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Abstract Although aspirin has become an established

medicine for cardiac and cerebrovascular diseases, the

optimal dose remains unknown. We evaluated the optimal

dose of aspirin on platelet activity and endothelial function

by administering 11 healthy male volunteers (32 ± 6 years

of age) doses of aspirin that were increased in a stepwise

manner (0, 81, 162, 330 and 660 mg/day) every 3 days.

Platelet activity was assessed as surface P-selectin

expression (%) measured by flow cytometry and the

platelet aggregation ratio. Endothelial function in the bra-

chial artery was assessed by measuring flow-mediated

dilation (FMD) before and after reactive hyperemia.

Platelet aggregation and P-selectin expression were sig-

nificantly and dose-dependently suppressed (81–660 mg),

and the FMD ratio tended to increase from 0 to 162 mg,

but decreased significantly at 660 mg. In conclusion,

although aspirin suppressed platelet activity and even sur-

face P-selectin expression, higher doses worsened endo-

thelial-mediated arterial dilation.

Keywords Aspirin dose � Platelet activity �
Endothelial function � Flow-mediated dilation

Introduction

Aspirin is established as a primary and secondary anti-

platelet treatment for cardiovascular disease [1–5]. The

recommended long-term daily dose of aspirin is 75–

150 mg, which is considered to be at least as effective as

higher doses [6]. Reports have indicated that higher doses

of aspirin are ineffective because of bleeding complications

[7–9] and impaired endothelial function [10–12]. Aspirin

inhibits the synthesis of thromboxane A2 in platelets and

of prostaglandin I2 in endothelial cells. Low dose aspirin

only inhibits thromboxane A2 in platelets, whereas a high

dose inhibits both. The inhibition of prostaglandin I2 syn-

thesis in endothelial cells would increase the incidence of

thromboembolic events [10–12]. However, the effects of

optimal doses of aspirin on simultaneous platelet activation

and endothelial function in humans remain obscure. One

reason for this is that although platelet activation can be

evaluated using the platelet aggregation test, a clinical

method to evaluate prostaglandin I2 inhibition in endo-

thelial cells remains to be established.

Endothelial function has recently been evaluated as

flow-mediated dilation before and after reactive hyperemia

[13], and endothelial dysfunction is apparent in patients

with cardiovascular and metabolic diseases [14–19].

Although flow-mediated dilation after reactive hyperemia

is mainly mediated by NO synthesized in the endothelia

[20, 21], another pathway associated with prostacyclin and

thromboxane A2 mediates vascular reactivity [22–24].

High dose of aspirin could affect this pathway, leading to

vascular relaxation. The present study examines the effects
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of various doses of aspirin on platelet activity and endo-

thelial function in healthy humans to determine the optimal

dose of aspirin required to suppress platelet aggregation

and function.

Subjects and methods

Subjects

We enrolled 11 healthy male volunteers, aged 23–39 years

(mean = 32 ± 6 years), with no evidence of heart disease

according to a physical examination, standard 12-lead

electrocardiography, chest radiography and echocardiog-

raphy. None of the participants had hypertension, hyper-

cholesteremia, diabetes mellitus or renal disease. All were

in sinus rhythm and had not taken any medication for at

least 14 days. Each of them provided written, informed

consent to participate in the study, the protocol for which

was approved by the Local Ethics Committee of Kochi

Medical School.

Study protocol

Doses of aspirin (Bufferin 81 or 330 mg/tablet, Lion Co.)

were increased (0, 81, 162, 330 and 660 mg) in a stepwise

fashion every 3 days for 13 days. Platelet activation and

endothelial function were measured at 11:00 a.m. before

taking aspirin on the last day of each dose. The participants

laid on a bed in a temperature-controlled quiet room, and

venous blood was withdrawn from the left forearm vein.

Endothelial function was measured in the right arm 30 min

after blood collection. The participants did not exercise,

consume beverages containing caffeine, high-fat foods or

vitamin C, or use tobacco products for at least 4 h before

the study.

