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Abstract 
Because of the considerable interest in the role of platelets and antiplatelet therapy in cardiovascular disease, 
including the aggregation of platelets to each other during arterial thrombosis and atherogenesis, we have studied 
the effect of naftazone (Etioven), an original vasculotropic drug on platelet aggregation. 

Rat and human platelets were prepared and incubated in-vitro with different concentrations of naftazone. We 
found that naftazone inhibited both platelet secretion and aggregation in platelet-rich plasma (PW) and washed 
platelets after stimulation with thrombin or ADP. Rats were also treated intrapentoneally for five days with 
various naftazone doses (0.125-10 mg kg- ') and ex-vivo platelet aggregation compared, at various times after 
the last injection, with that of control animals. Inhibition by nahzone was dose-dependent in both PRP and 
isolated platelets. The inhibition was transient, a maximum value ( - 50%) being obtained about 3-6 h after the 
last injection, with a return to near-control values after 24 h. Naftazone also facilitated platelet deaggregation 
after in-vitro stimulation with thrombin or ADP. In another series of experiments, rats were treated 
intrapentoneally for five days with 10 mg kg- ' of aspirin, ticlopidine, dipyridamole or naftazone. Platelets were 
prepared and tested for aggregation 90 min after the last injection. Thrombin-induced aggregation in PRP and 
washed platelets was significantly reduced after in-vivo treatment with ticlopidine and naftazone. Except for 
dipyridamole, all the drugs inhibited ex-vivo ADP-induced aggregation in PW. In isolated platelet preparation, 
only naftazone induced a significant inhibition of ADP- or thrombin-stimulated aggregation. 

We conclude that naftazone inhibits platelet aggregation in-vitro and ex-vivo. 

Blood platelets are involved in haemostasis. They can adhere to 
blood vessel walls, release bioactive compounds and aggregate 
to each other. The well-established increase in these properties 
during arterial thrombosis and atherogenesis (Meade et a1 1985; 
Sussman 1985; Ross 1986) provided the rationale for many 
drugs which inhibit platelet function (Ciavatti et a1 1982; 
Blache & Ciavatti 1989; Antiplatelet Trialists f Collaboration 
1994) and also explains the considerable interest in the role of 
platelets and antiplatelet therapy in cardiovascular disease. 

Aggregation is the final event of a multiple step process. 
Several agonists, such as ADP, adrenaline, thrombin and 
collagen induce the release of arachidonic acid after phospho- 
lipase activation through calcium mobilization (Hallam & Rink 
1985; Blache 1992; Hashizume et a1 1994). This fatty acid is 
metabolized by cyclo-oxygenase to endoperoxide and subse- 
quently to thromboxane A2 (TXA2). After interaction with its 
receptor, TXA2 induces an increase in free cytoplasmic calcium 
concentration. Mobilized calcium stimulates the release of the 
secretory granule contents including ADP, 5-hydroxytryptamine 
and other bioactive compounds (growth factors). Cyclic AMP 
plays an important role in the activation process, as prostacyclin 
is a potent inhibitor of platelet aggregation possibly through 
resequestration of cytoplasmic calcium (Feinstein et a1 1985; 
Blache et a1 1987b). 

Several drugs have been developed to block the different 
steps in these activation pathways. Inhibition of platelet 
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function by aspirin has been described by many investigators 
(De Gaetano et a1 1985; Patron0 1994). Although other 
mechanisms have been proposed (Buchanan et a1 1982), aspirin 
is thought to acetylate platelet and endothelial cyclo-oxygenase 
irreversibly, and blocks both thromboxane and prostacyclin 
production at high concentrations (FitzGerald et a1 1988; Rao & 
White 1994). 

