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Functional Role of NADPH Oxidase in Activation of Platelets
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ABSTRACT

Involvement of phagocyte NADPH oxidase in host defense response is well established. In contrast, little is
known about the functional role of NADPH oxidase in platelets. In this study, we analyzed involvement of
platelet NADPH oxidase in aggregation of human platelets and in amplification of production of reactive oxy-
gen species (ROS) by activated human neutrophils. Apocynin, a known NADPH oxidase inhibitor, as well as
superoxide dismutase mimetic Mn(III)tetrakis(1-methyl-1-pyridyl)porphyrin, inhibited ROS generation by
collagen-activated platelets, collagen-induced aggregation of platelets, as well as collagen-induced release of
thromboxane B,. These data suggest the key role of intracellular ROS derived from NADPH oxidase in the
control of thromboxane A, (TXA,) production in platelets stimulated by collagen. Apocynin also inhibited
thrombin-induced ROS production and thrombin-induced platelet aggregation. Activation of neutrophils
with latex resulted in an outburst of ROS that was inhibited by apocynin. ROS production by latex-stimulated
platelets was modest and also inhibited by apocynin. However, when a mixture of platelets and neutrophils
was stimulated with latex, ROS production was three to six times higher in comparison with activation of neu-
trophils alone. Platelet-dependent augmentation of neutrophil ROS production was abrogated by TXA, syn-
thase inhibitor (furegrelate, 1 uM) or by aspirin (300 pA). In summary, NADPH oxidase in platelets seems to
play a major role as an intracellular signaling mechanism in the activation of platelets. However, in host de-
fense response involving neutrophils and platelets, platelets enhance ROS production by neutrophils and pos-
sibly their cytotoxic potential via the release of TXA,, which in turn in platelets is not affected by the extracel-
lular release of free radicals. Antioxid. Redox Signal. 6, 691-698.

INTRODUCTION

IT is well known that phagocytes utilize reactive oxygen
species (ROS) produced by the NADH/NADPH oxidase
system for the killing of engulfed microorganisms. Recently,
it has become apparent that NAD(P)H oxidase is expressed
not only in phagocytes, but also in various cell types of the
cardiovascular system, such as endothelial cells, smooth
muscle cells, fibroblasts, or cardiomyocytes (8).

The vascular NAD(P)H oxidases differ from the phago-
cytic one in several aspects. The neutrophil NAD(P)H oxi-
dase releases large amounts of superoxide anion (O,) in

bursts, whereas the vascular NAD(P)H oxidases continuously
produce low levels of O,~. Phagocyte-type NAD(P)H oxidase
produces O,~ extracellularly as a part of the host defense
response, whereas O,~ produced by vascular NAD(P)H oxi-
dase seems to serve as an autocrine transduction messenger
(8). Indeed, NAD(P)H oxidase-derived ROS modify redox-
sensitive signaling pathways and mediate proliferation of
smooth muscle cells (14), hypertrophy of cardiomyocytes (3,
41), angiogenesis (39), as well as inflammatory response of
endothelium (11).

Phagocytic NAD(P)H oxidase is a multicomponent en-
zyme, whose activation depends on the migration of cytosolic
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components (p47rhox; p67rhox and Rac) (2) to the cellular
membrane and coupling to the catalytic cytochrome 5 mem-
brane proteins (gp91rhox, p22phox) In vascular cells, such an
activation pattern has not been clearly demonstrated and the
cytosolic proteins seem to exert a modulatory effect on oxi-
dase activity. Additionally, besides p22prhox, vascular cells dif-
ferentially express gp91rhox analogues known as the non-
phagocytic NAD(P)H oxidase subunits (8).

