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ABSTRACT—Antithrombotic effects of KW-3635, a newly synthesized thromboxane (TX) A,-receptor an-
tagonist, were studied in guinea pigs. In the extracorporeal circulation thrombosis model, the shunt was fill-
ed with thrombi, and reduction of platelet count and increase in plasma TXA, concentration were observed.
KW-3635 (30 and 100 mg/kg, p.o.) inhibited the thrombus formation in the shunt and prevented the
decrease in platelet count in the circulating blood without affecting the red blood cell count. BM13,505 (30,
100 mg/kg, p.o.), another TXA,-receptor antagonist, and ticlopidine (300 mg/kg, p.o.), an antiplatelet
drug, also inhibited the thrombus formation, while aspirin (10, 300 mg/kg, p.o.) did not. Peripheral arterial
occlusive disease was induced by injection of sodium laurate into the femoral artery in guinea pigs. Daily
oral administration of KW-3635 (3 -30 mg/kg) significantly prevented the progression of vascular lesions,
BM13,505 (330 mg/kg, p.o.) and ticlopidine (100 mg/kg, p.0.) also ameliorated the vascular lesions,
whereas aspirin (10, 100 mg/kg, p.o.) did not. KW-3635 at concentrations up to 107*M did not affect
coagulation parameters in vitro. These results suggest that TXA, is involved in the pathogenesis of arterial
thrombotic and ischemic disorders. KW-3635 may be useful for the treatment of thrombotic disease and
peripheral arterial occlusive diseases.
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Thromboxane A, (TXA,), one of the cyclooxygenase
products of arachidonic acid, is a potent inducer of
platelet aggregation and vasoconstriction (1-3). The
pathophysiological effects of TXA, have been implicated
in arterial thrombosis, cardiovascular disease (4 -6) and
circulatory shock (7, 8). There are many reports that
TXA,-synthetase inhibitors and TXA,-receptor antago-
nists have antithrombotic effects in various experimen-
tal models (9—13). However, the role of TXA, in peri-
pheral vascular disease has not fully been clarified. It
seems, therefore, interesting to study the effect of a TXA,
antagonist on the pathogenesis and progression of the
thrombotic and ischemic vascular diseases.

In sodium laurate-induced arterial occlusive disease in
rats, the injected sodium laurate is supposed to cause en-
dothelial cell damage and lead to precipitation of platelets
in the peripheral vascular bed (14). The progression of the
disease in this model resembles that reported in the
patients with thromboangitis obliterans (TAQ) (15, 16).
The thrombus occluding the lumen of the femoral artery

was composed of a platelet mass containing fibrin, and
red and white blood cells, as was the case with the clinical
situation. It has been reported that antiplatelet agents,
ticlopidine (14) and cilostazol (17), prevented the progres-
sion of the disease.

KW-3635 is a novel specific TXA, antagonist with a
chemical structure different from those of prostanoid-
type TXA, antagonists (18, 19). We have previously
reported that KW-3635 inhibited platelet aggregation in-
duced by the TXA, mimetic U-46619 in various animal
species in vitro and that the inhibitory effect of KW-3635
is the most prominent in human platelets (19). In the
present study, we examined the effect of KW-3635 on the
development of peripheral vascular disease induced by so-
dium laurate in guinea pigs. Moreover, the effects of KW-
3635 on the thrombosis in the arterio-venous shunt and
on the blood coagulation parameters were also deter-
mined.
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MATERIALS AND METHODS

Animals

Male guinea pigs of the Hartley strain (Shizuoka
Laboratory Animal, Hamamatsu), weighing 250-350 g,
were used. Food and water were given ad libitum prior to
the experiment.

Extracorporeal shunt thrombosis

The extracorporeal shunt was produced in the guinea
pig with a slight modification of the method of Fujitani
and Wakitani (20). The extracorporeal shunt was made of
a polyethylene tube (PE-100) and both the ends were con-
nected to polyethylene tubing (PE-50). The extracor-
poreal shunt filled with a heparin solution (50 U/ml} was
inserted between the right carotid artery and the left jugu-
lar vein of the guinea pig anesthetized with pentobarbital
sodium (35 mg/kg, i.p.). Thereafter, blood was allowed
to circulate through the shunt for 1 hr. All drugs except
for ticlopidine were orally administered 3 hr before the
start of the extracorporeal circulation. Ticlopidine was
orally administered 4 hr before the start of the circula-
tion. At the end of the experimental period, the shunt was
removed for determining thrombus formation. At the
same time, blood was withdrawn from the abdominal
aorta for measuring the count of platelets and red blood
cells (RBC). The numbers of platelets and RBC were
determined with an automatic counter (Sysmex K-2000;
Toa Iryo Denshi, Kobe).

