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Aims

 

Lansoprazole is affected by polymorphism of CYP2C19. The aim of this study was
to examine the effects of fluvoxamine, a CYP2C19 inhibitor, on the pharmacokinet-
ics of each lansoprazole enantiomer among three different 

 

CYP2C19

 

 genotype
groups.

 

Methods

 

Eighteen healthy subjects, of whom six each were homozygous extensive metabolizers
(homEMs), heterozygous extensive metabolizers (hetEMs), or poor metabolizers
(PMs) for CYP2C19, participated in the study. Each subject received either placebo
or fluvoxamine, 25 mg twice daily for 6 days, then a single oral dose of 60 mg of
racemic lansoprazole. The plasma concentrations of lansoprazole enantiomers and
lansoprazole sulphone were subsequently measured for 24 h post lansoprazole
administration using liquid chromatography.

 

Results

 

In the homEMs and hetEMs, fluvoxamine significantly increased the AUC(0, 

 

•

 

) and

 

C

 

max

 

 and prolonged the elimination half-life of both (R)- and (S)-lansoprazole,
whereas in the PMs, the only statistically significant effect of fluvoxamine was on
the AUC(0, 

 

•

 

) for (R)-lansoprazole. The mean fluvoxamine-mediated percent
increase in the AUC(0, 

 

•

 

) of (R)-lansoprazole in the homEMs compared with the
PMs was significant (

 

P 

 

=

 

 0.0117); however, 

 

C

 

max

 

 did not differ among the three

 

CYP2C19

 

 genotypes. On the other hand, fluvoxamine induced a significant percent
increase in both the AUC(0, 

 

•

 

) and 

 

C

 

max

 

 for (S)-lansoprazole in the homEMs
compared with the hetEMs (

 

P

 

 

 

=

 

 0.0007 and 

 

P

 

 

 

=

 

 0.0125, respectively) as well as
compared with the PMs (

 

P

 

 

 

<

 

 0.0001 for each parameter). The mean R : S ratio for
AUC(0, 

 

•

 

) of lansoprazole in the homEMs was significantly different between the
placebo and the fluvoxamine treatment groups (12.7 (9.1, 16.8) 

 

vs

 

 6.4 (5.4, 7.4),
respectively, 

 

P

 

 

 

<

 

 0.0001), though not in the PMs (5.5 (4.3, 6.7) 

 

vs

 

 5.9 (5.3, 6.5),
respectively).

 

Conclusions

 

The magnitude of the contribution of CYP2C19 to the metabolism of (S)-lansoprazole
is much greater compared with that of the (R)-enantiomer. In extensive metabolizers,
hepatic CYP2C19 plays an important role in the absorption and elimination of
lansoprazole, particularly the (S)-enantiomer.
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Introduction

 

Lansoprazole is a proton pump inhibitor (PPI) that
inhibits gastric acid secretion by interacting with (H

 

+

 

/
K

 

+

 

)-ATPase in gastric parietal cells [1]. This drug is
extensively metabolized by CYP2C19 and CYP3A4 to
two major plasma metabolites, 5-hydroxylansoprazole
and lansoprazole sulphone, respectively [2–4]. The
CYP2C19-catalyzed  hydroxylation  pathway  is  the  main
disposition route of lansoprazole and hence, the dis-
position of lansoprazole is strongly influenced by
CYP2C19 genetic polymorphism [5, 6].

Lansoprazole is administered clinically as a racemic
mixture of the (R)- and (S)-enantiomers. It has been
reported that the plasma concentrations of (R)-lansopra-
zole are higher than those of the (S)-enantiomer follow-
ing an oral dose of 30 mg of racemic lansoprazole in
both extensive metabolizers (EMs) and poor metaboliz-
ers (PMs) [7]. The differences between the pharmacok-
inetics of lansoprazole enantiomers are assumed to be
influenced by enantioselective metabolism [8, 9]. Kim

 

et al.

 

 reported that the affinity and the intrinsic clearance
for CYP2C19 catalyzed 5-hydroxylation of (S)-
lansoprazole is higher than for the (R)-enantiomer [8].
Therefore, one can expect that the disposition of (S)-
lansoprazole is more intensely affected by CYP2C19
polymorphism than that of the (R)-enantiomer. Fluvox-
amine, a selective serotonin reuptake inhibitor (SSRI),
is a known potent CYP1A2 inhibitor and it also inhibits
CYP2C19 [10, 11]. Thus when lansoprazole is admin-
istered in the presence of fluvoxamine, one can assume
a resultant increase in the plasma concentration of (S)-
lansoprazole compared with that of the (R)-enantiomer.

