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ABSTRACT: A rapid and sensitive LC/MS/MS assay was developed and validated for the determination of clopidogrel in human
plasma. Clopidogrel was extracted by single liquid–liquid extraction with pentane, and chromatographic separations were achieved
on a C18 column. The method was validated to demonstrate the specificity, linearity, recovery, lower limit of quantification
(LLOQ), stability, accuracy and precision. The multiple reaction monitoring was based on m/z transition of 322.2 → 211.9 for
clopidogrel and 264.1 → 125.1 for ticlopidine (internal standard). The total analytical run time was relatively short (3 min), and
the LLOQ was 10 pg/mL using 0.5 mL of human plasma. The assay was linear over a concentration range from 10 to 10,000 pg/
mL (r > 0.999). The intra- and inter-day accuracies were 101.3–108.8 and 98.4–103.5%, respectively, and the intra- and inter-day
assay precisions were 1.9–5.5 and 4.4–8.1%, respectively. The developed assay method was applied to a pharmacokinetic study in
human volunteers after oral administration of clopidogrel at a dose of 150 mg. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Clopidogrel hydrogen sulfate, methyl (+)-(S)-α-(2-
chrorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-
acetate hydrogen sulfate, is a thienopyridine derivative
structurally related to ticlopidine. It is a fast acting
anti-platelet agent widely used in preventing ischemic
stroke, myocardial infarction and cardiovascular disease
(Moshfegh et al., 2000; Savi and Herbert, 2005). Follow-
ing oral administration, clopidogrel is rapidly absorbed
and undergoes extensive hepatic metabolism (Caplain
et al., 1999). The parent drug is inactive and a hepatic
biotransformation is necessary for its anti-platelet activ-
ity (Pereillo et al., 2002; Clarke and Waskell, 2003). The
inactive carboxylic acid metabolite is the most abun-
dant species in plasma found at high concentrations
(µg/mL levels). Pharmacokinetic studies of clopidogrel
have been performed by measuring plasma levels of
either the parent drug (Lainesse et al., 2004; Nirogi
et al., 2006) or the carboxylic acid metabolite as an

indirect approach (Lagorce et al., 1998; McEwen et al.,
1999; Singh et al., 2005; Souri et al., 2006).

Several assay methods are available for the deter-
mination of clopidogrel, including HPLC-UVD (Reist
et al., 2000; Mitakos and Panderi, 2002), 14C-labeling
and radioactive counting (Lins et al., 1999), and LC/
MS/MS (Lainesse et al., 2004; Nirogi et al., 2006). The
HPLC assays are not sensitive enough to measure
clopidogrel levels in biological fluids after oral adminis-
tration to humans at therapeutic doses. Recently, LC/
MS/MS has been increasingly utilized as it can analyze
test samples regardless of their purity in biological
substances and measure blood drug concentrations
with high sensitivity and selectivity. The present study
reports a simple and sensitive LC/MS/MS assay for the
determination of clopidogrel in human plasma. This
assay provides improved extraction recovery (83.9–
90.6%), a wide linear dynamic range (10–10,000 pg/
mL), and a lower limit of quantification of 10 pg/mL.
The developed assay was successfully applied to a
pharmacokinetic study after oral administration of
clopidogrel (150 mg) to healthy human volunteers.

EXPERIMENTAL

Reagents and chemicals. Clopidogrel hydrogen sulfate and
ticlopidine hydrochloride were obtained from Hanmi Pharm.
(Seoul, Korea). Ammonium acetate was purchased from Sigma
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(St Louis, MO, USA). HPLC-grade methanol, pentane,
acetonitrile and water were purchased from J.T. Baker
(Phillipsburg, NJ, USA).