Sodium laurate-induced arterial occlusive disease

Sodium laurate-induced arterial occlusive disease was
induced in the guinea pig with a slight modification of the
method of Ashida et al. (14). 0.1 ml of sodium laurate so-
lution (10 mg/ml) was injected into the right femoral ar-
tery of the guinea pig. Drugs were administered 1 hr after
the injection of sodium laurate and once a day for 10
days. The degree of gangrene and mummification at the
10th day after the injection was graded from 0 to 4 accord-
ing to the severity of the lesion as follows: 0: normal ap-
pearance; 1: the affected region was limited to the nail
parts; 2: to the fingers; 3: to the whole paw and 4: extend-
ed to the lower leg.

Measurement of blood coagulation parameters

The guinea pig was anesthetized with sodium pentobar-
bital (30 mg/kg, i.p.), and 9 ml of blood was collected
from abdominal aorta into a plastic tube containing 1 ml
of 3.8% sodium citrate. Plasma was obtained by centrifu-
gation at 3,000 rpm for 10 min. Activated partial throm-
boplastin time (APTT), prothrombin time (PT) and
thrombin time (TT) were determined with a clinical assay
kit (Toa Iryo Denshi).

Measurement of TXB, in plasma

To evaluate the change of plasma TXB, levels, 2 ml of
blood was drawn from the abdominal aorta with a syringe
containing 1/10 volume of 77 mM EDTA/2 Na and 10~*
M of indomethacin 1 hr after the start of the extracor-
poreal circulation. The blood was centrifuged at 3,000
rpm (KC-70; Kubota, Tokyo) for 10 min at 4T . The ob-
tained plasma samples were stored at —20°C until the as-
say for TXB, by specific radioimmunoassay according to
the method described by Ingerman-Wojenski et al. (21).
The working buffer (PBSG) used was as follows: 0.1 M
potassium phosphate buffer, pH 7.4, containing 0.9%
NaCl, 0.01% NaN, and 0.1% gelatin. Antisera for TXB,
were diluted 30,000 times with PBSG. Then 0.1 ml [*H]-
TXB, solution (370 kBq), 0.1 ml anti-TXB,-antiserum,
0.2 ml of PBSG and 0.1 ml of the sample solution were
mixed. After incubation for 12 hr at 4C, 0.7 ml or 1 ml
of charcoal/0.05% dextran T70 suspension in PBSG
was added to the TXB, assay mixture. The mixture was
allowed to stand for 15 min and then centrifuged at
1,000 x g for 10 min at 4°C. The radioactivity in the super-
natant was counted in a liquid scintillation counter
(Model 14530; Packard, Meriden, CT, USA).

Drugs used

KW-3635 (sodium (E)-11-[2-(5,6-dimethyl-1-benzimid-
azolyl)ethylene] -6, 11 -dihydrodibenz[b, e] oxepin-2-car-
boxylate), BM13,505, another TXA, antagonist (22) and
ticlopidine, an antiplatelet drug (23), were synthesized
in our laboratories. Aspirin was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). In the in vivo
study, these drugs were suspended in 0.3% sodium car-
boxymethyl cellulose so as to make the administration
volume 0.5 ml suspension per 100 g of animal’s body
weight and orally administered. In the in vitro study,
KW-3635 was dissolved in 10%0 polyethylene glycol 400.

Statistical analyses

Data except for the incidence of obstruction and coagu-
lation parameters were expressed as means = S.E. Statisti-
cal significance was evaluated by Dunnett’s test. Data of
the incidence of obstruction in the extracorporeal throm-
bosis model were analyzed by the y>-test. P values of 0.05
or less were considered to indicate statistically significant
differences.

RESULTS

Effects on extracorporeal circulation

The shunt became almost completely filled with throm-
bus within 60 min following the start of the extracor-
poreal circulation. The platelet count in the blood
decreased significantly, and the RBC count showed a
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Table 1. Effects of KW-3635, BM13,503, ticlopidine and aspirin on
the incidence of thrombosis and the platelet and RBC counts in the
extracorporeal shunt of guinea pigs

Table 3. Effects of KW-3635, BM13,505, ticlopidine and aspirin on
progression of sodium laurate-induced arterial occlusive disease in
guinea pigs

Dose No. occluded Platelet RBC

Drugs

(mg/kg) /No.tested (x10*/ml) (x10*/mm?

