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Influence of Ischemic preconditioning on Lethal Cell Injury
After Coronary Artery Occlusion
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June Soo Kim, M.D., Jung Don Seo, M.D., Young Woo Lee, M.D.
Department of Internal Medicine, College of Medicine, Hallym University, Seoul, Korea*™*
Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

Background : The concept of myocardial injury after coronary occlusion is changing in recent
years, Brief episode of ischemia induces reversible myocardial injury and repeated brief ischemic
insults might cause myocardial necrosis due to cummulative damages. Recent observations
showed that brief episodes of ischemia have protective effects on the myocardium increasing
the myocardial tolerance to a subsequent sustained ischemic insult. This phenomenon is termed
ischemic preconditioning and can be noticed after a variety of protocols in multiple species
of experimental animals. This study was planned to 1) measure the changes of hemodynamic
parameters and the ischemic damage of insulted myocardium during ischemic preconditioning,
and 2) compare the infarct sizes with or without preconditioning.

Methods * Using canine model of a single 90 minutes’ occlusion of left anterior descending
coronary artery and 240 minutes’ reperfusion, 14 mongrel dogs were randomized to with(n=7)
or without(n=7) ischemic preconditioning such as four 5 minutes’ occlusion and 5 minutes’
reperfusion. Changes of hemodynamic parameters and extents of the ischemic myocardial da-
mages during preconditioning were observed. And using in vitro myocardial staining with mona-
stral blue and triphenyl tetrazolium chloride, we compared the infarct sizes and risk areas
in two groups of occlusion and reperfusion canine model with and without preconditioning,

Results -

1) Heart rate was significantly decreased after first 5 minutes’ occlusion compared with those
of basal control(151+27 VS 163+ 25 BPM, p<{0.05) without further changes in subsequent
ischemic insults. Left ventricular systolic pressure was significantly decreased after first 5 minutes’
occlusion(109.0+ 199 VS 130.6% 23.3mmHg, p<<0.005), and after first 5 minutes’ reperfusion
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and second 5 minutes’ occlusion compared with those of basal control(111.3+29.8, 1099+ 17.2
VS 130.6+ 23.3mmHg respectively, p<<0.05), without further changes during remaining ischemia.
Left ventricular end diastolic pressure and maximum -+dp/dt were not changed. Peak —dp/dt
was decreased significantly after first and second 5 min occlusion(943.7% 2944, and 962.1% 281.5)
from basal control level(1168.2% 358.8mmHg, p<<0.05). Thereafter no change was noted during
remaining preconditioning. The changes in rate-pressure product were same as those of left
ventricular systolic pressure(first 5 minutes occlusion 5 17.3% 3.7 VS 21.2£ 3.5, p<<0.005, second
5 minutes’ occlusion ; 179+ 53, 18.1+34 VS 212+ 35, p<005).

2) Transmyocardial lactate extraction ratio was significantly decreased in early phase of
ischemic preconditioning(17.5+ 11.3 VS 252+ 99%, p<{0.05).

3) Hemodynamic parameters such as heart rate, left ventricular systolic pressure, left ventricu-
lar end-diastolic pressure, maximum -+dp/dt, peak —dp/dt and rate-pressure product were
changed similarly in both control and precontioned groups.

4) There was no significant difference of mean myocardial blood flows in infarct zones,
which represent collateral blood flow, after 5 minutes’ brief occlusion and 60 minutes of sustai-
ned occlusion in preconditioned group.

5) The infarct area/risk area ratio was significantly reduced in preconditioned group(27.0+ 9.6
VS 5.6+ 3.1%, p<0.005), but the risk area/left ventricular area ratio showed no difference in
the two groups.

