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ABSTRACT
Background: The role of platelets in acute cardiovascular atherothrombotic

events has been well established and attention has focused on platelet inhi-
bition therapy. Clopidogrel is a novel thienopyridine inhibitor of adenosine
diphosphate–induced platelet activation. Recent studies have shown that in
the setting of coronary angioplasty/stenting, a loading dose of 300 mg followed
by 75 mg once daily is required for optimum benefit.

Objective: This study assessed the bioequivalence and tolerability of 2 oral
formulations of clopidogrel 75-mg tablets.

Methods: This 10-day, open-label, randomized, parallel-group, comparative
bioequivalence and tolerability study was carried out in the Department of
Clinical Pharmacology and Therapeutics, Nizam’s Institute of Medical Sciences
(Hyderabad, India). Young healthy male volunteers were enrolled. Subjects were
randomized to receive one of two 75-mg tablet formulations of clopidogrel
(Clopivas� [test formulation] or Plavix� [reference formulation]). Subjects first
received a 300-mg loading dose (four 75-mg tablets) on day 1, followed by 75
mg (1 tablet) at 8:00 AM daily for the next 6 days. Inhibition of platelet aggregation,
which is the pharmacologic basis for the therapeutic efficacy of antiplatelet
agents, and the effect on bleeding time were used as the pharmacodynamic
assessment criteria. Pharmacodynamic variables included mean of maximum
activity of percentage of inhibition of platelet aggregation (Emax), mean time to
reach Emax (tmax), and mean area under the activity–time curve from time 0
to 168 hours (AUC0–168). Tolerability assessments included blood pressure and
heart rate measurements before and at regular intervals (every hour for 12 hours
and then at 24 hours) over a 24-hour period after drug administration. Clinical
tolerability was assessed using adverse effects, platelet count (assessed on
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days 3, 6, and 10 after first-dose administration), and neutrophil count (assessed
on day 10 after first-dose administration).

Results: Twenty subjects were enrolled (mean [SD] age, 26.5 [2.9] years
[range, 22–32 years]). Emax, tmax, and AUC0–168 were similar between the 2
groups, as was bleeding time. The 90% CIs were within the bioequivalence
acceptance range of 80% to 125%. One subject (10%) in the Plavix group experi-
enced mild headache; no serious adverse effects were reported, and none of
the subjects dropped out due to an adverse effect. Platelet and neutrophil
counts were found to be within normal limits.

Conclusions: In this study of healthy male volunteers, the 2 tablet prepara-
tions of clopidogrel showed bioequivalence. However, the sample size was
smaller than that generally recommended for a bioequivalence study, and addi-
tional studies with larger sample sizes are needed. (Curr Ther Res Clin Exp.
2003;64:685–696) Copyright � 2003 Excerpta Medica, Inc.

Key words: ADP-receptor antagonist, clopidogrel, platelet aggregation,
bleeding time, bioequivalence.

INTRODUCTION
The role of platelets in acute cardiovascular atherothrombotic events has been
well established and attention has focused on platelet inhibition therapy.1,2 The
use of antiplatelet agents in the management of acute atherothrombotic events
in cardiovascular disease has become widely accepted.3–5

Clopidogrel is a novel thienopyridine inhibitor of adenosine diphosphate
(ADP)–induced platelet activation.6 It blocks the activation of platelets by ADP
by selectively and irreversibly inhibiting the binding of the agonist to its receptor
on the platelet, thereby affecting ADP-dependent activation of the fibrinogen
receptor present on the platelet surface.7 This observation shows the major
role of ADP in the platelet aggregation process8–10 and also emphasizes the
therapeutic value of ADP-specific antiplatelet drugs.

