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o-Naphthoflavone, a Potent Antiplatelet Flavonoid, Is Mediated
through Inhibition of Phospholipase C Activity and Stimulation
of Cyclic GMP Formation
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The aim of this study was to systematically examine the inhibitory mechanisms of the flavonoid
a-naphthoflavone (o-NF) in platelet activation. In this study, o-NF concentration dependently (5—20
uM) inhibited platelet aggregation stimulated by agonists. o-NF (5 and 10 M) inhibited intracellular
Ca?* mobilization, phosphoinositide breakdown, and thromboxane A, formation stimulated by collagen
(1 ug/mL) in human platelets. In addition, a-NF (5 and 10 «M) markedly increased levels of cyclic
GMP and cyclic GMP-induced vasodilator-stimulated phosphoprotein (VASP) Ser'5” phosphorylation.
Rapid phosphorylation of a platelet protein of Mr47 000 (P47), a marker of protein kinase C activation,
was triggered by phorbol-12,13-dibutyrate (60 nM). This phosphorylation was markedly inhibited by
o-NF (5 and 10 «M). However, a-NF (5 and 10 xM) did not reduce the electron spin resonance
(ESR) signal intensity of hydroxyl radicals in collagen (1 ug/mL)-activated platelets. These results
indicate that the antiplatelet activity of a-NF may be involved in the following pathways. (1) a-NF
may inhibit the activation of phospholipase C, followed by inhibition of phosphoinositide breakdown,
protein kinase C activation, and thromboxane A, formation, thereby leading to inhibition of intracellular
Ca?* mobilization. (2) a-NF also activated the formation of cyclic GMP, resulting in inhibition of platelet
aggregation. These results strongly indicate that a-NF appears to represent a novel and potent
antiplatelet agent for treatment of arterial thromboembolism.

KEYWORDS: o-Naphthoflavone; platelet aggregation; protein kinase C; cyclic GMP; vasodilator-stimulated
phosphoprotein

INTRODUCTION to a group of phytochemicals and is a normal component of
Flavonoids are substances of low molecular weight occurring "uman diets (6). Most studies have demonstrated the effect of
naturally in fruit, vegetables, grains, and other plagjsThese ~ ®-NF on cytochrome P450-mediated hydroxylation of benzopy-
natural products are known for their beneficial effects on health, "€N€, an environmental carcinogenic pollutant in experimental
especially for protection against cardiovascular diseases and@nimals (7). Furthermorex-NF is also an antagonist at the
cancer (23). However, the structural complexity of flavonoids ~aromatic hydrocarbon receptor, the qellular receptor of ben-
in foods and beverages (over 4000 flavonoids have beenzopyrene and other polycyclic aromatic hydrocarbons (PAHS)
identified) makes it difficult to extrapolate from studies on (8, 9). Recently, Cheng et al5reported thati-NF also induces
individual flavonoids the effects of consumption of flavonoids Vvasorelaxation in rat thoracic aorta.
in foods, beverages, and dietary supplements. Recent studies Intravascular thrombosis is a generator of a wide variety of
in vitro and in vivo show that some flavonoids exhibit cardiovascular diseases. The initiation of an intraluminal throm-
antioxidant and free radical-scavenging properdgsTherefore, bosis is believed to involve platelet adherence and aggregation.
dietary flavonoids, which possess antioxidant activity, may play In normal circulation, platelets cannot aggregate by themselves.
a role in human health, particularly in diseases believed to However, when a blood vessel is damaged, platelets adhere to
involve, in part, oxidation, such as coronary heart disease, the disrupted surface, and the adherent platelets release some
inflammation, and mutagenesis leading to carcinogenési. ( biologically active constituents and aggregdt@)( Thus, platelet
a-Naphthoflavone ¢-NF) is a prototype flavone that belongs aggregation may play a crucial role in the atherothrombotic
process. Indeed, antiplatelet agents (e.g., ticlopidine and aspirin)

27;;&4;\(’?% C%rreshpondérgce Sgoutld be addressed. Tel/fag86-2- have been shown to reduce the incidence of stroke in high-risk

, e-malll sheujr mu.eau.tw. . . . .
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of a-NF in platelets has not yet been studied, and no data arecontaining fH]-inositol (75.Ci/mL). Platelets were incubated for 2 h

available concerning the detailed effect @NF on platelet

followed by centrifugation and were finally resuspended in Tyrode’s

aggregation. We therefore systematically examined the influencesolution (5x 10°mL). a-NF (5 and 1QuM) or isovolumetric solvent

of a-NF in washed human platelets and utilized the findings to
characterize the mechanisms involved in this influence.

