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ABSTRACT

Introduction: Clopacin� (Acino Pharma AG) is

a proprietary, besylate salt and lactose-free

formulation of the widely-used anti-platelet

treatment, clopidogrel. This study aimed to

evaluate the bioequivalence of Clopacin� with

the originator as reference drug, using a

guideline-compliant trial design: open-labeled,

randomized, single-dose (clopidogrel 75 mg

tablet), two-period, crossover trial in 48

healthy male volunteers, with a 7 day

wash-out period.

Methods: Plasma samples were collected at

intervals and extracted before quantifying

clopidogrel concentrations using a fully

validated LC–MS/MS method. Bioequivalence

of Clopacin� and the reference drug was

established by comparison of the primary

pharmacokinetic parameters, Cmax, AUC0–t,

and AUC0–?.

Results: The parameter values were similar for

the two products (analysis of variance) and

provided Clopacin/reference ratios (least

squares means) of [90% and 90% confidence

intervals (CIs 84.64–105.50%, 90.43–111.22%,

88.75–110.71%, respectively) that were well

within the limits set for defining

bioequivalence, according to international

guidelines. The respective Clopacin� and

reference drug values for mean time to

maximal plasma clopidogrel concentration

(tmax) were 0.83 and 0.91 h, and for terminal

elimination half-life were 3.99 and 3.51 h. The

intra-subject coefficients of variability for

maximal plasma clopidogrel concentration

(Cmax), area under the plasma clopidogrel

concentration versus time curve, at 48 h

(AUC0–t) and extrapolated to infinity (AUC0–?)

were 32.2%, 30.2%, and 28.9% (least square

means), respectively, and the respective power

values were 99.5%, 97.1%, and 95.3%.

Conclusion: This bioequivalence study

provided robust clopidogrel pharmacokinetic
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data that established the bioequivalence of

Clopacin� and the reference originator drug.
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INTRODUCTION

Platelet aggregation plays a major role in the

pathogenesis of atherosclerosis and thrombosis,

and is initiated by the release of platelet

aggregating substances, such as thromboxane

A2 [1]. Antiplatelet drugs reduced the incidence

of stroke, myocardial infarction and other

occlusive vascular diseases [2]. Clopidogrel

(CAS 113665-84-2) is one of the most

commonly prescribed antiplatelet drugs [3]. It

is a thienopyridine and acts via irreversible

inhibition of the platelet P2Y12 adenosine

diphosphate receptor [4, 5]. Its clinical utility,

as an oral preparation, in preventing and

treating cardiovascular disease has been

established in several large scale clinical trials

[6–10]. It is now established as a popular

antithrombotic treatment option in the

management of peripheral vascular disease

[11] and acute coronary syndrome [12, 13].

The original clopidogrel product is now out

of patent and several generic products are now

additionally available [14]. Like the originator,

these are all immediate-release formulations of

orally-administered, systemically-active drugs.

For such drug formulations, the European

Medicines Agency (EMA) [15, 16] and United

States Food and Drug Administration (FDA) [17]

have published similar guidelines on the in vivo

bioavailability studies that are required to

establish bioequivalence of the generic and

originator versions. Described here is a

bioequivalence study that was part of a

successful generic licensing application for

Clopacin� (EU/1/09/532/001–007; Acino

Pharma AG). The trial was conducted

according to the EU guidelines that were

current at the time [15]. The results of this

study are discussed here with reference to the

current, revised version of these guidelines [16].

The study was performed almost 10 years ago

but is being reported now because of

uncertainty among clinicians about switching

to clopidogrel generic formulations, possibly

based on doubts concerning the use of certain

salt formulations [18] and/or on concerns about

the validity of bioequivalence studies of

clopidogrel [19].

Drug formulations of clopidogrel use salts

of clopidogrel because the clopidogrel free

base is unstable and because, as a salt,

clopidogrel is more water-soluble [14]. The

original product formulation contains the

hydrogen-sulfate salt of clopidogrel while

several alternative salt formulations are

represented in generic formulations,

including besylate (sometimes referred to as

besilate), hydrochloride, resinate and

napadisilate. Clopacin� contains clopidogrel

besylate. Besylate is a sulfonic acid salt and a

commonly used counter-ion in

pharmaceutical preparations [20, 21]. Because

of their pharmaceutical utility, the use of

sulfonic acid salts in pharmaceutical

development has been well-characterized,

including in regard to the exclusion of any

potential generation of toxic contaminants

during drug manufacture [18]. Clopidogrel

besylate has similarly good solubility in

acidic media as other tested clopidogrel salts,
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including the hydrogen-sulfate salt, and is

suitable for pharmaceutical production [22].

