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clopidogrel into its active metabolite by the hepatic cytochrome
P450 (CYP) system, which is mainly located in the liver.3
Different CYP450 isoenzymes, including CYP2C19, CYP2B6,
CYP3A4/CYP3A5, CYP1A2 and CYP2C9, are involved in the
process of biotransformation of clopidogrel to its thiol metabolite.4
Among the enzymes mediating this conversion, evidence is
accumulating that the CYP2C19 contributes to 449% of the
transformation of clopidogrel to 2-oxo-clopidogrel and about
20% to the formation of the active thiol metabolite from 2-oxoclopidogrel. Therefore, CYP2C19 is dominant for both of the
oxidative steps required for clopidogrel bioactivation.5 The hepatic
CYP2C19, as a member of the cytochrome P450 superfamily, is a
monooxygenase enzyme localized to the endoplasmic reticulum,
which plays a critical role in the metabolism of many drugs in
current clinical use such as some proton pump inhibitors,
mephenytoin, antidepressants, benzodiazepines and clopidogrel.6
The CYP2C19 gene, which encodes the CYP2C19, is located on
chromosome 10q24. This gene shows polymorphism with more
than 25 known variant alleles. The wild-type CYPC19*1 allele is
the only completely functional form of the CYP2C19 enzyme.7 In
patients who have experienced ACS or stent (ST) surgery, or both,
any loss-of-function CYP2C19 alleles *2, *3, *4, *5 or *6 (which
echo with gain-of-function genes, such as CYP2C19*17) contribute
to an increased risk of stent thrombosis and ischaemic events
during treatment with clopidogrel.8,9 Related research has demonstrated that carriers of CYP2C19*2 or*3 would generate a
smaller amount of the active metabolite of clopidogrel. Despite
receiving preventative antiplatelet treatment with clopidogrel,
patients with CYP2C19*2 and CYP2C19*3 show a reduced
conversion of clopidogrel to its active metabolite and therefore
may experience a subsequent atherothrombotic event.10
Because up to 85% of the absorbed drug is hydrolysed to the
carboxylic acid derivative of clopidogrel (SR26334, Fig. 1b), which
is its inactive metabolite, and the active metabolite is highly
unstable and needs special collection method using tubes containing an atypical preservative, the exposure and pharmacokinetic
parameters for clopidogrel have been indirectly determined by
quantifying the SR26334 or by simultaneous quantiﬁcation of
clopidogrel and SR26334.11 In the present study, a sensitive
HPLC–MS/MS method12,13 was used for the simultaneous measurement of clopidogrel and its inactive metabolite in human
plasma. This method has been successfully applied to the
therapeutic drug monitoring of clopidogrel in treated patients.14
To the best of our knowledge, the relationship between
CYP2C19 genotype and plasma concentration variation in the

SUMMARY
What is known and objective: Variation of the cytochrome P450
2C19 gene coding for the CYP2C19 enzyme has been reported to
be associated with clopidogrel response variability. The activity
of the CYP2C19 enzyme is genetically inﬂuenced by polymorphisms of its gene.
Methods: This study was conducted to assess the impact of
CYP2C19 polymorphism on the clopidogrel metabolism, indirectly selecting the plasma concentration ratios of clopidogrel to
its inactive metabolite SR26334 as an evaluation index. Genotyping and plasma concentration results of 366 patients on
clopidogrel maintenance therapy (75 mg daily dose) were
analysed in this study. CYP2C19 genotypes were determined
by PCR-restriction fragment length polymorphism method.
Results and Discussion: As for CYP2C19, patients were classiﬁed
into three metabolism genotype groups: EM (443%), IM (434%)
and PM (123%). The mean plasma concentration ratio of clopidogrel to its inactive metabolite SR26334 for the entire sample was
0507. The plasma concentration ratios of the 3 metabolism groups
were signiﬁcantly different (P < 0001). The lowest plasma concentration ratio value was observed for PM patients.
What is new and conclusion: Polymorphism of CYP2C19 was
signiﬁcantly associated with plasma concentration ratios of
clopidogrel to its inactive metabolite SR26334. Clopidogrel
metabolism was regulated by CYP2C19. The *2 and *3 allele
carriage were independently associated with the antiplatelet
effect of chronic clopidogrel therapy.

