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Introduction

S-Mephenytoin-4' -hydroxylase (CY P2C19) is a geneti-
cally determined enzyme and its phenotypes can be classi-
fied aspoor metabalizer (PM) and extensivemetabolizer (EM)
24 When CYP2C19 is the main metabolism enzyme of a
drug, the pharmacokinetics of thedrug are different between
the PM and EM phenotypes, such as proton pump inhibi-
tors (PPI). Recently, rabeprazole (RPZ) has been reported to
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Abstract

Aim: To investigate whether the pharmacodynamics and pharmacokinetics of
rabeprazole are dependent on CY P2C19 genotype status in healthy Chinese Han
subjects. Methods: The CYP2C19 genotype status of healthy Chinese Han volun-
teers was determined using the polymerase chain reaction-restriction fragment
length polymorphism method. Twenty healthy subjects volunteered to participate
inthestudy. Therewere seven homozygous extensve metabolizers (homEM), six
heterozygous extensive metabolizers (hetEM), and seven poor metabolizers (PM).
All subjects were Helicobactor pylori-negative, which was determined by sero-
logy and *C-urea breath tests. Rabeprazole (20 mg) was taken orally oncedaily in
the morning for 8 days, and intragastric pH values were monitored for 24 h by
Digitrapper pH after day 1 (single dose) and day 8 (repeated dose). Meanwhile,
blood samples were callected at various time-points for 24 h after administration.
The serum concentrations of rabeprazole were measured using high-performance
liquid chromatography. Results: The mean areaunder the curve (AUC) vauesfor
rabeprazole differed among the three different genotype groups, with arelative
ratioof 1.0, 1.3, and 1.8 after asingledoseand 1.0, 1.1, and 1.7 after repeated doses
in the homEM, hetEM, and PM groups, respectively. Mean AUC values for
rabeprazole after asingle dose and after repeated doses were significantly differ-
ent between the homEM and PM groups, but not between the homEM and hetEM
or hetEM and PM groups. No significant differencesin intragastric pH median,
pH>4 total time, and pH>4 time percentage of 24 h, were observed among the three
different genotype groups after asingledose or after repeated doses of rabeprazole.
Conclusion: In healthy Chinese Han subjects, the pharmacokinetics of rabeprazole
are dependent on a certain degree on CYP2C19 genotype status; however, the
acid-inhibitory efficacy of rabeprazoleis not influenced significantly by CY P2C19
genetic polymorphism.

be metabolized mainly via a non-enzymatic pathway, with
onlyminor CY P2C19and CY P3A4involvement®®. Thephar-
macokinetics of RPZ are assumed to be | ess influenced by
the CY P2C19 phenatype. Theincidenceof PM for CYP2C19
in the Chinese population is very high (17.4%)". However,
it isnot clear whether the pharmacokinetics and pharmaco-
dynamics of RPZ depend on the CY P2C19 genotype status
in Chinese people. Thus, studies examining the effects of
CY P2C19 genetic polymorphism on the metabolism of RPZ
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in Chinese people are important. In the present study we
observed the metabalic disposition characteristics and phar-
macodynamics of RPZ after a Sngle dose and after 8 days of
repeated doses with reference to different CYP2C19 geno-
type groups to provide valuabl e data that should be consid-
ered when selecting PPl for patients with acid-related dis-
eases with reference to the CY P2C19 genotype status.

Materials and methods

Subjectsand CYP2C19 genotypes Helicobacter pylori
(H pylori) infection was screened using a serological test
(Dot-immunogold kit, Lanbo Bio-Tech Institute, China) and
aC-ureabreath test. DNA was extracted from each indivi-
dual’s leucocytes using a commercially available kit
(Promega, Madison, WI, USA). Genotyping procedures for
identifying theCY P2C19wild-type(CY P2C19* 1) and thetwo
mutated aleles, CYP2C19* 2 and CY P2C19* 3, were carried
out using the polymerase chain reaction and restriction frag-
ment length polymorphism method®.

