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Protective effect of urokinase on reperfusion were studied followed by global ischemia in the
isolated perfused rat heart. Separately, anti-platelet aggregarion effect of urokinase also investiga-
ted. Urokinasc cxhibited positive effect for the protection of rat heart function by increasing
the LV dp/dt, coronary flow{CF) and the rate pressure product{RPP), and by decreasing the
LVEDP on reperfusion. Urokinase also decreased arrhythmia by 74.7%(P<0.05) induced by glo-
bal ischemia in the rat heart. In the platelet aggregation study. urckinase did not show the inhibi-
tory effect of ADP or colfagen induced platefet aggregation invitro and exvivo.
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1. M &\ELIT0| Bt ischemia-reperfusion A%
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perfusion apparatus®l "8 %33 70mmHg®} perfu-
sion pressure3tol| A1 37T 2] Aejelol A BRFILHC)
* 2] o) 2 Krebs-Henseleit buffer§ AH& 3l
27d-& (mM) NaCl 118,KCl1 4.7, CaCl 2.5, MgSOs
1.2, KH,PO. 1.2, EDTA 0.5, NaHCO: 25.0, Glu-
cose 5.5 B Na-Pyruvate 2.0°! 21v}. Buffer+= pH 7.4
B ®ASES 95% O 5% CO.2l &% gasE
F[F ARG

=414 (LVP) & Isotec transducer(Hugo Sachs
Electronic, Germany) & ©]-8-3l9 Graphtec Linea-
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Reperfusion*1 2] urokinase®l AAE 3%
8] Krebs Henseleit 2] 4ol urokinase® &3}
By HBIFE=7F 10IU/mivt S =S5k uw
Krebs Henseleit bufferth 2loll Ap-8-8ted A f18bH o
EEE ischemia® A E-A)7)=d I GEEH el
Bl AZ]N¥ FHFAol urokinase2] LVP, LV
dp/dt, HR % Coronary Folwell th§ a#& 3
3}71 $)8}°} urokinase 10~ 1000IUE 0.2ml-&F 2.
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HGEH LW S IJEIAT automated platelet aggre-
gation analyzer(aggrecorder 2 : Kagaku Co. Ltd.,
Kyoto, Japan) & A}-8-5}ed Bornell 2]%} rurbidimer-
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incubation8l R 3. ©191A] ADP £ collagen solu-
tion 25 u1S 7138l aggregation® R-BAHT, o}
o eFEeoll 2]3 aggregation®] JAHE =& oF
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Bl A FFE 100IU/ml, 10IU/ml7t S| =S saline
/Ao 2 23t AR EPYIL snake extracts 250
OOunitymlE stock solution© & 3ty HEEX 7} 500
uniyml ® S0univml’} HXEE salinefR oz &4
el A}8-819T}. Aceryl Salicylic Acid(ASA)E £
a7t ENTAISFE 1% methanol &Y e 2 10
mg/ml7t Sl=£ & £33 F HEFTE 100 ug/ml
2 10pg/mI”t HES saline 2 2 3] 48te] AL 231
AL positive control® 4] KR-30075% 8" @37} v}
el =lelis 1%o1ste] PEG @9y & 4183y 2+7}
10°M, 3X10°M R 10°M°] HEF galineo.8 32
3l X8t T inducer241 ADPE SuM, colla-
gen& 3-Sug/miE HEFE 2 AU,

3. Ex-vivo platelet aggregometry 1% Al%

200+ 20g SD male ratoll urokinase 2000 IU/kg R
snake extract S50000unit/kgS FHFN§ 108F
ether WVFHAlZ13L ZWR¥3ted  heart puncturestd
blood® #H3lHcl Rat &vlalD S4aml QA FH
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&3 polyethylene test tubeoll ¥H2 $A 28 =ti
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blood& 110g°lA) 1020 4 Eestd FsHoz
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W3 g Yol pHMAE FHis) STl PRPE
AMAFE BFES A 1000go)FN M 15EIY 44
¥-elsled gFo) 0 2R E platelet poor plasma(PPP)
€ AU PRPE Coulter CounterE ©]-83ld &
LBFE FGT F 5X10° celis/ulo] S| == PPPE
3l sty

% ¥ YA aggregometer(Bio Dawa) &
A18-3ta] Bornoll 21% wrbidimetric method 2 &3
At PRP 180 ulE silicone coating® 7.25X55
mm cuvettel] Bt micro-magnetic bar& @2 %

32 "2 23 37CelM 12833 LR EPCh
olef) c}Al 37CelA] stirring®tB A 1#3t incubation
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1. H&EAITOl CHEE ischemiareperfusion &%

