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Summary

We studied in vitro the antiplatelet activity of a new nitroderi-
vative chemically related to acetylsalicylic acid; 2 acetoxybenzoate
2-[1-nitroxy-methyl]-phenyl ester (NCX 4016), in order to identify any
effects due to the release of nitric oxide and the blockade of cycio-
oxygenase.

The effects of scalar doses of NCX 4016 on the early phase of plate-
let activation, platelet aggregation and thromboxane A, production
were investigated. We observed inhibitory effects of NCX 4016 on
platelet adhesion (ICq, = 7.3 % 10-% M), platelet cytosolic calcium con-
centration, assayed by fluorescent probe Fura 2, and the expression of
glveoprotein ITb/ITla (CD41 f oy B5) (IG5, = 3.4 X 10-° M) and P-selec-
tin (CD62 / GMP-140) (ICy, = 4.9 X 10 M) measured by flow cyto-
metry. NCX 4016 also prevented thrombin-induced platelet aggregation
(IC5; = 3.9 X 10-% M). None of these parameters were affected by
acetylsalicylic acid, These inhibitory activitias of NCX 4016 were abol-
ished by oxvhaemoglobin and methylene blue. Intracellular cyclic
GMP observed during thrombin-induced aggregation was increased by
incubation with NCX 4016. These results appear to be attributable to
the release of nitric oxide, which activates soluble platelet guanylyl-
cyclase and promotes intracellular cyclic GMP increase. NCX 4016 al-
most completely inhibited platelet thromboxane A, production and
arachidonic acid-induced platelet aggregation. This also occurred in the
presence of oxyhaemoglobin and methylene blue. indicating that its
antiplatelet activity can be attributed not only to nitric oxide release but
also to cyclo-oxygenase inhibition. :

Introduction

In vitro and in vivo studies concerning the effects of nitroderivative
compounds on platelet function have given conflicting results: their
efficacy as antiaggregating drugs is, therefore, still a matter of debate
(1, 2}, and continues to elicil considerable interest.

A new class of nitroderivative non-steroidal anti-inflammatory
drugs has been recently synthesized (3). These compounds exibit dual
antiplatelet functionality by acting through cycle-oxygenase (COX)
and nitric oxide (NO) dependent mechanisms. In a previous study, we
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tested the antiaggregating activity of one of these compounds, which
was chemically related to acetylsalicylic acid (NO-aspirin, NCX 4215)
(4, 5), confirming its dual mechanism of action. The aim of the present
study was to characterize in vitro the activity of a new formula of
NO-aspirin, by defining both its overall antiageregating activity and the
relevant mechanisms of action. The molecule concerned is: 2 acetoxy
benzoate 2-[1-nitroxy-methyl]-phenyl ester (NCX 4016, MW, 335.3;
NICOX, London, UK}, with the following formula (Fig. 1):

This compound appears to be of potential clinical interest since two
independent but synergistic antiplatelet activities are combined in the
same molecule. Therefore, we sought ta identify any effect due to NO,
which acts on the early phase of platelet activation, and any effect me-
diated by the blockade of platelet COX. We tested the effects on plate-
let adhesion and aggregation as well as intracellular free calcium
([Ca™),) and alterations in cyclic GMP (cGMP) levels induced by
thrombin, since concentrations of these intracellular mediators are
modified by NO-donors and endothelium-derived NO. Study parame-
ters also included the expression of glycoprotein [Ib/Illa (integrin} and
P-selectin (CD62 / GMP-140), using flow cytometry (6) after stimulus
with agonist. Finally, we sought to investigate whether NCX 4016 had
antiplatelet activities similar to those of acetvlsalicylic acid (ASA) and,
in particular, if it could irreversibly inhibit thromboxane A, (TXA,)
production. Therefore, we studied the in vitro inhibition by NCX 4016
of maximally stimulated TXA, production, compared with that induced
by ASA.

