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Abstract—We recently described a stimulatory effect of high doses (>100 /imol/L)
diclofenac on platelet adhesion. In this study we extend our research to the
possible biochemical mechanisms of the observed effects, to other non steroidal
anti-inflammatory drugs (NSAIDs) (flurbiprofen, indomethacin, acetylsalicylic acid,
ibuprofen, nitrofenac and nitroflurbiprofen) and to the effect of high doses diclofenac
and flurbiprofen on platelet aggreation. We observed that high doses of diclofenac
and of flurbiprofen, but not of the other tested NSAIDs, increased platelet
adhesion at doses ranging from 100 to 500 jimol/L, an effect completely removed
by the 12-lipoxygenase-inhibitor nordihydroguaiaretic acid. Moreover, they had
no pro-aggregating effect, inhibiting platelet aggregation induced by 10 /xmol/L
arachidonic acid and dose-dependently increasing the [Ca2+]j. Finally, whereas no
basal nitric oxide release by washed platelets was detected, when platelets were
incubated by 500 (jmol/L diclofenac or flurbiprofen, the production of nitric oxide,
as measured by amounts of nitrite released, was 4.4 + 0.5 and 3.8 ± 0.4 pmol/5
x 108 platelets/min, respectively. Our data indicate that high doses diclofenac and
flurbiprofen are promoters of the early phases of platelet activation, probably through
the 12-lipoxygenase pathway.

INTRODUCTION

The majority of patients with significant inflammatory processes, for instance
rheumatic, diseases, require either prolonged or recurrent treatment with non
steroidal anti-inflammatory drugs (NSAIDs). However, the therapeutical use of
these compounds is limited primarily by their capacity to produce unpleasant
or frankly dangerous toxic side effects, the most frequent can be referred to
the upper gastrointestinal lesions (1, 2). The pathogenesis of these side effects
is not well understood. Much evidence supports the hypothesis that the major
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therapeutic and toxic effects of NSAIDs are due to the inhibition of the enzyme
cyclo-oxygenase: consequently, suppression of endogenous prostacyclin forma-
tion and subsequent reduction in mucosal blood flow has been proposed to be
one of the most likely mechanisms underlying the tissue damage induced by
NSAIDs (3). In recent years, it has become increasingly clear that neutrophils
and neutrophil-derived factors must play an important role in the gastrointesti-
nal damage induced by aspirin like-drugs (4, 5). Moreover, some observations
suggest that inhibition of the lipoxygenase pathway prevent the high doses
indomethacin-induced leukocyte adherence to vascular endothelium (6).

On the other hand, little is known about the effects of higher doses of NSAIDs
on platelet physiology, above all as regards the early phase of platelet activation,
and about the possible role played by these cells in the damages induced by these
drugs. To our knowledge, it is reported an enhanced platelet deposition on the rab-
bit veins from animals treated with high doses acetylsalicylic acid as compared to
animals treated with low doses acetylsalicylic acid. The authors referred this phe-
nomenon to the reduced vessel wall PGI2 production induced by high doses aspirin
rather than a direct effect on platelet function (7).

In a preliminary report, we showed a stimulatory effect of high doses
(>100 /^mol/L) diclofenac on platelet adhesion in vitro associated with upreg-
ulation in the expression of two major adhesion glycoproteins, i.e. GPHb/IIIa
and GMP-140 (8). Since platelets have potential pro-inflammatory properties (9),
this observation may have important implications for the unwanted side-effects
of these widely used drugs.

With the present report we extended the study to the effects on platelet adhe-
sion of other classical NSAIDs (flurbiprofen, indomethacin, acetylsalicylic acid,
ibuprofen) and of new nitric oxide-releasing derivatives such as nitrofenac and
nitroflurbiprofen. The latter drugs have been reported to have markedly reduced
ulcerogenic properties in animal models (10, 11). Moreover, we tried to define
the biochemical mechanism of the observed platelet activation. We investigated
the effects of diclofenac and flurbiprofen on platelet intracellular free calcium
([Ca2+]j) as well as nitric oxide production and aggregation. Finally, these data
are discussed with regard to the possible pathophysiological role of platelets in
the toxicity by high doses of NSAIDs, i.e., gastrointestinal side effects.