On the basis of the above-described background and
hypothesis, we investigated the effect of fluvoxamine on
the disposition of lansoprazole enantiomers in relation
to the 

 

CYP2C19

 

 genotype status.

 

Methods

 

Subjects

 

Eighteen healthy Japanese subjects (homozygous exten-
sive metabolizer group (homEMs, 

 

n

 

 

 

=

 

 6), heterozygous
extensive metabolizer group (hetEMs, 

 

n

 

 

 

=

 

 6) and poor
metabolizer group (PMs, 

 

n

 

 

 

=

 

 6)) were selected to partic-
ipate in this study. The subjects enrolled in the present
study are the same as those who participated in our
previous study [12]. The mean age was 25.1 

 

±

 

 3.8 years
(range 21–34 years) and the mean weight was
56.6 

 

±

 

 13.3 kg (range 40–86 kg). There were no differ-
ences among the three 

 

CYP2C19

 

 genotypes (homEMs,
hetEMs and PMs) with respect to age (24.7 

 

±

 

 3.8,
25.0 

 

±

 

 4.5 and 25.7 

 

± 

 

3.6 years, respectively), body
weight (57.2 

 

±

 

 15.6, 53.0 

 

±

 

 10.5 and 59.5 

 

±

 

 15.0 kg,

respectively), body mass index (20.9 

 

±

 

 3.8, 20.5 

 

±

 

 2.5
and 21.3 

 

± 

 

3.5 kg m

 

-

 

2

 

, respectively) and male : female
ratios (3 : 3 in each group) [12]. None of the subjects
had a history of significant medical illness or hypersen-
sitivity to any drug nor were any of the subjects smok-
ers. The study protocol was approved by the ethics
committee of Hirosaki University Hospital, and all sub-
jects gave their written informed consent prior to study
participation.

 

Study protocol

 

A randomized double-blind placebo-controlled cross-
over study design was conducted at intervals of 2 weeks.
After fluvoxamine (25 mg) in capsule form containing
a tablet (Luvox

 

®

 

, Fujisawa Pharmaceutical Co., Ltd,
Osaka, Japan) or matched placebo (in capsule form with
the same appearance and size as that of fluvoxamine)
was given orally twice a day (09.00 h, 21.00 h) for
6 days, each subject received an oral dose of 60 mg of
lansoprazole (Takepron

 

®

 

, Takeda Pharmaceutical Co.
Ltd, Osaka, Japan) with 240 ml of tap water at 09.00 h.
Venous blood samples were taken before lansoprazole
administration and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h
after the drug was taken to measure the plasma concen-
tration of lansoprazole enantiomers and lansoprazole
sulphone. The samples were centrifuged at 3000 

 

g

 

immediately after collection and stored at 

 

-

 

80

 

∞

 

C until
analysis. All subjects fasted for 10 h before the admin-
istration of lansoprazole and had a standard meal 4 h
later. Alcohol and caffeinated beverages were forbidden
during the study period.

 

CYP2C19 

 

genotyping

 

The genotyping procedure used to identify the

 

CYP2C19

 

 wild-type gene and its two mutant alleles,

 

CYP2C19*2

 

 in exon 5 and 

 

CYP2C19*3

 

 in exon 4, was
performed using a polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method
[13]. 

 

CYP2C19

 

 genotype analysis revealed five different
patterns as follows: *

 

1/

 

*

 

1

 

 in six; *

 

1/

 

*

 

2

 

 in three; *

 

1/

 

*

 

3

 

in three; *

 

2/

 

*

 

2

 

 in five and *

 

2/

 

*

 

3

 

 in one patient. Subjects
with these genotype patterns were divided into three
groups: the homEMs (*

 

1/

 

*

 

1

 

, 

 

n

 

 

 

=

 

 6), the hetEMs (*

 

1/

 

*

 

2

 

and *

 

1/

 

*

 

3

 

, 

 

n

 

 

 

=

 

 6) and the PMs (*

 

2/

 

*

 

2

 

 and *

 

2/

 

*

 

3

 

, n = 6).

