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ABSTRACT-The thrombolytic activity of a novel modified t-PA, YM866, was compared with that of a 
recombinant t-PA in a canine model of copper coil-induced coronary thrombosis. The coronary thrombus 
was allowed to age for 1, 3 or 6 hr before either drug was administered. YM866 was administered by i.v. 
bolus injection, while t-PA was given by the same method, as well as by 60-min i.v. infusion. YM866 show
ed thrombolytic activity 2 to 4 times as potent as that of t-PA when administered by bolus injection, the 
difference in thrombolytic effect being obvious in the 3 and 6-hr-old thrombi. Coronary reperfusion was 

achieved more rapidly with YM866 than with i.v. infusion of t-PA. In animals injected with doses of more 
than 0.1 mg/kg of YM866, no acute reocclusion occurred. Depletion of plasma fibrinogen to 70% of 
baseline levels was observed in animals given 0.2 mg/kg YM866, 0.4 mg/kg t-PA by bolus, and 0.6 mg/kg 

t-PA via infusion. The residual plasma YM866 and t-PA antigen 30 min after bolus injection was 2570 
and 310 of the peak levels, respectively. YM866, administered by i.v. bolus injection, was thus confirmed to 
exert a thrombolytic effect superior to that of bolus injection and infusion of t-PA, without systemic 
fibrinolytic activation. These results suggest the potential clinical applicability of YM866 as a thrombolytic 
agent that can be administered by i.v.bolus injection for acute myocardial infarction.
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 Tissue-type plasminogen activator (t-PA) is a potent 

thrombolytic agent which, owing to its strict fibrin 
specificity, is superior to urokinase and streptokinase. 

However, due to its extremely short half-life, administra
tion must be performed by high-dosage infusion; this in
creases the possibility of systemic bleeding, and the inci

dence of acute reocclusion is also increased (1, 2). To 
eliminate these shortcomings, attempts have been made 

to modify the t-PA molecule by genetic engineering tech
niques, and several mutants of t-PA that have prolonged 

plasma half-life and that can be administered by i.v. bo
lus injection have been reported (3 -6). 

 YM866 is a novel modified t-PA with deletion of the K1 

domain of the molecule and with a point mutation 

(2'SArg -* Glu) at the site of the K2 domain linkage to the 
L-chain (7). It has been shown to possess a pronounced 

affinity for fibrin and retain essentially the same specific 
activity as t-PA in vitro (8). A remarkably sustained plas

ma concentration of this novel modified t-PA has been 
demonstrated in rabbits (3). Antigenicity studies of the 

preparation in chimpanzees have shown no antigenic 
potential that is of any toxicological concern (T. Oohata 
et al., unpublished study). The present study was per
formed to assess the thrombolytic activity of YM866 and 

its effect on the parameters of the fibrinolytic system in a 
canine model of coronary arterial thrombosis. 

 It is now accepted that the early use of thrombolytic 
treatment in patients with acute myocardial infarction 

reduces mortality and salvages the ischemic myocardium. 
The time after onset until coronary recanalization is 
thought to constitute a critical point that makes the differ

ence between success and failure of thrombolytic therapy 

(9). While the usefulness of t-PA in the thrombolysis of 
aged thrombi, owing to its affinity for fibrin, has been 
reported (10), little has been done to evaluate the effect of 

mutant t-PA on aged thrombi (11). In view of this, we



compared the thrombolytic effects of YM866 and t-PA on 
thrombi of three different ages (1, 3 and 6 hr) after forma

tion.

Fig. 1. Schematic representation of the amino acid sequence of YM866.

MATERIALS AND METHODS 

Thrombolytic agents 

  YM866 is a recombinant tissue-plasminogen activator 
analogue which contains a finger domain, EGF domain, 
kringle-2 domain, and serine protease domain, and a site 

mutation at the kringle-2-serine protease linkage site (del 

92-173, 275Arg Glu) (7). The schematic representation 
of the amino acid sequence of YM866 is shown in Fig. 1. 
A lyophilized pharmaceutical preparation of YM866 was 

dissolved in a specified volume of distilled water for injec
tion and was then diluted with physiological saline. For 

control groups, a lyophilized preparation (placebo) with 
the same constituents as those above, minus YM866, was 
dissolved and diluted in the same manner. t-PA (ACTI

VASE®, 50 mg/vial; Genentech, Inc., South San Fran
cisco, CA, USA) was dissolved in distilled water for injec

tion and was diluted with physiological saline for use in 
the experiments. The specific activities of YM866 and t

PA determined by the fibrin clot lysis assay calibrated 
with the international t-PA standard (83/157) were 

570,000 and 600,000 IU/mg, respectively (8). 

