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Resting platelets inhibit oxygen radical release from 
neutrophils. Antiplatelet therapy may support this 
function by preventing platelet activation. Whether 
antiplatelet agents affect the antioxidative action of 
resting platelets in the absence of platelet activation is 
unknown. The effect of acetylsalicylic acid or clopi- 
dogrel administration on the antioxidative action of 
resting platelets was therefore studied in ten healthy 
volunteers. Preparations of resting platelets were 
obtained from 5 subjects each - before, during and 
after an eight-day course of daily treatment with 
100mg of acetylsalicylic acid or 75mg of the 
thienopyridine clopidogrel. Human peripheral blood 
neutrophils were pretreated with the platelets at a 
ratio of 1 / 50 for 45 min; then 
formyl-Met-Leu-Phe-triggered oxygen radical release 
was measured fluorometrically. The inhibitory effect 
of platelets on oxygen radical release from neutrophils 
which was seen before treatment was abolished by 
antiplatelet therapy with either of the drugs, and inhi- 
bition was restored gradually after discontinuing 
acetlsalicylic acid/clopidogrel intake. Results suggest 
that the protective role of resting platelets in control- 
ling oxygen radical release from neutrophils in the 

absence of platelet activation may be impaired by 
antiplatelet therapy. 

Keywords: Oxygen radicals, Neutrophils, Platelets, Interac- 
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I N T R O D U C T I O N  

Resting platelets  l imit  the release of oxygen  radi-  
cals f rom chemoat t rac tan t - s t imula ted  neu-  
t rophils  [1]. This m e c h a n i s m  m a y  contr ibute  to 

the p reven t ion  of excessive d a m a g e  to host  tis- 
sues in the vasculature .  On  the other  hand,  u p o n  
activation, platelets  s t imulate  neut rophi l s  and  
monocy tes  to release an increased a m o u n t  of 
superox ide  anion [2]. As no rma l ly  circulating 
platelets  are rest ing and  can be act ivated by  hae-  

mosta t ic  as well  as p r o i n f l a m m a t o r y  st imuli  like 
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ADP or thrombin and interleukin-1 or inter- 
feron-y, respectivly, they may participate in the 
regulation of oxygen radical release from neu- 
trophils in contrary ways depending on the state 
of platelet activation. Antiplatelet drugs act in an 
antithrombotic and anti-inflammatory fashion 
by preventing or diminishing platelet activation 
[3]. Whether antiplatelet therapy affects functions 
of resting platelets is currently unknown. 

Because of the increasing use of antiplatelet 
drugs in primary prevention of cardiovascular 
disorders and certain types of cancers [4], we 
wondered if antiplatelet therapy influences the 
capacity of platelets to inhibit oxygen radical 
release from neutrophils. In the present in vivo 
study, the effect of acetylsalicylic acid (ASA) or 
clopidogrel on the inhibitory action of resting 
platelets on neutrophils was therefore tested. 

MATERIALS AND METHODS 

Study protocol 

Study subjects were ten healthy volunteer physi- 
cians: 7 men, age 33 years (25-45) [mean 
(range)]; 3 women, age 27 years (24-32). Five of 
them received 100 mg of ASA and the other five 
75 mg of clopidogrel daily, for a total of 8 days. 
After an overnight fast, blood was collected for 
isolation of platelets from an antecubital vein 
immediately before start of treatment, on day 7 
of treatment, and on 4 occasions thereafter (day 
9, 12, 14 and 16) using a 10% citrate solution as 
anticoagulant. 

Platelet preparation 

As blood sampling demands the insertion of a 
needle into the blood vessel thereby causing a 
destruction of the endothelial wall of the blood 
vessel, the sampling procedure may activate 
platelets. Therefore, a standardized blood sam- 
pling procedure known to minimize platelet 
activation was used [5]. In addition, vascular 
endothelial growth factor (VEGF) levels in 

plasma that are low but significantly rise upon 
platelet activation [6] were measured in plate- 
let-free plasma throughout the study and no 
changes were found (data not shown). This 
observation indicates that platelets that were 
finally tested for interaction with neutrophils 
were not activated by the sampling procedure. 
Preparation of platelets was performed as 
described [1]. Briefly, by slow centrifugation (200 
x g, 10 min) erythrocytes and leucocytes were 
removed and the platelet rich-plasma was col- 
lected. The platelets were then pelleted by cen- 
trifugation of platelet-rich plasma. Before testing 
for interaction with human neutrophils, platelet 
preparations of each of the two treatment groups 
were pooled. 

Neutrophil isolation 

Neutrophils were obtained from the peripheral 
blood of healthy volunteers (anticoagulated with 
1.6mg EDTA/ml blood) after discontinuous 
density gradient centrifugation on Percoll by 
dextran sedimentation and centrifugation 
through a layer of Ficoll-Hypaque, followed by 
hypotonic lysis of contaminating erythrocytes 
using sodium chloride solutions as described [7]. 