Materials and Methods
Platelet Preparation

Venous blood samples (40 ml) were collected from 10 healthy adult volun-
teers who had not previously been taking any drugs for at Jeast 3 weeks. Acid-
citrate-dextrose mixture (14 mM sodium citrate, 11.8 mM citne acid, |8 mM
dextrose, Merck, Darmstadt, G) was used as an anticoagulant agent, Washed
platelets were obtained, by further centrifugation (700 g for 15 min), from
platelet-rich plasma. This was prepared according to Hallam (7) using low-
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Fig. I Chemical structure of NCX 4016
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speed centrifugation {200 g for 10 min at room temperature) of 10 ml blood
samples. Platelets were resuspended in 2-3 ml of NaCl 145 mM, KCl 5 mM,
HEPES 10 mM (Sigma Chemical Co., St Louis, MO, USA), Na,HPO, 0.5 mM
and glucose 6 mM, pH 7.4 at 37° C (HEPES buffer). Platelets were then count-
ed using an automatic analyzer (mode! T-890, Coulter Co., Hialeah, FL, USA).
A final concentration of 2 X 10% platelets/ml was obtained by dilution. The
cells were kept at room temperature and used within 2 h.

Assay of Adhesion

Platelet adhesion was measured, a3 previously described (8}, in culore
microplates (Flow Laboratories, Amsterdam, Netherlands), precoated by
means of overnight incubation at +4° C with 0.2 mg/ml human fibrinogen
(Sigma Chemical Co.. St Louis. MO, USA). in Dulbecco’s phosphate buffer
{Sigma Chemical Co., St Louis, MO, USA). Immediately before use, the plates
were washed twice with 0.9% NaCl, using an automatic plate washer (Easy
Washer 2. SLT Labs Instruments). The platelets were then suspended in
HEPES buffer containing 0.2% of human albumin (Behring Institute, Marburg,
Germany) and supplemented with 1 M CaCl, and 1 mM MgSO,.

NCX 4016 1 ¥ 107 M was dissolved in dimethyl-sulfoxide (Sigma Chem-
ical Co., St Louis, MO. USA) and then suitably diluted. The final volume of
dimethyl-sulfoxide in the platelet suspension was always <0.1% of toral vol-
ume: at these concentrations. dimethyl-sulfoxice does not interfere with cell
metabolic activity (3). The suspension was incubated for 10 min with and with-
out scalar doses of NCX 4016 using a humidified thermostat (37° C, 3% CO,).
After incubation, the adhesion measurement was carried out both in basal con-
ditions and after the addition of thrombin, (.03 Utml {Calbiochem; San Diego,
Ca). Each well contained 2.5 % 10° platelets and the final assay volume was
75 wliwell.

At the end of incubarion, the plate was wransferred to an automatic washer
and subjected to two washing cycles with Dulbecco’s phosphate buffer at room
temperature. Adherent platelets were measured by acid phosphatase assay (8).
The percentage of adherent cells was calculated on the basis of a standard
curve, abtained with a known number of platelets of the same subject.

Plarelet Intracelluiar Free Calcium

The cytosolic calcium concentration was measured in platelets with 2 fluo-
rescent indicator, Fura 2 (Calbiochem. San Dicgo, Ca), as previously described
by Pollock et al. (10}, After loading with 2 uM Fura 2 AM in platelet-rich plas-
ma (PRP), the platelets were collected by cenmifugation and suspended
{2-4 % 107 cell/ml) in HEPES buffer. The cxternal calcium and magnesium
concentration was restored to 1 mM, NCX 4016 was incubated with the plate-
et suspension for 10 min at 37 C. Platelet [C&¥), variations induced by throm-
bin (0,06 Ujml} were measured in the presence and absence of scalar doses of
NCX 4016, Fluorescence variations were recorded at 37° C by F-2000 fluores-
cence spectrophotometer (Hitachi, Tokvo, Japan), using excitation wavelength
340 i and emission wavelength 300 nm. The effect of NCX 4016 on intracel-
lular calcium mobilization was also evaluated ina medium containing EGTA
5 mM (Sigma Chemical Ca., St Louis, MO, USA) to iphibit influx of extracel-
Tular caleium (11},