MATERIALS AND METHODS

Materials. Collagen (type I, bovine achilles tendom);NF, ADP,
luciferin-luciferase, fluorescein sodium, Dowex-1 (¥3D0 mesh; X,
chloride form), myoinositol, prostaglandin BPGE), arachidonic acid,
phorbol-12, 13-dibutyrate (PDBu), apyrase, osmium tetroxide, bovine

control (0.5% DMSO) was preincubated with 1 mL of loaded platelets
for 3 min, and collagen (lug/mL) was then added to trigger
aggregation. The reaction was stopped, and samples were centrifuged
for 4 min. The inositol phosphates of the supernatants were separated
in a Dowex-1 anion exchange column. OnHAT-inositol monophos-
phate (IP) was measured as an index of total inositol phosphate
formation.

Measurement of TxB,, Cyclic AMP, and Cyclic GMP Formation.
Platelet suspensions (456 10°mL) were preincubated for 3 min in

serum albumin, heparin (porcine intestinal mucosa), and thrombin were the presence or absencecoNF (5 and 1QuM) before the addition of

purchased from Sigma Chem. (St. Louis, MO). Fura 2-AM was
purchased from Molecular Probe (Eugene, OR). My&H-fnositol
was purchased from Amersham (Buckinghamshire, HP, U.K.). Throm-
boxane B, cyclic AMP, and cyclic GMP EIA kits were purchased from
Cayman (Ann Arbor, MI).o-NF was dissolved in dimethyl sulfoxide
(0.5% DMSO) and stored at4 °C until use.

Preparation of Human Platelet SuspensionsHuman platelet
suspensions were prepared as previously describ®d Ifi this study,

collagen (lug/mL). Six minutes after the addition of agonists, 2 mM
EDTA and 50uM indomethacin were added to the reaction suspensions.
The vials were then centrifuged, and TxBvels of the supernatants
were measured using an EIA kit. In addition, platelet suspensions were
incubated with nitroglycerin (1@&M), PGE (10 uM), and o-NF (5

and 10uM) for 6 min. The incubation was stopped, and the solution
was immediately boiled for 5 min. Fifty microliters of supernatant was
used to determine the cyclic AMP and cyclic GMP contents with EIA

human volunteers gave informed consent. In brief, blood was collected Kits following acetylation of the samples as described by the manu-
from healthy human volunteers who had taken no medicine during the facturer.

preceding 2 weeks, and the blood was mixed with acid/citrate/glucose

(ACD). After centrifugation at 120¢or 10 min at room temperature,

Measurement of Protein Kinase C (PKC) Activity. Washed
platelets (2x 10°/mL) were incubated for 60 min with phosphorus-32

the supernatant (platelet-rich plasma; PRP) was supplemented with(0-5 mCi/mL). The {?P]-labeled platelets were incubated withANF

PGE (0.5 uM) and heparin (6.4 IU/mL) and then incubated for 10
min at 37°C and centrifuged at 5@for 10 min. The washed platelets
were finally suspended in Tyrode’s solution containing bovine serum
albumin (3.5 mg/mL) and adjusted to about 451C° platelets/mL.
The final concentration of G4 in Tyrode’s solution was 1 mM.
Platelet Aggregation. The turbidimetric method was applied to
measure platelet aggregatidrbj using a Lumi-Aggregometer (Payton,
Canada). Platelet suspensions (%.8.(° platelets/mL, 0.4 mL) were
prewarmed to 37C for 2 min, anda-NF (5—20uM) and a solvent
control (0.5% DMSO) were added 3 min before the addition of agonists.

