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Abstract

Debrisoquine (D), an antihypertensive drug metabolized to 4-hydroxydebrisoquine (4-OHD) by CYP2D6, is commonly
used as an in vivo probe of CYP2D6 activity and can be used to phenotype individuals as either extensive (EMs) or poor
metabolizers (PMs) of such drugs as B-adrenergic blockers, tricyclic antidepressants, and class 1C antiarrhythmics. This
report describes reversed-phase HPLC systems by which D and 4-OHD or S(+) and R-(—)-4-OHD in urine are more
selectively quantified without the need for derivatization techniques. We also studied the urinary excretion of R-(—)- and
S(+)-4-hydroxydebrisoquine in EM hypertensive patients in order to determine weather 4-OHD formation exhibits
enantioselectivity. Twelve patients with mild to severe essential hypertension were admitted to the study. They received a
single tablet of Declinax containing 10 mg debrisoquine sulfate. All the urine excreted during the following 8 h was
collected. The debrisoquine metabalic ratio (DMR) was calculated as % of dose excreted as D/ % of dose excreted as 4-OHD
and the debrisoquine recovery ratio (DRR) was calculated as % of dose excreted as 4-OHD/% of dose excreted as
D+4-OHD. Debrisoquine and its metabolite were determined in urine by HPLC using a reversed-phase Select B
LiChrospher column, a mobile phase of 0.25 N acetate buffer, pH 5—acetonitrile (9:1, v/v) and a fluorescence detector. The
limit of quantitation was determined to be 25.0 ng/ml for D and 18.75 ng/ml for 4-OHD. Intra- and inter-day relative
standard deviations (RSDs) were less than 10%. All hypertensive patients studied showed a DMR of less than 12.6 or aDRR
higher than 0.12 and were classified as EMs. Direct enantioselective separation on chira stationary phase involved resolution
of S-(+)-4-OHD and R-(—)-4-OHD on a Chiralcel OD-R column with a mobile phase of 0.125 N sodium perchlorate, pH
5—acetonitrile—methanol (85:12:3, v/v/v). The quantitation limit of each enantiomer was 3.75 ng/ml of urine. Intra- and
inter-day RSDs were less than 10% for each enantiomer. A high degree of enantioselectivity in the 4-hydroxylation of D
favouring the S-(+) enantiomer was observed, resulting in R-(—)-4-OHD not detected in the urine of the EM hypertensive
patients studied. [ 2000 Elsevier Science BV. All rights reserved.
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1. Introduction

Genetic polymorphism represents a crucial factor
in the pharmacokinetic variability of many drugs.
Oxidative polymorphism type debrisoquine/spar-
teine (CYP2D6 substrates) or S-mephenytoin
(CYP2C19 substrate) differentiates the individuals of
agiven population into extensive metabolizers (EMs)
or poor metabolizers (PMs) [1].

Debrisoquine (D) (Fig. 1) is extensively elimi-
nated by metabolism. Hydroxylation at position 4,
catalysed by CYP2D6, results in the formation of
4-hydroxydebrisoquine (4-OHD), which is complete-
ly excreted into urine. Other metabolites detected in
urine include phenolic compounds (5-, 6-, 7- and
8-hydroxydebrisoquine), which are relatively minor
and are probably produced by CYP2D6, and acid
compounds. There is no evidence of conjugates with
glucuronic acids or with sulfates [2].

The in vivo activity of CYP2D6 can be estimated
as D recovery ratio (DRR=4-OHD/D+4-OHD) or
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Fig. 1. Chemical structures of D and its metabolite 4-OHD.

D metabolic ratio (DMR=D/4-OHD) in urine col-
lected 6—8 h after the administration of a single per
oral dose of debrisoquine. The DMR parameter,
athough frequently employed in clinic studies, does
not represent a linear measurement of in vivo
CYP2D6 activity. The recovery ratio (DRR) is
proportional to CYP2D6 activity and is more related
to 4-OHD formation. DMR varies in the population
from =~0.01 to >100, and individuals who express
DMR lower than 12.6 are classified as extensive
metabolizers or even as ultrarapid metabolizers
(DMR<0.2). The DRR greater than 0.12 aso
phenotypes as extensive metabolizers [3,4]. Approxi-
mately 7% of Caucasians and a higher percentage of
Black people have been reported to be ultrarapid
metabolizers. The frequency of the PM phenotype
varies among populations, being high among
Caucasians (5—10%) and low among other popula-
tions, such as the Chinese and Japanese ones (<1%)
[5.6].