Normal 38.5+0.8 430+12.5
Control 18/19 28.3+£1.0% 1389.5+ 8.8
KW-3635 10 7/10 31.5+1.1  404.0+13.2
30 /11 33.4+0.7* 379.3+ 6.1

100 0/5 35.1+1.0* 380.6+ 9.1

BM13,505 3 4/5 30.1+0.6  385.8+ 7.7
10 5/10 32.6+2.1 4032+ 4.4

30 2/6* 33.0+2.9  406.5+12.9

100 0/5%*  34.9+1.7% d409.4+ 4.9

Ticlopidine 100 5/5 32.94+3.0 417.0+11.2
300 0/4**  32.1%£2.9 4155+ 9.5

Aspirin 10 4/5 28.1+1.4 3893+ 3.4
300 3/5 30.3+1.0  388.6+12.3

All values except for the incidence are means+S.E.M. #: P <0.01
vs. normal. * and **: P<(0.05 and P < 0.01 vs. control, respectively.

tendency to decrease (Table 1). Oral administration of
KW-3635 at the doses of 30 and 100 mg/kg significantly
decreased the incidence of thrombus formation in the
shunt. Additionally, KW-3635 (30 and 100 mg/kg, p.o.)
significantly inhibited the decrease in platelet count in the
circulating blood without any effect on the RBC count.
BM13,505 (30 and 100 mg/kg, p.o.) also prevented the
thrombus formation and the decrease in platelet count,
the anti-thrombotic activity being almost the same as that
of KW-3635. Oral administration of ticlopidine (300
mg/kg, p.o.) also reduced the thrombus formation. On
the other hand, aspirin failed to protect against the shunt
thrombosis even at the high dose of 300 mg/kg. In this
model, an increase in plasma TXB, was observed in the
control group (Table 2). Whereas KW-3635 at a dose of
10 mg/kg did not affect the level of plasma TXB,, 100
mg/kg of KW-3635 significantly reduced it. Ticlopidine
(300 mg/kg, p.o.) tended to reduce plasma TXB,,

Table 2. Effects on plasma TXB, levels in the extracorporeal shunt
model of guinea pigs

Dose Plasma TXB,

Drugs (me/kg) (ng/ml) n
Normal 0.21+0.02 3
Control 0.36+0.02% 7
KW-3635 10 0.35-+0.02 4

100 0.28+0.02* 5
Ticlopidine 300 0.29+0.01 5
Aspirin 300 0.20--0.02*%* 5

Values are means+S.E. #: P<0.01 vs. normal. * and **: P <0.05
and P < 0.01 vs. control, respectively.

Grade of disease

Drugs (rrln)()ske ) (gangrene or mummification)
E/xE 0 i 2 3 4
Control 2 2 7 17
KW-3635 1 1 1 3
3 1 1 2 2 2%
10 2 3 1 3 **
30 4 i *k
BM13,505 1 1 | 1 5
3 2 1 2 *
10 3 2 3 1+*
30 2 i 2 1¥*
Ticlopidine 30 1 2 1
100 6 2 1 1+
Aspirin 10 1 3 1
100 1 3

Drugs were orally administered 1 hr and once a day for 10 days after
sodium laurate injection. * and **: P <0.05 and P <0.01 vs. control,
respectively.

although the difference was not statistically significant.
Aspirin (300 mg/kg, p.o.) completely inhibited the eleva-
tion of plasma TXB..

Effects on sodium laurate-induced arterial occlusive dis-
ease

KW-3635, BM13,505, ticlopidine and aspirin were evalu-
ated for their effect on sodium laurate-induced arterial
occlusive disease in guinea pigs (Table 3). Within 10 days
after the injection of sodium laurate, the lesions deve-
loped in the whole leg, and the affected parts fell off in
most cases in the control group. KW-3635 (1-30 mg/kg,
p.o.) prevented the progression of gangrene and mum-
mification in a dose-dependent manner. The protective
effect of KW-3635 was statistically significant at doses of
3mg/kg and higher. BMI13,505 also prevented the
progression of the disease, and the potency of BM13,505
was almost the same as that of KW-3635. While ticlopi-
dine at a dose of 100 mg/kg (p.o.) prevented the progres-
sion of the disease, 30 mg/kg did not. Aspirin at the doses
of 10 and 100 mg/kg showed no protective effect on the
progression of gangrene and mummification on the 10th
day.

