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ABSTRACT

Background: Dual antiplatelet therapy with clopi-
dogrel plus acetylsalicylic acid (ASA) is used for the
treatment of acute coronary syndrome. A combined
formulation of ASA and clopidogrel has been developed
to provide dosing convenience and improve adherence.

Objective: This study was designed to compare the
pharmacokinetic properties and safety profile of a
fixed-dose combination formulation of ASA and
clopidogrel with concurrent administration of each
agent in healthy male Korean volunteers.

Methods: This single-dose, randomized, open-label,
2-period crossover study was conducted in 64 healthy
Korean volunteers. Equal numbers of eligible partic-
ipants were randomly assigned to receive either the
fixed-dose combination of ASA 100 mg and clopidog-
rel 75 mg or the free combination of each agent
followed by a 7-day washout period and then admin-
istration of the alternate formulation. Serial blood
samples were collected immediately before and after
dosing for 24 hours. The safety profile was evaluated
by using adverse events (AEs), which were assessed by
physical examination, vital signs, ECGs, clinical labo-
ratory tests, and interviews. The 2 formulations were
considered to be bioequivalent if the 90% CIs for the
log-transformed Cmax and AUC0–last values were
within the predetermined range of 0.8 to 1.25.
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Results: Sixty-four volunteers (mean [SD] age,
27.51 [8.15] years; weight, 68.55 [7.86] kg; height,
173.80 [5.94] cm) were enrolled, and 63 completed
the study. For ASA, the 90% CIs for the geometric
mean ratios of Cmax and AUC0–last were 0.9483 to
1.1717 and 0.9946 to 1.1020, respectively. For
salicylic acid, the 90% CIs were 0.9614 to 1.0396
for Cmax and 0.9778 to 1.0163 for AUC0–last. For
clopidogrel, the 90% CIs were 0.9809 to 1.2562 for
Cmax and 0.9674 to 1.2073 for AUC0–last. Six of the
20 AEs reported were drug related: decreased hemo-
globin levels (n ¼ 2), fever (n¼ 1), and headache (n ¼ 1)
with the test formulation and increased alanine amino-
transferase levels (n ¼ 1) and dyspepsia (n ¼ 1) with the
reference formulation. All of the drug-related AEs were
transient and mild in severity.

Conclusions: The fixed-dose combination of ASA
and clopidogrel 100 mg/75 mg did not meet the
regulatory criteria for bioequivalence as defined by the
Korea Food and Drug Administration. Both formula-
tions were well tolerated in these healthy male Korean
subjects. ClinicalTrials.gov Identifier: NCT01448330
985
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INTRODUCTION
Low-dose acetylsalicylic acid (ASA) has been shown
to improve the outcomes of coronary ischemic pa-
tients.1 However, in many instances, ASA alone is
insufficient to prevent ischemic recurrence in high-risk
cardiovascular patients.2 Clopidogrel has been
demonstrated to be effective in reducing the risk of
vascular events in patients with established vascular
disease by mechanisms distinct from those of ASA.
Adding clopidogrel to ASA therapy has demonstrated
additional cardiovascular protective properties,
including anti-inflammatory effects, which may con-
tribute to the clinical benefits associated with reduc-
tions in platelet activation.3 Therefore, dual
antiplatelet therapy with ASA plus clopidogrel has
been well established in the treatment of acute
coronary syndrome (ACS) and in patients under-
going percutaneous coronary intervention; dual
therapy has been shown to significantly reduce
cardiovascular events and deaths compared with
ASA alone in these patients.4–7

To reduce the risks of cardiovascular events after
ACS, patient adherence to medication is crucial. A
single-pill combination therapy can increase medica-
tion adherence compared with the concurrent 2-pill
therapy in patients recovering from cardiovascular
events.8,9 Therefore, a fixed-dose combination (FDC)
of ASA and clopidogrel was developed to enhance
administration convenience and, potentially, patient
compliance. However, differences in the formulation
of FDCs relative to the individual formulations may
lead to differences in the pharmacokinetic character-
istics of the formulations. In the current study, we
compared the pharmacokinetics of an FDC formula-
tion and concurrent administration of clopidogrel and
ASA in healthy volunteers.