Conclusions : These findings suggest that, in the early phase of brief repeated occlusion
and reperfusion, myocardial ischemic damage accompaying systolic and diastolic myocardial
dysfunctions develops and myocardial protective effect of ischemic preconditioning was obtained
at the same time. Ischemic preconditioning group demonstrated reduced infarct sizes compared
to those of control group after 90 minutes’ sustained ischemia and reperfusion in canine acute
myocardial infarction model.
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Aubs Foo] medicurg o]-&3te] FALE &
B3t F sodium pentobarbital 30mg/kgs AW FA}
o] ANLAE & F, 718A AYeS AW
A F 3 &4 (Benett3] A4, PR-2 respirator Unit)
g AH83te P AFEES AAIBHATE Neddle
electrodeE AbAle] o} A2 EFE AAFEE A
420 2 monitoringdtHA MRS utelslo o)
gEmMg wa)d ¥ 7F FHB(USCI IJAHAD L
4943131 heparinized salined AY & F g%
9} monitoring, lactate X Z% % microsphere
FUA BEERF EAANHAE 9T piguail catheter
Y FZ ol g3ttt HaA HEHo R 2~3
mg/kg®] sodium pentobarbital & W FA}ete] v}
HE FAAZIEA A5 530E T8 FF4ANE
& AlgEte A4S =&A0 F ATg A8
22k 8 H(pericardial cradle) & THEUTH A HF o
heparinized saline®] A $]%] polyvinyl catheterE pu-
rse string suture Y & o] &3l At T ¥ FAH AL
Z7 o) &3k F4W appendagel heparini-
zed saline©] 9] 2 polyvinyl catheterE purse string
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90 min
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Reperfusion
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RMBF 05, 060
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9% min 240 min

Hemodynamic parameters : base, PO4X4, PR4X4, 030, 060, 090
R30, R60. R90, R120, R180, R240

Lactate . base, PR4X4
RMBF : P05, 060

Fig. 1. Diagram showing experimental protocol.

030(60.90) : after sustained occlusion 30(60.90)min
R30(60.,90.120,180,240) : after reperfusion 30(60,90,120,180.240)min
PO4(X4) : after preconditioning occlusion 4min(4 times)

PR4(X4) : after preconditioning reperfusion 4min(4 times)

RMBEF : regional myocardial biood flow

Ischemic preconditioning such as four bmin occlusion and each separated by Bmin reperfusion.
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suture HE o] 834 ABF microsphere FY
2 E F9] 2 ALY A8 F F44]
238E Fx37] A3t FHd 9 s+
2 BAJN AL 2= 712 5] A4 F-E vt st
AolFdtt. AR W=
Swan-Ganz catheterS 4F$)3t lactate’s = 373l
o] &3t tH(Fig. 1). A FH|7t 4 =H 20839
7] F 71E RS 71534t} Pneuma-
tic occluderg inflaondte] &S A HHAA|A
AP L =3t B3sY Ao ABFo 3
FHZEAA 2+ ABF7E Bl 1239 lactate
Z3E AT dsHg BFNAA 4 LS AHFH3)
A, HH7 Bl AAdFH QB[ 4] A
Aol WAsAAG ARES 722 194 43 &
A3, A&AH AFY HPAle 0% HHo=R
QIIAES FAH3AT HET FA A&HF
#F HAAF 08 HAHLE FQH AASS
ZA3A

Microspherew U2 A< A&7 B39 #H
583 60l A3 A& 38 90% lido-
caine 2mg/kgS B FALE F pneumatic occlu-
der& AA3] deflatondld A&AF AZh o] F 4

pneumatic  occluderZ

Fig. 2. Photography showing myocardial staining.

A representative transverse slice of left ventricle
is showing from a control dog. The brick-red
area represents noninfarcted tissue of the risk
area(triphenyl tetrazolium, positive). Pale white
zone is the infarct area(triphenyl tetrazolium, ne-
gative). Dark blue area represents the normal
zone stained by monastral blue.

AIZFEd ABF AFIEA ABF{ 6027 A= o)
30% vtk 2 o] Fel& v 60F Wttt FHAxE
=35t (Fig. 2). AT Y E =Folv A#FA
AAlEol B E AAF 7] (Hewlett Packard 3]
ALA, 78620A defibrillator-monitor) & ©]-8-3}o] 10]
WA 2019 A2 AAHFSFA T A BF 4A]7H
potssium chloride 40mEqE FAWUN=ZE 43
Qste] At A F Aol A FA O
9, 459, 4, 5 339, A3N S D} A
&3t

