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1 The e�ects of YM-60828, a newly synthesized factor Xa inhibitor, were investigated to analyse the
relationship between its antithrombotic e�ects and its prolongation of template bleeding time in rats.
YM-60828 was compared with argatroban, heparin and dalteparin. All agents were intravenously
administered as a bolus.

2 In ex vivo studies, YM-60828 and argatroban prolonged both prothrombin time and activated partial
thromboplastin time in a dose-dependent manner, while heparin and dalteparin prolonged only activated
partial thromboplastin time.

3 In a venous thrombosis model, all agents exerted antithrombotic e�ects in a dose-dependent manner.
The ID50 values of YM-60828, argatroban, heparin and dalteparin were 0.0081 mg kg71, 0.011 mg kg71,
6.3 iu kg71 and 4.7 iu kg71, respectively.

4 In an arterio-venous shunt model, all agents exerted antithrombotic e�ects in a dose-dependent
manner. The ID50 values of YM-60828, argatroban, heparin and dalteparin were 0.010 mg kg71,
0.011 mg kg71, 10 iu kg71 and 4.2 iu kg71, respectively.

5 In bleeding time studies, all agents prolonged template bleeding time in a dose-dependent manner.
ED2 values, the doses causing a 2 fold prolongation of bleeding time in the saline group, of YM-60828,
argatroban, heparin and dalteparin were 0.76 mg kg71, 0.081 mg kg71, 18 iu kg71 and 25 iu kg71,
respectively.

6 The ratio (ED2/ID50) of YM-60828 was more than 30 fold greater than that of heparin and more
than 10 fold greater than those of argatroban and dalteparin.

7 These data show that YM-60828 can exert its antithrombotic e�ects with little prolongation of
bleeding time compared with the other currently used anticoagulant agents.
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Introduction

Heparin and warfarin have been widely used in anticoagulant

therapy. Despite their long history of use they possess
problems such as di�culty controlling their anticoagulant
activity and adverse e�ects on bleeding. Although agents that
show potent anticoagulant activity via the speci®c inhibition of

thrombin, the ®nal product in the coagulation cascade
(Rosenberg et al., 1975), have been recently developed
(Lefkovits & Topol, 1994), their adverse e�ect on bleeding

due to their e�ects on platelet function has not been mitigated.
Therefore, agents which can be easily controlled and have little
e�ect on bleeding are now being sought for clinical use.

The activated serine protease factor Xa (FXa) is the key
enzyme at the convergent point of the intrinsic and extrinsic
pathways of coagulation. It forms prothrombinase complex
with factor Va, calcium and phospholipid to produce thrombin

(Rosenberg et al., 1975). It is therefore thought that antic-
oagulant e�ects can be more e�ciently exerted by inhibiting
FXa rather than by inhibiting thrombin. Moreover, because

FXa inhibitors a�ect coagulation speci®cally but not platelet
function, this mechanism should notably decrease bleeding
tendency. FXa-inhibiting peptides derived from natural

products and DX-9065a, a synthetic and selective FXa
inhibitor, have been shown to exert antithrombotic e�ects in
various thrombosis models (Neeper et al., 1990; Scha�er et al.,

1993; Yamazaki et al., 1994; Herbert et al., 1996). Moreover,

DX-9065a inhibited thrombosis without a�ecting bleeding

time (Hara et al., 1995).
YM-60828, an FXa inhibitor, has been newly synthesized in

our laboratory. This compound inhibited human FXa with a
Ki value of 1.3 nM (Taniuchi et al., unpublished data). In this

study, the antithrombotic e�ects of YM-60828 in venous
thrombosis and arterio-venous shunt models in rats and its
prolongation of template bleeding time were compared with

those of the currently used anticoagulant agents, argatroban (a
speci®c thrombin inhibitor, Okamoto et al., 1981), heparin and
dalteparin (a low molecular weight heparin, Hamano et al.,

1992).

Methods

Ex vivo studies

Non-fasted male Sprague-Dawley (SD) rats (200 ± 420 g,
Japan SLC, Hamamatsu, Japan) were anaesthetized by
intraperitoneal injection of pentobarbitone (50 mg kg71). The

jugular vein was cannulated and a 500 ml citrated (1 : 10
dilution, 3.8% sodium citrate) blood sample was collected
from the jugular vein. The agents were administrated via the

femoral vein as a bolus, with blood sampling performed before
and 1 min after the administration of the agents. Platelet-poor
plasma (PPP) was prepared by centrifugation (12 000
r.p.m.610 min, TCF-12, Iwaki, Japan) at room temperature.