Activated platelets are known to generate ROS, such as
O,~, hydrogen peroxide (H,0,), and the hydroxyl radical
(OH"). Although many ROS sources could be evoked, recent
reports demonstrated an NADPH oxidase activity in platelets,
while suggesting expression of some of the components of
the NAD(P)H oxidase such as p22prhox, p67phox (34), p47phox
and small G-protein Rac, but not gp91rhex (17, 35). However,
a functional role for such activity is still lacking. It was sug-
gested that, similar to neutrophils, platelet-derived ROS are
involved in host defense and contribute to killing of bacteria
or parasites (9). Antioxidants such as N-acetylcysteine inhibit
aggregation of platelets (1); therefore, it is possible that
platelet-derived O,~ modifies platelet function by direct ef-
fects on redox-sensitive sites (7, 26) or by modifying nitric
oxide availability (31). Furthermore, some evidence was pro-
vided that NADPH oxidase-dependent platelet O, release
was not involved in initial platelet aggregation, but rather in
secondary platelet recruitment, most likely by mechanisms
involving inhibition of platelet ectonucleotidase (17).

Thus, there is little evidence on the functional role of O,-
produced by NAD(P)H oxidase in platelets. The present study
was undertaken to examine the role of platelet NADPH oxi-
dase in two experimental models relevant to hemostasis and
to host defense response. We studied the effects of NAD(P)H
inhibition on platelet aggregation induced by collagen, ADP,
and thrombin and examined a contribution of platelet-derived
free radicals to the amplification of respiratory burst activity
of neutrophils.

MATERIALS AND METHODS

Platelet and neutrophil isolation

Venous blood was obtained from human volunteers in
University Hospital Blood Bank Center. Volunteer donors had
not taken any medicines for the preceding 2 weeks. Blood
was anticoagulated with sodium citrate (3.2%; 1:9, vol/vol).

To obtain platelet-rich plasma (PRP), blood was cen-
trifuged at 250 g for 20 min. Platelet-poor plasma (PPP) was
obtained by centrifugation of remaining blood for 5 min at
2,000 g. To obtain washed platelets (WP), platelets were
washed twice in prostaglandin I, containing phosphate-
buffered saline (PBS) according to Radomski and Moncada
(30) and finally suspended (2 X 108 platelet/ml) in Ca2*-free
PBS containing 0.1% albumin. Filtered platelets (FP) were
obtained by gel filtration on Sepharose 2B columns. Contam-
ination of neutrophils in PRP and WP was less than 1/10¢ and
1/108, respectively, and in FP it was not detectable.

Polymorphonuclear neutrophils (PMNs) were isolated as
follows: a sample of erythrocytes and leukocytes was mixed
with 3% solution of dextran (1:1, vol/vol) and allowed to sed-
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iment for 30 min at 37°C. After sedimentation of erythro-
cytes, the upper fraction, which contained PMNs and mono-
cytes, was used for Ficoll-gradient isolation of PMNs accord-
ing to Boyum (5). Residual erythrocytes were removed by
means of hypoosmotic lysis with ice-cold 0.2% NaCl solu-
tion. Finally, 2 X 10¢ leukocytes were suspended in CaZ*-free
PBS containing 0.1% albumin. More than 95% of the isolated
leukocytes were neutrophils in microscope evaluation. Cells
were viable in >98% as evidenced by trypan blue staining.

Platelet aggregation

Platelet aggregation was studied in PRP in a model of
dual-channel Chrono-log aggregometer using Born’s method
(4). Baseline on the aggregometer was set using PRP, whereas
PPP was used to set full transmittance. PRP (500 pl) was
equilibrated at 37°C for 3 min with continued stirring at
1,100 rpm and then stimulated with collagen, ADP, or throm-
bin. In the beginning of each experiment, submaximal con-
centrations for collagen, ADP, and thrombin were deter-
mined. They were in the range of 0.3—1.2 pg/ml, 3-7 uM, and
0.03-0.3 U for collagen, ADP, and thrombin, respectively.

Functional effects of apocynin, superoxide dismutase
(SOD), or the cell-permeable SOD mimetic Mn(III) tetrakis
(1-methyl-4-pyridyl) porphyrin [Mn(II[)TMPyP] on platelet
aggregation were studied using submaximal concentration of
aggregating compounds. Inhibitors were added 2 min before
stimulation of platelets with the aggregating compound. Inhi-
bition of collagen-induced aggregation by apocynin was sim-
ilar in PRP, WP, and FP, indicating a negligible contribution
of NADPH oxidase from neutrophils to platelet aggregation
in all three types of platelet preparations. Thus, only data
from experiments in PRP are reported.