New antithrombotic compounds are required to overcome 
the side-effects of existing agents, as well as population 
variability (Beving et a1 1994; Pappas et a1 1994; Roth & 
Calverley 1994). Thromboxane synthase inhibitors should not 
have major side-effects as they allow prostacyclin biosynthesis 
vessel in the wall. TXA2/endoperoxide receptor antagonists can 
block these agents at the receptor level (Hoet et a1 1993; 
Modesti et a1 1994). Another step of the pathway can be 
blocked by monoclonal antibodies against glycoprotein IIbhIIa 
receptors or peptides bearing the arginine-glycine-aspartic acid 
sequence (Coller 1992; FitzGerald & Meagher 1994; Kiss et a1 

Naftazone (Etioven, 1,2-naphthoquinone-2-semicarbazone; 
Scheme 1) is used in man for the treatment of vascular 
conditions such as peripheral vascular or veinous insufficiency 
(Berson 1977; Winand 1977). In view of the unexpected 
beneficial effects of naftazone and more recent results dealing 
with endothelial cell proliferation (Klein-Soyer et a1 1991), 
specific studies have been carried out to determine whether 
naftazone affects platelet function. In this paper, we present the 
results of in-vitro and ex-vivo studies indicating that naftazone 
inhibits platelet aggregation. 

1994). 
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aggregation, the drug, supplied by Laboratoires Cassenne 
(Puteaw, France), was solubilized in dimethylsulphoxide and 
added to the platelet suspension at different concentrations for 
1 min at 37°C before treatment with the stimulating agents 
(Blache & Ojeda 1992). 

0 

SCHEME 1 .  Chemical structure of naftazone. Molecular weight 215. 

Materials and Methods 

subjects 
A&r informed consent, all subjects were asked not to take any 
drug that might interfere with platelet function for 10 days 
before blood sampling. They were fasted for 12-14 h. After 
discarding the first 2 mL, blood was drawn as in previous 
studies (Blache et a1 1992; Blache 1995) with plastic syringes 
containing either 1 vol sodium citrate anticoagulant (129 m~ 
adjusted to pH 7.4 with 10% citric acid) for 9 vols blood for 
studies on platelet-rich plasma (PRP) or 3 vols acid citrate 
dextrose for 7 vols blood for studies of washed platelets. 

Animals 
Male Sprague-Dawley rats (200-250 g, Charles River, CICon, 
France) were maintained in stainless steel cages in a well-- 
ventilated room at 23-24°C on a 12-h light-dark cycle. They 
were maintained in compliance with the Inserm policy on 
animal care and use (similar to the National Research Council 
Guidelines; NRC 1985). Blood was removed as described 
elsewhere (Blache et a1 1986, 1987a), from the jugular vein of 
animals fasted overnight, into plastic syringes containing either 
1 vol sodium citrate anticoagulant (as for humans) for 9 vols 
blood for studies on PRP, or 1 vol acid citrate dextrose for 
3 vols blood for washed platelet studies. 

PIuteIet prepamtions and aggregations 
Platelet aggregation was studied with PRP or platelets re- 
suspended in Tyrode buffer containing NaCl (1 49 mM), KCI 
(2.6 mM), NaHC03 (9.5 m), glucose (5.5 mM), NaH2P04 
(0.5 m), MgC12 (0-6 mM) and gelatine (Merck; 0.25%) and 
adjusted to pH 7.4 with 0.25 M HCI. PRP was obtained by 
centrifuging blood ( 1  20 g,  15 min). For aggregation in PRP, the 
platelet count was adjusted to 0.5 x lo9 mL. with platelet-poor 
plasma (PPP). Two inducers (Sigma) were used, human 
thrombin and ADP at final concentrations of 1 int. units 
mI- '  and 3 pM, respectively. 

Platelet aggregation was recorded using Born's method (Born 
1962) either with 0.5 mL of the platelet suspension in 
disposable polystyrene cuvettes placed in the turbidimetric 
coagulo-aggregometer (Renaud-Rubel) and stirred at 
1100 rev min- * at 37°C or with a computerized four-channel 
laser-light aggregometer (Servibio, France). In the case of 
thrombin-induced aggregation, the platelet suspension con- 
tained 20% calcium-free Tyrode buffer @H 7.4) to avoid 
coagulation (Blache et al 1992). Results represent the 
aggregation amplitude measured in mm or light transmission, 
and are usually expressed as percentage of control values. 