INTRODUCTION
Clopidogrel, methyl (+)-(S)-2-(2-chlorophenyl)2-{6,7-dihy-drothiene[3,2-c]pyridine–5(4H)}-acetate (SR25990C, Fig. 1a), is an orally
administered prodrug that is widely used for the prevention of
recurrent ischaemic events in patients with acute coronary syndrome (ACS).1 However, for 5–40% of patients receiving treatment
with conventional doses of clopidogrel, variability of response has
been associated with an increased risk of thrombotic recurrences or
death.2 The effects of clopidogrel are mediated by its active thiol
metabolite; it requires a two-step sequential biotransformation for
Correspondence: J. Zhang, School of Pharmacy, Health Science Center,
Xi’an Jiaotong University, No. 76 Yanta Westroad, Xi’an, 710061,
China. Tel.: +86-29-82657833; fax: +86-29-82657833; e-mail: zjy2011@
mail.xjtu.edu.cn

© 2015 John Wiley & Sons Ltd

308

R. Lin et al.

Clopidogrel, CYP2C19, HPLC-MS/MS

H

H

COOCH3

S

Cl

S

(a)

OH

HO

O

HO

N

N

COOH

HO

Cl
(b)

O

OH

(c)

Fig. 1. Chemical structures of clopidogrel (a);
its inactive metabolite SR26334 (b); and
quercetin (c).

pretreated with maintenance therapy of 75 mg clopidogrel (Plavixâ; Hangzhou Sanoﬁ-Aventis Minsheng Pharmaceuticals Co.
Ltd., Hangzhou, China) as a daily dose for at least 7 days, and
their age was 30 years or above. All patients were from ﬁve
provinces (including Shanxi 153, Gansu 85, Qinghai 44, Ningxia 49
and Xinjiang 35 cases) in north-western China with three consecutive generations residing in China and nominating Chinese as
their native language. Among the study subjects, patients were
excluded from this study if they had renal or hepatic impairment.
Patients suffering from bleeding disorders and other coagulopathies were also excluded.
Information on sex, age, body weight, height, diabetes mellitus,
hypertension, alcohol drinking, smoking status, and levels of highsensitivity C-reactive protein (hs-CRP), HDL-cholesterol, LDLcholesterol and glycated haemoglobin were obtained from the
clinical records of patients.

course of clopidogrel metabolism has not yet been studied on
patients in north-western China. Based on the pharmacokinetics of
clopidogrel metabolism,15–17 we aimed to simultaneously determine the plasma concentrations of prototype drug clopidogrel and
non-active metabolism SR26334 of subjects, who have different
CYP2C19 genotypes [extensive metabolizers (EM) *1/*1, intermediate metabolizers (IM) *1/*2 or *1/*3, and poor metabolizers
(PM) *2/*2, *3/*3 or *2/*3]. Another objective of our study was
to assess the inﬂuence of genetic polymorphisms of loss-offunction CYP2C19 alleles on clopidogrel metabolism by comparing
the plasma concentration ratio values of clopidogrel to SR26334 in
ischaemic heart disease patients.
MATERIALS AND METHODS
IRB approval
The study protocol was approved by the Food and Drug
Administration Research Involving Human Subjects Ethical Committee of First Afﬁliated Hospital of Xi’an Jiaotong University,
Xi’an Jiaotong University, China. All patients signed written
informed consents for the intervention, plasma concentration
testing and genotype determination before the study.

Blood sampling
For all patients, peripheral venous blood samples (10 mL) were
collected using the sodium heparin tubes at hospital admission for
DNA analysis, clopidogrel and SR26334 plasma concentration
measurements. The blood samples were stored at 20 °C until
analysis.

Materials and reagents
Genotyping

Clopidogrel (99% purity by HPLC) and its carboxylic acid
metabolite (CLPM; SR26334; purity: 99%) were purchased from
Wuhan East Cogent Technology Co., Ltd. (Wuhan, China).
Quercetin, used as internal standard (IS, Fig. 1c; purity: 993%),
was obtained from Shanghai Yong Ye Biotechnology Co., Ltd.
(Shanghai, China). HPLC grade of methanol and acetonitrile were
supplied by Tianjin Kermel Chemical Reagent Co., Ltd. (Tianjin,
China). Formic acid (980%) was from Guangdong Guanghua
Chemical Factory Co., Ltd. (Guangdong, China). Ultrapure water
was deionized in a TTL-30 puriﬁcation system (Tongtai Science &
Technology Development Co., Beijing, China). Drug-free heparinized human plasma and drug-containing plasma were provided
by the Clinical Trial Center of First Afﬁliated Hospital of Xi’an
Jiaotong University (Shaanxi, China). The plasma was stored at
20 °C until further use for analysis.
All stock solutions were prepared in methanol at a concentration
of 01 mg/mL and stored at 20 °C. The intermediate solutions of
clopidogrel and SR26334 were diluted from stock solutions with the
incubation buffer. In addition, the IS stock solution was further
diluted to 20 ng/mL in metabolite for routine use.

