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INTRODUCTION

(Received September 9, 2002)

The anti-thrombotic effects of LB30057, a direct thrombin inhibitor, were evaluated with in vivo
rat and dog thrombosis models. In rats, 1 mg/kg of LB30057 inhibited half of the clot forma-
tions in the inferior vena cava at 5 minutes after intravenous application. When measured at 2
hours after oral application, 100 mg/kg prevented approximately half of the clot formations in
the inferior vena cava and 50 mg/kg prolonged the mean occlusion time from 15.6+1.3 min-
utes to 47.2+8.3 minutes in the carotid artery. In dogs, the formation of thrombus in the jugular
vein was reduced to half at a dose range of 20-30 mg/kg at 6 hours after oral application. In
addition, the LB30057 dosage required to reduce venous clot formation by approximately 80-
90% in dogs was only about 10% of that required for the same reduction in rats. This is proba-
bly due to the variation in its time-dependent blood concentration profiles in each species; for
example, the plasma half-life of LB71350 in dogs was longer than that in rats (153.0£3.0 vs.
129.7+12.7 min at 30 mg/kg, i.v., respectively). AUC, T . Cmax, @and BA in dogs were 59, 8.9,
9.17, and 13.3 times higher than those in rats at oral 30 mg/kg, respectively. Taken together,
these results suggest that LB30057 administered orally is effective in the prevention of arterial
and venous thrombosis in rats and dogs. It therefore represents a good lead compound for
investigations to discover a new, orally available, therapeutic agent for treating thrombotic dis-
eases.
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new, direct acting thrombin inhibitor.
Of the compounds with different modes of actions, in-

Currently available anti-thrombotic agents are heparin,
low molecular heparin, and oral coumarins. Each has
clinical limitations due to their mechanistic characteristics
(Bussey et al., 1993; Hull et al., 1994; Buller ef al., 1998).
In order to overcome these limitations and provide more
effective ways of treatment, there is a serious need for
new anti-thrombotics that can be available as an oral
drug.

Thrombin plays a major role in thrombosis and coagula-
tion procedures. Thus, extensive efforts have been made
to develop potent, direct thrombin inhibitors as potential
anti-thrombotic agents. Particularly, oral bioavailability has
been an important issue for the successful discovery of a
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tense research and development efforts have been focused
on catalytic site-directed thrombin inhibitors (Cousins et
al., 1996; Matsuo et al., 1997; Mehta et al., 1998; Cook et
al., 1999). Among the many direct thrombin inhibitors,
argatroban, which has reversible and fast-binding kinetics,
has been shown to be clinically effective in treating chronic,
peripheral arterial obstructive disease and acute ischemic
stroke with its safe and effective anti-thrombotic action only
when applied intravenously (Duval et al., 1996; Matsuo et
al., 1997). Recently, several orally active, direct thrombin
inhibitors have been discovered. The oral efficacy of L-
374,087, pyrimidinone acetamide thrombin inhibitor, has
been characterized as a prototype for the further develop-
ment of orally active, direct thrombin inhibitors (Sanderson
et al., 1998; Cook et al., 1999). Melagatran was reported
to prevent or delay formation of electrically induced occlu-
sive thrombus in the canine coronary artery when ad-
ministered orally (Mehta et al., 1998). Similarly, CVS 1123,
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a direct thrombin inhibitor, was reported to be effective in
reducing the incidence of electrical stimulation-induced,
arteria thrombosis in dogs when administered orally at 20
mg/kg evary 8 hours (Cousins et al., 1996; Rebello et al.,
1997).

Recenty, systematic variation of the so-called P-pocket
moiety ol benzamidrazone-based, selective thrombin in-
hibitor nas led to the discovery of LB30057 (Oh et al., 1998).
In our >revious reports, we fully described the characteristics
of LB30057, such as its in vitro biochemical activities,
good :selectivity and high potency, and its possession of
slow-tijhi binding kinetic properties was established with
in vitrer cromogenic assay (Kim et al., 1997; Oh et al.,
1998). It should be noted that maintaining an adequate
conce tration of LB30057 in the blood is therapeutically
relevat in preventing thrombosis since its target exists in
the bicod. Therefore, we here described the anti-thrombotic
efficacy ¢f LB30057 with relation to blood disposition after
intrave ncus and oral administration to rats and dogs. In
order 0 avaluate its oral anti-thrombotic efficacy in vivo,
thromhosis models in rats and dogs, which are widely
used -or evaluating the effects of anti-thrombotics, were
used.

