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Abstract

We directly compared the effects of YM337, the Fab fragment of the humanized monoclonal antibody C4G1, on platelet aggregation
and template bleeding time with those of abciximab, the Fab fragment of the human,/murine chimeric monoclona antibody 7E3, in
rhesus monkeys. The duration of inhibition of platelet aggregation by abciximab after i.v. bolus injection was much longer than that by
YM337. Although YM337 significantly prolonged template bleeding time at 5 min after i.v. bolus injection, this action recovered within 1
h after injection. In contrast, although abciximab also prolonged template bleeding time, the duration of this effect was sustained. In a
dose-escalating continuous infusion study, we evaluated the relationship between inhibition of platelet aggregation and prolongation of
template bleeding time. Platelet aggregation was inhibited by over 80% by both agents at 3 wg,/kg per min, and template bleeding time
was prolonged to about 30 min at 30 pg/kg per min for YM337 and 10 pg/kg per min for abciximab. Interestingly, plasma
concentrations between inhibition of platelet aggregation and prolongation of template bleeding time did not overlap with YM337, but did
overlap with abciximab. These results suggest that YM337 allows easier control of antiplatelet activity with less effect on bleeding time

than abciximab, and has a wider therapeutic window than abciximab. © 1997 Elsevier Science B.V.
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1. Introduction

Platelets play a crucia role in thromboembolic disor-
ders such as stroke, myocardial infarction and periphera
arterial occlusive diseases. Antiplatelet drugs such as as-
pirin and ticlopidine inhibit platelet activation and may be
useful in the treatment of these disorders (Coller, 1992;
Antiplatelet Trialists' Collaboration, 1994; Schror, 1995).

A new class of antiplatelet drugs is known as platelet
glycoprotein (GP) I1b/llla receptor antagonists (Cook et
al., 1994; Zablocki et al., 1994). The binding of fibrinogen
to GPllb/Illa via the Arg—Gly—Asp (RGD) sequence of
fibrinogen is the fina common pathway for al agonist-in-
duced platelet aggregation (Pytela et al., 1986; Phillips et
al., 1988; Hynes, 1992). On this basis, GPIlb/Illa receptor
antagonists strongly inhibit platelet aggregation, and pre-
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vented thrombus formation more potently than any other
antiplatelet agents (Frishman et al., 1995). Recently,
RGD-containing peptides, RGD-mimetic compounds and
monoclonal antibodies have been developed (Cook et al.,
1994; Cox et al., 1994).

One such antagonist is abciximab, the Fab fragment of
a human /murine chimera monoclona antibody (c7E3) to
GPllb/ll1a (Tcheng et a., 1994). In clinica trials, bolus
injection of 0.25 mg/kg of abciximab followed by 12 h
infusion a 10 wg/min in high risk patients undergoing
percutaneous transluminal coronary angioplasty decreased
the incidence of ischemic complications within 30 days by
35% (The EPIC Investigators, 1994) and provided rela-
tively long-term benefit by reducing the incidence of clini-
cal restenosis during the 6 months following percutaneous
transluminal coronary angioplasty (Topol et a., 1994).
This agent has been approved by the Food and Drug
Administration for use in high risk patients who are under-
going coronary angioplasty. While abciximab is clinically
accepted in the United States and European countries,
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bleeding complications associated with this drug have been
reported (Bernardi et al., 1993; Aguirre et al., 1995).

Recently, we have developed YM337, the Fab fragment
of a humanized monoclonal antibody (hC4G1) to
GPllb/llla (Co et a., 1994; Kaku et a., 1996). This
antibody specifically binds to GPI1b/1l1a and inhibits vari-
ous agonist-induced platelet aggregation completely in hu-
mans and monkeys (Yano et al., 1994). YM337 immedi-
ately inhibited platelet aggregation after i.v. bolus injection
to rhesus monkeys, an effect which rapidly disappeared
after the end of administration, and inhibited occlusive
thrombus formation in a photochemically-induced throm-
bosis model in sguirrel monkeys (Kaku et al., 1996).
Furthermore, Y M 337 inhibited platel et aggregation at doses
which did not prolong template bleeding time (Kaku et al.,
1996). Since the effect of GPIIb/Il1a receptor antagonists
on bleeding time depends on both the animal and method
used, conclusive results required comparison with these
conditions standardized.

In the present study, we directly compared the effects of
YM337 on platelet aggregation and template bleeding time
with abciximab in an ex vivo study in rhesus monkeys, and
evaluated the relationship between the inhibition of platelet
aggregation and prolongation of template bleeding time of
both agents.

