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ABSTRACT The purpose of this study was to investigate whether CYP2C19 activity
can be estimated from plasma concentrations of lansoprazole enantiomers 4 h (C4h) af-
ter single administration by oral and enteral routes. Sixty-nine subjects, 22 homozygous
extensive metabolizers (homEMs), 32 heterozygous EMs (hetEMs), and 15 poor
metabolizers (PMs), participated in the study. After a single oral or enteral dose of race-
mic lansoprazole (30 mg), plasma concentrations of lansoprazole enantiomers were
measured 4 h postdose. The R/S ratio of lansoprazole at 4 h differed significantly among
the three groups (P < 0.0001) regardless of the administration route. The R/S ratio of
lansoprazole in CYP2C19 PMs ranged from 3.0 to 13.7, whereas in homEMs and
hetEMs the ratio ranged from 8.6 to 90 and 2.1 to 122, respectively. The relationship
between (S)-lansoprazole concentration and R/S ratio of lansoprazole at C4h is given by
the following formula: log10 [R/S ratio] 5 2.2 – 0.64 3 log10 [C4h of (S)-lansoprazole] (r
5 0.867, P < 0.0001). Thus, phenotyping CYP2C19 using the R/S enantiomer ratio of
lansoprazole seems unlikely. However, to obtain a pharmacological effect similar to that
in CYP2C19 PMs, we can presume that lansoprazole has a sufficient effect in the patient
with an R/S enantiomer ratio at 4 h � 13.70 and (S)-lansoprazole concentration at 4 h �
50 ng/ml. Chirality 22:635–640, 2010. VVC 2009 Wiley-Liss, Inc.
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INTRODUCTION

Lansoprazole is a proton pump inhibitor (PPI) that
inhibits gastric acid secretion through an interaction with
(H1/K1)-ATPase in gastric parietal cells.1 Gastroesopha-
geal reflux and heartburn caused by esophagectomy are
reported in 20–65% of esophageal cancer patients.2–6 A PPI
is often administered to prevent development of gastric
acid reflux-related symptoms in patients after esophagec-
tomy.5–7 After esophagectomy, it is difficult for patients to
ingest a PPI. Often, intestinal or gastric fistulae are con-
structed for enteral feeding as well as PPI administration
until normal ingestion is possible. Until now, lansoprazole
pharmacokinetics after placement in an intestinal fistula
has not been published. For patients with difficulty in
ingestion, an intraoral enteric coated preparation of lanso-
prazole is widely used, rather than omeprazole and rabe-
prazole, which cannot be broken up as only coated tablets
are available.

Lansoprazole is metabolized to 5-hydroxylansoprazole
and lansoprazole sulfone mainly by CYP2C19 and
CYP3A4, respectively.8,9 This hydroxylation pathway is the
main metabolic route of lansoprazole; and is strongly influ-
enced by CYP2C19 polymorphisms.10,11 Lansoprazole has
an asymmetric sulfur in its chemical structure. Plasma
concentrations of (R)-lansoprazole were consistently

higher than those of the (S)-enantiomer in both extensive
metabolizers (EMs) and poor metabolizers (PMs) of
CYP2C19.12,13 Such different pharmacokinetics of lanso-
prazole enantiomers are assumed to be due to enantiose-
lective protein binding and metabolism.12–14 In the previ-
ous study, differences between the plasma concentration
of (R)- and (S)-enantiomers of lansoprazole were greatest
4 h after oral administration.15 On the other hand, in our
previous study, r2 for the predictive formulae for the area
under the plasma concentration–time curve (AUC) of race-
mic lansoprazole, which included the CYP2C19 genotype
and plasma concentrations of (R)- and (S)-lansoprazole at
3 (C3h) and 4 h (C4h) after oral administration was 0.897
and 0.835, respectively.16 C3h or C4h of lansoprazole enan-
tiomers are useful time points to estimate AUC of racemic
lansoprazole.16 Generally, many blood collection time-
points are required to calculate accurate AUC values. It is
clinically important that AUC predictions are calculated

*Correspondence to: Masatomo Miura, PhD, Department of Pharmacy,
Akita University Hospital, 1-1-1 Hondo, Akita 010-8543, Japan.
E-mail: m-miura@hos.akita-u.ac.jp
Received for publication 22 January 2009; accepted in revised form 13
August 2009; Accepted 1 October 2009
DOI: 10.1002/chir.20810
Published online 10 December 2009 in Wiley InterScience
(www.interscience.wiley.com).