Preparation of standard and quality control solutions.
Stock solutions were prepared by separately dissolving 13.05
and 10.92 mg of clopidogrel hydrogen sulfate and ticlopidine
hydrochloride (internal standard) in 100 mL of methanol.
Calibration samples were prepared by serial dilution with
methanol, yielding final clopidogrel concentrations of 10, 20,
50, 100, 500, 1000, 2000, 5000 and 10,000 pg/mL. The internal
standard working solution (ticlopidine 100 ng/mL) was pre-
pared from dilution with methanol. Quality control (QC)
samples were prepared by spiking standard working solutions
in blank human plasma to provide low concentration QC
(40 pg/mL), medium concentration QC (1500 pg/mL), high
concentration QC (9000 pg/mL) and the lower limit of quan-
tification QC (10 pg/mL) samples. Each QC sample was pre-
pared once, and aliquots (100 µL) were placed in borosilicate
glass tubes. The QC samples, stock and standard working
solutions were stored at −20°C.

Sample extraction. The internal standard solution (20 µL,
ticlopidine 100 ng/mL in methanol) was added to each human
plasma sample (0.5 mL) in borosilicate glass tube. Plasma
samples were extracted with pentane (6 mL) on a vortex
mixer for 10 min (Multi vortex mixer VX-2500, VWR, West
Chester, PA, USA) followed by centrifugation for 10 min at
2000g. The upper organic layer was transferred to a clean
test tube and evaporated on a heating block (Dry Ther-
mobath MG-2100, Tokyo Rikakikai, Tokyo, Japan) at 40°C
under nitrogen. The residue was dissolved in the mobile
phase (150 µL) and mixed on a vortex mixer for 5 s. This
solution was transferred to a glass insert (volume 250 µL) and
injected into LC/MS/MS (volume 20 µL).

Instrumentation and LC/MS conditions. HPLC was per-
formed with a Shimadzu 10Avp system (Kyoto, Japan)
consisting of a SCL-10Avp system controller, an LC-10ADvp
pump, a SIL-10ADvp auto sampler, a CTO-10Avp column
oven and a DGU-14A degasser. The chromatographic separa-
tions were achieved using a Hypersil GOLD C18 column
(2.1 × 150 mm, 5 µm; Thermo Electron, CA, USA) with a
SecurityGuard cartridge (2 × 4 mm; Phenomenex, Torrance,
CA, USA). The isocratic mobile phase consisted of aceto-
nitrile and deionized water containing ammonium acetate
(10 mM; 85:15 v/v). The flow rate of the mobile phase and the
column oven temperature were set at 0.2 mL/min and 40°C,
respectively.

The HPLC system was coupled to an API 2000 triple-
quadrupole mass spectrometer equipped with a turbo ion
spray ionization (ESI) source (AB MDS Sciex, Toronto,
Canada). The turbo ion spray ionization source was operated
in a positive mode. The curtain, nebulizer and turbo gas
(nitrogen) pressures were set at 25, 60 and 60 psi, respec-
tively. The turbo gas temperature was set at 400°C, and the
ion spray needle voltage was adjusted to 5500 V. The mass
spectrometer was operated at a unit resolution for both Q1
and Q3 in multiple reaction monitoring (MRM) mode with a
dwell time of 300 ms in each transition. The transition of
precursor to product ion was monitored at 322.2 → 211.9

for clopidogrel and 264.1 → 125.1 for ticlopidine. The colli-
sion energy was set at 25 and 49 eV for clopidogrel and
ticlopidine, respectively. Data acquisition was preformed with
the Analyst 1.4 software (AB MSD Sciex, Toronto, Canada).

