.3 2.9
Levomethorphan 0.8 1.0 100.8 8.6 4.9 25 21.6 -4.4 -5.7
Levo | cvorphanol 0.8 19 10-400 90.7 15.9 4.1 23 106 56 3.6
5.0 500 5000 5.0 500 5000
(ng/m) 500 ng/ml ng/mL  ng/mb ng/mL  ng/mb ng/mL ng/mL
Dextromethorphan 1.0 2.5 90.2 9.7 0.8 26 -4.8 -5.2 -4.8
Urine  pgygro Dextrorphan 1.0 255 0.10000 106.1 23.6 4.6 32 -17.9 11.1 -3.3
(100 pL) (+)-3-MEM 2.5 5.0 1025 19.7 6.1 4.2 10.4 -5.8 2.7
(+)-3-HM 2.5 5.0 91.3 24.6 5.1 2.6 1.6 -9.9 1.5

10 ng/mL 10 ng/mlL

Levomethorphan 1.0 5.0 94.6 10.9 9.5 2.6 4.3  -17.0 -2.2
LeYO | evorphanol 1.0 5.0 1010000 93.1 48 45 46 186 -8.0 6.8
0.1 5.0 50 0.1 5.0 50
(ng/mg) 10ng/mg ng/mg ng/mg  ng/mg ng/mg ng/mg  ng/mg
Dextromethorphan 0.025 0.05 84.2 11.5 4.5 2.8 4.6 18.8 -6.6
Hair Dextrorphan 0.025 0.05 0.1-50 99.8 6.4 2.6 2.7 3.7 15.4 -3.5
(10 mg) (+)-3-MEM 0.025 0.05 83.8 18.6 3.9 1.5 47 0.6 2.2
(+)-3-HM 0.025 0.1 91.4 11.2 6.2 2.8 4.6 18.8 6.6
Levo Levomethorphan 0.025 01 450 98.1 9.9 9.8 5.5 0.1 2.3 -5.1
Levorphanol 0.025 0.05 112.2 8.8 2.8 4.2 11.9 1.3 -3.8

Linearity and precision of the analytical method for the rat
urine, plasma, and hair samples

The calibration curves were linear over the concentration
range 1.0-400 ng/mL for rat plasma, 5.0-10,000 ng/mL
(compounds of dextro forms) and 10.0-10,000 ng/mL
(compounds of levo forms) for rat urine, and 0.1-50 ng/mg
for rat hair, with good correlation coefficients of r220.996,
respectively. The LOD of each drug was 0.4 or 0.8 ng/mL
for the plasma, 1.0 or 2.5 ng/mL for the urine, and 25 pg/mg
for the hair samples. The recoveries and the precision and
accuracy data from the analytical procedures for the rat
samples (n=5), spiked with a standard solution of the
targeted compounds, are shown in Table 2.

Determination of dextromethorphan/levomethorphan
and their metabolites in DA rat plasma, urine, and hair
samples

1t has been reported that a female DA rat lacks the CYP2D1
enzyme, which is known to be related to O-demethylation
of dextromethorphan in the SD rat; it is therefore used as a
model animal for the poor metabolizer phenotype of
dextromethorphan [35-37]. As such, the metabolic data
from female DA rats may not reflect the “normal” situation.
On the other hand, pigmented hairy rats appear to be
suitable for the investigation of analytical methods of basic
drugs in hair samples, compared with albino rats (SD or
Wistar rats) because pigmentation (the melanin contents) is
one of the most important factors regarding the incorpora-
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tion of basic drugs into hair, as described before [38].
Therefore, thus far, we have studied the analytical proper-
ties of various drugs in hair samples using the pigmented
hairy male DA rats, avoiding female DA rats.

After the ip. administration of dextromethorphan or
levomethorphan to pigmented hairy male DA rats, the
parent compounds and their three metabolites in the plasma,
urine, and hair were determined using LC-MS/MS. The
optical purities of the resulting metabolites were unchanged
in any rat biological sample, and no racemation was observed
through O- and/or N-demethylation (Fig. 3). In the rat plasma
(AUCsg 360 min) and urine samples (total excretions for 0—
72 h) after the hydrolysis of O-glucuronides, most metabo-
lites were detected as being the corresponding O-demethyl
and N, O-didemethyl compounds, as shown in Table 3.
However, obvious differences in the amounts of these
metabolites were found between the dextro and levo forms.
After administration of dextromethorphan, dextrorphan and
(+)-3-HM were the major metabolites in the plasma (59.4 and
64.3 mg/L-min) and urine (106.1 and 226.9 pg/mL). However,
O-demethy! metabolites (levorphanol) were mainly detected
in the plasma (197.1 mg/L'min) and urine (210.5 pg/mL)
after administration of levomethorphan (Table 3).

In the hair samples, the differences in the amounts of the
metabolites are more clearly detected. After administration
of dextromethorphan, the parent compound and the N-
demethyl metabolite ((+)-3-MEM) were mainly detected at
63.4 and 25.1 ng/mg, respectively, although the O-demethyl
metabolite of dextromethorphan (dextrorphan) was detected
at only 2.70 ng/mg, which was nearly one tenth of the level
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Table 3 Rat plasma AUCsg 360min, total excretion into rat urine, and concentrations in rat hair of dextromethorphan/levomethorphan and their

metabolites

Administrations

Targeted compounds

Plasma
AUCo 360min (mg/L-min)

Urine

Total excretion 0~72 h (ug)

Concentration (ng/mg)

Dextromethorphan (rat 1-3)

Levomethorphan (rat 4-6)

Dextromethorphan
Dextrorphan
(+)-3-MEM
(+)-3-HM

Levomethorphan
Levorphanol
(-)-3-MEM
(-)-3-HM

23.8+17.6
59.4+16.3
3.10+2.15
64.3+£31.3

6.90+5.12

197.1+48.2

1.47+0.64
51.5+9.6

2.13+1.05
106.1+15.3
6.95+0.68
226.9+51.3

0.59+0.61
210.5+36.2

0.13+0.06

39.0+5.9

63.4+4.6
2.7040.04
25.1£1.9
0.70+0.11

24.5+53
24.6+2.4
2.57+0.71
0.49+0.09

of levorphanol. In contrast, after the administration of
levomethorphan, the parent compound and the O-demethyl
metabolite (levorphanol) were mainly detected at 24.5 and
24.6 ng/mg, respectively, with a small amount of the N-
demethyl metabolite ((—)-3-MEM). The N, O-didemethyl
metabolites (3-HM) were hardly detected in either sample
(Table 3). The ratios of the parent compounds, their
O-demethyl, N-demethyl, and &, O-didemethyl metabolites
in the hair samples were 100:4:40:1 for the dextro forms
and 100:100:11:2 for the levo forms, respectively.