Platelets were also isolated from PRP by centrihgation 
(1000 g; 18 min) and re-suspended in Tyrode buffer pH 7.4. 
Final inducer concentrations were 0.1 int. units mL-' and 1 PM 
for thrombin and AD€! 

For in-vitro testing of the effect of naftazone on platelet 

Platelet secretion 
Platelet 5-hydroxytryptamine (5-HT) was monitored by means 
of an electrochemical procedure developed in our laboratory 
and described elsewhere (Marcenac & Blache 1985). Using 
a pyrolytic carbon fibre microelectrode (MFC- 1, Taccussel, 
Villeurbanne, France) electrochemically treated, 5-HT release 
was measured 2 min after aggregation, in supernatant obtained 
after quick centrifugation (9800 g, 10 s) of thrombin-stimulated 
platelets. Measurements were made by differential pulse 
voltammetry (polarograph PRG5, Taccussel, Villeurbanne, 
France) in the presence of 0.2 m~ L-ascorbic acid as anti- 
oxidant. Results (means f s.d.) were expressed as nmol 5-HT 

platelets. 

Ex-vivo experiments 
Experiment A .  This work combined a dose-response study and 
a time-course study of the effects of naftazone on ex-vivo 
platelet aggregation. A total of 128 male rats were used for these 
studies. Each animal received naftazone, solubilized in 1% 
methylcellulose, (Sigma) in 0.9% NaCl at doses of 0.125,0.25, 
0.5, 1.0,5.0 and 10 mg kg-' (i.p.). Injections were made in the 
morning on five consecutive days (between 0700 and 0900 h); 
control animals received the vehicle (1 % methylcellulose) only. 
Blood sampling was performed 1, 2, 3, 6 or 24 h after the last 
injection. Platelets were prepared and thrombin- and ADP- 
induced aggregation was analysed as indicated above. 

Experiment B. Sixty rats were divided into five equal groups 
and were treated intraperitoneally on five consecutive days at 
0700-0900 h, as follows: group A, vehicle only (1% methyl- 
cellulose); group B, 10 mg kg-' aspirin; group C, 10 mg kg- ' 
ticlopidine; group D, 10 mg kg-' dipyridamole; group E, 
10 mg kg- ' naftazone. Blood samples were withdrawn 90 min 
after the last injection. Platelet-induced aggregation was 
analysed with PRP and isolated platelets, as indicated above. 

Deaggregation. Deaggregation was studied after 600 s, when 
the plateau of the aggregation curve had been reached following 
addition of the platelet inducers. Results are expressed as a 
percentage of total aggregation amplitude. 

Statistical analysis 
Means were compared by using Student's t-test for unpaired 
samples. For multiple comparisons, we used one-way analysis 
of variance followed by the Newman-Keuls test, on PCSM 
Software (Meylan, France). 

Results 

In-vitro eflects of naftazone 
Various concentrations of naftazone incubated with rat PRP 
tended to inhibit ADP and thrombin-induced aggregation (Fig. 
1) with a significant difference relative to the control value at 
final concentrations of lop5 and (inhibition of 7 to 
17% and 62 to 85% after ADP and thrombin stimulation, re- 
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FIG. 1. Effect of naftazone on rat platelet aggregation in-vitro. 
Aggregation was studied with PRP after incubation for 1 min with 
naftazone and stimulation with ADP or thrombin. Transmittance values 
were expressed as a percentage of control values. *P < 0.05; 
**P < 0.01; ***P < 0.001. 

spectively). Similar results were obtained with rat platelets re- 
suspended in buffer, although statistical significance was only 
reached with lo-' and M naftazone (Fig. 2), possibly 
owing to the wider dispersion of values. Naftazone inhibited the 
thrombin-induced release of 5-HT from washed rat platelets at 
concentrations as low as lo-' M (P -= 0.05) (Fig. 3). N a h -  
zone reduced both ADP- and thrombin-induced aggregation of 
human platelets (Figs 4, 5 ) ,  but the effect was more marked for 
re-suspended platelets (Fig. 5 )  than for P W  (Fig. 4). For exa- 
mple, with M naftazone, ADP- and thrombin aggregation 
of re-suspended platelets was inhibited by 45 and 34%, respec- 
tively, whereas inhibition was only 10 and 21% with PEV. 