MATIZRIALS AND METHODS

Animals

Male: Sprague-Dawley rats (250-300 g), supplied by LG
Chem Biotech Institute Animal Facility (Daejeon, Korea)
and niale beagle dogs (8-12 kg), supplied by Hazleton
Resez rch Product Inc. (Calamazoo, MI, USA) were used
for the experiments. All animals were housed and fed, ad
libiturr , with standard commercial food at the LG Chem.
Animel Facility, in which the environment was well con-
trolled (tamperature; 20~22°C; humidity of 45-65%; 12
hours light and 12 hours dark). All the animals utilized for
the oral application studies were fasted overnight prior to
treatrrent.

Cheniicals

LB320:57 (Lot No.: TP-07, purity: 98.8%) was synthesiz-
ed at L.G Chem. (Daejeon, Korea). The structure of LB30057
is shcwr in Fig. 1. Heparin was purchased from Green
Cross Co. (Seoul, Korea). Gelatin capsules (#00, #000,
and #13; were purchased from Torpac Inc. (Fairfield, NJ,
USA). O her chemicals (Merck, Darmstadt, Germany) for
HPLC analysis were analytical grade. For administration,
LB3C057 was dissolved in 0.9% isotonic sterile saline
(vehic e) at a proper concentration.

Measurement of blood concentration of LB30057
in rats and dogs
Sprigle-Dawley rats were restrained individually in a
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Fig. 1. Structure of LB30057.

Ballmann cage (Daedong Instrument Company, Seoul,
Korea). The femoral artery and the femoral vein (for in-
travenous administration only) of the rats were cannulated
with polyethylene tubing (PE-50, Clay Adams, Parsippany,
NJ, USA) under light ether anesthesia. After complete
recovery from anesthesia, LB30057 at doses of 5, 10, and
30 mg/kg was injected intravenously via the femoral vein,
and blood samples were collected from the femoral artery
at 1, 5, 10, 20, 30, 45, 60, 90, 120, 180, 240, 300, and
360 minutes after injection. For oral administration, doses
of 30, 100, and 300 mg/5 mL/kg were administered via
gavage, and blood samples were collected at 5, 10, 20,
30, 45, 60, 90, 120, 180, 240, 300, and 360 minutes after
administration.

Beagle dogs were housed individually in metabolic
cages for blood disposition studies. LB30057 at doses of
10 and 30 mg/0.2 mL/kg was injected intravenously via
the cephalic vein of the left leg or the same dosages
(powder filled in gelatin capsule) were administered orally.
Blood samples were collected via the cephalic vein at 1,
5, 15, 30, 45, 60, 90, 120, 180, 240, 360, 480, and 720
minutes after intravenous injection and at 10, 20, 30, 40,
45, 60, 90, 120, 180, 240, 360, 480, and 720 minutes
after oral administration.

HPLC assays and calculation of pharmacokinetic
parameters

Blood samples (approximately 250 ul aliquots) were
withdrawn into heparinized tubes (25 U/mL.), and immediately
underwent HPLC analysis as previously described (Lee et
al., 1998). In brief, all blood samples were immediately
deproteinized with 1.5 volume of methanol and 0.5 volume
of 10% zinc sulfate, and analyzed by validated HPLC
methods. The calibration curves were linear in the range
of 0.05 to 100 pg/mL of LB30057 in the blood samples of
experimental animals and the sample detection limit was
50 ng/mL. Data were plotted as blood concentration versus
time. In case of intravenous injection, data were fitted to a
two-exponential decay mode! with the non-linear regression
program SIPHAR (Version, 4.0, Simed, Creteil Cedex,
France). The half-life at terminal phase (t,s min), area
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under the blood concentration-time curve (AUC, ug.min/
ml), time-averaged total body clearance (CL, mL/min/kg),
and apparent volume of distribution at steady-state (Vd,
mL/kg) were estimated. For oral administration, the model-
independent parameters, such as peak concentration
(Crax Lg/mL), peak time (T.x, mMin), and bicavailability (BA,
%) were estimated. AUC from time zero to time infinity
was calculated by the trapezoidal rule-extrapolation method
(Chiou et al., 1978). CL and Vd.; were estimated by the
standard method described by Gibaldi and Perrier (Gibaldi
et al., 1982). BA was calculated by (AUC, , xDose;, J(AUC,,,
xDose;, ).

