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Abstract

Introduction: Recent ex vivo platelet aggregometry data indicate that clopidogrel 75
mg/day plus acetylsalicylic acid (ASA) 75 mg/day is a more potent antiplatelet
regimen than the marketed combination of dipyridamole+ASA. The present study
was designed to assess the antithrombotic effect of both dual antiplatelet regimens
using a human ex vivo model of arterial thrombosis.
Materials and methods: This was a randomized, double-blind, placebo-controlled,
crossover study. During two 10-day treatment periods separated by a 14-day washout
period, 23 healthy male volunteers received once-daily clopidogrel 75 mg plus
acetylsalicylic acid 75 mg, or twice-daily extended-release dipyridamole 200 mg plus
acetylsalicylic acid 25 mg. Assessments were made at baseline and on Day 10 of each
period. Arterial thrombus formation was induced ex vivo by exposing a collagen-
coated surface in a parallel-plate perfusion chamber to native blood for 3 min
(arterial wall shear rate 2600 s�1). Total platelet and fibrin deposition was
determined by immunoenzymatic methods.
Results: Compared with baseline values, the mean inhibition of total platelet
deposition was 63.9F5.9% with clopidogrel plus acetylsalicylic acid, compared with
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18.4F5.6% for extended-release dipyridamole plus acetylsalicylic acid (67% reduc-
tion; 95% CI, 49—79%; pb0.0001). Corresponding figures for fibrin deposition were
64.9F4.8% and 18.3F9.7%, respectively (58% reduction; 95% CI, 45—67%; pb0.0001).
Both treatments were well tolerated.
Conclusions: Clopidogrel plus acetylsalicylic acid showed significantly superior
antithrombotic efficacy compared with extended-release dipyridamole plus acetyl-
salicylic acid in preventing arterial thrombogenesis in humans.
D 2004 Elsevier Ltd. All rights reserved.
Introduction

Acetylsalicylic acid (ASA) is a well-established
antiplatelet treatment for the majority of patients
at increased risk of cerebral ischaemia or stroke, as
well as other ischaemic events such as stable or
unstable angina and acute myocardial infarction
(MI) [1,2]. ASA inhibits platelet aggregation by the
irreversible inhibition of platelet cyclo-oxygenase
and, thereby, the generation of thromboxane A2, a
powerful inducer of platelet aggregation and vaso-
constriction [3]. The inhibition of platelet aggre-
gation by ASA may be enhanced by combining ASA
with other antiplatelet agents.

Dipyridamole is an antiplatelet compound that
acts notably by inhibiting the uptake of adenosine
into platelets, endothelial cells, and erythrocytes,
resulting in an increase in local concentrations of
adenosine and, thereby, of platelet cyclic 3V, 5V-
adenosine monophosphate (cAMP) [4]. In vitro,
dipyridamole potentiates the anti-aggregating
effect of ASA [5]. Asasantine LPR is a combination
of ASA (25 mg) with extended-release (ER) dipyr-
idamole (200mg). In the European Stroke Prevention
Study 2 (ESPS2), in patients with ischaemic stroke or
transient ischaemic attack, this combination was
significantly more effective in reducing the risk of
stroke than when either agent was given alone [6].

Clopidogrel (PlavixR; clopidogrel hydrogen sul-
phate or clopidogrel bisulphate) is an adenosine
diphosphate (ADP) receptor antagonist of the thie-
nopyridine class, which acts specifically through
inhibition of ADP-induced platelet aggregation [7].
The binding of the active metabolite of clopidogrel
to the platelet ADP receptor P2Y12 impairs the ADP-
induced conformational change of the glycoprotein
IIb/IIIa platelet membrane complex necessary for
the binding of fibrinogen and the cross-linking of
platelets [7—9]. The clinical efficacy of clopidogrel
alone in reducing atherothrombotic events is well
established [10,11], and recent experimental and
clinical studies have demonstrated that, combined
with ASA, clopidogrel is even more effective in
preventing thrombotic events [12—18].