Ex-vivo e$ects of najlazone 
Aggregation induced by ADP and thrombin was studied with 
PEV (Table 1) and washed platelets (Table 2) at different times 
after the last of five naftazone injections. Ex-vivo inhibition of 
platelet aggregation by naftazone relative to controls was both 
dose- and time-dependent. 

One hour after the last injection of 0.5 mg kg- ' naftazone, a 
dose close to that used in clinical practice, inhibition of 
thrombin-induced aggregation reached nearly 10% with PW, 
compared with about 35% with 10 mg kg-' naftazone at the 
same time point. As shown in Table 1, marked inhibition was 
obtained between 1 and 3 h after the last injection; platelet 
reactivity returned close to baseline 24 h after the last injection. 
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FIG. 2. Effect of naftazone on rat platelet aggregation in-vim. 
Aggregation of washed platelets was studied after incubation for 
1 min of naftazone and stimulation with ADP or thrombin. Transmit- 
tance values are expressed as a percentage of control values. *P < 0.05; 
***P < 0.001. 

Log concn (M) 

FIG. 3. Effect of nahzone on rat platelet 5-HT release in-vim. 
Endogenous 5-HT release by washed platelets was studied after 
incubation for 1 min with naftazone and stimulation with thrombin. 
5-HT was assayed by means of voltammetry, as described in Materials 
and Methods, using a carbon fibre microelectrode. *P < 0.05; 
***P < 0.001. 

Similar results were obtained with washed platelets induced 
to aggregate by thrombin and ADP (Table 2). In particular, the 
inhibition of ex-vivo platelet aggregations was again dose- and 
time-dependent. 
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FIG. 4. Effect of naftazone on human platelet aggregation in-vitro. 
Aggregation was studied in PRP after incubation for 1 min with 
n a h o n e  and stimulation with ADP or thrombin. Transmittance values 
are expressed as a percentage of control values. *P < 0.15; 
**P c 0.01 
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FIG. 5. Effect of naftazone on human platelet aggregation in-vitro. 
Aggregation was studied with washed platelets after incubation for 
1 min with naftazone and stimulation with ADP or thrombin. 
Transmittance. values are expressed as a percentage of control values. 
*P < 0.05; **P < 0.01; ***P < 0.001. 

Table I .  Effect of various naftazone doses on ex-vivo aggregation of platelets stimulated with ADP or thrombin in platelet-rich plasma. 

Group n t + l  h t + 3  h t + 6  h t+24 h 

0 

0.125 mg kg-' 

0.25 mg kg-' 

0.5 mg kg-' 

1 mg kg-' 

5 mg kg-' 

10 mg kg-' 

8 
8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Thrombin 
ADP 
Thrombin 
ADP 
Thrombin 
ADP 
Thrombin 
ADP 
Thrombin 
ADP 
Thrombin 
ADP 
Thrombin 
ADP 

86.13f3.4 
69.00f4.9 

70.00 f 2.7 
83.70 f 3.8 
63.75 f 5.2= 
78.70 f 2.1 
63.80 f 4.3 
67.75 f 4.OaSb" 

61.50 f 4.4' 

85.25 f 4 . 1 b  

49.50f3.1a*b 

41.13 f 5,3asb 
56.50 f 5.0aeb.' 
40.50 f 2.4a.b 

86.50 f 4.4 
69.25 f 3.6 

60.15 f 2.2 
77.40 f l.ga 
62.90 f 6.7 
73.50 f 2.6a 
62.75 f 5.6 

76.25 f 3.3"sb 

8 1 .OO f 2.6avb2d 
67.50 f 7.9b,c*d 

52.00 f 2.9a*d 
38.25 f4.9'*C.d 

67.25 f 3.6" 
49.75 f 5.6"" 