Genomic DNA was extracted from 200 lL of blood using a
commercially available BaiOâ DNATM Blood Mini Kit (Shanghai,
China) according to manufacturer’s instructions. Speciﬁc primers
were used for CYP2C19 genotyping. Primers were obtained from
Sangon Biotech (Shanghai, China). Genotyping was performed
on the chip-based matrix-assisted laser desorption ionization
time-of-ﬂight mass spectrometer from MassARRAY Compact
System (Sequenom, San Diego, CA, USA) in First Afﬁliated
Hospital of Xi’an Jiaotong University. Analyses were carried out
using an Applied Biosystems 2720 thermal cycler (Applied
Biosystems, Foster City, CA, USA). The PCR was performed
with an initial denaturation at 50 °C for 5 min, annealing at
94 °C for 5 min, followed by 35 cycles of denaturation at 94 °C
for 30 s, annealing at 59 °C for 30 s, elongation at 72 °C for
30 s, and a ﬁnal extension at 72 °C for 5 min. The CYP2C19
genetic polymorphism related to this study includes the EM
(*1/*1), IM (*1/*2, *1/*3) and PM (*2/*2, *2/*3, *3/*3).
Genotyping of CYP2C19*2 (rs 4244285, 681G>A) and
CYP2C19*3 (rs 4986893, 636G>A) was performed using the
PCR-based restriction fragment length polymorphism (RFLP)
method according to the procedure as described previously.18
The CYP2C19 polymorphisms of randomly selected homozygous
and heterozygous mutant samples were conﬁrmed by sequencing analysis.

Study populations
The study subjects, recruited from August 2012 to June 2014,
consisted of 366 patients with ischaemic heart disease who were
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water and was asked to remain a seated position for 2 h after
taking clopidogrel.
For the primary analyses, plasma concentration ratios of
clopidogrel to SR26334 were determined. For secondary analyses,
the impact of CYP2C19 polymorphisms on plasma concentration
values was assessed.

Determination of plasma concentrations
Pretreatment of blood samples. Brieﬂy, 05 mL plasma was extracted
from 5 ml blood sample. To 05 mL plasma sample, 2 mL
acetonitrile containing 40 lL IS (quercetin at 20 ng/mL in
methanol) was added for protein precipitation. Then, 10 lL
supernatant was injected into the LC–MS/MS system. All
prepared samples were kept at 4 °C until autosampler injection.

Statistical analysis
LC–MS/MS analysis. The plasma was analysed by a chromatograph with VI500 HPLC system (Shanghai WoWorkers Scientiﬁc
Instrument Co., Ltd. Shanghai, China) which was coupled to an
triple-quadrupole tandem mass spectrometer (API3200; AB SCIEX,
Foster City, CA, USA) in ESI mode to generate positive molecular
ions [M+H]+. Clopidogrel, SR26334 and IS were separated on a C18
RP column (Kromasilâ, 150 9 46 mm id, 50 lm) at a column
temperature of 35 °C. The mobile phase was a mix of methanol (A)
and ultrapure water (B) containing 005% formic acid. The gradient
was as follows: 001 min, 90% B; 5 min, 40% B; 10 min, 0% B;
20 min: 0% B; and 2001 min, return to initial conditions. Mobile
phase ﬂow was set to 1 mL/min, and injected volume was 10 lL
for each sample.
The eluent from HPLC column was introduced directly to the
MS, with the positive electrospray ionization mode used. Mass
spectrometer parameters were as follows: optimized ion spray
voltage 4500 V and optimized temperature 400 °C. Dry nitrogen
(Z 995%) produced by N2 generator F-DBS was used as desolvation gas, ﬂow 10 L/min, temperature 300 °C. Nitrogen was also
used as nebulizer gas (pressure 40 psi)and collision gas. The
operating conditions, which were optimized by infusing 5 ng/mL
standard solutions of the analytes at 20 L/min, were as follows:
collision energy, declustering potential, and entrance potential was
23, 40 and 10 V for clopidogrel; 41, 41 and 9 V for SR26334; 23,166
and 10 V for IS, respectively. The collision cell exit potentials were
all 10 V.
The mass transition used for clopidogrel, SR26334 and IS was
m/z 3221?2121, 3081?1981 and 3010?1510, respectively,
which was monitored by the multiple reaction monitoring (MRM)
mode. All analytical data were acquired and processed by ANALYST
software (version 1.5.1; Applied Biosystems, Foster City, CA,
USA).
Calibration curves for clopidogrel were estimated by selecting
the peak area ratio of clopidogrel to IS as a function of analyte
concentration covering the range of 1–100 ng/mL. Correspondingly, the linear range of SR26334 was 20–2000 ng/mL. Calibration standards were prepared by serial dilution of the working
solution in blank plasma resulting in three individual concentrations of 1, 50 and 100 ng/mL for clopidogrel and 20, 1000 and
2000 ng/mL for SR26334.
The validation parameters were selectivity, accuracy, precision,
sensitivity, matrix effect, and stability for clopidogrel and SR26334
in human plasma. HPLC–MS/MS method validations were
performed according to currently accepted United States Food
and Drug Administration (US FDA) bioanalytical method validation procedures.19