Stasis-induced venous thrombosis in anaesthe-
tized rats and dogs

To evaluate the anti-thrombotic activity of LB30057 on
venous thrombosis in rats and dogs, the method described
by Millet et al. (1992) was used with modifications. In rats,
after 2 mid line incision of the abdomen in the urethane-
anesthetized (1.25 g/kg) rats, the inferior vena cava was
carefully exposed with the removal of surrounding tissues
and then followed by ligations of both vena iliolumbar and
spermatic with silk threads. In order to induce clotting the
vena cava was ligated just below the left renal vein.
Thromboplastin (Simplastin®, Organon Teknika, Durham,
NC, USA,; one vial dissolved with 10 mL of distilled water,;
0.5 mL/kg/min) was infused for 30 seconds via the left
femoral vein through an infusion pump (Model 100, ITC
Life Science, Woodland Hills, CA, USA). Then, another
ligature, 16 mm apart from the first, was made just above
the iliac vein. After 15 minutes, the clots were removed,
blotted on wet filter paper and weighed. Various doses of
LB30057 were administered at 5 minutes prior to (0.2,
0.5, 1, 3, and 5 mg/kg, intravenous bolus), and at 2 hours
prior to (25, 50, 100, 200, 300, and 400 mg/kg, oral ap-
plication), thromboplastin infusion. For generating clots in
the pentobarbital sodium-anesthetized (35 mg/kg) beagle
dogs, all of the small branches of the vein were ligated.
Thromboplastin (0.4 mL in a vial reconstituted with 2.5 mL
of distilled water) was infused to the jugular vein through
one of its branch vessels with an infusion pump. At the
start of infusion, the jugular vein was ligated at the proximal
side and 30 seconds later, another ligature was made at
the distal side 2 cm apart from the first. Fifteen minutes
later, the clots were removed, blotted on wet filter paper
and weighed. Oral applications of LB30057 with 10, 20
and 30 mg/kg in capsule formula were done at 3 and 6
hours before the induction of venous thrombosis. Blood
samples were collected at the same time points and
analyzed by HPLC.

Chemically-induced arterial thrombosis in anaes-
thetized rats

H. D. Park et al.

The method described by Broersma et al. (1991) was
used. Briefly, after installing an ultrasonic blood flow probe
(setting at 0.5V with instrument T208, Transonic, Ithaca,
USA) on the left carotid artery, electrical signals were re-
corded with Cyberamp 380 and AXO TAPE (Axon Instrument,
Foster City, CA, USA). After stabilization of carotid blood
flow (20 minutes), a strip of filter paper (Whatman #1)
presoaked in 5% FeCl; in 1 N HCl was placed on the
blood vessel down to the probe and the blood flow was
monitored continuously until the occlusion took place.
Occlusion time was defined as zero blood flow maintained
for at least 2 minutes. Saline or LB30057 at 10, 25, 50,
200 and 400 mg/kg was administered orally 2 hours prior
to the FeCl, application.

Statistical analysis

Statistical analysis was carried out by Dunnett test.
Data were expressed as meantS.E. (standard error of
the mean) or S.D. (standard deviation) as indicated in the
figure legends. P-values less than 0.05 were considered
significant.

RESULTS

Blood concentration profiles of LB30057 in rats
and dogs

Fig. 2-A shows the time-dependent blood concentration
profiles of LB30057 after intravenous injection of 5, 10,
and 30 mg/kg in rats. At all test doses, the blood con-
centration of LB30057 decreased exponentialiy within the
first 5 minutes and decreased rather gradually after that.
For example, at 5 mg/kg its blood concentration at 5
minutes was reduced to approximately one ninth of the
initial blood level (from 9436+441 ng/mL at 1 minute to
1037423 ng/mL at 5 minutes) and then reduced gradually
to 57 ng/mL at 90 minutes after application.