A total of 20 H pylori-negative healthy vol unteers par-
ticipated in this study. Seven subjects were classified as
homozygous extensive metabolizers(homEM). Six werehet-
erozygous for exon 5 mutation of CYP2C19 (* 1/*2) or het-
erozygous for the exon 4 mutation (* 1/*3) and were classi-
fied as heterozygous extensive metabolizers (hetEM). The
remaining seven subjects were homozygous for the exon 5
mutation (* 2/* 2) and were classified asthe PM group (Table 1).

Table 1. Demographic characteristics of subjects enrolled in the
study with different CY P2C19 genotypes. Mean+SD.

CYP2C19 genotype n Sex Agela Body
weight/kg

homEM (*1/*1) 7 Male 23.5+0.6 62.1+1.3

hetEM (*1/*2 n=4) 6 Male 22.5+0.8 60.5+2.6

(*1/*3 n=2)

PM (*2/*2) 7 Male 22.8+0.7 61.8+2.8

None of the subjects consumed al cohol or smoking. None
of the subjects had taken any drugs for at least 4 weeks
before or during the study. The Ethics Committee of Anhui
Medical University approved the protocol in advance. Writ-
ten informed consent was obtained from each subject before
participation in the study.

Study protocal All healthy volunteerswereorally treated
with 20 mg RPZ (Pariet, Eisai Company, Tokyo, Japan) for an
8-day period. The medication was taken once daily at 8:00.

The 24-hintragastric pH monitoring and the measurement of
serum levels of RPZ were carried out on day 1 and day 8.
Two standard meal s (12:00, 18:00), prepared at the hospital,
were provided for each subject.

Intragastric pH measurement After overnight fasting,
aglass eectrode was inserted transnasally and placed ap-
proximately 5 cm below the cardia. The dectrode was cali-
brated with standard buffers (pH 1.07 and 7.01) before re-
cording the pH with a Digitrapper pH (Medtronic, Watford,
UK). Intragastric pH recordings started after the oral dose
of RPZ&a 8:00ond landd8.

Sample callection and concentr ation assaysof r abepr a-
zole Blood sampleswerecollected beforeand 0.5, 1, 1.5, 2, 3,
5,7, 10, 12, and 24 h after RPZ administration on day 1 and
day 8. After collection, the blood sampleswereimmediately
centrifuged at 4000 r/min for 10 minand 100 uL of 1%diethy-
laminesolution wasadded tothe 1 mL sample of RPZ plasma.
All samples were stored at —80°C until assayed. Plasmalev-
els of RPZ were measured using high performance liquid
chromatography®*® . Thelower detection limit for RPZ was
0.01 mg/L. A good linearity isobtained from 0.01-0.75 mg/L
of RPZ with r=0.999. The standard curve of RPZin serumis
Y=124950X — 806.05 (n=5). The recoveries of three
concentra-tions, 0.05, 0.1, 0.5 mg/L are 75.2%, 84.2%, and
91.0%, respectively. The RSD of intra-day variation of RPZ
are5.1%, 9.2%, and 6.8% and the RSD of inter-day variation
are 8.2%, 3.5%, and 4.2% for the three concentrations,
respectively.

Statistical analysis Intragastric pH characters were de-
scribed by the median, mean, pH>4 tota timeand thepH>4time
proportion of 24 h from theraw pH values. Thevaluesfor the
areasunder the serum concentration-time curves (AUC) from 0
to 24 h for RPZ werecalculated using the 3P87 software. All P
values are two-sided, and P<0.05 indicated statistical
significance. Data wereexpressed as mean+SD. Satigticdly
significant differences in the mean AUC values for RPZ and
intragastric pH values between the three different CY P2C19
genotype groups were compared using a one-way analysis of
variance(ANOVA) combined with theleast significant method
(LSD). Paired t-tests were used to determine whether there
were differencesin the AUC values and intragastric pH values
for RPZ between single and repeated doses. Statistical calcula
tions were carried out using SPSS 11.0 software (SPSS Inc,

Chicago, USA).

