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a b s t r a c t

A GC–MS assay for stereoselective determination of tramadol and its pharmacologically active phase I
metabolite O-desmethyltramadol in human urine was developed. Nefopam was used as internal standard.
The method involves a simple solid phase extraction with chiral analysis by gas chromatography–electron
ionization mass spectrometry using m/z 263; 58, 249; 58, and 179; 58 for the determination of con-
centration of tramadol, O-desmethyltramadol and internal standard, respectively. Chromatography was
performed on a Rt-�DEXcst column containing alkylated beta-cyclodextrins as a chiral selector. The cal-
ibration curves were linear in the concentration range 0.1–20 �g/mL (R2 ≥ 0.998). Intra-day accuracies
ranged between 97.2–104.9%, 96.1–103.2%, and 97.3–102.8% at the lower, intermediate, and high concen-
tration for all analytes, respectively. Inter-day accuracies ranged between 95.2–105.7%, 99.1–105.2%, and
96.5–101.2% at the lower, intermediate, and high concentration for all analytes, respectively. This method
was successfully used to determine the concentration of enantiomers of T and ODT in a pharmacogenetic
study.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Tramadol hydrochloride (T) (1RS, 2RS)-2-[(dimethylamine)
methyl-1-(methoxyphenyl)-cyclohexanol HCl] (Fig. 1) is a cen-
trally acting analgetic drug with analgesic efficacy and potency
that ranges between weak opioids and morphine. T is used as the
racemate for therapy. Each enantiomer displays different binding
properties for various receptors. (+)-T preferentially inhibits sero-
tonin reuptake while (−)-T mainly inhibits noradrenalin reuptake
[1,2]. (+)-T is 10-times more potent than (−)-T [3].

The metabolic fate of tramadol is unusually complex having at
least 11 unconjugated metabolites and 12 conjugated compounds
[4]. There are three major metabolic pathways via three distinct
cytochrome P450 enzymes CYP2D6, CYP3A, and CYP2B6 forming
O- and N-demethylated metabolites. Major active metabolite O-
desmethyltramadol (ODT), which is considered to be the main agent
responsible for the drug-induced opioid analgesia, is, however,
formed in the liver [2,4] predominantly via CYP2D6 enzyme. (−)-
ODT also possesses potent monoamine reuptake inhibitory activity
and, moreover, has been reported to potentiate the antinocicep-
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tive effects of (+)-ODT in rats [5]. Studies using the cloned human
�-opioid receptor have also established that (+)-ODT has approx-
imately 200-times the affinity of the parent (±)-T [6]. Moreover,
(+)-ODT had the greatest intrinsic efficacy in an in vitro screen [6].

Cytochrome P450 2D6 is a highly polymorphic gene locus with
more than 70 variant alleles. Its single nucleotide polymorphisms
can greatly affect the phenotype leading to complete enzyme defi-
ciency in poor metabolizers, incomplete deficiency in intermediate
metabolizers in comparison to extensive metabolizers. The phar-
macokinetics of T and ODT is greatly affected by CYP2D6 deficency
[7] and the metabolism catalyzed through CYP2D6 is stereose-
lective for (+)-ODT formation in vivo [8–10]. The genetic enzyme
deficiency predispose poor metabolizers to have no or extremely
low levels of (+)-ODT in blood, while ultrarapid metabolizers were
shown to have unusually high (+)-ODT levels in blood [11]. Although
there is no convincing evidence that the genotype-dependent phar-
macokinetics differences relate to analgesic action of the drug in
clinical practise, pharmacodynamic action of the drug is modified
by CYP2D6 polymorphism [7,11–13]. Due to the metabolic fate of
tramadol that is depedent on the activity of CYP2D6, the drug has
been proposed to be used as a probe drug for easy and safe phe-
notyping of the liver enzyme activity in human pharmacogenetic
studies [14]. For this purpose, a stereoselective determination from
human urine needs to be applied.

Achiral determinations of T or ODT in biological matrices are
still routinely used in bioequivalence studies. Number of achiral
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Fig. 1. Structures of tramadol, O-desmethyltramadol and nefopam.

methods have been developed previously using TLC [15], GC with
nitrogen–phosphorous detection [16], GC with flame ionization
detection [17], GC–MS [18–25], and HPLC [26–32]. Chiral analysis
of T and ODT is important in clinical studies due to the different
pharmacodynamic action of individual enantiomers. As the drug
undergoes a stereoselective metabolism, which is dependent on the
activity of liver cytochrome P450 2D6, enantiomeric determination
of T and ODT in urine may be reliably used as a simple noninva-
sive phenotyping test for the evaluation of CYP2D6 activity in vivo.
Stereoselective determinations of T and ODT have been described
using CE [33–35] or HPLC [36–42], but no GC method was described
so far.