Studies in healthy subjects11,12 and in patients with atherosclerotic disease13

have shown that clopidogrel at the therapeutic dose of 75 mg is capable of
inducing a clinically significant inhibition of ADP-induced platelet aggregation
as early as 2 hours after the first dose, while its steady-state effect is achieved
only between 3 and 7 days of repeated dosing. However, 2 single-dose studies
have shown that levels of inhibition of platelet aggregation, which are similar
to those observed at steady state with repeated 75-mg doses of clopidogrel,
are reached 2 to 5 hours after a single 400-mg dose.11 Recent studies have
demonstrated that in the setting of coronary angioplasty/stenting, a loading
dose of 300 mg followed by 75 mg once daily is required for optimum benefit.14,15

The objective of the present study was to assess the bioequivalence and
tolerability of 2 oral formulations of clopidogrel 75-mg tablets in young healthy
male volunteers.
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SUBJECTS AND METHODS
Study Design
This 10-day, open-label, randomized, parallel-group, comparative bioequiv-
alence and tolerability study was carried out in the Department of Clinical
Pharmacology and Therapeutics, Nizam’s Institute of Medical Sciences (Hydera-
bad, India). The study protocol was approved by the institutional ethics commit-
tee. Only men were allowed to participate according to the regulatory and
institutional review board. The study was conducted in compliance with the
principles of the Declaration of Helsinki and its amendments.

Subjects
Healthy male volunteers aged 18 to 40 years were enrolled. All subjects were
disease free, had normal resting electrocardiography results, had normal vital
signs, did not show any abnormal platelet aggregation or abnormal bleeding
time, and had normal results on routine laboratory tests. Laboratory tests
included complete hematology, urinalysis, plasma glucose measurement, blood
urea nitrogen, serum creatinine, alanine and aspartate aminotransferases, alka-
line phosphatase, serum bilirubin, serum cholesterol, HIV, and hepatitis B sur-
face antigen. They had not taken any medication within the 2 weeks preceding
the study, and they provided written informed consent before inclusion in
the trial.

Methods
After an overnight fast (12 hours), subjects were randomly assigned to 1 of 2
parallel treatment groups (Clopivas�* [test formulation] or Plavix�† [reference
formulation]). Randomization was done using a block size of 4, in which 2 of
the subjects received Clopivas and the other 2 received Plavix. Treatments
were given with 240 mL of water per a prerandomization schedule. Both the
groups received a loading dose of study drug, 300 mg (4 tablets of 75 mg) on
day 1, followed by 75 mg (1 tablet) at 8:00 AM daily for the next 6 days. During
the 24 hours after drug administration, strenuous physical activity or mental
activity (eg, mathematics, accounting, or studying for an examination) was not
permitted. The subjects were served standard breakfast, lunch, snacks, and
dinner at 4, 6, 9, and 12 hours after drug administration.

Bioequivalence Assessment
All bioequivalence parameters were assessed before the first dose and at 2, 5,
12, 24 (prior to dosing), 48 (prior to dosing), 72 (prior to dosing), 120 (prior to
dosing), and 168 hours after study drug administration. The laboratory staff

*Trademark of Cipla Ltd (Mumbai, India).
†Trademark of Sanofi Pharma (Paris, France) and Bristol-Myers Squibb Company (Wallingford,
Connecticut).
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estimating platelet aggregation and bleeding time were blinded to treatment
assignment.

Percentage of platelet aggregation was assessed within 2 hours of sample
collection according to the Born method on platelet-rich plasma prepared from
citrated blood samples.16 Maximum percentage of platelet aggregation induced
by 5 µmol ADP was recorded. For the purposes of accuracy, all samples were
analyzed in duplicate.

The inhibition of platelet aggregation at each time point was expressed as
the percentage of change from baseline in maximum percentage of inhibition
of platelet aggregation (Emax). The difference in the least squares mean (LSM)
ratio between the 2 drugs for Emax and area under the activity–time curve from
time 0 to 168 hours (AUC0–168) for Emax was considered bioequivalent if the
difference was �20%.

Bleeding time was measured by laboratory technicians using a modified Ivy-
Nelson technique.17 The difference in bleeding time was considered significant
if a difference of �1.5-fold was found between the 2 formulations.

Tolerability Assessment
Tolerability assessments included blood pressure and heart rate measure-
ments recorded by a clinical research assistant before and at regular intervals
(every hour for 12 hours and then at 24 hours) over a 24-hour period after
drug administration.

Clinical tolerability was monitored by a clinical research assistant using
patient interview and an adverse drug reaction checklist throughout the study
period, and the incidence of any adverse effects was recorded. Platelet count
was assessed on days 3, 6, and 10 after first-dose administration, and neutrophil
count was assessed on day 10 after first-dose administration.