Results

Role of the CY P2C19 genotype on the acid-inhibitory
efficacy of rabeprazole Raw dataon themean intragastric
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pH-time curves after single and repeated doses of RPZ in the
three different genotype groups are shown in Figure 1. The
characterigtic values of the 24-h intragastric pH after single
and repeated doses of RPZ in the three different genotype
groups aresummarized in Table 2. Themedian intragastric
pH value of the PM group was the highest, followed by the
hetEM group, and the homEM group had the lowest value.

No significant differencesin intragastric pH values were
observed between the three groups after asingle dose or af-
ter repeated doses for 8 days of RPZ. In addition, no signifi-
cant incrementsin intragastric pH valuesfrom singleto re-
peated doses were observed in the three different genotype
groups.

Role of the CYP2C19 genotype on the kinetic dispo-
sition of rabeprazole The pharmacokinetic parametersare
shown in Table 3. The mean AUC values for RPZ after a
single dose differed among the three different genotype
groups, with areativeratio of 1.0, 1.3, and 1.8 in thehomEM,
hetEM and PM groups, respectively. The mean AUC values
for RPZ after repeated doses al so differed among the three
groups, withardativeratio of 1.0, 1.1, and 1.7 in thehomEM,
hetEM and PM groups, respectively. The mean AUC values
for RPZ after single and repeated doses were significantly
different between the homEM and PM groups, but not be-
tween the homEM and hetEM or between the hetEM and

Table 2.
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Figure 1. Intragastric pH 24-h profiles in the different CYP2C19
genotype groups after administration of a single dose (A) and re-
peated doses (B) of 20 mg rabeprazole.

PM groups. No significant increasein themean AUC values
for RPZ from single to repeated doses was observed in any

Intragastric pH values after a single dose (day 1) and repeated doses (day 8) of rabeprazole. homEM, homozygous extensive

metabolizers, hetEM, heterozygous extensive metabolizers;, PM, poor metabolizers.

Day 1 Day 8
homeEM hetEM PM homEM hetEM PM
(n=7) (n=6) (n=7) (n=7) (n=6) (n=7)
pH>4 total time of 24 h/min 758.4+191.8 845.6+238.0 1011.0+104.2 841.3+178.1 763.0£95.9 977.5+128.9
pH>4 time percentage of 24 h/% 52.7+13.3 58.7+16.5 70.2+7.2 58.4+12.4 53.0+6.6 67.9+9.0
Mean 4.1+0.6 4.4+0.8 5.2+0.5 4.4+0.5 4.2+0.2 5.1+0.4
Median 3.8£1.1 4.4+1.6 6.1+0.7 4.5+1.0 4.4+1.3 5.7+0.6
Table 3. Pharmacokinetic characteristics of rabeprazole after single and repeated doses. °P<0.05 vs homEM. ®P<0.05 vs hetEM. homEM,

homozygous extensive metabolizers; hetEM, heterozygous extensive metabolizers; PM, poor metabolizers.

Day 1 Day 8
homeEM hetEM PM homEM hetEM PM
(n=7) (n=6) (n=7) (n=7) (n=6) (n=7)
AUC/mg-h-L* 1.15+0.33 1.54+0.19 2.02+0.59° 1.45+0.21 1.64+0.25 2.50+0.74°
Coradmg-L! 0.15+0.09 0.21+0.12 0.63+0.23% 0.19+0.09 0.37+0.12 0.61+0.19°
Trad 2.69+0.36 2.80+0.41 3.45+0.50 3.14+0.23 3.05+0.40 2.95+0.51
Tyo/h 1.80+0.25 2.03+0.21 2.41+0.49 2.04+0.32 2.43+0.34 2.37+0.36
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of the three different genotype groups. The C,,, values were
significantly different between the homEM and PM groups,
and the hetEM and PM groups after single and repeated
doses of RPZ. Whereas T, and T,, did not differ signifi-
cantly between the three groups on day 1 and day 8.