87.12 f 3.6 
69.25 f 4.3 
82.75 f 7.9 
65.25 & 5.9 
82.50 f 4.8 
6230 f 2.6 
73.75 f 5.9" 
58.00 f 6.0" 
72.50 f 5.1a*d 
49.75 f 6.7"" 
65.38 f 7.0" 
46. I8 f 6.0"'d 
47.50 f 6.2".bs' 
3 1 .oo f 4.2a.b.c,c 

87.50 f 3 . 7  
67.50 f 5.5 
82.25 f 2.9 
66.50 f 4 . 2  
84.75 f 3.0 
67.00 f 2.9 
75.25 f 9.6" 
57.75 f 3 . 9 a  
77.00 f4.7a'c 
50.75 f 6 F d  
67.75 f 7.3" 
59.50 f 2.9b,',d 
64.50 f 3.3ac.4e 
54.00 f 3.34"  

Results were expressed as transmittance (%). Statistical comparison between groups was performed using analysis of variance followed by the 
Newman-Keuls test: means indicated with superscript a are significantly different (at least P < 0.05) for a given time; means indicated with the same 
superscript letters @, c, d or e) are significantly different from each other (at least P < 0.05) for a different time. 
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Table 2. Effect of various naftazone doses on ex-vivo aggregation of platelets stimulated with ADP or thrombin in isolated platelets. 

Group n t + l  h t + 3  h t + 6  h t+24 h 
. 
- 

89.40 f 3.2 Control 8 Thrombin 85.60 f 4.6 87.30 f 8.0 86.2 1 f 8.2 
8 ADP 66.80 f 3.1 68.10f5.1 66.50 f 6.7 67.70 f 3.3 

0.125 mg kg-' 4 Thrombin 91.10 f 4 . 6  7960 f 3.8 84.50 f 10.3 90.30 f 2.2 
4 ADP 68.00 f 7.8 65.30 f 2.2 66.00 f 1.6 72.00 f 4.0 

0.25 mg kg-' 4 Thrombin 88.30 f 8.3 76-80 f 9.7 76.30 f 14.0 89.10f6.5 
4 ADP 61.80 f 3.5 65.40 f 4.4 61.10f2.1 61.70 f 2.5 

4 ADP 61.50f 5.8 66.50 f 9.5 66.00f8.1 61 .00 f 9.5 

4 ADP 46.00 f4.4+b*c 66.50 f 6,8bsd 46.00 f 6.4"*" 57.90 f4.44c.e 

4 ADP 43.00 f 2.9a*b.' 62.30 f 6.ObSd 42,50f8.744C 55.40 f 2.5- 

4 ADP 38.00 f 7.8a*b 42.30 f4.7a.c.e 34.90 f 3.7a*d 54.00 f 3.2*b.C.4C 

0.5 mg kg-' 4 Thrombin 79.30 f 5.3b 75.00f 5.4b 61.00 f 8.0b 88.00 f 4.7b 

1 mg kg-' 4 Thrombin 64.30 f 5.0"b.C 8440f  5.5b,d 70.90 f 6.04" 82.00 f 3.9''' 

5 mg kg-I 4 Thrombin 61.30 f 6.5+b 76.20 f 4.8 66.80-1 11.1 72.30 f 5.1a 

10 mg kg-' 4 Thrombin 48.80 f 8.2" 56.00 f 7.9a 5 1 m  f23.5' 65.80f 6.4" 

Results were expressed as transmittance (%). Statistical comparison between groups was performed using analysis of variance followed by the 
Newman-Keuls test: means indicated with superscript a are significantly different (at least P < 0.05) for a given time; means indicated with the s m e  
superscript letters (b, c, d or e) are significantly different from each other (at least P -= 0.05) for a different time. 

Table 3. Effect of various naftazone doses on ex-vivo platelet deaggregation after stimulation with 
thrombin or ADP. 

