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ABSTRACT The aim of this study was to examine the effect of clarithromycin, a
CYP3A4 inhibitor, on the enantioselective disposition of lansoprazole among three
different CYP2C19 genotype groups in healthy Japanese subjects. These subjects in-
cluded 6 each of homozygous extensive metabolizers (homEMs), heterozygous exten-
sive metabolizers (hetEMs), and poor metabolizers (PMs). In the EMs of CYP2C19,
clarithromycin markedly increased Cmax and the AUC0 –l of (S)-lansoprazole and (S)-
hydroxylansoprazole compared with those of the corresponding (R)-enantiomers.
Clarithromycin significantly increased Cmax and the AUC0 –l of (S)-lansoprazole in the
homEMs by 110% and 115%, respectively, and in the hetEMs by 105% and 103%,
respectively, compared with placebo. Furthermore, clarithromycin slightly prolonged
the elimination half-life of (R)-lansoprazole in the homEMs and hetEMs but did not
alter that of (S)-lansoprazole. In the PMs of CYP2C19, clarithromycin significantly
increased Cmax and the AUC0 –l and significantly prolonged the elimination half-lives of
(R)- and (S)-lansoprazole by 51% and 49%, respectively. The present study suggests
that there are significant drug interactions between (R)- or (S)-lansoprazole and
clarithromycin in EMs by inhibiting the CYP3A4-catalyzed sulfoxidation primarily
during the first pass, whereas in PMs, the overall metabolism of lansoprazole is
inhibited. Chirality 17:338–344, 2005. A 2005 Wiley-Liss, Inc.
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Lansoprazole [2-{(3-methyl-4-(2,2,2-trifluoethoxy)-2-pyr-
idyl)methyl}sulfinylbenzimidazole] is one of the most
widely used proton pump inhibitors that inhibit gastric
acid secretion by interacting with (H+/K+)-ATPase in
gastric parietal cells.1 Lansoprazole is widely used in
Helicobacter pylori eradication therapy along with anti-
bacterial agents such as amoxicillin (INN, amoxicilline)
and clarithromycin. The use of a triple regime has resulted
in high eradication rates in many clinical trials.2,3

Clarithromycin is mainly metabolized by CYP3A4 in the
liver and is a potent inhibitor of CYP3A4 based on in vitro
and in vivo studies.4 – 6 Lansoprazole is also metabolized by
CYP3A4 to lansoprazole sulfone.7 – 9 Therefore, a drug
interaction is believed to occur when lansoprazole and
clarithromycin are co-administered, thereby resulting in
an increase in the plasma concentration of lansoprazole,
which elevates the eradication rate of H. pylori. On the
other hand, lansoprazole is metabolized to 5-hydroxylan-
soprazole mainly by CYP2C19 with only minor involve-
ment by CYP3A4 and CYP2C9.7,10 This hydroxylation
pathway is the main metabolic route of lansoprazole;
therefore, its disposition is strongly influenced by the
CYP2C19 genetic polymorphism.11,12 In some subjects

with poor metabolizer (PM) status for CYP2C19, lanso-
prazole metabolism is assumed to be particularly affected
by clarithromycin, because the main metabolic pathway of
lansoprazole in PMs of CYP2C19 is shifted from CYP2C19
to CYP3A4. In population studies, the PM phenotype of
CYP2C19 appears to be present in approximately 1–6%
of white subjects,13 – 15 2% of black subjects,16 and 12–27%
of Asian subjects.13,17 – 19 For these groups, CYP3A4 is
an important lansoprazole-metabolizing enzyme.

Lansoprazole has an asymmetric sulfur atom in its
chemical structure and is commercially marketed as a
racemic mixture. Both the (R)- and (S)-enantiomers of
lansoprazole inhibit acid formation in isolated canine
parietal cells and (H+/K+)-ATPase in canine gastric
microsomes with nearly the same potency.20 However,
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the racemate is an entity with properties quite disparate
from those of the two optical isomers. The plasma concen-
trations of (R)-lansoprazole were consistently higher than
those of the (S)-enantiomer in both EMs and PMs of
CYP2C19.21,22 Such differences between the pharmacoki-
netics of lansoprazole enantiomers are assumed to be
influenced by enantioselective metabolism.21,23 An in vitro
experiment in human liver microsomes showed that
intrinsic clearance (Vmax/Km ), enabling the estimation
of the in vivo clearance rate,24 for the sulfoxidation
of (S)-lansoprazole is 4-fold higher than that for its
(R)-enantiomer.23 Therefore, the inhibition of CYP3A4
activity by clarithromycin that changes the pharmacoki-
netics of (S)-lansoprazole is assumed to be greater than
that of the (R)-enantiomer and to be strongly influenced
by the CYP2C19 genetic polymorphism. Until now, no
information about the effect of clarithromycin on the
enantioselective disposition of lansoprazole in relation to
CYP2C19 genotype status has been published.

