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A Novel Single Nucleotide Polymorphism (SNP) of the
CYP2C19 Gene in a Japanese Subject with Lowered
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Summary: We sequenced all nine exons and exon-intron junctions of the cytochrome P450 2C19
{CYP2C19) gene from a Japanese subject with a lowered capacity of CYP2C19-mediated 4’-hydroxyl-
ation after an oral administration of mephobarbital. We found a novel single nucleotide polymorphism
(SNP) of CYP2C19 gene as follows: SNP, 040110MoritaJ001; GENENAME: CYP2C19; ACCESSION
NUMBER: NT_030059.8; LENGTH; 25 bases; 5'-GAGGGCCTGGCCC/TGCATGGAGCTGT-3’. The
SNP (168946C > T) induced an amino acid alteration (Arg442Cys) located in exon 9 close to the heme-
binding region of CYP2C19, which may result in the decrease in the catalytic properties of CYP2C19. A
new allele having this SNP was designated as CYP2C19°16.

Key words: CYP2CI9; novel SNP; amino acid substifution; Japanese

Introduction

Mephobarbital is metabolized to 4’-hydroxymepho-
barbital by CYP2C19 in human liver microsomes.”
Recently, we investigated the pharmacokinetic disposi-
tion and metabolism of mephobarbital in extensive
metabolizers and poor metabolizers of CYP2C19
recruited from a Japanese population. Through the
study, we found that a heterozygote of defective allele,
CYP2CI19*2, had a lower capacity for the 4’-hydroxyl-
ation of mephobarbital compared with the other
heterozygotes. Urinary excretion rate of 4/-hydroxyme-
phobarbital collected in 0 to 24 hours after an oral

Until January 27, 2004, the SNP reported herein has not been report-
ed in the “Human cytochrome P450 {CYP) Allele Nomenclature
Committee database ¢http://www.imm.ki.se/CYPalleles/) or the
“JSNPs data base (http:/ /snp.ims.u.tokyo.ac.jp/}”.

iKobayashi, K., Mcrita, J., Chiba, K., Wanibuchi, A., Kimura, M.,
Irie, S., Urae, A. and Ishizaki, T.: Pharmacogenetics in press.

administration of mephobarbital in the subject was only
one third of those in the other heterozygotes of defective
alleles, CYP2CI9*2 or CYP2CI9%3 (Kobayashi ef al').
Although all of known SNPs of CYP2C19 gene (see
http: //www.imm_ki.se/CYPalleles/) have been ana-
lyzed, none of these mutated alleles were existed in the
genomic DNA of this outlier, except for CYP2C19%2.
Therefore, we sequenced all nine exons and exon-intron
junctions of CYP2C19 gene from the outlier and identi-
fied a novel SNP located in exon 9 of CYP2CI9 gene
and the SNP was also analyzed in 80 J apanese reported
herein,

Materials and Methods

Human DNA samples: Genomic DNA was isolated
from whole blood of healthy volunteers using GFX
genomic Blood DNA Purification kit (Amersham
Biosciences, Piscataway, NJ, USA) in accordance with
the manufacture’s instructions. Informed consent was
obtained, and the study including phenotyping and
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Table 1. Primers used for the specific amplification and direct sequencing analysis of CYP2CI9 gene

amplified region forward primer (' to 3} reverse primer (57 to 3°)°
Exonl AGTGGGCCTAGGTGATTGGCCACTT TCAAAGTATTITACTTTACAATGATCTC
Excns 2and 3 TAAATATGAATCTAAGTCAGGCTTAGT GGAGAGCAGTCCAGAAAGGTCAGTGATA
Exon 4 TGCTTTTAAGGGGAGTCATAGG CAAATGTACTTCAGGGCTTGG
Exon 5 CAACCAGAGCTTGGCATATTG TGATGCTTACTGGATATTCATGC
Intron 3 AAACCTTGCTTTTATGGAAAGIG ATAACTAAGCTTTTGTTAACATGTT
Exon 6 AAAACTGGCACAAGACAGGGATG AAATTGGOGACAGATTACAGCTGCA
Exon 7 AATTGCTAGAACAAATGTTCCATITC AGAGGUTAAGAATCATACTGTGA
Exon 8 CCACTGTTTCATAAACCATCGTGA GAAGGCACATGTAAGTTCCAACTGA
Exon 9 ATCTACTCATCCCTCCTATGATTCACCG ATGTGGCACTCAATGTAACTATTATAGA

A) Wild type/wild type

CTGGCCCGCA

B) Wild type/168946C>T

CTGGCC%GCA

C) Partial amino acid sequence of CYP2C19

PFSAGKRICVGEGLAR*M
I |

Heme-binding motif

Fig. 1. The nucleotide sequences of the CYP2CI9 gene in exon 9 containing 168946C>T pelymorphism (Arg442Cys). Although the sequences
are shown only for sense strands, both the strands were sequenced. The first A of the translational initiation codon ATG of exon 1 is defined as
position + 1. A) Wild type/wild type. B) Wild type/168946C>T. C) Partial amino acid sequence of CYF2CI9 showing the conserved heme-bind-
ing motif (FXXGXRXCXQA). Arrows indicate variant nucleotide and amino acid positions. Underlines indicate the comserved heme-binding motif
of cytochrome P450.
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genotyping tests was approved by the ethics review
board of Kyushu Pharmacology Research Clinic and by
the ethics committee of Graduate School of Pharmaceu-
tical Sciences, Chiba University, Chiba Japan,

PCR conditions and DNA sequencing: The PCR
was conducted in a reaction mixture (25 yL) containing
100ng of genomic DNA, 0.63U Ampli Taq Gold
(Applied Biosystems, Foster City, CA, USA), 10X PCR

Gold Buffer, 2.5 mM MgCl; and 0.2 mM dNTPs with

0.2 uM of each primer. PCR conditions consisted of an
initial denaturation at 94°C for 10 min, followed by 35
cycles of denaturation at 94°C for 1 min, annealing at
for 57°C 1 min and extension at 72°C for I min, except
that annealing was performed at 65°C for amplification
of exon 1. Sequences were determined using Cycle
Sequencing with Quick Start Kit (Beckman coulter
Fulleton, California, USA) and CEQ2000XL DNA
analysis system (Beckman coulter). The primers used
for the PCR amplification and sequencing are shown in
Table 1. The SNP was confirmed by the repeated
sequence analyses on PCR products generated by new
genomic DNA amplification.

Mephobarbital phenotyping protocol: Thirty male
healthy volunteers received an oral 200-mg dose of
racemic mephobarbital (1 tablet of Prominal®, Win-
throp Laboratories, Sydney, Australia), Urine samples
were collected at 0 to 24 hours. The concentration of 4’-
hydroxymephobarbital in urine was measured by the
HPLC method. (Kobayashi et al*). The genotypic back-
grounds of CYP2C19 of thirty male healthy subjects
were the nine homo extensive metabolizers (2CI9*%1/
2C19*D), ten hetero extensive metabolizers (2C19*1/
2C19*2, 2C19*1/2C19%3) and eleven poor metabolizers
(2C19%2/2CI9%2, 2C19*2/2C19%3, 2C19%3/2C19"3).

Results and Discussion

We found the following novel SNP (168946 C>T)
from the outlier subject with a lowered capacity for
CYP2C19-mediated 4’-hydroxylation of mephobar-
bital.

SNP: 040110MoritaJ001; GENENAME: CYP2CI9;
ACCESSION NUMBER: NT.030059.8; LENGTH;
25 bases; 5’ -GAGGGCCTGGCCC/TGCATGGAGCT-
GT-3.

The SNP was 168946C > T in exon 9 resulting in an
amino acid change of Argd42Cys (Fig. 1). The outlier
was heterozygous for the Argd42Cys allele. As shown in
Fig. 1C, the amino acid substitution (Arg442Cys) is
closely located in the heme-binding region.? Thus, the
novel SNP is expected to decrease the catalytic proper-
ties of CYP2C19. In fact, urinary excretion rate of 4'-
hydroxymephobarbital collected in O to 24 hours after
an oral administration of mephobarbital in the subject
was lower than those in the other heterozygotes with

Jun MoRITA ef al,

defective alleles, CYP2CI9*2 or CYP2C19*3, or the
homozygotes of CYP2CI9*! (3.5% vs. 10.1x1.1 or
10.9+1.5% of dose). However, the rate in the subject
was not as low as those in poor metabolizers of
CYP2CI19 (0.53£0.31% of dose).