Recent evidence indicates that clopidogrel 75
mg/day plus ASA 75 mg/day is more potent than
combination treatment with dipyridamole and ASA
in inhibiting platelet aggregation ex vivo. This
effect was observed with a range of platelet
agonists (collagen, ADP and arachidonic acid), and
in whole blood as well as platelet-rich plasma [18].
In the present study, we assessed the antithrom-
botic effect of both combinations of antiplatelet
agents in healthy volunteers using a well-accepted
ex vivo model of arterial thrombogenesis that
closely mimics clinical situations [17]. In this
model, native blood is drawn from healthy volun-
teers through a parallel-plate chamber device,
where it interacts in flow conditions encountered
in moderately stenosed arteries (i.e. with a wall
shear rate of 2600 s�1) with collagen, a relevant
thrombogenic surface. The efficacy of antithrom-
botic drugs is determined by quantifying the
respective thrombus content in platelets and fibrin
by immunoenzymatic methods. This model has
been used to investigate a number of different
antithrombotic strategies [17,19—23].
Materials and methods

Subjects

The study population consisted of 23 healthy,
Caucasian male volunteers aged 18—35 years. They
had no history or clinical signs of any disease, and
were not taking any medication known to affect
blood coagulation or platelets during the study
period. The volunteers each smoked less than 10
cigarettes per day and they did not smoke on the
day of the perfusion experiments. Clinical chem-
istry and haematological and haemostatic labora-
tory values were within normal ranges. All subjects
gave written, informed consent to the protocol,
which was approved by the local Human Subjects
Committee.

Study design

This monocentric, randomized, placebo-con-
trolled, double-blind study was carried out in the
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Centre for Clinical Investigation at Purpan Hospi-
tal (Toulouse, France). Using a crossover design,
patients were randomly allocated to one of two
antiplatelet regimens in two periods of 10 days
each, separated by a 14-day washout period. The
antiplatelet regimens tested were clopidogrel 75
mg plus ASA 75 mg once daily, and ER dipyr-
idamole 200 mg plus ASA 25 mg twice daily.
All drugs were supplied by Sanofi-Synthélabo
Recherche (Toulouse, France) in a blister pack
indicating the day and time to be taken. The
subjects were requested to come to the study
centre for blood sampling on Days 0 and 10. The
initial perfusion experiment performed on each
volunteer at Day 0 just before each treatment
period was considered as the control experiment.
At Day 10, perfusion experiments were performed
6 h after the last drug intake on that day. Blood
was also collected just before each perfusion
experiment for platelet function tests. Safety
was assessed by adverse event reports, vital
signs, and laboratory tests. Specific attention
was given to all symptoms relating to potential
hemorrhagic risk, such as gum bleeding, epis-
taxis, and haematomas.
Preparation of thrombogenic surface

Equine collagen (Collagen Reagent Horm;
Nycomed, Munich, Germany) was spray-coated
onto Thermanox plastic coverslips (Miles Laborato-
ries, Naperville, II) to a final density of 0.5 Ag/cm2.
The coverslips were then stored at room temper-
ature for 15—20 h before use [17].
Perfusion experiments

Perfusion experiments were performed with a
parallel-plate perfusion chamber device at 37 8C
[24,25]. Following blood sample collection, native
blood was drawn directly from each volunteer’s
antecubital vein through a 19G infusion set
(Ohmeda, Helsingborg, Sweden) over the colla-
gen-coated coverslip positioned in the parallel-
plate perfusion chamber. The blood-flow rate was
maintained at 10 mL/min by a peristaltic roller
pump (Multiperpex LKB; Pharmacia, St-Quentin-
en-Yvelines, France) placed distal to the chamber.
The wall shear rate was 2600 s�1, which corre-
sponds to that encountered in moderately ste-
nosed arteries. The blood perfusion experiment
lasted for 3 min and was followed by a 30-s
perfusion of phosphate-buffered saline at the
same flow rate, to wash out blood from the flow
channel. The coverslip covered by thrombotic
deposits was placed in a plasmin solution and
processed as described below.

Immunological determination of fibrin
deposition

Fibrin deposition was quantified by immunological
determination of fibrin degradation products of
plasmin-digested thrombi [25]. Following perfu-
sions, the thrombus was immediately incubated in
2 mL of plasmin solution (Chromogenix, 0.7 IU/mL
in Tris buffered saline, pH 7.4; Mflndal, Sweden)
for 30 min at 37 8C. Plasmin digestion was stopped
by aprotinin (2000 KIU/mL; Bayer Pharma,
Puteaux, France). The solution was centrifuged
(4 8C, 4300�g, 15 min) and the supernatant
frozen at �80 8C for measurement of fibrin
degradation products and P-selectin levels (see
below). Fibrin degradation products were meas-
ured using an immunoenzymatic assay (Asserach-
rom D-Di; Stago, Asnières, France). The amount of
deposited fibrin was directly determined from the
levels of fibrin degradation products expressed in
fibrin equivalent units, as indicated by the
manufacturer.