Preparation of coronary artery thrombi and determina
tion of thrombolytic activity 

 One hundred and forty adult mongrel dogs of both sex
es, weighing approximately 15 kg each, were used. Animals

were anesthetized with 20 mg/kg sodium pentobarbital, 

intubated, and artificially ventilated with room air. 
Catheters were placed in the cephalic vein, femoral vein, 

and femoral artery for injection of test drugs, collection 
of blood samples, and blood pressure/heart rate monitor

ing, respectively. Continuous monitoring of the ECG was 

performed in precordial leads to detect arrhythmias. Coro
nary thrombosis was induced by placing a copper coil 

(8-mm-long and 2 mm in diameter) over an intracoronary 
wire into the left anterior descending coronary artery dis

tal to the first diagonal branch, under fluoroscopy, as 
described previously (12). An occlusive thrombus was 

confirmed angiographically. The coronary thrombus was 
allowed to age for 1, 3 or 6 hr before administration of 

test drugs. Heparin (Novo Heparin®; Novo BioLabs, 
Soeborg, Denmark) was given to all animals as an intra
venous bolus of 300 IU/kg prior to the start of the proto

col. YM866 was injected by i.v. bolus injection in 30 sec, 
and t-PA was administered by the same method, as well as 

by 60-min i.v. infusion, using a constant-rate infusion 

pump (STC-523; Terumo Co., Ltd., Tokyo). Reperfu
sion, assessed by angiography, was performed at 5-min in
tervals for up to 60 min after bolus injection or after the 

initiation of the infusion. Animals showing no evidence 
of coronary reperfusion at 60 min were considered to 
have failed to attain reperfusion. Three further angio

grams were obtained at 20-min intervals after confirma
tion of reperfusion in the bolus injection group or after 

the end of the administration in the infusion group. 
Reperfusion was defined as TIMI grade 2 or 3 and reocclu

sion as 0 or 1 (13). The reperfusion rate, time to reperfu



sion, and reocclusion rate calculated from coronary an

giography served as parameters for the thrombolytic activ
ity of the test drugs. Lidocaine (Xylocaine®; Fujisawa
Astra Co., Ltd., Osaka) was used to prevent arrhythmias 
emerging during the experimental processes of thrombot

ic occlusion and reperfusion. 

Measurement of fibrinolytic system parameters 
 Citrated blood samples were collected periodically in 1 

pM PPACK (D-Phe-Pro-Arg-chloromethylketone; Cal
biochem Co., Ltd., San Diego, CA, USA) for the determi
nation of fibrinogen, plasminogen, and a2-plasmin inhibi

tor (14). Plasma samples were preserved frozen at -701C 
until assayed. Fibrinogen was determined by the throm

bin time method (15) (Fibrinogen B Test®; Wako Pure 
Chemical Co., Ltd., Osaka), and plasminogen and a2

plasmin inhibitor were measured by the use of synthetic 
substrates (16) (Testzym PLG Kit® and Testzym APL 

Kit®; Daiichi Pure Chemicals Co., Ltd., Tokyo). 

Determination of YM866 and t-PA concentration in 

plasma 
  Plasma antigen levels of YM866 and t-PA were deter

mined in PPACK-added plasma samples by enzyme
linked immunosorbent assay (17), which was standard

ized against YM866 and t-PA, respectively.

Fig. 3. Thrombolytic activity of YM866 and t-PA on 3-hr-old 

thrombi. Times to reperfusion are indicated as the mean±S.E.M. of 

animals that achieved successful reperfusion, and reperfusion and 

reocclusion rates are expressed as percentages in a group of 5 

animals.

Fig. 2. Thrombolytic activity of YM866 and t-PA on 1-hr-old 

thrombi. Times to reperfusion are indicated as the mean -4: S. E.M. of 

animals that achieved successful reperfusion, and reperfusion and 

reocclusion rates are expressed as percentages in a group of 5 

animals. No reperfusion was observed in the placebo group.