Measurements of thromboxane B, (TXB,)

TXB, measurements were performed in the samples taken
from the aggregation experiments. Following measurement of
peak aggregation (8 min after addition of collagen), samples
were treated with indomethacin (5 pM) to prevent any further
TXB, formation and placed on ice (2-4°C). Samples were
then transfered to Eppendorff tubes, centrifuged at 300 g for
3 min at room temperature, and stored at —20°C until as-
sayed. TXB, levels were determined in duplicates in aliquots
from samples using a commercially available ELISA kit
(Cayman Chemical Co., Ann Arbor, MI, U.S.A.). TXB, levels
were expressed in nanograms per milliliter.

Free radical production by platelets alone
and by latex-stimulated neutrophils in the
absence and in the presence of platelets

To assess levels of ROS production by collagen- or
thrombin-stimulated platelets, lucigenin-enhanced chemilu-
minescence was used. The assay was performed in a plate
luminometer (FARCyte Fluorescence-Luminescence Plate
Reader; Tecam/Amersham Biosciences Corp., Piscataway,
NJ, U.S.A.). Each well of the 96-well plate contained 1 X 108
platelets/ml, resuspended in Krebs buffer, pH 7.4, and 5 pM
lucigenin.When indicated, the agonists collagen (1.2 pg/ml)
and thrombin (0.3 U) were added in the absence or presence
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of apocynin (600 puM), diphenyleneiodonium (DPI; 20 puM),
SOD (100 U/ml), or SOD mimetic [Mn(II[)TMPyP, 20 pi/].
Final volume was adjusted to 250 pl. Inhibitors were added
2 min before platelet agonists (collagen or thrombin).

To assess levels of ROS production by latex-stimulated
neutrophils in the absence and in the presence of platelets,
luminol-enhanced chemiluminescence was used (1 mM). The
assay was carried out in the automatic microplate luminome-
ter Autolumat Berthold EG&G model LB 96A (Wildbad,
Germany) as described previously (20). ROS production by
neutrophils alone or by neutrophils and platelets was mea-
sured in the absence and in the presence of the following in-
hibitors: apocynin (10-600 pM), DPI (1-100 uM), aspirin
(300 uM), or furegrelate (1 uM). Isolated neutrophils, plate-
lets, and reagents were added into individual Nunc (Roskilde,
Denmark) nontransparent microplate wells in the following
order: 150 pl of luminol (Serva; 5-amino-2,3-dihydro-1,4-
phthalazinedione) in Krebs bufter; 50 pl of neutrophils sus-
pended in PBS at a concentration of 10¢/ml; 25 ul of platelets
suspended in PBS, at a concentration of 2 X 108/ml; inhibitor
in a volume of 10 ul; and finally 1% dry content latex (0.9 pm
in diameter, 2.5 X 1010 particles/ml). In the absence of plate-
lets or an inhibitor, saline was added so that the total reaction
volume was always 245 pl in each well. All measurements
were run in duplicates. Basal chemiluminescence of nonstim-
ulated neutrophils and/or platelets was also included in each
assay.

In all assays, chemiluminescence was measured for 40 min
at 37°C, and readings were expressed as relative luminescence
units (RLU) or as an integrated RLU. The former were calcu-
lated from the height of the peak of the luminescence, and the
latter was measured as an area under the curve of RLU re-
corded over the 40-min period. Both parameters were highly
correlated in all performed experiments. The integral of the
signal was chosen for analysis. As there was a considerable
variability in magnitude of ROS generation between samples
from various donors, data are presented as percentage of the
count of nonstimulated platelets or as percentage of latex-
stimulated neutrophil response in a given experiment.