CHIRALITY 22:635–640 (2010)

VVC 2009 Wiley-Liss, Inc.



from limited patient samples. Therefore, we hypothesized
that estimating CYP2C19 activity is possible from plasma
concentrations of lansoprazole enantiomers 4 h after lanso-
prazole administration.

The purpose of this study was to investigate whether
human CYP2C19 activity can be estimated by using
plasma concentrations of lansoprazole enantiomers 4 h
after a single oral or enteral dose.

PATIENTS AND METHODS
Patients and Protocols

Thirty healthy Japanese subjects [11 homozygous
(hom) EMs, 11 heterozygous (het) EMs, and eight PMs]
participated in this study. All subjects fasted for 10 h
before administration of 30 mg lansoprazole and during
the test period. Thirty-nine patients [11 homozygous EMs
(homEMs), 21 heterozygous EMs (hetEMs), and seven
PMs] who underwent esophagectomy at Akita University
Hospital without neo-adjuvant treatment for esophageal
cancer between April 2007 and October 2008 were en-
rolled in this study after confirmed histological diagnosis
of esophageal cancer. These patients received right trans-
thoracic esophagectomy and dissection of two (media-
stinal and abdominal) or three (bilateral neck, mediastinal,
and abdominal) lymph node fields. Our operative proce-
dure did not change during the study period, and standard
reconstruction was done using the gastric tube via the pos-
terior mediastinal route. Esophagectomy patient character-
istics are listed in Table 1. None of the 39 patients
received a drug or food that affected CYP3A, CYP2C19,
and P-glycoprotein function. All subjects received a 30 mg
single dose of lansoprazole orally or enterally (Takepron1,
Takeda) with a glass of tap water at 08:00. Venous blood
samples were taken for the determination of plasma con-
centrations of lansoprazole enantiomers 4 h later. Blood
samples were subjected to centrifugation at 3000g immedi-
ately after collection and stored at 2808C until analyzed.
The study protocol was approved by the Ethics Committee
of Akita University School of Medicine, and all subjects
gave their written informed consent before participating.

CYP2C19 Genotyping

DNA was extracted from a peripheral blood sample
using a QIAamp blood kit (Qiagen, Hilden, Germany) and
was stored at 2808C until analysis. Genotyping procedures
used 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.17 Genotype confirmation by sequencing was not
performed. However, the frequency for the different loci
analyzed was at the Hardy-Weinberg equilibrium for Asian
population.18 The CYP2C19 genotype analysis revealed 5
different patterns: *1/*1 in 22, *1/*2 in 23, *1/*3 in 9, *2/
*2 in 10, and *2/*3 in 5. These were divided into three
groups, homEMs (*1/*1, n 5 22), hetEMs (*1/*2 and *1/
*3, n 5 32), and PMs (*2/*2 and *2/*3, n 5 15).

Analysis of Lansoprazole Enantiomers in Plasma

The plasma concentration of lansoprazole enantiomers
was determined according to the HPLC method of Miura
et al.19 The lower limit of quantification for this assay was
10 ng/ml for each lansoprazole enantiomer. The coeffi-
cient of variation of the inter- and intra-day assays was
<8.0%, and the accuracy was within 8.4% for the two enan-
tiomer analytes (concentration range of 10–4000 ng/ml).19

Statistical Analysis

One-way ANOVA and the Fisher exact test were used
for comparisons between three CYP2C19 genotypes and
clinical profiles such as age, body weight and gender in
healthy subjects and esophageal cancer patients. Pharma-
cokinetic parameters such as C4h of (R)- and (S)-lansopra-
zole and the R/S ratio for the three genotype groups were
compared using the Kruskal–Wallis test followed by the
Mann–Whitney test. The pharmacokinetic parameters of
lansoprazole enantiomers in each CYP2C19 genotype for
healthy subjects and esophageal cancer patients were
compared using the Mann–Whitney test. The relationships
between C4h of (S)-lansoprazole and the R/S ratio were
evaluated using a distribution map. P < 0.05 were consid-
ered statistically significant. The Stat View program (SAS