Group n Inducer t + l  h Inducer t + 3  h 

0 8 Thrombin 3.30 f 2.5 ADP 21.40f3.9 
0.125 mg kg;' 4 Thrombin 2.00 f 0.8 ADP 2 1.90 f 4.5 
0.25 mg kg; 4 Thrombin 1.40f 1.2 ADP 26.70 f 5.3 
0.5 mg kg; 4 Thrombin 3.60 f 5.0 ADP 32.90 f 12.9 
1 mg kg- 4 Thrombin 16.35 f 6.6" ADP 34.30 f 5.0" 
5 mg kg-' 4 Thrombin 19.80 f 6.4" ADP 38,30 f 5.3" 
10 mg kg-I 4 Thrombin 23.30f 5.8' ADP 43.80 f 2.0a 

Platelet deaggregation was measured after thrombin- or ADP-induced aggregation for 600 s. It was 
expressed as percent of maximum aggregation amplitude. Statistical comparison between groups was 
performed using analysis of variance followed by the Newman-Keuls test: means indicated with 
superscript a are significantly different (at least P < 0.05) for a given time. 

Table 4. Effects of various antiplatelet agents on ex-vivo rat platelet aggregation. 

Group n PRP-Thrombin PRP-ADP Thrombin ADP 

42.5 + 7.8" A Control 9 62.4 f I I .9ssb 37.7 f 11 .5a*b,c 70.5 f 5.3a 

C Ticlopidine 6 33.3 f26.9" 23.5 f 9.9b 63.9 f 4.7' 39.6 f 9.2' 
B Aspirin 6 45.6 f 6.5 24.4 f 5.0a 61.4f 12.3b 43.5 + 12.6b 

D Dipyridamole 6 54.5 f 14.6 35.6f l l . S d  67.4 f 9,2d 45.4 f 34Id 
E Naftazone 6 32.9 f 7.7b,d 20.6 & 5.6' 24.3 f 18@.b" 20.7 f 19pb,c.d 

Results were expressed as transmittance (YO). PW, platelet-rich plasma Statistical comparison between groups was performed using 
analysis of variance followed by the Newman-Keuls test: means indicated with the same superscript letter in the same column are 
significantly different (at least P < 0.05). 

After thrombin-induced aggregation, ex-vivo platelet de- 
aggregation was markedly enhanced by naftazone treatment 
(Table 3). This effect correlated with the dose when measured 
after 1 and 3 h of stimulation with thrombin and ADP, 
respectively. 

Comparative studies 
Ex-vivo platelet aggregation was compared after five daily in- 
traperitoneal injections of the platelet-active compounds aspirin 
(group B), ticlopidine (group C), dipyridamole (group D) and 
naftazone (group E). Control animals received the vehicle 
alone. Platelets were prepared from blood taken 90 min after 

the last injection. Results of aggregation studies with PRP 
stimulated with thrombin and ADP are summarized in Table 4. 
Aspirin had a non-significant inhibitory tendency, whereas 
significant inhibition of thrombin-stimulated aggregation was 
obtained with ticlopidine (C) and naftazone (E). Except for 
dipyridamole (D), all the other compounds inhibited ADP- 
induced aggregation in PRP ex-vivo. 

The effects of the different compounds on washed platelet 
aggregation stimulated with thrombin or ADP were not 
significantly different except for naftazone which resulted in 
-50% inhibition. Again, inhibition was more marked with 
washed platelets than with PRl? 
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Discussion 

in-vjtro and ex-vivo experiments show that naftazone These .&a rat and human platelet aggregation. Although inhibition 
of mp- and thrombin- induced aggregation was observed at a 
+one concentration of lo-’ M, significant differences rela- 
tive to controls only occurred above M. The inhibitory 
effect appeared to be weaker with rat platelets than with human 

and with PRP compared with washed platelets. It may 
be &at, as for other drugs (Blache & Ojeda 1992), the high 
lipophilicity of naftazone contributes to its inhibitory potency, 
although we did not specifically determine naftazone binding to 

proteins or lipoproteins. This hypothesis is in keeping 
the greater inhibition of thrombin-induced aggregation 

pRp than with platelets re-suspended in plasma diluted 1 :5 
with buffer. Binding of naftazone to platelet membranes, which 
could explain the interference of this compound in the platelet 
*gation process, could be suggested; we are awaiting the 

of further specific studies. In addition, n a h o n e  appears 
act on early events of platelet biochemistry, as the thrombin- 

induced release of 5-HT was markedly inhibited by concentra- 
tions as low as lo-’ M and fell by more than 50% in the 
presence of native lo-’ M naftazone. This could be related to 
&e enhancement of platelet deaggregation ex-vivo as 5-HT 
participates in the autocrine platelet stimulation process (see 
below). 