2. Materials and methods

2.1. Drugs

The production and humanization of monoclonal anti-
body C4G1 have been described in detail elsewhere (Yano
et a., 1994; Co et al., 1994). The Fab fragment of the
hC4G1, YM337, was prepared using papain according to
established methods (Harlow and Lane, 1988). Abciximab
was purchased from Eli Lilly (Indianapolis, IN, USA).

2.2. Intravenous bolus administration study in monkeys

Three rhesus monkeys were used for each treatment
group. The animals were anesthetized with ketamine hy-
drochloride injected into the femoral muscle (5 mg/kg).
YM337 and abciximab were intravenously administered at
doses of 0.25, 0.5 and 1.0 mg/kg. Blood samples were
withdrawn and template bleeding time was measured just
before administration and at 5 min, and 1, 3, 6, 12, and 24
h after administration of drugs. ADP (20 pM)-induced
platelet aggregeation in Platelet-rich plasma, hematological
parameters and coagulation parameters were measured.
Blood pressure and heart rate were measured with a blood
monitoring system (BP-8800, Colin, Komaki, Japan). Body
temperature was measured at baseline and 24 h after
administration. Results are expressed as mean + S.E.M.
for each group of 3 animals.

2.3. Dose-escalation intravenous continuous infusion study
in monkeys

Rhesus monkeys were administered with a continuous
intravenous infusion of YM337 or abciximab at doses
which increased in a stepwise manner from 0.1 ng/kg per
min. At 30 min after the start of infusion, blood samples
were collected, and template bleeding time was measured.
After template bleeding time was measured, the next dose
was started. Infusion doses were increased until template
bleeding time was more than 30 min.

2.4. Platelet aggregation

Platelet-rich plasma and platelet-poor plasma were pre-
pared by centrifugation of citrate-anticoagulated blood
(3.8% sodium citrate:blood = 1:9) from healthy human
volunteers and rhesus monkeys. Platelet counts in the
Platelet-rich plasma were measured with an automatic cell
counter (MEK-5158, Nihon Kohden, Tokyo, Japan), and
were adjusted to a count of 3 X 10° /| with Platelet-poor
plasma. Platelet aggregation was measured using an aggre-
gometer (Hema Tracer 801, MC Medical, Tokyo, Japan)
by recording the increase in light transmission through a
stirred suspension maintained at 37°C for 5 min. Aggrega-
tion in Platelet-rich plasma was induced with 20 wM of
ADP. ICg, values were calculated from the dose—response
curve of at least 3 separate experiments.

2.5. Template bleeding time

Template bleeding time was measured in the forearm
with a spring-loaded blade system (Simplate® R, Organon
Teknika, Durham, NC, USA). Blood coming from the
incision was blotted with filter paper every 30 s until blood
no longer stained the filter paper. If the template bleeding
time did not stop within 30 min, measurement was termi-
nated and the result was recorded as > 30 min.

2.6. Hematological and coagulation parameters

Blood cell counts, hematocrit and hemoglobin of
EDTA-anticoagul ated whole blood were measured with an
automatic cell counter. Prothrombin time and activated
partial thromboplastin time were measured in citrate-anti-
coagulated plasma at 37°C using a coagulometer (KC4A,
Amelung, Lehbrinksweg, Germany) with appropriate
reagents (Ortho Diagnostic Systems, Tokyo, Japan).

2.7. Plasma concentration of unbound YM337 and abcix-
imab

Concentration of unbound YM337 and abciximab in
plasma were measured by sandwich enzyme-linked im-
munosorbent assay (ELISA) with rabbit polyclonal anti-
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bodies against YM337 and abciximab, respectively (Kaku
et a., 1996). Briefly, 96-well microtiter plates were coated
with antibodies at 1 wg/ml. The plates were then blocked
with 1% bovine serum abumin. Plasma samples were
poured into the wells and incubated at room temperature
for 1 h. After washing severa times, the plates were
incubated with 1 n.g/ml of biotinylated antibodies at room
temperature for 1 h and subsequently washed again several
times. 0.1 ml of 1000-fold diluted streptavidin biotinylated
peroxidase complex (Amersham Japan, Tokyo, Japan) was
poured into each well, and the plates were incubated for 30
min at room temperature, followed by several washings.
The plates were developed by adding 100 wl of 2,2'-azino-
di-[3-ethylbenzthiazoline-6-sulfonic acid] (ABTS) solution
(Bio-Rad, Richmond, CA, USA) to each well for 20 min
before stopping the reaction by the addition of 50 wl of
2% oxalic acid. The absorbance at 414 nm was measured
using a microtiter plate reader (Thermo Max; Molecular
Devices, Menlo Park, CA, USA).