SUBJECTS AND METHODS
This study was conducted at the Clinical Trial Center
of Samsung Medical Center (Seoul, Korea) between
July 2011 and September 2011. The study protocol
and the informed consent form were approved by the
institutional review board of Samsung Medical
986
Center. Volunteers underwent a standardized screen-
ing procedure after voluntarily providing written
informed consent. The study was performed in ac-
cordance with the Good Clinical Practice Guideline
and the latest principles of the Declaration of Helsinki.

Subjects
Korean male volunteers aged 20 to 55 years,

weighing ≥45 kg and within �20% of ideal weight,
were eligible. Volunteers were healthy, as evidenced
by a lack of clinically relevant abnormal findings on
their medical histories, physical examinations, 12-lead
ECGs, clinical laboratory tests (hematology, blood
chemistry, and urinalysis), and serologic tests for HIV
and hepatitis B and C virus. The exclusion criteria
included the following conditions: allergy to any
medication; bleeding tendency, including abnormal
coagulation test results, prolonged bleeding time, or
recent bleeding history; smoking habit of 420 ciga-
rettes per day; positive drug screen (for opiates,
barbiturates, methamphetamine, cocaine, cannabi-
noids, or benzodiazepines); use of any herbal drugs
within 30 days; and use of prescribed medications
within 14 days before the first dose of study drug.

Investigational Drugs
The reference formulation comprised 2 individual

agents: ASA* and clopidogrel.† The test formulation
was an FDC formulation of ASA and clopidogrel
(HCP0911 capsule; Hanmi Pharmaceutical Co., Ltd.,
Seoul, Korea), which was composed of an enteric-
coated ASA pellet and a minitablet of clopidogrel.
Two individual formulations of the HCP0911 capsule
were separated from each another in a multiple-piece
capsule to minimize the mutual interaction on the
stability and dissolution and to facilitate the separate
analysis.

Study Design
The pharmacokinetics of the FDC formulation of

enteric-coated ASA and clopidogrel (100 mg/75 mg)
and the free combination of the corresponding agents
were compared in a single-center, randomized, open-
label, 2-period, 2-treatment crossover study. Subjects
Volume 35 Number 7
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were administered either the test formulation or the
reference formulation (2 individual agents) in the first
study period according to the randomization schedule.
In the second study period, the order was reversed per
the crossover design. There was a 7-day washout
interval between the 2 study periods. The length of the
washout period was determined based on the known
t½ of ASA and clopidogrel (0.25–0.30 and 0.72–0.95
hour, respectively).10,11 Subjects were admitted to the
Clinical Trial Center the evening before study drug
administration and discharged after 24-hour blood
samples were obtained. The assigned study drugs were
administered orally with 240 mL of water after a 10-
hour overnight fast, and subjects continued fasting
until 4 hours postdose. Compliance with treatment
was assessed by checking the subject’s mouth and by
measuring ASA and clopidogrel concentrations in the
plasma. Consumption of any alcohol-, tobacco-,
xanthine-, or citrus-containing products was prohib-
ited within 48 hours before admission and during the
stay in the Clinical Trial Center. Any co-medications
that could influence the pharmacokinetics of study
drugs, such as proton pump inhibitors, were also
prohibited throughout the study.12

Tolerability Evaluation
A drug-related adverse event (AE) was defined as

any AE with a possible, probable, or definite relation-
ship to the study drug. Subjects who experienced an
AE were followed up until the AE was resolved.
Physical examinations and 12-lead ECGs were per-
formed at predefined intervals throughout the study.
Vital signs were measured with the subject in a seated
position after at least a 5-minute rest. Blood samples
were drawn for clinical laboratory testing, including
hematology, coagulation, chemistry, and urinalysis.
Bleeding time as determined by using the Duke
method was measured before study drug administra-
tion and at 24 hours in each period. Clinical labo-
ratory tests were performed at the Department of
Laboratory Medicine of the Samsung Medical Center,
which has been accredited by the Korean Association
of Quality Assurance for Clinical Laboratories and
certified by the College of American Pathologists.