(5 and 10uM) for 3 min, and then PDBu (60 nM) was added for 1
min to trigger protein kinase C activation. Activation was terminated
by the addition of Laemmli sample buffer and was analyzed by
electrophoresis (12.5%; wt/vol) as described previougd).(The gels
were dried, and the relative intensities of the radioactive bands were
analyzed using a Bio-imaging analyzer system (FAL2000, Fuji, Tokyo,
Japan) and were expressed as PSLI(SL, photostimulated lumi-
nescence).

Western Blot Analysis of Vasodilator-Stimulated Phosphoprotein
(VASP) Phosphorylation. The method of Li et al(21) was followed.

The reaction was allowed to proceed for at least 6 min, and the extent In brief, platelet lysates were analyzed by SEFAGE gel (10%) and

of aggregation was expressed in light-transmission units. While
measuring ATP release, 20 of a luciferin/luciferase mixture was

electrotransferred to PVDF membranes. The membranes were blocked
with 5% nonfat dry milk in Tris (tris(hydroxymethyl)-aminomethane)-

added 1 min before the addition of agonists, and ATP release was buffered saline (TBS, pH7.5), incubated with the mAb 5C6 (CAL-

compared with that of the control.

Analysis of the Platelet Surface Glycoprotein llb/Illa Complex
by Flow Cytometry. Triflavin, a specific fibrinogen receptor (glyco-
protein llb/llla complex) antagonist, was prepared as previously
described 16, 17). Fluorescence-conjugated triflavin was also prepared
as previously described (18). The final concentration of FITC-

conjugated triflavin was adjusted to 1 mg/mL. Human platelet suspen-

BIOCHEM), specific for the phosphorylated $&rsite of VASP (0.1
ug/mL). After three washes in TBS containing 0.05% Tween 20, the
membrane was incubated with peroxidase-conjugated goat antimouse
IgG (Amersham) for 2 h. The band with peroxidase activity was
detected by enhanced chemiluminescence detection reagents (ECL
system; Amersham). Densitometric analysis of specific bands was
performed with a Photo-Print Digital Imaging System (IP-008-SD) with

sions were prepared as described above. Aliquots of platelet suspensiongnalytical software (Bio-1Dlight, V 2000).

(4.5 x 10°/mL) were preincubated wittu-NF (5 and 10uM) or
isovolumetric solvent control (0.5% DMSO) for 3 min, followed by
the addition of 2uL of FITC-triflavin. The suspensions were then

Measurement of Free Radicals in Platelet Suspensions by
Electron Spin Resonance (ESR) Spectrometrythe ESR method used
a Bruker EMX ESR spectrometer as described previo@sy. (n brief,

incubated for another 5 min, and the volume was adjusted to 1 mL/ platelet suspensions (4:561(° platelets/mL, 0.4 mL) were prewarmed
tube with Tyrode’s solution. The suspensions were then assayed forto 37°C for 2 min, and them-NF (5 and 1QuM) was added for 3 min

fluorescein-labeled platelets with a flow cytometer (Becton Dickinson,

before the addition of collagen (dg/mL). The reaction was allowed

FACScan Syst.,, San Jose, CA). Data were collected from 50 000 to proceed for 1 min, followed by the addition of 100 mM 5-diethoxy-
platelets per experimental group. All experiments were repeated at leastohosphoryl-5-methyl-1-pyrroline-N-oxide (DEPMPO) for the ESR

four times to ensure reproducibility.

Measurement of Platelet [Ca?]i Mobilization by Fura 2-AM
Fluorescence Citrated whole blood was centrifuged at t2fr 10
min. The supernatant was incubated with Fura 2-AMB) for 1 h.

study. ESR spectra were recorded on a Bruker EMX ESR spectrometer
using a quartz flat cell designed for aqueous solutions. Conditions of
ESR spectrometry were as follows: 20 mW power at 9.78 GHz, 1 G

modulation, and 100 G scanning for 42 s, with 10 scans accumulated.

Human platelets were then prepared as described above. Finally, the Statistical Analysis. The experimental results are expressed as the
external Ca" concentration of the platelet suspensions was adjusted meanst SEM and are accompanied by the number of observations.
to 1 mM. The [C&"]i rise was measured using a fluorescence Data were assessed using analysis of variance (ANOVA). If this analysis
spectrophotometer (CAF 110, Jasco, Tokyo, Japan) with excitation indicated significant differences among the group means, then each
wavelengths of 340 and 380 nm and an emission wavelength of 500 group was compared using the Newman-Keuls methog.\value of

nm. The [C&']i was calculated from the fluorescence measured using <0.05 was considered statistically significant.