Analysis of lansoprazole enantiomers and their metabolites 
in plasma
The plasma concentrations of lansoprazole enantiomers
and lansoprazole sulphone were determined by HPLC
with  solid-phase  extraction  method  of  Miura  et al.
[14]. The HPLC column used was a Chiral CD-Ph
(250 mm ¥ 4.6 mm I.D., Shiseido Co. Ltd, Tokyo,



The effect of fluvoxamine on lansoprazole enantiomer kinetics

Br J Clin Pharmacol 60:1 63

Japan). The mobile phase consisted of 0.5 M
NaClO4 : acetonitrile : methanol (60 : 30 : 10, v : v). A
flow rate of 0.5 ml min-1 was used at ambient tempera-
ture, and the wavelength was set at 285 nm. The lower
limit of quantification for this assay was 10 ng ml-1 for
lansoprazole enantiomers and 5 ng ml-1 for lansoprazole
sulphone. The coefficient of variation of inter- and intra-
day assays (n = 6) was less than 8.0% and the accuracy
(n = 6) was within 8.4% for all analytes (concentration
range of 10–4000 ng ml-1).

Pharmacokinetic analysis
Pharmacokinetic analysis of the lansoprazole enanti-
omers and lansoprazole sulphone was carried out by a
standard noncompartmental method using WinNonlin
(Pharsight Co., CA, version 4.0.1). The elimination half-
life was obtained by log-linear regression of the terminal
phase of the concentration-time data for at least three
sampling points (elimination half-life = ln2/lz where
lz = elimination rate constant). The total area under the
observed plasma concentration-time curve (AUC) was
calculated using the linear trapezoidal rule. Extrapola-
tion of AUC from the last measurable concentration (Ct)
to infinity (AUC(t, •)) was performed by adding the
value Ct/lz (where Ct = plasma concentration at t h after
lansoprazole administration). The maximum plasma
concentration (Cmax) and time required to reach the peak
(tmax) were directly obtained from the profile.

Statistical analysis
All results were expressed as mean values ± SD and
95% confidence intervals (CI). Statistical comparisons
of the parameters were supplemented with the multiple
comparison procedure of Fisher using the Stat View
program (SAS Institute, Cary, NC, version 5.0). A
P value of less than 0.05 was considered to be statisti-
cally significant.

Results
The  mean  plasma  concentrations  of  the  (R)-  and
(S)-enantiomers of lansoprazole were significantly
increased by fluvoxamine in the three different
CYP2C19 genotype groups (Figure 1). The plasma con-
centration-time profile of (R)- and (S)-lansoprazole in
the presence of fluvoxamine was similar among the
three CYP2C19 genotype groups. Fluvoxamine signifi-
cantly increased the AUC(0, •) and Cmax and prolonged
the elimination half-life of both (R)- and (S)-lansopra-
zole in the homEMs and hetEMs, whereas in the PMs
there were no statistically significant differences in
pharmacokinetic parameters for the subjects given pla-
cebo and those given fluvoxamine (Table 1), with the

exception of the AUC(0, •) of (R)-lansoprazole where
a significant difference was seen. The mean AUC(0, •)
of (R)- and (S)-lansoprazole in the homEMs fluvoxam-
ine group was 2.2- and 1.9-fold higher, respectively,
than the those in the PMs who did not take fluvoxamine
(45032 (28 786, 61 278) vs 20 132 (17 275, 22 989),
7322 (3354, 11 290) vs 3892 (3098, 4686) ng ml-1 h)
(Table 1). The mean lansoprazole R/S ratio for the
AUC(0, •) in the homEMs differed significantly
between the placebo and the fluvoxamine treatment
groups (12.7 (9.1, 16.8) vs 6.4 (5.4, 7.4), respectively,
P < 0.0001), though not in the PMs (5.5 (4.3, 6.7) vs 5.9
(5.3, 6.5), respectively).

The mean fluvoxamine induced percent increase in
the AUC(0, •) of (R)-lansoprazole in the homEMs com-
pared with the PMs was significant (P = 0.0117),
although no differences were observed in Cmax among
the three CYP2C19 genotypes. In contrast, fluvoxamine
cased a significant percent increase in both the AUC(0,
•) and Cmax for (S)-lansoprazole in the homEMs com-
pared with the hetEMs (P = 0.0007 and P = 0.0125,
respectively) and compared with the PMs (P < 0.0001
for each parameter) (Figure 2). The influence of flu-
voxamine on the CYP2C19-mediated metabolism of
(S)-lansoprazole was much greater than that of the (R)-
enantiomer (Figure 2).

Meanwhile, fluvoxamine increased the mean plasma
concentration of lansoprazole sulphone in the homEMs
and hetEMs, whereas concentrations in the PMs were
slightly decreased (Figure 3 and Table 2).

