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Abstract

The antithrombotic effects of YM-75466 ([ N-[4-[(1-acetimidoyl-4-piperidyl)oxy]lphenyl]-N-[(7-amidino-2-
naphthyl)methy!]sulfamoyl]acetic acid monomethane sulfonate), a novel orally-active factor Xa inhibitor, and its effects on bleeding time
and coagulation time were studied in rats and compared with those of warfarin. Both agents were orally administered. In the venous
thrombosis model, YM-75466 and warfarin inhibited thrombus formation dose-dependently, with IDg, values of 3.3 and 0.56 mg/kg,
respectively. Ex vivo study showed that both Y M-75466 and warfarin prolonged prothrombin time dose-dependently, with doses, causing
a two-fold prolongation of prothrombin time in the control group, of 89 and 0.38 mg/kg, respectively. In bleeding time studies,
YM-75466 and warfarin prolonged bleeding time dose-dependently, with doses, causing a two-fold prolongation of bleeding time in the
control group, of > 100 and 0.43 mg/kg, respectively. These results show that the antithrombotic effects of YM-75466 are markedly
separate from its effects on bleeding time and coagulation time compared with warfarin. © 1998 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Warfarin has been widely used as an oral anticoagulant
agent. Warfarin exerts its potent anticoagulant effects by
inhibiting biosynthesis of vitamin K-dependent coagulant
factors (factor 11, VII, IX, X, etc.). However, due to its
mode of action, warfarin has many clinical problems such
as dow onset of action, narrow therapeutic range, adverse
effects on bleeding and interaction with many drugs and
foods (Harder and Thurmann, 1996; Hirsh, 1991; Wells et
al., 1994). Moreover, administration of warfarin must be
strictly controlled in clinical use due to fear of inducing
severe bleeding. Therefore, novel oral anticoagulant agents
are required which have new mechanisms of action and are
much safer and easier to use than warfarin.

The activated serine-protease factor X (FXa) is the key
enzyme at the convergent point of the intrinsic and extrin-
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sic coagulation pathways. It forms a prothrombinase com-
plex with factor Va, Ca" and phospholipid to produce
thrombin (Rosenberg et a., 1975) and it has been demon-
strated that one molecule of FXa can generate 138
molecules of thrombin in 1 min (Elodi and Varadi, 1979).
Therefore, anticoagulant effects may be more efficiently
exerted by inhibiting FXa rather than thrombin. Moreover,
because FXa inhibitors specifically affect the plasma coag-
ulation system, but not platelet function, this mechanism
should notably decrease the increased bleeding tendency
seen in warfarin therapy. FXa-inhibiting peptides derived
from natural products and DX-9065a, a synthetic and
selective FXa inhibitor, have been reported to exert an-
tithrombotic effects in various thrombosis models (Schaffer
et al., 1992; Neeper et al., 1990; Herbert et a., 1996).
Moreover, DX-9065a inhibited thrombosis without affect-
ing bleeding time (Hara et al., 1995). Thus, inhibition of
FXais a promising target for the treatment of thrombosis.

YM-75466 is a newly synthesized, potent and selective
FXa inhibitor. This compound specifically inhibits human
FXa with a K, value of 1.3 nM (Taniuchi et al., 1998).
Our previous studies show that intravenous administration



60 K. Sato et al. / European Journal of Pharmacology 352 (1998) 59-63

of YM-75466 exerts profound antithrombotic effects with-
out prolonging bleeding time and coagulation time com-
pared to heparin, a low molecular weight heparin, dal-
teparin, and a thrombin inhibitor, argatroban (Sato et d.,
1997, 1998). Additionally, YM-75466 can exert its anti-
coagulant effects also when administered orally (Taniuchi
et a., 1998). Therefore, it is crucial to investigate whether,
by ora administration, YM-75466 <till exerts its an-
tithrombotic effects without prolonging bleeding time and
coagulation time.

To clarify whether YM-75466 is easier to use than
warfarin, the antithrombotic effects of YM-75466 and its
effects on bleeding time and coagulation time were studied
in rats and compared with those of warfarin.

2. Materials and methods
2.1. Materials

YM-75466 (Fig. 1, [N-[4-[(1-acetimidoyl-4-
pi peridyl)oxy]phenyl]-N-[(7-amidino-2-naphthyl)methyl]sul -
famoyl]acetic acid monomethanesulfonate) was synthe-
sized a Yamanouchi Pharmaceutical. Warfarin sodium
was purchased from Sigma (USA). YM-75466 was dis-
solved in 0.05 N HCI before use. Warfarin was dissolved
in distilled water.