Urine
Total excretions 0-72 h (ug)

The rat plasma AUCs, total excretions into rat urine and
concentrations in rat hair of dextromethorphan or levome-
thorphan, and their metabolites are summarized in Fig. 4. The
metabolic ratios of dextromethorphan/levomethorphan,
O-demethyl, N-demethyl, and N, O-didemethy! metabolites
in rat plasma (AUCq 360 min) and hair (collected 4 weeks
after the first administration) were 1:3:0.1:3 and
1:0.04:0.4:0.01 for the dextro forms and 1:29:0.2:7 and
1:1:0.1:0.02 for the levo forms, respectively. It is of interest
that the concentrations of dextromethorphan and levome-
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Fig. 4 Rat plasma AUCsg 360min, total excretions into rat urine, and
concentrations in rat hair of parent compounds and their metabolites
after administration of (A) dextromethorphan and (B) levomethor-
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Fig. 5 Demethylation of (A)
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thorphan in the rat hair were obviously high compared with
those in the plasma, while those of their O-demethyl and N,
O-didemethyl metabolites in the hair (which mostly existed
as very hydrophilic metabolites, O-glucuronides in the plasma)
were extremely low considering their high plasma AUCs.

Demethylation of dextromethorphan/levomethorphan in
DA rat liver microsomes

In order to fully investigate the differences of the metabolic
properties between dextromethorphan and levomethorphan,
DA rat liver microsomes were studied. Figure S shows the
O- and/or N-demethylation of dextromethorphan/levome-
thorphan in the rat liver microsomes.

The optical purities of the resulting metabolites were
unchanged in the liver microsomes, and no racemation
was observed through O- and/or N-demethylation. After
20-min incubation, 4.8% of dextromethorphan and 45% of
levomethorphan were transformed to each O-demethyl
metabolite, and 22% and 19% of the parent compounds
were transformed to each N-demethyl metabolite. The N-
demethylation was preferred over O-demethylation for
dextromethorphan. In contrast, O-demethylation was
preferred over N-demethylation for levomethorphan and
the O-demethylation of levomethorphan was performed at
levels 9.4 times that of dextromethorphan after 20-min
incubation. The N-demethylation of levomethorphan was
almost the same as that of dextromethorphan. Table 4
shows kinetic parameters for O-demethylation of dextro-
methorphan and levomethorphan by the DA rat micro-
somes. The V,.x value for levomethorphan (3.8+

10 20 min 0 10 20 min
0.3 nmol/min/mg protein) was 5.9 times higher than that
of dextromethorphan (0.65+0.03 nmol/min/mg protein).
The K, values for levomethorphan and dextromethorphan
were 22.1£5.0 and 44.1+4.0 uM, respectively. These
results suggest that there might be an enantioselective O-
demethylation of levomethorphan in the DA rat liver
microsomes. This enantioselective metabolism might be
the cause of the different amounts of the metabolites
observed in the rat plasma, urine, and hair after adminis-
tration of dextromethorphan and levomethorphan.

Demethylation of dextromethorphan/levomethorphan in
pooled human liver microsomes

In order to investigate whether the enantioselective
metabolism could be observed in humans as well as in
DA rats, the pooled human liver microsomes were
examined. Figure 6 shows the O- and/or N-demethylation
of dextromethorphan/levomethorphan in the human liver
microsomes.

The optical purities of the resulting metabolites were
unchanged also in the human liver microsomes, and no
racemation was observed through O- and/or N-demethyla-
tion. After 20-min incubation, 3.3% of dextromethorphan
and 11% of levomethorphan were transformed to each
O-demethyl metabolite and 2.5% and 7.1% of the parent
compounds were transformed to each N-demethyl metabo-
lite. The total amounts of the three metabolites from
levomethorphan were higher than those from dextrome-
thorphan in human (3.1 times) microsomes. Kinetic
parameters for O-demethylation of dextromethorphan and

Table 4 Kinetic parameters for O-demethylation of dextromethorphan/levomethorphan by DA rat and human liver microsomes

DA rat liver microsomes

Human liver microsomes

Dextromethorphan Levomethorphan Dextromethorphan Levomethorphan
Vinax (nmol/min/mg protein) 0.65+0.03 3.8+0.3% 0.26+0.03 0.58+0.02°
Ko (LM) 44.144.0 22.1+5.0% 45409 8.9+1.72

# Significantly different from dextromethorphan (p<0.01)
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levomethorphan in the human liver microsomes are listed in
Table 4. The V. value for levomethorphan (0.58+
0.02 nmol/min/mg protein) was 2.2 times higher than that
of dextromethorphan (0.26+0.03 nmol/min/mg protein).
The K, values for levomethorphan and dextromethorphan
were 8.941.7 and 4.5+0.8 uM, respectively. There could
also be an enantioselective metabolism of levomethorphan
in human liver microsomes.

Discussion

In this study, we first investigated the analytical methods of
dextromethorphan/levomethorphan and their metabolites in
biological samples using DA male rats. As a result, chiral
separation of dextromethorphan, levomethorphan, and their
metabolites in biological samples was achieved in 12 min
on a Chiral CD-Ph column. The optical purities of the
resulting metabolites were unchanged in all rat biological
samples, and no racemation was observed through O- and/
or N-demethylation. The proposed chiral analyses might be
applied to human samples and could provide useful
information for discriminating dextromethorphan use from
levomethorphan use, considering the possibility of the
adulteration or substitution of dextromethorphan with
levomethorphan for illegal purposes. However, for applica-
tion to forensic toxicological purposes, further studies
should be carried out using authentic human samples.

The concentrations of dextromethorphan and levome-
thorphan in the rat hair were obviously high compared with
those of metabolites in the plasma and urine samples in this
study. In our previous study [38], we determined the
melanin affinity and lipophilicity of 20 abused drugs and
these values were compared with the ratio of drug
concentration in hair to plasma AUC as an index of the
incorporation tendency into hair. As a result, the combina-
tion of melanin affinity (basicity) and lipophilicity showed
a high correlation with the incorporation tendency into hair.
Parent compounds can be detected relatively easily in hair

in comparison with their hydrophilic metabolites. Actually,
it has been reported that cocaine is detected in hair at a
much higher concentration than its metabolite, benzoylec-
gonine, although cocaine is rapidly hydrolyzed to benzoy-
lecgonine and disappears from plasma [39]. Considering
those reports, the physico-chemical properties of dextro-
methorphan/levomethorphan and their metabolites could be
significantly related to their concentrations in the hair
samples. Additionally, the drug concentrations in the rat
hair (collected 4 weeks after the first admiristration)
reflected the total amounts of drugs in the plasma of rats
administered with dextromethorphan/levomethorphan for
ten successive days, and the differences might become
more distinct. The detection of the parent compounds from
hair samples would provide useful information regarding
the monitoring of their use over a long period.

In the DA rat samples, obvious differences in the ratios
of the metabolites were found between the dextro and levo
forms. These differences were most clearly detected in the
hair samples. The concentrations of the parent compounds,
their O-demethyl, N-demethyl, and N, O-didemethyl
metabolites were 63.4, 2.7, 25.1, and 0.7 ng/mg for the
dextro forms and 24.5, 24.6, 2.6, and 0.5 ng/mg for the levo
forms, respectively. In order to investigate the differences
of their metabolic properties between dextromethorphan
and levomethorphan, DA rat and human liver microsomes
were studied. As a result, we have shown the enantiose-
lective metabolism of levomethorphan, not only in DA rats
but also in human liver microsomes, especially with regards
to the O-demethylation. Because it is well-known that
CYP2D6 (mainly related to O-demethylation of dextro-
methorphan) is polymorphically expressed in humans, it
may be difficult to discuss the enantioselective metabolism in
humans who can be classified as poor, intermediate and
extensive metabolizers of dextromethorphan. In future stud-
ies, the metabolic properties of these drugs using CYP2D6
enzymes (having a variety of phenotypes) should be examined
to clarify the effects of their genotypes on the enantioselective
O-demethylation of levomethorphan observed in this study.