Expression of Glycoprotein [Ihitlla (CD41/a,,B:) and P-selectin
(CDE2/GMP-140

1 ml of platelet suspension (4.3 X 107m]) was incubated for 10) min at
37° C in the presence and absence of scalar doses of NCX 4016, Then 4.5 X 10°
unactivated platelets and thrombin (final concentration 0.03 Ufml)-activated
platelets were incubated in HEPES buffer containing 0.2% alburmin, 1 mM
CaCl, and 1 mM MgS0,. Thrombin-induced platelet activation was stopped
after 3 min at 37° C, after which 10 ul were taken from each test tube and add-
¢d to S0 pl of the same buffer at 4° C. 60 p of this platelet suspension were
incubated for 20 min at 4° C with saturating concentrations of fluorescein iso-
thiocyanate { FITC)-labelled anti-human Poselectin (clone CLB-thromb/6:
mmunotech, Birmingham, UK) and phycoerythrin (PE}-labelled anti-human
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GPIIb/lla (clone P2; Immunotech, Birmingham, UK) antibodies. All experi-
ments included an isotype-matched non-specific conjugated mouse 1gGl
FITC/MgG! PE (lmmunotech, Birmingham, UK) as negative control. The reac-
tion was stopped with 1 ml of the HEPES buffer at 4° C. Samples were ana-
lyzed in duplicate in dual color fluarescence with a FAC Scan flow cytometer
(Becton Dickinson, San Jose, California). The platelet population was identi-
fied on the basis of size and granulerity (12).

ASA, if necessary, was dissolved in an ethanol-water mixture {1 : 10) ata
concentration of 3 X 107 M. Final concentrations were achieved by suitable
dilution.

The effect of ASA 3 X 10° M on [Ca™], platelet adhesion and adhesion
molecule expression after thrombin stimulation was preliminarily tesied, None
of these plaelet responses were affectad by ASA. The addition of ASA
1% 107, 5 % 107 and 1 % 10+ M did not modify thrombin-induced platelet
adhesion (3.24%), the observed percentages of adhesion being 3.08-3.31%.
Similarly. the intensity of fluorescence (F) recorded when the adhesion mole-
cules GMP-140 (F = 41) and GPIIb/IlI4 (F = 29) were studied was not modified
by 1% 10,3 X 10%and 1 X L0~ M ASA (F values ranging from 40 to 41 for
GMP-140 and from 27 to 28 for GPIIb/a), as previously deseribed (13, In
addition, the increase in [Ca™), (322 oM intracellular calcium after thrombin
addition) did not change in the presence of ASA 1 % 107%, 5 % 107 and
[ % 10 M (2 concentration range of 325-334 nh was ohserved).

Plaelet Aggregation

Platelet aggregation was monitored by 2 standerd nephelometric technigue
in which 0.5 ml of platelet suspension {2 X 10 platelets/ml) were incubated at
37° C and stirred at 1L.O00 rpm in & four-channel aggregometer (Aggrecorder {1
Daiichi, Tokyo, I} Agonisi-induced aggregation was quantified by measuring
the increase in light transmission (% T). Before the addition of an agonist,
1 mM CaCl, and 1 mM MgS0, were added 10 the platelet suspension.

The antiaggregant effects of NCX 4016, were tested incubating the drug
with platelets at 37° C hefore the addition of the agonist. An incubation time of
10 min was used in most of the experiments. The effects of different incubation
times. as well the effects of adding NCX 4016 at the same time of the aganist,
were also studied.

For comparison, we used sodium nitroprusside (SNP), which has the capac-
ity of releasing NO and therefore to inhihit aggregation. SNP 1 X 10 = M
{Carlo Erba, Milano, 1) was dissalved in Dulbecco’s phosphate buffer. and
stored at 0° C wrapped in foil to shield it from light; fresh solutions were pre-
pared at least every hour,

The efiects of scalar doses of NCX 40116 on thrombin-induced platelet ag-
gregation were tested. Thrombin was used as an agonist at relatively low con-
centrations (0.04-0.08 U/ml), to obtain submaximal aggregation in order o
evalbate the drug’s inhibitory effect (14). To evaluate any COX-independent
activity. the effects of ASA 3 X 10 M were also preliminarely tested: this con-
centration, which totally inhibits TXA, production (15). did not affect throm-
bin-induced aggregaton (4, 5). The mean of the differences observed in six
expetiments with and without ASA was +7% (95% Cl=-18.5; +4.5: n.s.).

To ascertain whether any of the effects of NCX 4016 on thrombin-induced
plateler aggregation was dependent an NO release from NCX 4016, aggrega-
tion tests and adhesion molecule measurements were performed in the presence
of 2 3 107 M oxyhaemoglobin.

To evaluate whether nitric oxide is released from NCX 4016, we measured
the nitrite/nitrate generation by incubating for 10 min NCX 4016 1 X 10° M
and 1 % 10~ M with bufter alone, platelet suspension { & % 107/0.5 ml) and with
platelet-poor plasma (PPP),

Nitrate/nitrite concentration was assayed using Griess reaction after conver-
sion of nitrate to nittite by means of bacterial nitrate reductase (Nitrate/Nitrite
Assay Kit, Cayman Co, Ann Arbor, ML, USA).