Blood coagulation parameters

Figure 1 shows the effects of KW-3635 and heparin on
coagulation parameters in vitro. Heparin prolonged PT,
APTT and TT in concentration-dependent manners. On
the other hand, KW-3635 did not exert any effect on these
coagulation parameters.
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Fig. 1. Effects of KW-3635 and heparin on prothrombin time
(PT), activated partial thromboplastin time (APTT) and thrombin
time (TT) of plasma from guinea pigs in vitro. ll: Control,
{: Heparin, @: KW-3635. Each point represents the mean of 3
experiments. **: P<0.01 vs. control.

DISCUSSION

In the extracorporeal shunt model of the guinea pig, an
occlusive white thrombus was consistently formed at the
connection of polyethylene tubing, where the blood flow
is physically disturbed. This disturbance of the blood flow
seems to be an important contributing factor for the
thrombus formation in the shunt. In similar models of

rats, Ashida et al. (24) demonstrated the deposition of oc-
clusive white thrombi within the polyethylene tubing and
the reduction of circulating platelets, both of which were
prevented by ticlopidine. Ticlopidine is a well-known anti-
platelet agent that inhibits platelet aggregation induced
by various stimulators (23). In the present study, reduc-
tion of platelet count in the control group was observed,
and ticlopidine inhibited the thrombus formation and
tended to prevent the reduction of circulating platelets.
Therefore, it is likely that platelets are the major compo-
nent of the thrombus within the polyethylene tubing. In
addition, the increased plasma TXB, of the guinea pig
subjected to the extracorporeal shunt suggested that
TXA, is related to the thrombus formation in the shunt.

KW-3635 showed significant anti-thrombotic and anti-
thrombocytopenic effects in the present arterio-venous
shunt model. Similarly, BM13,505 inhibited thrombus
formation. These drugs, however, did not affect the RBC
count. The antiplatelet drug ticlopidine was also effective,
although the activity of this drug was less potent than
those of KW-3635 and BM13,505. In addition, coagula-
tion parameters such as TT, PT and APTT were not
affected by KW-3635 in vitro. Therefore, the most likely
explanation for the inhibitory effects of KW-3635 against
thrombus formation in the shunt is the inhibition of plate-
let aggregation via the antagonism of TXA,. In KW-3635-
treated animals, the elevation of plasma TXB, following
the extracorporeal shunt was inhibited. This observation
is in accordance with the previous report that BM13,177,
a TXA,-receptor antagonist, inhibited the increase of
TXA, production in platelets stimulated by collagen (25).
In fact, it is known that TXA, per se stimulates the
production of TXA, in platelets. Therefore, the reduction
of plasma TXB, by the treatment with KW-3635 was due
to the inhibition of the secondary production of TXA, by
blocking TXA, receptors.

Ticlopidine prevented the progression of the arterial oc-
clusive disease induced by sodium laurate in guinea pigs.
Ashida et al. (14), using a rat model of arterial occlusive
disease produced by sodium laurate, reported that the
platelet contributes greatly to the progression of the dis-
ease, because thrombocytopenia and the antiplatelet drug
ticlopidine were found to prevent the progression of the
disease in rats. KW-3635 shows inhibitory effects against
U-46619- and collagen-induced platelet aggregation ex
vivo in guinea pigs (19). These results suggest that the
effectiveness of the drug against the disease was primarily
due to the inhibition of platelet aggregation, perhaps in-
duced by TXA,. In fact, elevation of plasma 3-thrombo-
globulin and serum TXB, levels, indicative of platelet
activation, were observed in patients with occlusive
peripheral arterial disease (26).