Statistical Analysis
Analysis of variance and the Student t test were used to evaluate the statistical
significance of differences between the 2 formulations. P � 0.05 was considered
statistically significant. LSM ratio 90% CIs between 80% and 125% were con-
sidered acceptable for bioequivalence.18 Analysis was performed using Prism
version 2 (GraphPad Software, Inc., San Diego, California).

RESULTS
Subjects
Twenty subjects were enrolled (10 in each study group) (mean [SD] age, 26.5
[2.9] years [range, 22–32 years]). The mean (SD) age of the subjects was 26.5 (2.9)
and 25.6 (4.0) years, mean (SD) height was 160.3 (6.9) and 165.6 (5.5) cm, and
mean (SD) body weight was 56.2 (6.1) and 61.5 (7.2) kg in the Clopivas and Plavix
groups, respectively (Table I).
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Table I. Demographic characteristics of the study subjects (N � 20).

Clopivas�* Plavix�†

Subject Body Body
No. Age, y Height, cm Weight, kg Age, y Height, cm Weight, kg

1 28 171 68 30 166 70
2 25 168 62 23 170 72
3 28 168 50 23 175 64
4 29 154 59 21 159 60
5 30 154 50 32 165 60
6 25 156 60 23 164 53
7 23 158 57 26 161 52
8 25 153 50 25 172 53
9 22 165 53 31 158 66
10 30 156 53 22 166 65
Mean 26.5 160.3 56.2 25.6 165.6 61.5
SD 2.9 6.9 6.1 4.0 5.5 7.2

*Trademark of Cipla Ltd (Mumbai, India).
†Trademark of Sanofi Pharma (Paris, France) and Bristol-Myers Squibb Company (Wallingford,
Connecticut).

Bioequivalence
The percentage of inhibition of platelet aggregation that was obtained for each
of the 20 subjects with either of the clopidogrel formulations at specified time
intervals until the last collection period are shown in Tables II and III and
Figure 1. As shown, the mean (SD) percentages of inhibition of platelet aggrega-
tion were similar between the groups at 2 hours (34.07 [18.62] and 28.14 [11.47]
with Clopivas and Plavix, respectively). At the end of 168 hours, the mean
percentages of inhibition of platelet aggregation also were similar between the
2 groups (37.12 [17.65] with Clopivas and 31.78 [18.01] with Plavix).

Emax, time to reach Emax (tmax), and AUC0–168 are shown in Table IV. The mean
(SD) Emax was 51.2% (9.9%) with Clopivas tablets and 44.3% (8.5%) with Plavix
tablets. The mean (SD) tmax was 62.4 (66.8) and 91.0 (74.9) hours with Clopivas
and Plavix, respectively. The mean (SD) AUC0–168 with Clopivas and Plavix
was 6529.6%/h (1806.7%/h) and 5508.8%/h (1513.0%/h), respectively. None of
these differences were statistically significant.

The mean values of bleeding time with test and reference clopidogrel formula-
tions are shown in Figure 2. At baseline, the bleeding times in both the groups
were found to be comparable. The mean (SD) bleeding times were 139.5 (36.1)
and 139.5 (22.4) seconds at the end of 2 hours with Clopivas and Plavix, respec-
tively. A prolongation in bleeding time was observed from 2 to 168 hours.
However, the difference in the prolongation of bleeding time between the 2
formulations was nonsignificant.
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Table II. pivas�* formulation of clopidogrel (n � 10 subjects).

y Drug Administration, h

Subject N 24 48 72 120 168

1 8.4 28.9 26.3 34.2 21.0
2 0.5 29.9 39.2 34.5 46.2
3 5.8 9.7 45.1 41.9 45.2
4 4.1 34.5 41.3 48.3 17.2
5 0.0 45.0 45.0 40.0 45.0
6 5.7 56.8 60.2 57.9 62.5
7 1.6 48.4 35.5 35.5 27.4
8 7.7 28.2 43.6 20.5 7.7
9 4.7 57.4 57.4 55.3 53.2
10 5.4 44.1 42.4 42.4 45.8
Mean 2.39 38.29 43.60 41.05 37.12
SD 6.61 14.84 9.78 10.99 17.65
Minimum 7.70 9.70 26.30 20.50 7.70
Maximum 5.70 57.40 60.20 57.90 62.50
Median 5.60 39.30 43.00 40.95 45.10

*Tradema
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Percentage of inhibition of platelet aggregation with the Clo