MATERIALS AND METHODS

Platelet Preparation. Platelets were harvested from blood of healthy human volunteers, who
had not been taking any drugs for at least 3 weeks, by differential centrifugation. A final volume of
30 mL of blood were drawn by venipuncture in 4.98 mL of anticoagulant solution (15 g/L citric acid,
20 g/L dextrose, 25 g/L sodium citrate) and platelet-rich plasma was obtained by centrifugation at
300 g for 10 min. The platelet-rich plasma was re-centrifuged at 700 g for 15 min and platelets
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were gently suspended at the indicated concentrations in a buffer composed by 145 mmol/L NaCl,
5 mmol/L KC1, 10 mmol/L Hepes, 0.5 mmol/L Na2HPO4 and 6 mmol/L glucose, pH 7.4 (buffer
A). When assay of adhesion was performed, 0.2% serum albumin was added to buffer A. The platelet
suspensions were kept at room temperature and utilized within one hour. Ten min before use, platelets
were warmed up to 37°C.

Assay of Adhesion. Platelet adhesion was evaluated as previously described (12). Briefly,
sterile 96-well microtiter plates with flat-bottom wells (Linbro type) (Sigma Chemical Company)
were coated overnight with 0.2 mg/mL human fibrinogen (type I) (Sigma Chemical Company) in
Dulbecco's phosphate-buffered saline (PBS) (Gibco Ltd) and washed twice with physiological saline.
Immediately after coating and washing, the wells were supplemented with 25 fiL of the tested drugs
(3 x the final desired concentration, in buffer A supplemented with 2 mmol/L CaCi2 and 2 mmol/L
MgSC>4), Diclofenac, flurbiprofen, indomethacin, ibuprofen and acetyl salicylic acid were purchased
from Sigma Chemical Company; nitrofenac (diclofenac 4-nitroxybutylester) and nitroflurbiprofen
(flurbiprofen 4-nitroxybutylester) were synthesized and kindly supplied by NICOX Ltd (London,
UK). Plates were then brought to 37°C, and 50 jtL of the platelet suspension (2.5 x 106 platelets),
pre-warmed at 37°C, were added to each well using a multichannel pipette. Plates were incubated
40 min under static conditions in humidified thermostat (37°C, 5% CO2) and then they were trans-
ferred to the automatic washer (Easy Washer 2, SLT Labs Instruments) and subjected to two wash-
ing cycles with PBS at room temperature. After washing, the wells containing adherent platelets
were rapidly supplemented with 150 pL of 0.1 mol/L citrate buffer, pH 5.4, containing 5 mmol/L
p-nitrophenyl-phosphate and 0.1% Triton X-100. After incubation at room temperature for 60 min,
the reaction was stopped and the colour was developed by the addition of 100 /tL of 2 N NaOH.
The p-nitrophenol produced by the reaction was measured with a microplate reader (Reader 400,
SLT Labs Instruments) at 405 nm against a platelets free blank. The percentage of adherent cells
was calculated on the basis of a standard curve obtained with a defined number of platelets of the
same donor.

Platelet Intracellular Free Calcium. The cytosolic calcium concentration was measured in
platelets with a fluorescent indicator, Fura 2 (Calbiochem), as previously described by Pollock et
al. (13). After loading with 2 ^mol/L Fura 2 AM in platelet-rich plasma (PRP), the platelets were
collected by centrifugation and suspended (2 x 107 platelets/mL) in buffer A. The external cal-
cium and magnesium concentration was restored to 1 mmol/L. Platelet [Ca2+Jj variations induced
by drugs were measured recording the fluorescence variations at 37°C by F-2000 fluorescence spec-
trophotometer (Hitachi), using 340 nm excitation wavelength and 500 nm emission wavelength.