Fig. 2-B shows the time-dependent concentration profile
of LB30057 in the blood after oral administration to rats,
which depicts a basically similar pattern in all test doses
(30, 100, and 300 mg/kg). For example, at 100 mg/kg, its
blood concentration gradually increased, reached a maximum
concentration (2.59+0.49 ug/mL, C..,,) at 13.3+3.3 minutes
(Tmax), @nd then decreased gradually and continuously
(424+£260 ng/mL at 120 minutes, 2194141 ng/mL at 360
minutes). In case of 30 mg/kg, LB30057 was not detected
in the blood after 90 minutes.

Fig. 3-A shows the time-dependent blood concentration
profile of LB30057 after intravenous injection in dogs. At
test doses, its blood concentration exponentially decreased
over the first 15 minutes and then reduced gradually. For
example, at 30 mg/kg its blood concentration exponentially
decreased in the first 15 minutes (from 230064+2507 ng/
mL at 1 minute to 10377+235 ng/mL at 15 minutes) and
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Fig. 2. Blood concentration of LB30057 after intravenous and oral
adminit tra'ion in rats. LB30057 at 5, 10, and 30 mg/kg was injected
intraverou sly and blood samples were collected at 1, 5, 10, 20, 30, 45
60, 90, 123, 180, 240, 300, and 360 minutes after injection (2-A). For
oral acmiristration, doses of 30, 100, and 300 mg/5 mL/kg were ad-
minist2 ed via gavage, and blood samples were collected at 5, 10, 20,
30, 45, 60 90, 120, 180, 240, 300, and 360 minutes after administra-
tion (Z-3). Blood concentration (ng/mL) was measured as described in
“Materiils and Methods”. Each value represents the meantS.D. of 3
animals . The calibration curves were linear in the range of 0.05-100 pg/
mL of 1.B3)057 in the blood samples of experimental animals and the
sampi2 detection limit was 50 ng/mL.

then r2duced gradually up to 720 minutes (312+73 ng/mL).

Fig. 3-13 shows the time-dependent blood concentration
profilz of LB30057 after oral administration of 10 and 30
mg/kg in dogs. At 10 mg/kg, its blood concentration increas-
ed gradually, showing Tn. (min) and Ca (Lg/mbL) as
53.3x 3.1 and 1.27+0.16, respectively, and then decreased
gradu illy up to 480 minutes. At 30 mg/kg, a similar profile
showed :a peak at 89.0+10.7 and 5.14+0.26, respectively,
with a gradual decline to 720 minutes.

Bas:d on these observations, Table | summarizes several
pharrr acokinetic parameters of LB30057 after intravenous
or ora administration in rats and dogs. For example, the
plasma I alf-life of LB30057 in dogs was longer than that
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Fig. 3. Blood concentration of LB30057 after intravenous and oral
administration in dogs. LB30057 at 10 and 30 mgfkg was injected in-
travenously and blood samples were collected at 1, 5, 15, 30, 45, 60,
90, 120, 180, 240, 360, 480, and 720 minutes after intravenous
injection (3-A). LB30057 at 10 and 30 mg/kg (powder filled in gelatin
capsule) was administered orally and blood samples were collected at
10, 20, 30, 40, 45, 60, 90, 120, 180, 240, 360, 480, and 720 minutes
after administration (3-B). Blood concentration (ng/mL) was measured
as described in “Materials and Methods”. Each value represents the
meanzS.D. of 2-4 animals. The calibration curves were linear in the
range of 0.05-100 pg/mL of LB30057 in the blood samples of exper-
imental animals and the sample detection limit was 50 ng/mL.

in rats with dose-dependent variation (rats vs. dogs: 47.0
+2.4 vs. 114295, and 129.7+12.7 vs. 153.0+£3.0 minutes,
at intravenous doses of 10 and 30 mg/kg, respectively).
Especially, more dramatic pharmacokinetic differences
between rats and dogs were observed when administered
orally: i.e., at 30 mg/kg oral application, AUC, Tyax Crax
and BA in dogs were 59, 8.9, 9.17, and 13.3 times higher
than those in rats, respectively.