Vasodilators are widely used in the treatment of
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patients with peripheral circulatory insufficiency (27) and
are considered to improve the occlusive ischemic state by
increasing blood flow via the collateral circulation. There
have been some reports indicating that vasodilating
agents such as lipo-PGE, (28) and cilostazol (17) were
effective against sodium laurate-induced peripheral arteri-
al disease in rats. On the other hand, Reilly and co-
workers (29) obtained evidence for the involvement of
platelet activation and TXA, biosynthesis in patients with
peripheral artrial disease. Therefore, it is reasonable to
assume that elevated TXA, causes the peripheral arterial
vasoconstriction and contributes to the peripheral arterial
disease. KW-3635 was demonstrated to inhibit U-46619-
induced contraction of the vascular preparations in vari-
ous species (30). Similar results was observed for
BM13,505. Therefore, the prevention of TXA,-induced
vasoconstriction may have also contributed to the
ameliorating effect of KW-3635 and BM13,505 on the
peripheral arterial disease. Thus, as TXA, antagonists
also have an anti-vasoconstrictive action in addition to
antiplatelet action, KW-3635 may be more useful than the
antiplatelet agent ticlopidine. In the present study,
however, we did not measure plasma TXB, levels in the
guinea pig following the injection of sodium laurate.
Further study is necessary to clarify the mechanism of the
protection by KW-3635 against the disease.

In contrast to TXA, antagonists and ticlopidine, aspi-
rin was ineffective against the thrombus formation in the
extracorporeal shunt, despite the reduction of plasma
TXB, concentration, and in the sodium laurate-induced
peripheral arterial disease. In fact, similar results have
been reported by several authors (12, 15, 31-33). The
studies of mesenteric artery and venous thrombosis in
rats (12, 31) and jugular vein thrombosis in rabbits (32)
showed rather a thrombogenic action of the high-dose of
aspirin. Moreover, the clinical trial of aspirin resulted in
no dramatic beneficial effects (34). The possible explana-
tion for the ineffectiveness of aspirin may be related to its
inhibitory effect on prostaglandin I, (PGI,) generation by
endothelial cells, because PGI, has a potent anti-aggrega-
tive (35), vasodilating (36) and cytoprotective (37) ac-
tions. In fact, PGI, and its analogue had beneficial effects
on various experimental thrombosis and occlusive dis-
eases (14, 38, 39). Moreover, PGI, has clinically been
used to prevent the thrombus formation in the extracor-
poreal circulation (40, 41) and the arterial diseases such as
Burger (42) and Raynaud’s disease (43, 44).

In summary, the present study demonstrated that KW-
3635, when orally administered, inhibited the thrombosis
in the arterio-venous shunt and the peripheral circulation
insufficiency in guinea pigs. The mechanism for the inhibi-
tory effect was assumed to be the inhibitory effect on plate-
let aggregation and/or vasoconstriction induced by TXA.,.

The TXA,-receptor antagonist may be useful for the treat-
ment of thrombotic and peripheral vascular diseases.

REFERENCES

1 Silver MJ, Smith JB, Ingerman CM and Cocsis JJ: Arachidenic
acid induced human platelet aggregation and prostaglandin
formation. Prostaglandins 4, 863 - 875 (1973)

2 Silver MJ, Hoch W, Kocsis 1J, Ingerman CM and Smith JB:
Arachidonic acid causes sudden death in rabbits. Science 183,
1085 -1086 (1974)

3 Hamberg M, Svensson J and Samuelsson B: Thromboxanes:
A new group of biologically active compounds derived from
prostaglandin endoperoxides. Proc Natl Acad Sci USA 72,
2994 -2998 (1975)

4 Smith EF III, Earl CQ and Egan JW: BMI13,505, a sclective
thrombexane receptor antagonist, reduces myocardial infarct
size following coronary arterial reperfusion. Prostaglandins
Leukotrienes Essent Fatty Acids 38, 15-23 (1989)

S Coker 8], Parratt JR, McAledingham I and Zeitlin 1J: Throm-
boxane and prostacyclin release from ischemic myocardium in
relation to arrhythmias. Nature 291, 323 -324 (1981)

6 Schror K and Thiemermann C: Treatment of acute myocardial
ischaemia with a selective antagonist of thromboxane receptors
(BM 13.177). Br J Pharmacol 87, 631-637 (1986)

7 Karasawa A, Taylor PA III and Lefer AM: Protective effects of
KW-3635, a novel thromboxane A, antagonist, in murine trau-
matic shock. Eur J Pharmacol 182, 1 -8 (1990)

8 Furlan LE, Johnson G I, Siegfried M and Lefer AM: Protec-
tive effects of the specific thromboxane receptor antagonist (+)-
$145Na in splanchnic artery occlusion shock in rats. J Pharma-
col Exp Ther 253, 525-529 (1990)

9 Schumacher WA, Heran CL, Hartl KS and Ogletree ML:
Activity of the short-acting thromboxane receptor antagonist,
$Q30,741, in thrombolytic and vasospastic models in monkeys.
J Pharmacol Exp Ther 253, 841846 (1989)