Discussion
This is the first report on the effect of fluvoxamine, a
CYP2C19 inhibitor, on the pharmacokinetics of lanso-
prazole enantiomers in relation to CYP2C19 genotype
status. The effect of fluvoxamine on lansoprazole metab-
olism is greatest in individuals who are homEMs, less
in hetEMs and least in PMs of CYP2C19. In the present
study, fluvoxamine significantly increased the AUC(0,
•) for (R)- and (S)-lansoprazole in the homEMs by
903% and 1664%, respectively, and in the hetEMs by
462% and 781%, respectively (Figure 2). Thus, the drug
interaction is more marked between (S)-lansoprazole
and fluvoxamine than between (R)-lansoprazole and flu-
voxamine. Furthermore, mean R : S ratios of AUC(0, •)
for lansoprazole in the presence of fluvoxamine were
not significantly different between homEMs and PMs
(6.4 vs 5.9), although in the placebo groups the ratio was
significantly greater in the homEMs than in the PMs
(12.7 vs 5.5, P < 0.05). These data show that the mag-
nitude of the contribution of CYP2C19 to the metabo-
lism of (S)-lansoprazole is much greater compared with
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that of the (R)-enantiomer. This finding is supported by
previous in vitro data that describe a higher affinity and
intrinsic clearance for CYP2C19-catalyzed hydro-
xylation of (S)-lansoprazole than of the (R)-enantiomer
[8]. In contrast (S)-omeprazole is less influenced by
CYP2C19 genetic polymorphism compared with (R)-
omeprazole and racemic omeprazole [15–17]. This
finding has led to the development of esomeprazole, an
(S)-enantiomer of omeprazole, as the first single enan-
tiomer PPI. Thus, the racemate is not simply a mixture
of the two enantiomers but rather a distinct molecular
compound or entity with properties quite distinct from
those of the two optical isomers [18–22]. Although the
clinical relevance on the effect of each enantiomer is not
yet fully established, the pharmacological activities of

(R)- and (S)-lansoprazole according to data obtained
from in vitro studies are considered to be similar [23].
The disposition of (R)-lansoprazole appears to be less
influenced by CYP2C19 than that of the (S)-enantiomer.
Therefore, the use of only (R)-lansoprazole would be
highly desirable for clinical application.

In this study, we were unable to evaluate the pharma-
cokinetic parameters of 5-hydroxylansoprazole enanti-
omers in the plasma samples obtained from each subject
co-administered fluvoxamine, because the plasma con-
centrations of the enantiomers were below the limit of
detection by the HPLC method we used (lower limit of
quantification, 10 ng ml–l each) [14]. However, fluvox-
amine inhibits 5-hydroxylation of lansoprazole and con-
sequently significantly slows its elimination in the EMs.

Figure 1
The effect of fluvoxamine on the 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 (�) or 25 mg of 

fluvoxamine (�) twice a day for 6 days. The results are shown as the mean ± SD
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Figure 2
The change in AUC(0, •) and Cmax of (R)-

lansoprazole (solid bars) and (S)-lansoprazole 

(open bars) by fluvoxamine among the three 

CYP2C19 genotype groups. Error bars indicate 

SD
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Figure 3
The influence of fluvoxamine on the formation of lansoprazole sulphone 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 (�) or 25 mg of fluvoxamine (�) twice a day for 6 days. The 

results are shown as the mean ± SD
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Fluvoxamine markedly increased Cmax and significantly
prolonged the elimination half-life of lansoprazole, par-
ticularly the (S)-enantiomer; it seems that fluvoxamine
inhibits the biotransformation of lansoprazole during
both the absorption and elimination phases in the liver.
Due to the inhibition of CYP2C19 activity by fluvox-
amine, lansoprazole is preferentially metabolized to lan-
soprazole sulphone by CYP3A4 in EMs, whereas in the
PMs of CYP2C19, fluvoxamine slightly inhibits the for-
mation of lansoprazole sulphone, though not signifi-
cantly. This result suggests that fluvoxamine inhibits
CYP3A4 activity in PM subjects to some extent [24,
25], because lansoprazole sulphone is formed solely by
CYP3A4 [2, 6, 7].

In conclusion, the plasma concentration of (S)-
lansoprazole is considerably influenced by fluvoxamine
compared with that of the (R)-enantiomer. In EMs
subjects, hepatic CYP2C19 plays a more important role
in the absorption and elimination of (S)-lansoprazole
compared with those of the (R)-enantiomer.
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