Generic medicinal products are currently

defined in the European Union (EU) directive

on medicinal products for human use [23] and

by the FDA [24] as drugs that are bioequivalent

to the reference originator drug. The EU and

FDA define bioequivalence as sharing (1) the

same qualitative and quantitative composition

of active substance, (2) the same

pharmaceutical form and (3) the same

bioavailability of active substance, as

demonstrated by the appropriate studies.

These regulatory directives also state that

different salt forms of the same active

ingredient are considered to be the same

active substance, unless the salt has significant

effects on the efficacy and safety of the active

substance [23, 24]. Thus, ‘‘pharmaceutical

alternatives’’ (formulations containing

different salt forms of the same active

ingredient) and ‘‘pharmaceutical equivalents’’

(formulations containing the same salt form of

the same active ingredient) are both considered

generic, if they are shown to be bioequivalent to

the originator [24].

Clopidogrel is a prodrug, being converted to

its short-lived active metabolite, via two

sequential, cytochrome-P450 isoenzyme

(CYP)-dependent, oxidative steps and the

generation of the major circulating metabolite

SR26334 (2-oxo-clopidogrel) [25, 26]. Because of

the rapid metabolism of clopidogrel, several

early pharmacokinetic and bioequivalence

studies of clopidogrel used measurement of

SR26334 to obtain pharmacokinetic data

[26–29]. Furthermore, Pawlowski and

colleagues [19] have questioned the reliability

of pharmacokinetic data based on clopidogrel

measurement, with particular reference to the

data of the first study to provide

pharmacokinetic data based on measurement

of clopidogrel [30]. Several more recent studies

have provided pharmacokinetic data based on

measurement of clopidogrel [31–35]. The

bioequivalence study presented here also used

measurement of clopidogrel, which is

consistent with the current EMA [16] and FDA

guidelines [17] that clearly state that, in the case

of prodrugs, it is the pharmacokinetics of the

parent compound, and not a metabolite, that is

relevant for assessing bioequivalence.

METHODS

The trial was conducted between March 10, 2006

and March 26, 2006, by the Contract Research

Organisation, Lambda Therapeutic Research Ltd,

at Premier House-l, Gandhinagar-Sarkhej

Highway, Bodakdev, Ahmedabad-380 054,

Gujarat, India (http://www.lambda-cro.com/).

The trial was sponsored by Acino Pharma AG

(formerly Cimex AG), Switzerland.

Ethics

Ethical approval of the study protocol, the

informed consent form and other appendices was

provided by an independent ethics committee (in

Suraksha on 10 March 2006), which was kept

informed of all the adverse events (AEs) occurring

during the study.The studywascompliantwith the

1996 version of ICH guidelines for good clinical

practice (GCP) and conducted according to a

number of ethical guidelines for medical research

on human subjects; those of the Declaration of

Helsinki, of the World Medicine Association

(WMA) (Tokyo, 2004) and of the Indian Council

of Medical Research (1980).

The trial subjects were healthy volunteers,

who were screened within 21 days prior to

entering into the study after first providing

their written informed consent.
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Subjects

The target number of trial participants was 48.

Healthy volunteers were enrolled.

Investigational Drugs

The test drug was the proprietary film-coated

tablet formulation, Clopacin� (batch,

060281-75FT), which is manufactured and

marketed by Acino Pharma AG (Aesch,

Switzerland) (formerly Cimex AG, Liesberg,

Switzerland), and contains clopidogrel 75 mg

as a besylate salt. The reference, comparator

drug was the film-coated tablet, originator

product (batch, 501252), which is

manufactured by Sanofi (formerly by

Sanofi-Synthelabo), and contains clopidogrel

75 mg as the hydrogen-sulfate salt. Clopacin�

contains the following excipients:—in the

tablet core—macrogol 6000, microcrystalline

cellulose (E460), crospovidone type A,

hydrogenated castor oil;—in the film-coating—

macrogol 6000, ethylcellulose (E462), titanium

dioxide (E 171). The reference formulation

contains the following excipients:—in tablet

core—mannitol (E421), macrogol 6000,

microcrystalline cellulose (E460),

hydrogenated castor oil, low substituted

hydroxypropylcellulose;—in film-coating—

hypromellose (E464), lactose, triacetin (El518),

titanium dioxide (E 171), red iron oxide (El72),

carnauba waxed. So, Clopacin� is lactose-free

and the reference product is not.