Pharmacokinetic Sampling
At each study period, the forearm vein of each

subject was cannulated for the collection of blood
samples. Blood samples (8 mL) were collected into
July 2013
chilled potassium-EDTA tubes before administration
of the study drug and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2,
2.5, 3, 3.5, 4, 5, 6, 8, 12, 16, and 24 hours postdose.
The samples were centrifuged at 3000 rpm for 10
minutes immediately after collection to separate
plasma. Plasma samples were divided to 2 labeled
tubes, one of which contained 200 mL of hydrochloric
acid to prevent hydrolysis of ASA to salicylic acid (SA)
for the determination of ASA and SA concentrations,
as well as the determination of clopidogrel concen-
trations, respectively.
Analysis of Plasma Concentrations
ASA is rapidly hydrolyzed in the body to produce

SA, which is primarily responsible for the pharmaco-
logic activity of ASA. The plasma concentrations of
ASA, its metabolite (SA), and clopidogrel were deter-
mined by BioInfra Inc. (Seoul, Korea). The analytical
methods were validated in accordance with the guide-
lines for bioanalytical method validation. The specif-
icity, sensitivity, accuracy, precision, linearity, stability
under different conditions, ability to dilute the sam-
ples above the upper limit of quantitation, and
recovery satisfied the regulatory requirements of the
US Food and Drug Administration (FDA). The rela-
tive SDs of the quality control samples were within
15% of the actual value, except at the lower limit of
quantitation, where it could not deviate by 420%.
ASA and SA
ASA and SA were extracted from 350 mL of human

plasma samples by using a Waters Oasia HLB 96-well
microelution plate with methanol as the elution
solvent (Waters Corporation, Milford, Massachu-
setts). Subsequently, the extracts were subjected to
chromatography on a Waters Acquity UPLC BEH C18

column (2.1 � 100 mm; Waters Corporation). ASA-
d4 and SA-d4 were used as internal standards. The
gradient mobile phase consisted of 0.1% formic acid
in water and 0.1% formic acid in acetonitrile; the flow
rate was 0.3 mL/min. Detection was achieved on a
Waters Xevo TQ MS system (Waters Corporation) by
using electrospray in the negative mode. The multiple
reaction monitoring transitions measured were
178.87/136.94 m/z for ASA, 183.00/141.01 m/z for
ASA-d4, 136.83/92.98 m/z for SA, and 140.83/97.02
m/z for SA-d4, respectively. The method was validated
across the clinically relevant concentration range of 10
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to 2000 mg/L for ASA and 100 to 20,000 mg/L for SA,
with R2 values 40.995.

Clopidogrel
Clopidogrel is an inactive prodrug that undergoes

extensive presystemic metabolism to be converted into its
active metabolite, clopidogrel thiol, and an inactive car-
boxylic acid metabolite.13 Due to the chemical instability
of clopidogrel thiol and its low plasma concentrations, the
European Medicines Agency, the FDA, and the Korea
Food and Drug Administration require bioequivalence
assessments between the reference and generic clopido-
grel formulations based on the plasma concentrations of
the parent prodrug.14,15 Rac clopidogrel-d4 hydrogen
sulfate was chosen as an internal standard, and chromato-
graphic separation was conducted by using an Acquity
UPLC BEH C18 column (2.1 � 50 mm; Waters Corpo-
ration). The gradient mobile phase consisted of 0.1%
formic acid in water and 0.1% formic acid in acetonitrile,
and the flow rate was maintained at 400 mL/min. The MS/
MS analysis was performed in the positive ionization
mode, and clopidogrel and the internal standard were
identified by using the selected reaction monitoring tran-
sitions at 322.24/212.17 m/z and 326.31/216.17 m/z,
respectively. The calibration curves in the plasma were
linear in the range of 0.01 to 20 mg/L, with R2 values
40.995. Incurred sample reanalysis was performed on
126 samples. For each analyte, the difference between the
original and reanalyzed values was within 20% for at least
67% of the total samples analyzed.

Pharmacokinetic Assessment
Noncompartmental analysis was performed with

Phoenix WinNonlin version 6.1 (Pharsight Corpora-
tion, Mountain View, California) for deriving pharma-
cokinetic parameters. The actual times of the sample
collection were used for the pharmacokinetic analysis
of ASA, SA, and clopidogrel. The pharmacokinetic
parameters included the following: Cmax; Tmax; t1/2,
calculated as ln2/λz from the terminal rate constant
(λz); AUC0–last, calculated according to the linear
trapezoidal rule; and AUC0–∞, calculated by applying
the linear trapezoidal rule to the last measurable
plasma concentration (C0–last) with the additional area
calculated as C0–last /λz.