Debrisoquine has been extensively described in
the literature as a marker drug of the oxidative
phenotype of patients included in protocols for the
investigation of drug pharmacokinetics, with elimi-
nation depending on the polymorphic isoform
CYP2D6. Drugs metabolized by CYP2D6 contain a
basic nitrogen atom and a flat hydrophobic region
coplanar to the oxidation site, which is 5—-7 A away
from the basic nitrogen [2,7]. Oxidative metabolism
of the debrisoquine/sparteine type is determinant in
terms of the metabolic rate of a growing number of
drugs such as pB-blockers, antiarrhythmics and
opiates, although the clinical relevance of this phe-
nomenon is mainly expressed for tricyclic antide-
pressants, some neuroleptics and a few other non-
psychotropic drugs [1]. The association of this
oxidative polymorphism with diseases such as cancer
[8], diabetes [9], Parkinson's disease [10], epilepsy,
and tardive dyskinesia in schizoprenia [11,12],
among others, should also be emphasised [13].

Debrisoquine hydroxylation at position 4 by
CYP2D6 creates a chiral centre in the molecule, with
the possible formation of the S-(+)-4-hydroxy-
debrisoquine and R-(—)-4-hydroxydebrisoquine me-
tabolites [14]. Eichelbaum et al. [14] investigated
enantioselectivity in the urinary excretion of 4-hy-
droxydebrisoquine in healthy volunteers phenotyped
as EMs or PMs and observed loss of enantioselec-
tivity in PM volunteers and almost exclusive urinary
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excretion of the enantiomer S-(+)-4-hydroxy-
debrisoquine in EM volunteers. This result permits
the exploration of enantioselectivity in the urinary
excretion of 4-hydroxydebrisoquine as a complemen-
tary method or even as an additional criterion for the
evaluation of the debrisoquine polymorphism [2,14—
16].

Sequential analysis of debrisoquine and 4-hy-
droxydebrisoquine in urine can be performed using
gas chromatography—flame ionisation detection
(GC—-FID) [17], GC—nitrogen—phosphorus detection
(NPD) [17] or GC—mass spectrometry (MS) [18]
after derivatization with acetylacetone. Other pro-
cedures involve high-performance liquid chromatog-
raphy (HPLC) with detection by UV [19,20] or by
fluorescence [3,21], LC-MS [22], or even the use of
capillary zone electrophoresis (CZE) [23]. Enan-
tioselective anaysis of 4-hydroxydebrisoquine in
urine by HPLC was only described by Meese et al.
[15]. These investigators used derivatization with
acetylacetone for 72 h, followed by separation of
pyrimidine derivatives on a *‘Pirkle’ chira station-
ary phase column [(R)-N-3,5-dinitroben-
zoylphenylglycine] and detection by fluorescence.
Lanz et al. [23] used CZE in the separation of
4-hydroxydebrisoquine enantiomers via addition of a
B-cyclodextrin derivative to the CZE buffer.

The present report describes reversed-phase HPLC
systems by which D and 4-OHD or S(+)- and
R-(—)-4-OHD in urine are more selectively quan-
tified without the need of a derivatization technique,
and presents the study of urinary excretion of D and
4-OHD and R-(—-)- and S(+)-4-hydroxy-
debrisoquine in Brazilian Caucasian hypertensive
patients in order to determine the oxidative pheno-
type and whether 4-OHD formation exhibits enantio-
selectivity.