2.8. Platelet-bound YM337 and abciximab

Platelet-bound YM337 and abciximab were measured
by capture ELISA. Briefly, 96-well microtiter plates coated
with 2 wg/ml of murine monoclonal antibody B6A3
(Yano et a., 1994) against B; integrin, which does not
competed with YM337 and abciximab in binding to
GPlIb/Illa The plates were then blocked with 1% bovine
serum albumin. 0.1 ml of Platelet-rich plasma(3 x 10° /w.l)
were solubilized by the addition of 10 wl of 10% Triton
X-100, and 10 pg/ml of YM337 and abciximab were
added to pre-dose samples for a 100% value before solubi-
lization. The 10-fold diluted lysate was poured into the
wells and incubated at room temperature for 2 h. After
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washing severa times, the plates were incubated with 5
p.g/ml of biotinylated anti-YM337 or abciximab antibod-
ies a room temperature for 1 h and then treated as for
measurement of plasma concentration. Platelet-bound anti-
bodies were calculated as a percentage of maximal binding
to platelets.

3. Results
3.1. In vitro platelet aggregation study

Both agents dose-dependently inhibited ADP-induced
platelet aggregation in human and rhesus monkey Platelet-
rich plasma in vitro. IC,, values against ADP-induced in
vitro platelet aggregation was 0.8 p.g/ml for YM337 and
1.7 p.g/ml for abciximab in humans, and 1.1 pwg/ml for
YM337 and 2.6 pg/ml for abciximab in rhesus monkeys
(data not shown).

3.2. Intravenous administration study in monkeys

Figs. 1 and 2 show the inhibitory effects of both agents
on ADP-induced platelet aggregation and template bleed-
ing time in rhesus monkeys after i.v. bolus injection,
respectively. YM337 completely inhibited platelet aggrega
tion at 5 min after i.v. bolus injection of all doses and at 1
h after that of 1.0 mg/kg. Even at 1.0 mg/kg of YM337,
the inhibition activity of platelet aggregation rapidly de-
creased to 50% after 3 h. Although template bleeding time
at 1.0 mg/kg was prolonged for more than 20 min at 5
min after administration, it returned to less than 10 min
within 1 h.

In contrast, abciximab completely inhibited platelet ag-
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Fig. 1. Effect of YM337 () and abciximab (b) on ADP-induced platelet aggregation in rhesus monkeys after i.v. bolus injection of drugs at doses of 0.25
(m), 0.5 (@) and 1.0 mg/kg (a). Data are presented as mean + SEM. (n = 3).
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Fig. 2. Effect of YM337 (a) and abciximab (b) on template bleeding time in rhesus monkeys after i.v. bolus injection of drugs at doses of 0.25 (m), 0.5
(@) and 1.0 mg/kg (a). Data are presented as mean + SEM. (n=3).
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Fig. 3. Time course of plasma concentration of YM337 (a) and abciximab (b) in rhesus monkeys after i.v. bolus injection of drugs at doses of 0.25 (m),

0.5 (@) and 1.0 mg/kg (A ). Data are presented as mean + SEM. (n=3).
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Fig. 4. Time course of platelet-bound YM337 (a) and abciximab (b) in rhesus monkeys after i.v. bolus injection of drugs at doses of 0.25 (m), 0.5 (@) and
1.0 mg/kg (a). Platelet-bound antibodies were calculated as a percentage of maximal binding to platelets. Data are presented as mean + S.E.M. (n=3).
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Fig. 5. Prolongation of template bleeding time (@) and inhibition of ADP-induced platelet aggregation (m) of YM337 (a) and abciximab (b) during
continuous infusion in rhesus monkeys. Data are presented as mean + SE.M. (n=3).

gregation for 3 h after injection of 0.5 mg/kg, and for 12
h after that of 1.0 mg/kg. Recovery of inhibitory activity
of abciximab to baseline level was much slower than that
of YM337. Template bleeding time was prolonged over 20
min at 1 h after injection of 0.5 mg/kg, and a 3 h after
that of 1.0 mg/kg. Moreover, template bleeding time was
prolonged to about 15 min even at 6 h after injection of
abciximab at 1.0 mg/kg.

Figs. 3 and 4 show the time course of plasma concentra-
tions and platelet-bound antibodies of both agents in rhe-
sus monkeys after i.v. bolus injection, respectively. The
plasma free concentrations of both agents dose-depen-
dently increased at 5 min after i.v. bolus injection and
decreased to near-baseline level at 3 h after injection.
Platelet-bound YM337 at 12 h after i.v. bolus injection of
0.25, 0.5 and 1 mg/kg was 37%, 28% and 45%, respec-
tively. In contrast, platelet-bound abciximab after i.v. bolus
injection of 0.25, 0.5 and 1 mg/kg as long as 24 h after
administration was 74%, 80% and 84%, respectively.