3. gsielxtel &3

FAA A - E9 polyvinyl cahteterE pressure tra-
nsducer(Gould 3)A}A), statham P23Db transducer)
o AZF F HAA=, dFEUet AP #F7I4H
3217124 k-2  multichannel oscilloscopic recorder
(Electronic for Medicine 3]A}A], VR-12) & o] &3}
71EX ¢ #FEH Ao AARE A7 584
43 Agste A¥HARA 70T w3 et
AB77E BY7] A FAA, 4315 WES}
Atk A&FH B HA T 308 14, A
BFRAIE 308 1 23] ol F 60% HAOZ 100
mm/sec?] £ =2 7|2 X (3M 3]AMA, 7772 type dry
silver recording paper)ol| 7]Z3t%th
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583 &3 @59 HHF 0% FAH3A
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Tween 80°] EFE 10ml &0 HH{=o] Qe
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oml BE] A7 vlg] AY 3ml FAE7] o 4
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13ml/min®] # % & withdrawal pump(Harvard Ap-
paratus B|AHA) & o] &3t FA]EH ol A hepa-
ring 231 FAlO gl AAsH). HHT
FH-E smiT(HAHA A O 2mly 53 F
FTHTE 2mi¥ o] dAE S¥AFon AFY
FAZ1E 4mle] B4 FF 2 flushingdte] BAbs
Ag EH 2FAFA

1) EH3folxtel £F

dWuke e e E7Iet F4AY FEVISS &
ZA712¢, maximum +dp/di?} peak —dp/deg 3
beatoll Al &3l HHEFAE T3P o Wt}
A4 #7198 F31 rate-pressure product
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39T 13T F 7 FH9L: 459 &5
WAbs ATE AEFATY ASHEY ¥FF
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A5 (count/min), Cr= EXHFF Yo A}
% AlF(count/min). A BF F(ml/min)E A
B2 BAZ o] mimin/g GHE FAISHY
on FAA ZAHA JUTeE, 425FH 4
ket Fe] Z4zte] HHS mappingdt AL, =
A AAE AR, s8R AR E §
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ligation 3} t}.

Y S F=dAY A2 #99 #59, 5 3
Astsd s A9 H3R= 1% wiphenyl tet-
razolium choloride(TTC) €422, &, $-#AF N9
ostum ¥9E 0.5% monastral blue &Ho.2 37
Tl A 120~140mmHge] & o 2 387+ 73
717 FLHA B=E FA3ATt BRI L 6%
dextran® X3+ phosphate buffer(8.8X 10-2mol
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blueE &3t 37CZ @¥ AME3H T TICE
i AREAL A2 ERFEE adE 8718 AR
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AAZL AHFZHE  atrioventricular groove®]]
BYA 1eme] FAHZ Bt 67he] HE NEF
Zt Ao RAE 71534 A3 H-9E monast-
ral blueo| &3] FMoz FMEHY HYRY
(AEFD T Aokle A2 TTC} 49| deh-
ydrogenase A}o]oll formazan H A& FAste F
o2 HAET ZFARE FMo] AHAU
AR AAE FH3H7] A3t AHFFEZRE
FHA, AUA, dHA, A, AR HH e
AEFEE AE Ho] A slide filmE slide
projectE ©]-&3td < s A F £
|A o &A g, HEF% ZURE digio-
zer(Houston Institute 3]AMA]) 2} microcomputer
(IBM 3JAtADE 0] 88 planimery WO 2 7}
HA WA g ¥ E FEAh(Fig. 2).

5. EA|Xeg

A=A 7|tFe GEAAS} tiAMIES
paired ttest2 HASAL, =T A =X
T7he] FEIAL, fEFEA A7), BAR 9]
Az, T4 ALEFHE unpaired ttestZ2 HA 3}
Aok EE dant FT+ BFUZ S