TABLE 1. Clinical characteristics of subjects

Study group

Oral administration Enternal administration

Healthy subjects

P-value

Patients after esophagectomy

P-valuehomEMs hetEMs PMs homEMs hetEMs PMs

Patients (female/male) 11 (5/6) 11 (6/5) 8 (4/4) 11 (0/11) 21 (3/18) 7 (3/4)
Gastroesophageal reflux disease 1 1 0
Age (yr) 31.4 6 11.8 30.6 6 9.0 30.0 6 11.0 0.931 63.8 6 7.8 65.7 6 5.4 62.7 6 8.7 0.511
Weight (kg) 56.1 6 11.8 55.5 6 8.8 61.0 6 15.7 0.863 62.9 6 8.0 53.1 6 8.9 55.8 6 12.1 0.031
Aspartate transaminase (IU/l) 30.5 6 10.7 27.4 6 10.2 21.3 6 6.6 0.146
Alanine transaminase (IU/l) 47.3 6 15.6 37.9 6 19.8 27.3 6 14.3 0.086
Total bilirubin (mg/dl) 0.6 6 0.6 0.4 6 0.2 0.3 6 0.0 0.082
Serum albumin (g/dl) 3.6 6 0.4 3.6 6 0.3 3.6 6 0.2 0.878
Serum creatinine (mg/dl) 0.7 6 0.1 0.7 6 0.2 0.6 6 0.1 0.279

Data were mean values and SD, except for the patient number.
homEMs, homozygous extensive metabolizers; hetEMs, heterozygous EMs; PMs, poor metabolizers.
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Institute, Cary, NC, version 5.0) was used for all statistical
analyses.

RESULTS

There were no differences among the three CYP2C19
genotype groups in parameters such as age and body
weight in healthy subjects (Table 1). In addition, after
esophagectomy, there were no differences between the
three CYP2C19 genotype groups in terms of age and bio-
chemical data (aspartate transaminase, alanine transami-
nase, bilirubin, albumin, and serum creatinine) (Table 1).
There was no significant difference between the body
weight of orally and enterally administered subject groups
(P 5 0.935); however, the mean age of the enterally
administered subjects was significantly higher than that of
the orally administered subjects (64.6 vs. 30.7 yr, respec-
tively) (P < 0.001). The subjects included one CYP2C19
homEM and one hetEM patient with gastric acid reflux.

In both administration types, C4h of (S)-lansoprazole
was more intensely affected by a CYP2C19 polymorphism
than that of the (R)-enantiomer (Table 2). The mean C4h

of (S)-lansoprazole after enteral administration differed sig-
nificantly among the three CYP2C19 genotypes (P 5
0.002785). The mean R/S ratio of lansoprazole at C4h for
the enterally administered CYP2C19 PMs was 9.2 and was
significantly lower compared with the homEMs (P <
0.0005) (Table 2).

The mean C4h of (R)- and (S)-lansoprazole after oral
administration differed significantly among the three
CYP2C19 genotypes (P 5 0.006229 and 0.000362, respec-
tively). The mean R/S ratio of lansoprazole at C4h in the

orally administered CYP2C19 PMs was 4.6 and was signifi-
cantly lower than the enterally administered PMs (P <
0.0005) (Table 2). However, in CYP2C19 homEMs and
hetEMs there were no significant differences in the C4h of
(R)- and (S)-lansoprazole and the R/S ratio of lansoprazole
at C4h between orally and enterally administered subject
groups.

The R/S ratio of lansoprazole at C4h differed signifi-
cantly among the three groups (P 5 0.000002) without
considering route of administration (oral or enteral), with
a relative ratio of 5.0 in the homEMs, 3.3 in the hetEMs,
and 1.0 in the PMs (Table 2). The relative C4h of (S)-lanso-
prazole in homEMs, hetEMs, and PMs was 1.0, 2.0, and
6.5 (P 5 0.000001).

The R/S ratio of lansoprazole in CYP2C19 PMs ranged
from 3.0 to 13.7, whereas that in homEMs and hetEMs
was from 8.6 to 90 and 2.1 to 122, respectively (Table 2).
The R/S ratio range for lansoprazole in CYP2C19 EMs
was large (Table 2 and Fig. 1). The relationship between
(S)-lansoprazole concentration and R/S enantiomer ratio
of lansoprazole at the C4h sampling point is shown in the
following formula: log10 [R/S ratio of lansoprazole] 5 2.2 –
0.64 3 log10 [C4h of (S)-lansoprazole] (r 5 0.867, P <
0.0001).

The median R/S ratio of lansoprazole in CYP2C19
homEMs, hetEMs, and PMs was 30.19 (13.04–43.40),
16.09 (10.02–23.39), and 4.88 (3.57–9.92), respectively. In
CYP2C19 PMs, there were no outlier values (see Fig. 2).