Statistical variables are expressed as mean  standard deviation,
number (percentages), or median with interquartile range (IQR),
which were performed using STATISTICA Software (SPSS 18.0; SPSS
Inc., Chicago, IL, USA). The chi-square test was used to compare
categorical variables and to assess possible deviations of the
genotype distribution from the Hardy–Weinberg equilibrium
(HWE). The Gaussian distribution of continuous data was
checked using Kolmogorov–Smirnov test. Gaussian-distributed
continuous variables were compared across genotype groups by
means of the unpaired two-tailed t-test or ANOVA for >2 groups,
whereas continuous variables with a non-Gaussian distribution
were compared by the Kruskal–Wallis test. Meanwhile, we
applied a multiple linear regression model to evaluate the
correlations between various genotypes and plasma concentration. The differences were considered to be signiﬁcant when
P ≤ 005.
RESULTS
Study population and genotyping for CYP2C19
Detailed characteristics of patients according to the CYP2C19
genotypes are presented in Table 1. Demographic indicators and
clinical variables were well balanced between the six treatment
groups. Among the 366 patients having available genotyping
results, 162 were EM, 159 were IM and 45 were PM. Thus, 204
patients were carriers of at least one *2 or *3 allele. The allele
frequencies from these genotype distributions were as follows:
443% for the wild-type allele vs. 557% for the CYP2C19 mutant
allelic variant. The genotype frequencies were consistent with
Hardy–Weinberg predictions (P = 065).
Determination of plasma concentrations
The retention time of clopidogrel, SR26334 and quercetin was
1108, 693 and 811 min, respectively, and no interfering peaks
were observed at the elution times of these target peak. Representative chromatograms for the three analytes in drug-free
human plasma, a standard plasma sample at LLOQ and a real
plasma sample from a subject are shown in Fig. 2. The calibration
curve was established in the range of 1–100 ng/mL for clopidogrel
and 20–2000 ng/mL for SR26334; both exhibited good linearity
with the correlation coefﬁcient of 09999 for clopidogrel and 09998
for SR26334.
The detection of clopidogrel and SR26334 using MRM mode
was highly selective with no interference from endogenous
compounds of plasma samples. In the worked out conditions,
LLOQ was 1 ng/mL for clopidogrel and 20 ng/mL for SR26334.
Intraday and interday accuracy of the method, expressed as % RE,
was ≤150% for clopidogrel and ≤68% for SR26334. Intraday and
interday precision of the method, expressed as% RSD, was <150%
for quality control samples and <200% for LLOQ of the all abovementioned analytes. No signiﬁcant matrix effect was observed.

Study design
A total of 366 subjects having clear CYP2C19 genotypes were
available for this study. Blood samples for quantiﬁcation of plasma
concentration were collected 8 h after the daily dose of 75 mg of
clopidogrel. Each subject took a single dose of drug with 200 mL
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Table 1. Detailed characteristics in relation to CYP2C19 genotypes
CYP2C19 polymorphism
Characteristic

Basic information
Age, years
Female, n (%)
Body mass
index, kg/m²
Height, cm
Risk factors
Diabetic, n (%)
Hypertensive,
n (%)
Current
smoker, n (%)
hs-CRP, mg/L
HDL-cholesterol,
mmol/L
LDL-cholesterol,
mmol/L
Glycated
haemoglobin (%)

Entire cohort
(n = 366)

*1/*1 (n = 162)

*1/*2 (n = 120)

*1/*3 (n = 39)

*2/*2 (n = 24)

*2/*3 (n = 18)

*3/*3 (n = 3)

P

638  95
87 (238)
256  38

639  97
37 (228)
257  41

631  92
28 (233)
252  39

628  87
10 (256)
258  35

633  95
6 (25)
255  37

642  101
5 (278)
260  33

637  96
1 (333)
254  35

0432
0273
0925

171  43

170  51

169  44

172  47

170  49

170  45

174  41

0523

75 (205)
237 (648)

30 (185)
105 (648)

27 (225)
78 (642)

9 (231)
25 (641)