Respiratory burst of neutrophils 

Neutrophil respiratory burst activity was meas- 
ured by an assay using 2',7'-dichlorofluorescin 
diacetate (DCFH-DA; Molecular Probes, Eugene, 
OR, USA). This assay is based on the oxidation 
of non-fluorescent DCFH-DA to highly fluores- 
cent 2',7'-dichlorofluorescein (DCF) both intrac- 
ellularly and extracellularly, and has been 
previously validated for the quantification of 
superoxide anion radicals [8"9]. Neutrophils 
(8x106 cells/ml) were incubated without or with 
platelets at a ratio 1/50 for 45 min in a humidi- 
fied incubator (95% air - 5% CO 2, 37°C). After 
washing, 100btl/well (96-welI plate; Falcon ® 
3072) of 2x105 PMNL were immersed in a 
lxl05mol/L solution of DCFH-DA in phe- 
nol-red-free HBSS without Ca 2+ and Mg 2+ 
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FIGURE 1 Inhibition of 1 ~tM fMet-Leu-Phe-triggered release of oxygen radicals from human neutrophils by resting platelets. 
Platelets were obtained from two treatment groups of 5 healthy subjects each before, during and after administration of ASA 
[100mg / d] or clopidogrel [75mg / d] and pooled for fluorirnetric analysis of their effects on neutrophil respiratory burst activity. 
For 45 rain at 37°C, neutrophils were pretreated with resting platelets from ASA- or clopidogrel-treated subjects at a ratio of 
1 /50, followed by washing. Then respiratory burst of neutrophils was triggered and oxygen free radical release measured after 
10 rain. Results are the mean + SEM percentage levels of normalized fluorescence arbitrary units (FAU) obtained from experi- 
ments performed in replicates of eight. In the absence of resting platelets, fMet-Leu-Phe-triggered oxygen radical release (100 
%) was 265 _+ 50 FAU (mean _+ SEM; n 10). Shaded area represents the treatment period 

(Gibco BRL Life Technologies ,  Vienna,  Aust r ia )  

con ta in ing  1 # m o l / L  of fMLP, as a t r igge r ing  

agent .  The pla tes  w e r e  c ove re d  w i t h  lids and  

p laced  in a h u m i d i f i e d  i ncuba to r  at 37°C (5% 

CO2) for  10 m i n u t e s  as desc r ibed  [7]. F luores-  

cence act ivi ty  w a s  d e t e r m i n e d  at 485 /20  n m  

exci ta t ion a nd  530 /25  n m  emiss ion  w a v e l e n g t h s  

us ing  the  C y t o F l u o r  ® Mul t i -Wel l  Plate  Reade r  

Series 4000 (PerSept ive  Biosys tems,  Inc., F ram-  

i n g h a m ,  MA,  USA). 

S t a t i s t i c s  

The Sta tView sof tware  p a c k a g e  (Abacus ,  Berke- 

ley, CA)  wa s  u s e d  to calculate  statistics inc lud-  

ing  n o n - p a r a m e t r i c  mul t ip l e  g r o u p  c o m p a r i s o n  

for  i n d e p e n d e n t  var iables  (Kruskal  Walis  test). 

R E S U L T S  A N D  D I S C U S S I O N  

As s h o w n  in f igure  1, p r e t r e a t m e n t  of  neu -  

t rophi ls  w i t h  res t ing  platelets  inhib i ted  

f -Met -Leu-Phe - t r igge red  r e sp i r a to ry  bu r s t  act iv-  

ity as c o m p a r e d  to neu t roph i l s  w h i c h  w e r e  pre-  

i ncuba ted  w i t h  the  m e d i u m  on ly  in the absence  

of  platelets.  U n d e r  t r e a t m e n t  w i th  ant ip la te le t  
agents ,  platelets  lost  their  inh ib i to ry  ac t ion a n d  

o x y g e n  free rad ica l  release f r o m  neu t rop h i l s  

cou ld  be o b s e r v e d  aga in  after  t r e a tmen t  w i t h  
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ASA or clopidogrel in 93% and 66% of controls, 
respectively. Eight days after the end of treat- 
ment, as newly formed platelets entered circula- 
tion and the drug-treated pool of platelets 
gradually disappeared, by interaction with 
platelets oxygen radical release from chemoat- 
tractant-stimulated neutrophils decreased again. 
Treatment with the antiplatelet drugs ASA or 
clopidogrel thus abrogates the inhibitory effect 
of platelets on the neutrophil  oxygen radical 
release. 

The effect of antiplatelet treatment may not 
only be due to alterations of platelet /neutrophil  
interactions but also be related to direct action of 
the antiplatelet drugs or their metabolites 
present in plasma on neutrophils. We have, 
therefore, tested the effects on formylpep- 
tide-triggered respiratory burst of pretreatment 