Fig. 4. Thrombolytic activity of YM866 and t-PA on 6-hr-old 

thrombi. Times to reperfusion are indicated as the mean±S.E.M. of 

animals that achieved successful reperfusion, and reperfusion and 

reocclusion rates are expressed as percentages in a group of 5 

animals.

RESULTS 

Thrombolytic activity of YM866 and t-PA 

 An occlusive thrombus usually developed within 10 to 
20 min after the insertion of a copper coil, and occlusion

of the artery was signaled by an elevation of the ST seg

ment in the left precordial ECG. Figures 2, 3 and 4 illus
trate the reperfusion rate, time to reperfusion, and reoc
clusion rate following administration of YM866 and t-PA 

in the models of 1-, 3 and 6-hr-old thrombi, respectively. 
 In the 1-hr-old thrombi (Fig. 2), the reperfusion rate 

with YM866 was twice as high as that with bolus injection 

of t-PA and was comparable with that following infusion 
of the latter. When compared at doses producing equal 

reperfusion rates, the time to reperfusion was 10±4, 

9±2, and 36±5 min at 0.05 mg/kg of YM866, 0.1 mg/kg



of t-PA (bolus), and 0.075 mg/kg t-PA (infusion), respec

tively; and the time was 9 _±:3, 8 ± 1, and 30 ± 4 min at 0.1 
mg/kg of YM866, 0.2 mg/kg of t-PA (bolus), and 0.15 
mg/kg of t-PA (infusion), respectively. Thus, reperfusion 

occurred earlier with YM866 or t-PA (bolus) than with t
PA (infusion). Among the animals given YM866, some at

tained reperfusion even later than 20 min after injection, 
whereas all animals of the t-PA (bolus) group attained

reperfusion within 15 min.

Fig. 5. Changes in plasma fibrinogen, plasminogen, and a2-plasmin inhibitor levels after i.v. bolus injection of YM866 [A] and 
t-PA [B] and during i.v. infusion of t-PA [C]. Values are the mean ±S.E.M. of 5 to 15 animals, used in Figs. 2, 3 and 4. Data are 
plotted as percentages of the baseline level.

The reocclusion rate tended to

be higher at low doses for both drugs. This was particular
ly high with t-PA (bolus); there was a reduction in reocclu

sion rate with 0.1 mg/kg of YM866 as compared with 0.1



mg/kg of t-PA (bolus). 

 In the 3-hr-old thrombi (Fig. 3), YM866 produced 
reperfusion rates 4 times as high as those produced with t

PA (bolus) and more than 3 times as high as those 

produced with t-PA (infusion). When compared at doses 
producing equal reperfusion rates, the time to reperfusion 
was 13±3, 10±2 and 21±4 min at 0.1 mg/kg of YM866, 
0.4 mg/kg of t-PA (bolus), and 0.6 mg/kg t-PA (infu

sion), respectively; hence, reperfusion was obtained earli
er with YM866 and with t-PA (bolus) than with t-PA (infu

sion). As in the 1-hr-old thrombi, among animals treated 
with YM866, there were those that achieved reperfusion 

even later than 20 min after injection, whereas reperfu
sion occurred within 15 min in all animals given t-PA (bo
lus). Subsequent reocclusion did not occur at highest 

doses of either drug. 
 In the 6-hr-old thrombi (Fig. 4), the bolus injection of 

YM866 afforded reperfusion with rates 4 times those 
reached after t-PA (bolus) and higher than those follow

ing t-PA (infusion). When compared at doses producing 
equal reperfusion rates, time to reperfusion was 23 ± 5, 

10±2 and 42±6 min at 0.2 mg/kg of YM866, 0.8 mg/kg 
oft-PA (bolus), and 0.3 mg/kg oft-PA (infusion), respec

tively. Thus, reperfusion occurred earlier with YM866 
and with t-PA (bolus) than with t-PA (infusion). As in the 
1 and 3-hr-old thrombi models, some of the animals in

jected with YM866 attained reperfusion later than 20 min 
after injection, whereas reperfusion occurred within 15 

min in all animals given t-PA (bolus). No animals treated 
with YM866 developed reocclusion, and the number of re

occlusion with t-PA was few.