Z U

1. SIENZXE ggstelxiel et

FAs YA 9] sEY A AAFE 43 ¥

5ok ol
. A9,
2782

A
51£2
5=

uho) Wt A VEX = 2 163
H47F gvi7] A ekt
o8 as B Y (p<0.05)
F% Aol7h ATH(Table 1. &4
FZ27]4e 71EA 7} 130.6% 28.3mmHgol A 3
A #AH7F vl 2 Aol 109.0+ 19.9mmHgE
A% Za(p<0.05)E 2Pz, A AFF7}
7] o] 111.3+29.8mmHgE #23 74
(p<0.05)7F AAeH, T A7 2vr] 3
Z o] 109.9+ 17. 2mmHgi froigt 244 (p<0.05)E
Hom 1 o]Fde {28 ato] 7t g TH(Table
1. 44 2}%71‘%}%}% 71EA 9} AEAZEA 7]
7 F93F Aolzb gAY (Table 1). Maximum
—dp/de= 71E Ao et AAA #H A7 B
¥ FHA HA7E U] A Fide
AEe BYou, §9% zole gt 1 olF
% o]z} AN TH(Table 1). Peak —dp/des 7)
Fx]7} 1068.2+ 358.8mmHg/sec, P HAZX 7|7+
F ANMA ANZE Byl A o] 9437+ 2944
mHg/sec2 F9 8 24 (p<0.05)8 AL, FHA
HA7E EUrl FHo] 962.1+ 281.5mmHg/secE
Fo3 A (p<0.05)F Yo o]Fod& 3
ztol7b R th(Table 1). Rate-pressure products
71ER7F 21.2+ 8.5, AWA HA7 Brhr] FHo)
1783+ 372 o3 ZFa(p<0.005)E EJn
A ABF7E BU] AR™o] 1791538 A

Table 1. Hemodynamic parameters during ischemic preconditioning

Maximum Peak
HR LVSP LVEDP RPP/1000
+dp/dt —dp/dt
B 163.3+ 25.1 130.6% 23.3 3.1%23 1871.0 511.5 1168.2+ 358.8 21.2+3.5
Ol 151.3% 26.5% 109.0% 19.9** 3.9+ 3.0 1429.4+ 2999 943.7+ 292.4* 17.83+3.7%*
R1 154.1+29.1 111.3+29.8* 24129 1514.0+476.6 1059.6+ 360.6 17.9+ 5.3*
02 158.4+19.9 109.9+ 17.é* 44136 1398.21+ 250.2 962.1% 281.5* 18.1%+ 3.4
R2 163.3% 25.1 119.0£19.5 46+359 1493.8+406.6 1057.8%+301.8 19.9+49
03 164.11+24.1 113.7£ 25.8 43132 1471.8%417.7 1039.4+ 342.2 19.3+ 5.2
R3 159.9% 24.1 120.1+£ 27.6 3.6 3.0 1664.9+ 4453 1120.3% 345.9 19.6+ 5.0
04 161.0+21.4 113.9+ 30.7 4.6+38.7 1512.2+ 4434 1006.2+ 397.4 19.0+ 5.7
R4 166.1£ 259 114.4% 34.5 3.3+3.2 1586.2+ 533.6  1089.0% 441.6 199+ 7.1
B . basal

01(2,3,4) : after first(2nd,3rd,4th) preconditioning occlusion 5min
R1(2,3,4) | after first(2nd,3rd,4th) preconditioning reperfusion 5min

HR : heart rate,
LVEDP | LV end-diastolic pressure, RPP !

Values are meanzt SD, *p<0.05, **p<{0.005

LVSP ! left ventricular systolic pressure
rate-pressure product
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S8 2a(p<005)E R, FHA HH7} ] )

m P ] o 2. BIHHEA| 712 & lactate £ESC| W8}

EY7l Aol 18.1+342 HA F943H(p<0.05) ez | x50 7124 .
ac . = o :X L

FAE BUoD olFot §ol8 o)z YUY SEATE lacae FEEE 7T 252

9.9%, AAA AEXZE 175+ 11.3% 2 &3 74

ble 1).
(Table 1) (p<0.05)7} 91o.m o] Foli= 28 o]t

Table 2. Lactate extraction during ischemic preconditioning(%)
Base PR1 PR2 PR3 PR4 PR5
252199 175+ 11.8% 224+ 11.0 251129 232+ 12.3 224+ 115
PRI1(2,3,4) : after first(2nd,3rd,4th) preconditioning reperfusion 4min
R5 [ after sustained occlusion, reperfusion 5min
Values are meant $.D. *p<{0.05