Immunological determination of platelet
deposition

Platelet deposition was quantified by measuring a
specific platelet a-granule membrane protein: P-
selectin [25]. After centrifugation of the plasmin-
digested thrombus, the pellet was dissolved in 400
AL of a lytic buffer, frozen and thawed three
times, and then sonicated (4 8C, 20 kHz) for 270 s.
All samples of dissolved pellets were stored at
�80 8C until assayed for P-selectin by immunoen-
zymatic assay (Bender MedSystems, Vienna, Aus-
tria). The level of P-selectin was measured both in
the dissolved pellet and in the supernatant of the
plasmin-digested thrombus. The total number of
platelets deposited was calculated by dividing the
amount of P-selectin present in the thrombus by
that present in non-activated platelets of healthy
blood donors (321F14 ng/108 platelets, n=26).
Results were expressed as the number of platelets
deposited/cm2.

Other laboratory procedures

For platelet aggregation tests, blood was collected
into a citrated vacutainer (Ref. 367704; Becton
Dickinson, Meylan, France) containing 0.5 mL of
0.129 M trisodium citrate for 4.5 mL of blood.
Platelet-rich plasma was obtained after centrifu-
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gation at 150�g for 15 min at room temperature,
and platelet-poor plasma was obtained after a
second centrifugation at 1500�g for 15 min.
Platelet aggregation was performed with a platelet
aggregometer (Helena Laboratories, Beaumont,
TX). The aggregating agents were ADP (5 Amol/L
final concentration; Stago) and equine collagen (2
Ag/mL final concentration; Nycomed). The max-
imum amplitude of platelet aggregation was meas-
ured and expressed as a percentage of the
difference between platelet-rich plasma and pla-
telet-poor plasma. Platelet function was also
analyzed with the platelet function analyzer PFA-
100R (Dade-Behring, Paris, France) [26]. This
analyzer uses whole citrated blood and measures
the time required to obtain the occlusion of a
capillary by platelet plug formation under high
shear stress with two different agonists, collagen-
epinephrine and collagen-ADP. Results are expressed
by the closure time.

Statistical analyses

A sample size of 24 subjects was chosen to provide
at least 85% power to detect a treatment ratio
(clopidogrel plus ASA/ER dipyridamole plus ASA) of
at least 1.5 (i.e. a 50% greater reduction of platelet
or fibrin deposition with clopidogrel plus ASA
compared with ER dipyridamole plus ASA), assum-
ing the within-subject standard deviation (S.D.)
was equal to 0.45. Observed data measured on Day
10 for antithrombotic effect and secondary varia-
bles were analyzed after log transformation using a
linear, mixed-effects model with fixed term for
sequence, period, and treatment, and random term
for subject within sequence, fit by estimated
generalized least squares with restricted maximum
likelihood estimates of random effects, using SASR
PROC MIXED procedure. The estimate and 95%
confidence interval (CI) of the treatment ratio
(clopidogrel plus ASA/ER dipyridamole plus ASA)
were obtained by first computing estimates for the
mean difference and CI within the mixed-model
framework, and then converting to ratios using the
antilog transformation. Other results are given as
meanFS.E.M.
Figure 1 Effect of antiplatelet treatments on deposi-
tion of platelets on collagen-coated coverslips. The
surface was exposed for 3 min to non-anticoagulated
blood at a shear rate of 2600 s�1. The volunteers were
given either clopidogrel 75 mg plus ASA 75 mg once daily,
or ER dipyridamole 200 mg plus ASA 25 mg twice daily, for
a period of 10 days. The perfusions performed at Day 0
before administering study treatments were considered
as the control experiments. Values are meansFS.E.M.
(n=23).
Results

Study population

A total of 23 healthy, Caucasian male subjects,
with a mean age of 25.1F3.1 (S.D.) years (range
21—33 years) and a mean body mass index of
23.7F2.1 kg/m2 (range 20—28 kg/m2) were
included, and 22 subjects completed the study.
One subject withdrew from the study due to lack
of availability after period 1. Overall, both treat-
ments were well tolerated and there were no
serious adverse events. The most frequently
reported adverse events were gingival bleeding,
epistaxis, and bruises with clopidogrel plus ASA,
and headache with ER dipyridamole plus ASA.