Until now, it has been known that the only two defec-
tive alleles (i.e., CYP2C19*2 and CYP2C19*3) account
for »99% of poor metabolizer alleles in the Japanese
population.’* On the other hand, more than 10 variants
{designed as CYP2C19% to CYP2C19*15) of CYP2C19
gene have been reported from the other ethnic groups
(see http://www.imm.ki.se/CYPalleles/). The novel
SNP would be able to explain the poor metabolizer
status of CYP2C19 which cannot be explained by
CYP2C19*2 and CYP2C19*3 in a Japanese population.
However, since this novel SNP was not found in
another 80 DNA samples of Japanese subjects, further
studies are definitely required for the more exact fre-
quency of the SNP and its functional characteristics in
Japanese and the other races.

In conclusion, the novel SNP (Argd42Cys) located in
exon 9 of the CYP2CI9 gene was found in a Japanese

" subject with an impaired activity of CYP2C19, This

outlier appears to be a heterozygote for CYP2C19*2
and this new SNP, although haplotypes of the subject
have not been evaluated. Further studies are undergone
to establish whether the newly identified SNP
(Argd22Cys) affects the CYP2C!9 function in our
laboratory.

Acknowledgement: This work was supported in part by
grants-in-aid from the Ministry of Health, Labour and
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Engineering; Health and Labour Sciences Research
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Summary: We have recently found that the frequency of 04 TP-C*15 is significantly higher in patients
who experienced myopathy after receiving pravastatin or atorvastatin than in patients without
myopathy. However, there were two patients who experienced pravastatin-induced myopathy despite
the fact that they did not possess OATP-C*15 or other known mutations of OATP-C that have been
reported to decrease the function of OATP-C. In this study, we sequenced all of the exons and exon-
intron junctions of OA TP-C of the two patients and found a novel mutation in exon 12 of OATP-Cin one
of the patients. In this mutation (1628T >G), there is a substitution of Len to Trp at position 543 in
transmembrane-spanning domain 10 of OATP-C. However, the frequency of this mutation in the

Japanese population appears to be very low (<1%).

Key words: OATP-C (SLCOIBJJ; novel variant allele; nonsynonymous; statins

Introduction

3-Hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors, also known as statins, are the most effective
drugs for treatment of elevated concentration of low-
density lipoprotein cholesterol, and they have been
shown to reduce cardiovascular events of coronary
heart disease and cardiovascular-related morbidity
and mortality rates.” These drugs are tolerated well by
most patients, but they can produce a variety of muscle-
related complaints like myopathy and rhabdomyolysis,
which have been the major clinical complication for
statin treatment.? We have recently studied genetic
factors contributing to the risk of statin-induced
myopathy and found that the frequency of OATP-
C*15, a mutant allele of OATP-C (OATPIBI, gene
SLC2IA6/SLCOIB1), was significantly higher in
patients with myopathy who were receiving pravastatin
or atorvastatin than in patients without myopathy.”
We also found in another study that transporting
activities for pravastatin and atorvastatin decreased
significantly in HEK293 cells expressing OATP-C*15
compared to those in cells expressing O4ATP-C*la, the

reference allele of OATP-C.® Based on these findings,
we speculated that patients treated with pravastatin or
atorvastatin who are carrying OATP-C*15 have in-
creased plasma concentrations of these drugs and are
thus more susceptible to the myotoxic effects of these
statins than are non-carrier patients treated with
pravastatin or atorvastatin.

However, in our study two of seven patients who
experienced myopathy after receiving pravastatin or
atorvastatin did not possess O4TP-C*I5 or mutated
alleles of OATP-C that have been reported to decrease
the function of QATP-C. Therefore, we sequenced all
of the exons and exon-intron junctions of OA7TP-C for
the DNA samples of these patients, and we found 2
novel nonsynonymous mutation of OA4 TP-C located in
exon 12 of this gene. ’

Materials and Methods

Human genomic DNA samples: DNA samples ob-
tained from the two patients who experienced myopathy
after receiving pravastatin or atorvastatin but did not
possess OATP-C*15 were used in the present study.
None of the known mutant alleles of 0.4 TP-C that have
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Table 1. Primer sequences used for the analysis of OATP-C
Exon Forward Primer (5’ —+3') Reverse Primer (5°—3") " Note
2 CATTOGACCTAGCAGAGTGGTAACG GTGATCAATCCAAAACCAAAGAG PCR and sequence
3 GAAATGATGCTTTATCAGTGTAGTGA CCTGTGCAGTTATGACAACCAC PCR and sequence
4 CATCTCCATTTTTCTTCATTCCA GTACACACTTAGTGGGTATCTTC PCR and sequence

CATTGTCTTTGAGGGAAGOCACT
5 GTACTCTGGTAATTTGGGGAAGA
GTACTCTGGTAATTTGGGGAAGA

67 GOGACTAATACACCATATTGTCAAAG

6 TTGTAATAGAAATGCTAAAAT
7 TCCCTTTGTCTACTTTTGAA
g CCTAGACAGTATCTGTTGCATTATGTCA
9 TGTAAAGTACCCAGGATAACC

10 TTOATAGGTGCAGCAAACCAC

11 CTCTGCTTTCACTTTACTTC

12 GTCCAAAAGAGTATGTGCTCTGC

TGTATTTGCAGCACTGTTAGO

sequence
PCR and sequence
sequence
PCR and scquence
sequence
sequence
PCR and sequence
PCR and sequence
PCR and sequence

CTGTGTTGTTAATGGGCGAACT
GCTGGATTTTATATTTATTCTGATT
CTTCCACTTGTTATGTGCTCAAGA

AGAGCAATAGTGACATCACAAGT
CAACCTATOTTGCTTCTCTTTAG

CCTGATTGTGCCCTAAGCAGAC PCR and scquence
CAGCCTTGAGAGTTCATAGTA PCR and sequence
sequence

been reported to decrease its activity? were found in the
DNA samples obtained from these patients. Written
informed consent was obtained from the patients, and
the study was approved by the Ethics Committee of the
Graduate School of Pharmaceutical Sciences, Chiba
University. We also studied fifty DNA samples obtained
from healthy Japanese volunteers for the determination
of allele frequency. Written informed consent was
obtained from all of the volunteers, and the study was
also approved by the Ethics Committee of the Graduate
School of Pharmaceutical Sciences, Chiba University.

Polymerase chain reaction (PCR) conditions for
sequencing: All exons and exon/intron boundaries of
the OATP-C in the DNA samples obtained from the
two patients were analyzed by PCR and direct sequenc-
ing. The primers used for amplification of the genomic
DNA and direct sequencing are summarized in Table 1.
DNA amplification was conducted in a reaction mixture
(50 uL) containing 1-2 ug/mL genomic DNA, 1.2 mM
MgS0,, 5 mM dNTPs, 5 mM KOD buffer, 0.02 U/mL
KOD-plus-polymerase and 0.2u4M of each primer.
Thermocycling conditions consisted of initial denatura-
tion for 3 minutes at 94°C followed by 35 cycles of
denaturation at 96°C for 20 seconds, annealing at 57°C
(reducing by 2°C every 3 cycles 2 times followed by 26
¢ycles at 51°C) for 30 seconds, and extension at 68°C
for 25 seconds. Terminal elongation was performed at
68°C for 2 minutes. The PCR product was purified
using Wizard® SV Gel and PCR Clean-Up System
(Promega Corp., Madison, Wi, USA) and directly
sequenced on a CEQ™ 2000 DNA Analysis System
(Beckman Coulter, Inc., Fullarton, CA, USA) with a
CEQ™ DTCS Quick start kit (Beckman Coulter, Inc.).
The reference sequence of OATP-C was obtained from
GenBank (NT_000012.9).

DNA samples from healthy volunteers were analyzed
by PCR and direct sequencing using the primers used

for sequencing exon 12 (Table 1). PCR and thermocy-
cling conditions were the same as the described above.

