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Abstract

An HPLC method has been developed and validated for the determination of dextromethorphan, dextrorphan, 3-
methoxymorphinan and 3-hydroxymorphinan in urine samples. Deconjugated compounds were extracted on silica cartridges
using dichloromethane/hexane (95:05, v/v) as an eluent. Chromatographic separation was accomplished on a Phenyl
analytical column serially connected with a Nitrile analytical column. The mobile phase consisted of a mixture of an aqueous
solution, containing 1.5% acetic acid and 0.1% triethylamine, and acetonitrile (75:25, v/v). Compounds were monitored
using a fluorescence detector. Calibration curves were linear over the range investigated (0.2—-8.0 wM) with correlation
coefficients >0.999. The method was reproducible and precise. Coefficients of variation and deviations from nominal values
were both below 10%. For all the analytes, recoveries exceeded 77% and the limits of detection were 0.01 wM. The validated
assay proved to be suitable for the determination of DEM metabolic indexes reported to reflect the enzymatic activity of the
cytochrome P450s, CYP2D6 and CYP3A, both in vivo, when applied to urine samples from patients, and in vitro, when
applied to samples from the incubation of liver microsomes with dextromethorphan. O 2001 Elsevier Science BV. All
rights reserved.
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1. Introduction are catalyzed by the polymorphic cytochrome P-450

CYP2D6 [3-5]. N-Demethylations are primarily

Dextromethorphan (DEM) is a non-narcotic an-
titussive drug which is essentially metabolized by N,
O-demethylations to form dextrorphan (DOR), 3-
methoxymorphinan  (3MM) and  3-hydroxy-
morphinan (30M) (Fig. 1) [1,2]. O-Demethylations
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catalyzed by the cytochrome P450 CY P3A, athough
other CY Ps may contribute [4,5]. DEM is commonly
used as a probe drug for both in vitro and in vivo
drug metabolism investigations in humans [3-9]. In
vivo, the urinary molar ratios of DEM/DOR and
DEM/3MM are used to assess the metabolic activity
of CYP2D6 and CYP3A, respectively. Both enzymes
are responsible for the metabolism of a large group
of clinically important drugs [10].
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Fig. 1. Metabolic pathways of dextromethorphan to its O-de-
methylated and N-demethylated metabolites.

Several chromatographic methods have been re-
ported for the determination of DEM and DOR in
biological matrices. These include high-performance
liquid chromatography (HPLC) [11,12], gas chroma-
tography [13] and capillary electrophoresis [14]. For
HPLC assays, numerous modes of detection have
been employed including ultraviolet [11], fluores-
cence [11] or mass spectrometric detection [12].
Most of these reported analytical procedures were
only validated for the determination of DEM and
DOR. The resolution of 3MM and 30M, which are
probably systematically co-extracted under reported
procedures, was rarely investigated.

The HPLC assays allowing for the simultaneous
determination of DEM, DOR, 3MM and 30M are
mostly based on the methods reported by Park et al.
[15], and by Chen et al. [16]. The HPLC assay with
UV detection developed by Park et al. [15] consisted
of urine cleaning with an extraction cartridge fol-
lowed by aliquid—liquid extraction. Two extraction-
analysis runs have to be conducted in order to
measure DEM and its three main metabolites. The
limit of quantification (LOQ) obtained by the authors
ranged from 0.4 to 0.8 wM, and recoveries in the
range of 60—80%. Another method reported by Chen
et a. [16] was validated for urine and plasma
samples with recoveries of analytes ranging from 57
to 77%. This method seems to be sensitive with the
limit of detection (LOD) varying from 2 to 4 nM.
However, this method was not reproducible accord-
ing to Marshall et a. [17], who failed to distinctly

separate the DEM peak from the solvent front. This
problem was occasionally encountered with our
previously reported method [9]. The solid—liquid
extraction procedure was also found relatively long
for routine usage.

We report a simple, sensitive and reproducible
HPLC assay for simultaneous determination of
DEM, DOR, 3MM and 3GM in urine. We developed
a simple and fast extraction method, using extraction
silica cartridge, to increase recovery and selectivity,
and to reduce time handling. We used two serially
coupled analytical columns to improve separation,
and optimized the analytical conditions to maintain a
reasonable run time. The assay was validated for
urine and applied to the analysis of urine samples
from clinical studies. Samples from the in vitro
incubation of the DEM with liver microsomes were
also examined.