To confirm the presence of & enanylyl-cyclase-dependent mechanism, in &
different set of experiments the platelets were preincubated with 1 X 10¢M
methylene blue (Carlo Erba, Milano, I} for about 15 min at room temperature.
and then incubated with NCX 4016 for 10 min at 37° C. When using oxyhae-
moglobin and methylene blue, the calibrations were performed in the presence



of these agents to compensate for possible changes in light transmission (16).

We tested the effects of scalar doses of NCX 4016 on platelet aggregation
and the duration of the lag phase induced by arachidonic acid 1 % 10° M
{Menarini, Firenze, I). Also in this case, in a different set of experiments, we
evaluated the effects of oxyhaemoglobin and methylene blue.

Finally, to exclude the possible effect of NCX 4016 on platelet NO-syn-
thase, platelets were incubated for 1 b at 37° C with 3 % 10-* M L-N%mono-
methyl-arginine (L-NMMA, Sigma, St. Louis, MO, USA). a competitive inhib-
itor of NO-synthase. )

Measurement of Plateler TXA, Production

The activity of NCX 4016 on platelet TXA, synthesis was studied in vitro
and compared with that of ASA (1 % 10— 1 % 10~ M}, by evaluating the pro-
duction of TXB, in whole blood. This was measured as a reflection of maximal-
ly stimulated COX activity of platelet by endogenously formed thrombin (17),
Whole blood aliquots were left to clot at 377 C for 60 min and then centrifugat-
ed at 3,000 rpin for 10 min. Serum was collected from the centrifv ~d aliquots
and stored at -20° C. The concentration of TXB,, the stable. non-enzymatic
metabelite of TXA,, was determined by radicimmunoassay in diluted samples
using commercial antisera (Biomol, Plvmouth. PA. USA).

In order to verify the ireversible inhibition of aggregation, 10 ml of whole
blood were incubated with NCX 4016 1 % 10~ M and then the platelets were
1solated to test arachidonic acid-induced aggregation .

Measuremen of Plarelet Cyclic GMP

The intraplatelet cGMP concentration was determined under the same con-
ditions as those in which platelet aggregation was assayed. Washed platelets
(2 % 10° platelets/ml) were preincubated for 2 min with SNP 1 X 10 M und
1% 10+ M and 10 min with NCX 4016 1 X 10,5 X 10~ and 1 x 10~ M and
then stimulated with thrombin (0.1 Ufml). After 1!/ min and 3//; min ice-cold
ethanol (to give 655 ethanol) was added twice. Samples were centrifugated at
2000 g for 15 min at 4° C and the supernatant was dried under nitrogen at
4* C in a vacuum oven. The dried extracts were dissolved ina 1 ml buffer.
Concentrations of platelet cGMP were measured using a commercial radioim-
munoassay kit {Amersham, UK). All determinations were performed testing
duplicates of two aliguots of cach sample.

Statistical Analvsis

Data are expressed as Mean + Standard Error of the Means (SEM). Means
were compared using Student’s t-test for paired data. Unpaired data analysis
was sometimes used and P values <0.05 were taken as significant, The mean of
the differences observed in some study end-points and the 93% confidence
intervals of the differences (Cl) are also indicated. 1C,, and linear regression
were calculated by a computer program (GraphPAD InPlot, San Diego, USA).

Results
Effects of NCX 4016 on the Early Phase of Platelet Activarion

Thrombin (0.05 U/ml)-stimulated platelet adhesion on fibrinogen
was reduced by NCX 4016 at concentrations ranging from [ X 107 to
1 X 107 M (IC;, = 7.3 X 10-5 M). The effects of all tested concentra-
tions of NCX 4016, except 3 X 10 M, were statistically significant
when compared to basal values {n = 3; P <0.002 for all the tested con-
centrations) (Fig. 2).

The increase of intracellular free calcium induced by thrombin
(0.06 U/ml), measured by fluorescent probe Fura 2 AM. was dose-
dependently reduced by NCX 4016 in a concentration range from
2.5 X 10~ to 1 X7 10-* M. This was assessed by linear regression anal-
ysis of the means, both in the presence (r=-0.894, n =7, P <0.01) and
absence (r = -0.968, n = 4, P <0.05) of extracellular calcium (Fig. 3).