Effects of LB30057 on stasis-induced venous
thrombosis in rats and dogs

According to our preliminary results, for the induction of
its dose-dependent anti-thrombotic effects in rats the blood
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Table 1. Pharmacokinetic parameters of LB30057 after intravenous or oral administration in rats and dogs.
Treatment tizg (min) CL (mL/minkg)  Vdss (mL/kg) AUC (ug.minfmbl) T (Min) Crnax (/mL) BA (%)
5 mg.kg, i.v., rats 25.9+4.6 100.2£0.8 17604318 499404 - - -
10 mg kg, i.v., rats 470424 81.717.8 2058+379 124.8+13.0 - - -
30 mg.kg, i.v., rats 129.7+£12.7 80.4+4.0 44704508 37454180 - - -
30 mg.kg, p.o., rats - - - 190.6+4.4 10.0£0.0 0.56+0.0 5.23+1.14*
100 mg kg, p.o., rats - - - 315.0£25.3 13.3+3.3 2.59+0.49 -
300 mg kg, p.o., rats -~ - - 1227.6+246.1 10.0+£0.0 8.1110.26 -
10 mgkg, i.v., rats 114.049.5 18.5+1.8 2075+248 555.0+48.5 - - -
30 mgkg, iv, rats 153.0+3.0 12.740.9 1880177 23744158 - - -
10 mg.kg, p.o., rats - - - 186.5+22.7 53.319.1 1.2740.16 30.1£3.6*
30 mg.kg, p.o., rats - - - 11561129 89.0£10.7 5.1440.26 69.447.1*
Values represent the mean+S.E.
*relative to 30 mg/kg, i.v.; *relative to 10 mg/kg, i.v.; —, not calculated
Blood concentrations below the detection limit (50 ng/mi} were not used in the pharmacokinetic calculations.
concentration of LB30057 should be approximately in the 4-A. Intravenous Application
range of 200-1200 ng/mL. In fact, we observed that the 100 7 N
blood concentration of LB30057 was 1037123 ng/mL at 5 g %
minutes after intravenous injection with 5 mg/kg (Fig. 2-A), 5 757 .
and that its blood concentration was 4241260 ng/mL at 2 s
hours after oral application with 100 mg/kg (Fig. 2-B). Thus § 50 1
in the rat venous thrombosis model, experiments were g *
performed at 5 minutes after intravenous injection with S 251
dosages ranging from 0.1 mg/kg to 5 mg/kg, and at 2 >
hours after oral application with 50, 100, 200, 300, and 0 . . ' . x
400 mg/kg. In case of intravenous injection, clot formation 0 ! 2 3 4 5 (mg/kg)
was inhibited in a dose-dependent manner; 1 mg/kg of 4-B. Oral Application
LB30057 reduced ciot formation by half and 5 mg/kg by 100 7 ¥ *
about 75% as compared with the control (Fig. 4-A). In E s f
case of oral application, a dose-dependent reduction in g * *
clot formation was also observed; 100 mg/kg of LB30057 5; 604 % %
effectively inhibited approximately 50% of the clot forma- 5
tions in rats as compared with control. In addition, inhibitory g 407
effects of about 80% were observed at 300 and 400 mg/ £ 20 4
kg, although its blood levels were much higher than that $
of 100 mg/kg (Figs. 2-B and 4-B). 04 : ‘ . .
0 100 200 300 400 (mg/kg)

In dogs, time-dependent inhibitory effects of LB30057
on clot formation in the jugular vein were evaluated after
oral application with 10 and 30 mg/kg. We observed that
its blood concentration reached a sub-maximal level
(3270+1424 ng/mL) at 3 hours and a high residual level
(11561646 ng/mL) at 6 hours after oral application with 30
mg/kg (Fig. 3-B). Therefore, in order to prove the long
duration of its anti~thrombotic effects on clot formation in
the dog jugular vein, experiments were performed at 3 and
6 hours after oral application. In contrast to the inhibitory
effects of LB30057 on venous thrombosis in rats, it
effectively prevented clot formation in the dog jugular vein
at much lower dosages and at much later time points after
oral application. As shown in Fig. 5-A, about 23% of its