In the present study, we examine how clarithromycin
affects the metabolism of each lansoprazole enantiomer
and to what extent this interaction occurs in relation to
CYP2C19 genotype status.

MATERIALS AND METHODS
Reagents and Chemicals

Lansoprazole, its enantiomers, and their metabolites (5-
hydroxylansoprazole and lansoprazole sulfone) were
purchased from Takeda Pharmaceutical Co. Ltd. (Osaka,
Japan). (S)-Omeprazole was kindly donated by Astra-
Zeneca (Mölndal, Sweden). Oasis HLB extraction car-
tridges were purchased from Waters (Milford, MA). All
solvents used were of HPLC grade (Wako Pure Chemical
Industries, Osaka, Japan), and all other reagents and
chemicals were purchased from Wako Chemical Indus-
tries or Nacalai Tesque (Kyoto, Japan).

Subjects

Eighteen healthy, H. pylori-negative Japanese subjects
(six homEMs, six hetEMs, and six PMs) were selected
to participate in this study. The subjects enrolled in
the present study are the same as those who partici-
pated in our previous study.22 Their mean age was
25.1 F 3.8 years (range 21–34 years), and their mean
weight was 56.6 F 13.3 kg (range 40–86 kg). There were
no differences among the three CYP2C19 genotypes—
homEMs, hetEMs, and PMs—in subject profiles, in-
cluding age (24.7 F 3.8, 25.0 F 4.5, and 25.7 F 3.6 years,
respectively), body weight (57.2 F 15.6, 53.0 F 10.5,
and 59.5 F 5.0 kg, respectively), body mass index (20.9 F
3.8, 20.5 F 2.5, and 21.3 F 3.5 kg/m2, respectively), and
male/female ratios (3/3 each). None of the subjects
had a history of significant medical illness or hyper-
sensitivity to any drug. All subjects were nonsmokers.
None had taken any drug for at least 1 week before
and during the study. The study protocol was approved
by the Ethics Committee of Hirosaki University Hospi-
tal, and all subjects gave their written informed consent
before participating.

Study Protocols

A randomized, double-blind placebo-controlled crossover
study design was conducted at intervals of 2 weeks. After
clarithromycin (400 mg) in capsule form containing two
tablets (ClarithR, Taisho Pharmaceutical Co., Ltd., Tokyo,
Japan) or matched placebo (in capsule form with the same
appearance and size as that of clarithromycin) was given
orally twice a day (9 am, 9 pm) for 6 days, each subject
received an oral dose of 60 mg of lansoprazole (Take-
pronR, Takeda Pharmaceutical Co., Ltd.) with a glass of
tap water at 9 am. Venous blood samples were taken for
the determination of the plasma concentrations of lanso-
prazole enantiomers and their metabolites before and 0.5,
1, 1.5, 2, 3, 4, 6, 8, 12, 24 h after dosing. The samples were
centrifuged at 3,000g immediately after collection and
stored at �80jC until they were analyzed. All subjects
fasted for 10 h before administration of lansoprazole and
had a standard meal 4 h later. Beverages containing
alcohol and caffeine were forbidden during the test period.

CYP2C19 Genotyping

Genotyping to identify the CYP2C19 wild-type gene and
two mutated alleles, CYP2C19*2 in exon 5 and CYP2C19*3
in exon 4, were performed using a polymerase chain
reaction–restriction fragment length polymorphism (PCR-
RFLP) method.25 The CYP2C19 genotype analysis re-
vealed five different patterns as follows: *1/*1 in 6
subjects, *1/*2 in 3, *1/*3 in 3, *2/*2 in 5 and *2/*3 in
1. These subjects were divided into 3 groups: homEMs
(*1/*1, n = 6), hetEMs (*1/*2 and *1/*3, n = 6), and PMs
(*2/*2 and *2/*3, n = 6).