5 (208)
16 (667)

3 (167)
11 (611)

1 (333)
2 (667)

0459
0355

127 (347)

58 (358)

41 (342)

14 (358)

8 (333)

5 (278)

1 (333)

0698

72  13
099  030

68  10
101  041

72  12
108  039

69  11
098  035

71  11
112  042

77  12
106  033

65  09
103  032

0253
0542

269  078

273  082

271  079

266  072

270  081

272  082

270  086

0571

67  08

62  06

65  07

64  07

66  08

68  09

65  06

0811

patients. CYP2C19 is a highly polymorphic gene with an important and broad role in drug metabolism and activation within the
liver. The foremost ﬁnding of this study showed in reporting the
impact of the CYP2C19 genetic diversity on the biotransformation
process of clopidogrel to its active metabolite in Chinese patients
undergoing PCI. To the best of our knowledge, we found that lossof-function CYP2C19 genotypes (*2 or *3) have a signiﬁcant
impact on clopidogrel treatment, reducing the active metabolite
formation and resulting in lower plasma concentration ratio
values.
Clopidogrel itself does not have biological activities; it requires
hepatic biotransformation to play its therapy function. The activity
of enzymes involved in the metabolism of clopidogrel is important
and can vary according to genetic polymorphisms.20 Clopidogrel
is metabolized into 15% active metabolite and 85% of inactive
metabolite by P450 system. Previous studies conducted in different
populations including Italian,10 Japanese,21 Iran,22 Germany,23
Korean24 and French25 have reported that among the patients and
healthy cases treated with clopidogrel, carriers with at least one
variant of CYP2C19 alleles (2*, 3*) had a reduced clopidogrel
response due to decreased formation of the active metabolite.
Some patients with CYP2C19 variance have affected conversion of
clopidogrel to its active metabolite, resulting in higher SR26334,
which has no effect on the treatment of clopidogrel, but less active
metabolite.26 Clinically, it can result in a higher relative risk of
adverse cardiovascular events by a factor of 153–369 among the
carriers of the loss-of function alleles as compared with the noncarriers.8 For Chinese people, related studies27 have shown that
CYP2C19 genetic polymorphism can affect the pharmacokinetic
response of clopidogrel. In China, almost one-third of the
population carries CYP2C19 allelic variant. Moreover, a recent
meta-analysis, which obtained data from nine pharmacogenetic
investigations of clopidogrel involving 9685 cases who had an ACS
or underwent PCI, has validated these fundamental ﬁndings.28 For
the pharmacogenetic studies, CYP2C19 wild-type, CYP2C19*2 and

Stability tests showed that clopidogrel and SR26334 were stable at
least 3 months in methanol stored at 20 °C, as demonstrated by
% RSD in the range of 51–143%.
CYP2C19 genotype and plasma concentration ratios
In this study, the plasma concentration ratios of clopidogrel to
SR26334 were calculated to evaluate the effect of CYP2C19
genotypes on clopidogrel treatment; the comparison of results is
presented in Fig. 3. The mean value of plasma concentration ratio
in the study population was 0507 (IQR 0162–0724). Plasma
concentration ratio values across CYP2C19 genotypes are shown in
Table 2.
The plasma concentrations ratios of clopidogrel to SR26334
between different metabolic capacity groups identiﬁed according
to the genotype had signiﬁcant differences (P < 0001). The lowest
plasma concentration ratio value was observed for patients with
PM genotype (P < 0001 for PM patients vs. EM patients; P < 0001
for PM patients vs. IM patients). This shows that most of the PM
group were distributed in the range of low serum concentration
ratio values.
Regression analyses
Nine variables were selected to demonstrate that CYP2C19*2 or
CYP2C19*3 allele carriage was independently associated with
plasma concentration ratio of clopidogrel to SR26334 (Table 3). Of
all the independent variables considered, only the CYP2C19
polymorphism was found to be associated with the plasma
concentration ratio.
DISCUSSION
In this study, we employed the plasma concentration ratio values
of clopidogrel to SR26334 to evaluate the inﬂuence of CYP2C19
polymorphism on clopidogrel metabolism in north-western China
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Fig. 2. Typical chromatograms recorded on the MRM transitions: (a) blank plasma; (b) blank plasma spiked with clopidogrel at 1 ng/mL,
SR26334 at 20 ng/mL (LLOQ) and the IS at 10 ng/mL; (c) plasma sample collected from a patient at 8 h after the oral administration of a
tablet with 75 mg clopidogrel; I: SR26334, II: quercetin, III: clopidogrel.
CYP2C19*3 alleles were chosen as the most potent determinants of
clopidogrel pharmacokinetics. Although other important CYP2C19
gene variants encode an inactive enzyme (i.e. CYP2C19*4 and *5),
they are rare in most other groups.29
According to mean plasma concentrations ratio values of the
clopidogrel to SR26334 (EM 0559, IM 0499 and PM 0348), the
plasma concentrations ratio of EM was higher by 22% than IM
group, and IM was higher by 43% than PM. This provides an
experimental basis for individualized dosing. Speciﬁcally, assuming that administered daily dose of clopidogrel for IM was the
recommended 75 mg, the dose of EM group should theoretically
be 60 mg, and PM group should be 105 mg. Of course, this is
estimated only by the data obtained in this experiment and
speciﬁc dosages need to be veriﬁed by taking a large number of
researches.
Using plasma concentrations of the clopidogrel and its metabolite (SR26334) seemed to be rational for the following reasons: (i)