2.2. Ex vivo studies

YM-75466 and warfarin were orally administered to
male Sprague-Dawley rats (280-320 ¢, Japan, Hama
matsu, Japan) which had fasted more than 12 h. A 2 ml
citrated (1:10 dilution, 3.8% sodium citrate) blood sample
was collected from the inferior vena cava of rats anes-
thetized by intraperitonea injection of urethane (0.96
g/kg). In dose-dependency studies, YM-75466 was ad-
ministered 0.5 h and warfarin 18 h before blood sampling.
Platelet-poor plasma was immediately prepared by cen-
trifugation (1870 X g; 10 min; PR05-22, Hitachi, Japan) at
4°C. Anticoagulant activity was measured with a coagu-
lometer (KC-10, Amelung, FRG). To measure prothrombin
time, 50 wl of platelet-poor plasma was incubated for 1
min at 37°C. Coagulation was induced by adding 50 wl of
prothrombin reagent (Ortho-Clinical Diagnostic, Tokyo,
Japan). To measure activated partial thromboplastin time,
50 wl of platelet-poor plasma and activated partia
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Fig. 1. Structure of YM-75466. N-[4-[(1-acetimidoyl-4-
pi peridyl)oxy]phenyl]-N-[(7-amidino-2-naphthyl )methy! Jsulfamoyl Jacetic
acid monomethanesulfonate.

thromboplastin time reagent (Ortho-Clinical Diagnostic)
were mixed and incubated for 3 min at 37°C. Coagulation
was induced by adding 50 wl of 20 mM CaCl,. Anticoag-
ulant activity was expressed as the relative increase in
coagulation time compared with that before the administra-
tion of the agent or that in the control group.

2.3. Thromboplastin-induced venous thrombosis model in
rats

Thrombus formation was induced using the method of
Herbert (Herbert et al., 1992). Male Sprague—Dawley rats
(290-320 g, Japan, Hamamatsu, Japan) which had fasted
more than 12 h were anesthetized by intraperitoneal injec-
tion of urethane (0.96 g/kg). The abdomen was surgicaly
opened and the inferior vena cava was isolated. Venous
thrombosis was induced by injection of thromboplastin (25
wg/kg, Ortho-Clinical Diagnostic, Tokyo, Japan) via the
femoral vein as a bolus. One min after injection of
thromboplastin, two tight ligations 1.0 cm apart with cot-
ton thread were made on the inferior vena cava just below
the left renal venous branch. YM-75466 was orally admin-
istered 0.5 h and warfarin 18 h before injection of
thromboplastin. Ten min after ligation, the vascular seg-
ment between the ligations was longitudinally opened by
incision. The thrombus was gently removed and dissolved
in 2 m of 0.5 N NaOH. The protein content of the
thrombus was measured by a photometric method using a
dye-binding assay kit (Bio-Rad, Hercules, CA) and bovine
serum albumin (BSA) as a protein standard.

2.4. Template bleeding time in rats

Male Sprague-Dawley rats (280320 g, Japan) which
had fasted more than 12 h were anesthetized by intraperi-
toned injection of urethane (0.96 g/kg). YM-75466 was
orally administered 0.5 h and warfarin 18 h before the
right planta was incised. A template bleeding device (Sim-
plate®, Organon Teknika, Tokyo, Japan) was placed on
the right planta and triggered. Blood flowing from the
incision was gently wiped away with filter paper every 30
s. Bleeding time was measured as time elapsed until
bleeding stopped.

2.5. Satistical analysis

All data represent the mean + S.E.M.. Statistical analy-
sis was performed by using Steel’s test compared with the
control group. A P value of less than 0.05 was considered
significant.

2.6. Ethical considerations
All experiments were performed in accordance with the

regulations of the Animal Ethica Committee of Ya
manouchi Pharmaceutical.
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3. Results
3.1. Ex vivo studies

Oral administration of 30 mg/kg Y M-75466 maximally
prolonged both prothrombin time (1.6 + 0.1 times) and
activated partial thromboplastin time (1.2 + 0.0 times) 0.5
h after administration. Anticoagulant activity almost com-
pletely disappeared 4 h after administration (Fig. 23, b). In
contrast, oral administration of 0.5 mg/kg warfarin maxi-
mally prolonged both prothrombin time (2.1 + 0.1 times)
and activated partial thromboplastin time (1.5 + 0.1 times)
18 h after administration. Anticoagulant activity almost
completely disappeared 48 h after administration (Fig. 2c,
d). Therefore, the following experiments were performed
0.5 h after oral administration of YM-75466 and 18 h after
oral administration of warfarin.