Analysis of Lansoprazole Enantiomers and Their
Metabolites in Plasma

The plasma concentration of lansoprazole, its enan-
tiomers and their metabolites were determined according
to the HPLC method of Miura et al.22,26 In brief, after (S)-
omeprazole (20 ng) in methanol (10 ml) was added to
plasma samples (100 ml) as an internal standard, the
samples were diluted with water (1.0 ml), and the solutions
were briefly mixed. Each mixture was applied to an Oasis
HLBR extraction cartridge that had been previously ac-
tivated with methanol and water (1.0 ml each). The car-
tridge was then washed with 40% methanol in water (1.0 ml),
and then eluted with 80% methanol in water (1.0 ml).
The eluate was evaporated to dryness in a vacuum at 60jC
with a rotary evaporator (Iwaki, Tokyo, Japan). The
residue was dissolved in 50 ml of methanol and 50 ml of
mobile phase; and an aliquot (50 ml) of the solution was
then injected into the HPLC apparatus. The apparatus
used for HPLC was a Model 510 chromatography pump
(Waters Co.) equipped with a Waters 486 ultraviolet
detector. The wavelength was set at 285 nm. Test samples
were introduced using a Waters 712 WISP autosampler
with an effective volume of 50 ml. The HPLC column used
was a Chiral CD-Ph (250 mm � 4.6 mm i.d., Shiseido Co.,
Ltd., Tokyo, Japan); and the mobile phase which consisted
of 0.5 M NaClO4–acetonitrile–methanol (60:30:10, v/v/v),
was degassed in an ultrasonic bath prior to use. A flow rate
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of 0.5 ml/min was used at ambient temperature, and the
wavelength was set at 285 nm. The lower limit of
quantitation for this assay was 10 ng/ml for each
enantiomer of lansoprazole and 5-hydroxylansoprazole,
whereas it was 5 ng/ml for lansoprazole sulfone. The
coefficient of variation of the inter- and intra-day assays
(n = 6) was <8.0%, and the accuracy (n = 6) was within 8.4%
for all analytes (concentration range of 10–4,000 ng/ml).25

Retention times for (R)-5-hydroxylansoprazole, (S)-5-hy-
droxylansoprazole (S)-omeprazole, lansoprazole sulfone,
(R)-lansoprazole, and (S)-lansoprazole were 17.0, 18.5,
27.5, 30.0, 31.6, and 36.6 min, respectively.

Identification of Elution Orders of
5-Hydroxylansoprazole Enantiomers

The elution orders of 5-hydroxylansoprazole enan-
tiomers in the HPLC chromatogram were identified by
the in vitro metabolism of (R)- or (S)-lansoprazole using
human CYP2C19 expressed in a cell line (Gentest
Corporation, Woburn, MA). Incubations were carried out
with the reconstituted human liver microsomes in 5-ml test
tubes using a shaking water bath for 30 min at 37jC. A
typical incubation mixture consisted of a cofactor solution
(100 ml), microsomal CYP2C19 preparation (50 ml, 0.5 mg
protein), and substrate (5 ml, 13.5 mM for (R)- or (S)-
lansoprazole) in a total volume of 0.2 ml. The cofactor
solution consisted of NADP+ (1.3 mM), glucose-6-phos-
phate (3.3 mM), glucose-6-phosphate dehydrogenase
(0.4 unit), and magnesium chloride (3.3 mM) in sodium
phosphate buffer (0.1 M, pH 7.4). The metabolic reaction
was initiated by the addition of the cofactor solution and
terminated by immersion in an ice bath. Before the
extraction, (S)-omeprazole (20 ng) in methanol (10 ml) was
added as an internal standard to the incubation mixture.
Each mixture was applied to an Oasis HLBR extraction
cartridge as described above.

Pharmacokinetic Analysis

Pharmacokinetic analysis of the lansoprazole enan-
tiomers and their metabolites was carried out by a
standard noncompartmental method using WinNonlin
(Pharsight Co., CA, version 4.0.1). The elimination half-
life was obtained using log–linear regression of the
terminal phase of the concentration–time data with at
least three sampling points (elimination half life = ln 2/ke;
ke = elimination rate constant). The total area under the
observed plasma concentration–time curve (AUC) was
calculated using the linear trapezoidal rule. The extrap-
olation of AUC from the last measurable concentration (Ct)
to infinity (AUCt–l) was performed by adding the value
Ct/ke (where Ct = plasma concentration at t h after
lansoprazole administration). The maximum plasma con-
centration (Cmax) and time required to reach the peak
(tmax) were obtained directly from the profile.

Statistical Analysis

All results were expressed as mean values F SD. Statis-
tical comparisons of parameters were made by one-way
analysis of variance (ANOVA) and supplemented with the
multiple comparison procedure of Fisher in the Stat View

program (SAS Institute, Cary, NC, version 5.0). P values of
less than 0.05 were considered statistically significant.