100r o
5
7 80+
-
L E
T £ 60
£ 3
S
- ©
Y e 40f
I
€
2 20r
0_|Il L hes il il
B 10-= 10-4 1073

NCX 4016 mol/l

Fig. 2 Inhibition of thrombin (0.05 U/ml)-induced platelet adhesion by in-
creasing concentrations of NCX 4016. Platelets were treated with ASA 3 X
10-5 M. For all concentrations tested, except 5 X 10 M: P < 0.002 versus
basal values (n = 3). Mean = SEM

Mean values of [Ca™]; determined with and without extracellular cal-
cium in the medium were also correlated (r=0.929, n = 5, P <0.05). In
the presence of extracellular calcium, the reduction of calcium response
to thrombin at different concentrations of NCX 4016 is closely correlat-
ed to the inhibition of aggregation (r = 0.927, n = §, P <0.001).

Surface expression of the adhesion molecules glycoprotein IIb/111a
(CD41/oy,B,)  and  P-selectin (CD62/GMP-140) on  thrombin
(0.03 Ufml)-stimulated platelets was inhibited by NCX 4016 at concen-
trations ranging from 2.5 X 10 to 2.5 X 10~ M (Fig. 4). IC, were
respectively 3.4 X 10° Mand 4.9 X 10~ M.

The inhibitory effect of NCX 4016 between | X 105 and 1 X 10~ M
on GPIIb/Ia and P-selectin expression was completely removed by the
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Fig. 3 Effect of different concentrations of NCX 4016 on thrombin (0.06
Ufml)-induced platelet [Ca®*]; increase in presence of extracellular calcium (@)
and absence of extracellular calcium (O). Platelets were treated with ASA 3 X
10-* M. For each concentrations of the drug at least 4 experiments were per-
formed in duplicate. Mean = SEM
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Fig. 4 Effects of increasing concentrations of NCX 4016 on the expression of
adhesion molecules on platelets stimulated with thrombin (0,05 U/ml). Platelets
were treated with ASA 3 % 10-* M. For each concentrations of the drug at least
6 experiments were performed in duplicate. Mean £ SEM. *= P < 0.001,
# P 20,01, ° P <0.02 versus basal values

addition of oxyhaemoglobin 2 X 103 M. The expression of P-selectin
decreased to 14.8 + 1.4 F (n = 4) in the presence of NCX 4016 5 X
10 M, with the addition of oxyhemoglobin it increased to 40.4 £
0.88 F (n = 4; P for unpaired data <0.001). A similar phenomenon was
observed when GP IIh/IlTa was studied.

Effects of NCX 4016 on Platelet Aggregation

Thrombin-induced aggregation of platelets, treated with ASA 3 X
105 M to prevent TXA, production, was tested after 10 min incubation
with NCX 4016 at 37° C. Platelet aggregation was almost totally inhib-
ited by NCX 4016 at concentrations ranging from 2.5 X 107 t0 5 X
104 M (IC4 = 3.9 X 10 M) (Fig. 5) after 10 min of incubation at
17° C. We observed that NCX 4016 did not affect platelet aggregation,
when added at the same time of the agonist.

When the incubation times were prolonged, a time-dependent reduc-
tion in the effects of NCX 4016 on thrombin-induced aggregation was
observed: the mean of the difference in platelet aggregation with and
without NCX 4016 at the dose of 5 X 10~ M was -70.4% at 10 min
(95¢% Cl = -79.6; -71.1; n = 7, P <0.001), -52.2% at 30 min (93%
CI=-71:-33.3;n =5 P<0.002), -27% at 60 min (95% Cl=-47.2:-6.7,
n=13P<0.05.

The inhibitory effects of increasing doses of NCX 4016 on the lag
phase and the aggregation induced by arachidonic acid, compared with
those produced by ASA, are shown in Table 1. At concentrations of
1 % 10~ and 5 X 105 M NCX 4016 displayed inhibitory effects simi-
lar to ASA, while at concentrations of 2.5 X 10~ and 1 X 10 M had
significantly less effects than acetylsalicylic acid on lag phase and
aggregation.

The irreversibility of the effect on arachidonic acid-induced platelet
aggregation was tested by adding the drug (1 X 10~ M) directly to
whole bload and then testing aggregation on washed platelets obtained
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from the same sample. A complete inhibition of aggregation was ob-
served (0% aggregation in all tests, n = 7).