Rat2] H&HYAE ol8F reperfusiond 827}
urokinase ¥ Z ol A Lefi Ventricular Pressure(LVP)
S} Left Ventricular Developed Pressure(LVDP) 7}
AaEeE G4 B (Fig 1, 2), LV dp/dies
Z7}&lked positive inotropic effect7t AE Hew: b
ek (Fig. 3). &A1 AA71%e teldlis Rate
Pressure Product{RPP}X urckinasex &l 2-¢ &7}
A (Fig. 8). <181g HF7isal F77F Y15
213 HAZolul AR HA Fol vt e
58 2LV sk AT =9 AR UL
F et AP Fe) i HUYF parameterEA]
Coronary Flow(CF)2] Z-$5% urokinase$ 22}
A9 F7rEe B3 LA (Fig 4. 2T 439
ol del = preloadE wENYE Left Ventricular
End Diastolic Pressure(LVEDP) &} 4732] F24-&&
YERRE (—~dp/dt)/(+dp/dt) % urokinaseF &2
LVEDPE ZTAA71n (—dp/do/(+dp/doE 57F
AlAA FARA BAAE BAH(Fig 6, 7). Heart
Rate(HR) = urokinase ¥ 2] Z¢ F7tshe A%
& VEVATH(Fig. 5). ReperfusionA] 332l 3RS
UeEllE R parameter?] 5739 (Arrhythmia) 2]
= A2 urokinaseT oA 74.7%(P < 0.05) 7t FAHA
AW fogdAel ®elPd AT QS-S vebAR
HAW {FU47I1T= contol 2] 114+ 902K T} uro-
kinase ] 42.1% AT 66+ 1228 YEIA I (Fig.
9).
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HAYEAGEES HEHFYN FAJFE LVP, LV dp/e,
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Fig. 1. LVP during preischemic(—5 0 min), ischemic
(0—30 min) and reperfusion(30—60 min) in rat hearts
perfused with physiological solution only and with urcki-
nase(10 [U/ml). Each point represents the mean value
+ SEM(n=6—8).
* ! Urokinase reduced LVP significanty(PP<0.05) in all
points except ischemic phase.
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Fig. 2. LVDP during, preischemic{ —5—0 min), ischernic
(0—30 min) and reperfusion(30—60 min) in rat hearts
perfused with physiological solution only, and with uroki-
nase(10 TU/ml). Each point represents the mean value
*+ SEM(n=6—28)

* ! Significantly different from conuol at PL0.0S,
** 1 pLo.01.
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Fig. 3. LV dp/dt during preischemic (—5—0 min), is-
chemic(0—30 min) and reperfusion{(30—60 min) in rat
hearts perfused with physiological solution only, and with
urokinase(10 IU/ml). Each point represents the mean
value+ SEM{(n=6—8).
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Fig. 4. Coronary flow during preischemic{—5—0 min),
ischemic (0—30 min) and reperfusion (30—40 min) in
rat heants perfused with physiological solution only, and
with urokinase(10 ITU/ml). Each poimt represents the
mean value+x SEM(n=6—8)
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Fig. 5. Hcart rate during preischemic (—5—0 min), is-
chemic (0—30 min) and reperfusion (30—60 min) in
rat hearts perfused with physiological solution only, and
with urokinase(10 IU/ml). Each point represents the
mean valuex SEM(n=6—8).

* : Significantly different from control at P<0.05
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Fig. 6. LVEDP during preischemic (—5—0 min), ische-
mic (0—30 min) and reperfusion (30—60 min) in rat
hearts perfused with physiological solution only, and with
urokinase(10 TU/ml). Each point represents the mean
value+ SEM(n=6—8).
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Fig. 7. (—dp/dv)/(+dp/dt) during preischemic (—5—0
min), ischemic (0—30 min) and reperfusion (30--60
min) in rat hearts perfused with physiological solution
only, and with urokinase(10 IU/ml). Each point represe-
nts the mean value+ SEM(n=6—8).
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Fig. 8 Rate Pressure Product (RPP) during preischemic
(—5—0 min), ischemic{0—30 min) and reperfusion (30
—60 min) in rat hearts perfused with physiological solu-
tion only, and with urokinase (10 IU/ml). Each point re-
presents the mean value+ SEM(n=6—8).
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Fig. 9. The duration and the area of arrhythmia develo-
ped following global ischemia for 30 minutes in rat hearts
perfused with physiological solution only, and with uroki-
nase(10 IU/mb). Each bar represents the tean value+

SEM{n=6—8). Urokinase reduced the area of arrhyth-
mia 74.7%.

* © Significanily different from control at P<0.05

2. Invitro Platelet Aggregation 21X &1&

A# BAE o8 % in viro platelet aggregation
AEoN A urokinase¥= ADPe 213 daw 3 A
THE& 10 IU/ml 6.1+ 3.0%, 100IU/ml FXNA] —4.5
+126%2AA ] At 4R AQEA7 &
2. (Table 1) collagen©l 28] HF =8 YLV %
ol o sl 4 5 urokinase 10 TU/ml ¥ =9l A —14.6%
3.8%, T 100 IU/ml =AM —133+63%2 A
Sted A4 S AMAEFE A AW o
el TH(Table 2).