Both YM-75466 and warfarin prolonged both prothrom-
bin time and activated partial thromboplastin time in a
dose-dependent manner either 0.5 or 18 h after their
respective oral administrations (Table 1). The dose-de-
pendency of YM-75466 was not steep, while that of
warfarin for prothrombin time was markedly steep. Table 2
shows the CT, values of YM-75466 and warfarin, which
were the doses causing a two-fold prolongation of pro-
thrombin time in the control group and estimated from the
dose-response curves. Warfarin prolonged prothrombin

Prothrombin time

Table 1
Anticoagulant effects of YM-75466 and warfarin

Prothrombin time
(relative increase)

Activated partial
thromboplastin time
(relative increase)

YM-75466 25 mg/kg 15+00 1.2+0.0
50 mg/kg 16+0.1 1.3+0.0
100mg/kg 2.140.1 15+01

Warfarin 0.25mg/kg 1.0+0.0 1.0+0.0
05mg/kg 1.9+0.1 16+0.1
1 mg/kg 59+0.1 1.8+0.1

Data represent the relative increase in coagulation time compared with
that in the control group and are expressed as mean+ S.EM. (n=6).
Agents were orally administrated 0.5 h (YM-75466) or 18 h (warfarin)
before blood sampling.

Prothrombin time in the control group: 21+0.36 s(0.5 h) and 21+0.31 s
(18 h).

Activated partial thromboplastin time in the control group: 32+0.59 s
(0.5 h) and 30+0.56 s (18 h).

time at a greater than 200-fold smaller dose than YM-
75466.

3.2. Thromboplastin-induced venous thrombosis model in
rats

Both YM-75466 and warfarin exerted antithrombotic
effects in a dose-dependent manner (n= 6, Fig. 3). YM-
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Fig. 2. Time course of the anticoagulant effects of YM-75466 and warfarin on prothrombin time (PT, panel a, ¢) and activated partial thromboplastin time
(APTT, panel b, d) in rats. YM-75466 30 mg,/kg (open circles), warfarin 0.5 mg/kg (open squares) and the vehicle (closed circles and squares) were
orally administered. Data represent the relative increase in coagulation time compared with that before the administration of the agents (prothrombin time:
21 + 0.43 s, activated partial thromboplastin time: 30 + 0.47 s) as the mean + SEM. (n=6).
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Table 2
Separation of antithrombotic effects from prolongation of bleeding time
or coagulation time

Y M-75466 (mg/kg) Warfarin (mg,/kg)
1D, 33 0.56
ED, > 100 0.43
CT, 89 0.38

1Dy, dose causing 50% inhibition in the venous thrombosis model.
ED,: dose causing two-fold prolongation of bleeding time in the control

group.
CT,: dose causing two-fold prolongation of prothrombin time in the
control group.

75466 and warfarin significantly inhibited thrombus for-
mation at doses of 25 and 0.5 mg/kg, respectively,
compared with each control group (2.57 + 0.134 and 2.52
+ 0.103 mg). Table 2 shows the IDg, values of Y M-75466
and warfarin, which were estimated from the dose—inhibi-
tion curve. Warfarin inhibited thrombus formation at a
greater than five-fold smaller dose than Y M-75466.

3.3. Template bleeding time in rats

Both YM-75466 and warfarin prolonged template
bleeding time in a dose-dependent manner (n = 6, Fig. 4).
YM-75466 and warfarin prolonged bleeding time signifi-
cantly at doses of 100 and 0.5 mg/kg, respectively, com-
pared with each control group (3.5 + 0.32 and 3.3+ 0.21
min). Table 2 shows the ED, vaues of YM-75466 and
warfarin, which were the doses causing a two-fold prolon-
gation of bleeding time in the control group and estimated
from the dose—response curves. Although YM-75466 did
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Fig. 3. Antithrombotic effects of Y M-75466 (open columns) and warfarin
(hatched columns) in the thromboplastin-induced venous thrombosis
model in rats. YM-75466 was orally administered 0.5 h and warfarin 18 h
before the injection of 25 wg/kg thromboplastin. Data are expressed as
mean+ S.E.M. (n= 6). Statistica analysis was performed by using Steel’s
test. * * P < 0.01 compared with the control group.
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Fig. 4. Effects of YM-75466 (open columns) and warfarin (hatched
columns) on template bleeding time in rats. YM-75466 was oraly
administered 0.5 h and warfarin 18 h before incision of the planta. Data
are expressed as mean+SEM. (n=6). Statistical analysis was per-
formed by using Steel’s test. * P <0.05 compared with the control
group.

not exert two-fold prolongation of bleeding time even at a
dose of 100 mg/kg, higher doses could not be investigated
due to its insolubility at greater concentrations. Warfarin
prolonged bleeding time at a greater than 200-fold smaller
dose than Y M-75466.