Fig. 6 Demethylation of (A) (A) Dextromethorphan (B) Levomethorphan
dextromethorphan and (B) levo- = 12 12
methorphan in human liver £
microsomes S 49 | —@—Dextrorphan 40 | & Levorphanol
= -~ (+)-3-MEM ~ & (-)}-3-MEM
£ 81 —a-ahm 8| -a-()3-HM
e 8
£ o —
c -
S 4
T
>
£ 5 |
[}
£
a 0
0 10 20 min
‘2_) Springer
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Conclusions 12. Schmid B, Bircher J, Preisig R, Kiipfer A (1985) Clin Pharmacol
Ther 38:618-624

. . 13. Gorski JC, Jones DR, Wrighton SA, Hall SD (1994) Biochem
In this present study, we have established procedures for Pharmacol 48:173—182 g
chiral analyses of dextromethorphan, levomethorphan, and  14. Képpel C, Tenczer J, Arndt 1, Ibe K (1987) Arzneimittelforschung
their O-demethyl and/or N-demethyl metabolites in rat 37:1304-1306
plasma, urine, and hair using LC-MS/MS. These analytical 5. Igf;;z.;jéglsténer N, Lutz RW, Lutz WK (2008) J Chromatogr B
methods might be applied to human samples and could be 16 Kristensen HT (1998) J Pharm Biomed Anal 18:827-838
useful for discriminating dextromethorphan use from  17. Aumatell A, Wells RJ (1993) J Chromatogr Sci 31:502-508

levomethorphan use although further studies should be
carried out using authentic human samples for forensic
toxicological purposes. In addition, we have found the
enantioselective metabolism of levomethorphan, not only
in DA rats but also in human liver microsomes, especially
with regards to the O-demethylation. This is the first
report describing the differences in metabolic properties
between dextromethorphan and levomethorphan in rats
and humans.
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Direct Analysis in Real Time (DART)-TOFMS # A\ /=fRehE& WEIETD
3,4-methylenedioxymethamphetamine (MDMA) fuERX 7 |) —= > &0

A HRART, ERCKE)EE,* & B £ /A

Simple and Rapid Screening for Methamphetamine and 3,4-Methylene-
dioxymethamphetamine (MDMA) and Their Metabolites in Urine
Using Direct Analysis in Real Time (DART)-TOFMS

Maiko KAWAMURA, Ruri KIKURA-HANAJRIL* and Yukihiro GODA
National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received December 21, 2010; Accepted January 31, 2011; Published online February 10, 2011)

An ionization technique, direct analysis in real time (DART) has recently been developed for the ambient ioniza-
tion of a variety samples. The DART coupled with time-of-flight mass spectrometry (TOFMS) would be useful as a sim-
ple and rapid screening for the targeted compounds in various samples, because it provides the molecular information of
these compounds without time-consuming extraction. In this study, we investigated rapid screening methods of illicit
drugs and their metabolites, such as methamphetamine (MA), 3,4-methylenedioxymethamphetamine (MDMA), am-
phetamine (AP) and 3,4-methylenedioxyamphetamine (MDA) in human urine using DART-TOFMS. As serious
matrix effects caused by urea in urine samples and ionizations of the targeted compounds were greatly suppressed in the
DART-TOFMS analyses, simple pretreatment methods to remove the urea from the samples were investigated. When a
pipette tip-type solid-phase extraction with a dichloromethane and isopropanol mixed solution as an eluent was used for
the pretreatment, the limits of detection (LODs) of 4 compounds added to control urine samples were 0.25 ug/ml. On
the other hand, the LODs of these compounds were 0.5 ug/ml by a liquid-liquid extraction using a dichloromethane and
hexane mixed solution. In both extractions, the recoveries of 4 compounds from urine samples were over 70% and these
extraction methods showed good linearity in the range of 0.5-5 ug/ml by GC-MS analyses. In conclusion, our proposed
method using DART-TOFMS could simultaneously detect MA, MDMA and their metabolites in urine at 0.5 ug/ml
without time-consuming pretreatment steps. Therefore it would be useful for screening drugs in urine with the molecular
information.

Key words——direct analysis in real time; methamphetamine; 3,4-methylenedioxymethamphetamine; urine; time-of-
flight mass spectrometry

i}

¥

IRAEBFE X f17= Direct Analysis in Real Time
(DART™) 1 F ki, KRQUE T THEMBIC
Bl A ALTE, 35 ICEERHEEC time-of-
flight mass spectrometry (TOFMS) ZH W5 Z &
T, BEEEAECE DS THEHRHEEN TR
- 5.V DART T3k, BEHRFOREEERZED
T, AF VRN E TG THEOERRESA A 1L
N, PTEOHFEMNAETH DD, HiIahd
fEE KR ORBESAFETE S, BRI DART 2
BUEERSORYT O/, ™ BMAaET

B N7 [ B S AR SRR
*e-mail: kikura@nihs.go.jp

DY, 1010 BRI, 1219 J kg, 1919 EREE
O, 71 T DAk 2 RS BB B 4T
FIBEmEINTNWS., £, bitbhiI@EE
DART-TOFMS Z Wz ¥ REE R T v 785
RONERGHEY OEFERZ ) —Z 2 THIZDNT
WEL TS, 20

RAYPELAERD 1 RA Y —Z2T8HELT, A
LU N5 T —ERWEEBGBREF Y MT
X DWRAEED, BERHFEELLTEZOHEETHEA
INTWD, Ins@gmEFsy ML, Rz RIEN
FNDEIZOE, REZFE T 2FEOEMRBIET
HETEDH, BRICBITZ2RENZIHEYTH
2438 | methamphetamine (MA) R O Rk FREE
3,4-methylenedioxymethamphetamine (MDMA) %
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AU CRHIFICRAIRE A L/ 70 T 5T
4 —F v NIBEEDOEL ZARFEIN TN, FZ
T, AW T MA XU MDMA, Zh5{LE&MD
{351y amphetamine (AP) }&Uf 3,4-methylenedioxy-
amphetamine (MDA) % [RIRFIZH|B| AT E7R, DART-
TOFMS Z fW/= [RHPELHEN DA 7Y —Z 2 T &%
DOBFTETo 7.

£ B 5 &

1. RAE  HIaREY E LT AP GELE, MA
HERE, MDMA s, MDA R, /- GC-
MS 73l O NAZHEYE & L T MA EKREHAE
(2-methylamino-1-phenylpropane-2,3,3,3-d4, MA-d4)
DOELEYI/KABREZFERL 2. MAEBERBEIIKRAA
ERESENSHAL, ZOMOLAMIBEICER
L, X THELZDDOEFEML . 2022 gl H
DRELFEEEZE S LT urease Type C3 from Jack
beans, 1490000 U/g (Sigma Aldrich ff:, MO, USA)
, Y47 0BEMHABHAE XY bF v F 13 Omix
pipette tips C18 Jx X C4 (Varian £, CA, USA) %,
TN BB OBREAB T VY —& LT
UltraFree-MC (FL££ 0.45 um) (Millipore £, MA,
USA) 2R L. ToMOREIRERHZH
W, REBHIRS 2T« ThoREREREY 7Y —
Ot ha>bhbo—)VREUTERLE. b MREE
FE R GZ OB FNE, BENEEMSELEEVZE
FItARmEZEER L 5MEEEDORRERT, M
HEEBROEDDSHFEICHID, BEFTREHBETH
> TERLUZ.