RESULTS

The plasma concentrations and the mean Cmax and
AUC0 –l of the (R)- and (S)-enantiomers of lansoprazole
were increased by clarithromycin in the three different
CYP2C19 genotype groups (Fig. 1). Furthermore, clari-
thromycin significantly prolonged the elimination half-life
of (R)- and (S)-lansoprazole in the PMs from 5.0 to 7.7 h
(P < 0.01) and from 1.6 to 2.4 h (P < 0.01), respectively. In
the homEMs and hetEMs, clarithromycin slightly pro-
longed the half-life of the (R)-enantiomer but did not
change that of the (S)-enantiomer (Table 1). TheCmax values
of (S)-lansoprazole by clarithromycin in the homEMs,
hetEMs, and PMs were approximately 1.8-, 1.7-, and 1.5-
fold higher, respectively, compared with those of the
corresponding (R)-enantiomer. On the other hand, clari-
thromycin decreased Cmax and the AUC0 –l for lansopra-
zole sulfone in the three genotype groups and significantly
prolonged tmax and the elimination half-life in the PMs,
whereas there was no change in the homEMs and hetEMs
(Table 2). In addition, clarithromycin increased Cmax

and the AUC0 –l for the (R)- and (S)-enantiomers of
5-hydroxylansoprazole in the homEMs and hetEMs but
not in the PMs (Table 2). Mean changes in the Cmax and
AUC0 –l values for (S)-5-hydroxylansoprazole induced by
clarithromycin in the homEMs and hetEMs were higher
compared to those of the corresponding (R)-enantiomer.
The AUC ratios of (S)-5-hydroxylansoprazole to (S)-
lansoprazole were increased by clarithromycin in the
homEMs from 0.651 to 0.932 and, were not altered in the
hetEMs, but were markedly decreased in the PMs, from
0.079 to 0.020. On the other hand, those of the (R)-
enantiomer were not altered in the homEMs and hetEMs
but were decreased by clarithromycin in the PMs, from
0.006 to 0.002 (Table 2).

DISCUSSION

This is the first report on the effect of clarithromycin on
the pharmacokinetics of lansoprazole enantiomers in
relation to CYP2C19 genotype status. In the present study,
we could not directly determine the magnitude of the
contribution of CYP3A4 to the sulfoxidation of each
lansoprazole enantiomer because the sulfone metabolite
is achiral. However, clarithromycin enhanced the hydrox-
ylation of (S)-lansoprazole in homEMs and hetEMs
compared with the (R)-enantiomer. This suggests that
the contribution of CYP3A4 to the metabolism of (S)-
lansoprazole is greater than that of the (R)-enantiomer.
This is in agreement with a previous in vitro study in which
the intrinsic clearance of (S)-lansoprazole sulfoxidation by
cDNA-expressed CYP3A4 was greater than that of the (R)-
enantiomer.10 Furthermore, it has been reported that the
sulfide, resulting from the nonenzymatic reduction of
lansoprazole, is also present in a smaller amount (1.5%).27

The formed sulfide may be oxidized enzymatically to
lansoprazole sulfone, and the stereoselectivity of this
oxidation may contribute to inversion at the chiral centrer.
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However, one in vitro study reported that the chiral
inversions of (R)- to (S)- and (S)- to (R)-lansoprazole did
not occur at clinically relevant concentrations.23

Clarithromycin significantly increased the Cmax and
AUC0 –l of (R)- and (S)-lansoprazole in the homEMs and
hetEMs. In addition, it prolonged slightly the elimination
half-life of the (R)-enantiomer but did not alter that of the
(S)-enantiomer. Because of this, it seems that clarithro-
mycin inhibits the CYP3A4-mediated sulfoxidation of
lansoprazole mainly during the first pass. CYP3A4 is
present in considerable quantities in the small-intestinal
mucosa,28 – 30 and intestinal CYP3A4 has been shown to
play a major role in the interaction between clarithromycin
and midazolam.5 Clarithromycin inhibits intestinal CYP3A
rather than that in the liver CYP3A.5 Therefore, in subjects
with CYP2C19*1, it is probable that the intestinal CYP3A4
also plays an important role in the interaction of
clarithromycin with lansoprazole enantiomers. On the
other hand, the elimination of (S)-lansoprazole in EMs of
CYP2C19 is not affected by clarithromycin, and it seems
that (S)-lansoprazole is mainly catalyzed by CYP2C19 as
opposed to CYP3A4.31,32 In PMs of CYP2C19, clarithro-
mycin significantly increases Cmax and the AUC0 –l and

prolongs the elimination half-lives of (R)- and (S)-
lansoprazole by 51% (P < 0.01) and 49% (P < 0.01),
respectively. Thus, clarithromycin inhibits the overall
metabolism of (R)- and (S)-lansoprazole in the PMs of
CYP2C19. Furthermore, several previous studies have
shown that clarithromycin is an inhibitor of P-glycopro-
tein.33 – 36 One in vitro study found that lansoprazole is a
substrate of P-glycoprotein.37 Therefore, it is possible that
the inhibition of P-glycoprotein by clarithromycin contrib-
utes to this interaction. However, it is unknown whether
the affinity of lansoprazole for P-glycoprotein differs
between the enantiomers.