224 nM as the Cd-Fura 2 dissociation constant (19).

Labeling of Membrane Phospholipids and Measurement of the
Production of [3H]-Inositol Phosphates.The method was carried out
as previously described4). Briefly, citrated human platelet-rich plasma Effect of o-NF on Platelet Aggregation in Human Plate-
was centrifuged, and the pellets were suspended in Tyrode’s solutionlets. a-NF (5—20 M) concentration dependently inhibited

RESULTS
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Figure 1. (A) Aggregation curves and (B) concentration-inhibition curves of o-NF on ADP (20 uM, circle), collagen (1 ug/mL, triangle), thrombin (0.01
U/mL, square), and arachidonic acid (60 M, rhombus) induced platelet aggregation in washed human platelets. Platelets were preincubated with o-NF
(5—20 uM) for 3 min; agonists were then added to trigger aggregation (lower tracings) and ATP release (upper tracings) (A). Data are presented as a
percentage of the control (means + SEM, n = 4).

platelet aggregation stimulated by ADP (2M), collagen (1 peptide purified fromTrimeresurus flavoviridissnake venom
ug/mL), and arachidonic acid (M) but not by thrombin (0.01 (16). Triflavin inhibits platelet aggregation through direct
U/mL) in washed human plateletBigure 1) and platelet-rich interference with fibrinogen binding to the glycoprotein Ilb/
plasma (data not shown). FurthermazelNF also inhibited the [lla complex (oypf3 integrin) (16). There is now a multitude of
ATP-release reaction when stimulated by agonists (i.e., collagen)evidence suggesting that the binding of fibrinogen to the
(Figure 1A). ICso values of a-NF for platelet aggregation  glycoprotein llb/llla complex is the final common pathway for
induced by ADP, collagen, and arachidonic acid were estimatedagonist-induced platelet aggregation. Therefore, we decided to
to be approximately 5.3, 4.8, and 11u®/, respectively. On further evaluate whethen-NF binds directly to the platelet
the other hand, its solvent control (0.5% DMSO) did not glycoprotein llib/llla complex, leading to inhibition of platelet
significantly affect platelet aggregation stimulated by agonists aggregation induced by agonists.

(data not shown). When platelets were preincubated with a In this study, the relative intensity of fluorescence of FITC-
higher concentration af-NF (40 uM) or 0.5% DMSO for 10 triflavin (2 ug/mL) bound directly to collagen (Lg/mL)-
min, followed by two washes with Tyrode’s solution, we found activated platelets was 24649 15.1 (n= 4, data not shown),
that there were no significant differences between the aggrega-and it was markedly reduced in the presence of 5 mM EDTA
tion curves of either platelet preparations stimulated by collagen (negative control, 63.Gt 5.4, n = 4, p < 0.001) (data not

(1 ug/mL), indicating that the effect ai-NF on inhibition of shown).a-NF (5 and 1Q«M) did not significantly inhibit FITC-
platelet aggregation occurs in a reversible manner (data nottriflavin binding to the glycoprotein llb/llla complex in platelet
shown). In subsequent experiments, we used collagen as arsuspensions (M, 236.7 & 12.5; 10uM, 233.1 &+ 14.4,
agonist to explore the inhibitory mechanismseNF in platelet n = 4) (data not shown), indicating that the inhibitory effect of

aggregation. o-NF on platelet aggregation does not involve binding to the
Effect of a-NF on Collagen-Induced Conformational glycoprotein lIb/llla complex.
Change of the Glycoprotein llb/llla Complex in Human Effect of a-NF on [Ca?']i Mobilization and Phospho-

Platelets. Triflavin is an Arg-Gly-Asp-containing antiplatelet  inositide Breakdown in Human Platelets.Free cytoplasmic
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Figure 2. Effects of a-NF on (A) collagen-induced [Ca?*]i and (B) collagen-induced inositol monophosphate formation in human platelets. Labeled
platelets were preincubated with a-NF (5 and 10 «M) or isovolumetric solvent control (0.5% DMSO, C) followed by the addition of collagen (1 ug/mL)
to trigger platelet activation as described in Materials and Methods. (A) Profiles are representative examples of four similar experiments; (B) data are
presented as the means + SEM (n = 4). *p < 0.05 as compared with the resting group (R); #p < 0.05 as compared with the solvent control (C) group.