Validation. Calibration curves ranging from 10 to 10,000 pg/
mL were constructed by spiking blank human plasma
(0.5 mL) with clopidogrel standard solutions at concentrations
of 10, 20, 50, 100, 500, 1000, 2000, 5000 and 10,000 pg/mL and
the internal standard solution (20 µL, ticlopidine 100 ng/mL in
methanol). The calibration curves were constructed by the
weighted regression method (1/x) of peak area ratios of
clopidogrel to internal standard vs actual concentrations (pg/
mL). The linearity of the calibration curves was validated
with five different calibration curves. The limit of quantifica-
tion was defined as the lowest plasma clopidogrel concentra-
tion that yielded a signal-to-noise (S/N) ratio >10, within
acceptable accuracy and precision (<15%). The precision of
the assay was expressed as the coefficient of variation of each
concentration, and the accuracy was expressed as the relative
percentage errors (%). Intra- and inter-day assay variability
of clopidogrel was determined by assaying LLOQ (10 pg/mL),
low QC (40 pg/mL), medium QC (1500 pg/mL), and high QC
(9000 pg/mL) samples on five consecutive days with five repli-
cate samples each day. The extraction recovery was deter-
mined by comparing the peak area obtained from extraction
of QC samples spiked with the internal standard, with the
peak area obtained from direct injection using five replicates
of low (40 pg/mL), medium (1500 pg/mL) and high (9000 pg/
mL) QC samples and five replicates of internal standards
(100 ng/mL). The stability of clopidogrel was examined under
five different conditions described below using five replicates
of low, medium and high QC samples. To assess the short-
term stability in solution, the peak area of clopidogrel and
internal standard left at room temperature for 24 h was
compared with the peak area analyzed immediately after
preparation of the stock solutions. The short-term stability of
clopidogrel in human plasma was assessed by comparing the
concentration of QC samples left at room temperature for
12 h with the concentration of QC samples immediately after
preparation. The freeze–thaw stability was assessed by com-
paring the concentration of QC samples in two freeze–thaw
cycles with the theoretical concentration. The auto sampler
stability was assessed by comparing the concentration of
clopidogrel left in autosampler rack for 12 h with the immedi-
ate work-up concentration. The long-term stability was deter-
mined by comparing the concentration of QC samples of
clopidogrel left at −20°C for 8 weeks with the concentration
of QC samples immediately after preparation.

Application to a pharmacokinetic study. Eight healthy
male volunteers (age 20–28, body weight 63.9 ± 7.3 kg) were
selected based on physical examination and clinical laboratory
test results. Informed consents were obtained from all volun-
teers prior to participating in the study, and the study proto-
col was approved by both the institutional review board at
Sungkyunkwan University and the Korea Food Drug Admini-
stration. After an overnight fast, two tablets of Plavix® (75 mg
clopidogrel per tablet, Handok-Sanopi-Synthelabo-Aventis
Korea, Seoul, Korea) were orally administered to the volun-
teers, and the fasting state was maintained for an additional
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4 h. Blood samples were collected before and 0.5, 1, 1.5, 2, 3,
4, 6, 8, 10, 12 and 24 h after drug administration. Plasma
samples were harvested by centrifugation at 3000 rpm
(2000g) for 10 min and stored at −20°C. The plasma samples
were analyzed within 2 months of storage. The plasma
drug concentration–time data were subjected to a non-
compartmental analysis using the nonlinear least-squares
regression program WinNonlin (Pharsight, Cary, USA).

RESULTS AND DISSCUSSION

Mass spectrometry and chromatography

The positive Q1 mass spectrum of clopidogrel and
product ion mass spectrum of protonated clopidogrel
(m/z = 322.2) are shown in Fig. 1. In the full scan Q1
mass spectrum, the most abundant ion for clopidogrel

Figure 1. (A) Positive ion Q1 mass spectrum of clopidogrel and (B) product ion mass of protonated
clopidogrel ([M + H]+, m/z = 322.2). This figure is available in colour online at www.interscience.wiley.com/
journal/bmc
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Figure 2. (A) Positive ion Q1 mass spectrum of ticlopidine and (B) product ion mass of protonated ticlopidine
([M + H]+, m/z = 264.1). This figure is available in colour online at www.interscience.wiley.com/journal/bmc

z = 125.1. Consequently, the mass transition was moni-
tored at 322.2 → 211.9 for clopidogrel and 264.1 →
125.1 for ticlopidine. The MRM chromatograms of
clopidogrel and ticlopidine obtained by extraction of
human plasma are shown in Fig. 3. The retention times
of clopidogrel and ticlopidine were 2.4 and 2.8 min,
respectively. No endogenous or extraneous peaks inter-
fered with the assay. The lower limit of quantification

was [M + H]+ found at m/z = 322.2. The most abundant
ion in the product ion scan of clopidogrel was found at
m/z = 211.9. Figure 2 shows the positive Q1 mass spec-
trum of ticlopidine and the product ion mass spectrum
of protonated ticlopidine (m/z = 264.1). The Q1 mass
spectrum was dominated by the protonated molecular
ion [M + H]+ at m/z = 264.1. The most prominent frag-
ment ion of the protonated ticlopidine was shown at m/