Statistical Analysis
All statistical analyses were conducted by using

SAS version 9.1.3 (SAS Institute, Inc., Cary, North
988
Carolina) software, and statistical significance was
defined under the significance level of 0.05 by a 2-
tailed test. The demographic characteristics of the sub-
jects were summarized by using descriptive statistics.

For the assessment of bioequivalence, the 90% CIs
of the geometric mean ratio (test/reference) for Cmax

and AUC0–last were calculated. Bioequivalence was
concluded when the ASA, SA, and clopidogrel 90%
CIs for Cmax and AUC0–last fell within the range of 0.8
to 1.25. The linear mixed model was used, with fixed
effects of period, formulation, and sequence and with
random effect of sequence-nested subject.

RESULTS
Subjects

Among the 99 volunteers screened, 64 Korean male
volunteers met the selection criteria and enrolled in the
study. Sixty-three volunteers were subsequently in-
cluded in the tolerability and pharmacokinetic analy-
ses (1 subject withdrew consent before dosing), and all
63 completed the study. The mean (SD) age, weight,
and height of the volunteers were 27.51 (8.15) years,
68.55 (7.86) kg, and 173.80 (5.94) cm, respectively.

Pharmacokinetics for ASA and SA
After administration of ASA, it is rapidly hydro-

lyzed in the body to produce SA, the compound
primarily responsible for pharmacologic activity. The
mean plasma concentration–time profiles of ASA and
SA after single oral administration of the study drug
are presented in Figure 1. Both ASA and its metabolite
SA were detectable in plasma within 1 hour in one half
of the subjects. Due to the continuous absorption of
ASA from the intestine, the median Tmax of ASA was 4
hours (range, 2–6 hours for the test formulation, 2–5.1
hours for the reference formulation). Similarly, the
Tmax of SA ranged from 2.5 to 8 hours for the test
formulation and 3 to 6.1 hours for the reference
formulation. Thereafter, the plasma concentrations of
ASA and SA decreased with a mean t1/2 of 0.65 and
2.27 hours for the test formulation and 0.75 and 2.26
hours for the reference formulation, respectively (Table I).
Plasma ASA concentrations were detected up to 8 hours
and SA concentrations was detected up to 12 to 24 hours
after the administration of the 100-mg dose. The 90%
CIs for the geometric mean ratios of Cmax and AUC0–last

were within the 0.8 to 1.25 acceptance range for the
bioequivalence of ASA and SA (Table II). There were no
statistically significant formulation, period, or sequence
Volume 35 Number 7
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Figure 1. Plasma concentration–time profiles (mean
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formulation (reference) in healthy Korean
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effects for the Cmax or AUC0–last values of ASA and SA.
Intraindividual variabilities (%CV) of the ln-transformed
Cmax and AUC0–last values were 36.68% and 17.34% for
ASA and 13.19% and 4.48% for SA, respectively.

Pharmacokinetics for Clopidogrel
Figure 2 illustrates the mean (SD) plasma concen-

tration–time profiles of clopidogrel; the variabilities in
plasma clopidogrel concentrations were substantial, as
demonstrated by the large error bars. After the
administration of the test and reference formulations,
clopidogrel reached Cmax with a median Tmax of 0.72
and 0.50 hour and later declined exponentially with a
mean t1/2 of 3.20 and 3.56 hours, respectively. Ln-
transformed Cmax and AUC0–last values ranged from
July 2013 989



Table II. Comparison of pharmacokinetic
parameters in 63 healthy Korean
subjects by using the geometric
mean ratio (GMR) of the test to
reference formulation and its 90% CI.