2. Experimental
2.1. Chemicals

DEM, B-glucoronidase (Type 1X-A), sodium ace-
tate, and sodium carbonate were purchased from
Sigma Chemical Co., (St. Louis, MO, USA). DOR,
3MM and 30M were obtained from Hoffman-
LaRoche (Mississauga, ON, Canada). Levallorphan
was provided by the USP Reference Standard (Rock-
ville, MS, USA). One-ml ChemElut extraction silica
cartridges were purchased from Varian Canada Ltd.,
(Mississauga, ON, Canada). HPLC-grade dichloro-
methane, hexane, hydrochloride, glacial acetic acid,
triethylamine and acetonitrile were obtained from
J.T. Baker (Phillipsburg, NJ, USA).

2.2. Apparatus

The chromatographic HPLC system included a
Spectra-Physics P200 pump (Spectra-Physics, San
Jose, CA, USA), a Spectra-Physics SP8875 auto-
sampler equipped with a 100-pl loop, a Phenyl
Spherisorb Reversible 5 pm column (15 cmX4.6
mm 1.D.) (Regis, Chemical Co., IL, USA) seridly
connected with a Nitrile 5 wm column (25 cmXx 4.6
mm 1.D.) (Regis, Chemical Co., IL, USA), and an
ABI fluorescence detector (ABI Analytical, Ramsy,
NJ). The detector was operated at excitation wave-
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length of 200 nm and no cut-off filter was used for
emission. The mobile phase was a mixture of
digtilled water containing 1.5% glacial acetic acid
and 0.1% triethylamine, and acetonitrile (75:25, v/v)
with a flow rate of 1 ml/min (the backpressure was
~2500 p.s.i.). Mobile phase was filtered through a
0.45 pm nylon membrane (Millipore Filter Cor-
poration-Bedford, MA, USA) and sonicated prior to
use for 15 min.

2.3 Sample preparation

To 250 wl of urine in a5 ml snap-cap centrifuge
tube was added 250 pl of sodium acetate buffer (0.1
M, pH 5), and 100 wl B-glucoronidase (Type IX-A,
1263.5 units/100 wl in sodium acetate buffer [0.1 M,
pH 5]). The sample was gently mixed with a hand
vortex mixer, the tubes were capped and incubated in
a water bath at 37°C for 18 h to ensure complete
hydrolysis of conjugated metabolites. After cooling,
250 wl of sodium carbonate buffer (1 M, pH 9.2) and
100 pl of interna standard (1S, 5 wM Levallorphan
in water) were added. The volume was adjusted to 1
ml with distilled water, vigorously mixed, and
applied to 1-ml ChemElut extraction silica cartridge.
After 5 mm, the compounds of interest were eluted
into a clean glass tube with 24 ml of dichlorome-
thane/hexane mixture (95:05, v/v) and the eluent
was evaporated to dryness using a speed-vac. The
extract was reconstituted with 250 wl of elution
solvent, and 100 wl was injected into the HPLC
system.

2.4. Sandard solutions

Stock solutions of DEM, DOR, 30M and 3MM
were prepared in distilled water at a concentration of
1 mM free base. A stock solution of 1S was prepared
in distilled water at a concentration of 1 mM free
base. All stock solutions were stored at 4°C. Pre-
liminary experiments showed that stock solutions are
stable for a minimum of a 6 month period under
these conditions.

2.5. Method validation

For calibration curves and quality controls (QCs),

samples were made by spiking drug-free urine with a
known amount of stock solutions. Five concentra-
tions in the range of 0.2-8.0 pM were used to
construct the calibration curve for each analyte. New
standard curves were performed with each sample
batch to minimize analytical variability. Calibration
curves were generated by plotting the ratio of the
peak area of the analyte and IS against theoretical
concentrations. Correlation coefficients and the equa-
tions describing the calibration curves were deter-
mined by linear regression analysis.

Three quality control samples were prepared. The
concentration was equal to 1.2, 3.2 and 6.4 uM for
the low quality control (LoQC), the medium quality
control (MeQC) and the high quality control
(HiQC), respectively. The intra- and inter-day ac-
curacy and precision of the method were performed
using five and fifteen replicates of each quality
control, respectively.

The recovery of each compound was measured in
triplicate by comparing peak-area of extracted qual-
ity control with the peak-area of the corresponding
unextracted standards. The LOQ was set at the
lowest concentration of the calibration curve. The
LOD, defined as three times the signal-to-noise ratio,
was determined by injecting diluted solutions of a
mixture of DEM and its metabolites.