Table 3-1. Hemodynamic parameters between the control group and the preconditioned group

HR(bpm) LVSP(mmHg) LVEDP(mmHg)
Control Precon Control Precon Control Precon
Base 162.9+ 24.3 163.3+ 25.2 1369t 11.5 130.6% 23.3 3.1t1.2 3.1+ 23
Occlusion
30min 168.6+ 279 163.91+ 16.6 130.3% 20.1 124.6+% 33.7 5012 431+ 3.6
60min 1657+ 25.1 158.1% 14.9 139.9% 33.0 131.6+ 25.8 4.6+ 3.5 4.6+ 4.5
90min 17141 30.2 151.0+ 18.6 142.3% 37.1 12591 23.6 4.6+ 34 4.7+389
Reperfusion
30min 157.1+ 243 145.83+ 20.5 134.8+ 304 1259+ 26.9 4.0t 3.6 8.7+3.7
60min 165.7% 25.1 151.9+£ 209 138.4133.5 127.7£25.1 49134 3.6+3.6
120min 1629+ 24.3 151.9%£20.9 138.3% 30.2 130.3+ 18.7 4.0+ 3.8 3.4%+3.0
180min 17481 29.9 158.4+28.2 130.3+27.1 132.3+21.8 4.1 3.5 3.9+34
240min 175.7+ 40.8 157.5+28.9 129.7+21.9 13741 22.6 43+4.0 29+29

Precon : preconditioned group, values are mean® S.D.
HR ! heart rate bpm : beat per min, LVSP ! left ventricular pressure
LVEDP ! left ventricular end-diastolic pressure

Table 3-2. Hemodynamic parameters between the control group and the preconditioned group

Maximum Peak
RPP/1000
—dp/dt —dp/dt
Control Precon Control Precon Control Precon
Base 2036.2+ 450.8 1876.0£511.5 12254+ 957 1168.2+ 358.8 222+ 3.2 21.2+3.5
Occlusion '
30min 1942.4+ 599.8 1530.6% 504.2 12457+ 250.2 1052.2+439.8 22.0+ 5.2 19.4x 5.6
60min 2057.1+702.9 1665.0% 4416 1262.2+307.3 1107.4%357.0 234173 193+ 7.0
90min 1753.5+ 434.2 1852.61 605.4 1172.1+242.9 11258+ 2539 24.9+99 192+ 7.7
Reperfusion
30min 1940.24+991.8 1753.4+715.8 1302.71 3054 1170.0% 544.6 21.8+ 6.6 18.7+ 6.4
60min 1950.4+ 940.2 1826.8+487.6 1319.31+207.9 1153.41 268.6 22.5+ 8.3 19.7+ 8.1
120min 2208.0+991.8 1959.4% 366.2 1240.2+ 329.4 1280.4% 2429 22.8+ 6.7 20.0+ 6.3
180min 2171.2+ 605.4 1972.24 506 1262.21 174.8 1280.7% 268.6 212+ 5.8 21.31t 5.4
240min 189524 791.2 2126.8+686.3 1311.9%447.1 1249.1% 255.8 213+ 8.7 2171 4.9

RPP ! rate-pressure product
Precon ! preconditoned group
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Table 4. Myocardial blood flow during coronary artery occlusion

Early Late occlusion
Control Preconditioned Control Preconditioned
(ml/min/g) prvalue (ml/mkn/g prvalue

Total

Normal zone 1.09+0.12 1.08+0.15 NS 1.12+£0.19 1.17+0.10 NS

Infarct zone 0.05% 0.08 0.05% 0.03 NS 0.07%+0.038 0.06% 0.04 NS
Subendocardium

Normal zone 1.18+0.19 1.16+0.17 NS 1.25£0.18 1.14%£ 0.11 NS

Infarct zone 0.08+0.02 0.08% 0.02 NS 0.04% 0.02 0.05+ 0.02 NS
Midmyocardium

Normal zone 1.081+ 0.09 1.05+0.14 NS 1.06+0.18 1.07+ 0.06 NS

Infarct zone 0.04+0.08 0.04% 0.03 NS 0.05+ 0.04 0.05+ 0.03 NS
Subepiocardium

Normal zone 1.01+0.07 1.02£0.14 NS 1.05+ 0.20 1.03£0.13 NS

Infarct zone 0.081 0.04 0.07+0.03 NS 0.11+0.04 0.10+ 0.05 NS

Values are meanz SD NS : Not significant

W control 4 preconditioned

RMBF(mi/min/g)