2. BIRLEL R DRFIZLDEEZKE L,
DART-TOFMS BIEIZ BV} 2 EM OB K E % 17
LIRS EDICLITFIORL SRR R L
7z,

2-1. EMEE <A 7DEMEmHEXRY b
F 7 (Omix pipette tips C18 XiZ C4) #HNTH
RYEVERR Z A IRE 0.5-5 ug/mlITFRE U /= R
et OlkEYE, UTIORUEBETHE 21T
7=. OEMOEMEA : A% 7 —)L 1004 2 [E], Hik
10041 2 [EIE Ry NEIEZRITS. QFBIORRT : &
EWERMLUZE I PO—)VER 1004112 0.1M
KEEILT MU T AKBER 20Ul ZINA, P TER
v NMEER S EHEDIRT. Ok @ Mizk 100 ul 2 [&],
5% AL ) —)VKEH 100 pl 2 [EIE Ry MMRIEZRTT

5. @i EHIBE SOul R TE Ry MEEE S
Bl 0RY. HB5N/=EHKE DART-TOFMS 43
FricfEm L 7.

22, FK-RHEHE b3 hO—)VR 1ml
ICEEYERERIRZ 0.5-5ug/ml 2725 XD HRMN
L, DED2S%Y > EZT7KEMAT. 51T 500
plOERBEEMATIRED L, HERAEEL
A RIEICHERLZ.

2-3. BRLEZER REREOLDITEPIC
e, FEYEFMUZE a2 bo—)LR 100 ul
{Z urease (1000 U/ml U > EEEEHEIKR) 10ul 20
A, 3TCTI04pRIRE S LBRRIGZITo .

3. DART-TOFMS 7 #¥7 DART-TOFMS #HiE
HE L UT, 4218 Direct Analysis in Real Time
(DART) IZEE5#a AccuTOF JMS-T100 (&%
WHABTHE) 2@ LALb0E2#MA L. HiE
AR EN 5 XABOSiRIcAESE, FH—&K
Bz 1 [ 1-2 43 D43 THEE(E DART 1 4 > E
KpE L, AR MVOWREfTo/. 158, BHE
RIEITIZ PEG600 Z i L, #&EIE D NERLEYH
& U T caffeine (CgH,oN,O,) HHKZR WL, 2D
L DBPFELFRFILLTORD TH 5.

DART 44 : Positive mode; gas flow: He, 2.01/
min; gas temp.: 200°C; needle: 3200 kV; electrode 1:
100 V; electrode 2: 250 V

TOFMS &1 : Postive mode; orifice 1: 15V, 80°C;
orifice 2: 5 V; ring lens: 5 V; ion guide: 500 V; reflec-
tron: 950 V; mass range: 100-500 (Da)

4. GC-MS i BEMLEEICBITDRSM»
5® MA, AP, MDMA, MDA QEUERKL N, i
HEHOEGEZHER TS0, FUEZfToEE
GC-MS ZHWTEBMIZfTo /2. ¥ 7 OEHM
MHAE Xy b F v B L < RE-RHEIC X S
HIRIZ, PIEEYE MA-d4 KSR (RIEBE 2 ug
/ml) RUOEHERASY J—)L%& MA, AP EBEHERE O
FHRFIE OO ICHBRML %, EFRK F CTER
B [E & & 7=, Trifluoroacetic anhydride (TFAA, Sig-
ma Aldrich #£) 100 gl Kk OVEeE: 5 )L 100 ud % #1
Z, 60°C T2 7N EH, BEOHEELZEELR
MFTEEL, BT FIL 1004 ICHEML T, &
L&D TFAKE L TGC-MS g #1772, £
7z, BRALBFRRIIONWTE, KINRICHNEEDE
MA-d4 7K¥ER (BRFBE 2pug/m) RUOTY ) —
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WV 09ml ZIMATY INU B S E728%, B
74N —AML, ER[N FTRREZESE
TFAA Z AW THEBRICHEERERL L T GC-MS #lER
Bt& Uz,

GC-MS I Selected ion monitoring (SIM) F—
RTHREZTY, BEEMENREYELLOE -2
ERELEEHL, 0.5-5.0ug/ml OEREHFHITHIT
LEEEYOEREZRF L. BINER, SBE
BT 2 EERK S RTLEEROY — V7 mfE (%
b/ WIRENE) ZHETHIEICIDERL
7z.

GC-MS BlEEE & L T, 689N GC-5975MSD
(Agilent #£8) =MWz,

GC-MS &4 : Column: HP-IMS (30mXx0.25
mm i.d., 0.25 um, Agilent) ; Gas: He;.Flow: 1.0 ml/
min; injection volume: 1 ul; splitless rﬁode; Injection
temp.: 200°C; Column temp.: 60°C (1 min hold) —20
°C/min-280°C (5 min hold); ionization: EI; transfer
temp.: 280°C; monitoring ions: m/z 140 (TFA-AP),
154 (TFA-MA, TFA-MDMA), 135 (TFA-MDA),
158 (TFA-MA-d4)

BRRUEE

3). 7ab, HinEEHEEOEEZESN 10 mmu LA
DFEE THHEE FIREIR B E T &LaY 1 ug/ml L)
ET&Ho7z. Table 1 ICHIELEY R OIRFE dimer
DR (O b >ATmE) ROE/ 74V REY
VEEEERLU.
RITRARHT MA KB ZRMU TRIEZ{T o
&2 A, BRE (CHN,O) @ dimer ([2M+H]*:
121.0725) 12k 21 F AN EED 53, MA D
70k NG FAF > IM+H] R TE 5B
B (S/N>3) [ IKIBIETL, 20ug/mlBETH
-7 (Fig. 1). #Z T, DART-TOFMS 2 &k 3R
HREMSIITBNT, REOFEEKH UKRHEE
A EXE5720OESNBRTNEEERE L.
2. YA 0EMRMEAERY bFy TERAWE
o A OEMBHAERY hFy TR, F
v THEMICEEMEREL TR, Y1708y
MZEZL TEEOER Y MEETHEKRZES, T
9% & T—EOBEMMHIRERTD  &04E
THO, RPEEDHITOMULBICBHANENTY
%).24)

Table 1. Elemental Compositions of Targeted Compounds,
Caffeine and Urea (Dimer) and Their Exact Mass (Calculat-

1. BEFRRURFENOEBEIN  HeH od)
P OBFHEREHIT, 25%T BT REHMBIMA 3 C d Elemental compositions Exact mass
3 4 . Ny e [ ompoun (protonated) (calculated)
BEEHE & U THIE 21T o7z, DART 1 7 RIZH
—HEERDIELY S ABORMIHBES T THY AP Cotha 136.11262
% . - MA CioH N 150.12827
L, TOFMS iIZ X D EEEIDOILEMA XY MV HERR MDA C\ HLNO, 180.10245
EITo7. ZO0fEE MA, AP, MDMA, MDA /K& MDMA CuHyGNO, 194.11810
o7 ok AmaFA A > IM+H] YOI, wﬁ@ CsHy N,O, 195.08820
&ALaH 0.5 ug/ml F TRERTRETH - 7= (S/N> urea (dimer) C,HsN,O, 121.07255
urea [2M+H]*
NM21.0715
MA
150.1299
2101612
131.1289 L
‘M 21541205
160. T 7 7 ~15|0 ------------------ 25;0 ||||||||| 3‘:5”