Ex-vivo platelet aggregation was also studied after intraper- 
itoneal treatment of rats for five days with naftazone. The 5-day 
treatment schedule was necessary because of the short half-life 
of injected naftazone, probably owing to rapid metabolism (not 
shown). We found that the effect was both dose- and time- 
dependent. Indeed, ADP- and thrombin-induced aggregation 
were both inhibited by doses as low as 0.125 mg kg-’ ( -  12% 
in PRP). This effect was, moreover, short-lived it was observed 
3 h after the last injection and had virtually disappeared after 
24 h. Interestingly, significant inhibition was observed with the 
dose equivalent to that used in clinical practice (0.5 mg kg-’), 
particularly, after thrombin stimulation. 

Naftazone also significantly stimulated platelet deaggrega- 
tion. Deaggregation can occur when platelet stimulation is low 
or when platelet membrane receptors are not activated or not 
fUlly expressed (Feinstein et a1 1983). Deaggregation is more 
likely to occur when platelet secretion is inhibited. Indeed, 
Platelet stimulation is a self-activating chain (Holmsen 1994). It 
is thus conceivable that n a h o n e ,  by inhibiting 5-HT secretion, 
facilitates deaggregation. The antiplatelet effect of naftazone 
m y  thus be mediated not only by inhibition of agonists of 
Platelet aggregation, but also by inhibition of the stabilizing 
effect of released substances on thrombin-induced aggregates. 

Dipyridamole was not active in our ex-vivo rat model with 
either PRP or washed platelets. This drug has been reported to 
inhibit platelet function by inhibiting phosphodiesterase activity 
and thereby contributing to an increase in platelet cycling AMP 
concentration. Aspirin was more active in experiments with 
PRF’ than isolated platelets: thrombin- and ADP-induced 
aggregation in PRP were inhibited by 27 and 35%, respectively. 
Aspirin is very effective in cardiovascular disease although the 
commonest side-effect of taking aspirin is its gastrotoxicity 
(FibGerald & Meagher 1994). An alternative approach could 
be to use either the intravenous route or to use ticlopidine 
(Defieyn et a1 1989; Haynes et a1 1992). Ticlopidine was very 

effective under our conditions: respective inhibitions of 47 and 
38% were obtained for thrombin- and ADP-induced aggrega- 
tion in PIU? Ticlopidine was less active on isolated platelets. 
Naftazone was as active as ticlopidine in the case of thrombin- 
induced PRP aggregation ( - 47% inhibition) and more active 
in the case of ADP-induced aggregation ( - 46%). Naftazone 
was also active on isolated platelets, inhibiting aggregation 
stimulated by thrombin more effectively ( - 65%) than that 
induced by ADP (-22%). These data confirm the results 
obtained for dose-response studies. The shorter duration of the 
antiplatelet effect of naftazone relative to aspirin and ticlopidine 
may have therapeutic implications. 

In conclusion, naftazone inhibited platelet aggregation 
induced by ADP or thrombin in-vitro together with thrombin 
stimulated 5-HT release. Ex-vivo studies revealed that aggrega- 
tion was inhibited after intraperitoneal injection of rats with 
naftazone. This effect was dose- and time-dependent, and 
washed platelets from treated animals were also inhibited. 
Twenty four hours after the last injection, the platelet activity 
had, moreover, returned almost to baseline (about 80% of 
control values). Platelet deaggregation was facilitated by 
naftazone. Further work is required to identify the precise 
mechanism underlying the antiplatelet activity of naftazone. 
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