A different NO-donor, SNP, tested for comparison at the concentra-
tions from 1 X 10 to 1 X 10* M significantly inhibited both the
aggregation induced by thrombin in ASA-treated platelets and that
induced by arachidonic acid (Table 2),

Effects of NCX 4016 Mediated by NO Activity, Examined as Follows:

(1) The possible release of NO by NCX 4016 1 X 10~ and 1 X
10~ M was assessed by measuring nitrates/nitrites concentration in the
medium. An increase in nitrate/nitrite was observed; this increase was
observed when NCX 4016 (1 * 10~ M) was incubated for 10 min with
both washed platelets (from 1.4 X 10 M t0 2 X 10= M) and PPP
{from 1.9 % 10~ M to 2.6 % 10-% M). Nitrite/nitrate concentration did
not change in the presence of the buffer alone (<2 X 10-° M with and
without NCX 4016).

(I} To test whether the effects of NCX 4016 on thrombin-induced
platelet aggregation were NO-mediated, oxyhaemoglobin 2 X 103 M
was added to the platelet suspension 1 min before thrombin. The inhi-
bition of thrombin-induced platelet aggregation by NCX 4016 5 X
10-% M was for the most part removed. Aggregation values were; in the
presence of NCX 4016 7% = 0.9, with NCX 4016 + oxyhaemoglobin
62.5% +0.9; the mean of the differences was +35.5% (95% CI = +50.6;
+60.4: n=4; P <0.001).

Oxyhaemoglobin 2 X 10 M was also able to reduce the inhibition
of arachidonic acid-induced aggregation produced by increasing con-
centration of NCX 4016 (n = 4) (Fig. 6).

(II) Incubation of the platelets in the presence of scalar concentra-
tions of NCX 4016 significantly increased the intraplatelet concentra-
tion of ¢cGMP. The values of ¢cGMP concentration were 0.11 *
0.005 pmol/10° platelets (n = 4) in basal conditions, (.12 2 0.006 pmol
and 0.17 = 0.006 (1'/, min and 3%, min respectively), after stimulus
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Fig. 6 Effect of 2 X 10~ M oxyhaemoglobin on inhibition of arachidonic
acid (1 X 10-* M}-induced platelet aggregation by increasing concentrations of
NCX 4016. Mean + SEM. * P <0.02 (NCX 4016 plus oxyhaemoglobin versus
NCX 4016)
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Fig. 7 Effects of scalar doses of NCX 4016 (IC;, = 1.9 X 10 M) and ASA
(ICy, 7.3 % 10-5 M} on serum TXA, concentration. expressed as percent of in-
hibition of serum TXB, concentrations. Mean = SEM. * P for unpaired data
<0001 (NCX 4016 versus ASA)

with thrombin. In the presence of NCX 4016 1 X 10 M, ¢cGMP con-
centration was 0.19 + 0.017 pmol/10° platelets 1'/, min after thrombin
(P <0.02 vs thrombin alone) and 0.21 + 0.004 pmol after 3!/, min
(P <0.02). With lower concentrations of NCX 4016 the increase
in cGMP was minor. SNP 1 X 105 and 1 X 10~ M induced a dose-
dependent increase in ¢cGMP concentration, ranging from 1.98 to
4.76 pmol/10° platelets.

(TV) Methylene blue 1 X 10-% M significantly decreased the effect of
NCX 4016 5 X 10-° M on thrombin-induced platelet aggregation. The
mean of the observed differences in light transmission with and without
methylene blue was +28.3% (95% CI=+8.4; +482;n =7, P <0.02).

Methylene blue did not inhibit the effects of the highest tested doses
of the drug (5, 2.5 and 1 X 10~ M) on arachidonic acid-induced aggre-
gation; methylene blue removed the effects of NCX 4016 (1 X 1076 M)
only when the inhibition in platelet aggregation was partial.

(V) The inhibition of thrombin-induced platelet aggregation by
NCX 4016 5 X 10-3 M was not modified by the presence of L-NMMA
3IX 10* M (NCX 4016 19.8% £ 6.8, NCX 4016 + L-NMMA 14.6% =
6.7:n=5Pns.).

Effects of NCX 4016 on Platelet TXA, Production

The release of TXA, by platelets, evaluated by measuring serum
TXB, concentration, was reduced by both NCX 4016 (ICy, = 1.9 X
10> M) and ASA (ICy; = 7.3 X 10-5 M), Compared to control values,
these inhibitory effects were statistically significant at the doses of
25 x 10¥ and 1 X 10 M (P <0.01). The effect of NCX 4016 1 X
10+ M was lower than that of ASA 1 X 10~ M (P <0.001) (Fig. 7).