P = 0·004
0·600

P < 0·001

0·500
0·400
0·300
0·200
0·100
0·000
EM

IM

PM

Fig. 3. Plasma concentration ratios of clopidogrel to SR26334 in
relation to CYP2C19 genotypes.
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Table 2. Plasma concentration ratio values of clopidogrel to its inactive metabolite SR26334 across CYP2C19 genotypes.
IM

PM

CYP2C19 genotypes

EM
*1/*1

*1/*2

*1/*3

*2/*2

*2/*3

*3/*3

Median value
IQR

0559
0201–0723

0511
0301–0724

0459
0289–0636

0405
0274–0521

0293
0162–0471

0224
0209–0235

Table 3. Univariate and multivariable linear regression analyses of clinical and genetic factors for the plasma concentrations ratio of
clopidogrel to SR26334.
Univariate

Multivariable

Independent variable

OR (95% CI)

P

OR (95% CI)

P

CYP2C19*2 or *3 allele carriage
Age
Sex
Body weight
Diabetic
Hypertensive
hs-CRP
HDL-cholesterol
Glycated haemoglobin

0343
1031
1163
1028
1198
1034
1422
1248
1668

0043*
0093
0697
0773
0706
0923
0773
0627
0387

0335
1045
1583
0985
0949
1411
2587
2116
0984

0038*
0072
0349
0891
0925
0515
0538
0385
0993

(0121–2157)
(0984–1064)
(0542–2520)
(0885–1149)
(0468–3070)
(0485–2174)
(0125–16252)
(0466–3137)
(0522–5337)

(0112–0863)
(0993–1113)
(0535–4574)
(0823–1171)
(0317–2842)
(0513–3862)
(0125–53837)
(0391–11434)
(0102–9621)

Whole model: R square=0131 (adjusted R square=0115).
*Signiﬁcant at P < 005.

Finally, apart from CYP2C19, we cannot exclude the effect of other
drug metabolism enzymes, such as CYP1A2, 3A, 2B6 and 2C9, on
clopidogrel response.

the degree of platelet aggregation has a relationship with clopidogrel metabolic processes in outpatients, so the plasma concentrations ratio values of clopidogrel to SR26334 can reﬂect the
clinical efﬁcacy of clopidogrel;30 (ii) the plasma concentrations of
clopidogrel and SR26334 have been widely accepted as an
appropriate surrogate for drug effect in many clinical studies;31
(iii) as the active metabolite is unstable in blood, levels of exposure
and the pharmacokinetics of clopidogrel have been indirectly
determined by the inactive carboxylic acid derivative of clopidogrel32 or by simultaneous measurements of clopidogrel and its
carboxylic acid metabolite.

CONCLUSION
In summary, this study was conducted in 366 subjects with ischaemic heart disease receiving maintenance therapy of 75 mg
clopidogrel daily. Polymorphism of CYP2C19 was signiﬁcantly
associated with plasma concentration ratios of clopidogrel to
SR26334. Clopidogrel metabolism was regulated by CYP2C19,
which can predict the drug concentration of patients. These
ﬁndings demonstrate the desirability for incorporating genetic
factors when designing individual antiplatelet treatment.

Study limitations
Our study, which was performed in a single centre, still had some
limitations. Firstly, the sample size was relatively limited. Clearly,
we need more studies on independent samples of sufﬁcient size to
further elucidate the potential predictive role of the genetic
functional variants CYP2C19*2 (681G>A) and CYP2C19*3
(636G>A) of cytochrome CYP2C19 on the development of adverse
vascular events in the more general population. In a larger
population, the results would have been more reliable. In addition,
it would be helpful to clarify whether the genotyping of other
polymorphisms (e.g. CYP2C19*17) may further improve prognostication based on genetic data. Secondly, we do not have an
accurate approach to determine the active metabolite of
clopidogrel in plasma directly, although we used the plasma
concentration ratio values of clopidogrel to SR26334 measured by
HPLC–MS/MS as an indirect marker of the active metabolite.