Measurement of Platelet Nitrite Production. The fluorimetric method of Misko et al. (14),
with some modifications, was used to measure nitrite generated by platelet as index of nitric oxide
production. Washed platelets (5 x 10s platelets/mL) were incubated for 1 h at 37"C with or without
the indicated drugs in the presence of exogenous 300 /tmol/L L-arginine. After incubation, the sam-
ples were immediately centrifuged at 5600 g for 3 min and 900 pL of the reaction supernatant were
collected; then, 900 p,L of freshly prepared 2,3-diaminonaphthalene (0.05 mg/mL in 0.62 mol/L
HC1) were added and mixed immediately. After 10 min incubation at +4°C, the reaction was stopped
with 45 /iL of 2.8 N NaOH. the fluorescence intensity was measured by the F-2000 fluorescence
spectrophotometer, using 365 nm excitation wavelength and 450 nm emission wavelength.

Platelet Aggregation. Platelet aggregation was monitored by a standard nephelometric tech-
nique in which 0.5 mL of platelet suspension (2 x 108 platelets/mL) were incubated at 37°C and
stirred at 1,000 rpm in a four-channel aggregometer (Aggrecorder II, Daiichi). Drugs- and agonist-
induced aggregation was quantified by measuring the increase in light transmission (% T). Before
the addition of a drug or an agonist, 1 mmol/L CaC^ and 1 mmol/L MgSC>4 were added to the
platelet suspension. To test the effect of NSAIDs on platelet aggregation induced by agonist, platelets
were pre-incubated 15 min at 37°C with the drugs.

Statistical Analysis. Data are expressed as Mean ± Standard Error of the Means (SEM).
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Means were compared using Student's t-test for paired data. P values <0.05 were taken as sig*
nificant.

RESULTS

Effects of NSAIDs on Platelet Adhesion. Figure 1 shows platelet adhe-
sion to fibrinogen coated wells in dependence of increasing doses of diclofenac,,
flurbiprofen and their nitroderivatives, nitrofenac and nitroflurbiprofen. In the
absence of drugs, only 3 to 4% of platelets adhered to the fibrinogen-coated sur-
face of the incubation wells, as expected because the assay was carried out in
the absence of agonists. At doses ranging from 100 to 500 /trnol/L, diclofenac
and flurbiprofen were particularly active in stimulating adhesion of platelets
thus achieving peak adhesion of 13% to 18%, values that are comparable with
those induced by 10 ̂ mol/L ADP or 5 pmol/L arachidonic acid (12% and 14%
respectively, data not shown). These stimulatory effects were not present using
the nitric oxide-releasing nitrofenac and nitroflurbiprofen. On the contrary, these
compounds reduced the basal value of adhesion, a phenomenon particularly evi-

Fig. 1. Effects of diclofenac (O), flurbiprofen (D), nitrofenac (•) and nitroflurbiprofen (•) on
platelet adhesion (« = 12; */> < 0.02, and +P < 0.001 vs basal).
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Fig. 2. Effects on platelet adhesion of diluent solution (rising to right bas), 100 /<mol/L (open
bars) indomethacin, ibuprofen and acetylsalicylic acid and 500 /imol/L (diagonal Crosshatch bars)
indomethacin, ibuprofen and acetylsalicylic acid (« = 12).

dent for nitrofenac. Incubation of platelets with drugs diluent or high doses of
the others tested NSAIDs-acetylsalicylic acid, indomethacin and ibuprofen (0 to
1 mmol/L)-did not increase the platelet adhesion (Figure 2).