ASA¥  cyclooxygenase} M A =2 A4,  arachidonic
acidol o8 FrHe VAW -ol wish A=t
B-& veiiie] 8 k22 Qe AR = Y) A3
e}Eolit ADPS 2§ €4 o tisids o
3 iz A3E Ao Holxl 2% Table 1). Po-
sitive conwrol2 ] phosphodiesterase(PDE) 21 A #1] 1
KR-30075& AH&stB o™ o]ZR& collagenol 2§k
&l i3l 3X10°M 4 29.9%, 10°MA A 76.3%2)
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AT 47 $F JdHMEANE B2 (Table 2>
o1z & PDEAA ] 27 c-AMPEE F7hl 71
3t Re= UF:EGW

£PY NRFEH HoE SFAE JAXe] AN
71& B urokinasee ADP % collagen$ 3= =
FA Az (U TH ASAY 10pg/ml FEAAME
Wl QI KR-30075% S =22 71&7) 247t
AA8A e C.(Table 3).

Urokinaset= plasma©ll 2 plasminogen®] plas-
mine 22 WHE U3 plasmin activator 2A
2-8-3ct. ©] plasmin®| fibring §3A)HA P&
B33t = 2 thrombolytic druge 2] de] AMg=D
AEH B G4SFgz F2E 5 AT Collagen]
platelet aggregation®}-8 = &3} plateletol 41 2] ADP
88 HIA7)E Aoyt ool &8 =3
419 platelet 22 F7HA1- ¥ obi#t fibrino-
gen®l receptor® =S AHY WAL-NE FHAAFIA
% 322 plasmin activator®! urokinase &-& °f2}
A%t snake extract®] B¢ YHN-FA4A4EE T
Hag 88 A8l UdF veld Rom Jloy
g eon HA [LF ARl QIR olRE A
& 2-F(platelet aggregation) 2] 3% & R-g 37 (blood
coagulation) 2 QA 83} fibrinoll 2§ H &3
g 2 A9 I AEAIR] platelet aggrega-
tione JAEA] REate= Ao 7IASE ez
Fgct

3. Ex-vivo platelet aggregometry <iX|jal&l

Conuoliell B3} Urokinase 2000 [U/kg T2
°kzte] WAD 23T WHE Juk AT 79
Al¥E xpele 19 (Figure 10). & ADP SuMel
2% FF AT 3 & controlT (saline F3T)
°} 393+ 33%(mean+ SEM)°]21.2. % urokinase T ©)
373+ 23%2 #ojg #HaE #EE 5 AUt
2+4] urokinase®] thrombolytic effecti= invitro4d @ ol
A AFVR Y plarclet aggregation®l Ao} T35y
3+Al 243l plasminogen®! plasminS Z2] WFE ac-
tvationAl 7= Re= F&Eo.
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Table 1. Inhibition(%) of human platelet aggregation, induced by ADP(SuM).

Drug Cone. 1 2 3 4 5 6 Meandt SD
. 10 TU/ml —8.8 63 163 —10.8 181 157 6.1+ 3.0
urokinase
100 TU/ml —~6.6 —13.1 —11.5 —18.2 11.7 104 4.5+ 126
ASA 10 pg/mi —12.5 —25 7.5 —44 11.1 133 21+ 0.1
100 pg/ml 12.2 12.2 3.0 1.6 —1.6 1.6 4.8+ 5.9
SD : Standard Deviation
Table 2. Inhioition(9%) of human platelet aggregation, induced by collagen(3-5ug/mi).
Drug Conc. 1 2 3 4 S 6 Meanz SD
. 10 IU/ml —18 [o] —4.6 —27.8 —27.7 —234 —14.6+ 3.8
urokinase
100 TU/mi 9.5 3.8 10.5 —852 —11.1 —74 —13.3+63
10°M 39 139 19 6.6+ 64
KR-30075 3X10°M 63.5 204 58 299+ 100
10°M 856 769 66.4 763+ 9.6
SD  Standard Deviation
Table 3. Siope of platelet aggregation, induced by ADP and collagen(Mean =+ SD, n=6).
. urokinase ASA KR-30075
saline
IU/ml ug/ml x10°M
10 100 10 100 1 3 10
ADP 549 68 69 393 557 — - -
(SuM) + 86 +3.1 +4.1 +30 *+23 .
collagen 40.8 41.3 35.7 - — 56 38 10.3
(Spg/mb) +26 +08 * 6.6 * 40 + 9.6 £30
SD : Standard Deviation o BB control
B8 urokinase
48
w
= 3e&}
2
B
5 24
12 4

o

Fig. 10. Maximal effect of platelet aggregation induced
by 5 uM ADP foliowed by LV. administration of vehicle
and urokinase 2000 IU/kg in the rat. Values presented
are mean+ SEM.
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rfusion*] 2] -7 24 (arrhythmia) @A H A=
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kinase® Zt2} & i 1000IU ¥ 5000 unit7h=] o Al
A7 Isl Rols <falzt ot E4S Hayg 5
A}

2. Invitro platelet aggregation &IEOIAl uroki-
nase= ADP & & collagendil 2|8 F=E! pla-
telet aggreagtion® AAMISIR| QIUCE

3. ExvivodllAie| AMEOIAE urokinaset= ADPOY
2|3} FTEl platelet aggregation® {XISX|
SLRUCEH
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