Trial Design and Procedure

The study was an open-label (assessor blinded),

balanced, randomized, two-treatment,

two-period, two-sequence, single dose,

crossover, comparative oral bioavailability

study in healthy, adult, human male subjects

under fasting conditions. The study design was

compliant with the EMA’s guidance on drug

bioavailability and bioequivalence studies, as

was current at the time of the trial [15]. This

comparative, crossover, bioequivalence study is

compliant with the current EMA guideline [16].

Based on the sponsors in-house data derived

from pilot studies, a sample size of 48 subjects

was considered to be sufficient to establish

bioequivalence between clopidogrel

formulations under fasting conditions with

adequate power.

Subjects were screened within 21 days prior

to drug administration in period I. Possible drug

abuse was tested via urine sample collected from

each subject during the screening period.

Subjects received one dose per study period

and there was a wash-out period of 4 days

between study periods I and II. A breath test

for alcohol consumption was made on each

subject immediately prior to each study period.

Samples were collected for assessing the

hematological status of each subject before

starting study period II. During each study

period, plasma samples were collected for

measurement of clopidogrel concentrations for

pharmacokinetic analysis.

Randomization

The order of receiving test and reference drugs

during both periods of the trial were determined

for each subject using a randomization schedule

generated by the SAS statistical software,

Version 9.1 (SAS Institute Inc., Cary, NC, USA).

Concomitant Medication

Subjects were instructed not to take any

medicine at any time within 14 days prior to

the investigational drug administration or

during the trial.
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Treatment and Trial Procedure

One tablet of clopidogrel free base 75 mg, which

is the standard daily dose, was administered to

each subject once in each period, and in the

morning after 10 h of fasting. With the subject

in a sitting position, one tablet of either of the

investigational products was administered

orally with 240 mL water. Subjects were

instructed not to lie down for the next 90 min.

In each study period, venous blood samples

were collected at the following intervals:

immediately prior to drug administration and

at 0.17, 0.33, 0.5, 0.67, 0.83, 1, 1.25, 1.5, 1.75, 2,

2.5, 3, 4, 6, 8, 12, 16, 24, 36 and 48 h after drug

administration. The time of collection of each

blood sample was recorded and was taken as the

time at the end sample collection—a tolerance

of ±2 min was allowed in relation to the

scheduled timing of sampling. The blood

samples were collected into pre-labeled,

heparinized vacutainers (Becton–Dickinson)

placed in wet ice bath.

Analytical Procedures

The plasma samples of subjects were analyzed at

the bioanalytical facility of Lambda Therapeutic

Research Ltd (Ahmedabad, India). After

liquid–liquid extraction of the plasma samples,

using carbamazepine as internal standard,

clopidogrel plasma concentrations were

determined, using a chromatography/mass

spectroscopy/mass spectroscopy (LC–MS/MS)

(MDS SCIEX API 4000) method. The method

had been validated according to International

Guidelines [36] and the analyses were

conducted according to Good Laboratory

Practice guidelines. The methodology was

similar to that used in other published studies

of clopidogrel pharmacokinetics [37–39].

After injection of 20 lL of sample,

chromatographic separation was performed on

a micropore reversed-phase (C-18) column

(150 9 4.60 mm), with an isocratic mobile

phase (90% acetonitrile and 10% 2 mM

ammonium acetate buffer, pH 3.0) and a flow

rate of 1.2 mL/min. Clopidogrel and

carbamazepine were monitored in the positive

ion mode using multiple reaction monitoring

transitions of m/z 322.10–212 and of m/

z 237.20–194.10, respectively, with dwell times

of 200 ms for each of the transitions. The

retention times for clopidogrel and

carbamazepine were about 2.5 min and

1.5 min, respectively. The chromatograms of

the plasma extracts were free from significant

interference at these retention times. An

8-point calibration curve was employed, with

clopidogrel standard concentrations range of

10.36–4999.03 pg/mL. The goodness-of-fit (r2)

was mostly [0.99 and the lower limit of

quantification of plasma clopidogrel was

10.36 pg/mL.

For the back-calculated concentrations of the

calibration values of the standard curves, the

precision varied from 2.5% to 5.8% and the

accuracy from 95.8% to 102.2%. The respective

values for inter-day precision and accuracy of

quality control samples measured during the

study were 8.4% and 101.1% (4474.93 pg/mL),

8.3% and 97.1% (2483.59 pg/mL) and 9.6% and

94.2% (30.70 pg/mL).