Immunoblotting of gp91rhex in
neutrophils and platelets

Suspensions of filtered platelets and isolated neutrophils
from the same healthy volunteers were centrifuged at 10,000 g
for 5 min at 4°C, followed by pellet lysis in lysis buffer [1%
Triton X-100, 0.1% sodium dodecyl sulfate (SDS) in PBS
containing 1 mM phenylmethylsulfonyl fluoride, 100 uM leu-
peptin, 50 uM pepstatin A]. Protein concentration of lysates
was determined using the Bradford method. Samples contain-
ing equal amounts of total protein were mixed with gel
loading buffer (50 mM Tris, 3% SDS, 10% glycerol, 7%
2-mercaptoethanol, 0.1% bromophenol blue) in a ratio of 4:1
(vol/vol) and boiled (4 min). Then samples (50 pg of total
protein per lane) were separated on 7.5% SDS-poly-
acrylamide gels (Mini Protean II, Bio-Rad, Hercules, CA,
U.S.A.) using the Laemmli buffer system, and proteins were
semidry transferred to nitrocellulose membranes (Bio-Rad).
Nonspecific binding sites were blocked overnight at 4°C with
5% nonfat dried milk, and membranes were incubated 5 h at
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room temperature with rabbit polyclonal antibody to gp9 1phex
(1:500) (Upstate, Biotechnology, Lake Placid, NY, U.S.A.).
Membranes were then incubated with horseradish peroxidase-
conjugated secondary antibody (2 h at room temperature,
1:5,000; Upstate), and signal intensities were measured using
an enhanced chemiluminescence detection system (ECL,
Amersham, Arlington Heights, IL, U.S.A.). Additionally,
membranes were reprobed with monoclonal anti-B-actin
antibody (1:5,000; Sigma, St. Louis, MO, U.S.A.). Prestained
markers (Amersham) were used for molecular weight deter-
minations. Protein bands were scanned and analyzed with
freeware Scion image (Scion Cor., Frederick, MD, U.S.A.).
The data were normalized to constitutively expressed [3-actin
protein.

Reagents and drugs

Collagen was obtained from Chrono-log (U.S.A.), throm-
bin from Polfa-Krakow (Krakow, Poland), aspirin from Bayer
(Leverkusen, Germany), DPI, SOD, and apocynin (4 hydroxy-
3’-methoxyacetophenone) from Sigma—Aldrich Chemicals
International, and furegrelate sodium from Biomol Research
Laboratories, Inc. (Plymouth Meeting, PA, U.S.A.). Latex
was obtained from Instytut, Katalizy, PAN (Krakow, Poland).
SOD mimetic Mn(III)TMPyP was from Cayman.

Data analysis

Results are expressed as means + SD. Differences between
means were evaluated by the unpaired Student’s 7 test. A
p value of <0.05 was considered statistically significant.

RESULTS

Role of NADPH oxidase in platelet aggregation

Apocynin, the NADPH oxidase inhibitor, inhibited plate-
let aggregation induced by collagen, ADP, or thrombin in a
concentration-dependent manner (Fig. 1). The inhibitory ef-
fect of apocynin was most pronounced in collagen-induced
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FIG. 1. Concentration-dependent inhibition of platelet
aggregation by the NADPH oxidase inhibitor, apocynin in
human PRP. Platelet aggregation was induced by submaximal
concentration of collagen (0.3—1.2 pg/ml), ADP (3—7 uM), or
thrombin (0.03-0.3 U). Data are presented as means + SD from
at least five experiments.
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FIG. 2. Inhibition of collagen-induced TXB, production

by apocynin (300 pM), by cell-permeable SOD mimetic
[Mn(III)TMPyP; 100 pM], and by aspirin (ASA; 300 pM)
in human PRP. Data are presented as means + SD from three
to five experiments. *p < 0.05 versus control response.

aggregation and was associated with the suppression of
collagen-induced formation of TXB, (Fig. 2). Also, the SOD
mimetic Mn(III)TMPyP (100 pM) inhibited collagen-induced
aggregation of platelets (by >90%) and TXB, formation
(Fig. 2). On the other hand, SOD (100 U/ml) did not modify
either collagen-induced platelet aggregation or collagen-
induced TXB, release (data not shown).