200
HEBEFE /2

Fig. 1. DART-TOFMS Mass Spectrum of the Urine Sample Spiked with MA (20 ug/ml) without Any Pretreatments

- 73 —
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DART-TOFMS TRIAEHKRETOEEN T XE

s =

WA SR THEIEZITD 120, BHEEZ RO
FRETHILET, EEYEN2M/BITBETHIE
MuJRETH oz, BHIBBEELTASY J—)LDH,

AY 7 =N/T7ENZRNUIVBIK, Y700y >/
A4y 7o)X —)Vig#K%E T, DART-TOFMS
BIEZfTO7ZET A, WTNOBEHARIZBNTD,

4{bEmo7 o b G4 > E—2 IM+H]*
DHERTE BOEENRFTHoZor70n0R
&2/ TaIN S —)VREK 3 1) LEMEFY S

T4{aEYD M+H] 2 HEERIGETH > (S/N
>3) [Fig. 2(A)].

3. B-RHHEROGIEST EEHEIERS
EYOBEERMHETH O, L aEEESH,
5N TW5. KBFFETiX, DART-TOFMS 73472
BWT4{LEYOBRPEREN L L, filkFick 58
ENPIniltEEERRE L. HHREEZTOE
£/ 5 AT A% S & DART-TOFMS THEIEL 7=
WE OEEBIFILEAWREES, dimer ThD
[2M+H]* 177 g < ah, 4{bEW Ok IR

C18 DlAEHLE T, RAPEYEE 0.25 ug/ml ENRETFLE. PIFII—FIVERAVD &,
(A) )
1 oz1ias 285.2891
1 MDMA '
MA caffeine 275.2671
257.2603
AP 150.1354
MDA 1115 255.2526
136.5089
1%1%5”“”33
e ...ML.L.‘.J ‘l lllh.hl
100 150 200 300
HBEETEE W/
(B) AP MA 2791656
1333 :
1361116, MDMA
MDA
180.1116
9.2311
510468 |19412%0 ”‘w”
169.1922 230.7061 2552664
102.4892
160 150 300
ﬁi‘ﬁﬂtt(m/z)
(C)
| ~114.0619 AP
136.1096
MA
1501335 MDA
1800961“A[)“A/\ 2261402
~152.1348 194.1284
166.1186 197.1055
| (2251523, | 227.1528 2541796
A {} "
1m 150 lllll 25[0 lllllllll ﬁo

200
HEEGLE /)

Fig. 2. DART-TOFMS Mass Spectra of the Extracts from the Urine

(A) at 0.25 ug/ml by C18 pipette tip-type solid-phase extraction (B)
hexane and (C) at 5 ug/ml treated with urease.

at 0.5 ug/ml by liquid-liquid extraction with a mixed solution of dichloromethane and
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DART HIEHFICEFE L TLES 72D, ®ELRLH
ENHETH o/, ANFHEHWS &, RPEE
RS AR HESE T E /=78, AP KU MDA Dt
BRENMM 2 LEMITHE T LA £z, Yoo
AFEERLZBER, BREENTERED,
DART BIFERICBNWTH 5 ABICHEEIBTIEE O H
ERNEIRDENRETH >, £IT, NFY
AavFa)Ns =), F /=), 7kbhr, ¥
Z70O0OXREY > EMAZRESRICOVWTHRFZTO 2
R, AFY/OrOnAyE2: 1 TERTS
L, BEENLEEERD 4LEMOBRERENRE
N7z, Figure 2B)IZ/RL 72K DT, 0.5ug/ml D
[RPEYBET 4{LEYO1F > E—2 [M+H]*
MHEZEAEETH O (S/N>3), MDEEEHHE &t
BL TR IWER MG NZ. |

4. BRUBICLD29W BEERGBEREN S
2T AT S X8/ T, DART-TOFMS |z & U #llE %
o7z Th, REDORIIHER TERNMERS D
HEITXY, 4{bEMED Tug/ml LT OEET
F>E—2 [M+H]ItTORHEIARETH > /=,
Figure 2(C) 2 4 {bt &% Sug/ml £ L, urease
MEZTo7zb a2 bo—)VREE D DART-
TOFMS Z X7 MV &ERLTz.

5. GCMS MIC L2 RANBROEERER

(A)
(%)

~ LA E® DART-TOFMS 2 X 2 BIE#RICED
&, BETLEEOHMZIEREER T 5720 GC-MS
ERAWTUERICDOWTERS 2T 7=

BEMEMHENE T, AHEELLTY ooy >
/v 7o —IViRHKk 3:1), EMHICCI8 2
W BIEIRT, BEMORB NS OEYED,
0.25 ug/ml (BFLIEEE 0.5 ug/ml) Tl AP, MDA
KBWTTOBLAFTH oA, 0.5-5ug/ml (B
BE 1.0-10ug/ml) OREHFATII4{LEHED
IZ70% L Lo EINERZRL [Fig. 3(A)], B
% R2>0.990 TH - 7=.

W HEEIC BN T, ME®ICAFT > OH
ZHEALEE, AP KU MDA OEINZE)T 40-50
%LIENMERT L. —F#, YUOOAY B
L7261, BIENIOBY ETHo-. FZ
T, "NFY/orooAy a2 1 TREELEE
A, 4EEWTRTORMNERNSEE T T0% LI E
wmEl [Fig. 3(B)], E&HHED R2>0.990 ThH-
7.

F/-, BEAEECBWTE, & ON7BEERS
A%, FHEREETO K% GC-MS THHr
UZkEB, 1.0-5.0 ug/ml O &5 B Tl EITER A
60-80% TH-7=7, GCMS» O /S AET
RPEIERSIC L BHENKE L, 0.5ug/ml TiZ

100

80 r

60

40 |

20 t

(B)

120 (B

100 |
80 | P
80 I
40
20 |

Fig. 3. Recoveries of Targeted Compounds

AP (O), MA &), MDA and MDMA (B). (A) from urine samples extracted by C18 pipette tip-type solid-phase extraction, (B) a liquid-liquid extrac-
tion with a mixed solution of dichloromethane and hexane and (C) treated with urease.
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B EYHOENEA K E X5 DWW [Fig. 3(0)].
i B

MA, AP, MDMA, MDA Z&FE MLz bk
— )L REE 2 DART-TOFMS iIc K DRIE L= &
A, REZSDEERSIWCEDEULEHDAF >
{EHHINED 651, BMHBENKBICKTLE £
ZT, HBMHEERG UEBR, BHBRcY Y
OOX%Y /470N —)ViBIREZERWESYA Y
OEMAMHAE Ry hFvTIckD, &Y 0.25
ug/ml DEEFE T, O b MsTFAFE—D
IM+H]I "B EETH > (S/N>3). i,
ANFH /T a0 XY RIEE W IR-R M T
13, 0.5ug/ml F THRINAIEETH > 7 (S/N>3).
—7%, urease ZE HWTRHAREE DM T DFIET
1%, RARSICEBDHENKREL, 1ug/mlLLTFO
BETREBRENRETH o=, AHKICHNZES
RIAVERE ORI R E R T 272012, ORI
HRRPEY %2 GC-MS Ic XV BIE L iR, &
FEH 2 B Rl T 4 S D EIER L 70
%BLAEETRD, 0.5-5pug/ml ORPEDEEEFET
BIFlsEREER U,