Antithrombotic effect of clopidogrel plus ASA
versus ER dipyridamole plus ASA

As compared to baseline values, the mean
(FS.E.M.) inhibition of total platelet deposition
on Day 10 was 63.9F5.9% with clopidogrel plus ASA
versus 18.4F5.6% with ER dipyridamole plus ASA
(Fig. 1). Therefore, the combination clopidogrel
plus ASA was significantly more effective than ER
dipyridamole plus ASA for inhibiting platelet throm-
bus formation, with an estimated reduction of 67%
(95% CI, 49—79%; pb0.0001) in favour of clopidogrel
plus ASA.

Likewise, clopidogrel plus ASA was more potent
than ER dipyridamole plus ASA in preventing fibrin
deposition (Fig. 2). On Day 10, the mean inhibition
of fibrin deposition was 64.9F4.8% with clopidogrel
plus ASA, compared with 18.3F9.7% for ER dipyr-
idamole plus ASA, giving an estimated reduction of



0

1

2

3

4

5

6

7

Day 0 Day 10

M
ea

n 
(S

E
M

) 
to

ta
l f

ib
rin

 d
ep

os
iti

on
 (

ug
/c

m
2 ) ER dipyridamole plus ASA Clopidogrel plus ASA

* p < 0.0001 clopidogrel plus ASA vs ER dipyridamole plus ASA

*

Figure 2 Effect of antiplatelet treatments on deposi-
tion of fibrin on collagen-coated coverslips. For details,
see the legend to Fig. 1.
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Figure 4 Effect of antiplatelet treatments on platelet
aggregation (maximal amplitude of the platelet aggre-
gation curve) in response to ADP (5 Amol/L). Platelet
aggregations performed at Day 0 before administering
study treatments were considered as the control experi-
ments. For additional details, see the legend to Fig. 1.
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58% (95% CI, 45—67%; pb0.0001) in favour of
clopidogrel plus ASA.

Effect of clopidogrel plus ASA versus ER
dipyridamole plus ASA on platelet function

Clopidogrel plus ASA was significantly more effec-
tive than ER dipyridamole plus ASA for inhibiting
platelet aggregation induced by collagen (Fig. 3) or
ADP (Fig. 4). On Day 10, using collagen as the
platelet agonist, the mean inhibition of platelet
aggregation with clopidogrel plus ASA was
78.4F3.5%, compared with 38.9F7.2% for ER
dipyridamole plus ASA, with an estimated reduction
of 68% (95% CI, 54—77%; pb0.0001) in favour of
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Figure 3 Effect of antiplatelet treatments on platelet
aggregation (maximal amplitude of the platelet aggre-
gation curve) in response to collagen (2 Ag/mL). Platelet
aggregations performed at Day 0 before administering
study treatments were considered as the control experi-
ments. For additional details, see the legend to Fig. 1.
clopidogrel plus ASA. Using ADP, mean inhibition of
platelet aggregation was 49.5F6.1% with clopidog-
rel plus ASA, whereas ER dipyridamole plus ASA had
no inhibitory effect: the estimated reduction was
56% (95% CI, 42—66%; pb0.0001) in favour of
clopidogrel plus ASA.

Using PFA-100R and collagen-ADP as the ago-
nist, the median capillary occlusion time was
prolonged from 96 s to 145 s with clopidogrel plus
ASA, but was shortened from 98 s to 92 s with ER
dipyridamole plus ASA. Using collagen-epinephr-
ine, the median capillary occlusion time increased
more with clopidogrel plus ASA (from 121 s to
more than 300 s) than with ER dipyridamole plus
ASA (from 120 s to 185 s).
Discussion

By using an ex vivo model of arterial thrombus
formation, we compared the antithrombotic effect
of clopidogrel plus ASA versus that of ER dipyrida-
mole plus ASA in humans. This model has been
extensively used to assess the antithrombotic
activity of various compounds given alone or in
combination [17,19—23]. The doses used in this
study are those widely used in clinical practice and
approved for the prevention of ischaemic stroke
(and MI or vascular death) [6,10,27]. Our results
showed that clopidogrel plus ASA induced potent
inhibition of arterial thrombogenesis at steady
state (i.e. after 10 days), by inhibiting both
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platelet and fibrin deposition on collagen-coated
surfaces by more than 60%. Moreover, clopidogrel
plus ASA was markedly more effective than ER
dipyridamole plus ASA in preventing platelet and
fibrin deposition, with reductions of 67% and 58%,
respectively, in favour of clopidogrel plus ASA
(pb0.0001). Both treatments were well tolerated
and no serious adverse events occurred.