Anticoagulant activity was measured with a coagulometer
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(KC-10, Amelung, FRG). To measure prothrombin time (PT),
50 ml of PPP was incubated for 1 min at 378C. Coagulation
was induced by the introduction of 50 ml of PT reagent (Ortho-

Clinical Diagnostic K.K., Tokyo, Japan). To measure
activated partial thromboplastin time (APTT), 50 ml of PPP
and APTT reagent (Ortho-Clinical Diagnostic K.K., Tokyo,

Japan) were mixed and incubated for 3 min at 378C.
Coagulation was induced by the introduction of 50 ml of
20 mM CaCl2 solution. Anticoagulant activity was expressed as
the relative increase in coagulation time compared with that

before the administration of the agent. Each experiment was
performed three times.

Venous thrombosis model in rats

Thrombus formation was induced by the method of Reyers

(Reyers et al., 1980). Non-fasted male SD rats (320 ± 380 g,
Japan SLC, Hamamatsu, Japan) were anaesthetized by
intraperitoneal injection of pentobarbitone (50 mg kg71). The
abdomen was surgically opened and the inferior vena cava was

isolated. Venous thrombosis was induced by tight ligation with
cotton thread of the inferior vena cava just below the left renal
venous branch. All agents were administered via the femoral

vein as a bolus 1 min before ligation of the vena cava. Two
hours after ligation, the vena cava was clamped about 2 cm
below the ligation and the vascular segment between the

ligation and the clamp was longitudinally opened. The
thrombus was gently removed and dissolved in 2 ml of 0.5 N

NaOH. The protein content of the thrombus was measured by

a photometric method by use of a dye-binding assay kit (Bio-
Rad, Hercules, CA) and bovine serum albumin (BSA) as a
protein standard.

Arterio-venous shunt model in rats

Non-fasted male SD rats (330 ± 380 g, Japan SLC, Hamamat-

su, Japan) were anaesthetized by intraperitoneal injection of
urethane (0.96 g kg71). The left jugular vein and the right
carotid artery were cannulated with a 12 cm long polyethylene

tube (o.d. 0.965 mm, PE-50, Clay Adams, NJ, U.S.A.). These
catheters were connected to the ends of a 10 cm long
polyethylene tube (o.d. 1.52 mm, PE-100, Clay Adams, NJ,
U.S.A.) containing a 2 cm long copper wire (o.d. 0.3 mm). All

agents were administered via the femoral vein as a bolus 1 min
before blood circulation in the shunt. Ten minutes after blood
circulation started, the copper wire was gently removed and

the thrombus attached to the wire was dissolved in 2 ml of
0.5 N NaOH. The protein content of the thrombus was
measured by a photometric method by use of a dye-binding

assay kit (Bio-Rad, Hercules, CA) and BSA as a standard
protein.

Template bleeding time in rats

Template bleeding time in the auricle was measured by the
method of MacDonald (MacDonald et al., 1994). Non-

fasted male SD rats (300 ± 400 g, Japan SLC, Hamamatsu,
Japan) were anaesthetized by intraperitoneal injection of
urethane (0.96 g kg71). All agents were administered via the

femoral vein as a bolus 1 min before an incision of the ear.
A template bleeding device (Simplate, Organon Teknika Co.,
Tokyo, Japan) was placed on the dorsal surface of the

auricle and triggered. Blood ¯owing from the incision was
gently wiped away with ®lter paper every 30 s. Bleeding time
was measured as time elapsed until bleeding stopped. When
template bleeding time was prolonged beyond 30 min,

measurement was stopped and the bleeding time was
recorded as 30 min.

Drugs

YM-60828 (Figure 1, [N-[4-[(1-acetimidoyl-4-piperidyl)oxy]-

phenyl] -N- [7-amidino -2- naphthyl)methyl] sulphamoyl] acetic
acid dihydrochloride) was synthesized at Yamanouchi
Pharmaceutical Co. Heparin sodium, dalteparin sodium and
argatroban were purchased from Takeda Chemical Industries

(Shimizu, Osaka, Japan), Kissei Pharmaceutical Co. (Fragmin,
Nagano, Japan) and Tokyo-Tanabe Pharmaceutical Co.
(Novastan, Tokyo, Japan), respectively. YM-60828 was

dissolved in saline before use. Heparin, dalteparin and
argatroban were diluted with saline.