DISCUSSION

We investigated whether human CYP2C19 activity can
be estimated using C4h of lansoprazole enantiomers when

TABLE 2. (R)- and (S)-Lansoprazole plasma concentration 4 h after administration in three CYP2C19 genotypes

homEMs
n 5 11 (OA),
n 5 11 (EA)

hetEMs
n 5 11 (OA),
n 5 21 (EA)

PMs
n 5 8 (OA),
n 5 7 (EA) P-value§

(R)-Lansoprazole OA 492.2 6 358.0 697.9 6 334.1 954.3 6 248.1## 0.006229
Range (162–1314) (267–1545) (538–1425)

EA 603.5 6 283.2 664.4 6 383.3 1000.8 6 313.6# 0.022794
Range (226–1056) (167–1899) (650–1583)

OA 1 EA 547.8 6 320.1 675.9 6 363.6 976.0 6 271.1## 0.000236
(S)-Lansoprazole OA 33.3 6 45.9 69.2 6 55.9 251.6 6 91.8### 0.000362

Range (1.8–152) (3.8–188) (47–339)
EA 26.5 6 17.2 58.9 6 60.3 129.2 6 74.8*,### 0.002785

Range (5.7–55) (3.0–210) (61–250)
OA 1 EA 29.9 6 34.0 62.4 6 58.1# 194.5 6 103.0### 0.000001

R/S ratio OA 36.8 6 27.0 19.2 6 18.5 4.6 6 2.8### 0.004522
Range (8.6–90) (2.1–70) (3.0–11.5)

EA 30.0 6 15.7 23.3 6 25.5 9.2 6 3.3***,### 0.000992
Range (10.5–55.5) (5.5–122) (4.8–13.7)

OA 1 EA 33.4 6 21.9 21.9 6 23.1# 6.7 6 3.8### 0.000002
Median 30.19 16.09 4.88
First-tertiary quart 13.04–43.40 10.02–23.39 3.57–9.92

The values are shown as the mean 6 SD (ng/ml).
§P: compared among three CYP2C19 genotypes (Kruskal–Wallis test).
#P < 0.05, ##P < 0.005, ###P < 0.0005: compared with homEMs (Mann–Whitney test).
*P < 0.05, ***P < 0.0005: compared with oral administration (Mann�Whitney test).homEMs, homozygous extensive metabolizers; hetEMs, heterozy-
gous extensive metabolizers; PMs, poor metabolizers; OA, oral administration; EA, enteral administration.
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oral and enteral administration is used. Regardless of the
route of administration, the R/S-enantiomer ratio at C4h of
lansoprazole and the C4h value of (S)-lansoprazole corre-
lated with the CYP2C19 genotype. The R/S ratio at C4h of
lansoprazole and C4h value of (S)-lansoprazole in CYP2C19
homEMs were statistically different from those in hetEMs
and PMs (P 5 0.015 and 0.013 for hetEMs, respectively,
and each P < 0.0001 for PMs). In addition, the R/S ratio
at C4h of lansoprazole and C4h value of (S)-lansoprazole
had relative ratios of 1.0:0.66:0.20 (P < 0.0001) and
1.0:2.0:6.5 (P < 0.0001), respectively, in CYP2C19
homEMs, hetEMs, and PMs. Thus, although there was a
significant difference in the R/S enantiomer ratio of lanso-
prazole between CYP2C19 genotypes, there is an overlap-
ping range between R/S enantiomer ratio in CYP2C19
EMs and PMs (2.1–122 and 3.0–13.7, respectively). There-
fore, CYP2C19 phenotyping seems unlikely using this R/S
enantiomer index. If we perform CYP2C19 phenotyping
using the R/S enantiomer index, the sensitivity and speci-
ficity for CYP2C19 PMs using a cut-off R/S enantiomer ra-
tio of 10.00 were 73.3% and 81.5%, respectively.

In CYP2C19 homEMs and hetEMs, there was no signifi-
cant difference in C4h of (R)- and (S)-lansoprazole and the
R/S ratio of lansoprazole at C4h between orally and enter-
ally administered subject groups. This finding showed that
lansoprazole pharmacokinetics in CYP2C19 EM patients
was similar after oral and enteral administration. On the
other hand, although the R/S ratio of lansoprazole in
CYP2C19 PMs had a relatively narrow range (3.0–13.7),
there were significant differences in mean R/S ratio at C4h

of lansoprazole and mean C4h of (S)-lansoprazole between
the orally and enterally administered PMs (4.6 and 9.2,
respectively, P < 0.0005, and 251.6 and 126.2 ng/ml,
respectively, P < 0.05). In some subjects with CYP2C19
PMs, the main metabolic pathway of lansoprazole is
shifted from CYP2C19 to CYP3A4. For these groups,
CYP3A4 is an important lansoprazole-metabolizing
enzyme. On the other hand, several studies have shown
reductions in liver volume, hepatic blood flow and CYP3A

activity with aging.20–24 In our present study, the mean
age of the enterally administered subjects was significantly
higher than that of the orally administered subjects (64.6
vs. 30.7 yr, respectively). Therefore, plasma concentrations
of both enantiomers of lansoprazole should increase. How-
ever, C4h of (S)-lansoprazole, but not (R)-lansoprazole,
tended to be lower in the enterally administered subjects
than in the orally administered subjects. Unfortunately, we