2. Materials and methods
2.1. Analytical methods

2.1.1. Chemicals and reagents

Debrisoquine sulfate was obtained from Sigma
(St. Louis, MO, USA) and 4-hydroxydebrisoquine
was kindly provided by Professor Sompson Wan-
wimolruk  (University of Otago, Otago, New
Zedland). Sodium chloride, sodium hydroxide and

sodium perchlorate monohydrate were reagent grade
and were purchased from Merck (Darmstadt, Ger-
many). A 1.0 M NaOH solution was washed with the
extraction solvent  dichloromethane—isopropanol
(6:4, v/v). The solvents used for the preparation of
standard solutions, urine extraction and chromato-
graphic analysis were obtained from Merck as HPLC
grade.

A stock solution of debrisoquine was prepared in
0.4 mg/ml methanol and diluted in order to obtain
solutions at concentrations of 80, 40, 20 and 8
pg/ml. The stock solution of racemic 4-hydroxy-
debrisoquine was prepared in methanol—water (1:1,
v/v) and diluted in methanol in order to obtain
solutions at concentrations of 160, 60, 30 and 12
pg/ml. The solutions were stored a8 —20°C and
remained stable for 3 months.

2.1.2. Preparation of urine samples

A 1.0-ml aliquot of urine was alkalinized with 50
wl of 1.0 M NaOH, supplemented with 200 mg NaCl
and 10.0 ml of dichloromethane—isopropanol (6:4,
v/v). The tube was vortex-mixed for 3 min followed
by centrifugation at 2000 g for 5 min. The organic
layer (9 ml) was removed and evaporated under a
nitrogen stream and the residue was reconstituted
with 100 pl of the mobile phase immediately prior to
analysis. A 20-pl aliquot was assayed by HPLC.

2.1.3 High-performance liquid chromatography
procedures

2.1.31. Debrisoquine and 4-hydroxydebrisoquine.
Debrisoquine and its metabolite were analysed on a
25X4.0 mm Select B LiChrospher column 60 with
particle size 5 pm (Merck). The mobile phase was
acetonitrile—0.25 N acetate buffer, pH 5.0 (1:9, v/v)
at a flow-rate of 1.0 ml/min (pressure 139 kg/cm®).
The peaks were detected by fluorescence monitoring
(RF-551, Shimadzu, Kyoto, Japan) with excitation
and emission wavelengths of 210 and 290 nm,
respectively.

2132 R-(—)- and S (+)-4-hydroxydebrisoquine.
The enantiomers R-(—)- and S-(+)-4-hydroxy-
debrisoquine were analysed on a 250X4.6 mm
Chiracel OD-R column [cellulose tris(3,5-di-
methylphenyl carbamate) on a 10 pm silica-gel
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substrate; Daicel, Los Angeles, CA, USA]. The
mobile phase was methanol—acetonitrile—0.125 N
sodium perchlorate, pH 5.0 (3:12:85, v/v/v) a a
flow-rate of 0.8 ml/min (pressure 24 kg/cm?). The
peaks were detected by fluorescence monitoring (RF-
551, Shimadzu) with excitation and emission wave-
lengths of 210 and 290 nm, respectively.

2.1.4. Calibration curves

The calibration curves were constructed using
drug-free urine samples (1.0 ml) enriched with 25 pl
of each standard solution. Concentrations of 0.2—2.0
g debrisoquine/ml urine and of 0.3—4.0 g racemic
4-hydroxydebrisoquine/ml urine were evaluated in
duplicate. The calibration curves for enantioselective
analysis of 4-hydroxydebrisoquine were constructed
in a similar manner at concentrations of 0.15-2.0 g
of each enantiomer/ml urine.

2.1.5. Validation
Absolute recovery of debrisoquine and its metabo-
lite was determined at concentrations of 0.2 and 2.0
pg/ml of each drug (n=3). Drug-free urine samples
were spiked with standard drug solutions and sub-
mitted to extraction procedures. The urine concen-
trations of drugs were calculated from the calibration
curves obtained by the direct injection of the drugs.
The quantification limit, defined as the lowest
concentration with a relative standard deviation
(RSD) of <10%, was obtained by analysis of urine
samples spiked with decreasing drug concentrations
compared to those used in the calibration curves.
Linearity was determined by the analysis of drug-
free urine samples spiked with drugs in the range of
0.2-20.0 pg of D/ml, 0.3-15.0 png of 4-OHD/ml
and 0.15-15.0 p.g of each enantiomer of 4-OHD/ml.
Inter- and intra-day precision and accuracy were
assessed by replicate analysis of spiked samples at
high (2.0 pg/ml of D and 7.5 pg/ml of 4-OHD or
9.6 pg/ml of each enantiomer of 4-OHD) and low
(0.2 pg/ml of D and 0.3 pg/ml of 4-OHD or 0.32
prg/ml of each enantiomer of 4-OHD) concentrations
in urine against calibration curves. Intra-day preci-
sion was determined by analysing spiked samples in
replicate (n=10) on the same day. The procedure
was repeated on 5 different days with the same
spiked samples to determine inter-day precision.