2.6. Application of the method

The method developed is being used in our
laboratory for both in vivo and in vitro drug metabo-
lism investigations. The in vivo phenotyping pro-
cedure consisted of collecting a pre-dose morning
blank urine, providing the subject with 30 mg of
DEM oraly (Robitussin DM), and collecting a urine
sample 8 h after DEM administration. On retrieval,
the urine samples were stored at —20°C until
analysis. For the in vitro experiments, microsomes
were prepared according to the procedure described
by Dayer et a. [7]. DEM incubation with micro-
somes was carried out as reported previoudy [8].
The reaction was stopped by the addition of 20 pl
perchloric acid (60%). Samples were immediately
vortexed for 15 s and centrifuged at 1000 g for 5
min, and a 100 pl aiquot of the supernatant was
analyzed under the same chromatographic conditions
as described for the urine samples.
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3. Results and discussion

The separation achieved using the experimental
conditions of the present assay for DEM, its main
metabolites and the IS is presented in Fig. 2. The
analysis of blank urine extracts from patients with
different diseases and receiving different therapies
demonstrated that no impurities co-eluted with the
compounds of interest (Figs. 3 and 4). Two un-
identified peaks (a & b; Figs. 3B and 4B) were
detected in the urine of most of the patients having
received DEM. In some probe drug metabolism
phenotyping protocols, DEM is coadministered with
other prabe drugs such as caffeine [18,19]. The two
patients included in this study received a dose of
caffeine in addition to their DEM dosing. During our
preliminary studies (data not shown), a mixture of
caffeine and 14 of its main metabolites were ana-
lyzed under the present chromatographic conditions.
The results displayed no interference of caffeine and
its metabolites with the determination of 30M, DOR,
IS, 3MM or DEM. As such, the two unidentified
peaks (a & b; Figs. 3B and 4B) are likely to
correspond to other DEM metabolites. A previous
report by Koppel et al. [20] demonstrated that the
use of mass spectrometric techniques allows for the
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Fig. 2. Chromatogram from the analysis of a standard mixture of
DEM, its N,O-demethylated metabolites, and IS. Peaks: 1=30M
(10 wM), 2=DOR (10 pM), 3=1S (5 uM), 4=3MM (10 pM),
5=DEM (10 pM).
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Fig. 3. Chromatograms from the analysis of urine samples from
an HIV patient: (A) blank urine, (B) 8-h urine sample after the oral
administration of 30 mg of DEM. Peaks. 1=30M, 2=DOR,
3=1S, 5=DEM, a and b=unidentified peaks.

identification of more than 15 DEM metabolites in
urine.

Chromatograms obtained from the analysis of the
in vitro incubation mixture are free from impurities
that may coelute with the analytes (Fig. 5). There-
fore, an extraction is not necessary for the analysis of
samples from the in vitro incubations of DEM. The
two unidentified peasks (a & b; Figs. 3B and 4B)
detected in the urine samples were not present in the
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Fig. 4. Chromatograms from the analysis of urine samples from a
malaria patient: (A) blank urine, (B) 8-h urine sample after the
oral administration of 30 mg of DEM. Peaks: 1=30M, 2=DOR,
3=1S, 5=DEM, a and b=unidentified peaks.

in vitro incubations of DEM (Fig. 5C). As described
by Koppel et a. [20], the metabolic pathways of
DEM are O,N-demethylation, O,N-acetylation, hy-
droxylation of the phenyl ring and the saturated ring
system with subsequent further oxidation. The DEM
in vitro assay has been validated only for the O,N-
demethylation pathways. It can be theorized, that if
the two unidentified peaks (a & b; Figs. 3B and 4B)
are indeed DEM metabolites, the present conditions

of the DEM in vitro assay do not alow for their
production. Another explanation may be the lack of
cytosolic enzymes responsible for the formation of
these DEM metabolites. The metabolic reactions
which are dependant upon the cytosolic enzymes are
absent in the microsome metabolism model.

For each sample batch, the calibration curves for
DEM, DOR, 3MM and 30M were linear within the
range investigated (0.2-8.0 pM). The standard
curves were designed to address the expected range
of concentrations commonly encountered in 8h-urine
samples after an administration of a standard dose
(20-30 mg) of DEM [17,21]. Correlation coeffi-
cients (r) were >0.999 for all quantified com-
pounds. For each QC, the concentration was recal cu-
lated from the equation of the linear regression
curve.

The results of intra-day (n=5) and inter-day (n=
15) validation are summarized in Table 1. The
method is reproducible with coefficient of variation
(CV.) values between 1.02 and 8.20% for the intra-
day validation, and between 3.07 and 9.58% for the
inter-day validation. The present method vyields
standard accuracy values from 93.62 to 106.90%,
and from 92.79 to 100.80% during intra-day and
inter-day validation, respectively, at all the con-
centrations investigated.