Fig. 1. Correlation between R/S enantiomer ratio at C4h of lansoprazole and (S)-lansoprazole plasma concentration at C4h in all data sets (n 5 69).
OA, oral administration; EA, enteral administration; homEM, homozygous extensive metabolizer; hetEM, heterozygous EM; PM, poor metabolizer.

Fig. 2. Comparison of the distribution of R/S enantiomer ratio at C4h

of lansoprazole between three different CYP2C19 genotype groups.
Graphical analysis used the SPSS box and whiskers plot. The box spans
data between the two quartiles (IQR), with the median represented as a
bold horizontal line. The ends of the whiskers (vertical lines) represent
the smallest and largest values that are not outliers. Outliers (circles) are
values between 1.5 IQRs and 3 IQRs from the end of a box. Values more
than three IQRs from the end of a box are defined as extreme (asterisk).
1P < 0.05, 111P < 0.0001. homEM, homozygous extensive metabolizer;
hetEM, heterozygous EM; PM, poor metabolizer.
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cannot find the cause that can explain this phenomenon
fully. In enterally administered CYP2C19 PMs, the interac-
tion between two lansoprazole enantiomers may occur in
the intestine, resulting in a change of the pharmacokinetic
profile of (S)-lansoprazole. In any event, without consider-
ing administration route and aging, the mean R/S ratio at
C4h of lansoprazole and C4h of (S)-lansoprazole in the
CYP2C19 PMs were statistically different from those in
homEMs and hetEMs.

Without considering lansoprazole administration route,
the R/S enantiomer ratio at C4h of lansoprazole correlated
well with the C4h value of (S)-lansoprazole as the fractional
expression described below: log10 [R/S ratio of lansopra-
zole] 5 2.2 – 0.64 3 log10 [C4h of (S)-lansoprazole] (r 5
0.867, P < 0.0001). The magnitude of contribution of
CYP2C19 for each lansoprazole enantiomer is greater than
that for CYP3A4. Lansoprazole is metabolized by hepatic
CYP3A4, but not intestinal CYP3A4.25 The contribution of
CYP3A4 to the metabolism of (S)-lansoprazole is greater
than to the (R)-enantiomer.9,26 In addition, the magnitude
of the contribution of CYP2C19 to (S)-lansoprazole metab-
olism is greater than towards the (R)-enantiomer.12,13,27

This finding has led to the development of dexlansopra-
zole, the (R)-enantiomer of lansoprazole.28

We were unable to completely distinguish CYP2C19
genotypes with the R/S enantiomer ratio of lansoprazole.
CYP2C19 genetic polymorphisms may not completely
explain CYP2C19 activity in an individual.29 The R/S enan-
tiomer ratio of 13.70 and (S)-lansoprazole at C4h of 50 ng/
ml were border values for CYP2C19 PMs. The range of R/
S ratio of lansoprazole in CYP2C19 EMs was large. In the
CYP2C19 EM patients, individual differences in clinical
pharmacological effect are great, and present a clinical
problem. Cure rates for gastroesophageal reflux disease
depend significantly on CYP2C19 genotype. Furuta et al.30

report that cure rates for gastroesophageal reflux disease
with a daily dose of lansoprazole (30 mg) for 8 wk in the
CYP2C19 homEMs, hetEMs, and PMs are 45.8%, 67.9%,
and 84.6%, respectively. In addition, Sugimoto et al.31

report that eradication rates of Helicobacter pylori by lanso-
prazole-based triple therapy in CYP2C19 PMs is 100%. In
the present study, there were two CYP2C19 EM patients
with gastric acid reflux, but no CYP2C19 PM patients. Lan-
soprazole pharmacokinetics are similar upon single and re-
petitive administration.32 To obtain the same high pharma-
cological effect as CYP2C19 PMs, we can presume that
lansoprazole has a sufficient pharmacological effect in the
patient with an R/S enantiomer ratio �13.70 and (S)-lanso-
prazole at C4h � 50 ng/ml.
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