Endothelial function

Endothelial function was assessed in the brachial artery by

measuring flow-mediated dilation before and after reactive

hyperemia. Data acquisition and analysis proceeded as

described [13]. Briefly, the brachial artery of the right

arm was imaged by high-resolution ultrasound (Acuson

Sequoia 512) with a 10-MHz linear probe supported by a

stereotactic clamp. We selected the B mode longitudinal

section of the distal brachial artery, and the M-mode image

was magnified using a resolution box function. Vertical

internal diameter at end diastole gated by ECG was mea-

sured at rest for baseline. A tourniquet placed distally

around the ipsilateral forearm was inflated to 250 mmHg

for 4.5 min to induce reactive hyperemia. After rapid

release, the inner diameter was measured 55 s later. The

diameter was measured before and after hyperemia. The

FMD ratio (%) was calculated as: 100 9 (after diameter -

before diameter)/before diameter. Scans were stored and

analyzed by two independent observers.

Platelet aggregation test

Platelet function was determined as maximal platelet

aggregation rate; that is, platelet-rich-plasma (PRP) was

prepared from each participant. To minimize platelet

activation during blood collection, blood was withdrawn

using a 21-G butterfly needle without a tourniquet. The first

2 ml of blood was discarded, and then 20 ml of blood was

transferred into polypropylene tubes containing sodium

citrate (3.8%, 1 volume for 9 volumes of blood). We then

prepared PRP by centrifugation at 1209g for 10 min at

room temperature. Platelet-poor plasma for control to

compare PRP aggregation was obtained after re-centrifu-

gation at 1,7109g for 15 min.

Platelet aggregation was induced by adenosine diphos-

phate (ADP) (final concentration of 1.0 or 5.0 lmol/l, MC

Medical, Tokyo, Japan) or by collagen (final concentration

of 0.25 or 2 lg/ml, MC Medical). The time course of %

transmission was measured (MCM HEMA TRACER

212TM; MC Medical), and the maximal platelet aggrega-

tion rate was calculated [25, 26].

Measurements of P-selectin (CD62P) and PNC levels

Samples were prepared, and levels of platelet P-selectin

(CD62P) and PNC were measured as described [27, 28]. The

sample used was the same blood that was collected for the

platelet aggregation test. After the first 2 ml of blood was

discarded, 2 ml of blood was collected and immediately

added to 200 ll of sodium citrate (3.13%). All antibodies

were purchased as follows: Fluorescein isothiocyanate

(FITC) labeled IgG1 anti-CD62P from Dainippon Pharma-

ceutical, Osaka; phycoerythin (PE) labeled IgG2a anti-

CD42b and FITC labeled IgG1 anti-CD11b from Beckman

Coulter, Fullerton. As negative controls, FITC labeled IgG1

(Beckman Coulter, Fullerton) and double-stained (FITC/PE)

IgG1 and IgG2a (Dako, High Wycombe) irrelevant anti-

bodies were included. Blood samples were analyzed (EPICS

XL Profile Flow Cytometer, Coulter, Miami, FL) using

either one or two fluorochromes.

To prepare samples for measurements of platelet CD62P

levels, blood (5 ll) was added to round-bottomed poly-

styrene tubes containing 50 ll platelet buffer (10 mmol/l

HEPES, 145 mmol/l NaCl, 5 mmol/l KCl, 1 mmol/l

MgSO4, pH 7.4), and 5 ll of anti-CD62P or control IgG1

antibody. The samples were gently suspended and incu-

bated in the dark at room temperature for 20 min without

stirring. Then 250-ll fixative (Beckman Coulter, Fullerton,
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9.25% formaldehyde) was added, and the tubes were

incubated for a further 10 min. The samples were then

diluted with 500 ll of buffer and analyzed by flow

cytometry within 1 h of fixation. In flow cytometric anal-

ysis, the peaks emission intensity of FITC and phycoery-

thrin fluorescence were detected at 515 and 580 nm,

respectively. After forward and side scatter was measured

with the gain setting in logarithmic mode, platelet sized

events were counted. CD62P positive platelets were

defined as those with a fluorescence intensity exceeding

that of 98% of the platelets stained with control antibody.

To prepare samples for the PNC measurements, blood

(50 ll) was added to round-bottomed polystyrene tubes

containing 5 ll each of anti-CD42b and anti-CD11b

(platelet and neutrophil markers, respectively) or isotype

control antibodies. The samples were gently mixed and

incubated in the dark at room temperature for 10 min

without stirring. Then 500 ll of fixative was added, and the

tubes were incubated for a further 10 min. Flow cytometry

proceeded within 1 h of preparation. After forward and

side scatter were measured with the gain setting in linear

mode, neutrophil-sized events were selected. Results were

defined as positive when the fluorescence intensity excee-

ded that of the isotype matched (IgG1 and IgG2a) control

antibody staining (98%). Both CD11b and CD42b positive

events that were considered PNCs were expressed as ratios

(%) of events with positive CD11b staining of those of

whole neutrophils. We evaluated the ability of the platelets

to be activated, i.e., platelet activation reserve in the

presence of 5 ll of ADP (5 lmol/l).