Interference from commonly used drugs was
evaluated by injecting solutions of the drugs pre-
pared in the mobile phase into the chromatographic
system and comparing their retention times with
those of the D and 4-OHD or 4-OHD enantiomers.
The following drugs were checked: acetaminophen,
aminopyrine, amiodarone, atenolol, benzydamine,
captopril, carbamazepine, clobazam, chlorimipra-
mine, chlorpromazine, dapsone, digoxin, ethidocaine,
lidocaine, metochlopramide, nitrazepam, prop-
aphenone, quinidine, theophylline, trimipramine and
sotalol.

2.2. Clinical study

The study was conducted on Brazilian Caucasian
patients of both sexes (five men and seven women)
aged 28 to 76 years and weighing 49 to 103 kg, with
arterial hypertension (>140X90 mmHg as deter-
mined on three different occasions) and with normal
hepatic and renal function determined by clinical
examination and laboratory tests (Table 1). The
patients gave informed written consent to participate
in the study, which was approved by the Ethics
Committee of the local hospital.

The selected patients received a single oral dose of
10 mg debrisoquine (Declinax; Roche, Welwyn
Garden City, UK) in the morning after complete
bladder emptying and a 12 h fast. Urine was
collected until 8 h after the administration of the
marker drug. The total volume of urine was
homogenized and measured and an aliquot of ap-
proximately 10 ml was stored at —20°C.

3. Results

The use of debrisoquine as a marker drug of the in
vivo activity of CYP2D6 required the development
of simultaneous anaysis of D and its metabolite
4-OHD or of the S(+)- and R-(—)-4-OHD enantio-
mers in urine. The data presented in Tables 2—4
demonstrate the high sensitivity, precision and selec-
tivity of the analytical methods. The data obtained in
the study of linearity correspond to the highest D and
4-OHD concentrations tested that presented a linear
relation with the detector response. The chromato-
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Table 1
Demographic, clinical and laboratory data of the hypertensive patients
Patient No. Age Weight Height Cl? Concurrent medications
(sex) (years) (kg) (cm) (m min™* .73 m™?)
1 (M) 32 60 160 110.8
2 (M) 45 78 174 141.6
3(F) 76 67 166 56.9
4 (F) 75 49 155 69.0
5(F) 63 67 169 131.2 Estradiol benzoate
6 (M) 55 103 168 90.3 Acethylsdlicilic acid, propathylnitrate
7 (F) 43 72 147 104.6
8 (M) 49 84 170 101.0 Bromazepam
9 (F) 28 76 169 65.6 N-Buthylscopolamine
10 (F) 61 91 160 =
11 (M) 43 95 185 124.4 Carbamazepine, lithium, imipramine
12 (F) 67 79 168 67.5
#Cl o, Creatinine clearance.

CR?

® _ Not determined.

grams presented in Figs. 2 and 3 show that the The results of the investigation of the oxidative
endogenous components of urine do not interfere phenotype of D are presented in Table 5. The urinary
with the analytical methods. excretion D/4-OHD (DMR) ratios lower than 12.6
Table 2
Confidence limits of the analysis of D and 4-OHD in urine
D 4-OHD

Absolute recovery (%) 90.5 81.6
Quantitation limit (ng/ml) 250 18.75

RSD (%) 2.7 5.2
Linearity

Range (pg/ml) 0.2-20.0 0.3-15.0

Slope 10.71 14.13

Intercept 16 632.4 10 404.7

Correlation coefficient 0.9888 0.9954

Accuracy intra-day

Concentration (ug/ml) 0.2 2.0 0.3 75
n 10 10 10 10
% Bias -5.0 —-4.8 —-0.6 =20

Precision intra-day

Concentration (pg/ml) 0.2 20 0.3 75
n 10 10 10 10
RSD (%) 4.08 2.78 7.2 35
Precision inter-day