Pharmacokinetic Analysis

The timing of blood sample collection for the

pharmacokinetic analysis was based on the

previously reported pharmacokinetics of

clopidogrel [31–35]. The sample clopidogrel

concentration values were plotted on linear

and semi-logarithmic scales to produced

190 Adv Ther (2016) 33:186–198



separate profiles of plasma clopidogrel

concentration versus time for the test and

reference drug, for each subject. The

pharmacokinetic parameters were then derived

for each subject from the individual

concentration–time profiles of plasma

clopidogrel, using a non-compartmental

model and the WinNonlin Professional

Software (Version-5.0.1, Pharsight

Corporation, USA). The study protocol

indicated that values of AUC0–? that have

extrapolated areas that are [20% of total

AUC0–? should be excluded from the

pharmacokinetic analysis. Values below the

lower limit of quantification of plasma

clopidogrel were taken as zero.

Statistical Methods

Analysis of variance (ANOVA) was to be carried

out for untransformed and natural

log-transformed pharmacokinetic parameters,

Cmax, AUC0–t and AUC0–?. If the probability

associated with their F-ratio was\0.05, this was

considered as statistically significant. Least

squares mean values for untransformed and

the natural log-transformed pharmacokinetic

parameters were computed.

The bioequivalence of the test and

comparator drugs was determined according to

European guidelines [16]. This was based on a

statistical comparison of the parametric 90%

confidence intervals (CI) of the primary

outcome pharmacokinetic parameters—Cmax,

AUC0–t, AUC0–?. Two one-sided tests were

applied to the ratios of least squares mean

values of the two test drugs formulations,

using root mean square error for

untransformed and log-transformed data.

Bioequivalence of test and comparator drugs

was indicated if the 90% CI was within the

acceptance range, which was 75–133% for Cmax

and 80–125% for AUC0–t and AUC0–?.

Intra-subject variability and power of the three

parameters were calculated for un-transformed

and log-transformed pharmacokinetic

parameters, using root mean square error

values.

The wider limits of the 90% CI for Cmax were

justified on account of the variability of plasma

clopidogrel levels recorded in published studies

[19]. This is in accordance with the guidelines

[15, 16], which allow a higher tolerance for the

mean Cmax ratio for drug products that have

variable blood levels of the active substance and

are not drugs with a narrow therapeutic index.

Based on current clinical experience,

clopidogrel is not considered to have a narrow

therapeutic index [40].

RESULTS

Patient Disposition

Fifty-two male subjects were screened. Two

subjects tested positive for drug abuse in the

urine analysis and were not enrolled in the trial.

Another subject left of his own accord. Thus, 49

subjects were enrolled. The 49th subject to be

enrolled did not enter study period I as the

target of 48 subjects was reached and all these

subjects complete the study period I.

Subsequently, two more subjects withdrew

from the trial, both before entering study

period II, one on medical grounds and the

other of his own will. Thus, 46 subjects

completed the trial and plasma samples from

47 subjects (including those from the subject

who withdrew on medical grounds) were

analyzed. The mean demographic data for

subjects completing each study period are

shown in Table 1. A few deviations from the

protocol were recorded in regard to collection of
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blood samples but these were judged to have

had no significant impact on the study analyses

and conclusions. There was 100% compliance

recorded for oral intake of drug and this was

reflected in the results of clopidogrel assay.

Pharmacokinetics

Presented in Fig. 1 are plots of the mean plasma

clopidogrel concentrations against time over

48 h after administration of each of the two

investigational drugs. The plasma

concentrations of clopidogrel did not differ

significantly between the reference drug and

Clopacin�. The mean values of

pharmacokinetic parameters derived from the

plot of the untransformed data were very

similar (Table 2). With both Clopacin� and the

reference drug, the maximum clopidogrel

plasma concentration was reached at a similar

mean time of less than 1 h. The respective mean

terminal elimination half-lives (t1/2) were also

similar (3.99 and 3.51 h, respectively). The

statistical analyses of the primary

pharmacokinetic parameters indicated the

bioequivalence of Clopacin� and the reference

drug (Table 3). The Clopacin�/reference drug

ratio of the mean (geometric least-squares) of

AUC0–?, AUC0–t, and Cmax were all [90% and

close to 100% and had 90% CI values

(88.75–110.71%, 90.43–111.22%,

84.64–105.50%, respectively) that are well

within the limits for bioequivalence (80–125%

for the AUC parameters and 75–133% for Cmax).