Results and Discussion

A novel nonsynonymous single nucleotide polymor-
phism (SNP) was found in one of the DNA samples
from the two patients.

SNP: 0410150ishiT001; GENENAME: SLCOIBI;
ACCESSION NUMBER: NT _000012.9; LENGTH: 25
bases; 5’-CAATACAAGTCT T/G GAATTTATTTT-
TC-3’. The SNP was 1628T > G in exon 12 of QA TP-C
(Fig. 1). In this SNP, Leu is substituted by Trp at
position 543 in transmembrane-spanning domain 10 of
QATP-C. Although the functional significance of this
SNP is not known, it may cause functional impairment
of OATP-C because it has been reported that non-
synonymous SNPs within the putative transmembprane
domains in OATP-C result in severely reduced function
of OATP-C due to its decreased plasma membrane
expression.® This novel SNP was not found in any of
the 50 DNA samples from healthy Japanése volunteers.
The results suggest that the allele frequency of this novel
variant allele of OATP-C is very low (<1%) in the
Japanese population, However, OATP-C is responsible
for the hepatocellular uptake of a broad range of
endogenous and xenobiotic compounds, including bile
acid, glucuronide and sulfate conjugates, methotrexate,
pravastatin, rosuvastatin and cerivastatin.®® Therefore,
further studies are required to clarify the exact fre-
quency in the Japanese population and the functional
characteristics of this novel variant allele of OATP-C.

In conclusion, we found a novel nonsynonymous
mutation (1628T > G) located in exon 12 of OATP-C
in a DNA sample from a patient who experienced
myopathy after receiving pravastatin. In this mutation,
there is a substitution of Leu to Trp at position 543 in
transmembrane-spanning domain 10 of QATP-C. The
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Fig. 1. Nucleotide sequences of OATP-C containing novel varjant
0410150ishiT001 (1628T>G) in exon 12. Arrows indicate the posi- 8)
tions of the nucleotide change.
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Pharmacogenetic roles of CYP2C19 and CYP2B6 in the
metabolism of R- and S-mephobarbital in humans
Kaoru Kobayashi?, Jun Morita?, Kan Chiba?, Atsuko Wanibuchi®,
Miyuki KimuraP, Shin Irie®, Akinori Urae®, Takashi Ishizaki®

Objectives and methods We assessed the relationship
between the metabolism of R- and S-mephobarbital (MPB)
and genetic polymorphisms of cytochrome P450 (CYP)
2C19 and CYP2B6. Nine homozygous extensive
metabolizers (homo-EMs, 2C19°1/2C19*1) of CYP2C19,
ten heterozygous EMs (hetero-EMs, 2C19%1/2C71972,
2C15*1/2C19*3) and eleven poor metaholizers (PMs,
2019%2/2C19°2, 2C19%3/2C19*3, 2C19*2/2C19*3) recruited
from a Japanese population, received an oral 200 mg-dose
of racemic MPB. Blood and urine samples were collected,
and R-MPB, S-MPB and the metabholites, phenobarbital
{PB) and 4'-hydroxy-MPB, were measured. Each subject
was also genotyped for CYP2B6 gene.

Resuits The mean area under the plasma concentration-
time curve (AUC) of R-MPB was 92-fold greater in PMs
than in homo-EMs, R/S ratios for AUC of MPB were much
higher in PMs than in EMs (homo- and hetero-). The
cumulative urinary excretion of 4’-hydroxy-MPB up to 24 h
postdose was 21-fold less in PMs than in homo-EMs. The
metabolic ratio of AUCpa/(AUC s.ups + AUCz.mpe) Was
higher in PMs than in EMs (homo- and hetero-). In addition,
this metabolic ratio was lower In the carriers of CYP2B6"6
compared with that in its non-carriers.

Conclusions Our results indicate that the 4'-hydroxylation
of R-MPB is mediated via CYP2C19 and that the rapid 4'-

Introduction

Mephobarbital (MPB, 5-ethyl-1-methyl-5-phenylbarbi-
turic acid) is a chiral barbiturate which has been used
as a racemate in the treatment of epilepsy since 1932,
This drug undergoes an extensive hepatic metabolism
in humans. Two routes of the metabolism have been
described in humans [1-3]: aromatic hydroxylation to
4'-hydroxymephobarbital (OH-MPB) and N-demethyla-
tion to phenobarbital (PB). In addition, the R-enantio-
mer of MPB (R-MPB) is rapidly 4'-hydroxylated to
yield OH-MPB, whereas §-enantiomer is principally N-
demethylated to yield PB, the major metabolite in
plasma [4,5]. As a resule of this metabolic stercoselec-
tivity, the oral clearance of R-MPB was much greater
than that of SSMPB [51. OH-MPB undergoes glucroni-
dation and is mainly excreted in urine {3].

Kiipfer and Branch [4] reported that the urinary recov-

0960-314X © 2004 Lippincott Williams & Wilkins

hydroxylation of R-MPB results in a marked difference in
the pharmacokinetic profiles between R-MPB and S-MPB
in the different CYP2C19 genotypic individuals. In addition,
a minor fraction of the interindividual variability in PB
formation from MPB may be explainable by the CYP2B6"6
aliele. Pharmacogenetics 14:549-556 © 2004 Lippincott
Williams & Wilkins
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ery of OH-MPB after an oral administration of racemic
MPB was not detected in the poor metabolizers (PMs)
of S-mephenytoin and that OH-MPB in urine was not
recovered in an extensive metabolizer (EM) admini-
strated only S-MPB (90 mg), although it was recovered
33% in the EM administered the equal dose of R-MPB.
In addition, our éz vifro study demonstrated that the 4'-
hydroxylation of MPB is preferential for R-enantiomer
and its reaction is catalyzed by CYP2C19 [6]. These
findings suggest that OH-MPB is exclusively formed
from R-MPB by CYP2C19. However, the stereoselec-
tive disposition of MPB has only been studied in EMs,
and no study in PMs of CYP2C19 has been conducted
so far.

On the other hand, the A-demethylase activity of
S-MPB appears to depend mainly on the catalytic
capacity of CYP2B6 in human liver microsomes [7].

DOI: 10.1087/01.fpc.0000114764.78957.22
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CYP2B6 is involved in the biotransformation of many
drugs including cyclophosphamide, which showed a
substantial interindividual difference in the metabolism
fn vitre and in vive [8,9]. A part of such interindividual
variabilities can be caused by the genetic polymorph-
ism of CYP2Bé. Indeed, Lang ez /. [10] have identified
nine mutations of CYP2B6 gene in a white population
and termed the six different alleles as CYP2B6*1 (wild-
type), CYP2B6*2, CYP2B6*3, CYP2B6*4, CYP2B6*5,
CYP2B6*6 and CYP2B6*7 by the haplotype analysis.
Moreover, Lamba e al. [11] have reported the new
additional alleles, CYPZ2B6*8 and CYP2B6*9. However,
very little has been reported on the effects of genetic
polymorphism of CYPZB6 on the catalytic function ##
vivo or clinical implication [12].

The present study, therefore, was undercaken to inves-
tigate the stereoselective pharmacokinetic disposition
and metabolism of MPB in the homo-EM, hetero-EM
and PM groups of CYP2C19 recruited from a Japanese
population. We also investigated the pharmacokinetic
disposition of MPB in relation to the genetic poly-
morphism of CYP2B6.

Materials and methods

Drugs and chemicals

Racemic MPB was supplied by Mitsubishi Pharma
Corp. (Osaka, Japan). OH-MPB was prepared from 4'-
hydroxy-PB via N-methylation as described by Hiers
and Hager [13].

Subjects

Thirty unrelated healthy Japanese male volunteers
were enrolled in the current panel study. The subjects
were interviewed and were judged as an identical
Japanese ethnicity by lineage and birth. None had
taken any drugs and beverages containing grapefruic for
at least 1 week before the study. Each subject was
physically normal and had no antecedent history of
significant medical illness or hypersensitivity to any
drugs. The study protocol was approved in advance by
the ethics review board of Kyushu Pharmacology Re-
search Clinic and by the ethics committee of Graduate
School of Pharmaceutical Sciences, Chiba University.
Each subject gave his written informed consent before
the study.