C&™ concentrations in human platelets were measured by the1.8-fold compared to that in resting platelets ([&80.5 vs
Fura 2-AM loading method. As shown Figure 2A, collagen 4.44 0.5] x 16 cpm). In the presence of-NF (10uM), the

(1 ug/mL) evoked a marked increase in fCh, and this increase  radioactivity of IP formation in collagen-stimulated human
was markedly inhibited in the presencecoNF (5uM, 56.3+ platelets was markedly decreased (Figure 2B).

4.1%; 10 uM, 95.2 + 3.6%) (Figure 2A). Furthermore, Effect of a-NF on PDBu-Stimulated Phosphorylation of
phosphoinositide breakdown occurs in platelets activated by the 47-kDa Protein. Stimulation of platelets with several
many different agonists2@). In this study, we found that different agonists, PDBu in particular, induces activation of
collagen (1ug/mL) induced the rapid formation of radioactive PKC, which then phosphorylates proteindvif 40 006-47 000

IP, IP,, and IR in human platelets loaded witfH]-inositol. in addition to other protein4). In this study, phosphorylation
We only measured’i]-IP formation as an index of total inositol ~ experiments were performed to examine the rolexafiF in
phosphate formation. As shown kigure 2B, the addition of the activation of PKC in human platelets. When PDBu (60 nM)
collagen (lug/mL) resulted in a rise of IP formation of about was added to human platelets prelabeled VAEOy, a protein
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Figure 3. Effect of a-NF on phosphorylation of a protein of Mr 47 000 (P47) in human platelets challenged with PDBu. Platelets were preincubated with
Tyrode’s solution only (R), or platelets were preincubated with o-NF (5 and 10 uM) or isovolumetric solvent control (0.5% DMSO, C) followed by the
addition of PDBu (60 nM) to trigger protein kinase C acivation. (A) The profiles are representative examples of four similar experiments. The arrow
indicates a protein of Mr 47 000 (P47). (B) The relative detection densities of the radioactive bands are expressed as PSL/mm? (PSL, photostimulated

luminescence).

with an apparentMr of 47 000 (P47) was predominately
phosphorylated as compared with resting plateleigure 3A).
o-NF (5 and 10uM) markedly inhibited the phosphorylation
of P47 stimulated by PDBu. In this study, the extent of

concentration dependently triggered VASP ‘Sephosphoryl-
ation, and this phosphorylation was potentiated by NTG
(10 uM) and was inhibited by LY83583 (160M) or ODQ (10
uM) (Figure 4C).

radioactivity in P47 was expressed as a relative detection density Effect of a-NF on Free-Radical-Scavenging Activity in
(PSL/mn#; PSL, photostimulated luminescence) of the radioac- Collagen-Activated Platelets The rate of free-radical-scaveng-

tive bands igure 3B). Moreover,a-NF (5 and 10uM) also
significantly inhibited collagen (kg/mL)-induced phospho-
rylation of P47 in human platelets (data not shown).

Effect of a-NF on Cyclic AMP, Cyclic GMP, and TxB.
Formation, and VASP Phosphorylation.As shown inFigure
4AB, levels of cyclic AMP and cyclic GMP in resting platelets
were relatively lower compared with those of PGEO uM)
and nitroglycerin (NTG, 1@M) treated platelets, respectively.
Addition of a-NF (10 uM) significantly increased the level of
cyclic GMP (resting, 0.3& 0.05 pmol/mL vs 1Q«M, 0.59 +
0.05 pmol/mL;p < 0.05) but not cyclic AMP Figure 4A,B).
Moreover, resting platelets produced relatively little TxB
compared with collagen-activated plateletdNF (5 and 1Q:M)
markedly inhibited TxB formation in platelets stimulated by
collagen (lug/mL) (Figure 4A).