Activation of platelets with collagen (1.2 pg/ml) or throm-
bin (0.3 U) resulted in augmentation of ROS production
as measured by lucigenin-enhanced chemiluminescence
(Fig. 3). ROS production by platelets in basal conditions, as
well as after stimulation with collagen or thrombin, was in-
hibited by apocynin (600 pM) and MnTMPyP (20 uM), but
not by SOD (100 U/ml) (Fig. 3). Also DPI (20 uM) dimin-
ished by 63% basal ROS production by platelets and abro-
gated an increase in ROS production in collagen- or throm-
bin-stimulated platelets.
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FIG. 3. Inhibition of platelet-derived ROS production by
apocynin (600 pM) or by cell-permeable SOD mimetic
[Mn(IIT)TMPyP, 20 pM], but not by SOD (100 U/ml) as
measured by lucigenin-enhanced chemiluminescence. Data
are presented as means + SD from four to six experiments. *p <
0.05 versus respective control value; #p < 0.05 versus nonstim-
ulated platelets.
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Expression of gp91rhox in platelets and neutrophils

A major subunit of NADPH oxidase, gp91rhox protein, was
detected in platelets and in neutrophils (~70 kDa). Interest-
ingly, the level of expression of gp91rhox in platelets and neu-
trophils was similar, if calculated in relation to expression of
B-actin (Fig. 4).

Role of thromboxane A, (TXA,) in platelet-
dependent amplification of ROS production
by neutrophils

Latex-stimulated activation of neutrophils (10¢/ml) re-
sulted in an outburst of ROS [from 67,800 + 3,433 to
3,053,000 = 656,810 (integrated RLU)] as measured by
luminol-enhanced chemiluminescence (Fig. 5A). Latex-
stimulated response of neutrophils was inhibited by >90% by
apocynin (100-600 puM) or by DPI (10-100 pM) (data not
shown). In contrast with neutrophils, stimulation of platelets
(2 X 108/ml) with latex resulted in modest augmentation of
ROS production as detected by luminol-enhanced chemilumi-
nescence [from 11,673 + 4,331 to 37,703 + 27,739 (n = 6)
(integrated RLU)]. This response was also completely inhib-
ited by 300 pM apocynin [10,453 + 3,030 (n = 6) (integrated
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FIG. 4. (A) Representative immunoblotting of gp91phex pro-

tein and B-actin protein in lysates of gel-filtered platelets (PLs)
and isolated neutrophils (PMNs). (B) Densitometric analysis of
gp91rhex protein expression in platelets and neutrophils isolated
simultaneously from blood of healthy volunteers (n = 3). The
data are normalized to 3-actin protein.
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RLU)]. Importantly, in the presence of platelets (2 X 108/ml),
latex-induced production of free radicals by neutrophils
(10/ml) was three to six times higher as compared with that
produced by activated neutrophils alone (Figs. 5 and 6). Inhi-
bition of TXA, synthase (furegrelate, 1 uM) did not change
the response of neutrophils, whereas the inhibitor of cy-
clooxygenase (COX), (aspirin, 300 pM) potentiated the re-
sponse of neutrophils (Figs. 5 and 6). However, if neutrophils
were stimulated in the presence of platelets together with
furegrelate or aspirin, each of them abrogated platelet-depen-
dent augmentation of the neutrophil response (Figs. 5 and 6).