Concentration (.g/ml) 0.2 20 0.3 75
n 5 5 5 5
RSD (%) 5.7 5.2 7.6 7.7

RSD=relative standard deviation.
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Table 3
Confidence limits of the analysis of 4-OHD enantiomers in urine
R-(—)-4-OHD S(+)-4-OHD
Absolute recovery (%) 81.0 76.6
Quantitation limit (ng/ml) 3.75 3.75
RSD (%) 6.23 6.24
Linearity
Range (pg/ml) 0.15-15.0 0.15-15.0
Slope 21.07 26.48
Intercept 10 451.5 9890.7
Correlation coefficient 0.9922 0.9907
Accuracy intra-day
Concentration (g/ml) 0.32 0.32
n 10 10
% Bias —1091 —1250
Accuracy inter-day
Concentration (ug/ml) 0.32 0.32
n 5 5
% Bias —7.38 —8.88
Precision intra-day
Concentration (g/ml) 0.32 9.6 0.32 9.6
n 10 10 10 10
RSD (%) 1.46 2.95 112 2.24
Precision inter-day
Concentration 0.32 9.6 0.32 9.6
n 5 5 5 5
RSD (%) 5.21 450 5.93 458

RSD=relative standard deviation.

and the 4-OHD/D+4-OHD (DRR) ratios higher than
0.12 designate the EM oxidative phenotype for all
patients investigated. A high degree of enantioselec-

Table 4

Selectivity study: analysis of D and 4-OHD in urine

tivity was detected in the analysis of 4-OHD enantio-
mers in urine, with the detection of only the S-(+)-
4-OHD enantiomer in the 12 patients investigated.

Drug Concentration Retention time (min)
(ng/ml) RP-Select B column Chiralcel OD-R column
D 1.0 25.3 ND?
4-OHD 0.75 8.2 -
(S)-(—)-4-OHD 1.0 - 8.7
(R)-(+)-4-OHD 1.0 - 9.2
Atenolol 0.4 7.1 6.2
Sotalol 6.0 7.3 6.4

*ND, Not detected in 0 to 45 min interval: acetaminophen, aminopyrine, amiodarone, benzydamine, captopril, carbamazepine, clobazam,
chlorimipramine, chlorpromazine, dapsone, digoxin, ethidocaine, lidocaine, metochlopramide, nitrazepam, propaphenone, quinidine,
theophylline, trimipramine, verapamil.
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Fig. 2. Assay for D and its 4-OHD metabolite: chromatograms of (A) blank human urine, (B) urine sample spiked with 4-OHD (1) and D
(2) and (C) 8 h human urine after oral ingestion of 10 mg of debrisoquine.

A B C

A e —— e
0 5 10 0 5 10 0 5 10 min

Fig. 3. Assay for (+)-(S)-4-OHD and (—)-(R)-4-OHD: chromatograms of (A) blank human urine, (B) urine sample spiked with racemic
4-OHD and (C) 8 h human urine after oral ingestion of 10 mg of debrisoquine. Peaks: 1=(+)-(S)-4-OHD; 2=(—)-(R)-4-OHD.
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Table 5
Investigation of oxidative phenotype of debrisoquine®

Patient DMR DRR (+)-(S)-4-OHD
(ng/ml)
1 0.30 0.77 35735
2 0.40 0.72 3303.0
3 0.43 0.70 730.5
4 0.46 0.69 1179
5 0.95 0.51 1454.5
6 0.98 0.51 18485
7 0.42 0.70 3181.8
8 0.56 0.64 1685.8
9 0.61 0.60 303.0
10 0.30 0.77 3870.7
11 0.18 0.85 1902.6
12 0.23 0.81 1923.0

*DMR, Debrisoquine metabolic ratio; DRR, debrisoquine re-
covery ratio. (—)-(R)-4-OHD was not detected in concentrations
=3.75 ng/ml of urine.