We also counted blood cells and measured coagulation

factors of prothrombin time (PT), activated partial throm-

boplastin time (APTT) and fibrinogen.

Statistical analysis

Data are presented as means ± SEM. Group means for

each parameter were determined and compared using the

analysis of variance (ANOVA) repeated measures, with the

post-hoc Tukey–Kramer test. A value of p \ 0.05 was

considered to represent statistical significance.

Results

Aspirin administration did not alter the white blood cells, red

blood cells, hemoglobin, hematocrit or platelet counts in the

blood. The coagulation factors, PT and APTT, did not

change significantly before and after aspirin administration.

However, maximal platelet aggregation rates in the presence

of ADP (5.0 lmol/l) or collagen (2 lg/ml) were signifi-

cantly reduced from the baseline level after all doses of

aspirin (81, 162, 330 and 660 mg): ADP; 78 ± 3–67 ± 2,

66 ± 2, 65 ± 2, 66 ± 2%, all ps \ 0.01; collagen;

85 ± 2–34 ± 6, 38 ± 6, 34 ± 5, 35 ± 6%, all ps \ 0.01.

The effects on P-selectin, P-selectin with ADP and PNC

with ADP tended to be similar (Table 1; Fig. 1), whereas

PNC showed no tendency. Therefore, aspirin of any dose

over 81 mg/day suppressed platelet activity.

Blood pressure was 121 ± 8/68 ± 8 at baseline and

127 ± 9/71 ± 8 at the end of the study, showing no sig-

nificant change. At any dose of aspirin, heart rate at each

measurement of FMD did not change significantly.

Although arterial diameter did not significantly change

after hyperemia, the FMD ratio (%) tended to increase at a

dose of 81 mg (1.68 ± 0.29–2.78 ± 0.47, p = 0.08) and

significantly increased at 162 mg (3.67 ± 0.41, p \ 0.05)

compared with the baseline without aspirin. The FMD ratio

then tended to decrease at a dose of 330 mg (3.30 ± 0.50,

n.s.) from 162 mg, but tended to be higher compared with

the baseline (p = 0.07). The FMD ratio further decreased

at a dose of 660 mg (1.07 ± 0.34) compared with that at

either 162 or 330 mg (p \ 0.01, p \ 0.01, respectively),

and tended to be lower from baseline or at a dose of 81 mg

(Table 1; Fig. 1). Therefore, the optimal dose of aspirin for

endothelial function assessed by the FMD ratio was

162 mg per day.

Discussion

The major finding of this study was that aspirin at any daily

dose over 81 mg suppressed platelet activity and that the

optimal dose of endothelial function was 162 mg/day.

However, 660 mg/day of aspirin worsened endothelial

function.

Aspirin plays an important role in the primary and

secondary prevention of cardiovascular events, and it has

remained the most cost-effective clinical drug for over 3

decades [1–6]. Reports indicate that a daily dose of

75–150 mg is just as effective as higher doses. An initial

loading dose of at least 150 mg aspirin might be required

in acute settings, but the effects of daily doses of

\75 mg have been less certain, and doses of [1,000 mg

daily are not recommended due to bleeding side effects

[7–9].

The recent findings of the Antithrombotic Trialists’

Collaboration meta-analysis of patients with previous

thrombotic events or other predisposing conditions showed

that aspirin reduces the total risk for cardio-cerebral vascular

events by 22% [6]. From the viewpoint of the daily aspirin

dose, the proportional reduction in vascular events was 19%

at 500–1,500 mg/day, 26% at 160–325 mg/day and 32% at

75–150 mg/day. Although the effects of aspirin doses of C or

\75 mg in a direct comparison did not significantly differ,

doses of \75 mg/day seemed to have somewhat reduced
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effects (proportional reduction 13%). However, trials that