4. Discussion

In this study, the antithrombotic effects of Y M-75466, a
novel orally-active FXa inhibitor, and its effects on bleed-
ing time and coagulation time were studied in rats and
compared with those of warfarin. The antithrombotic ef-
fects of YM-75466 were markedly separate from its pro-
longation of bleeding time and coagulation time compared
to those of warfarin.

Ex vivo studies showed that YM-75466 exerted its
anticoagulant effects much faster than warfarin. Warfarin
exerts its anticoagulant effects by inhibiting biosynthesis
of vitamin K-dependent coagulant factors (Hirsh, 1991). In
contrast, Y M-75466 exerts its anticoagulant effects through
direct inhibition of FXa (Taniuchi et al., 1998). Therefore,
it is thought that YM-75466 acts much more rapidly than
warfarin due to these different mechanisms of inhibition.
Although these two agents, YM-75466 and warfarin, have
quite different modes of action, it is valid to compare their
pharmacological profiles if the study is performed at the
anticoagulant activity peak of each agent. The thrombo-
plastin-induced venous thrombosis model employed in this
study is generally and widely used to estimate antithrom-
botic activity of anticoagulant agents (Talbot et al., 1989;
Freund et al., 1990). Also, in this study, both YM-75466
and warfarin exerted dose-dependent antithrombotic activ-
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ity, suggesting that this mode is suitable to estimate
antithrombotic activity of different anticoagulant agents
even if they have different modes of action.

YM-75466 exerted potent antithrombotic effects with
little prolongation of bleeding time. Thrombin not only
cleaves fibrinogen but also potently activates platelets
(Lefkovits and Topol, 1994). Its affinity for platelets is
10,000-fold higher than that for fibrinogen (Higgins et al.,
1983; Berndt et al., 1986). Therefore, the minima amount
of thrombin sufficient to activate and aggregate platelets
for hemostasis is likely to be produced, although it is not
enough to cleave fibrinogen, which leads to fibrin clot
formation. Furthermore, the antithrombotic effects of Y M-
75466 were markedly separate from its prolongation of
coagulation time. The exact mechanism of how Y M-75466
exerts its antithrombotic effect a a dose which hardly
prolongs coagulation time has yet to be clarified in detail.
However, it has been demonstrated that DX-9065a, a
synthetic FXa inhibitor, can inhibit clot-bound FXa which
is much more active than free FXa in plasma (Hérault et
al., 1997). Therefore, YM-75466 may exert efficient an-
tithrombotic activity through inhibition of FXa specifically
on the thrombus at a dose which has little effect on
coagulation time of peripheral blood. The lack of the need
to monitor coagulation time when using Y M-75466 would,
if confirmed in human, seem to be of profound clinical
merit.

In contrast, the antithrombotic effects of warfarin were
closely correlated with its prolongation of bleeding time
and coagulation time. In the ex vivo studies, the dose-de-
pendency of warfarin for prothrombin time was much
steeper than that of YM-75466. Although it is said that the
therapeutic dose of warfarin prolongs prothrombin time by
1.5 to 2.5 times, it seems to be a difficult practical matter
to control prothrombin time in this range due to its steep
dose-dependency. This difficulty in controlling the dose of
warfarin may be one reason which gives rise to problems
such as severe bleeding, drug interaction, and the need for
close dose control by monitoring peripheral blood.

5. Conclusion

In conclusion, this study clearly demonstrates that the
antithrombotic effects of YM-75466 are markedly separate
from its effects on bleeding time and coagulation time
compared with warfarin. These results suggest that Y M-
75466 may prove to be an ora anticoagulant agent which
is much easier to use than warfarin.

References

Berndt, M.C., Gregory, C., Dowden, G., Castaldi, P.A., 1986. Thrombin
interactions with platelet membrane proteins. Ann. NY. Acad. Sci.
485, 374-386.

Elodi, S, Varadi, K., 1979. Optimization of conditions for the catalytic
effect of the factor 1Xa—factor VIII complex: probable role of the
complex in the amplification of blood coagulation. Thromb. Res. 15,
617-629.