The ANOVA P values (Table 4) indicate the lack

of any significant effect of the different product

formulations on Cmax, AUC0–t, and AUC0–?, as

well as no significant period or sequence effect

on these parameters (Table 4).

The bioequivalence study guideline that was

current at the start of this trial [15] allowed

exclusion from the analysis of AUC0–? values

with[20% of AUC as extrapolation if, as in this

study, it was stated in the trial protocol prior to

starting the trial. This procedure is not

encouraged in the current guideline [16],

which states that the validity of the study

should be questioned if [20% of the subjects’

AUC0–? values included [20% of AUC as

extrapolation. Table 3 indicates that 19.5% (9/

46) subjects had AUC0–? values for Clopacin�

(n = 5) and/or reference drug (n = 5) excluded

from the analysis because their values included

[20% of AUC as extrapolation.

Safety Assessment

Each subject was exposed to 75 mg of

clopidogrel once in each study period and had

a washout period of 7 days between the two

Table 1. Mean demographic data of those subjects completing study period I (n = 48) and of those completing study
period II (n = 46)

Parameters Subjects receiving at least one
dose of study drug

Subjects completing both
study periods

Age (years) 27.2 ± 6.3 27.3 ± 6.3

Body weight (kg) 57.9 ± 5.1 58.2 ± 5.0

Height (cm) 166.5 ± 5.7 166.7 ± 5.7

BMI (kg/m2) 20.8 ± 1.5 20.9 ± 1.5

Data are presented as mean ± standard deviation
BMI body mass index
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dosing days, in accordance with the

randomization schedule.

Safety data are summarized in Table 5. Seven

AEs were reported during the trial, with two AEs

occurring prior to study period I, three during

study period I, one during the washout period

and one during study period II. All the AEs were

mild and resolved. None caused death or were

serious AEs but two were significant. The two

significant AEs were recorded during study

Fig. 1 Mean plasma clopidogrel concentrations in subjects after oral administration of 75 mg clopidogrel, as Clopacin� or
as reference drug

Table 2. Descriptive statistics (untransformed data) of the mean (±standard deviation) pharmacokinetic parameter values
for the two clopidogrel formulations

Parameters Number of subjects Clopacin Reference drug

Tmax (h) 46 0.83 (0.50–2.50)a 0.91 (0.33–2.00)a

Cmax (pg/mL) 46 815 ± 986 901 ± 1096

AUC0–t (pg.h/mL) 46 1543 ± 1676 1677 ± 2099

AUC0–? (pg.h/mL) 41b 1722 ± 1791 1868 ± 2217

kZ (rate constant) 41b 0.28 ± 0.20 0.30 ± 0.20

t1/2 (h) 41b 4.0 ± 3.0 3.5 ± 2.50

AUC0–? Area under concentration curve at infinity, AUC0–t Area under concentration curve at time of last clopidogrel
value, Cmax Maximum clopidogrel concentration, t1/2 Terminal elimination half-life [=0.693/kZ], Tmax Time of maximum
clopidogrel concentration, kZ First-order elimination rate constant
a For Tmax, median (range) values
b Data excluded when[20% of AUC was extrapolation
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period I and were considered by the attendant

physician to be possibly related to the

investigational drug. Both were resolved. In

one case, the subject had received Clopacin�

and experienced vomiting and indigestion

almost 12 h after drug intake. The AE was mild

but required medication and was of 1.5 h

duration. In the other case, the subject had

received the reference drug and experienced

diarrhea almost 20 h later. The AE was mild but

required medication and was intermittent over

a period of just over 2 days. The clinical

laboratory values were all considered to be

within clinically acceptable ranges.

DISCUSSION

The bioequivalence study presented here was

designed to conform to the European guideline

on testing for bioequivalence [15] that was

current at the time of the trial. The trial

design is also fully compliant with the latest

version of this guideline [16] and with the latest

FDA guideline [17]. The current European

guideline differs from the earlier version

primarily by its specific focus on

immediate-release drugs that act systemically,

such as the clopidogrel formulations tested

here. The specifics of the recommended trial

design are precisely those used in this trial,

namely a randomized, two-treatment,

two-period, two-sequence, crossover study in

healthy, adults of either single or mixed gender

under fasting conditions. The statistical

analyses applied in this trial were also fully

compliant with the current guideline.