AWRICBNWT, BEHEARMLEZITO &I
0, BERPITEDA T ACHFIMERL, Rite
R OEY ST A > E—2 5 DART-TOFMS iZ &
DRRHTIRETH o /=, I BT ARYT MVRE
NESNIEHEERBICBVWTIE, BELEEEN
5, MEERITD ZEMNARETH o7z, KK,
KEEHAEY - sy —EXEHRE (SAMH-
SA) ZO#ET DNy A TEBE 0.5 ug/ml L4
FORH MA BN MDMA IZDWT, EME#HX
- KDL EIZ 1 43 E, DART-
TOFMS IZ X 2 BIET 1243 &, HFF3 7RO
WS CRBFCHRE T 2 Z ENARETH D, T/,
HEEOEAIHEHEEICL D HBINATRETH 5.
Eoiz, REYzFERRETSZ &R, RO
MA, MDMA QEAZEETE, A7 Y-/
DOEBEENEES. BEORBREMSFy M TR
MA & MDMA K UMY O FFRFiR R EE T H 5
ZEAEEETSHE, DART-TOFMS 3R+ D Zh
SEMDIRAZ—Z T EELTERTHS &
EZzohiz. LiL, MRASE—bamizDon
Tli¥, DART-TOFMS O & THBITE/2 NI &iT

BETOMNENDS. EREFFETIE, RPICHE
THAREMEND DO CEMPRMYZET)
PRIFTHEIRFLTHE ST, 58, EHROEY
ERE 2z S DRL BRI DO W TR Z A %2
ENdD.

BiEE AU, BEFERENEERMA ST
THoNzdDTHY, BREMITEHRH N LET.
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In recent years, increased ‘cannabis potency’, or A®-tetrahydrocannabinol (THC) content in cannabis
products, has been reported in many countries. A survey of Japanese illicit cannabis was conducted from
April 2010 to March 2011. In Japan, all cannabis evidence is transferred to the Minister of Health, Labour
and Welfare after criminal trials. The evidence was observed at Narcotics Control Department offices in
major 11 cities. The total number of cannabis samples observed was 9072, of which 6376 were
marijuana. The marijuana seizures were further classified, and it was found that in terms of the number
of samples, 65.2% of them were seedless buds, and by weight 73.0% of them were seedless buds. Seedless
buds were supposed to be ‘sinsemilla’, a potent class of marijuana. THC, cannabinol (CBN) and
Cannabinol cannabidiol (CBD) in marijuana seizures exceeding 1 g were quantified. The number of samples analyzed
Cannabidiol was 1115. Many of them were shown to contain CBN, an oxidative product from THC. This was a sign of
Japan long-term storage of the cannabis and of the degradation of THC. Relatively fresh cannabis, defined by a
Sinsemilla CBN/THC ratio of less than or equal to 0.1, was chosen for analysis. Fresh seedless buds (335 samples)
contained an average of 11.2% and a maximum of 22.6% THC. These values are comparable to those of
‘high potency cannabis’ as defined in previous studies. Thus, this study shows that highly potent
cannabis products are distributed in Japan as in other countries.

© 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Intreduction show a stable trend in some countries, although the pattern is not

consistent for all products and all countries {5]. Two reviews on

In recent years, increased ‘cannabis potency’, or A®-tetrahydro-
cannabinol (THC) content in cannabis products, has been reported
in many countries such as the USA [1], UK [2,3], Netherlands [4],
Germany [5], Italy [6], and New Zealand [7]. The World Drug
Report 2011 by United Nations Office on Drugs and Crime (UNODC)
noted that the average concentration of THC is presently at higher
levels than 10-15 years ago; however, data for the past five years
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0379-0738/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
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cannabis potency mention that the data on this issue are still not
adequate and further research is required [8,9].

The higher potency of cannabis is attributed to genetic factors
(selected seed varieties and cultivation of female plants),
environmental factors (cultivation techniques), and freshness
(production sites are close to the consumer and storage degrada-
tion of THC is avoided) [10]. Several papers report an increased
ratio of non-fermented flowers, called ‘sinsemilla’, in the street
market [1,11,12]. The World Drug Report 2006 noted that
‘sinsemilla is distinct enough in appearance and potency to be
considered a separate drug’ [12]. Some reports mention the
possibility of increases in mental disorders or emergency calls
due to increased cannabis potency [5,11-13]. Driving under the



78 Y. Tsumura et al./Forensic Science International 221 (2012) 77-83

influence of drugs (DUID) is also a significant issue of public
concern that relates to cannabis use [12].

In Japan, cannabis is the second-most-often abused psychoac-
tive drug next to methamphetamine, and its abuse is rapidly
increasing. The number of arrested individuals in 2010 was 2367
[14], double that in 2000, 1224 [15]. Furthermore, several large-
scale indoor cultivations of sinsemilla have been found in recent
years.

The THC contents of Japanese cannabis were previously
surveyed by the Ministry of Health and Welfare in 1970 [16].
However, this survey was of hemp used for fiber production, or
wild cannabis. There are no sufficient data on the THC levels of
abused cannabis in Japan. The aim of this study is to survey
cannabis potency in Japan and compare it with the results of
previous studies.

InJapan, all cannabis evidence is transferred after criminal trials
from regional prosecutors’ offices to the Minister of Health, Labour
and Welfare via regional Narcotics Control Department (NCD). The
survey of these seizures was conducted in NCD offices located in 11
major cities all over Japan.

UNODC has pointed out several problems with the comparison
of THC level data from different countries or periods, such as
differences in the classification of cannabis and in the analytical
method, or a lack of randomness in sampling [12]. So the authors
used UNODC's recommended method [17] for quantification and
set clear criteria for sampling or classifying marijuana seizures to
avoid possible bias or ambiguity.

Users of psychoactive drugs determine the dose of the drug by
reference to its potency. So high potency cannabis would not
necessarily be harmful, but a ‘change’ or ‘difference’ in the potency
can cause unexpected overdoses and health problems [11]. So we
compared our results with the THC levels, which were regarded to
be higher than the previous ones. And we also determined the
pattern of THC contents in marijuana samples. The present paper is
the first report for cannabis potency in Asian area, covering almost
whole seizures in one nation, using standardized methods for
quantification.

2. Material and methods
2.1. Cannabis surveyed

Seized cannabis plants or products were surveyed after criminal trials. They were
transferred to the Minister of Health, Labour and Welfare via regional NCD offices
within a few months or years after seizure. Eleven major prosecutors’ offices were
targeted. The survey period was from April 2010 to March 2011. Seizures from the
Sendai Regional Prosecutor's Office were not completely surveyed. They were
examined only when exceeding 1g in weight, and the survey of them started in
October 2010.

2.2. Cannabinoids referenice materials, reagents and devices

Cannabinoids reference materials: methanol solutions (1 mg/mL) of THC,
cannabinol (CBN), and cannabidiol (CBD) were purchased from Cerilliant Co,
Round Rock, TX, USA.