Study protocol

Each volunteer received an oral 200-mg dose of racemic
MPB (one tablet of Prominal, Winthrop Laboratories,
Sydney, Australia) with 200 ml of water (around 8:00
am) after an overnight fast. Lunch and evening meals
were provided at approximately 4 and 9 h after dosing,
respectively. Serial venous blood samples (5 ml each)
were collected at 0 (predose), 0.5, 1, 1.5, 2, 3, 4, 6, 8
and 12 h and 1, 2, 4, 8, 12 and 20 days after the dosing,
Urine samples were collected at 0 to 24 h.

Analytical method

Concentrations of MPB enantiomers and PB in plasma
were determined by a high pressure liquid chromato-
graphy (HPLC) method. Plasma (0.5ml), 100 pl of
0.2M K;HPO, and 50 i of secobarbirtal (as an internal
standard) solution (10 ug/ml in methanol) were ex-
tracted with 5 ml of dichloromethane. The organic layer
was evaporated and the residue was reconstituted with
200 pl of the mobile phase. Twenty pl of reconstituted
filtrate by a 0.45 pm filter was injected onto the Jasco
HPLC system (Tokyo, Japan) and a TSK-GEL EN-
ANTIO OVM column (4.6 X 150 mm, Tosoh, Teokyo,
Japan). The mobile phase consisted of potassium phos-
phate buffer (25 mM, pH 5.0)/ethanol in the proportion
100/7.5 v/v at a flow rate of 1.0 ml/min. The cluate was
monitored at 215 nm.

The concentration of OH-MPB in urine was measured
by HPLC after deconjugation, Urine (0.1 mi) was incu-
bated at 37 °C for 2 h with 500 units of B-glucuronidase
in 0.1 m} of potassium phosphate buffer (pH 5.0, 0.1 M).
The deconjugated urine sample was extracted with
5 ml of dichloromethane after adding 50 p! of cyclobar-
bital (as an internal standard) solution (20 pg/ml in
methanol) and 30 mg of NaCl. The organic layer was
shaken with 2 m] of 0.5 N NaOH. The aqueous layer
{1.5ml) and 0.1 ml of 35% hydrochloride were ex-
tracted with 5 ml of dichloromethane. The residue of
evaporated organic layer was reconstituted with 100 pl
of the mobile phase, and 20 pl was directly injected
onto the Hitachi HPLC system (Tokyo, Japan) and a
CAPCELL PAK Ciz UG120 column (4.6 X 250 mm,
5 pm; Shiseido, Tokyo, Japan). The mobile phase
consisted of 50 mM potassium phosphate buffer (pH
5.0) and acetonitrile at a ratio of 75:25 (v/v) and a flow
rate of 1 mi/min. The eluate was monitored at 215 nm.

Genotyping

The twwo CYP2CI$ mutants, CYP2C19*2 and
CYP2¢€19*3 alleles, were genotyped by a polymerase
chain reaction—restriction fragment length palymorph-
ism (PCR-RFLP) method as described by Kubota
et al. [14]. For CYP2ZB6 mutants, CYPZB6*2, CYP2B6*3,
CYPzB6*4, CYP2B6*5, CYP2B6*6 and CYPZB6*7 al-
leles were genotyped by using the PCR-RFLP method
as described by Lang ez 4/. [10], and the genotyping
analysis was verified with a direct sequencing,

Pharmacokinetic and statistical analyses

Peak concentrations (Cre)} and times to Cpax (Tnax) of
R-MPB, $-MPB and PB were obtained directly from
the plasma concentration—time data. The area under
the plasma concentration—time curve (AUC) was calcu-
lated by the trapezoidal rule with extrapolation to the
infinity. The elimination half-life (7/;) was calculated
by linear regression analysis from the slope (£) of log-
linear terminal concentration~time phases (472 = 0.693/
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#). The apparent oral clearance (CL/F) of R-MPB or §-
MPB was estimated as follows: CL/F = dose/2/AUC/
body weight, where dose represents that of racemic
MPB (i.e. 200 mg). Urinary excretion of OH-MPB
during the 0 to 24-h postdose period was calculated as
the percentage molar amount of OH-MPB relative to
the administered dose of racémic MPB.

All pharmacokinetic data are given as the mean + stan-
dard deviation (SD). The statistical differences be-
tween the various group parameters were determined
with either a paired Student’s £test or non-parametric
Mann-Whitney U-test. A P value of <0.05 was consid-
ered as statistically significant.

Results

No clinically undesirable signs and symptoms possibly
attributed to the administration of MPB were recogniz-
able throughout the study period. All subjects com-
pleted the study according to the protocol.

CYP2C19/286 in mephobarbital metabolism Kobayashi etal. 551

Demographic end genotypic characteristics _

The demographic and genotypic characteristics of the
thirty normal healthy male volunteers enrolled in our
study are summarized in Table 1.

Plasma concentration-time profiles of R-MPB, S-MPB and
PB versus CYP2C19 genotypes

The mean (£ SD) plasma concentration—time curves of
R-MPB, S§-MPB and its primary metabolite, PB, in
the homo-EM (2C19%1/2C19*1), hetero-EM (2C19*1/
2C19%2, 2C19*1f2C19*3) and PM (2C19*2/2C19*%2,
2C19%2/2C19%3, 2C19*3/2C19*3) groups of CYPZC19
who took an oral 200-mg dose of racemic MPB are
shown in Fig. 1(a, b and ¢, respectively). The mean
plasma concentrations of R-MPB markedly differed
among the three groups (Fig. 1a). In case of the EM
status, R-MPB in plasma was undetectable throughout
the total sampling time period in two homo-EMs and
detectable at only one sampling time in two homo-EMs
and a hetero-EM. Thus, the mean kinetic data on R-
MPB (Table 2} could be estimated from the data

Table1 !ndividual démographic characteristics and genotypic backgrounds of CYP2C19
and CYP2B6 of thirty male healthy subjects enrolled in the study

Genotype
Subject number Age (yr)  Weight (kg} Height{cm) CYP2C19 CYP286
Group 1 {homo-EM for CYP2C19)
2 P 541 156.9 bt Ui} *4/6
3 21 51.7 1713 11 1M
7 28 623 1758 11 206
9 22 62.6 172.2 11 16
19 22 506 174.0 11 16
20 21 70.5 1721 1M 11
23 20 64.6 169.1 b Fad ) 1
27 21 54.9 187.3 11 "1t
29 23 66,1 168.6 "1t 11
Mean 221 60.7 170.8
+ 5D 24 6.2 3.1
Group 2 {hetere-EM for CYP2C19)
1 20 69.3 172.7 *1/°2 ‘&6
5 20 54.3 161.7 *1r°2 216
B 23 63.8 168.2 12 11
10 33 680.5 176.8 1z “1/*6
1 20 74.7 175.1 *r2 *6/"6
12 2 58.7 173.7 *1r2 16
18 22 711 178.4 1r3 M
22 23 60.5 165.4 *rz bt ot
28 25 54.7 168.3 *1r2 *2/'6
28 23 723 181.7 *112 11
Mean 230 63.9 172.2 ,
+ 8D 3.9 8.3 6.2
Group 3 (PM for CYP2C19)
4 31 788 182.8 22 *4/°6
8 30 58.9 172.3 *3/"3 116
13 23 54.4 170.8 *2r3 1
14 28 59.2 180.1 "2r2 1
16 Al 7.4 17586 “2/°3 "1
16 7 50.0 158.8 2r3 *1/2
17 40 61.2 160.7 2r2 1
21 21 66.8 181.7 *3/'3 *1r4
24 20 57.4 168.0 *3rs *1/"1
28 23 67.1 1733 212 *1/°2
30 24 75.0 175.3 22 *2r'4
Mean 2586 838 1735
+ 8D 6.1 8.1 6.9
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Fig. %
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Plasma concentration—time profiles of R-mephobarbital (a), S-mephobarbital (b} and phencbarbital {c} after an oral 200-mg dose of racemic
mephobarbital to the homo-EM {n = 9, open circles), hetero-EM {7 = 10, closed circles) and PM groups of CYP2C18 {n = 11, closed triangles).

Data are expressed as mean =+ SD. MPB, mephabarbital; PB, phenobarbital.