Effects of Diclofenac and Flurbiprofen on Platelet Aggregation, Platelet
[Ca2+]it and Nitric Oxide Production. In a second set of experiments, di-
clofenac and flurbiprofen, the two NSAIDs with increasing effect on platelet
adhesion, were tested on platelet aggregation. These compounds had no direct
platelet pro-aggregating effect, evaluated by conventional aggregometry (Figure
3A). On the contrary, the same drugs showed a marked inhibition on platelet
aggregation induced by 10 jtmol/L arachidonic-acid, as expected (Figure 3B).

The platelet intracellular free calcium, measured by fluorescent probe Fura 2
AM, was dose-dependently increased by diclofenac and flurbiprofen in a concen-
tration range from 100 to 500 /*mol/L (basal; 67.2 ± 2.4; 500 /xmol/L diclofenac:
122.6 ± 3.7*; 500 pmol/L flurbiprofen: 111.2 ± 3.0* nmol/L; *P < 0.01 vs basal,
n = 5) (Figure 4).

In the present study, a basal nitric oxide release by washed platelets was
not detected. When the platelets were activated by 10 /xg/mL collagen, the pro-
duction of nitric oxide as measured by amounts of nitrite released was 15.3 ±
1.6 pmol/5 x 108 platelets/min (n = 8). When the platelets were incubated with
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Fig. 3. A: Effects of diclofenac (open bars) and flurbiprofen (diagonal Crosshatch bars) on aggre-
gation of resting platelets. Solid bar indicates platelet aggregation in the absence of drugs. B: Effects
of increasing doses of diclofenac (open bars) and flurbiprofen (diagonal Crosshatch bars) on platelet
aggregation induced by 10 fumol/L arachidonic acid. Rising to right bar indicates platelet aggre-
gation by 10 /imol/L arachidonic acid without drugs (« = 8; *P < 0.02 and **P < 0.01 vs 0 jiM
drugs).

Fig. 4. Effects of diclofenac (O) and flurbiprofen (•) on platelet [Ca2*], (n = 8; *P < 0.01 vs
basal).
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Fig. 5. Effects of aristolochic acid (O) and of nordihydroguaiaretic acid (D) on platelet adhesion in
dependence of increasing doses of diclofenac (A) or flurbiprofen (B). A indicates the control without
inhibitors.

500 jtmol/L diclofenac or flurbiprofen in the absence of collagen, the amounts
of nitrite generated were 4.4 ± 0.5 and 3.8 ± 0.4 pmol/5 x 108 platelets/min,
respectively (« = 8).

Effects of Phospholipase A2- and Lipoxygenases-Inhibitors on Stimulated
Platelet Adhesion. Figure 5 reports the effects of diclofenac and flurbipro-
fen on the adhesion of platelets preincubated for 15 min at 37°C with either
50 /tmol/L aristolochic acid, a phospholipase Aa inhibitor or 50 /imol/L nordi-
hydroguaiaretic acid, a selective inhibitor of lipoxygenases (ICso = 0.2, 30 and 30
/xmol/L for 5-, 12- and 15-lipoxygenase respectively) over cyclo-oxyenase (ICjo
=F 100 jtmol/L). The nordihydroguaiaretic acid completely inhibited the platelet
adhesion activated by diclofenac and flurbiprofen, whereas the inhibitory effect
of aristolochic acid were not detectable when diclofenac and flurbiprofen were
tested at concentration exceeding 250 jimol/L.

DISCUSSION

In this study we described the influence of several NSAIDs on various
platelet functional responses. In particular, our results showed that diclofenac
and flurbiprofen but not other "classical" NSAIDs-indomethacin, acetylsalicylic
acid and ibuprofen—were able to trigger the early step of platelet activation, i.e.
adhesion, but also that they had no stimulating effects on later step of platelet
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activation, i.e., aggregation. On the contrary, platelet aggregation by arachi-
donic acid was inhibited by diclofenac and flurbiprofen, as expected on the
basis of their cyclo-oxygenase-inhibiting activity. Besides, our results suggest
that the diclofenac- and flurbiprofen-induced platelet adhesion is possibly medi-
ated through a 12-lipoxygenase-dependent mechanism. This contention is based
on the observation that the phenomenon was largely prevented by pre-treatment
of platelets with the nordihydroguaiaretic acid, an inhibitor of platelet lipoxyge-
nase (15).