Fig. 6. Plasma antigen concentrations of YM866 [A], t-PA (bolus) [B], and t-PA (infusion) [C]. Bolus group [A, B]: during the 
60-min period after the bolus injection. Infusion group [C]: during the 60-min infusion period and after the end of the infusion. 
Values are the mean±S.E.M. of 5 to 15 animals, used in Figs. 2, 3 and 4.

Changes in fibrinolytic system parameters 

 Changes in plasma levels of fibrinogen, plasminogen, 
and a2-plasmin inhibitor observed following the adminis

tration of test drugs are shown in Fig. 5. Data are plotted 
as percentages of the baseline level. These factors showed 
little or no change following injection of placebo (data 

not shown). The plasma fibrinogen level decreased to 
69 ± 11, 72 ± 5 and 64:i- 13 % of the baseline values in 60 

min after i.v. bolus injection of YM866 at 0.2 mg/kg and 
t-PA at 0.4 mg/kg, and after the beginning of i.v. infu

sion of t-PA at 0.6 mg/kg, respectively. Plasma plasmino

gen levels exhibited essentially the same patterns of 
changes as those of fibrinogen. The a2-plasmin inhibitor 
concentration in plasma fell below 50% of the initial level 
after the same doses as those above. With the single bolus 

doses of YM866 and t-PA, plasma a2-plasmin inhibitor 
dropped rapidly and tended to reach an inverse plateau at 

about 15 min after i.v. bolus injection, whereas with i.v. 
infusion of t-PA, it tended to decline progressively with 

time. 

Changes in plasma antigen levels of YM866 and t-PA 

 Figure 6 illustrates the time-course of plasma YM866 
and t-PA antigen levels over a 60-min period after the bo

lus injection or until 60 min after the end of the infusion. 
The plasma YM866 antigen level compared with that of 

plasma t-PA was markedly sustained following a bolus 
dose. With i.v. infusion of t-PA, plasma t-PA antigen 
reached a plateau within about 15 min of infusion and fell 

rapidly after the end of the infusion. To delineate the 

difference in sustained plasma levels of YM866 and t-PA, 
residual plasma antigen levels following a 0.2 mg/kg, i.v. 
bolus dose of YM866 and t-PA were plotted as percent



ages of the value at 30 sec after the injection (Fig. 7). At 

30 min after the injection, the plasma antigen level of 
YM866 was maintained at about 25%, while that of t-PA 
was as low as about 3%.

Fig. 7. Residual plasma antigen levels after i.v. bolus injection of 
YM866 and t-PA at a dose of 0.2 mg/kg. Values are the mean 
±S.E.M. of 5 to 15 animals. Data are plotted as percentages of the 
value at 30 sec after i.v. bolus injection, used in Figs. 2, 3 and 4.

DISCUSSION 

 The thrombus induced by the insertion of a copper coil 
in this study was fibrin-rich; such thrombi have generally 

been recognized as a useful model for the evaluation of 
the efficacy of thrombolytic agents (18). In acute myo
cardial infarction, the success rate of thrombolytic ther

apy diminishes with time after onset (19), probably due to 

progressive cross-linking of the fibrin network (20). There
fore, coronary artery recanalization should be accom

plished as rapidly as possible, thus leading to improve
ment of left ventricular function and reduction of mortal

ity (21). t-PA is more effective than urokinase and strep
tokinase for the lysis of aged thrombi because of its great

er affinity for fibrin, the difference in efficacy increasing 
with the increasing age of the thrombus (10). YM866 is a 
mutant t-PA that essentially retains the specific activity 

and fibrin affinity of t-PA, but has a prolonged plasma 
biological half-life. Therefore, i.v. bolus injections of the 

drug would be expected to have greater efficacy than t-PA 
against aged thrombi. In view of this, we compared the 

thrombolytic activity of YM866 and t-PA against thrombi 
of various ages (1-, 3 and 6-hr-old). 

 The reperfusion rate with YM866 was 2 to 4 times as 

high as that with t-PA in these models in lysing thrombi 
following a bolus injection. The dose of YM866 that 

produced a reperfusion rate of 100% in the 1-, 3 and 6-hr

thrombus models were 0.1, 0.1 and 0.2 mg/kg, respective
ly, compared to 0.2, 0.4 and 0.8 mg/kg of t-PA. The 

thrombolytic activity of t-PA diminished markedly with 
increasing thrombus age, while the activity of YM866 was 
less liable to be affected by thrombus age. These results 

agree with the report by Suzuki et al. that a bolus injec
tion of a modified tissue-type plasminogen activator 

(E6010) had equivalent potency in lysing fresh and aged 
thrombi (11). 