There were no significant changes in hematological
parameters such as red and white blood cell counts, hemat-
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Fig. 6. Plasma concentration of YM337 (m) and abciximab (@) during

continuous infusion in rhesus monkeys. Data are presented as mean+
SEM. (n=23).

30

ocrit and hemoglobin, and blood pressure and heart rate
compared with the saline group (data not shown). No
significant change in prothrombin time or activated partia
thromboplastin time was seen in any group (data not
shown).

3.3. Dose-escalation intravenous continuous infusion study
in monkeys

Fig. 5 shows the prolongation of template bleeding time
and inhibition of ADP-induced platelet aggregation of
YM337 (a) and abciximab (b) during continuous infusion
in rhesus monkeys. Both agents dose-dependently inhibited
platelet aggregation during continuous infusion, with com-
plete inhibition achieved at an infusion rate of 0.3 ng/kg
per min. The infusion rate for which template bleeding
time was prolonged to about 30 min was 30 pg/kg per
min for YM337 but only 10 wg/kg per min for abcix-
imab. The difference between the dose that prolonged
template bleeding time and that which inhibited platelet
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Fig. 7. Blockade of GPllb/Illa by YM337 (m) and abciximab (@)
during continuous infusion in rhesus monkeys. Platelet-bound antibodies
were calculated as a percentage of maximal binding to platelets. Data are
presented as mean+ S.EM. (n= 3).
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aggregation was 10 times for YM337 and 3 times for
abciximab.

Figs. 6 and 7 show the plasma concentrations and
platelet-bound antibodies of both agents, respectively.
Plasma concentration was not detected at a dose of 3
g/kg per min for either agent, and plasma concentration
of YM337 a 10 mg,/kg per min was higher than that of
abciximab at this dose. The change in platelet-bound anti-
bodies correlated well to the change in inhibition of ADP-
induced platelet aggregation.

3.4. Relationship between plasma concentration, inhibition
of platelet aggregation and prolongation of template
bleeding time

Fig. 8 shows the relationship between the inhibition of
platelet aggregation and prolongation of template bleeding
time of both agents in this study. Template bleeding time
prolongation and inhibition of platelet aggregation at all
doses and time points were plotted against plasma levels of
YM337 and abciximab. YM337 inhibited platelet aggrega-
tion at plasma levels of YM337 between 0.1 and 0.3
png/ml, and prolonged template bleeding time at plasma
levels between 3 and 10 p.g/ml. Thus, the dose a which
YM337 inhibited platelet aggregation and that at which it
prolonged template bleeding time did not overlap. In con-
trast, abciximab inhibited platelet aggregation at plasma
levels between 0.04 and 0.5 pg/ml, and prolonged tem-
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Fig. 8. Inhibition of platelet aggregation (O0) and prolongation of tem-
plate bleeding time (@) as a function of plasma levels of YM337 (a) and
abciximab (b) at all doses and time points measured in this study.

plate bleeding time at plasma levels between 0.06 and 0.8
prg/ml, and thus the doses at which it inhibited platelet
aggregation and prolonged template bleeding time over-

lapped.

4. Discussion

In the present study, YM337 immediately and strongly
inhibited platelet aggregation after i.v. bolus injection in
rhesus monkeys, but with a duration of action which was
much shorter than that of abciximab. Moreover, YM337
shows a separation of plasma concentrations between that
at which it inhibited platelet aggregation and that at which
it prolonged template bleeding time was observed in
YM337, whereas abciximab showed no such separation.

Bleeding time is widely used as a clinical parameter and
is a common test in the study of primary hemostasis. A
recent review of the literature involving 13 studies con-
cluded, however, that the use of bleeding time does not
predict excessive surgical bleeding in patients without a
history of bleeding, and should not be used as a genera
preoperative screening (Lind, 1991). Moreover, in clinical
trials of abciximab the prolongation of bleeding time was
not predictive of hemorrhagic events in patients (Bernardi
et a., 1993). However, bleeding time reflects important
aspects in the investigation of patients with a history of
bleeding episodes, namely in identifying such disorders of
primary hemostasis as thrombocytopenia, platelet dysfunc-
tion or von Willebrand's disease, and can also be used for
evaluating the effects of treatment in such patients. More-
over, bleeding time has been used as a hemostatic index in
a wide range of clinical trials, especialy with antiplatelet
and antithrombotic agents.