The antithrombotic effect of both combinations
was measured after a treatment period of 10 days
when steady state was achieved with clopidogrel
75 mg daily [7—9]. Using the same model of
arterial thrombosis, we previously showed that
the antithrombotic effect of clopidogrel plus ASA
was time-dependent and that at the doses of
clopidogrel used in the present study, the antith-
rombotic effect of clopidogrel plus ASA was at a
maximum after 10 days [17]. However, it is
noteworthy that, with a 300-mg loading dose of
clopidogrel given on day 1, the antithrombotic
effect of the combined clopidogrel plus ASA
appeared within 90 min of oral intake, and that
at 6 h, it was comparable to that seen on day 10
without this loading dose [17].

The superior antiplatelet effect obtained with
the combination of clopidogrel plus ASA compared
with ER dipyridamole plus ASA is consistent with
data obtained by Caplain and colleagues [18], who
compared both antiplatelet combinations in an ex
vivo platelet aggregation assay in whole blood and
in platelet-rich plasma. Furthermore, they found
that clopidogrel plus ASA had a synergistic effect
for inhibiting platelet aggregation compared with
ASA alone [18]. Combinations of clopidogrel or
ticlopidine (another thienopyridine) plus ASA were
also shown to exert, respectively, a synergistic
effect and an additive effect, for preventing
thrombus formation in the model of arterial
thrombosis used in the present study, as well as in
other experimental models [14—17,23]. The results
from these experimental studies are consistent
with findings from large-scale clinical studies,
which have shown a significantly reduced risk of
cardiovascular events with the combination clopi-
dogrel plus ASA, compared with ASA alone [11—
13,28]. While the enhanced inhibition of thrombus
formation that is seen with clopidogrel plus ASA
could theoretically be associated with a higher
bleeding rate, safety data from large clinical trials
have shown a favourable balance between benefit
and risk [12,13,28], even during long-term therapy
[29]. However, recent data of the MATCH study
showed that adding aspirin to clopidogrel in high-
risk patients with recent ischemic stroke or tran-
sient ischemic attack was associated with signifi-
cant increase of major bleeding [30].
The antiplatelet drug combination clopidogrel
plus ASA affected coagulation as well as platelet
aggregation, since fibrin deposition was reduced by
a similar extent to platelet deposition. The appa-
rent anticoagulant effect provided by antiplatelet
regimens may be the direct consequence of a
reduction in platelet deposition and/or platelet
activation. Activated platelets amplify the coagu-
lation cascade by binding activated coagulation
factors to form the tenase and prothrombinase
complexes [31], and fibrin deposition on collagen
substrate generally occurs subsequent to platelet
thrombus formation [32].

Several potential limitations of this study should
be mentioned. First, our findings were obtained in
healthy volunteers, and may not be directly
applicable to patients with atherothrombotic dis-
ease, who are likely to have increased platelet
reactivity and a stimulated coagulation system.
Second, only collagen-coated surfaces were used
as an inducer of thrombus formation. While this is
an important determinant of the thrombogenicity
of ruptured atherosclerotic lesions [33], there are
other important inducers, such as tissue factor
[34]. We did not study the antithrombotic effect of
the combinations of antiplatelet agents on tissue
factor, since we previously showed that ticlopidine
plus ASA did not inhibit the thrombotic process
triggered by this procoagulant material [23].
Third, other investigators have assessed the
antithrombotic effects of dipyridamole plus ASA
by means of an experimental system that uses
subendothelial matrix (generated by bovine endo-
thelial cells) as a prothrombotic stimulus [35].
Whether our findings would be reproduced in this
system is beyond the scope of the present study.
Fourth, the perfusion time used in this model was
3 min, as thrombus formation is maximal at this
time in the present model [25]. Longer perfusion
times would give additional information on the
effect of the antithrombotic agents on thrombus
growth and stabilization. However, it is important
to study the effect of antithrombotic drugs on the
very early events of thrombus formation, since
they have a profound impact on later events
[36,37]. Moreover, the findings obtained in our
thrombosis model with commonly used antithrom-
botic agents gave results which appear consistent
with clinical data [17,20,22,23,36].

Using a human model of thrombus formation, we
demonstrated that clopidogrel plus ASA has signifi-
cantly superior antithrombotic efficacy compared
with ER dipyridamole plus ASA. These results may
have important clinical implications for the pre-
vention of cardiovascular events of atherothrom-
botic origin, especially in patients with multiple
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risk factors, where the use of potent antithrom-
botic therapy is indicated.
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