Copyright © 2007 John Wiley & Sons, Ltd. Biomed. Chromatogr. 21: 883–889 (2007)
DOI: 10.1002/bmc

Determination of clopidogrel by LC/MS/MS 887SHORT COMMUNICATION

Figure 3. MRM chromatograms of clopidogrel (left) at 322.2 → 211.9 and ticlopidine (right) at 264.1 → 125.1 obtained by extrac-
tion of (A) blank human plasma, (B) plasma spiked with clopidogrel (10,000 pg/mL) and ticlopidine (100 ng/mL), and (C) plasma
obtained 1 h after oral administration of clopidogrel (concentration 2619.9 pg/mL) to a healthy volunteer (dose 150 mg). This
figure is available in colour online at www.interscience.wiley.com/journal/bmc
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of clopidogrel was 10 pg/mL using 0.5 mL of human
plasma. The calibration curve was linear over a clopid-
ogrel concentration from 10 to 10,000 pg/mL. MRM
chromatograms of clopidogrel and ticlopidine obtained
by extraction of human plasma are shown in Fig. 3.
Clopidogrel and ticlopidine were eluted at 2.4 and
2.8 min, respectively. In this study, matrix matched
standards were used in constructing the calibration
curves and, therefore, any possible indirect interference
caused by the endogenous components was minimized.

Method validation

The average extraction recoveries of clopidogrel deter-
mined at 40, 1500 and 9000 pg/mL were 90.6 ± 11.2,
85.7 ± 1.3, and 83.9 ± 1.0%, respectively, while that of
ticlopidine determined at 100 ng/mL was 81.5 ± 7.2%.
Linearity was achieved over a concentration range from
10 to 10,000 pg/mL, with a typical equation for the
calibration curve being y = 0.00235x + 0.000490 (r >
0.999). The intra- and inter-day accuracies were 101.3–
108.8 and 98.4–103.5%, respectively, and the intra- and
inter-day assay precisions were 1.9–5.5 and 4.4–8.1%,
respectively. Clopidogrel was stable, with absolute per-
centages of deviation of calculated vs theoretical con-
centration being less than 2.8, 3.9, 5.0, 9.0, and 11.1%
for stock solution, auto sampler, freeze–thaw, short-
term and long-term stabilities determined at three
concentrations of 40, 1500 and 9000 pg/mL. The present
assay method provides improved quantification limit
(Lainesse et al., 2004) or higher extraction recovery and
a wider linear dynamic range (Nirogi et al., 2006) com-
pared with previously reported assays.

Application of method

The developed assay method was applied to a pharma-
cokinetic study after oral administration of clopidogrel
(dose 150 mg) to healthy male volunteers. The LLOQ
of the assay was sufficient to characterize the absorp-
tion kinetics of clopidogrel in humans. The mean drug
concentration vs time profile determined in eight volun-
teers is shown in Fig. 4. The Cmax (2097.3 ± 1388.2 pg/
mL) found in this study (dose 150 mg) (Table 1)
appears to be comparable to that previously reported
in fasted volunteers (approximately 700 pg/mL at a
dose 75 mg), which was significantly lower than in fed
volunteers (approximately 5000 pg/mL; Nirogi et al.,
2006).

CONCLUSIONS

A rapid and sensitive LC/MS/MS assay method was
developed for the determination of clopidogrel in
human plasma. The assay showed a linear dynamic

Figure 4. Average plasma drug concentration vs time profile
(mean ± SD) determined after oral administration of clopid-
ogrel (dose 150 mg) to human volunteers (n = 8).

range of 10–10,000 pg/mL, with excellent intra- and
inter-day accuracy and precision. The developed assay
was successfully applied to a pharmacokinetic study
following oral administration of clopidogrel (dose
150 mg) to male volunteers under fasting conditions.
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