Table2 Pharmacokinetic parameters of R- and S-mephobarbital and phenobarbital
obtained from the homo-EM, hetero-EM and PM groups of CYP2C19

Homo EM Hetero EM PM

Parameters {n=8) (n=10) n=11)
R-rmephobarbital

Crrax (pg/mh) 03 0.1 04403 1.0 4 0,27t

Tnax (h) 1.3+086 20 £1.8 20,6 & 13.0= 1M

AUC (ug/h/mi) 1503 6.6 107 138.0 &+ 37.5* Mt

ty;2 (hr) 36+15 68454 87.8 £ 19.90 It

CL/F {mim/kg} 1131.7 + 286.7 730.2 + 479.5" 12.2 + 39" 1
S-mephobarbital

Crnae {gfmil) 09402 0.8 £ 0.2 0.7 £ 0.2

Trnax (D) B4 +91 106 £ 9.7 6.6 £8.7

AUC {pg/h/mi} 100.9 £ 20.0 113.7 £ 59.7 73.9 £ 36.2

b {h 7641315 846 £ 371 68.7 £ 37.3

CUF (mifhikg) 170+ 3.7 160+ 556 25.2 + 9.8%1
Phenobarbital

Crnax (ng/ml) 05402 07406 1.6 £ 0.4

Tonax () 128.0 + 48.0 1344 1+ 496 139.6 4+ 66.0

AUC {ug/h/mi) 184.4 £ 59.0 233.4 + 164.2 519.2 + 208,81

2o (B} 1840+ 638 185.8 + 93.2 14334 342

Data are exprassed as means £ S0,

The mean kinetic data on A-mephobarbital are estimated from the data obtained from five homo-EMs and nine

hetero-EMs.
*£ < 0.05; and ***P < 0.001 versus homo-EM group.

e < 0.001; P < 0.01; and tP < 0.05 versus hetaro-EM group.

obtained from the remaining five homo-EMs and nine
hetero-EMs.

The mean plasma concentration—time curves of §-
MPB (Fig. 1b) also indicated an intergenotypic differ-
ence in the CYP2C19 status. The mean plasma S-MPB
concentrations at 96 to 288 h postdose were lower in
the PM group than in the EM (homo- and hetero-)
groups, implying that the elimination of §-MPB is
considerably accelerated in the PM group. However,
the mean plasma concentrations up to 48 h postdose
revealed no differences among the three groups.

The plasma concentration—time profile of PB (Fig. 1¢)
showed a trend similar to that of R-MPB (Fig. 1a).
There were the intergenotypic differences in the mean
plasma PB concentrations between the PM and EM
{homo- and hetero-) groups from 24 to 480 h postdose.

Pharmacokinetic analyses of R-MPB, S-MPB and PB versus
CYP2C19 genotypes

The mean (& SD) pharmacokinetic data obtained from
the three different genotypic groups are summarized in
Table 2. There was a highly significant (P < 0.001)
intergenotypic difference between the homo-EM and
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PM groups in the mean kinetic parameters of R-MPB
(Table 2). The mean Canaxs Thax» AUG, #y2 and CL/F
values were three-fold higher, 16-fold longer, 92-fold
greater, 24-fold longer and 93-fold smaller, respectively,
in the PM than in the homo-EM group. The mean
kineric values for PB showed similar differences be-
tween the PM and homo-EM groups as observed with
R-MPB. The mean Cyna and AUC values were signifi-
cantly (P < 0.001) greater in the PM than in the homo-
EM group. On the other hand, the mean kinetic data
on $-MPB showed a behaviour opposite to those on R-
MPB and PB. The mean AUC and #; were smaller
and shorter, respectively, in the PM than in the homo-
EM group, although the differences did not reach
statistical significance. However, the mean CL/F value
was significantly (P < 0.05) greater in the PM than in
the homo-EM group.

Urinary excretion of OH-MPB versus CYP2C19 genotypes

The individual urinary excretion data of OH-MPB
derived from the 0 to 24-h postdose period in the
homo-EM, hetero-EM and PM groups are shown in
Fig. 2. The mean (£ SD) cumulative excretion at 24 h
postdose was 10.9 & 1.5% in homo-EMs, 9.5 £2.3% in
hetero-EMs and 0.53 £ 0.31% in PMs. A subject (#12)

Fig.2
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Individual data on urinary excretion of 4’-hydroxymephobarbital (% of
dose) measured in 0 to 24 h after an oral 200-mg dose of racemic
mephobarbital to the homo-EMs {n = 9, open circies), hetero-EMs
{n = 10, closed circles) and PMs of CYP2C19 {n = 11, closed
triangles). OH-MPB, 4'-hydroxymephobarbital.
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with hetero-EM genotype (Table 1) showed a lower
urinary excretion of OH-MPB (3.5% of dose) than the
other subjects with the same hetero-EM genotype of
CYP2C19 (8.4 to 11.7% of dose). PB was unmeasurable
in urine samples of any of the subjects collected up to
24 h postdose.

R/S metabolic ratio for MPB

The mean (£ SD) ratio of AUC for R-MPB to that for
S-MPB (R/S metabolic ratio for AUC), was markedly
greater in the PM than in the homo-EM group of
CYP2C19 (2.069 £ 0.610 versus 0.014 & 0.003). Subject
12, with the CYP2C19 hetero-EM genotype (Table 1)
showed a greater R/S metabolic ratio for AUC than the
ranging values observed in the other subjects with
hetero-EM (0.543 versus 0.013-0.042), The mean R/S
ratio for AUC in the hetero-EM group (0.023 & 0.012),
except for subject 12, was higher than that in the
homo-EM and lower than that in the PM group.

CYP2B6 genotyping

Genotyping for six CYP2B6 alleles was carried out in
all 30 subjects recruited in this study (Table 1). The
frequencies of CYP2Bs*2, CYPZB6*3, CYPZB6*4,
CYP2B6*5, CYP2B6*6 and CYP2B6*7 alleles were 10.0,
0, 6.7, 0, 23.3 and 0%, respectively. The present study
showed a frequency pattern similar to the previous
study performed in a Japanese population by Hiratsuka
et al. [15].

PB formation index versus CYP2B&

To investigate the possible effect of CYP2B¢ alleles
(CYP2B6*2, CYP2B6*4 and CYP2B6*6) on the PB
formation from MPB, the metabolic ratio (MR) of
AUCpre/(AUCsmpe + AUCgMpe)} was calculated and
used as a CYP2B6 metabolic activity index. As shown
in Fig. 3a, the individuals carrying one or two
CYP2B6%6 alleles tended to have a lower MR in light
of the MR in the individuals who are the CYP2B6*6
non-carriers, although the differences among the 0, 1
and 2 CYPZ2B6*6 carrier groups were not statistically
significant. The mean MR of the individuvals carrying
one CYPZB6*2 or one CYPZB6*4 allele did not differ
from that in all other subjects without carrying
CYPZR6*2 or CYP2B6*4 allcle.

The MR of AUCps/{AUCsmpp + AUCr.mpp) Was also
compared among the three different CYP2CIY geno-
type (homo-EM, hetero-EM and PM) groups. As shown
in Fig. 3b, the mean MR in the PM group of CYP2C19
(2.5 & 0.7) was significantly (P < 0.05) higher than that
in the homo-EM (1.9 £ 0.7, by Mann—Whitney U-test)
or hetero-EM group (1.9 £ 0.5, by Student’s /-test).

Discussion
The present study indicated that the #/; and AUC of
R-MPB after an oral intake of racemic MPB was
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(a) Individual data on AUC ratio in carriers of two CYP2B6"6 alleles (n = 2) and one CYP286°6 allele (n = 10) and non-carriers of CYP2B6%6
allele (7 = 18). (b) Individual data on AUC ratio in homo-EMs {7 = 8}, hetero-EMs (n = 10) and PMs of CYP2C19 (n = 11). Area under the plasma
concentration—time curve, AUC; AUCeg, AUC for phenabarbital; AUC s.upg, AUC for S-mephobarbital; and AUC z.upe, AUC for R-mephobarbital.

markedly longer and greater (Fig. 1 and Table 2) in the
PM group than in the (homo- and hetero-) EM groups
of CYP2C19, respectively, and the urinary excretion of
OH-MPB in the PM group of CYP2C19 was 21-fold
lower than that in the EM groups (Fig. 2). Kiipfer and
Branch [4] reported that the urinary recovery of OH-
MPB after the oral administration of racemic MPB was
not detected in the PMs of CYP2C19, but that OH-
MPB in urine was recovered in an EM administered R-
MPB. In addition, our iz véitre study demonstrated that
the 4'-hydroxylation of MPB is preferential for R-
enantiomer and its reaction is catalyzed by CYP2C19
6]. Therefore, the findings obtained from the present
in vivo study strongly indicate that the 4'-hydroxylation
of R-MPB in humans f# vfve is mainly catalyzed by
CYP2C19 and this pathway of R-MPB is impaired in
the PM individuals of CYP2C19.