Platelet adherance to the fibrinogen depends on the expression of surface
activated GPIIb/IIIa and this is the result of the activating process in response
to specific agonists or physical/chemical stimuli. Unlike platelet aggregation,
the adhesion does not require the participation of cyclo-oxygenase products,
i.e. thromboxane Aa (16, 17). Perhaps diclofenac and flurbiprofen might alter
the platelet plasma membrane and consequently induce a greater tendency of
adhere, as suggested by the morphological studies of Djaldetti et al. (18), refer-
ring an increased and a marked elongation of platelet pseudopodia after incu-
bation with diclofenac, and by our previous observation of increased expression
of GPIIb/IIIa after treatment with this drug (8). However, considering also the
ability, even if weak, of diclofenac and flurbiprofen to increase the [Ca2+]j, our
results are indicating a real platelet activation rather than a simple plasma mem-
brane "perturbation." During the platelet activation, the release of arachidonic
acid from platelet-membrane phospholipids initiates the synthesis of eicosanoids
by cyclo-oxygenase and 12-hydroxyeicosatetraenoic acid by 12-lipoxygenase. In
the platelet physiology, various mediators can alternatively promote or inhibit
platelets adherence. Before all, it is possible that platelet adherence by diclofenac
and flurbiprofen is a consequence of the removal of such an inhibitory factor and
so it leads to an imbalance between the production of proadhesive and antiadhe-
sive products of the arachidonic acid cascade. As concern the cyclo-oxygenase-
derived inhibitory compound, i.e., PGI2, a reduction of its synthesis is unlikely
to be involved in the mechanism of increased platelet adhesion because the con-
centrations of diclofenac and flurbiprofen required to effect enhancement are far
greater than those necessary to inhibit cyclo-oxygenase activity and, in addi-
tion, indomethacin, acetylsalicylic acid and ibuprofen, others cyclo-oxygenase
inhibitors, did not enhance platelet adhesion.

At high concentrations in vitro, NSAIDs do not inhibit phospholipase A2,
which controls arachidonic acid formation from phospholipids, and have neg-
ligible effects on the 5-, 12- and 15-lipoxygenase (19-21). So, it is conceiv-
able that, in our conditions, the platelet lipoxygenase product 12-hydroxyeicosa-
tetraenoic acid could be synthetized in abundance during diclofenac and flur-
biprofen administration. In this connection, although the direct product of platelet
arachidonate lipoxygenase, 12-hydroperoxyeicosatetraenoic acid, is known to
inhibit platelet functions (22, 23), there are other studies indicating that platelet
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lipoxygenase may play a significant role in platelet activation (24-26). To our
knowledge, there is no direct evidence that inhibition of cyclo-oxygenase activity
leads to a "shunting" of arachidonic acid through the 12-lipoxygenase pathway.
However, whereas activation of membrane phospholipases is usually accompa-
nied by synthesis of eicosanoids from arachidonic acid, the two processes are
not always related. Platelets rendered incapable of producing thromboxane or
other eicosanoids (as after aspirin treatment) still undergo the release reaction
on contact with appropriate strong stimuli such as collagen and thrombin, as a
result of direct phospholipase C stimulation (9). However, the activation of 12-
lipoxygenase pathway by arachidonic acid shunting can not be the only explana-
tion of the adhesion induced by diclofenac and flurbiprofen, because it remains
to be explained why not all the NSAIDs tested in this work have the capacity
to activate. A reason could be that acetylsalicylic acid and indomethacin inter-
fere with the peroxidase activity in platelets and thereby inhibit the conversion
of 12-hydroperoxy-eicosatetraenoic acid to 12-hydroxy-eicosatetraenoic acid
whereas diclofenac and flurbiprofen do not seem to have this effect (27).