Parameter GMR 90% CI

Intrain-

dividual

%CV

Acetylsalicylic

acid

Cmax 1.0541 0.9483–1.1717 36.68

AUC0–last 1.0469 0.9946–1.1020 17.34

Salicylic acid

Cmax 0.9998 0.9614–1.0396 13.19

AUC0–last 0.9969 0.9778–1.0163 6.48

Clopidogrel

Cmax 1.1101 0.9809–1.2562 43.41

AUC0–last 1.0807 0.9674–1.2073 38.53

Reference ¼ free dose combination of acetylsalicylic
acid 100 mg and clopidogrel 75 mg; Test ¼ fixed-dose
combination formulation of acetylsalicylic acid 100 mg
and clopidogrel 75 mg.
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Figure 2. Plasma concentration–time profiles
(mean [SD]) of clopidogrel after a
single oral administration of a fixed-
dose combination of acetylsalicylic
acid 100 mg and clopidogrel 75 mg
(test) or a free combination of each
formulation (reference) in 63 healthy
Korean male subjects.
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0.1 to 31.1 (108 times) and 0.2 to 23.8 (236 times),
respectively. The 90% CI of the geometric mean ratio
of the clopidogrel Cmax ranged from 0.9809 to 1.2562
and that of the clopidogrel AUC0–last ranged from
0.9674 to 1.2073 (Table II). There were no significant
differences between the formulations in any of the
pharmacokinetic parameters (Tmax, Cmax, AUC0–last,
or AUC0–∞). Intraindividual variabilities (%CV) of the
ln-transformed clopidogrel Cmax and AUC0–last were
43.41% and 38.53%, respectively.
Tolerability
There were no serious AEs or deaths during the

study. Among the 63 subjects who received the study
drug, 14 subjects experienced a total of 20 AEs. Six of
the 20 AEs were drug related: decreased hemoglobin
levels (n ¼ 2), fever (n ¼ 1), and headache (n ¼ 1) with
the test formulation and increased alanine amino-
transferase levels (n ¼ 1) and dyspepsia (n ¼ 1) with
the reference formulation. The frequency of adverse
drug reactions (ie, drug-related AEs) and AEs was
not significantly different between the formulations
990
(P ¼ 0.7832 for AEs, P ¼ 1.0000 for adverse drug
reactions). Prolongation of bleeding time (defined as a
bleeding time 44 minutes) was not observed in any of
the subjects at 24 hours after administration of study
drug. There were no clinically significant changes in
vital signs, ECGs, or physical examinations during the
study. Subjects with laboratory values outside the
normal range were followed up until recovery.

DISCUSSION
Prescription of antiplatelet agents has become a main-
stay of atherosclerotic cardiovascular disease therapy.
The international prevalence of ASA and antiplatelet
prescriptions is estimated at 60% and 25%, respectively,
among patients with coronary artery disease, cerebro-
vascular disease, and peripheral arterial disease.16 In the
United States, 13% of patients with coronary artery
disease are prescribed dual antiplatelet therapy with
ASA and clopidogrel.17 Dual antiplatelet therapy
reduces major cardiovascular events in patients with
established ischemic heart disease, as well as thrombosis
among patients with coronary stents. The results of the
CURE (Clopidogrel in Unstable Angina to Prevent
Recurrent Events) trial indicated that clopidogrel in
combination with ASA was significantly more effective
in the reduction of Q-wave myocardial infarction than
Volume 35 Number 7
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placebo combined with ASA in a wide range of patients
with ACS.18

To improve administration convenience, an FDC
product of clopidogrel and ASA‡ was approved in
2010.19 This product was demonstrated to be
bioequivalent to the 75-mg clopidogrel tablet in terms of
clopidogrel Cmax and AUC, as well as bioequivalent to 75-
mg ASA in terms of ASA AUC and SA Cmax and AUC.
However, the ASA Cmax was 1.3- to 1.6-fold higher for
the combination product than for the ASA tablet.