Statistical analysis

All data are presented as the mean+s.e.mean. Statistical
analysis was performed by Dunnett multiple comparison test

for the venous thrombosis model or Steel test for the arterio-
venous shunt model and template bleeding time, compared
with the saline group. A P value of less than 0.05 was

considered signi®cant.

Ethical considerations

All experiments were performed in accordance with the
regulations of the Animal Ethical Committee of Yamanouchi

Pharmaceutical Co., Ltd.

Results

Ex vivo studies

YM-60828 and argatroban prolonged both PT and APTT in a
dose-dependent manner. In contrast, heparin and dalteparin
prolonged only APTT in a dose-dependent manner (Table 1).

Argatroban prolonged coagulation time more than YM-60828
at a dose of 1 mg kg71. Heparin prolonged APTT by more
than 10 fold that before administration of the agents at a dose
of 100 iu kg71.

Venous thrombosis model in rats

Figure 2 represents the e�ects of the anticoagulant agents
on thrombus formation in the venous thrombosis model
in rats. The protein content of the thrombus formed in

the saline group was 1.91+0.20 mg (n=10). All agents
exerted antithrombotic e�ects in a dose-dependent manner
(n=6). Both YM-60828 and argatroban signi®cantly

inhibited thrombus formation at doses of 10 mg kg71.
Both heparin and dalteparin exerted signi®cant anti-
thrombotic e�ects at doses of 10 iu kg71. Table 2 shows

HN

NH2 2HCI

N

SO2 CooH

O

N NH

Figure 1 Structure of YM-60828, [N-[4-[(1-acetimidoyl-4-piperidy-
l)oxy]phenyl]-N-[(7-amidino-2-naphthyl)methyl]sulfamoyl]acetic acid
dihydrochloride
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the ID50 values estimated from the dose-inhibition curves.
YM-60828 was as potent as argatroban in the venous
thrombosis model.

Arterio-venous shunt model in rats

Figure 3 represents the e�ects of the anticoagulant agents on
thrombus formation in the arterio-venous shunt model in

rats. The protein content of the thrombus formed in the
saline group was 1.08+0.13 mg (n=14). All agents exerted
antithrombotic e�ects in a dose-dependent manner (n=6).

Both YM-60828 and argatroban inhibited thrombus forma-
tion signi®cantly at doses of 30 mg kg71. Heparin and
dalteparin exerted signi®cant antithrombotic e�ects at doses

of 10 iu kg71 and 3 iu kg71, respectively. Table 2 shows ID50

values estimated from the dose-inhibition curves. YM-60828
was as potent as argatroban in the arterio-venous shunt
model.

Template bleeding time in rats

Figure 4 represents the e�ect of the anticoagulant agents on
template bleeding time. Template bleeding time in the saline
group was 3.0 + 0.3 min (n=13). All agents prolonged

template bleeding time in a dose-dependent manner (n=6).
YM-60828 and argatroban signi®cantly prolonged bleeding

Table 1 Anticoagulant e�ects of anticoagulant agents (ex
vivo)

PT (relative-
increase)

APTT (relative-
increase)

YM-60828
0.1
0.3
1

mgkg71
1.3+0.0
2.1+0.2
2.9+0.1

1.1+0.0
1.3+0.3
1.9+0.1

Argatroban
0.1
0.3
1

mgkg71
1.2+0.1
1.9+0.1
4.1+0.4

1.3+0.1
2.1+0.1
4.2+0.4

Heparin
10
30
100

iu kg71
1.0+0.0
1.1+0.0
1.5+0.1

1.5+0.1
2.5+0.4
410

Dalteparin
10
30
100

iu kg71
1.1+0.1
1.1+0.0
1.2+0.0

1.4+0.2
1.6+0.1
4.7+0.6

Data represent the relative increase in coagulation time
compared with that before administration of the agent and
are expressed as mean+s.e.mean (n=3). Agents were
intravenously administered as a bolus 1min before blood
sampling.
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Figure 2 Antithrombotic e�ects of YM-60828 (open columns),
argatroban (solid columns), heparin (hatched columns) and daltepar-
in (stippled columns) in a venous thrombosis model in rats. The
agents were intravenously administered as a bolus 1 min before
ligation of the inferior vena cava. Data are expressed as mean+-
s.e.mean (n=6±10). Statistical analysis was performed by Dunnett's
multiple comparison test. *P50.05, **P50.01 compared with the
saline group.