ACKNOWLEDGEMENTS
We thank patients, investigators and members of all committees who participated in this clinical trial. In addition, the authors
would like to appreciate Professor Hu for assistance in HPLC–MS/
MS analysis of plasma samples. This work was supported by the
First Afﬁliated Hospital of Xi’an Jiaotong University, by the
National Natural Science Foundation of China grant (No.
81402925) and by ‘Twelve-Five’ new drugs-creating major projects
(Sub-topics No. 2012 ZX09506001-001).
DECLARATION OF CONFLICTING INTERESTS
Authors declare that they have no conﬂict of interest.

© 2015 John Wiley & Sons Ltd

Journal of Clinical Pharmacy and Therapeutics, 2015, 40, 308–314
313

R. Lin et al.

Clopidogrel, CYP2C19, HPLC-MS/MS

REFERENCES
1. Subraja K, Dkhar SA, Priyadharsini R et al.
Genetic polymorphisms of CYP2C19 inﬂuences the response to clopidogrel in ischemic heart disease patients in the South
Indian Tamilian population. Eur J Clin
Pharmacol, 2013;69:415–422.
2. De Miguel A, Ibanez B, Badimon JJ. Clinical
implications of clopidogrel resistance.
Thromb Haemost, 2008;100:196–203.
3. Kim HS, Cho DY, Park BM et al. The Effect
of CYP2C19 Genotype on the Time Course
of platelet aggregation inhibition after clopidogrel administration. J Clin Pharmacol,
2014;54:850–857.
4. Kazui M, Nishiya Y, Ishizuka T et al. Identiﬁcation of the human cytochrome P450
enzymes involved in the two oxidative
steps in the bioactivation of clopidogrel to
its pharmacologically active metabolite.
Drug Metab Dispos, 2010;38:92–99.
5. Giusti B, Gori AM, Marcucci R, Saracini C,
Vestrini A, Abbate R Determinants to optimize response to clopidogrel in acute coronary syndrome. Pharmgenomics Pers Med,
2010;3:33–50.
6. Gawronska-Szklarz B, Adamiak-Giera U,
Wyska E, Kurzawski M, Gornik W, Kaldonska M, Drozdzik M. CYP2C19 polymorphism affects single-dose pharmacokinetics
of oral pantoprazole in healthy volunteers. Eur J Clin Pharmacol, 2012;68:1267–1274.
7. Saber MM, Boroumand M, Behmanesh M.
Investigation of CYP2C19 allele and genotype frequencies in Iranian population using
experimental
and
computational
approaches. Thromb Res, 2014;133:272–275.
8. Mega JL, Close SL, Wiviott SD et al. Cytochrome P-450 polymorphisms and response
to clopidogrel. N Engl J Med, 2009;360:354–
362.
9. Collet JP, Hulot JS, Pena A et al. Cytochrome P450 2C19 polymorphism in young
patients treated with clopidogrel after myocardial infarction: a cohort study. Lancet,
2009;373:309–317.
10. Soﬁ F, Giusti B, Marcucci R, Gori AM,
Abbate R, Gensini GF. Cytochrome P450
2C19(star)2 polymorphism and cardiovascular recurrences in patients taking clopidogrel: a meta-analysis. Pharmacogenomics J,
2011;11:199–206.
11. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Macaya C, Bass TA,
Costa MA. Variability in individual
responsiveness to clopidogrel - Clinical
implications, management, and future
perspectives. J Am Coll Cardiol, 2007;49:
1505–1516.