Internal standard solution (ISTD): tribenzylamine (TBA) in ethanol (0.5 mg/mL).
Ethanol: 99.5%, analytical grade

Mortar and pestle: made of agate or porcelain.

Finger musher: Assist AM. 79340.

Stainless steel sieve: 1 mm mesh, 75 mm diameter.

Membrane filter: 0.45 pm pore size.

Dry bath: heating ability of up to 150 °C.

2.3. Analytical procedures

2.3.1. Sample preparation

Quantification of cannabinoids was accomplished according to the UNODC's
‘Recommended Methods for the Identification and Analysis of Cannabis and
Cannabis Products’ [17]. This method aims the quantification of total THC
(THC + THC acid), so it has a heating process to convert THCA into THC. Stems,
twigs, or seeds were removed from marijuana samples. The remaining buds and
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leaves were crushed by a finger masher or a mortar and pestle. The crushed
marijuana was filtered through a sieve. A 200-mg quantity of sieved sample
powder was weighed and 20 mL of ethanol was added. it was subjected to
ultrasonic extraction for 15 min. The solution was filtered through a membrane
filter, and 500 pL of filtrate was placed in a 2 mL vial and heated at 150 °C for
12 min. To the residue, 1.5 mL of ethanol was added and stirred. The calibration
solutions were CBN solutions with ISTD. Their concentrations were 7 steps
between 3.33 and 533.3 pg/ml, corresponding to 0.1-16% in the marijuana
sample.

2.3.2. Gas chromatography (GC) conditions for cannabinoids
Instrument: Agilent 7890 or Shimadzu GC2010
Column: HP-5 or HP-5MS (30 m x 0.25 mm, 0.25 pm)
Carrier gas: He, 1.1 mL/min (constant flow)
Inlet temperature: 250 °C (original temp. of 280 °C was changed by technical
requirements of our laboratories)
Oven temperature: 2 min at 200 °C, 10 °C/min 200-240 °C, 15 min at 240 °C
Split ratio: 20:1
Detector: flame ionization detector, 300 °C
Detector gas: H, 35 mL/min, Air 350 mL/min
Injected volume: 1 L
CBN was used as the reference material for the quantification of THC and CBD.
The correlation factor was 1. The cutoff level was 0.1% for each cannabinoid.

2.3.3. Gas chromatography-mass spectrometry (GC-MS) conditions for discrimination
of CBD and CBC

Instrument: GCMS-QP2010 Plus

Column: HP-5MS (30 m x 0.25 ntm, 0.25 pm)

Scan range: mjz 40-400

lonization conditions: electron ionization, 70 eV, 200 °C

The other conditions were same as those for GC.

2.4. Checking reference materials and GC response factor

The exact content level of each reference solution was tested at every purchase of
anew lot. Test solutions were prepared by mixing 150 pL methanol solution of THC,
CBN or CBD (1 mg/mL), 500 pL ISTD solution and 850 pL ethanol. They were
injected onto GC, and the chromatographic peak area of each compound was
compared to that of ISTD.

2.5. Method validation

2.5.1. Recovery tests

The accuracy of the quantification method for cannabinoids in marijuana was
tested at three laboratories. Marijuana of low THC or CBN content was chosen and
extracted with ethanol. A 500-p.L volume of extract was taken and fortified with
cannabinoids followed by heating and quantification using GC. Test solutions were
prepared separately for each cannabinoid, and the fortification level was equal to 1%
in marijuana.

2.5.2. Interlaboratory testing

The analytical method was tested at eight laboratories. Three marijuana seizures
of adequate amounts were chosen. They were cut into 0.5-1-cm pieces and mixed
well. These samples were packed in plastic bags in ca 1g portions. They were
transferred to the laboratories and analyzed in triplicate. The average, standard
deviation and z-score of the cannabinoid levels detected in each laboratory were
calculated.

2.6. Observation and classification of cannabis

Cannabis seizures were classified into 5 groups: marijuana, whole plant, hashish,
hash oil and others (mixture with tobacco or herbs, burned residue, etc.). Marijuana
samples were further classified into 4 groups: seeded buds, seedless buds, leaves
and others (stems or twigs). A document describing the amount of cannabis was
attached to every set of seizures. The amount of marijuana, hashish or hash oil
was expressed in terms of weight. On the other hand, the amount of the whole plant
was expressed in either weight or number for analytical or handling reasons. The
number or weight of each seizure was recorded.

2.7. Selection of quantification samples

Marijuana seizures exceeding 1 g were subjected to quantifications of THC, CBN,
and CBD in eight laboratories. Packages of marijuana with the same appearance and
identical kinds of bags were assumed to have originated from identical lots, and one
of the packages was picked up for analysis. If each package of the same origin
contained less than 1 g but their sum total exceeded 1 g, two or more packages were
combined to exceed 1 g. If one package contained much more than 1g, 1g was
taken. When a large package contained a mixture of buds and leaves, the buds were
taken.
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Table 1

Comparison of experimental and theoretical GC responses of cannabinoid reference solutions.

D Compound Lot No. Expiration date Description in certification Experimental GC response Theoretical peak
area [18] (CBN=1)

Prepared Analyzed Peak area Peak area normalized
concentration concentration (D=1) by ‘analyzed
(mg/mL) (mg/mL) concentration’ (D=1)

A? THC FC080603-01F July 2010 1.000 1.004 0.993 0.980 0.982-1.00

B THC FE021710-01 February 2015 1.000 1.018 1.028 1.000

C CBN FE061208-01 June 2012 1.000 0.990 0.998 0.999 1

D CBN FE111210-01 November 2014 1.000 0.991 1 1

E CBD FE100108-01 December 2011 1.000 1.005 1.013 0.999 0.97-0.990

F CBD FE111510-02 June 2015 1.000 1.002 1.006 0.995

2 This solution was quantified in August 2010, a month later than the expiration date.

3. Results and discussion
3.1. Checking of reference materials and GC response factor

The GC responses of the lots of cannabinoid reference solution
were examined and compared with each other to confirm the
concentration and response factors. Table 1 shows the features of
each reference solution and the experimental results. The provider
of the reference solutions describes ‘prepared concentration’ and
‘analyzed concentration’ in the certification documents. ‘Prepared
concentration’ was 1.000 mg/mL for all lots and the supplier
recommended use of this value for the measurement of the
concentration.

As THC is an unstable compound, the UNODC analytical manual
recommends the use of CBN as a reference material for THC [17].
Poortman-van der Meer et al. mentioned that theoretical THC/CBN
and CBD/CBN were 0.982-1.00 and 0.97-0.990, respectively,
depending on the theoretical model adopted [18].

Among the six lots, THC solution A was tested after the
expiration date, and the GC response was significantly lower than
the theoretical one, so it was excluded from consideration. The
other lots, B, E, and F, all gave GC responses exceeding the
theoretical values. On the other hand, when the GC responses were
normalized by the ‘analyzed concentration’, they were in better
agreement with the theoretical values. The factors for THC/CBN
and CBD/CBN were all in the range of 0.995-1.000. Thus, a factor of
1 and a concentration of 1,000 mg/mL were used to calculate THC
and CBD concentrations based on CBN calibration curves in the
following experiments and survey.