Table 2 The ID50 and ED2 values of the anticoagulant
agents

YM-60828 Argatroban Heparin Dalteparin
(mg kg71) (mg kg71) (iu kg71) (iu kg71)

ID50VT

ID50AV

ED2

0.0081
0.010
0.76

0.011
0.011
0.081

6.3
10
18

4.7
4.2
25

ID50VT dose causing 50% inhibition in the venous
thrombosis model. ID50AV dose causing 50% inhibition in
the arterio-venous shunt model. ED2 dose causing 2 fold
prolongation of bleeding time in the saline group.
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Figure 3 Antithrombotic e�ects of YM-60828 (open columns),
argatroban (solid columns), heparin (hatched columns) and daltepar-
in (stippled columns) in an arterio-venous shunt model in rats. The
agents were intravenously administered as a bolus 1 min before blood
circulation in the shunt. Data are expressed as mean+s.e.mean
(n=6±14). Statistical analysis was performed by Steel test. *P50.05,
**P50.01 compared with the saline group.
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Figure 4 E�ects of YM-60828 (open columns), argatroban (solid
columns), heparin (hatched columns) and dalteparin (stippled
columns) on template bleeding time in rats. The agents were
intravenously administered as a bolus 1 min before incision of the
ear. Data are expressed as mean+s.e.mean (n=6± 13). Statistical
analysis was performed by Steel test. *P50.05, **P50.01 compared
with the saline group.
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time at doses of 1 mg kg71 and 0.1 mg kg71, respectively.
Heparin and dalteparin signi®cantly prolonged bleeding time

at doses of 100 iu kg71 and 30 iu kg71, respectively. Table 2
shows ED2 values, the doses causing a 2 fold prolongation of
bleeding time in the saline group, estimated from the dose-

response curves. YM-60828 was about 10 fold less potent than
argatroban in this test.

Risk-bene®t ratio of the anticoagulant agents

Table 3 shows ED2/ID50 of the anticoagulant agents as the
risk-bene®t ratio. The ratio of YM-60828 was more than

30 fold greater than that of heparin and more than 10 fold
greater than those of argatroban and dalteparin.

Discussion

In this study, we investigated the antithrombotic e�ects of
YM-60828, a newly synthesized FXa inhibitor, in the venous
thrombosis and the arterio-venous shunt models in rats and its
prolongation of template bleeding time in comparison with

those of the currently used anticoagulant agents, argatroban,
heparin and dalteparin.

This study employed the venous thrombosis and the arterio-

venous shunt models. The thrombus formed in the venous
thrombosis model is composed largely of ®brin and contains a
few platelets (Reyers et al., 1980). In contrast, the arterio-

venous shunt model is a mixed thrombus model containing
both ®brin and platelets. However, the total size of the
thrombus depends on the formation of a ®brin thrombus

(Peters et al., 1991). Therefore, the models used in this study
are likely to be suitable for the evaluation of the
antithrombotic activity of the anticoagulant agents.

YM-60828 exerted potent antithrombotic e�ects in these

thrombosis models, but had little e�ect on bleeding time. The
risk-bene®t ratio of YM-60828 was more than 30 fold greater
than that of heparin and more than 10 fold greater than those

of argatroban and dalteparin. Thrombin not only cleaves
®brinogen but also potently activates platelets (Lefkovits &
Topol, 1994) and its a�nity to platelets is 10,000 fold higher

than that to ®brinogen (Higgins et al., 1983; Berndt et al.,
1986). Therefore, even at the e�ective dose of YM-60828,
su�cient thrombin may be still produced to activate and
aggregate platelets for primary haemostasis, although it is

short for the cleavage of ®brinogen. In fact, DX-9065a,
another FXa inhibitor, also exerts its antithrombotic e�ect
without prolonging bleeding time (Hara et al., 1995; Herbert et

