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The aim of this study was to investigate the contribution of the most frequent single nucleotide polymor-
phism of CYP2C19 681G > A to the pharmacokinetics of clopidogrel in 20 healthy Chinese volunteers
after administration of a single dose of clopidogrel 75 mg. The peak plasma concentration (Cmax) was
higher in the 681GA + 681AA group than that in the 681GG group (1.93 ± 1.77 vs. 1.65 ± 1.56 ng/mL,
P = 0.613). The area under the curve to the last measurable concentration (AUC0–36) and area under
the curve extrapolated to infinity (AUC0–∞) of clopidogrel were lower in the 681GG group than that in
the 681GA + 681AA group (2.25 ± 1.64 vs. 2.64 ± 1.69 ng h/mL, P = 0.465; 2.26 ± 1.65 vs. 2.67 ± 1.71 ng
h/mL, P = 0.455) respectively. The oral clearance (Cl/F) was lower in the 681GA + 681AA group than that
in the 681GG group (51.96 ± 36.13 vs. 54.47 ± 35.21 × 103 L/h, P = 0.829). The genetic polymorphism
of CYP2C19 681G > A does not cause significant alterations in the pharmacokinetics of clopidogrel at a
clinically relevant therapeutic dose in healthy Chinese volunteers.

1. Introduction
Clopidogrel, a thienopyridine inhibitor of the platelet P2Y12
adenosine diphosphate (ADP) receptor, is widely used for the
prevention of stent thrombosis events in patients with acute
coronary syndrome (ACS) undergoing percutaneous coronary
interventions with stenting (Yusuf et al. 2001). However, even
with the use of such therapy, stent thrombosis (ST), a life-
threatening event with severe clinical consequences, still occurs
(Nguyen et al. 2005; Mega et al. 2009; Simon et al. 2009).
Fast-growing evidence has well demonstrated that genetic vari-
ation may be a reason for this phenomenon (Nguyen et al. 2005;
Mega et al. 2009; Simon et al. 2009). Of note, all clinical studies
have almost consistently demonstrated that the loss-of-function
CYP2C19 681G > A polymorphisms are associated with atten-
uated response to clopidogrel and increased risk for developing
ST (Nguyen et al. 2005; Mega et al. 2009; Simon et al. 2009; Xie
et al. 2011; Mega et al. 2010; Shuldiner et al. 2009; Hochholzer
et al. 2010). However, all these studies were performed in white
or black patients. The conclusion may not be fully generalized
or extrapolated to the Chinese people due to the marked ethnic
variabilities in the clopidogrel metabolism and its anti-platelet
effect (Xie et al. 2011; Kim et al. 2008), in part because the
polymorphism of CYP2C19 681G > A displays ethnic differ-
ences between Orientals and Caucasians (Zhou et al. 2000) and
even among Orientals with different ethnic backgrounds (Shu
et al. 2000). Moreover, the effect of CYP2C19 681G > A genetic
polymorphisms on the pharmacokinetics of clopidogrel in Chi-
nese subjects is still unknown so far. This study aims to study
this aspect in healthy Chinese volunteers.

2. Investigations and results

2.1. CYP2C19 681G > A genotyping

The results of CYP2C19 681G > A genotyping are shown in
Fig. 1. The 20 subjects were divided into two groups according

to their CYP2C19 genotype: wild-type homozygotes, CYP2C19
681GG (n = 9); at least one 681G > A mutant allele (mutant
heterozygotes, CYP2C19 681GA, n = 10; and mutant homozy-
gotes, CYP2C19 681AA, n = 1).

2.2. Pharmacokinetics of clopidogrel

After an oral single dose of 75 mg clopidogrel, plasma
concentration-time curves of clopidogrel according to the
CYP2C19 681G > A genotypes are shown in Fig. 2. The phar-
macokinetic parameters (Cmax, AUC0–36, AUC0–∞ and CL/F)
of clopidogrel are shown in the Table and show no significant
differences between the two genotyped groups.

3. Discussion

Our study shows that the pharmacokinetics of clopidogrel are
not significantly altered by the CYP2C19 681G > A genetic
variation. The mean AUC0–36, AUC0–∞ and Cmax values in the
CYP2C19 681GA + 681AA mutant group were about 17%, 18%
and 17% higher than corresponding values for the 681GG wild-
type group. However, the oral elimination of clopidogrel (Cl/F)
in the CYP2C19 681GA + 681AA mutant group was about 4.8%
lower than in the 681GG wild-type group. These results were
inconsistent with observations in a Korean population (Kim et al.
2008). Kim et al. showed that CYP2C19 polymorphisms have a
significant effect on the pharmacokinetics of clopidogrel. They
found that the AUC of poor metabolizers (PMs) was 1.8- and
2.9-fold higher than that of heterozygous extensive metabolizers
(heteroEMs) and homozygous EMs (homoEMs), respectively
(P = 0.013). The mean Cmax of PMs was also 1.8- and 4.7-
fold higher than that of heteroEMs and homoEMs, respectively
(P = 0.008).
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Fig. 1: Typical mass spectrograms for genotyping of CYP 681GG (A), 681GA (B) and 681AA (C)

Several studies have shown that ethnicity is one of the impor-
tant factors that could affect clopidogrel metabolism (Xie et al.
2011; Li et al. 2009), in part because the allele frequency of
CYP2C19*2 variant in the Chinese population (30%) is twice
that in whites (14.7%) and blacks (17.3%) (Xie et al. 2011,
2001; Xie 1997). Moreover, the polymorphisms of CYP2C19
681G > A display ethnic differences even among Orientals with
different ethnic backgrounds (Xie et al. 2001; Xie 1997).
The effect of CYP2C19 681G > A mutation on the pharma-
cokinetics of clopidogrel requires investigation. Our study was
conducted in a small group of healthy subjects at a single dosage