Fig. 4. Effects of intravenous and oral application of LB30057 on the
thromboplastin and stasis-induced venous thromboasis in rats. Sprague-
Dawley rats were treated with LB30057: 0.1, 0.5, 1, 3, and 5 mg/kg, i.v.,
at 5 minutes prior to thromboplastin infusion (4-A), or 25, 50, 100, 200,
300, and 400 mg/kg, orally, at 2 hours prior to thromboplastin infusion
(4-B). Then thrombus formation was measured as described in
“Materials and Methods®. Each value represents the mean+S.E. of 4-6
animals and each data point shows percent inhibition of thrombus
formation as compared with the saline-treated control group. Statistical
analysis was carried out by Dunnet test and P-values less than 0.05
were considered significant, .

inhibitory effect on clot formation was observed at 3 hours
after oral application with 10 mg/kg. With the same dose,
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Fig. {. Efects of oral administration of LB30057 on the thromboplastin
and tasis-induced venous thrombosis in dogs. Beagle dogs were
treated crally with LB30057 (10, 20, and 30 mg/kg) at 3 or 6 hours
befor:s thromboplastin injection and the formation of thrombus was
meas Jret (5-A) as described in “Materials and Methods”. Blood samples
were collected at each time point of clot formation assay and then the
blooc ccncentration (ug/mL) of LB30057 was measured (5-B). The
relatinnship between blood concentration and anti-thrombotic activity of
LB32J57 is shown (5-C). Each value represents the meantS.E. of 4-6
animils and each bar graph shows percent inhibition of thrombus
forme tion as compared with the saline-treated control group. Statistical
anaysis was carried out by Dunnett test and P-values less than 0.05
were co- sidered significant, .

almost no inhibitory effect on clot formation was observed
at 5 hours after oral application. However, approximately
90Y, ir hibition of clot formation was observed at 3 hours
afte - 0-al application with both 20 and 30 mg/kg. in addi-
tion irhibitory effects of 40-60% were still seen with 20
and 3( mg/kg even when measured at 6 hours after oral
app icetion. These observations can be explained by Fig.
5B irdicating that blood levels of LB30057 were de-
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Fig. 6. Effects of oral administration of LB30057 on the FeCls-induced
arterial thrombosis in rats. Sprague-Dawley rats were treated orally with
LB30057 at 2 hours before FeCl; application and then mean occlusion
times were measured as described in “Materials and Methods”. Each
value represents the mean+S.E. of 7-8 animals and each data point
shows mean time to thrombus formation. Complete occlusion of the
carotid artery occurred in all rats in the saline-treated group within
15.641.3 minutes. Statistical analysis was carried out by Dunnett test
and P-values less than 0.05 were considered significant, .

creased in both a dose- and a time-dependent manner
and that the blood concentrations at 3 hours were much
higher than those at 6 hours after oral application of all the
doses. Based on correlation analysis, we determined that
approximately 1 pug/mL blood concentration is necessary
to produce an expect inhibitory effect of about 50% on the
clots formed in the dog jugular vein, which is rather higher
than that in rat venous thrombosis (Fig. 5-C).

Effects of LB30057 on arterial thrombosis in rats
The duration of carotid artery blood flow in rats treated
with LB30057 is shown in Fig. 6. Complete occlusion of
the carotid artery occurred in all rats in the saline-treated
group within 15.611.3 minutes. After the formation of the
occlusive thrombus, there was no incidence of spontaneous
dissolution of thrombus in any of the rats during the
observation period in this group. Mean time to occlusive
thrombus formation was significantly prolonged in a dose-
dependent manner by the treatment of LB30057 (partial
and full occlusion, 24.8+7.2 minutes in rats given 25 mg/
kg and 47.2+8.3 minutes in rats given 50 mg/kg LB30057,
both p<0.05, as compared with that in the saline-treated
group) and reached plateau levels at one hour (6016.2
and 605 minutes in the rats treated with 200 and 400
mg/kg, respectively). In fact, once thrombus was formed,
it was not dissolved at even high concentrations of
LB30057 in the blood with the thrombus formation merely
being retarded to a certain extent via the direct inhibition
of thrombin. Therefore, no further prolongation of mean
occlusion time was observed at 400 mg/kg of LB30057,
as compared with that at 200 mg/kg. Overall, oral LB30057
significantly prevented arterial thrombus formation and
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thus prolonged the mean occlusion time in the carotid
artery.