Time After Stud

o. 0 2 5 12

– 14.1 28.9 34.2 1
– 25.2 42.4 34.5 2
– 54.8 38.7 25.8 2
– 44.8 34.4 27.6 2
– 25.0 37.5 27.5 5
– 54.5 63.6 52.3 5
– 54.8 67.7 41.9 5
– 0.0 15.4 0.0
– 31.9 48.9 38.3 4
– 35.6 42.4 35.6 2
– 34.07 41.99 31.77 3
– 18.62 15.43 13.64 1
– 0.00 15.40 0.00
– 54.80 67.70 52.30 5
– 33.75 40.55 34.35 2

rk of Cipla Ltd. (Mumbai, India).
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Table III. P formulation of clopidogrel (n � 10 subjects).

Administration, h

Subject No. 48 72 120 168

1 41.3 30.4 36.9 56.5
2 26.1 26.1 31.8 34.6
3 21.7 10.9 32.6 6.5
4 44.0 47.4 42.4 33.9
5 15.0 42.5 30.0 45.0
6 47.8 47.8 47.8 52.2
7 28.2 30.8 15.4 2.6
8 41.7 38.9 50.0 38.9
9 26.8 26.8 29.3 19.5
10 31.2 47.0 31.2 28.1
Mean 32.38 34.86 34.74 31.78
SD 10.77 12.01 10.10 18.01
Minimum 15.00 10.90 15.40 2.60
Maximum 47.80 47.80 50.00 56.50
Median 29.70 34.85 32.20 34.25

*Trademark o ingford, Connecticut).
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ercentage of inhibition of platelet aggregation with the Plavix�*

Time After Study Drug

0 2 5 12 24

– 36.9 39.1 30.4 30.4
– 17.6 28.9 12.9 20.4
– 17.4 39.1 39.1 26.0
– 39.0 47.4 50.8 35.6
– 7.5 27.5 35.0 35.0
– 36.9 47.8 39.1 39.1
– 28.2 23.1 28.2 30.8
– 41.6 36.1 33.5 36.1
– 21.9 36.6 21.9 4.9
– 34.4 25.0 9.4 28.1
– 28.14 35.06 30.03 28.64
– 11.47 8.76 12.57 10.00
– 7.50 23.10 9.40 4.90
– 41.60 47.80 50.80 39.10
– 31.30 36.35 31.95 30.60

f Sanofi Pharma (Paris, France) and Bristol-Myers Squibb Company (Wall
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Figure 1. Mean percentage of inhibition of platelet aggregation after administration of
Clopivas� (Cipla Ltd., Mumbai, India) and Plavix� (Sanofi Pharma, Paris, France, and Bristol-
Myers Squibb Company, Wallingford, Connecticut) (N � 20 subjects). No significant
between-group differences were found.

The LSM ratios for Emax and AUC0–168 for the data were 103.66 and 101.88,
respectively, indicating comparable bioavailability of Clopivas and Plavix. The
90% CIs were 98.62 to 109.90 and 99.12 to 105.10, respectively (Table V). These
90% CIs are within the acceptance range for bioequivalence.18

Tolerability
Both formulations were well tolerated by all of the volunteers. The only adverse
effect reported was mild and transient headache experienced by 1 subject (10%)
in the Plavix group. None of the volunteers experienced serious adverse effects
necessitating treatment discontinuation. Platelet and neutrophil counts were
found to be within normal limits.

DISCUSSION
The data from this study indicated a significant inhibition of ADP-induced plate-
let aggregation and prolongation of bleeding time after clopidogrel administra-
tion. We observed that a loading dose of 300 mg followed by 75 mg/d of
692
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Table IV. Pharmacodynamic variables of peak activity of Clopivas�* and Plavix�† in study
subjects (n � 10).‡

Emax, % tmax, h AUC0–168, %/h
Subject
No. Clopivas Plavix Clopivas Plavix Clopivas Plavix