Freund, M., Cazenave, J.P., Courtney, M., Degryse, E., Roitsch, C,
Bernat, A., Delebassee, D., Defreyn, G., Maffrand, J.P., 1990. Inhibi-
tion by recombinant hirudins of experimental venous thrombosis and
disseminated intravascular coagulation induced by tissue factor in
rats. Thromb. Haemost. 63, 187-192.

Hara, T., Yokoyama, A., Tanabe, K., Ishihara, H., lwamoto, M., 1995.
DX-9065a, an oraly active, specific inhibitor of factor Xa, inhibits
thrombosis without affecting bleeding time in rats. Thromb. Haemost.
74, 635—639.

Harder, S., Thurmann, P., 1996. Clinically important drug interactions
with anticoagulants. An update. Clin. Pharmacokinet. 30, 416—444.

Hérault, J.P., Bernat, A., Pflieger, A.M., Lormeau, J.C., Herbert, JM.,
1997. Comparative effects of two direct and indirect factor Xa
inhibitors on free and clot-bound prothrombinase. J. Pharmacol. Exp.
Ther. 283, 16—22.

Herbert, JM., Bernat, A., Maffrand, J.P., 1992. Importance of plateletsin
experimental venous thrombosis in the rat. Blood 80, 2281-2286.
Herbert, JM., Bernat, A., Dal, F., Herault, JP., Crepon, B., Lormeau,
J.C., 1996. DX-9065a a novel, synthetic, selective and orally active
inhibitor of factor Xa: in vitro and in vivo studies. J. Pharmacol. Exp.

Ther. 276, 1030-1038.

Higgins, D.L., Lewis, S.D., Shafer, JA., 1983. Steady state kinetic
parameters for the thrombin-catalyzed conversion of human fibrino-
gen to fibrin. J. Biol. Chem. 258, 9276—9282.

Hirsh, J.,, 1991. Oral anticoagulant drugs. N. Engl. J. Med. 324, 1865—
1875.

Lefkovits, J., Topol, E.J, 1994. Direct thrombin inhibitors in cardio-
vascular medicine. Circulation 90, 1522—-1536.

Neeper, M.P., Waxman, L., Smith, D.E., Schulman, C.A., Sardana, M.,
Ellis, R.W., Schaffer, L.W., Siegl, P.K., Vlasuk, G.P., 1990. Charac-
terization of recombinant tick anticoagulant peptide. A highly selec-
tive inhibitor of blood coagulation factor Xa. J. Biol. Chem. 265,
17746-17752.

Rosenberg, J.S., Beeler, D.L., Rosenberg, R.D., 1975. Activation of
human prothrombin by highly purified human factors V and Xa in
presence of human antithrombin. J. Biol. Chem. 250, 1607-1617.

Sato, K., Kawasaki, T., Taniuchi, Y., Hirayama, F., Koshio, H., Mat-
sumoto, Y., 1997. YM-60828, a novel factor Xa inhibitor: separation
of its antithrombotic effects from its prolongation of bleeding time.
Eur. J. Pharmacol. 339, 141-146.

Sato, K., Kawasaki, T., Hisamichi, N., Taniuchi, Y., Hirayama, F.
Koshio, H., Matsumoto, Y., 1998. Antithrombotic effects of YM-
60828, a newly synthesized factor Xa inhibitor, in rat thrombosis
models and its effects on bleeding time. Br. J. Pharmacol. 123,
92-96.

Schaffer, L.W., Davidson, J.T., Vlasuk, G.P., Dunwiddie, C.T., Siegl,
P.K., 1992. Selective factor Xa inhibition by recombinant antistasin
prevents vascular graft thrombosis in baboons. Arterioscler. Thromb.
12, 879-885.

Tabot, M.D., Ambler, J., Butler, K.D., Findlay, V.S, Mitchell, K.A.,
Peters, R.F., Tweed, M.F., Wallis, R.B., 1989. Recombinant desul-
phatohirudin (CGP 39393) anticoagulant and antithrombotic proper-
ties in vivo. Thromb. Haemost. 61, 77-80.

Taniuchi, Y., Sakal, Y., Hisamichi, N., Kayama, M., Mano, Y., Sato, K.,
Hirayama, F., Koshio, H., Matsumoto, Y., Kawasaki, T., 1998.
Biochemical and pharmacological characterization of YM-60828, a
newly synthesized and orally active inhibitor of human factor Xa
Thromb. Haemost., in press.

Weélls, P.S., Holbrook, A.M., Crowther, N.R., Hirsh, J., 1994. Interaction
of warfarin with drugs and food. Ann. Intern. Med. 121, 676—683.