al., 1996).
Dalteparin exerted antithrombotic e�ects of equal potency

to that of heparin, but did not prolong bleeding time as greatly

as heparin. Heparin is a glycosaminoglycan with an average
molecular weight of 10,000 ± 15,000 (Andersson et al., 1979).
Heparin converts antithrombin III, which exerts antithrombo-

tic activity (Rosenberg & Damus, 1973). Since heparin shows

not only anti-FXa activity but also antithrombin activity, the
use of heparin involves some problems such as an increased
bleeding tendency. Low molecular weight heparins with a

molecular weight of 2,000 ± 9,000 have been found to have
antithrombotic properties linked to FXa inhibition rather than
antithrombin activity (Holmer et al., 1982; Carter et al., 1982).

Dalteparin is a low molecular weight heparin and is expected
to decrease the adverse e�ect on bleeding because it exerts anti-
FXa activity comparable to that of normal heparin but does
not have the antithrombin activity of normal heparin

(Hamano et al., 1992). The results of the present study support
these previous ®ndings. Dalteparin also prolonged APTT less
than heparin. These results are consistent with the previous

observation that dalteparin showed a weaker prolongation of
APTT but had an antithrombotic e�ect as potent as that of
normal heparin (Hamano et al., 1989). However, the risk-

bene®t ratio of dalteparin is only 2 to 3 fold greater than that
of heparin, which means that the safety of dalteparin is similar
to that of heparin.

Thrombin is the ®nal product in the coagulation cascade

(Rosenberg et al., 1975). Therefore, agents that speci®cally
inhibit thrombin are thought to have potent anticoagulant
activity. Recently such agents have been vigorously developed

(Lefkovits & Topol, 1994). Among these, a speci®c thrombin
inhibitor, argatroban, has been shown to have potent
antithrombotic e�ects (Imura et al., 1992; Berry et al., 1994).

Indeed, in this study, argatroban exerted antithrombotic
e�ects as potent as those of YM-60828. However, argatroban
prolonged bleeding time at a dose 10 fold lower than YM-

60828. Moreover, argatroban prolonged bleeding time at a
dose of 0.1 mg kg71, at which coagulation time was little
prolonged, whereas the other anticoagulant agents prolonged
coagulation time markedly at the dose at which they

signi®cantly prolonged bleeding time. The results for arga-
troban are in accord with those of a previous study (Berry et
al., 1994). These data suggest that argatroban inhibits platelet

aggregation at a much lower dose than coagulation and may
therefore increase bleeding tendency by inhibiting platelet
aggregation induced by thrombin, which is crucial for

haemostasis. In e�ect, the risk-bene®t ratio of argatroban,
like that of dalteparin, is only 2 to 3 fold greater than that of
heparin.

In comparison with the other anticoagulant agents, YM-

60828 exerted signi®cant antithrombotic e�ects even at a dose
at which coagulation time was prolonged only slightly. As
demonstrated in previous studies, other FXa inhibitors also

exert antithrombotic e�ects without prolonging coagulation
time (Sitko et al., 1992; Hara et al., 1995). Clinically,
administration of agents such as warfarin and heparin is

strictly controlled due to fear of bleeding. The monitoring of
coagulation time of peripheral blood is troublesome and is a
major factor preventing the wide use of conventional antic-

oagulant agents. Although the mechanism by which YM-
60828 exerts its antithrombotic e�ect without prolonging
coagulation time has yet to be clari®ed in detail, the lack of
the need to monitor coagulation time would, if con®rmed in

man, seem to be of profound clinical merit.
In conclusion, YM-60828 exerted antithrombotic e�ects

with little prolongation of bleeding time. In view of its reduced

risk of bleeding, it may prove to be a safer agent than the other
currently used anticoagulant agents.

We gratefully acknowledge Drs Wataru Uchida, Yuichi Iizumi,
Gensei Kon and Toichi Takenaka for their interest and encourage-
ment.

Table 3 Risk-bene®t ratio of the anticoagulant agents

YM-60828 Argatroban Heparin Dalteparin

ED2/ID50VT

ED2/ID50AV

94
76

7.4
7.4

2.9
1.8

5.3
6.0

ID50VT dose causing 50% inhibition in the venous
thrombosis model. ID50AV dose causing 50% inhibition in
the arterio-venous shunt model. ED2 dose causing 2 fold
prolongation of bleeding time in the saline group.
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