1 34.2 56.5 12.0 168.0 4621.9 6336.5
2 46.2 34.6 168.0 168.0 5863.0 4601.1
3 54.8 39.1 2.0 5.0 5992.4 3712.5
4 48.3 50.8 120.0 12.0 6026.0 7069.1
5 50.0 45.0 24.0 168.0 7111.3 5528.8
6 63.6 52.2 5.0 168.0 9763.3 7821.7
7 67.7 30.8 5.0 24.0 6603.6 3595.5
8 43.6 50.0 72.0 120.0 3630.8 6987.4
9 57.4 36.6 48.0 5.0 8867.9 4016.4
10 45.8 47.0 168.0 72.0 6815.6 5418.9
Mean 51.2 44.3 62.4 91.0 6529.6 5508.8
SD 9.9 8.5 66.8 74.9 1806.7 1513.0
Minimum 34.2 30.8 2.0 5.0 3630.8 3595.5
Maximum 67.7 56.5 168.0 168.0 9763.3 7821.7
Median 49.2 46.0 36.0 96.0 6314.8 5473.8
CV, % 19.4 19.3 107.1 82.3 27.7 27.5

Emax � maximumpercentage of inhibition of platelet aggregation; tmax � time to reach Emax; AUC0–168�
area under the activity–time curve from time 0 to 168 hours; CV � coefficient of variation.
*Trademark of Cipla Ltd. (Mumbai, India).
†Trademark of Sanofi Pharma (Paris, France) and Bristol-Myers Squibb Company (Wallingford,
Connecticut).
‡No significant between-group differences were found.

clopidogrel produces rapid onset of pharmacodynamic action, with the level
of inhibition of platelet aggregation being close to steady state within 2 hours of
clopidogrel dosing. The inhibition of platelet aggregation by clopidogrel is
concentration dependent.6 In a similar study in healthy subjects,19 maximum
inhibition of 40% to 50% was observed 2 to 5 hours after a single dose of 400 mg
clopidogrel. Two previous single-dose studies reported that the inhibition of
ADP-induced platelet aggregation by clopidogrel reached a plateau after a dose
of 400 mg.11

Bleeding time is a global test for primary hemostasis that involves both
vessel wall and platelet function.17 In the absence of vessel wall injury, bleeding
time is influenced only by platelet function, and some antiplatelet agents can
cause prolongation of bleeding time.16 The Ivy-Nelson technique used in our
study has been shown to produce easily quantifiable bleeding times, allowing
an accurate assessment of the pharmacologic effect of the drug.17 In the present
study, both clopidogrel formulations prolonged bleeding time, and this effect
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Figure 2. Mean bleeding time after administration of Clopivas� (Cipla Ltd., Mumbai, India)
and Plavix� (Sanofi Pharma, Paris, France, and Bristol-Myers Squibb Company, Wallingford,
Connecticut) (N � 20 subjects). No significant between-group differences were found.

Table V. Summary statistics data of 2 clopidogrel products in study subjects (N � 20).

Statistic/Product Emax, % tmax, h AUC0–168, %/h

Geometric mean*
Clopivas�† 50.28 26.47 6300
Plavix�‡ 43.48 46.72 5318

LSM
Clopivas 1.70 – 3.80
Plavix 1.64 – 3.73

LSM Clopivas/Plavix ratio, % 103.66 – 101.88
90% CI, Clopivas vs Plavix
Lower limit 98.62 – 99.12
Upper limit 109.90 – 105.10

ANOVA summary NS – NS

Emax � maximumpercentage of inhibition of platelet aggregation; tmax � time to reach Emax; AUC0–168 �
area under the activity–time curve from time 0 to 168 hours; LSM � least squares mean; ANOVA �
analysis of variance.
*n � 10 for each group.
†Trademark of Cipla Ltd. (Mumbai, India).
‡Trademark of Sanofi Pharma (Paris, France) and Bristol-Myers Squibb Company (Wallingford,
Connecticut).
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between the 2 treatment groups was comparable. With the 375-mg loading dose
regimen of clopidogrel, prolongation of bleeding time was noticed as early as
2 hours.19 The mean bleeding time prolongation factor with respect to baseline
did not exceed 2.1, which is in accordance with an earlier report.19

A limitation of the present study was its small sample size, which was smaller
than that generally recommended for a bioequivalence study. Hence, the results
of the present study require further confirmation by larger studies.

CONCLUSIONS
In this study of healthy male volunteers, the 2 tablet preparations of clopido-
grel showed bioequivalence. However, the sample size was smaller than that
generally recommended for a bioequivalence study, and additional studies with
larger sample sizes are needed.
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