In i.v. administration studies maximum inhibition of
platelet aggregation by both agents was observed at 0.25
mg/kg, consistent with IC, values of both agents in in
vitro platelet aggregation study. The duration of both
inhibition of platelet aggregation and prolongation of
bleeding time by YM337 was much shorter than that of
abciximab. These sustained effects by abciximab were
consistent with the sustained occupancy of GPllb/llla
receptors on platelets. Since plasma concentrations of these
agents was similarly and rapidly decreased after i.v. bolus
injection, the mechanism of the short duration of action of
YM337 on platelet aggregation and template bleeding time
may be explained by ease of displacement from platelet
GPllb/Illa receptors of once platelet-bound agents.
Namely, in our previous study, athough the K, value of
YM337 was closdly similar to that of abciximab, the
dissociation of YM337 from platelets was much faster than
that of abciximab (Yano et a., 1995). These results strongly
suggest that the effects of YM337 on platelet aggregation
and template bleeding time are more controllable than
those of abciximab. Further, this shorter duration of action
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of YM337 may be a useful characteristic in the acute
treatment of thrombotic disorders: in the event of hemor-
rhage, platelet function would be rapidly restored after the
end of administration.

In a dose-escalation continuous infusion study, YM337
shows a 3-fold greater difference than abciximab in the
doses at which it inhibited platelet aggregation and that
which prolonged template bleeding time. Interestingly,
when prolongation of template bleeding time and inhibi-
tion of platelet aggregation at all doses and time points
were plotted against plasma free concentrations of both
agents, plasma YM337 concentrations which produced
complete inhibition of platelet aggregation were clearly
separated from those which maximally prolonged template
bleeding time. In contrast, plasma abciximab concentra
tions a which it inhibited platelet aggregation and pro-
longed bleeding time were overlapping. The relationship
between prolongation of bleeding time and inhibition of
platelet aggregation or thrombus formation has been dis-
cussed in many recent reports on GPllb/llla receptor
antagonists. Some agents were shown to prevent thrombus
formation at doses that did not prolong bleeding time.
However, thrombus formation was prevented at doses at
which partial inhibition of ex vivo platelet aggregation was
produced, and bleeding time was significantly prolonged at
doses which inhibited ex vivo platelet aggregation com-
pletely (Aoki et al., 1996; Bostwick et al., 1996; Kawa
mura et al., 1996). Certain compounds completely inhib-
ited ex vivo platelet aggregation and thrombus formation
at doses which caused no change in bleeding time (Tschopp
et al., 1993, 1994; Collen et al., 1994; Mazur et al., 1994).
However, bleeding time strongly depends on both the
experimental anima and method used. On this basis we
consider the results of the present study to be reliable
because the two agents were directly compared using a
standardized method in monkeys. It remains to be demon-
strated in a clinical study whether easier controllable
GPlIb/Illa receptor antagonists such as YM337 are safer
in hemorrhagic complications than abciximab.

To our knowledge, this is the first report to describe a
direct comparison between GPIIb/Illa receptor antago-
nists in terms of the relationship of inhibition of platelet
aggregation to prolongation of bleeding time. The mecha
nism of this dissociation between the inhibition of platelet
aggregation and prolongation of bleeding time remain
unknown in detail. However, we can propose the following
hypothesis to help explain this perceived separation. First,
YM337 specificaly bound to the GPIlb/Illa complex,
whereas abciximab bound not only to GPIIb/Illa but also
crossreacted with «, B3, integrin (Coller et a., 1991).
Abciximab was shown to block «, 85 integrin-mediated
cell adhesion to extracellular matrix (Charo et a., 1987).
Moreover, abciximab recognized an activation-dependent
neo-antigenic epitope on a,, B, integrin (CD11b/CD18
or Mac-1), and bound recombinant «,, I-domain (Altieri
and Edgington, 1988; Zhou et al., 1994). Second, abcix-

imab binds to platelets of humans, monkeys and dogs,
whereas YM337 binds only to platelets of humans, and
rhesus and squirrel but not cynomolgus monkeys. That is,
YM337 has a higher species specificity than abciximab.
The specificity of antibodies may have different effects.
Third, the binding of YM337 to purified GPlIb/Illa was
not blocked by RGDS at all, suggesting that the binding
site of YM337 is different from that of abciximab and
other GPIlb/Il1a receptor antagonists (Yano et al., 1995).
In any case, the results of the present study suggest that
YM337 has a wider therapeutic window than abciximab.
In conclusion, YM337 is an easy controllable
GPllb/Illa receptor antagonist with a short half-life. This
agent has less effect on template bleeding time than abcix-
imab. YM337 may be a safe antiplatelet agent for the acute
treatment of patients with thromboembolic diseases.
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