In addition, it is presumed that cyclic GMP can induce VASP
Sei5” phosphorylation in human plateletg1). In this study,
nitroglycerin (10u«M) markedly induced VASP S&’ phos-
phorylation, and this phosphorylation was significantly inhibited
by guanylate cyclase inhibitors, LY83583 (1) (25) and
ODQ (10 uM) (Figure 4C) (26). a-NF (5 and 10uM)

ing activity is defined by the following equation: inhibition rate
= 1-signal height ¢-NF + collagen)/signal height (collagen)
(27). In this study, a typical ESR signal of the hydroxyl radical
(OHe) (asterisks) in collagen-activated platelets was observed
as shown irFigure 5. However,a-NF (5 and 1«uM) did not
significantly suppress hydroxyl radical formation in collagen-
activated platelets even at a higher concentrationu{@p(data

not shown).

DISCUSSION

This study demonstrates for the first time toalNF possesses
potent antiplatelet activity in human platelets. The principal
objective of this study was also to describe the detailed inhibitory
mechanisms ofi-NF in platelet activation. In this study, platelet
aggregation induced by these agonists (i.e., collagen) appeared
to be affected in the presence @fNF. Therefore, this partly
infers thato-NF may affect Ca'" release from intracellular €&
storage sites (i.e., dense tubular systems or dense bodies), and
this is in accord with the concept that intracellulaCeelease
is responsible for platelet aggregation.
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Figure 4. Effects of a-NF on (A) cyclic AMP and TxB, formation, (B) cyclic GMP formation, and (C) agonist-induced phosphorylation of VASP at Ser'>
in human platelets. (A, B) Platelets were incubated with prostaglandin E; (PGE;, 10 uM), nitroglycerin (NTG, 10 uM), and o-NF (5 and 10 uM) for
measurement of cyclic AMP, cyclic GMP, and TxB; formation as described in Materials and Methods. The addition of PGE; and nitroglycerin to platelets
served as a positive control of cyclic AMP and cyclic GMP, respectively. (C) Platelets were incubated with nitroglycerin (10 M) and a-NF (5 and 10
uM) in the absence or presence of LY83583 (10 M) or ODQ (20 uM) and were solubilized directly in SDS-PAGE sample buffer. Phosphorylation of
VASP at Ser's” was detected by immunoblotting with a monoclonal antibody specifically recognizing Ser's’-phosphorylated VASP. (A, B) Data are
presented as the means = SEM (n = 7-10); *p < 0.05, *p < 0.01, and ***p < 0.001 as compared with the resting groups (R); #p < 0.05 and #p < 0.01
as compared with the collagen group. (C) Profiles are representative examples of three similar experiments.

Although the action mechanisms of various platelet aggrega- its specific receptor (16). In this study, we found thalF did
tion agonists, such as collagen, ADP, and arachidonic acid, not significantly affect FITC-triflavin binding to the glycoprotein
differ, a-NF significantly inhibited platelet aggregation stimu- llb/llla complex, indicating that the antiplatelet activity @fNF
lated by all of them. This implies thakt-NF may block a is possibly not directly due to interference with the binding of
common step shared by these inducers. These results alsdibrinogen to its specific receptor on the platelet membrane.
indicate that the site of action @f-NF is not at the receptor Stimulation of platelets by agonists (i.e., collagen) results in
level of individual agonists. Triflavin acts by binding to the phospholipase C-catalyzed hydrolysis of the minor plasma
glycoprotein lib/llla complex on the platelet surface membrane, membrane phospholipid, phosphatidylinositol 4,5-bisphosphate,
resulting in interference with the interaction of fibrinogen with  with concomitant formation of inositol 1,4,5-trisphosphate)IP
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Figure 5. ESR spectra of the effect of a-NF in hydroxyl radical formation
in collagen-activated platelets. (1) Resting platelet suspensions (R) or
platelet suspensions were preincubated with (2) vehicle solution (0.5%
DMSO) (C) or a-NF at (3) 5 uM and (4) 10 uM for 3 min, and then
collagen was added (1 xg/mL) to trigger platelet activation. The reaction
was allowed to proceed for 5 min, followed by the addition of DEPMPO
(100 mM) for ESR experiments. The spectrum is a representative example
of five similar experiments.