The aim of this work was to develop a simple method for simul-
taneous enantiomeric determination of T and ODT in urine as an
analytical method for CYP2D6 phenotyping in vivo. T, ODT and
IS. were analysed by gas chromatography with mass spectromet-
ric detection, which is more available than CE and can be used as
alternative method to generally more costly HPLC technique. This
method is easy to provide and is aplicable for routine enantiomeric
determination of T and ODT in a single sample of human urine as a
basis for CYP2D6 phenotype determination in vivo. Described pro-
cedure involves a simple SPE extraction for obtaining clear extract,
which is prepared for injecting onto GC/MS system without deriva-
tization step.

2. Experimental

2.1. Materials

BondElut Certify 130 SPE column and Vac Elut 20 vacuum man-
ifold were purchased from Varian (Palo Alto, CA, USA). Automatic
pipettes were obtained by Eppendorf (Hamburg, Germany). Glass
vials were obtained from Jaytee Biosciences (Whitstable, UK). Heat-
ing block was purchased from Barkey (Bielefeld, Germany).

2.2. Chemicals and reagents

Standards of pure T and ODT enantiomers and racemic com-
pounds were kindly supplied by Grünenthal (Stolberg, Germany).
Internal standard nefopam hydrochloride was purchased from
MP Biomedicals (Illkirch, France). Ammonium hydroxide (28%),
methanol, 2-propanol and dichloromethane (gradient grade) were
purchased from Merck (Darmstadt, Germany). TRIS buffer was
purchased from Sigma–Aldrich (Prague, Czech Republic). Natrium
acetate for the preparation of acetate buffer pH 4 was supplied
by Penta Chemicals (Prague, Czech Republic). Ultra/high quality
water was obtained using a Milli-Q apparatus Millipore (Bedford,
MA, USA). Helium (purity 6.0) and nitrogen (purity 5.0) were pur-
chased from Linde Gas (Prague, Czech Republic). All chemicals were
obtained in p.a. grade unless specified otherwise.

2.3. Gas chromatography–mass spectrometry

A GC Fisons Instruments 8000 series chromatograph with
autosampler CTC-2005, CTC Analytics (Zwingen, Switzerland) cou-
pled to a mass spectrometer Fisons Instruments MD 800 was used.
Chromatographic separation was achieved by Rt-�DEXcst capillary
column (30 m × 0.25 mm ID, 0.25 �m film thickness) from Restek
(Bellefonte, PA, USA).

The oven temperature initially set at 120 ◦C was increased at a
rate of 2.5 ◦C/min to 230 ◦C and then held for 10 min. The injec-
tor temperature was 230 ◦C. Pressure of carrier gas (helium) was
70 kPa. Injection was performed in splitless mode (60 s delay before
opening the splitter).

The MS detector parameters were GC–MS transfer line temper-
ature 230 ◦C, electron energy 70 eV. Selected ion monitoring mode
for quantitative analysis from 35 to 55 min was used, m/z: 58; 263
for T, 58; 249 for ODT and 58; 179 for IS (m/z 58 was used for the
quantification of both analytes and IS).

2.4. Stock and standard working solutions

Separate stock solutions of racemic T and ODT (200 �g/mL)
in methanol were stored at +4 ◦C. Standards were prepared from
stock solutions at final concentrations of 5, 25, 100, 250, 500, and
1000 �g/mL. The IS working solution was prepared at the final con-
centration of 1 mg/mL.

2.5. Standard samples and quality control samples

Aliquotes of blank urine obtained during a 24-h urine collection
from a healthy volunteer were stored at −70 ◦C and used to prepare
spiked urine samples. Standard working solutions of T and ODT
were added to 1 mL of drug free human urine creating final con-
centrations from 0.1 to 20 �g/mL. Quality control samples of T and
ODT at concentrations of 0.5, 5 and 10 �g/mL were prepared daily.

2.6. Sample preparation

All standard, quality control and biological samples were
processed by identical method. Bond Elut Certify column was con-
ditioned with 2 mL of methanol, followed by 2 mL of water. A
mixture of 1 mL of centrifuged urine, 2 mL of TRIS buffer and 10 �L of
IS working solution was applied to the column. Sample was forced
through the bed at a low-flow rate by vacuum. The column was sub-
sequently washed with 4 mL of water, 1 mL of acetate buffer pH 4
and 2 mL of methanol and dried for 5 min under 250 mmHg vacuum.
Analytes were eluted by 3 mL of mixture containing isopropanol,
dichloromethane and ammonium hydroxide (80:20:2, v/v/v). The
extract was evaporated to dryness under a stream of nitrogen at
45 ◦C in a heating block. The residue was redissolved in 150 �L of
methanol and 2 �L was injected into the GC/MS system.
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