12. Karazniewicz-Lada M, Danielak D, Tezyk
A, Zaba C, Tuffal G, Glowka F. HPLC-MS/
MS method for the simultaneous determination of clopidogrel, its carboxylic acid
metabolite and derivatized isomers of thiol
metabolite in clinical samples. J Chromatogr
B, 2012;911:105–112.
13. Zou JJ, Fan HW, Guo DQ et al. Simultaneous determination of clopidogrel and its
carboxylic acid metabolite (SR26334) in
human plasma by LC-ESI-MS-MS: application to the therapeutic drug monitoring of
clopidogrel. Chromatographia, 2009;70:1581–
1586.
14. Fontana P, Berdague P, Castelli C et al.
Clinical predictors of dual aspirin and clopidogrel poor responsiveness in stable cardiovascular patients from the ADRIE study.
J Thromb Haemost, 2010;8:2614–2623.
15. Ksycinska H, Rudzki P, Bukowska-Kiliszek
M. Determination of clopidogrel metabolite
(SR26334) in human plasma by LC-MS. J
Pharm Biomed Anal, 2006;41: 533–539.
16. Park JB, Bae SH, Jang SM et al. Direct
measurement of active thiol metabolite levels of clopidogrel in human plasma using
tris(2-carboxyethyl)phosphine as a reducing
agent by LC-MS/MS. J Sep Sci, 2013;36:
2306–2314.
17. Silvestro L, Gheorghe M, Iordachescu A,
Ciuca V, Tudoroniu A, Rizea Savu S,
Tarcomnicu I. Development and validation
of an HPLC-MS/MS method to quantify
clopidogrel acyl glucuronide, clopidogrel
acid metabolite, and clopidogrel in plasma
samples avoiding analyte back-conversion.
Anal Bioanal Chem, 2011;401:1023–1034.
18. Goldstein JA, Blaisdell J Genetic tests which
identify the principal defects in CYP2C19
responsible for the polymorphism in mephenytoin metabolism. Methods Enzymol,
1996;272:210–218.
19. Brodie RR, Hill HM. Validation issues
arising from the new FDA guidance for
industry on bioanalytical method validation. Chromatographia, 2002;55S:S91–S94.
20. Park JJ, Park KW, Kang J et al. Genetic
determinants of clopidogrel responsiveness
in Koreans treated with drug-eluting stents.
Int J Cardiol, 2013;163:79–86.
21. Sawada T, Shinke T, Shite J et al. Impact of
cytochrome P450 2C19*2 polymorphism on
intra-stent thrombus after drug-eluting stent
implantation in Japanese patients receiving
clopidogrel. Circ J, 2011;75:99–105.
22. Namazi S, Kojuri J, Khalili A, Azarpira N.
The impact of genetic polymorphisms of
P2Y12, CYP3A5 and CYP2C19 on clopido-

© 2015 John Wiley & Sons Ltd

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

grel response variability in Iranian patients.
Biochem Pharmacol, 2012;83:903–908.
Sibbing D, Stegherr J, Latz W et al. Cytochrome P450 2C19 loss-of-function polymorphism and stent thrombosis following
percutaneous coronary intervention. J Am
Coll Cardiol, 2009;53:A63.
Oh IY, Park KW, Kang SH et al. Association
of cytochrome P450 2C19*2 polymorphism
with clopidogrel response variability and
cardiovascular events in Koreans treated
with drug-eluting stents. Heart, 2012;98:139–
144.
Bonello L, Armero S, Mokhtar OA et al.
Clopidogrel loading dose adjustment
according to platelet reactivity monitoring
in patients carrying the 2c19 2*loss of
function
polymorphism.
Circulation.
2010;122S.
Zhou HM, Meng S, Zhao J et al. Inﬂuence of
genetic and non-genetic factors on the plasma
concentrations of the clopidogrel metabolite
(SR26334) among Chinese patients. Clin Chim
Acta, 2013;416:50–53.
Kim KA, Park PW, Hong SJ, Park JY. The
effect of CYP2C19 polymorphism on the
pharmacokinetics and pharmacodynamics
of clopidogrel: A possible mechanism for
clopidogrel resistance. Clin Pharmacol Ther,
2008;84:236–242.
Mega JL, Simon T, Collet JP et al. Reducedfunction CYP2C19 genotype and risk of
adverse clinical outcomes among patients
treated with clopidogrel predominantly for
PCI a meta-analysis. JAMA J Am Med Assoc,
2010;304:1821–1830.
Oestreich JH, Best LG, Dobesh PP Prevalence of CYP2C19 variant alleles and pharmacodynamic variability of aspirin and
clopidogrel in Native Americans. Am Heart
J, 2014;167:413–418.
Mani H, Toennes SW, Linnemann B,
Urbanek DA, Schwonberg J, Kauert GF,
Lindhofft E. Determination of clopidogrel
main metabolite in plasma: a useful tool
for monitoring therapy? Ther Drug Monit,
2008;30:84–89.
Lee J, Hwang Y, Kang W et al. Population
pharmacokinetic/pharmacodynamic modeling of clopidogrel in Korean healthy volunteers and stroke patients. J Clin Pharmacol,
2012;52:985–995.
Lagorce P, Perez Y, Ortiz J, Necciari J,
Bressolle F. Assay method for the carboxylic
acid metabolite of clopidogrel in human
plasma by gas chromatography mass spectrometry. J Chromatogr B Biomed Sci Appl,
1998;720:107–117.

Journal of Clinical Pharmacy and Therapeutics, 2015, 40, 308–314
314