The respective recoveries for DEM, DOR, 3MM
and 30M obtained with the present extraction pro-
cedure are summarized in Table 1. The different QC
concentrations gave rise to percent recoveries
>77%. The LOD of each compound was 0.01 M.
The LOQ of the four analytes was determined to be
0.2 wM. Recoveries reported by previous methods
were mostly comprised between 77 and 46%, and
LOQs achieved using UV or fluorescence detection
were ranged from 0.4 to 1 pM [11,15,17,22].

Debrisoquine [23,24] and sparteine [25,26] have
been extensively used for CY P2D6 phenotyping. The
use of these probe drugs became restricted due to
their potential side-effects. DEM, which is sold over
the counter, has been proposed as an alternative for
CYP2D6 phenotyping studies both in vitro and in
vivo [3—-9]. DEM has been speculated to provide the
opportunity to monitor CYP3A activity [4,59].
When incubated with human liver microsomes, DEM
was found to be more specific for CYP2D6 than
debrisoquine or sparteine, and therefore, conducting
in vitro metabolic studies with DEM requires a
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Fig. 5. Chromatograms from the analysis of samples from the in vitro incubation of DEM (20 wM) with liver microsomes (50 .g) for 30
min at 37°C: (A) incubation in the absence of DEM, (B) incubation in the absence of microsomes, (C) formation of DEM metabolites in the
microsomal preparation. Peaks: 1=30M, 2=DOR, 3=1S, 4=3MM, 5=DEM.

Table 1
Results of intra- and inter-day validation in spiked human urine®
LoQC MeQC HiQC
30M DOR 3MM DEM 30OM DOR 3MM DEM  30M DOR 3MM DEM
Nominal 1.20 3.20 6.40
concentration
(kM)

Intra-day validation

n 5 5 5

Measured mean 1.25 112 1.16 112 3.26 342 3.07 317 6.45 6.51 6.40 6.40
concentration

(nM)

SD (uM) 0.10 0.05 0.03 0.05 0.10 0.14 0.08 0.03 0.08 0.10 0.14 0.14
CV. (%) 8.20 4.60 2.69 4.65 311 411 2.45 1.02 1.18 1.56 2.23 2.19

Accuracy (%) 10409 9362 9682 9371 10199 10690 96.04 9895 100.72 101.75. 100.04 99.94

Inter-day validation

n 15 15 15

Measured mean 121 112 1.17 1.18 3.06 3.15 297 3.02 6.08 6.36 6.11 6.10
concentration

(nM)

SD (uM) 0.07 0.03 0.05 0.07 0.23 0.30 0.18 0.20 0.32 0.34 0.42 0.35
CV. (%) 6.14 3.07 4.05 557 7.35 9.58 6.19 6.55 521 5.33 6.87 5.67
Accuracy (%) 100.80 9313 9754 98.38 95.75 98,50 9279 9453 95.02 99.45 9544  95.35
Recovery (%) 88 98 82 89 84 84 80 89 78 89 78 83

®Limit of detection is 0.01 uM for the four analytes.
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limited amount of liver microsomes. This is an
important aspect that might contribute to reducing
the need of healthy human liver samples, which
become less available with the important develop-
ment of liver transplantation.

In clinical drug metabolism investigations, the
DEM probe drug is usually added to the scheduled
treatment of the patient. In order to minimize the risk
of interference between analytes and other drugs or
endogenous compounds, a simple extraction pro-
cedure is always recommended. In other respects,
some individuals might have a very low amount of
DEM or 3MM. A simple and sensitive assay will
prove useful, for example, in phenotyping individ-
uals with extremely high CYP2D6 activity who may
have low urinary DEM concentrations.

The present assay is based on a simple extraction
and analysis procedure using a conventional HPLC-
fluorescence detector system. The good specificity
and sensitivity obtained are mainly attributable to the
introduction of the extraction step, using silica
extraction cartridge, which allow for the selective
and the high recovery of DEM and its metabolites.
Another parameter that resulted in increased spe-
cificity is the use of B-glucuronidase from Es-
cherichia Coli instead of B-glucuronidase from Helix
Pomatia. When applied to the analysis of urine
samples from patients (Figs. 3 and 4) or to the
analysis of samples from the incubation of DEM
with liver microsomes (Fig. 5), the results show that
the developed assay is sensitive and convenient for
routine determination of metabolic indexes reported
to reflect in vitro or in vivo CYP2D6 and CYP3A
enzyme activities.
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