DISCUSSION

Venous thrombosis is usually formed in regions of slow
or disturbed flow and remains a major complication in
patients undergoing highly risky surgical procedures such
as orthopedic surgery and venous stasis (Wallis et al.,
1989; Agnelii et al., 1997). In contrast to venous thrombosis,
arterial thrombosis forms in high shearing settings such as
vascular-wall injury. Disruption of the endothelium causes
accumulation of platelets to the sub-endothelial matrix
accompanied by local enhancement of the blood-clotting
mechanism (Fuster et al., 1992; Weitz et al., 1995).

The purpose of our study was to assess the oral anti-
thrombotic activity of LB30057 utilizing widely used animal
models of thrombosis and to explore any relationship
between its anti-thrombotic activity and blood concentration
in experimental animals. In a rat model for venous throm-
bosis induced by injection of thromboplastin folliowed by
vascular stasis, our results have shown that inhibition of
thrombin by LB30057 significantly decreases in vivo thrombus
formation. However, it should be noted that in this model
complete occlusion of the vessel only partially reflects the
pathological situation due to the lack of perfusion of the
growing clots. It is known that the effects of anti-thrombotics
strongly depend on the nature of the thrombus formation
(Verstraete et al., 1995). Accordingly, the effect of LB30057
on chemical-induced arterial thrombosis, which is associated
with activation and subsequent aggregation of platelets,
was evaluated. In the absence of effective anti-thrombotic
therapy, occlusive, platelet-rich arterial thrombus developed
at the site of vessel injury and blood flow decreased.
Measurement of arterial biood flow allowed us to examine
the potential therapeutic effects of LB30057 and we observed
that LB30057 is effective in disrupting clot formation in
damaged blood vessels at a similar dose range as that
used for reducing clot formation in the vein.

In addition, the effects of LB30057 on the production of
jugular vein thrombosis in an anesthetized dog were in-
vestigated to determine if there is any variation in its anti-
thrombotic effects among different species. Interestingly,
the dose of LB30057 in the dog preparation necessary to
reduce venous clot formation by approximately 80% was
only about 1/10 of that required for the same reduction in
the rat preparation. This is probably due to the fact that its
pharmacokinetic behavior varies in each species. For
example, when comparing more directly its blood concen-
trations at 2 hours, after treating dogs with 30 mg/kg
orally and rats with 300 mg/kg orally the concentration of
LB30057 in dog blood was maintained at a much higher
level than that in rat blood (4231+1204 ng/mL at 30 mg/
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kg in dogs versus 32031992 ng/mL at 300 mg/kg in rats).
To summarize, a higher blood level of LB30057 was main-
tained in dogs than that in rats when the same dosage
was applied via the same route of administration.

Thus far, several important pharmacokinetic parameters
including oral bioavailability and plasma half-life were
assessed to explain the fact that there is a certain correla-
tion between blood concentration profiles and anti-throm-
botic effects of LB30057 in rats and dogs. However, extensive
studies on the hepatic metabolism and renal excretion
should be carried out in order to explain the mechanism of
changes in pharmacokinetic parameters at various admin-
istration conditions; studies which are beyond the scope
of this report. In addition, more detailed pharmacokinetic
experiments should be performed in other species, particu-
larly in monkeys, and also further studies are necessary to
fully assess the pharmacology of LB30057 in order to
predict its clinical value in humans.

In terms of the non-linear pharmacokinetics and the
balance between risks and benefits of this anti-thrombotic
agent, the adverse event of bieeding may be the greatest
clinical concern. However, there were no changes in aPTT
and PT, which reflect the incidence of major or severe
bleeding episodes, hemorrhagic stroke and repeated myo-
cardial infarction at the dose of LB30057 most effective in
treating rat arterial and venous thrombosis (200 mg/kg,
oral, separate manuscript in preparation).

In summary, LB30057 administered orally is effective in
the prevention of arterial and venous thrombosis in rats
and dogs. It therefore represents a good lead compound
for investigations to discover a new, orally available, ther-
apeutic agent for treating thrombotic diseases.
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