DISCUSSION

In the present study, we demonstrate that apocynin [an in-
hibitor of NAD(P)H oxidase] and a cell-permeable SOD
mimetic profoundly inhibited aggregation of human platelets
induced by collagen and collagen-induced release of TXB,.
Platelet aggregation induced by ADP or by thrombin was less
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FIG. 5. Amplification of latex (Lx) induced ROS produc-
tion in neutrophils (PMNs) in the presence of platelets
(PLs) and its inhibition by TXA, synthase inhibitor (Fur,
furegrelate; 1 nM). (A) Time course of the responses in the
representative experiment. (B) Magnitude of the response mea-
sured as the integral of luminol-enhanced chemiluminescence.
Data are presented as means + SD from four experiments. *p <
0.05 versus latex-stimulated PMNs; #p < 0.05 versus latex-
stimulated PMNSs in the presence of platelets.
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FIG. 6. Effects of aspirin (ASA) on the amplification of
latex (Lx)-induced ROS production by neutrophils (PMNs)
in the presence of platelets. Data are presented as means + SD
from six experiments. *p < 0.05 versus latex-stimulated PMNs;
#p < 0.05 versus latex-stimulated PMNs in the presence of
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affected by apocynin. On the other hand, we demonstrate that
gp91rhex protein was expressed in platelets at a level compa-
rable to that of neutrophils. However, activated platelets, in
contrast to activated neutrophils, produced relatively low lev-
els of NADPH oxidase—derived ROS that could be detected
by chemiluminescence. Interestingly, in the presence of plate-
lets, respiratory burst of neutrophils and possibly their cyto-
toxic potential were strongly potentiated by a mechanism in-
volving platelet-derived TXA,, which in turn was sensitive in
platelets to apocynin and to the cell-permeable SOD mimetic,
but not to SOD itself. These data suggest that the ROS gener-
ated by NADPH oxidase in platelets represent an important
intracellular signaling mechanism for platelet activation/ag-
gregation rather than a direct mechanism for killing of
microorganisms (9).

Over 20 years ago, it was shown that platelets released O,
(19). Possible enzymatic sources of ROS in platelets include
COX (7), mitochondrial enzymes (33), xanthine oxidase (24),
and NAD(P)H oxidase (17). The last one seems to be the
major source of ROS in platelets. Indeed, O,~ production by
human platelets stimulated by phorbol ester (O-tetradec-
anoylphorbol 13-acetate) or calcium ionophore was entirely
dependent on NADPH oxidase (34). Numerous studies ana-
lyzed the effects of exogenous ROS on the function of plate-
lets (28, 31) or chemical identity of ROS produced by plate-
lets (7, 15, 16, 26). It was suggested that platelet-derived ROS
were involved in host defense response and killing of bacteria
or parasites (9). On the other hand, H,0, was suggested to
mediate collagen-induced aggregation, although the source of
H,O, production was not identified (26). The role of NADPH
oxidase—like enzyme in platelet aggregation was previously
suggested by Salvemini et al. (32) on the basis of the in-
hibitory effect of DPI, a broad-spectrum flavoprotein in-
hibitor (37) on ADP- or thrombin-induced platelet aggrega-
tion. Later, however, it was demonstrated that O,~ derived
from NADPH oxidase was involved in the recruitment of ad-
ditional platelets to thrombus formation, but not in primary
platelet aggregation (17).

Here we show that apocynin [a selective inhibitor of
NAD(P)H oxidase] abrogated platelet aggregation induced by
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collagen and significantly attenuated platelet aggregation in-
duced by ADP or thrombin. Apocynin, as well as DPI, inhib-
ited ROS production by activated platelets, suggesting that
the antiplatelet effect of apocynin was due to NAPDH oxi-
dase inhibition. We also demonstrate that SOD, which has re-
stricted penetration into cells and wipes off only extracellular
O,~, did not modify ROS production by platelets, collagen-
induced aggregation, and collagen-induced TXA, release. On
the other hand, Mn(II[)TMPyP, (a cell-permeable SOD
mimetic) blunted ROS production by platelets, collagen-in-
duced platelet aggregation, and collagen-induced TXA, re-
lease. These results suggest the following: first, the involve-
ment of an intracellular, but not extracellular, target for
NAD(P)H oxidase dependent regulation of platelet function
and, second, obligatory involvement of O,~ in this regulation.
A possible involvement of other types of ROS in this regula-
tion remains to be defined.

Our findings that collagen-induced aggregation was most
sensitive to the inhibitory effect of apocynin, followed by
ADP- and thrombin—induced aggregation, seem to correlate
with the known contribution of TXA, to collagen-, ADP-, and
thrombin-induced aggregation of platelets.