examined doses of aspirin of C75 mg/day found a signifi-

cant reduction in cardiovascular events, whereas three trials

using doses of\75 mg/day did not. Similarly, a recent large

trial of aspirin in primary prevention among women did not

demonstrate a benefit of very-low-dose aspirin (100 mg

every other day) [29]. No evidence supports the notion that

daily aspirin doses of[1,000 mg is preferable for the pre-

vention of serious vascular events among patients at high

risk of stroke [7, 8]. One study found that the risk of the

composite outcome of myocardial infarction, stroke or death

within 3 months of carotid endarterectomy was significantly

lower among patients taking 81 or 325 than 625–1,300 mg

of aspirin daily [9]. In the present study, aspirin at doses

above 81 mg suppressed platelet activity assessed by the

aggregation test, P-selectin and PNC levels. This result is

consistent with previous reports that show aspirin at even the

low dose of 81 mg exerts antiplatelet effects.

Higher doses of aspirin can cause bleeding complica-

tion [7–9] and also impair endothelial function, which is

known as the ‘‘aspirin dilemma’’ [10–12]. Aspirin inhibits

a production of thromboxane A2 and cyclo-oxygenase

enzyme, which synthesize thromboxane A2, a potent

platelet aggregator in the platelets. Therefore, inhibiting

thromboxane A2 is anti-thrombotic. Aspirin also inhibits

cyclo-oxygenase enzyme in vascular endothelial cells,

which is the source of prostaglandin I2, a vasodilator.

A high dose of aspirin achieves both platelet inhibition

Table 1 Blood cell count, coagulation factor, platelet activity and endothelial function

Aspirin dose (mg/day) 0 81 162 330 660

Blood cell count

RBC (9104/ll) 490 ± 7 483 ± 10 483 ± 8 483 ± 8 486 ± 7

Hemoglobin (g/dl) 15.2 ± 0.1 15.2 ± 0.2 14.9 ± 0.2 15.0 ± 0.2 14.7 ± 0.2

Hematocrit (%) 44.5 ± 0.3 44.6 ± 0.5 43.8 ± 0.6 44.3 ± 0.6 43.1 ± 0.6

Platelet (9104/ll) 26.5 ± 1.4 25.1 ± 1.0 24.3 ± 0.9 24.6 ± 1.1 24.7 ± 0.9

WBC (ll-1) 5.70 ± 0.42 5.84 ± 0.34 5.84 ± 0.34 5.74 ± 0.34 6.29 ± 0.56

Coagulation factor

PT (s) 10.4 ± 0.1 10.3 ± 0.1 10.3 ± 0.1 10.2 ± 0.1 10.1 ± 0.1

PT (%) 95.7 ± 4.0 98.3 ± 5.1 96.3 ± 3.3 99.7 ± 3.1 105.2 ± 5.4

INR 1.03 ± 0.03 1.02 ± 0.03 1.03 ± 0.02 1.01 ± 0.02 0.98 ± 0.03

APTT (s) 28.1 ± 0.8 27.8 ± 0.5 27.8 ± 0.6 27.7 ± 0.7 27.2 ± 0.6

APTT (%) 108.5 ± 5.3 109.6 ± 3.8 109.9 ± 4.6 113.0 ± 4.8 116.1 ± 4.3

Fibrinogen (mg/dl) 198.9 ± 14.8 203.8 ± 9.3 200.4 ± 10.2 193.6 ± 8.8 188.1 ± 12.1

Platelet surface marker

PNC (%) 7.0 ± 0.8 6.4 ± 0.7 6.9 ± 0.7 6.6 ± 0.6 6.0 ± 0.8

PNC (ADP) (%) 17.8 ± 3.1 14.1 ± 2.0 15.5 ± 1.1 14.4 ± 2.5 15.9 ± 3.4

P-selectin (%) 12.9 ± 1.3 10.2 ± 0.4 11.3 ± 0.7 10.4 ± 0.7 10.5 ± 0.5

P-selectin (ADP) (%) 29.6 ± 2.7 26.6 ± 2.2 27.4 ± 2.4 26.2 ± 2.2 27.3 ± 2.2

Platelet maximal aggregation rate

ADP (5 lmol/l) (%) 78 ± 3 67 ± 2** 66 ± 2** 65 ± 2** 66 ± 2**

ADP (1 lmol/l) (%) 31 ± 3 32 ± 4 33 ± 4 31 ± 4 33 ± 3

Collagen (2 lg/ml) (%) 85 ± 2 34 ± 6** 38 ± 6** 34 ± 5** 35 ± 6**

Collagen (0.25 lg/ml) (%) 23 ± 8 7 ± 2 8 ± 2 8 ± 1 7 ± 1

Endothelial function

Diameter (before) (%) 0.367 ± 0.013 0.386 ± 0.014 0.375 ± 0.012 0.379 ± 0.013 0.379 ± 0.010