of neutrophils with platelet-free plasma that was 
obtained before, during and after administration 
of ASA or clopidogrel. Pretreatment for 10 min 
of neutrophils with normal plasma, followed by 
washing, reduces respiratory burst activity in a 
concentration-dependent manner,  with maxi- 
m u m  inhibition reached at plasma concentra- 
tions of 10 percent or higher (Fig. 2). Oxygen free 
radical production of formylpeptide-triggered 
neutrophils after pretretment with 10% plasma 
from study subjects before treatment, however, 
was not significantly altered by treatment with 
ASA (n=5) or clopidogral (n=5) (Fig. 3). Data 
show that with this experimental design ASA 
and clopidogrel are not active on neutrophils as 
such. Also, possible disturbance by the antiplate- 
let drugs of the fluorimetric assay of oxygen free 
radical product ion appears unlikely. 
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FIGURE 2 Inhibition of 1 gM fMet-Leu-Phe-triggered release of oxygen radicals from human neutrophils by normal human 
plasma. For 45 min at 37°C, neutrophils were pretreated with plasma, followed by washing. Then respiratory burst of neu- 
trophils was triggered and oxygen free radical release measured after 10 min. Results are the mean + SEM (n=3) percentage lev- 
els of normalized fluorescence arbitrary units (FAU). In the absence of plasma, mean fMet-Leu-Phe-triggered oxygen radical 
release (100 %) was 722 FAU (n = 3). P-trend, < 0.05 
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FIGURE 3 Inhibition of 1 gM fMet-Leu-Phe-triggered release of oxygen flee radicals from neutrophils by plasma samples that 
were obtained from two treatment groups of 5 healthy subjects each, before, during and after administration of ASA [100mg/d] 
or clopidogrel [75mg/d] and tested for their effects on neutrophil respiratory burst activity. For 45 rain at 37°C, neutrophils 
were pretreated with 10% plasma, followed by washing. Then respiratory burst  of neutrophils was triggered and oxygen free 
radical release measured after 10 min. Results are the mean + SEM percentage levels of normalized fluorescence arbitrary units 
(FAU) (n-5, each). In the absence of plasma, fMet-Leu-Phe-triggered oxygen radical release (100 %) was 323 + 109 FAU and 226 
_+ 64 (mean +_ SEM; n - 5) for ciopidogral and ASA, respectively. Shaded area represents the treatment period. P-trend, >0.05, 
each 

Mechanisms that may be involved in the 
observed effect of ASA- or clopidogrel-treated, 
resting platelets remain speculative. Previously, 
the inhibitory action of resting platelets on neu- 
trophil respiratory burst was suggested to be 
associated with an increased generation of ade- 
nosine which activates an autoregulatory inhibi- 
tory pathway [11. The recent observation that 
adenosine A receptor activation, through a 
mechanism involving a cyclic AMP-protein 
kinase A signalling pathway, inhibited the 
fMLP-triggered respiratory burst suggests that 
adenosine may act as an inflammatory agent 

modulating the respiratory burst during the dif- 
ferent phases in neutrophil activation [~01 

Adenosine is an endogenous nucleoside 
released from metabolically active cells and gen- 
erated extracellularly via the degradation of 
released ATP and ADP [111. Neutrophils degrade 
ATP and ADP released by platelets, in part by 
ADPase on the leukocyte membrane [12l. Thus, 
inhibition of spontaneous ATP and ADP release 
from platelets by antiplatelet agents [3] may have 
abrogated the inhibitory effect of resting plate- 
lets on neutrophil respiratory burst as is 
reported in the present study. 
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O u r  o b s e r v a t i o n s  s u g g e s t  t ha t  t r e a t m e n t  w i t h  

a n t i p l a t e l e t  d r u g s  m a y  affect  a n t i o x i d a t i v e  

m e c h a n i s m s  [3]. A s  the  i n h i b i t i o n  of  p r e m a t u r e  

o x y g e n  r a d i c a l  r e l ease  f r o m  n e u t r o p h i l s  b y  res t -  

i ng  p l a t e l e t s  m a y  b e  p h y s i o l o g i c a l l y  p r o t e c t i v e  

[1], i ts  a b r o g a t i o n  b y  A S A  or  c l o p i d o g r e l  m a y  be  

d i s a d v a n t a g e o u s .  In  p a r t i c u l a r ,  in  p r i m a r y  p re -  

v e n t i o n ,  w i t h  m o s t  of  the  c i r c u l a t i n g  p l a t e l e t s  

p r e s u m a b l y  res t ing ,  a n t i p l a t e l e t  m e d i c a t i o n  m a y  

i n c r e a s e  t he  o x y g e n  r a d i c a l  b u r d e n  to b l o o d  ele-  

m e n t s  a n d  v a s c u l a r  t i ssues .  

In  the  l i gh t  of  the  c o n t r o v e r s i a / d a t a  a v a i l a b l e  

o n  use  of  a n t i p l a t e l e t  d r u g s  in  p r i m a r y  p r e v e n -  

t i on  [13], o u r  o b s e r v a t i o n  u n c o v e r s  a n o v e l  

u n w a n t e d  s ide  effect  of  a n t i p l a t e l e t  t h e r a p y .  The  

use  of  a n t i p l a t e l e t  d r u g s  in  p r i m a r y  p r e v e n t i o n  

s h o u l d  t h e r e f o r e  be  b a s e d  o n  the  c l in ica l  p i c t u r e  

un t i l  it  is p o s s i b l e  to c l ea r ly  a s ses s  the  b a l a n c e  of  

bene f i t s  a n d  r isks .  
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