The current study was conducted to evaluate the
pharmacokinetics of the newly developed ASA/clopi-
dogrel 100-mg/75-mg capsule compared with those of
concurrently administered agents in healthy Korean
volunteers. The mean plasma concentrations of ASA
and SA were similar and yielded overlapping curves.
This finding was further supported by the 90% CIs of
Cmax and AUC0–last, which fell within the bioequiva-
lence range. AUC0–last for clopidogrel was within the
bioequivalence range, whereas Cmax for clopidogrel
fell slightly outside of the acceptance range (0.9809–
1.2562). Even though the formulation effects in Cmax

and AUC0–last for clopidogrel were not significant in
the linear mixed model, marked interindividual and
intraindividual variabilities in the clopidogrel pharma-
cokinetics were observed in the current study. Certain
factors are known to contribute to the high variability
in clopidogrel pharmacokinetics20–22; polymorphisms
in the drug-metabolizing enzymes and smoking status
may be one of the causes of variabilities in the current
study results. The standard 2 � 2 crossover design
assumes that the intraindividual variabilities for the
test and reference formulations are the same. There-
fore, we analyzed the difference in the intraindividual
variability between the formulations by using Pitman-
Morgan’s adjusted F test.23 Intraindividual vari-
abilities between the formulations were not
significantly different for either Cmax or AUC0–last of
clopidogrel. This result is consistent with that of the
single-dose, 2-period, single-treatment crossover study
of a 75-mg clopidogrel film-coated tablet§ under
fasted conditions. This pharmacokinetic study was
conducted to establish whether clopidogrel is a
medicinal product with a high pharmacokinetic
intraindividual variability. The 90% CI of Cmax and
AUC0–last after administration of clopidogrel in 16
subjects was 0.6732 to 1.0077 and 0.7899 to 1.2745,
respectively.24 In that study, the intraindividual
variability of Cmax and AUC0–last was 33% and 40%.
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High interindividual variability in response to clo-
pidogrel is well recognized.25 Variability in clopidogrel
pharmacokinetics has been attributed to absorption
(eg, diet or polymorphisms in the transporter molecule
ABCB1), smoking, polymorphisms in CYP2C19 and/
or PON1, and drug–drug interactions (eg, proton
pump inhibitors, statins).20,26–29 Despite rigorous ex-
clusion or control of known disease, polymorphisms
(CYP2C19, CYP3A5, ABCB1, and PON1), noncom-
pliance, co-medications, diet, smoking, alcohol, demo-
graphic characteristics, and pretreatment platelet
hyperreactivity, the pharmacokinetics and pharmaco-
dynamics of clopidogrel vary widely.30 In this case, for
highly variable drugs with high intraindividual %CVs
430%, alternative approaches may be considered to
establish bioequivalence. The FDA’s Office of Generic
Drugs estimated that �10% of the submitted
bioequivalence studies from the Abbreviated New
Drug Applications exhibited some evidence of high
variability.31 Examples exist in which a highly variable
reference product failed to demonstrate bioequivalence
when compared with itself in a bioequivalence study
using the standard design and sample size. For
clopidogrel, the reference-scaled average bioequiva-
lence approach using a 3-period, reference-replicated
crossover design or a 4-period crossover design can be
performed.32,33

Several limitations of the current study warrant
mention. First, although ASA and clopidogrel are used
for elderly male and female patients with higher risk
of cardiovascular events, all the subjects in this study
were healthy young males. Second, prescreening for
subjects with cytochrome P450 2C19 homozygous
wild-type genotype was not conducted, and smokers
were included. Pharmacokinetic variabilities can be
reduced to some degree by selecting nonsmoking and
genetically homogeneous subjects. Third, a single FDC
formulation of ASA and clopidogrel 100 mg/75 mg
was administered to the subjects. If a single dose is
given, this dose must be large (ie, 100 mg/75 mg � 2
or 100 mg/75 mg � 3) because some studies suggest
that high loading doses of clopidogrel may reduce
intraindividual variability.34–36 Use of a clopidogrel
600-mg loading dose is widespread in clinical practice.
Finally, pharmacodynamics were not evaluated in this
991
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study. Pharmacodynamic response such as platelet
reactivity was more correlated with clinical outcome
than pharmacokinetics.37–39
CONCLUSIONS
In this select group of healthy Korean male volunteers,
ASA and its active metabolite exhibited comparable
pharmacokinetics in an FDC formulation of ASA and
clopidogrel and a free combination of each agent, and
clopidogrel exhibited comparable pharmacokinetic
profiles. However, the FDC formulation of ASA and
clopidogrel did not meet the bioequivalence criteria
for clopidogrel as defined by the Korea Food and
Drug Administration.
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