 The time to reperfusion for both YM866 and t-PA, 

when administered in bolus doses, showed no obvious 
dose-dependence, occurring in all animals within 15 min 

following bolus doses of t-PA but occurring even later 
than 20 min after the bolus injection of YM866. This find
ing seems to reflect the plasma half-lives of these drugs. It 

has been reported that, despite the rapid disappearance of 
t-PA from the circulation, its thrombolytic effect was sus

tained due to its adhesion to the thrombus (22). In the 

present study, however, the thrombolytic effect of t-PA 
was evident for only 15 min after bolus injection. On the 
other hand, reperfusion occurred later than 15 min after 

the beginning of t-PA i.v. infusion in all animals. This in
dicates that the thrombolytic effect of t-PA was exerted 
only after its plasma concentration had reached a certain 

level. The usefulness of the clinical method applied in the 
United States and Europe, in which part of the total t-PA 

is given first in a bolus dose, followed thereafter by infu
sion of the rest of the dose (13), thus seems unquestioned. 

Several clinical trials of i.v. bolus injections of t-PA 
aimed at the early recanalization of the coronary vessels 

have recently been reported (23, 24). These studies ob
tained reperfusion rates comparable to those attained by 
i.v. infusion with bolus doses of t-PA. In this present 

study, bolus injections of t-PA produced reperfusion 
rates virtually equal to those produced by infusion; these 

injections reduced the time to reperfusion in 1 and 3-hr
old thrombi. In the 6-hr-old thrombi, on the other hand, 
bolus injections of t-PA were apparently less effective 

than infusion in lysing the thrombus. These findings im

ply that bolus injections of t-PA may afford essentially 
the same thrombolytic effect as that obtained by infusion 
when administered early after formation of thrombi, but 

that no such effect can be expected when this agent is 

given late. 
 The present findings show that the reocclusion rate tend

ed to decrease with increasing dose, irrespective of throm
bus age and irrespective of the drug the animals received. 

This suggests that the development of acute reocclusion 
has a close connection with thrombolytic activity in vivo. 

Clinically, a relationship between coronary reocclusion 
and residual thrombus after thrombolytic therapy has 

been described (25). Additional doses of a thrombolytic 
agent (2) or adjunctive therapy with an antiplatelet agent



such as anti-GPIIb/IIIa antibody (26) or RGD peptide 

(27) or with an anticoagulant such as synthetic thrombin 
inhibitor (28) are considered useful to minimize the resid
ual thrombus, as well as to prevent growth of the throm

bus. 
 A reduction in plasma fibrinogen by approximately 

30% occurred following the bolus injection of YM866 at 
0.2 mg/kg and t-PA at 0.4 mg/kg and after i.v. infusion 
of t-PA at 0.6 mg/kg. The changes appeared to generally 

parallel the relative in vivo thrombolytic activity of 
YM866 and t-PA; such changes may not lead to enhanced 

systemic fibrinolysis, since the decrease was minimal as 
compared with that seen following the administration of 
urokinase (29) or streptokinase (30). The changes that oc

curred early after the bolus injection of YM866 or t-PA 
could be attributed to a sharp rise in plasma concentra

tion after i.v. bolus injection. 
 Plasma antigen demonstrated a remarkably long-sus

tained concentration of YM866 as compared to that of 
t-PA. These findings are essentially consistent with the 

mean residence time of YM866 calculated from phar
macokinetics in rats (8) and can probably be extrapolated 

to man. It has been reported that deletion or substitution 
mutants within the heavy chain had longer half-lives and 
showed a superior thrombolytic effect than native t-PA in 

vivo (11, 31). We suggest that the superior thrombolytic 
effect of YM866 can be attributed to its sustained plasma 

concentration and its greater specific activity and affinity 
for fibrin. 

 Bolus injections of YM866, provided they achieve su

perior efficiency to t-PA without enhancing systemic 
fibrinolysis, might not only simplify treatment, but might 
also induce more rapid recanalization.
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