Discussion

The effect of organic nitrates on platelet function is complex, and
probably differs according to the compound concerned (1, 2, 18). In
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vitro studies have consistently demonstrated that nitroglycerine (19)
and sodium nitroprusside (20) have an antiaggregating effect, while hu-
man studies in vivo have given less conclusive results (21). Stamler et
al. (22) report that intravenous nitroglycerine, at hemodynamically
effective doses, does not affect platelet aggregation by ADP ex vivo.
Diodati et al, (23) showed that platelet aggregation is attenuated in pa-
tients receiving intravenous nitroglycerine only if immediately meas-
ured in whole blood. However. a recently synthesized NO-donor.
S-nitrosoglutathione, has been shown to have a preferential action on
platelets and to inhibit in vivo the expression of GP 1Ib/ITla and P-selec-
tin after coronary angioplasty (24).

In a previous report (4, 5). we studied the effects on platelet aggre-
gation of a compound (NCX 4215) belonging to a new class of drugs,
theoretically endowed with a dual mechanism of action. The ainm of the
present study is to evaluate the antiaggregatory activity of a more recent
nitroderivative of the acetylsalicylic acid (NCX 4016), focusing on its
in vitro efficacy and mechanism of action. Given that this molecule
may have two pharmacologically active sites when it reaches the target
cells, it may act both through cyclo-oxygenase blockade and through
NO-mediated intracellular soluble guanylyl-cyclase activation. For this
purpose, we investigated the effects of NCX 4016 on various platelet
activation tests, including some specific to the study of NO-dependent
action.

The mechanisms first explored in this study, which are involved in
the early phase of cellular activation, are the following: increase in
cytosolic calcium, platelet adhesion and expression of membrane gly-
coproteins (P-selectin and GP JIb/Illa). These are specifically antago-
nized by NO through the activation of soluble guanylyl-cyclase ( 25).

Tt is now recognised that the activation of soluble guanylyl-cyclase
by NO or NO-donors determines an increase in intracellular cGMP
which, in turn, stimulates the calcium efflux through the membrane cal-
cium-ATPase and calcinm uptake by intracellular stores. The main ac-
tion of cGMP is the inhibition of phospholipase C, thus decreasing pro-
duction of diacylglycerol and inositol trisphosphate. The net overall re-
sult is a decrease in protein kinase C activity and [Ca?*], reduction (18,
26), In the present study we observed that in the presence of extracellu-
Jar calcium, NCX 4016 dose-dependently reduces the increase in
thrombin-induced [Ca>*]; and that calcium mobilization from intracel-
lular stores is also reduced in the absence of extracellular calcium.
Since these calcium movements are not affected by ASA, the hypothe-
sis that NCX 4016-induced inhibition depends on the released NO is
strengthened. Increase in [Ca>]; is not completely prevented by NCX
4016; this could depend on stimulated calcium influx, partly occurring
through NO-insensitive mechanisms (27, 28).

The inhibition of thrombin-stimulated platelet adhesion is again
dose-dependent: the inhibition curve is very steep at drug concentra-
tions ranging from 1 X 10 to ] X 10 M, and forms a plateau at
higher concentrations. Consistent with this finding, the surface expres-
sion of the glycoprotein Ib/Illa and P-selectin on thrombin-stimulated
platelets was also inhibited by NCX 4016. Prevention of the inhibitory
effect of NCX 4016 by oxyhaemoglobin shows that this effect is
NO-dependent.

Platelet surface expression of adhesion molecules is considered an
index of platelet activation. P-selectin, an a-granule protein expressed
on the surface of platelets only after activation, mediates the adherence
of neutrophils and monocytes to activated platelets in a calcium-depen-
dent manner (29). The binding of fibrinogen to glycoprotein IIb/IIla is
a major pathway in platelet aggregation (30). The effect of NCX 4016
on [Ca?*), increase and the expression of adhesion molecules seems to
be due to the inhibition by NO of the “classic” signal transduction,
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mediated by soluble agonists (31. 32). These agonists probably do not
act directly on the integrins, but bind to a cellular receptor leading to the
engagement of the signal transduction system. However, some of the
inhibitory effects of NCX 4016 on platelet activation could be due to
direct interaction of the released NO with surface receptors and ad-
hesion molecules, through a reaction with cell-surface thiols (33).