Discussion

Proton pump inhibitors, such as omeprazole, lansopra-
zole, pantoprazole, and rabeprazole, have been used widely
in the treatment of acid-related diseases. Recent research
has paid more attention to the inhibitory effects of PPI in
relation to the genetic polymorphism of CYP2C19, a major
chire eterthes .., These stud-
ies have shown that CYP2C19 genetic polymorphism hasa
significant influence on acid-inhibitory efficacy and the me-
tabolism of omeprazole in healthy Chinese Han subjects.
However, to date no studies examining the relationship be-
tween the CY P2C19 genotype and the metabolism of RPZ
has been carried out in the Chinese Han population. Invitro
human liver microsomal and in vivo human pharmacol ogy
studies have shown that RPZ is metabolized mainly viaa
non-enzymatic reduction to RPZ thioether, and that CYP2C19
and CYP3A4 are partially involved in the metabolism of
RPZ*¥, Theexigence of CYP3A4-related PM has not been
reported in any Chinese population. Therefore, we did take
into account CYP2C19-related genotyping factors in our
study.

Rabeprazole has arapid and powerful onset of pharma-
cological action!*?. Our study showed that the AUC for RPZ
after asingle dose exceeded 80% of the AUC after repeated
doses and there were no significant increments from single
to repeated doses, which was consistent with Yasuda et al™®.
In addition, we found that no significant increment in
intragastric pH val ues was observed from single to repeated
doses. These results suggest that the metabolism of RPZ
after a single dose could attain maximum acid-inhibitory
efficacy. And this appears to be the reason for pH val ues
remaining elevated for morethan 50% of thetime, even with
very modest exposures, and when the pharmacokinetic re-
sults on day 1 are consistent with the results on day 8.

Adachi and other researchers®® have found that the
acid-inhibitory efficacy and metabolism of RPZ are not de-
pendent on CYP2C19 genotype status. However, Horai et al
and Inaba et al'** andleiri et al'* reported that CY P2C19
genotypic differences affected the metabolism and kinetics
process of RPZ, and influenced gastric pH values and gas-
trin level in plasma. In the present study, we found that the
AUC for RPZ differed markedly only between homEM and

etabo lism of PP I in th e liv

PM, and the intragastric pH, the best and most direct phar-
macological index when using PPI, wasnot significantly dif-
ferent among the different genotypes after a single or re-
peated doses of RPZ. Asfor the discrepancy between the
kinetics and dynamicsof RPZ, first we may hypothesi ze that
the acid-inhibitory effect of RPZ is powerful and rapid, and
that the serum levels of 20 mg RPZ are sufficient for acid-
inhibitory efficacy in Chinese subjects, even in homEM
subjects. Second, no direct and simple relationship between
the serum concentration—time profile of the drug and the
pharmacodynamic response has been reported because of
theirreversible blockade of the therapeutic target by PPI.
However, Hussein et al'*® have shown a clear relationship
using the maximum effect (E,,) model. According to the
model, our study suggests a lower half-maximal effective
AUC value (EAUC,,) for RPZ than 2 mg-L™>-h. Asshownin
Table 3, the mean AUC values of RPZ corresponding to the
maximum acid-inhibitory effect of RPZ in this study may be
greater than thisthreshold. Therefore, there wereno signifi-
cant differences for intragastric pH among the three geno-
types.

In conclusion, our study focused on investigating the
pharmacodynami ¢ and pharmacokinetic effect of RPZ with
referenceto different CY P2C19 genotypes. Theacid-inhibi-
tory effects of RPZ were independent on their pharmacoki-
netic characteristicsaswell asanindividua’s CYP2C19 geno-
typestatus. Therefore, RPZ may be a more effective PP for
treating acid-related diseasein relation to CY P2C19 geno-
type status.
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