On the other hand, the AUC of §-MPB in the PM
group of CYP2C19 did not significantly differ from that
in the EM groups of CYP2C19 (Table 2). The results
obtained from the present én vfve study are consistent
with the iz vifro observation that R-MPB is 4'-hydro-
xylated by CYP2C19, but the metabolism of S-MPB is
not catalyzed by CYP2C19 [6], in agreement with the

fn vive observation that OH-MPB in urine was not
recovered in an EM of CYP2C19 administrated only §-
MPB [4]. Therefore, it is suggested that CYP2C19 is
not responsible for the elimination of §-MPB from the
human body.

As shown in Fig. 2, one data point derived from subject
12 (Table 1) deviated from the other data plots of the
hetero-EMs, and, therefore, this hetero-EM individual
was assumed to be an outlier in the group. The results
suggested that subject 12, who was genotyped as
2C19*1/2C19*2 (Table 1), might have been a poor or
low metabolizer of R-MPB, such as a PM of CYP2C19.
To our knowledge, previous studies indicated that
the two mutant alleles of CYP2C19, CYP2C19%2 and
CYPZCI19*3, explain 100% of the PMs in the Japanese
poputation [14]. To confirm the possibility that subject
12 may carry a novel mutant allele of CYP2C19 in
addition to CYP2CI9*2 allele, we sequenced all nine
exons and exon—intron junctions of CYPZCI9 gene
from the outlier and finally identified a novel SNP as
CYP2C19*16 [16].

One of the primary metabolites of MPB, PB, showed
higher plasma levels in the PMs than in EMs of
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CYP2C19 (Fig. 1 and Table 2). Our preliminary results
from the in vitro experiments with human liver micro-
somes indicated that the formation of PB (i.e. via
N-demethylation of MPB) occurred in a less stereose-
lective fashion and to a similar extent between the
CYP2C19 EM- and PM-related liver microsomes (un-
published data), providing the following possibilities:
(1) since R-MPB was extensively 4’-hydroxylated and
rapidly eliminated in the EM individuals, PB should
exclusively be formed from S-MPB; (2) in the PMs
with the defective 4'-hydroxylation of R-MPB, R-MPB
would be more available for the alternative route of
metabolism by N-demethylation; and (3} if both R-
MPB and §-MPB are presumed to contribute to the PB
formation, plasma concentrations of PB should be high-
er in the PM than in the EM group. Nevertheless, no
clinical signs and symptoms (e.g. sedation) possibly
attributed to the administration of MPB were recogniz-

Fig. 4
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able throughout the present study period in cither of
the EM or PM subjects of CYP2C19. This might occur
because plasma concentrations of MPB and PB (i.e.
<3 pg/ml) were much lower than therapeutic levels
(i.e. for PB, 15 to 40 pg/ml is the therapeutic window).
On the basis of the overall results obtained from the
present study, we wish to propose a scheme of the
assumptive metabolic pathways (i.e. via 4'-hydroxyla-
tion and N-demethylation) of MPB enantiomers and
CYP isoforms involved in their pathways in EMs and
PMs of CYP2C19 (Fig. 4).

Previously, Eadie e 4/. [17] reported that patients who
were pretreated with PB showed a greater clearance of
MPB (due probably te an induction by PB} and a rapid
appearance of PB after administration of MPB than did
the untreated patients. Since S-MPB is primarily meta-
bolized to PB by CYP2B6 [7], pretreatment with PB

{a) EMs of CYP2C19

CoHg
0 o
HN CH,
0
§-mephobarbital
CYP2C19 CYP2B6
.

4-hydroxymephobarbital Phenobarbital

(b} PMs of CYP2C19

CyHs
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CHs

o]

R-mephobarbital S-mephobarbital
5 \ CYP2B6
A\
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4-hydroxymephobarbital

Proposed scheme of metabolic pathways of mephobartital enantiomers and CYP isoforms involved in their pathways in EMs and PMs of CYP2C19.
The thicknesses of open amows indicate an assumptive degree of each of the two enzymes involved in the metabolic pathways of the two
enantiomers of mephobarbital, The solid armows with the dotted lines indicate a minor metabolic pathway of R-mephobarbital in the CYP2C19 EM
and PM individuals. Whether R-mephobarbital would be metabolized to phenobarbital in humans and what CYP enzyme(s) would be involved in this
pathway have remained unknown, although the authors have had their preliminary in vitro data with hurnan liver microsemes, suggesting that R-

mephobarbital is converted to phenobarbital (see Discussion).
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would induce CYP2B6, thereby resulting in an acceler-
ated elimination of $-MPB and production of PB. In
this study, the PM group of CYP2C19 showed a slightly
rapid elimination of S-MPB compared with the EM
groups of CYP2C19 (Fig. 1b). In addition, the MR of
AUCps/(AUCspps + AUC g.mpr) Was also higher in the
PMs than in the EMs of CYP2C19 (Fig. 3b). These
observations might have been due to an induction of

CYP2B6 by PB, because the PM group of CYP2C19 -

had about three-fold higher plasma levels of PB than
the EM groups (Fig. 1c).

Although the MR of AUCpg/(AUCsmpp + AUCz-MpB)
was used for the metabolic index of MPB mediated via
CYP2B6, no apparent outliers were observed (Fig. 3a).
Among the six different CYP2B6 alieles examined, only
CYP2R6*6 appeared to be associated with a moderately
decreased MR, but due to the small sample size this
difference did not reach statistical significance among
the zero, one and two GYPZ2B6*6 carriers. In the analy-
sis of the CYP2B6*6 allele in microsomes of human
liver samples, a lower protein expression of CYP2B6.6,
which was encoded by CYP2B6*6, has been reported
[9,10]. On the other hand, Vy of recombinant
CYP2B6.6 was higher than that of recombinant
CYP2Bé6.1 [18,19]. Thus, the findings for the functional
role of CYP2B6.6 obrained from the in virro studies
remain conflicting or inconclusive, but the lower pro-
tein expression would be compatible with our i vrve
data. Since the subjects carrying CYPZB6*2 or
CYPZ2B6*4 allele were rare and homozygotes of these
alleles did not exist in our study subjects, further study
is needed to assess whether CYP2B6*2? and/or
CYP2B6*4 alleles would affect the MR. Moreover,
Lamba ¢ 2l [11] have recently reported two new
additional alleles of CYPZB6 gene, CYPZ2R6*8 and
CYP2B6*9. Since CYP2B6*6 (516G=>T and 785A>G)
overlapped with CYP2B6*4 (785A>G) and CYPZB6*9
(516G>T), it is not negated that some of our subjects
genotyped as 2B6*1/2B6*6 in the present study might
be carrying a genotype of 2B6*#/2Bo*9. However,
CYP2B6*9 has not yet been detected in Japanese popu-
lation [15].