and diacylglycerolZ8). There is strong evidence thag IRduces

the release of Ca from intracellular stores2Q). Diacylglycerol
activates PKC, inducing protein phosphorylation and a release
reaction. In this study, phosphoinositide breakdown of collagen-
activated platelets was inhibited by-NF, suggesting that
inhibition of platelet aggregation hy-NF is related to inhibition

of phospholipase C activation. Moreover, Txi& an important
mediator of the release reaction and aggregation of platelets
(30). Collagen-induced TxBformation, a stable metabolite of
TxA,, was markedly inhibited byi-NF. It has been demon-
strated that phosphoinositide breakdown can induce ;TxA
formation via free arachidonic acid release by diglyceride lipase
or by endogenous phospholipasgffom membrane phospho-
lipids (31). Thus, it seems likely that TxBormation plays a
role in mediating the inhibitory effect oft-NF on human
platelets.

Furthermore,a-NF significantly inhibited PDBu-induced
activation of PKC. PDBu intercalates with membrane phos-
pholipids and forms a complex with PKC translocated to the
membrane32). Moreover, increased cyclic GMP can negatively
affect agonist-induced PKC activatioB3). Signaling by cyclic
GMP somehow interferes with the agonist-stimulated phos-
phoinositide turnover that creates ¥anobilizing second
messengers3@). In addition, the VASP is associated with actin
filaments and focal adhesions, which form the interface between
the cytoskeleton and the extracellular matrix. VASP is phos-
phorylated by both the cyclic GMP- and cyclic AMP-dependent
protein kinases in a variety of cells, including smooth muscle
cells and platelets2(l). Both the cyclic GMP and cyclic AMP
signaling cascades relax smooth muscle cells and inhibit platelet
activation. Thus, it was speculated that VASP plays an important
role in modulating actin filament dynamics and integrin activa-
tion (35). a-NF increased both cyclic GMP and cyclic GMP-
induced VASP SéP’ phosphorylation in human platelets,
therefore, the inhibitory effect of--NF on PDBu-induced
activation of PKC may be due, at least partly, to mediating the
increase in cyclic GMP.

Reactive oxygen species (i.e., hydrogen peroxide, hydroxyl
radicals) derived from platelet activation might affect cells with
which they come into intimate contact, such as endothelium,
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and this could result in an amplification of platelet reactivity
during thrombus formation. Collagen-induced platelet activation
is associated with superoxide aniornp(®and hydroxyl radical
(OHe) formation which is dependent upon AA release and
metabolism, since pretreatment arachidonyl trifluoromethyl
ketone (AACOCE), a potent inhibitor of cytosolic phospholi-
pase A (36), inhibited collagen-induced;O and OHerelease

in platelets. In this study, we found thatNF (5 and 10uM)

did not effectively inhibit hydroxyl radical formation in collagen-
activated platelets (Figure 5); this result implies th@tNF
inhibited platelet aggregation and did not mediate through
inhibition of free-radical formation in activated platelets.

In conclusion, the most important findings of this study
suggest thato-NF could markedly inhibit agonist-induced
platelet aggregation. This inhibitory effect may possibly involve
the following two mechanisms. (1¢-NF may inhibit the
activation of phospholipase C, followed by inhibition of
phosphoinositide breakdown and thromboxanef@mation,
thereby leading to inhibition of the activation of PKC and
intracellular C&" mobilization. (2) Moreoverg-NF increases
cyclic GMP/VASP Se¥” phosphorylation and subsequently
inhibits phosphoinositide breakdown and PKC activity, ulti-
mately resulting in inhibition of both the phosphorylation of
P47 and intracellular Ga mobilization. Platelet aggregation
plays a pathophysiological role in a variety of thromboembolic
disorders. Therefore, inhibition of platelet aggregation by drugs
may represent an increased therapeutic possibility for such
diseases. The important findings of this study suggesbtidf
appears to represent a novel and potent antiplatelet agent for
treatment of arterial thromboembolism. The toxicityceNF,
however, must be further assessed.
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