10 Imura Y, Terashita Z and Nishikawa K: The role of throm-
boxane (TX) A, in rabbit arterial thrombosis induced by endo-
thelial damage. Thromb Res 59, 195-2035 (1990)

11 Shea MI, Driscoll EM, Romson JL, Pitt B and Lcchesi BR:
Effect of OKY-1581, thromboxane synthetase inhibitor, on coro-
nary thrombosis in the conscious dog. Eur J Pharmacol 103,
285-291 (1984)

12 Schumacher WA and Heran CL: Effect of thromboxane recep-
tor antagonists on venous thrombosis in rats. J Pharmacol Exp
Ther 248, 1109-1115 (1989)

13 Schumacher WA, Heran CL, Goldengerg HJ, Harris DN and
Ogletree ML: Magnitude of thromboxane receptor antagonism
necessary for antithrombotic activity in monkeys. Am J Physiol
256, H726-H734 (1989)

14 Ashida S, Ishihara M, Ogawa H and Abiko Y: Protective effect
of ticlopidine on experimentally induced peripheral arterial
occlusive disease in rats. Thromb Res 18, 55-67 (1980)

15 Burger L: Recent studies in the pathology of thromboangitis
obliterans. J Med Res 26, 181-194 (1914)

16 Nakata Y, Ban I, Hirai M and Shionoya S: Onset and
clinicopathological course in Burger’s disease. Angiology 27,
509-517 (1976)

17 Kawamura K, Fujita S, Tani T and Kimura Y: Effect of
cilostazol, a new antithrombotic drug, on experimental model



98

19

20

21

22

23

24

25

26

27

28

29

30

S. Shirakura et al.

of peripheral circulation sufficiency. Arzneimittelforschung 35,
1154-1156 (1985)

Miki I, Kishibayashi N, Nonaka H, Ohshima E, Takami H,
Obase H and Ishii A: Effects of KW-3633, a novel dibenzoxepin
derivative of a selective thromboxane A, antagonist, on human,
guinea pig and rat platelet. Jpn J Pharmacol §9, 357-364
(1992)

Karasawa A, Kawakage M, Shirakura S, Higo K, Kubo K,
Ohshima E and Obase H: Antiplatelet effects of the novel throm-
boxane A, receptor antagonist sodium (£)-11-[2-(5,6-demethyl-1-
benzimidazolyl)ethylidene] -6, 11-dihydrodibenz [b, eJoxepin-2-
carboxylate monohydrate. Arzneimittelforschung 41, 1230-
1236 (1991)

Fujitani B and Wakitani K: Studies on antiplatelet effect of OP-
41483, a prostaglandin I; analog, in experimental animals. I.
Effect on platelet function and thrombosis. Jpn J Pharmacol
52, 123-130 (1990)

Ingerman-Wojenski C, Silver MJ, Smith JB and Macarak E:
Bovine endothelial cells in culture produce thromboxane as well
as prostacyclin. J Clin Invest 67, 1292-1296 (1981)

Patscheke H, Stegmeier K, Hornberger W, Staiger C and Neuge-
bauer G: Inhibition of platelet activation by the novel throm-
boxane receptor antagonist BM13,505. (abstract). Thromb Hae-
most 58, 182 (1987)

Minno GD, Cerbone AM, Mattioli PL, Turco S, Iovine C and
Mancini M: Functionally thrombasthenic state in normal plate-
lets following the administration of ticlopidine. J Clin Invest
75, 328-338 (1985)

Ashida S, Sakuma K and Abiko Y: Antithrombotic effects of
ticlopidine, acetylsalicylic acid and dipyridamole in vascular
shunt model in rats. Thromb Res 17, 663 -671 (1980)
Patscheke H and Stegmeier K: Investigation on a selective non-
prostanoic thromboxane antagonist, BM13,177, in human plate-
let. Thromb Res 33, 277288 (1984)

Hoet I, Arnout J, Van Geet C, Deckmyn H, Verhaeghe R and
Vermylen J: Ridgrel, a combined thromboxane synthetase inhi-
bitor and receptor blocker, decreases elevated plasma g-throm-
bogloblin levels in patients with documented peripheral arterial
disease. Thromb Haemost 64, 87 -90 (1990)

Coffman JD: Drug therapy: vasodilator drugs in peripheral vas-
cular disease. N Engl J Med 300, 713-717 (1979)