In conclusion, the present iz vivo study strongly sug-
gests that the 4'-hydroxylation of R-MPB is mediated
via CYP2C19 in humans and that the stereoselective
4'-hydroxylation by this enzyme results in 2 marked
difference in the pharmacokinetic profiles of R-MPB
and S-MPB between the EM and PM individuals of
CYP2C19. In addition, CYPZ2B6*6 carriers tended to
have a lower MR compared with that in other
CYP2B6*6 allele non-carriers, suggesting that a minor
fraction of the interindividual variability in PB forma-
tion from MPB may be explainable by the absence or
presence of CYPZB6*6 allele.
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ABSTRACT:

The effects of allelic variants of CYP2C9 (CYF2C9"2 and CYP2C9"'3)
on jomoxicam 5’-hydroxylation were studied using the corresponding
variant protein expressed in baculovirus-infected Insect cells and
human liver microsomes of known genotypes of CYP2CS. The results
of the baculovirus expression system showed that CYP2C9.3 gives
higher K., and lower V,, values for lomoxicam 5'-hydroxylation than
does CYP2C9.1. In contrast, K, and V,. . values of CYP2CA.1 and
CYP2C9.2 for the reaction wera comparable. Lornoxicam 5'-hydroxy-
lation was also determined in liver microsomes of 12 humans geno-
typed for the CYP2C9gene (M/*, n=T;"1'2n=2'1/"3 n=2
*3/*3, n = 1). A sample genotyped as *3/*3 exhibited 8- to 50-foid

lower intrinsic clearance for fomoxicam 5'-hydroxyfation than did
samples genotyped as *1/*1. However, the values for intrinsic clear-
ance for *1/*3 were within the range of values exhibited by samples of
*1/*1. In addition, no appreciable differences were observed in kinetic
parameters for lomoxicam 5'-hydroxylation between *1/*f and *1/*2,
In conclusion, this study showed that lornoxicam §'-hydroxylation via
CYP2C9 was markedly decreased by the substitution of He359Leu
(CYP2C9.3), whereas the effect of the substitution of Arg144Cys
(CYP2C9.2) was nonexistent or negiigible. Additional in vivo studies
are required to confirm that Individuals with homologous CYP2C9*3
allele exhibit impaired lomoxicam clearance.

Lomoxicam (also known as chlontenoxicam) {6-chloro-4-hydroxy-
2-methyl-n-2-pyridyi-5 H-thieno(2,3-¢)- 1,2 ]-thiazine-2-carboxamide-
1,1-dioxide] is a nonsteroidal anti-inflammatory drug that decreases
prostaglandin synthesis by inhibiting cyclooxygenase (Radhofer-
Welte and Rabasseda, 2000). Exhibiting analgesic, antipyretic, and
anti-inflammatory effects, lomoxicam has been clinically available in
certain Furopean countries since 1995. Since no unchanged form is
detectable in excreted material, lornoxicam appears to be eliminated
predominantly by hepatic biotransformation. The enzyme responsible
for the main metabolic pathway, 5'-hydroxylation of lornoxicam, is
cytochrome P450 2C9 (CYP2C9) (Bonnabry et al., 1996).

CYP2C9 is the principal enzyme responsible for the metabolism of
numerous clinically important drugs, such as amitriptyline, fluoxetine,
losartan, phenytoin, S-warfarin, tolbutamide, and many nonstercidal
antirtheumatics, including oxicams (Miners and Birkett, 1998). To date,
more than 10 allelic variants have been described for the CYP2C9 gene
(Goldstein, 2002). Among them, CYP2C9*2 (Argl44Cys), CYP2C9*3
(Ue355Lew), CYP2CH*5 {Asp360Glu), and CYP2C9*6 (frame shift by
the deletion of an aderiine at the 818 ¢DNA base pair) have been reported
to affect the metabolism and clinical toxicity of drugs in vitro and in vivo
(Dickmann et al., 2001; Kidd et al, 2001). However, the degree of
reduction of activity and changes in kinetic parameters appear to be
highly substrate-dependent (Takanashi et al., 2000). In addition, a few
stdies have been performed regarding whether heterozygotes of the
CYP2C9 alleles exhibit lower metabolic activity than homozygotes of
the CYP2C9*! aliele (Bhasker et al,, 1997; Yamazaki et al., 1998;
Hermida et al., 2002; Lee et al., 2002).

Address comrespondence to: lzumi lida, Department of Drug Metabofism,
Ressarch Center, Taisho Pharmaceuticat Co., Lid., 403, Yoshino-cho 1-chome,
Saitama-shi, Saitama 330-8530, Japan, E-mail: 1zumt.lida@po.rd taisho.cojp
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In the present study, we examined the effects of allelic variants of
CYP2C9 on lomoxicam 5'-hydroxylation by comparing the kinetic
parameters of lomoxicam 5'-hydroxylation with CYP2C9.1,
CYP209.2, or CYP2(9.3, which are the CYP2C9 proteins corre-
sponding to CYP2C9*1, CYP2C9*2, or CYP2C9*3 alleles, expressed
in baculovirus-infected insect cells and liver microsomes of 12 white
people genotyped for the CYP2CY gene.

Materials and Methods

Chemicals. Lornoxicam was synthesized at Taisho Pharmaceutical Co,,
1td. (Saitama, Japan). 5'-Hydroxylomoxicam was supplied by Nycomed
(Roskilde, Denmark). Piroxicam was purchased from ICN Biomedicals Inc.
(Costa Mesz, CA). Other chemicals and reagents used in this study were of the
highest quality commercially available,

Enzyme Preparations. Microsomes from baculovirus-infected insect cells
expressing CYP2C9.1, CYP2C9.2, and CYP2C9.3 {catalog numbers, P218,
P209, and P242) were obtained from BD Gentest (Woburn, MA). These were
coexpressed with NADPH-P450" oxidoreductase. Theé P450 contents in re-
combinant CYP2C9.1, CYP2C9.2, and CYP2C9.3 were 667, 426, and 741
pmol P450/mg protein, whereas the values for the cytochrome ¢ reductase
activity were 980, 590, 20d 800 nmol/min/mg protein, respectively. Individual
human liver microsomes (HG3, HG23, HG30, HG42, HG43, HG56, HG66,
HG70, HG89, HGY93, HG112, and HK27) wers also purchased from BD
Gentest, The genotyping of the liver samples used in this study was carried out
for the detection of CYP2C9*2 and CYP2C9*3 by BD Gentest. Table 1 lists the
donor genotypes for the CYP2C9 gene.

Lornoxicam 5'-Hydroxylase Activity. Lornoxicam 5'-hydroxylase activ-
ities in human liver microsomes ot microsomes from the expression system
were determined by HPLC. The standard incubstion conditions were chosen
based on the results of preliminary experiments varying both incubation times
and concenfrations of microsomal proteins. A typical incubation mixture (0.2
ml of the total vohmne) contained 100 mM Tris buffer (pH 7.4), an NADPH-

1 Abbreviations used are; used are: P4S0, cytoctrome P450; HPLC, high
parformance liquid chromatography.
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TABLE 1}

Kinetic parameters for 5'-hydroxyloroxicam formation from lornoxicam int cDNA-expressed CYP2C9 recombinant systems end human liver microsomes
K Frnax VoadKen
pM praliininfomol 1ol P45O pl/min/pmol total P450

c¢DNA-expressed CYP2C9 recombinant systems

CYP2(9.1 0.83 x 0.15° 0.406 = 0.016 0.489 = 0.065
CYP209.2 0.91 £ 0.08 0.495 + 0,010° 0.544 = 0.041
CYP2C9.3 1.95 + 0.09% 0.097 + 0.001% 0.050 = 0.002
Human liver microsomes

HG23 *IAM] 0.79 0.256 0.324
HG30 *i/M 0.81 0.278 0.343
HG42 *i/1 128 0.069 0.054
HG66 *1/4 0.76 0.142 0.187
HGT0 *i/! 0.1 0.189 0.245
HGS9 *I~t 0.66 0.168 0.255
HG112 % 1.08 0.182 0.169
HG43 *i/2 0.83 0.106 0.128
HGS6 *i/2 0.81 0.115 0.142
HG3 *i/3 0,72 0.143 0.199
HGI3 173 1.72 0.145 0.084
HK27 *3/%3 2.82 0.019 0.007

# Kinetic parameters expressed as mean = SD (n = 3).
#p < 0.05 vs. CYP209.1.

generating system (1 mM NADP”, 8 mM glucose 6-phosphate, 5 mM MgCl,,
2 IU/ml glicose-6-phosphate dehydrogenasc), lomoxicam, and 0.25 mg/m!
microsomal protein of human livers. The reaction was initiated by the addition
of the microsomes after 5-min preincubation at 37°C. The reaction mixtures
were incubated for 20 min, and reactions were terminated by the addition of
0.1 ml of acetonitrile, including 3 pM piroxicam as gn internal standard. After
removal of the protein by centrifugation at 10,000 rpm for 5 min, & 10-ul
portion of the supematant was subjected to HPLC. For recombinant P450s, the
incubation mixture was of the same composition as mentioned above, except
that 25, 25, or 200 pmol P450/m, respectively, were used for microsomes from
baculovirus-infected insect cells expressing CYP2C9.1, CYP209.2, or
CYP2C9.3. For kinetic determinations, lomoxicam concentrations ranging
from 0.5 to 125 pM were used.