Noteworthy, it was demonstrated that oxygen species could
activate arachidonic release via direct stimulation of phos-
pholipase A, (42). Furthermore, peroxide tone was suggested
to be necessary for the activation of COX (38). NADPH oxi-
dase could be involved in activation of the pathway leading to
generation of TXA, in platelets at the level of phospholipase
A, or COX-1, or possibly through other targets, e.g., tyrosine
kinase (18) or protein kinase C (22, 29). Obviously, upstream
and downstream mediators of NADPH oxidase in platelets re-
main to be defined. Nevertheless, our data support the notion
that NADPH oxidase-derived ROS are critically involved in
platelet activation. This seems to be in line with the known
ability of antioxidants, such as N-acetylcysteine, to inhibit
platelet aggregation (1).

A large body of evidence indicates that the role of platelets
is not limited to the regulation of hemostasis and thrombosis.
In particular, direct bridging of platelets with leukocytes, de-
pendent on specific interactions between adhesion molecules
on platelet and leukocyte, play an important role in host de-
fense response (21). The mechanisms of platelet—neutrophil
interaction involves P-selectin and glycoprotein IIb/Illa in
platelets and P-selectin glycoprotein ligand (PSGL-1) and
CD11b/CD18 in neutrophils (6, 12, 13, 36). Importantly,
platelet—leukocyte complexes represent a large subpopulation
of neutrophils with a greater capacity of phagocytosis and
ROS production (25). Indeed, our data showed that in the
presence of platelets, respiratory burst of neutrophils was po-
tentiated, as shown previously (43). Here, we also demon-
strate that augmented ROS production by neutrophils in the
presence of platelets was abrogated by the inhibitor of TXA,
synthase (furegrelate) or by the inhibitor of COX-1 (aspirin).
Accordingly, this phenomenon involves COX-1-derived
TXA, from platelets.

We did not provide direct evidence whether furegrelate
acted on neutrophils or platelets in our experimental setting.
However, human neutrophils, in contrast to platelets, do not
possess TXA, synthase (23); therefore, it seems unlikely that
a direct effect of TXA, synthase inhibitor on neutrophils is
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involved. Interestingly, aspirin augmented the latex-induced
neutrophil response, suggesting that COX-1 is not coupled to
TXA, synthase in neutrophils, but rather to prostaglandin E
(PGE) synthase. Indeed, neutrophils produced a substantial
amount of PGE,, and PGE, is known to inhibit neutrophils
(27, 40). Accordingly, inhibition of COX-1 in neutrophils by
aspirin most likely results in diminished PGE, production and
augmentation of neutrophil response.

Taken together, our results suggest the role of TXA, in
platelet-dependent augmentation of respiratory burst of neu-
trophils. This seems to correlate with our previous findings
on the key role of lipid mediators in platelet—neutrophil
interactions (10).

In summary, we point out that NADPH oxidase in platelets
plays a major role as an intracellular signaling mechanism in
platelet activation. Additionally, in host defense response in-
volving neutrophils and platelets, platelets enhance produc-
tion of free radicals by neutrophils and possibly their cyto-
toxic potential through the release of TXA,, and not by the
extracellular release of ROS.

Perspectives

Presently, it is considered that NAD(P)H oxidase is a
major source of ROS in the vascular wall. Inhibition of ROS
overproduction may prove effective in the prevention or treat-
ment of a variety of cardiovascular diseases, such as hyper-
tension, atherosclerosis, or heart failure. As we show here, in-
hibition of NADPH oxidase in platelets offers also
antiplatelet effects.
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peroxide; Mn(III)TMPyP, Mn(11I) tetrakis(1-methyl-4-pyridyl)
porphyrin; O,-, superoxide anion; PBS, phosphate-buffered
saline; PGE, prostaglandin E; PMNs, polymorphonuclear
neutrophils; PPP, platelet-poor plasma; PRP, platelet-rich
plasma; RLU, relative luminescence units; ROS, reactive
oxygen species; SDS, sodium dodecyl sulfate; SOD, superox-
ide dismutase; TXA,, thromboxane A,; TXB,, thromboxane
B,; WP, washed platelets.
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