Bioequivalence of Clopacin� and the

reference drug was established by comparison

of the primary pharmacokinetic parameters,

Cmax, AUC0–t and AUC0–?. The Clopacin/

reference ratio of the mean values of these

parameters were all well-above 90% and the

Table 3. Clopidogrel pharmacokinetic parameters: mean values (geometric least-squares), ratios of Clopacin� and
Reference values (mean and 90% CI), and the intra-subject variability (CVs)

Parameters Number
of subjects

Clopacin Reference
drug

Clopacin/reference
drug %

90% CI Intrasubject
CV (%)

Cmax (pg/mL) 46 533.26 564.30 94.50 84.64–105.50 32.2

AUC0–t (pg h/mL) 46 1076.25 1073.13 100.30 90.43–111.22 30.2

AUC0–? (pg h/mL) 41a/37b 1174.27a 1184.64a 99.10b 88.75–110.71 28.9b

AUC0–? Area under concentration curve at infinity, AUC0–t Area under concentration curve at time of last clopidogrel
value, CI Confidence interval, Cmax Maximum clopidogrel concentration, CV Coefficient of variation
a/b Data excluded when[20% of AUC0–? was extrapolated: this affected Clopacin(R) data in 5 subjects, Reference data in
5 subjects and both sets of data in 9 subjects

Table 4. P values of ANOVA for effect of formulation,
sequence and period on the primary pharmacokinetic data

Pharmacokinetic data P values

Cmax AUC0–t AUC0–?

Untransformed data

Formulation 0.2024 0.3521 0.3761

Period 0.8800 0.7679 0.8336

Sequence 0.1047 0.1108 0.172

Natural log-transformed data

Formulation 0.3929 0.9627 0.8939

Period 0.6294 0.6492 0.6496

Sequence 0.3708 0.5042 0.6082

AUC0–? Area under concentration curve at infinity,
AUC0–t Area under concentration curve at time of last
clopidogrel value, Cmax Maximum clopidogrel
concentration
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respective 90% CIs were well within the limits

(80–125% for AUC parameters; 75–133% for

Cmax) that were set for defining bioequivalence.

The 90% CI value for Cmax (84.64–105.50%)

was actually well within 80–125%, which is

inconsistent with the pre-trial assumption that

clopidogrel drug products are ‘highly variable’

due to reported inter-individual variation in

rates of clopidogrel metabolism [41]. In this

trial, the calculated intra-subject coefficients of

variation (CVs) for the pharmacokinetic

parameters were close to or slightly above

30%. For Cmax, which had a CV of 32.2%, a

value above 30% defines a ‘highly variable drug

product’ according to the bioequivalence study

guidelines [15, 16]. The high intra-subject

variability (CV) for Cmax observed in this study

is similar to other published data from

pharmacokinetic studies of clopidogrel

products [33–35]. However, much greater

intra-subject variability in clopidogrel

pharmacokinetics was reported in some

published studies [19].

The safety data obtained in this study

indicate that Clopacin� has a similar safety

profile to that of the reference product, with no

evidence of any significant safety issues. The

pharmacokinetic data are robust, as revealed by

the high power values (for detecting a 20%

difference between test and reference drug)

calculated for Cmax, AUC0–t and AUC0–?

(log-transformed data). The power values were

99.5%, 97.1%, and 95.3%, respectively. The

study also confirms the feasibility of using

measurement of plasma concentrations of the

prodrug, clopidogrel, to produce reliable

pharmacokinetic data. According to current

guidelines, this is essential for establishing the

bioequivalence with the reference drug.

Clopacin� is now approved and marketed in

Europe [42, 43] and differs advantageously from

the reference product in being a lactose-free

formulation.

These data are important not only as a

significant addition to the published data on

clopidogrel generics drugs but because

Table 5. Reported adverse events

Subject identification no. Adverse event Relationship Investigational drug

Prior to study period I

20 Left lower eyelid stye Not applicable Not applicable

37 Vasovagal syncope Not applicable Not applicable

Study period I

05 Vomiting and indigestion Possible Clopacin

06 Diarrhea Possible Reference drug

09 Fever Doubtful Reference drug

Washout period

21 Sore throat Doubtful Clopacin

Study period II

38 Viral upper respiratory tract infection Doubtful Reference drug
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clopidogrel is a widely-used anti-platelet

treatment and clinicians need to be assured of

the availability of generic formulations of

proven bioequivalence.

CONCLUSIONS

The pharmacokinetic data presented here

establish that the Clopacin� formulation,

which contains clopidogrel besylate salt and is

lactose-free, is bioequivalent to the reference

originator clopidogrel product, which contains

clopidogrel hydrogen-sulfate and lactose. Also,

both formulations were shown to have similar

safety profiles.
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