Quantification using CBN as a reference material can be
somewhat inaccurate, but this method has many merits because
THC is strictly controlled in Japan and it is very difficult to obtain,
distribute and store. Furthermore, cannabinoid reference solutions
are expensive.

3.2. Method validation

3.2.1. Discrimination of CBD and CBC

It is known that CBD has a retention time very close to that of
cannabichromene (CBC) in GC [19]. Though the mass spectra of
CBD and CBC resemble each other, they are distinguishable by the
existence of the m/z 246 peak (CBD) or the absence of it (CBC) as
shown in many commercial databases. Some of the samples in the
present research were tested using gas chromatography-mass
spectrometry and a chromatographic peak considered to be CBC
was obtained, though it was not confirmed because of a lack of
reference material.

One of these marijuana extracts was mixed with CBD
reference solution to make equal concentrations of CBD and
supposed CBC. The mixture was analyzed, and it was shown that

the peaks of CBD and supposed CBC did not separate, even with a
column of 30m in length instead of the 15m column
recommended by UNODC [ 17]. However, CBD showed a retention
time 0.04 min shorter than supposed CBC, so they were
distinguishable on chromatogram. All samples in the survey
were split into 2 groups by their retention time for CBD or CBC
and none of them gave ambiguous peak.

3.2.2. Recovery test

Table 2 shows the recoveries of cannabinoids added to
marijuana extracts at three laboratories. Some values exceeded
120% in spite of usage of the internal standard. This finding is
considered to be due to an enhanced response by matrices that
originated from marijuana. On the other hand, one recovery value
for THC was 90.8%, suggesting that loss occurred during the
analytical process, possibly in the heating step. This experiment
showed both the larger and smaller results for THC as two
possibilities. No further experiment could be done because of a
shortage of cannabinoids solution.

3.2.3. Interlaboratory test

Table 3 shows the results of the quantification of cannabinoids
in divided marijuana samples at eight laboratories. All three
samples contained no CBD, but supposed CBC was detected in
them. The THC and CBN detected were all below 1%, and their
standard deviations were equal to or below 0.2% except for THC in
Sample 3. The THC level in Sample 3 was 6.2% on average, and the
relative standard deviation (RSD) between laboratories was 9.2%,
better than the reported RSD of 29% in similar interlaboratory
practice in Europe [18]. Fig. 1 shows the z-scores of the THC values
detected in Sample 3 at eight laboratories. The z values of all
laboratories were below 2.

As the interlaboratory test was conducted without any pre-
quantification of THC to keep blindness, the THC levels found in 2
of the 3 samples included in the test happened to be rather low.
They were not ideal samples to be representative for surveyed
marijuana. However, the test was not repeated because test sample
distribution needed so complicated legal procedures that the
opportunity was limited to be only once.

Table 2
Recovery (%) of cannabinoids.
Lab X LabY " labz
THC 104.2 (1.0) 90.8 (1.1) 126.1 (3.4)
CBN 122.3 (5.3) 104.8 (2.4) 127.4 (3.6)
CBD 123.1 (6.0) 108.8 (2.7) 1044 (3.2)

One % of cannabinoid was added to extract of marijuana sample.
Standard deviation is shown in parentheses.
n=3,
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Table 3
Cannabinoids quantification results in 8 laboratories.
THC (%) CBN (%)
Average Range SD Average Range SD
Sample 1 03 0.2-0.4 0.1 0.2 0.1-0.3 0.1
Sample 2 0.6 04-0.8 0.1 0.8 0.5-1.1 0.2
Sample 3 6.2 5.3-7.1 0.6 0.4 0.3-0.6 0.1

3.3. Collection and classification of cannabis

The total number of post-trial cannabis seizures collected was
9072. Fig. 2 shows the sample numbers from each area. The
number from Tokyo was the largest, 1800, and the second largest
was from Yokohama, 1687. Cannabis was incompletely collected in
the Sendai area, so the number for Sendai does not reflect the true
number of seizures in this area.

Table 4 shows the number and weight of each cannabis class:
1257 were whole plants, 6376 marijuana, and 886 hashish. The
total weight was 286.6 kg for marijuana and 36.0 kg for hashish.
The whole amounts of marijuana and hashish seizures made from
2008 to 2010 have been reported to be 181.7-382.3 kg and 13.9-
33.4 kg per year, respectively [14]. Therefore, the present research
covered the majority of Japanese cannabis seizures.

Marijuana seizures were further classified, and the results are
shown in Figs. 3 and 4. Fig. 3 is expressed in terms of the number of
seizures, and Fig. 4 in weight. Seedless buds were dominant among
the classes, consisting 65.2% of the total in number and 73.0% in
weight.

A survey in the USA in 2008 showed that 46.8% of seized
marijuana was ‘sinsemilla’ {1}, and another survey in the UK in
2008 showed this number to be more than 97% [3]. The present
results show that seedless buds, ‘sinsemilla’, represent the
majority of marijuana seizures in Japan as in these other countries.

Fig. 5 shows the ratio of the cannabis classes in each area. The
ratio of leaves or others (stem, twig, etc.) was higher in Sapporo,
Hiroshima and Naha. Police sometimes seize waste of cannabis
cultivation, so it is difficult to distinguish whether the leaves were
intended to be consumed or thrown away.

The ratio of seeded buds to seedless buds was higher in Sapporo
and Fukuoka. In Hokkaido Prefecture, where Sapporo City is
located, huge numbers of wild cannabis are eradicated every year.
About 920,000 plants were eradicated in 2010 all over Japan, of
which 810,000 were in Hokkaido Prefecture [14]. Thus, some
extent of seeded buds from Sapporo was supposed tc be wild
cannabis taken for consumption. On the other hand, in Kyushu
area, where Fukuoka City is located, no wild cannabis has been

0.5 - -f

e

Fig. 1. z-Score of THC level in Sample 3 reported by 8 laboratories.

Naha 51

Takamatsu 31
Hiroshima 364

Osaka 1231

Fig. 2. Number of cannabis seizures in each area (total 9072).

Table 4
Cannabis seizures observed after criminal trials.

Number of items  Weight (kg) Number of plants
Whole plant 1257 8.300 + 2337
Marijuana 6376 286.559 + 5
Hashish 886 35.983
Oil 5 0.026
Others 548
Total 9072 330.869 2342

Size of each item was expressed as weight or number of plants.
'Others’ includes mixture with tobacco, burned residue, etc.

eradicated in recent years. The reason for the frequent encounter
with seeded buds in this area is not specified.

3.4. Cannabinoids levels in seized marijuana

3.4.1. THC and CBN

Marijuana seizures were selected for the quantification of
cannabinoids. The total number quantified was 1115. The results
for each class are shown in Table 5. The highest THC level
was found in seedless buds, 8.3% average. The CBN level in these
buds was 1.3% therefore the sum of THC and CBN was 9.6%.

Seized cannabis had been stored for long periods during
criminal trials. It is known that CBN is not found in fresh cannabis.
It is gradually produced by conversion from THC during storage
time. The sum of THC and CBN levels is not equal to the initial THC
level in marijuana, but is rather less than the initial level [20]. Thus,
the sum is considered to be the lower limit of the initial THC level,
but is not an exact value.

Seeded buds
__10.0%

Seedless buds
65.2%

Fig. 3. Number of marijuana in each class (total 6376).