4. Discussion

The analytical method developed with the use of
the RP-Select-B column and a fluorescence detector
does not require derivatization procedures and per-
mits the simultaneous analysis of D and 4-OHD,
with confidence limits compatible with application in
studies of metabolism (Tables 2—4). Most of the
methods previously reported in the literature use
derivatization procedures that require up to 16 h for
sample preparation [17,18]. Daumas et al. [18]
reported low sensitivity in the analysis of D and
4-OHD after derivatization with acetylacetone and
detection by GC-MS, with detection limits of the
order of 200 ng/ml. Johnson et al. [19] used solid-
phase extraction (CN) and HPLC with UV detection
in the analysis of D and 4-OHD at concentrations of
0.4 to 1.8 pg/ml urine. Wanwimolruk and Ferry [20]
developed a direct method for D and 4-OHD anaysis
in urine by liquid—liquid extraction (1-hexanol—
ether, 6:4) and by the use of a UV detector and
reported detection limits of 100 ng/ml for D and 50
ng/ml for 4-OHD. Frye and Branch [3] reported a
quantitation limit of 50 ng/ml for D and 4-OHD by
direct injection of urine samples previously washed
with ethyl ether in acid medium. These values
represent concentrations higher than the quantitation
limits obtained in the present study, i.e., 25 ng/ml
for D and 18.75 ng/ml for 4-OHD. Similar results

were reported by Pereira et a. [21] using the
fluorescence detector, i.e., quantitation limits of 12
ng/ml for D and 23 ng/ml for 4-OHD. The use of
capillary electrophoresis reported by LANZ et al.
[23] for the analysis of D and of the 4-OHD
enantiomers resulted in detection limits of 150 ng of
each drug per ml urine. This result may prevent the
quantitation of D in the urine of extensive metabo-
lizers. The D concentrations obtained in the urine of
the 12 hypertensive patients studied here ranged
from 0.1 to 2.0 pg/ml.

The enantioselective analysis of 4-OHD in urine
by HPLC was previously reported by Meese et al.
[15] with the wuse of derivatization with
acetylacetone. The 4,6-dimethyl-2-pyrimidyl deriva-
tives separated on a Pirkle-type chiral phase column
were eluted with retention times of 2 and 23 min.
The method described by them presented a detection
limit of 25 pmol/ml urine for the two 4-OHD
enantiomers. The analytical method developed in the
present study, without derivatization procedure and
with the use of a Chiralcel OD-R column, permitted
the elution of the S-(+)- and R-(—)-4-OHD enantio-
mers within approximately 9 min. The quantitation
limits obtained for both 4-OHD enantiomers were
3.75 ng/ml urine. The concentrations of the S-(+)
enantiomer ranged from 0.1 to 3.9 pg/ml, while the
R-(—) enantiomer was not detected in the urine of
the hypertensive patients investigated.

Both methods reported in our study presented high
precision based on intra- and inter-day RSDs of less
than 10% (Tables 2 and 3). No analytical interfer-
ences were found from the co-administered drugs
(Table 4) or their metabolites and no interferences
were observed in urine samples from any of the
patients.

We used a DMR of less than 12.6 and a DRR
higher than 0.12 to classify extensive metabolizers
[3]. In our study the debrisoquine metabolic (DMR)
and the debrisoquine recovery ratios (DRR) varied
among the hypertensive patients, ranging from
DMR=0.18 to 0.97 and DRR=0.51 to 0.85, so all
patients were phenotyped as EMs (Table 5). Without
any exception, in all the patients studied, a high
degree of enantioselectivity in the 4-hydroxylation of
D favouring the S-(+)-4-OHD was observed, since
patients formed S-(+)-4-OHD almost exclusively.
The enantioselectivity in 4-OHD isomer formation
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might provide an additional phenotyping criterion
which might be useful for definite phenotype assign-
ment of subjects whose DMR is close to 12.6.
Eichelbaum et a. [14] classified as PM individuals
that had a S-(+)-4-OHD excess of 90% or less.