Heart rate (before) (bpm) 77 ± 10 76 ± 7 75 ± 8 72 ± 8 73 ± 7

Diameter (after) (%) 0.374 ± 0.013 0.396 ± 0.013 0.388 ± 0.013 0.391 ± 0.013 0.382 ± 0.009

Heart rate (after) (bpm) 77 ± 10 78 ± 9 73 ± 12 71 ± 8 73 ± 6

FMD ratio (%) 1.68 ± 0.29 2.78 ± 0.47 3.67 ± 0.41* 3.30 ± 0.50 1.07 ± 0.34#$

Values are mean ± SE

RBC red blood cells, WBC white blood cells, ADP adenosine diphosphate, PT prothrombin time, INR international normalized ratio,

APTT activated partial thromboplastin time, PNC platelet neutrophil complexes, FMD flow-mediated dilation

* p \ 0.05 and ** p \ 0.01 compared with baseline value (0 mg); # p \ 0.01 and $ p \ 0.01 compared with values at 162 and 330 mg aspirin,

respectively
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and vasodilation, whereas a low dose spares endothelial

cyclo-oxygenase activity and vasodilation. Therefore, the

inhibition of prostaglandin I2 synthesis in the endothelial

cells would increase the incidence of thromboembolic

events. However, no clinical studies have examined

endothelial function at various doses of aspirin, because

endothelial function cannot be evaluated to determined

platelet activity in a clinical setting. Endothelial function

has recently been evaluated noninvasively as FMD to

stratify patients according to cardiovascular risk, and

endothelial dysfunction is associated with a poor prog-

nosis [14–19]. Although a direct mechanism of decreased

a FMD ratio at high dose of aspirin is uncertain, this

could be due to high dose aspirin affecting vasodilation

via endothelial cyclo-oxygenase inhibition.

Although FMD after reactive hyperemia is mainly

mediated by NO synthesized in the endothelia [20, 21],

another pathway associated with prostacyclin and throm-

boxane A2 mediates vascular reactivity [22–24]. Husain

et al. [22] showed aspirin modulates acetylcholine-induced

peripheral vasodilatation in patients with coronary athero-

sclerosis, and this effect may be due to the inhibition of

vasoconstriction induced by one or more cyclo-oxygen-

ases. Sun et al. [23] also showed that FMD is mediated by

endothelium-derived prostanoids as it is blocked by indo-

methacin in eNOS knockout mice. Furthermore, Taubert

et al. [24] showed a therapeutically relevant concentration

of aspirin elicits NO release from the vascular endothelium

independently of cyclo-oxygenase inhibition in in vitro

study. These findings showed low dose aspirin could

improve endothelial dysfunction and increase FMD. On the

other hand, Gori et al. [30] reported 500 mg aspirin (once

oral) did not affect the FMD ratio, but it significantly

blunted low-flow-mediated constriction of the resting

arterial tone. The difference from our results may be due to

the dose and period of aspirin intake.

We found here that the FMD ratio increased at 162 mg

from the baseline level without aspirin, and that this sig-

nificantly decreased at a dose of 660 mg from that of 162

or 330 mg. Thus, low dose aspirin (\330 mg) did not

deteriorate endothelial function, and 81 mg was sufficient

to suppress platelet activity in healthy volunteers. How-

ever, platelets are more activated in patients with athero-

sclerosis than in normal individuals [31], and patients with

atherosclerosis have endothelial dysfunction [14–19].

Moreover, several studies have indicated that patients at

risk for atherosclerosis were less sensitive to the platelet

inhibitory effect of aspirin [32–36]. Therefore, the optimal

dose of aspirin might differ among patients with athero-

sclerosis compared with normal individuals, and aspirin

doses of [81 mg might be required.