For (S)-lansoprazole, clarithromycin significantly in-
creased Cmax and the AUC0 –l of (S)-5-hydroxylansopra-
zole by 232% and 278%, respectively, in the homEMs, and
increased the AUC ratio of (S)-5-hydroxylansoprazole to
(S)-lansoprazole by 95% in homEMs. Furthermore, clari-
thromycin also increased Cmax and the AUC0 –l of (S)-5-
hydroxylansoprazole in hetEMs but did not change the
AUC ratio of (S)-5-hydroxylansoprazole to (S)-lansopra-
zole. Our data suggests that the CYP2C19-mediated 5-
hydroxylation activity of (S)-lansoprazole increased by
clarithromycin is higher in homEMs than in hetEMs. On

Fig. 1. Influence of clarithromycin on disposition of (R)-lansoprazole (upper panel) and (S)-lansoprazole (lower panel) in homozygous EMs (A),
heterozygous EMs (B), and PMs (C). Subjects received a single oral dose of 60 mg of racemic lansoprazole following administration of placebo (open
circles) or 400 mg of clarithromycin (solid circles) twice a day for 6 days. The results are plasma concentrations shown as the mean F SD.
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the other hand, in PMs who lacked CYP2C19 activity,
clarithromycin did not alter Cmax and AUC0 –l of (S)-5-
hydroxylansoprazole but did produce increases in Cmax

and AUC0 –l and significantly prolonged the half-life of
(S)-lansoprazole. Because of this, we assume that the
hydroxylation of lansoprazole to 5-hydroxylansoprazole in
PMs might be mediated by CYP2C9.10

Furuta et al. reported that eradication rates for H. pylori
infection using triple therapy depend on the CYP2C19
genotypes of patients.38 Treatment with daily doses of
lansoprazole (60 mg) or omeprazole (40 mg), amoxicillin
(1,500 mg), and clarithromycin (600 mg) for 1 week gave
responses of 72.7%, 92.1%, and 97.8% in homEMs, hetEMs,
and PMs, respectively. The differences in the eradication
rates of H. pylori using a PPI among the different CYP2C19
genotypes are believed to arise from different plasma
concentrations of PPI among the different genotype
groups.39 Although the contribution of each lansoprazole
enantiomer to the eradication rates for H. pylori is not
known, the disposition of each enantiomer of lansoprazole
with clarithromycin is also significantly influenced by
CYP2C19 genetic polymorphism. As noted above, the
interaction between the PPI and clarithromycin is believed
to underlie the high cure rate for the eradication of
H. pylori.39 In our present study, the mean AUC0 –l values
of (R)- and (S)-lansoprazole for the EMs also receiving
clarithromycin were much lower than those in the PMs
who did not take clarithromycin. On the other hand, in
previous studies, the disposition of (S)-lansoprazole is
greatly affected by CYP2C19 genetic polymorphism22,32

and is metabolized more by CYP3A4.10,23 Furthermore, the
elimination half-life of (S)-lansoprazole is very short
compared with its (R)-enantiomer.22 (S)-Lansoprazole is
not optically stable in vivo. Therefore, similar to a previous
in vitro study,20 if such pharmacodynamic effects as the
intragastric pH of the (R)- and (S)-enantiomers of
lansoprazole are identical in the human body, then it is
adapted clinically only by (R)-lansoprazole. Therefore,
EMs of CYP2C19 might be receiving as much as twice the
average daily dose as (R)-lansoprazole. We suggest that
(R)-lansoprazole should be developed as a single-isomer
PPI, as is the case with esomeprazole, the (S)-isomer of
the PPI omeprazole.

In conclusion, this drug interaction is more marked
between (S)-lansoprazole and clarithromycin than be-
tween (R)-lansoprazole and clarithromycin. In EMs of
CYP2C19, clarithromycin significantly increased the plas-
ma concentration of lansoprazole, probably by inhibiting
the CYP3A4-mediated sulfoxidation mainly during the first
pass. On the other hand, in PMs of CYP2C19, clarithro-
mycin markedly increased the plasma concentrations of
(R)- and (S)-lansoprazole by inhibiting the overall metab-
olism of lansoprazole.
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