In conclusion, we have presented rapid and selec-
tive methods for the simultaneous analysis of D and
4-OHD and for the anaysis of R-(—)- and S-(+)-4-
OHD in human urine. These methods are suitable for
studies of CYP2D6 activity utilising D as a probe
drug. With no exception, al patients were
phenotyped as EMs of D, and presented a high
degree of enantioselectivity in the 4-hydroxylation of
D, favouring the formation of S-(+)-4-OHD.

References

[1] A. Marzo, L.P. Baant, J. Chromatogr. B 678 (1996) 73.

[2] B. Eiermann, PO. Edlund, A. Tjernberg, P. Dalén, M.L.
Dahl, L. Bertilsson, Drug Metab. Dispos. 26 (1998) 1096.

[3] R.F. Frye, R.A. Branch, J. Chromatogr. B 677 (1996) 178.

[4] I. Johansson, E. Lundqvist, L. Bertilsson, M.-L. Dahl, F.
Sjogvist, M. Ingelman-Sundberg, Proc. Natl. Acad. Sci. 90
(1993) 11825.

[5] L. Bertilsson, Clin. Pharmacokinet. 29 (1995) 192.

[6] R. Lovlie, A.K. Daly, A. Molven, JR. Idle, V.M. Steen,
FEBS Lett. 392 (1996) 30.

[7] D.A. Smith, B.C. Jones, Biochem. Pharmacol. 44 (1992)
2089.

[8] M. Romkes-Sparks, A. Mnuskin, H.D. Chern, R. Persad, C.
Fleming, G.N. Sbley, P. Smith, G.R. Wilkinson, R.A.
Branch, Carcinogenesis 15 (1994) 1955.

[9] B. Gawronska-Szklarz, W. Gornik, A. Pawlik, P. Kunicki, J.
Wojcicki, D. Sitkiewicz, Z. Sych, Eur. J. Clin. Pharmacol. 51
(1997) 431.

[10] C.P. Pang, J. Zhang, J. Woo, D. Chan, L.K. Law, S.F. Tong,
T. Kwok, R. Kay, Mov. Disord. 13 (1998) 529.

[11] T. Kapitany, K. Meszaros, E. Lenzinger, S.D. Schindler, C.
Barnas, K. Fuchs, W. Sieghart, H.N. Aschauer, S. Kasper,
Schizophr. Res. 32 (1998) 101.

[12] ©. Ohmori, T. Suzuki, H. Kojima, T. Shinkai, T. Terao, T.
Mita, K. Abe, Schizophr. Res. 32 (1998) 107.

[13] M. Watanabe, Toxicol. Lett. 102—103 (1998) 167.

[14] M. Eichelbaum, L. Bertilsson, A. Kupfer, E. Steiner, C.O.
Meese, Br. J. Clin. Pharmacol. 25 (1988) 505.

[15] C.O. Meese, P. Thalheimer, M. Eichelbaum, J. Chromatogr.
B 423 (1987) 344.

[16] M.S. Lennard, G.T. Tucker, H.F. Woods, A.O. lyun, M.
Eichelbaum, Biochem. Pharmacol. 37 (1988) 97.

[17] M.S. Lennard, JH. Silas, A.J. Smith, G.T. Tucker, J.
Chromatogr. 133 (1977) 161.

[18] L. Daumas, JF. Sabot, E. Vermeulen, P. Clapot, F. Allegre,
H. Pinatel, J. Chromatogr. B 570 (1991) 89.

[19] K.A. Johnson, V. Kolatkar, R.J. Straka, Ther. Drug Monit. 12
(1990) 478.

[20] S. Wanwimolruk, D.G. Ferry, J. Lig. Chromatogr. 13 (1990)
961.

[21] V.A. Pereira, J.O. Auler Jr., M.J. Carmona, F.H. Mateus, V.L.
Lanchote, D.D. Breimer, S.R.C.J. Santos, Braz. J. Med. Biol.
Res. 33 (2000) 509.

[22] RJ. Scott, J. Pamer, I.A. Lewis, S. Pleasance, Rapid
Commun. Mass Spectrom. 13 (1999) 2305.

[23] M. Lanz, R. Theurillat, W. Thormann, Electrophoresis 18
(1997) 1875.