We cannot exclude that diclofenac and flurbiprofen exert at least part of
their effects on platelet adhesion via a mechanism that is independent of both
cyclo-oxygenase and lipoxygenase and probably through the inhibition of some
endogenous inhibitory metabolite. For this reason, we investigated the possible
connection between the described NSAIDs activating effect on platelet adhesion
and the production of nitric oxide that others have shown to be produced by
platelets (28) and to have regulating effects on these cells. The possibility was
explored on one hand that higher doses of diclofenac or flurbiprofen increased
platelet adhesion affecting platelet nitric oxide production, on the other that the
simultaneous administration in large quantities of the two NSAIDs and nitric
oxide could result in a normal platelet adhesion. As regards the first hypothesis,
no basal nitric oxide production by washed platelets was detected, and this is
in agreement with previous observations (29-31). However, from our data it is
difficult to support a reduced platelet production of this metabolite by diclofenac
and flurbiprofen since it appears that high doses of the two drugs increase platelet
nitric oxide production rather than reduce it.

Investigating the second hypothesis, we used two nitric oxide-releasing
NSAIDs, i.e., nitrofenac and nitroflurbiprofen. These compounds are new anti-
inflammatory drugs obtained by the incorporation of a nitroxybutyl moiety
through an ester linkage to the carboxylic group of diclofenac and flurbiprofen,
respectively. Nitric oxide-releasing NSAIDs are part of the strategies that, over
the past few years, have been employed in order to reduce the gastrointestinal
side effects by NSAIDs (32-34). These compounds may provide important alter-
natives to existing anti-inflammatory agents since they had showed markedly less
gastrointestinal ulcerogenic activity but comparable anti-inflammatory properties
to the parent compounds, both in acute and in chronic models of inflammation in
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the rat (10, 11). An interesting result of the present study is the absence of platelet
activation by the diclofenac and flurbiprofen nitric oxide-releasing analogs,
nitrofenac and nitroflurbiprofen. Moreover, they rather showed an inhibitory
effect on platelet adhesion that for nitrofenac was particularly evident. The anti-
adhesive and antiaggregatory effects on platelet physiology of nitric oxide have
been described several years ago and repeatedly confirmed. More recent evi-
dences indicate that, in intact human platelets, nitric oxide selectively inhibits
12-lipoxygenase over that cyclo-oxygenase and suggest that such inhibition may
be an important regulatory mechanism (35).

It is conceivable that the adherence of platelets to the vascular endqthelium
could be a critical step in the pathogenesis of NSAIDs-induced gastropathy. In
the present study, diclofenac and flurbiprofen were used at concentrations which
could readily be achieved in the gastric mucosal interstitium after ingestion of
high therapeutic doses of the two drugs, particularly in patients whose com-
pliance is compromised. Although achieved in vitro, the results of this study
reinforce the hypothesis that various pathogenetic mechanisms are to the basis
of the side effects produced by high doses of NSAIDs and particularly with
the regard to the different aspirin-like drugs effects to the various kind of cells
(platelet, leukocyte and endothelial cell).

In conclusion, our data are indicating that high doses diclofenac and flur-
biprofen are promoter of platelet adhesion and this proadhesive action appears
to be mediated by the 12-lipoxygenase pathway. This platelet activation by
diclofenac and flurbiprofen may be completely opposed by derivatization of the
molecular with nitric oxide. Clearly, the real pathophysiological role of platelets
in the gastrointestinal side effects by high doses of diclofenac and flurbiprofen
should be investigated in vivo models, where the complex cell-cell interactions
and the pharmacodynamic properties of these drugs and their derivatives can be
taken into account.
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