HPLC analyses were performed according to the method of Suwa et al.
(1993), with slight modifications. The HPLC system consisted of & 2650
separation module Alliance system equipped with a Millennium32 chromato-
integrator and & 2487 dual AUV-visible spectrophotomonitor (Waters, Tokyo,
Japan). Chromatography was performed ot an XTerra RP18 column (50 X 2.1
mmn; particle size = 3.5 wm; Waters) eluted at 0.2 mi/min with the following
mobile phase: 14,5% acetonitrile, 50 mM KH,PO,, The eluent was monitored
at 380 nm. The column temperature was 60°C,
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o
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V ( pmol/min/pmol P450 )

S(uM)

Statistical Analysis. All experiments were performed in triplicate, and the
mean values for each data point were used for analysis. Enzyme kinetic
perameters (K., Vo) Wete estimated by curve-fitting metabolite formation
rate data by the single-enzyme Michaelis-Menten equation and Eadie-Hofstee
plot. All graphical anatyses were perfornted by nonlinear regression using SAS
Version 6.1 (SAS Institute, Cary, NC). Differences in kinetic parameters
among different CYP2C9 genotypes were cvaluated for statistical significance
by Dunnett’s multiple comparison.

Results and Discussion

Figure 1A shows the formation of 5'-hydroxylomoxicam by re-
combinant systems prepared from the cell line expressing the variants
of CYP2C9. Simple Michaclis-Menten kinetics were noted for lor-
noxicam metabolism in alt samples studied. The kinetic parameters of
lornoxicam 5°-hydroxylation for CYP2C9.1, CYP2C9.2, and
CYP2C9.3 are shown in Table 1. CYP2C9.3 {Leu359) had higher K
values and lower ¥__, than did CYP2C9.1 (wild-type, 11e359) for lor-
noxicam 5'-hydroxylation. The differences in X, and ¥, values be-
tween CYP2C9.1 and CYP2C9.3 were about 2- and 4-fold, respectively.

B

o o ©
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V { pmolimin/pmol Total P450)

) S(uM}
Fio. 1. Michaelis-Menten piots for 5'-hydroxylation of lornoxicam by ¢DNA-expressed CYP2C9.1 (@), CYP2C9.2 {O), and CYP2C9.3 (A) (A), and representative
Michaelis-Menten plos for 5'-Fydroxylation of lormoxicam by kuman liver microsomes from four genofyped livers (B).

In A, results are expressed es mean * S.D. of triplicate experiments. In B, liver microsomes of HG89 (®, genotyped as *//*1), HG3 (A, genotyped as *1/*2), HG43
(O, genotyped as *1/*3), and HK27 (A, genotyped as *3/*3) were used for the plots.
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In terms of intrinsic clearance (¥, /K., the intrinsic capacity of an
enzyme to membolize a substrate), the values for CYP2C9.3 showed
10-fold smaller ¥, /K, values for the reaction than did CYP2C9.1. This
finding is in good agreement with a previous report of Takanashi et al.
(2000) in which CYP2C9.3 expressed in yeast cells exhibited lower
intrinsic clearance than did CYP2C9.1 for oxidation of other oxicams,
such as tenoxicam 5'-hydroxylation and piroxicam 5'-hydroxylation.
These results suggest that the amino acid substitution of Ile359 for
Leu359 also affects the metebolic capacity of CYP2C9 in addition to the
affinity of CYP2C9 for lomoxicam. The effect of this change on both the
K, and V_,, values may be explained by the proposal that CYP2C9
amino acid 359 lies within putative substrate recognition sequence 5 in
the CYP2 family (Lewis, 2002).

In contrast, K, ¥_,,, and intrinsic clearance (V,,,./K) of lomoxi-
cam 5'-hydroxylation for CYP2C9.1 (wild-type, Argl44) and
CYP209.2 {Cys144} expressed in baculovitus-infected insect cells
were comparable (Table 1). There was no significant difference be-
tween CYP2C9.1 and CYP2C9.2 in ¥ /K, values for the reaction.
This finding is consistent with previous reports that CYP2C9.2 has
catalytic functions sitnilar to those of CYP2C9.1 for the oxidation of
tolbutamide, S-warfarin, and torsemide (Sullivan-Klose et al., 1996;
Miners et al., 2000). However, Rettie et al. {(1994) reported that the
V. ux values of the CYP2C9.2 for S-warfarin 7-hydroxylation were
lower than that of CYP2C9.1. Crespi and Miller (1997) showed that
the magpitude of the difference in ¥, for S-warfarin between
CYP2C9.1 and CYP2(C9.2 depends on the expression system used,
and is influenced by the ratio of NADPH-P450 oxidoreductase to
P450. Thus, it is necessary to use human liver samples genotyped as
*2/%2 to clarify the effect of the substimtion of Argl44Cys for
CYP2C9 on the activity in human liver microsomes.

We determined the kinetic parameters of lomoxicam 5'-hydroxy-
lation from liver microsomes derived from 12 human samples geno-
typed for the CYP2CY gene. The formation of 5'-hydroxylomoxicam
by human liver microsomes showed simple Michaelis-Menten kinetic
behavior (Fig. 1B). Using Eadie-Hofstee plots, we confinned that a
single kinetic parameter could be determined in the reaction. As
shown in Table 1, apparent K, values for lomoxicam 5'-hydroxyla-
tion ranged from 0.76 to 1.28 uM in microsomes of livers genotyped
as *1/*]. The K, values for liver microsomes of samples genotyped
as *//*2 or *1/*3 ranged from 0.72 to 1.72 uM. Only a microsome
sample genotyped as *3/*3 exhibited a high X, vatue (2.82 uM). The
sample genotyped as *3/*3 exhibited a lower V. value (0.019
pmol/min/pmol total P450) than the other samples genotyped as
“i/*], *1/%2, or *I/*3 (0.069-0.278 pmol/min/pmol total P450).
Thus, samples genotyped as *3/*3 showed 8- to 50-fold lower infrin-
sic clearance (V. /K., 0.007 pl/min/pmol total P450) than samples
genotyped as *I7*] and other heterozygous alleles of CYP2C9
(0.054=0.343 pVmin/pmol total P450), although only one sample was
genotyped as *3/*3. The substitution of Ile359Leu for CYP2CS also
appears to decrease the intrinsic clearance of lomoxicam 5'-hydroxy-
lation in human liver microsomes. In addition, the present study using
human liver microsomes containing samples genotyped as *1/*2 or
*I/3 showed that the heterozygous alieles of CYP2C9*2 or
CYP2C9*3 did not always have fower intrinsic clearance for lornoxi-
cam 5'-hydroxylation than *1/*].

Rare cases of subjects with higher than expected plasma concen-
trations after the administration of lomoxicam have been reported
(Turner and Johnston, 1990; Ravic et al,, 1991). Since 5'-hydroxyta-

tion is the main metabolic pathway of lomoxicam in hurnans, it has
been speculated that the increase in plasma coaocentrations is attrib-
utable to defective metabolism of lomoxicam. Our results indicate that
it may be possible that certain subjects, exhibiting high area under the
curve and C_,, values associated with delayed elimination, are the
poor-metabolizer phenotypes of CYP2C9, although their actual geno-
types were unknown, .

In conclusion, the present study showed that the lomoxicam 5'-
hydroxylation via CYP2C9 was markedly reduced by the substitution
of Tle359 for Leu359 (CYP2C9.3), whereas the effect of the substi-
tution of Argl44 for Cys144 (CYP2C9.2) was nonexistent or negli-
gible. Additional in vivo studies are required to confimm that individ-
uals with the homologous CYP2C9*3 allele exhibit impaired lomoxicam

clearance.
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