Goto J, Araki H, Otomo S and Aihara H: A comparison of the
effects of lipo PGE, and other related compounds on experimen-
tal peripheral arterial occlusive disease in rats. Drugs Exp Clin
Res 12, 917-921 (1986)

Reilly IA, Doran JB, Smith B and FitzGerald GA: Increased
thromboxane biosynthesis in human preparation of platelet acti-
vation: Biochemical and functional consequences of selective in-
hibition of thromboxane synthase. Circulation 73, 1300-1309
(1986)

Karasawa A, Shirakura S, Higo K and Kubo K: Action of the
novel thromboxane A; receptor antagonist sodium (E)-11-[2-

31

32

33

34

35

36

37

38

39

40

41

42

43

(5,6-dimethyl-1-benzimidazolyl)ethylidene]-6,11-dihydrodibenz-
[b,eloxepin-2-carboxylate monohydrate on smooth muscle
preparations. Arzneimittelforschung 41, 12371241 (1991)
Didisheim P: Inhibition by dipyridamole of arterial thrombosis
in rats. Thrombos Diathes Haemorrh 20, 257 - 266 (1968)
Kelton JG, Hirsh I, Carter CJ and Buchanan MR: Thrombo-
genic effect of high-dose aspirin in rabbits. Relationship to inhibi-
tion of vessel wall synthesis of prostaglandin I,-like activity, J
Clin Invest 62, 892-895 (1978)

Aonuma S, Kohama Y, Fujimoto S, Nomura M and Yamahata
E: Studies on aspirin derivatives with very little side effect. I'V.
Inhibitory effect of aspirin-isopropylantipyrine (AIA) on sev-
eral experimental thrombosis. J Pharmacobiodyn 6, 9—17 (1983)
Verstaraete M: Are agents affecting platelet functions clinically
useful? Am J Med 61, 897-914 (1976)

Ashida S and Abiko Y: Effect of ticlopidine and acetylsalicylic
acid on generation of prostaglandin [, like substance in rat ar-
terial tissue. Thromb Res 13, 901 908 (1978)

Armstrong JM, Chapple D, Dustig GJ, Hughes R, Moncada S
and Vane JR: Cardiovascular actions of prostacyclin (PGI,) in
chloralose anesthetized dogs. Br J Pharmacol 61, 136P (1977)
Sakaki A, Yajima M and Nishio S: Cytoprotective effect of
TRK-100, a prostacyclin analogue, against chemical injuries in
cultured human vascular endotherial cells. Life Sci 47, 711-719
(1990)

Nishio S, Yamada N, Endoh T, Isogaya M, Fukatsu Y,
Nishimura S, Kanai N and Umetue T: Effect of beraprost so-
dium on peripheral circulatory disturbances induced by various
stimuli. Arzneimittelforschung 39, 1229-1234 (1989)

Umetsu T, Murata T, Tanaka Y, Osada E and Nishio S: Anti-
thrombotic effect of TRK-100, a novel, stable PGI, analogue.
Jpn J Pharmacol 43, 81-90 (1987)

Bunting S, O’Grady J, Fabiani JN, Terrier E, Moncada S, Vane
JR and Dubost CH: Cardiopulmonary bypass in man: effects of
prostacyclin. /r Clinical Pharmacology of Prostacyclin, Edited
by Lewis PJ and O’Grady J, pp 181 -193, Raven Press, New
York (1981)

Gimson AES, Hughes RD, Mellor PJ, Woods HF, Langley PG,
Ganalese J, Williams R and Weston MJ: Prostacyclin to pre-
vent platelet activation during charcoal haemoperfusion in ful-
minant hepatic failure. Lancet I, 173175 (1980)

Belch JJF and Makay A: Epoprostenol (prostacyclin) and
severe arterial disease: A double-blind trial. Lancet I, 315-317
(1983)

Belch JJF, Drury JK, Capell H, Forbes CD, Newman P,
McKenzie F, Leiberman JJF and Prentice CRM: Intermittent
epoprostenol (prostacyclin) infusion in patients with Raynaud’s
syndrome. Lancet I, 313315 (1983)

Belch JJF, Newman P, Drury JK, Capell H, Leiberman P,
James WB, Forbes CD and Prentice CRM: Successful treat-
ment of Raynaud’s syndrome with prostacyclin. Thromb Hae-
most 45, 255265 (1981)