Platelet aggregation tests and FMD measurement might

comprise an easy and noninvasive tool to determine the

optimal dose of aspirin for such patients in a clinical set-

ting. We applied the platelet aggregation test with light

transmittance aggregometry and direct P-selectin mea-

surements. Levels of platelet inhibition might be deter-

mined by evaluating several critical pathways [37]. That

study used a new device based on light transmittance

aggregometry that measures platelet activity more rapidly

than classical devices and that could guide the choice of

antiplatelet therapies. This method can evaluate patients

Fig. 1 FMD ratios (upper panel), maximal platelet aggregation rates

(middle panel) and P-selectin levels (lower panel). Values are

means ± SE. FMD Flow-mediated dilation. *p \ 0.05 from baseline

(0 mg), #p \ 0.01 from value at aspirin 162 mg, $p \ 0.01 from value

at 330 mg
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with aspirin resistance and optimize the dose, but cannot

evaluate the extent to which various aspirin doses affect the

endothelial function. On the other hand, FMD can evaluate

the endothelial function affected by aspirin and generate

useful information that could improve clinical outcomes.

Finally, the sample size in this study was small, and the

subjects were normal male volunteers. Patients with ath-

erosclerotic disease might have more activated platelets

than normal individuals. Further studies are needed with a

larger number of normal individuals and a cohort of

patients with atherosclerotic disease.
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Schömig E (2004) Aspirin induces nitric oxide release from

vascular endothelium: a novel mechanism of action. Br J Phar-

macol 143:159–165

25. Born GV (1962) Aggregation of blood platelets by adenosine

diphosphate and its reversal. Nature 194:927–929

26. O’brien JR (1962) Platelet aggregation: Part I some effects of the

adenosine phosphates, thrombin, and cocaine upon platelet

adhesiveness. J Clin Pathol 15:446–452

27. Peters MJ, Heyderman RS, Hatch DJ, Klein NJ (1997) Investi-

gation of platelet-neutrophil interactions in whole blood by flow

cytometry. J Immunol Methods 209:125–135

28. Yamasaki F, Furuno T, Sato K, Zhang D, Nishinaga M, Sato T,

Doi Y, Sugiura T (2005) Association between arterial stiffness

and platelet activation. J Hum Hypertens 19:527–533

272 Heart Vessels (2011) 26:267–273

123



29. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson

JE, Hennekens CH, Buring JE (2005) A randomized trial of low-

dose aspirin in the primary prevention of cardiovascular disease

in women. N Engl J Med 352:1293–1304

30. Gori T, Dragoni S, Lisi M, Di Stolfo G, Sonnati S, Fineschi M,

Parker JD (2008) Conduit artery constriction mediated by low

flow a novel noninvasive method for the assessment of vascular

function. J Am Coll Cardiol 51:1953–1958

31. Cahill MR, Newland AC (1993) Platelet activation in coronary

artery disease. Br J Biomed Sci 50:221–234

32. Hung J, Lam JY, Lacoste L, Letchacovski G (1995) Cigarette

smoking acutely increases platelet thrombus formation in patients

with coronary artery disease taking aspirin. Circulation 92:2432–

2436

33. Steinhubl SR, Moliterno DJ (1997) Glycoprotein IIb/IIIa receptor

antagonists for the treatment of unstable angina. Heart Vessels

Suppl 12:148–155

34. Sacco M, Pellegrini F, Roncaglioni MC, Avanzini F, Tognoni G,

Nicolucci A, PPP Collaborative Group (2003) Primary prevention

of cardiovascular events with low-dose aspirin and vitamin E in

type 2 diabetic patients: results of the Primary Prevention Project

(PPP) trial. Diabetes Care 26:3264–3272

35. Blann AD, Dobrotova M, Kubisz P, McCollum CN (1995) von

Willebrand factor, soluble P-selectin, tissue plasminogen activa-

tor and plasminogen activator inhibitor in atherosclerosis.

Thromb Haemost 74:626–630

36. Davı̀ G, Romano M, Mezzetti A, Procopio A, Iacobelli S,

Antidormi T, Bucciarelli T, Alessandrini P, Cuccurullo F, Bittolo

Bon G (1998) Increased levels of soluble P-selectin in hyper-

cholesterolemic patients. Circulation 97:953–957

37. Cannon CP, McLean DS (2006) Critical pathways using platelet

testing to potentially optimize the use of oral antiplatelet therapy.

Am J Cardiol 98:33N–38N

Heart Vessels (2011) 26:267–273 273

123


	Effects of various doses of aspirin on platelet activity and endothelial function
	Abstract
	Introduction
	Subjects and methods
	Subjects
	Study protocol
	Endothelial function
	Platelet aggregation test
	Measurements of P-selectin (CD62P) and PNC levels
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