We observed antiaggregatory effects of NCX 4016 on thrombin-
induced and arachidonic acid-induced aggregation. Both these tests of
platelet aggregation are sensitive to the activity of NO-donors. as we
also observed studying SNP. The inhibitory effect of NCX 4016 is evi-
dent only after incubation of platelets with the drug for 10 min at 37° C:
this incubation period is probably necessary for NO release (34). When
the incubation time is longer, the antiaggregatory effect of NCX 4016
on thrombin-induced aggregation decreases. This could be due to inac-
tivation of NO, once released from the molecule. The effects of NCX
4016 on thrombin-induced platelet aggregation were studied in condi-
tions of cyclo-oxygenase blockade in order to prevent TXA, produc-
tion. The inhibitory effect of NCX 4016 is therefore attributable to a
COX-independent mechanism: the removal of this effect by oxyhae-
moglobin confirms that it depends on NO release (35). These experi-
ments also suggest that the studied drug spontaneously releases NO in
the extracellular medium where it can be captured by oxyhaemoglobin.

The release of NO is confirmed by the increase in nitrate/nitrite con-
centration after L0 min-incubation of NCX 4016 with washed platelets
and PPP, but not with buffer alone.

The effects of oxyhaemoglobin on the inhibitory activity of NCX
4016 on arachidonic acid-induced platelet aggregation show the double
action mechanism of this drug, Part of this effect seems to be dependent
on NO release since oxyhaemoglobin, as methylene blue, can reduce
this inhibition by shifting the dose-response curve to the right. How-
ever, it does not prevent the effects of high doses of NCX 4016. In these
conditions the activity of NCX 4016 appears to depend mainly on the
inhibition of platelet COX.

The experiments carried out with methylene blue (36) suggest that
the effects of NCX 4016 are mediated by the stimulation of platelet
guanylyl-cyclase. In fact, methylene blue is able to prevent the inhibi-
tion of thrombin-induced platelet aggregation by NCX 4016. Measure-
ments of the intra-platelet concentration of ¢cGMP further confirm a
guanylyl-cyclase dependent mechanism: incubation of NCX 4016 is
accompanied by a higher intraplatelet concentration of cGMP. This in-
crease, though rather lower than that induced by SNP. is similar to that
observed when platelet aggregation is inhibited by NO released from
endothelial cells stimulated with thrombin (37).

The NO-mediated activity of NCX 4016 seems, therefore, to involve
guanylyl-cyclase stimulation. However, at least theoretically, NO may
directly affect platelet COX activity via binding to its heme moiety
(38). However. quite conflicting results have so far been obtained on
possible interaction between products of NO synthase and COX activ-
ity (39-42), In our experimental conditions the antiaggregating effects
of NO may indirectly contribute to the observed reduction in platelet
TXA, production caused by NCX 4016 this is suggested by the com-
parison of the dose-response curve of ASA and NCX 4016 obtained
measuring serum TXB, concentration.

A direct effect of NCX 4016 an platelet NO synthase can be exclud-
ed since the presence of L-NMMA, a competitive inhibitor of NO-syn-
thase, does not influence the effects of the drug on platelet aggregation.

The experiments described in this study also provide evidence con-
cerning the effect of NCX 4016 on platelet COX. For this purpose,
NCX 4016 was tested on arachidonic acid-induced aggregation, which,
however, could not strictly be assumed as a specific test for COX activ-



ity, since it can be inhibited by NO. The direct effects of NCX 4016 and
ASA on COX were therefore tested by measuring stimulated TXA,
production as concentration of TXB, in whole blood. The inhibitory
capacity of NCX 4016 proved lower than that of ASA, suggesting a
lower affinity to the active site of platelet COX-1, However, the inhibi-
tion of arachidonic acid-induced aggregation remains hours after the
removal of NCX 4016 from the medium, thus demonstrating that both
drugs can irreversibly inhibit platelet COX activity. This result is in
agreement with the observation that in rats, orally treated with NCX
4016, platelet TXA, production was almost completely inhibited even
48 h after the last drug administration (43).

The data from this study shows that NCX 4016 has significant anti-
aggregatory activity in vitro. It exhibits a dual mechanism of action on
platelet function by acting via COX and NO dependent pathways.
However it is less potent than aspirin and SNP with respect to COX in-
hibition and NO release respectively. We believe that the antiaggregat-
ing activity of this drug deserves further experimental study in vivo.
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