Fig. 2: The curve of mean time-concentration of clopidogrel in 20 healthy volunteers
with different CYP2C19 681G > A genotypes after volunteers administrated a
single oral dose of 75 mg clopidogrel. Data are expressed as mean ± SD

Table: Pharmacokinetic parameters of clopidogrel in subjects
with CYP2C19 681GA or 681AA genotypes and wild-
type homozygotes (681GG) after a single oral dose of
75 mg clopidogrel

Parameters 681GG 681GA + 681AA P

(n = 9) (n = 11)

Cmax (ng/mL) 1.65 ± 1.56 1.93 ± 1.77 0.613
AUC0–36 (ng h/mL) 2.25 ± 1.64 2.64 ± 1.69 0.465
AUC0–∞ (ng h/mL) 2.26 ± 1.65 2.67 ± 1.71 0.455
CL/F (× 103 L/h) 54.47 ± 35.21 51.96 ± 36.13 0.829

of 75 mg of clopidogrel. Further studies should be carried out on
the effects of CYP2C19 genetic polymorphism to test whether
multidose administration of clopidogrel in patients with ACS
yields similar results.

4. Experimental

4.1. Subjects

Twenty healthy volunteers, with a mean age of 23.6 years (± 2.7) (range
20–29 years) and a mean weight of 64.1 kg (± 5.1) (range 56–72 kg), were
selected for this study. Nine CYP2C19 681GG homozygotes and 11 subjects
with at least one 681G > A mutant allele (ten were 681GA heterozygotes and
one was 681AA homozygotes) were recruited for the clopidogrel pharma-
cokinetic analysis. The study protocol was approved by the ethics committee
of the Xijing Hospital of the Fourth Military Medical University, and writ-
ten informed consents were obtained from all participants. Each subject was
ascertained to be healthy by medical history, physical examination, routine
blood and electrocardiographic tests. All of the subjects were non-smokers,
abstained from drugs and did not take any coffee or alcohol for at least 1
week before entry into the study.
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4.2. Drug administration and sample collection

Each subject received a single oral dose of 75 mg clopidogrel (Plavix®,
Hangzhou Sanofi-Aventis Minsheng Pharmaceuticals Co. Ltd., Hangzhou,
China) at 8:00 AM with 150 mL of warm water after overnight fasting.
Meals were allowed 4 h later after clopidogrel administration. Serial venous
blood samples (5 mL each) were drawn into collection tubes containing 3.8%
sodium-citrate just before dosing (as baseline) and at 0.25, 0.5, 0.75, 1, 1.5,
2, 3, 4, 6, 8, 11, 14, 24, and 36 h postdose. Blood samples was separated by
centrifugation and immediately stored at −70 ◦C until assay.

4.3. CYP2C19 681 G > A genotyping

Genomic DNA was extracted using commercially available QIAamp
DNATM Blood Mini Kit (Qiagen, Venlo, the Netherlands). Primers were
obtained from Sangon Biotech (Shanghai, China). Genotyping was per-
formed in Shanghai Benegene Biotechnology Co., Ltd. (Shanghai, China)
using the chip-based matrix-assisted laser desorption/ionization time-
of-flight mass spectrometer (MALDI-TOF) (Jackson et al. 2000) from
MassARRAY Compact System (Sequenom, San Diego, CA, USA). To
verify correct sample handling, genotyping was repeated in 20% of the ran-
domly selected patients for all variants tested. Repeated genotyping revealed
the identical results, and the call rate for CYP2C19 681 G > A was 100%,
respectively.

4.4. Clopidogrel assay

Plasma concentrations of clopidogrel were determined using a validated
liquid chromatography -tandem mass spectrometry (LC-MS/MS) method
developed in our laboratory (Zou et al. 2009). In brief, clopidogrel and the
internal standards (I.S), nateglinide were extracted from 0.50 mL of plasma
sample using diethyl ether–n-hexane (4:1,v/v). LC separation was performed
on a Teknokroma C18 column (100 mm × 2.1 mm i.d., 5 �m) with a mobile
phase of methanol-water (0.1% formic acid) (80:20, v/v) at a flow rate of
0.20 mL/min. A Thermo Finnigan TSQ Discovery Max tandem mass spec-
trometer equipped with an electrospray ionization (ESI) source was used
for mass detection. The collision energies (CE) of clopidogrel and I.S. were
10 and 20 V, respectively. The transitions m/z 322.1→212.1 for clopidogrel
and m/z 318.3→166.2 for I.S were monitored in the multiple reaction moni-
toring (MRM) mode. Linearity was established over the concentration range
of 0.005–5 ng/mL, the lower limit of quantification (LLOQ) of clopidogrel
were 0.005 ng/mL.

4.5. Pharmacokinetic analysis

Pharmacokinetic parameters were calculated using DAS version 3.0 (Shang-
Hai traditional Chinese medicine University, ShangHai, China). Maximum
plasma concentrations (Cmax) were determined directly from the respec-
tively observed plasma concentration-time data. AUC was calculated
with use of the trapezoidal rule. Total clearance (CL) was calculated by
dose/AUC0–∞, where dose was 75 mg of clopidogrel.

4.6. Statistical analysis

The values of pharmacokinetic parameters were expressed as mean ± SD.
Differences in pharmacokinetic data between the CYP2C19 681GG wild-
type gene and the two mutated alleles 681GA and 681AA were evaluated
statistically by independent-samples t-test, P < 0.05 was considered statisti-
cally significant. These statistical analyses were performed using the SPSS
software for Windows (version 16.0, SPSS Chicago, IL).
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