Infarct zone Normal zone Infarct zone

Normal zone
Early Late
Fig. 3. Mean myocardial blood flow in the normal and the infarct zone during early and late coronary artery
occlusion in the control and the preconditioned group.

RMBF : regional myocardial blood flow
There was no difference of the mean myocardial blood flow in infarct-zone at 5 minutes and 60

miinutes of sustained occlusion in two groups.

Aol AR FoF Aol AL, A A

BH 2700 gashe 4Fol Aoy w9

3. Ux@n) s|EMIAFZI0| gosteixige T T Y . N K
ole G HAY ER7ITRE A&F A4

e E71o) Aeake Aol AN Fel@ Fol

A TH(Table 2).

=) PR e B =]
‘:QO—C? f:ij}:q/(] Iﬂﬂ]g} 210‘*{}2 2}:—2—:‘] g1t Maximum +dp/dt HA] #H& Z7)o] 7
FFre] wubee Wsy)h glolen, 4 é—rﬂ,: rste Aol Yot folE o= Il

714 AEH Hy 7)o FT BF fFadte
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Peak —dp/dt$} rate-pressure product & F-7kel]

918 zol7t ¢ h(Table 3).

4. ;_%AAI:L &9

=2
- &7

k

oL

% microsphere®

= B F % Mappingol A FH
s Ao fEF9Aatele Yttt AR
Heofol A AF-A= LA AAsPAYF
W oo sEe xR APEAEATY ZAEH
HEATEFHFL 42F 1.09+ 0.12ml/min/g, 1.08%
0.15ml/min/g o1 H ) 6089 Ztzte] Hoi
T8 F S 1,124 0.19ml/min/g, 1.17% 0.10ml/min
/g0 & Tt {2 2ol 7t I B A9 9
P8 aEge B4 4 589 Yz
S ¥z A 2h2t 0.05+ 0.08ml/min/g, 0.05+
0.03ml o1 x, A 60%9] Z7e] FFAZHERF
2 0.07% 0.3ml/min/g, 0.06% 0.04ml/min/go. 2

o

ﬁ‘,

HJ

7te] fold zo]7h g2l tH(Table 4, Fig. 3).

5. eiCZdMF e I7| vl

AFFA/AAAR AN E HE2TAA 46.816.1
%, AHHZXFANM 43.6+105% 2 2§ 2}o]
7t ok AAR/AAAEHEE 2T A
127£6.9%, APAZATNA 25+ 1.8%E 2
& Ak dden, AARY/AERAURHY =
ZF 27.019.6% 9] H|3te] S|HAZAT 5.6+ 3.
1% 2 {9 3HAl ¥ tH(p<<0.005) (Table 5, Fig. 4).

i ot

TAZEe A2 e HG A ASHEY &4
< zyYEn, H9AHQ &4e zv)d BYEN
2 Bl A2 AAE 1 F27, 715 H

Al

-
T

Table 5. The risk and the infarct area in the control and the preconditioned groups

Control Preconditioned p-value

Risk/LV( %) 468 + 6.1 436 + 105 NS

Infarc/LV( % ) 127 + 6.9 25 + 1.8 < 0.005

Infarct/Risk( % ) 270 £ 96 56 £ 3.1 < 0.005
Values are meant standard deviaton
LV [ Left ventricle
NS © Not significant

60~
I control

Area Ratio(%)

Infarct/LV

preconditioned

Infarct/Risk

Fig. 4. Risk and infarct area in the control and the preconditioned group.

V@ left ventricle, * : p<<0.005

The risk area/left ventricle area ratio showed no difference in two groups. The infarct area/risk area
ratio was significantly reduced in the preconditioned group.
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2 iy e s Z4 Este AE ougth 1
2l oF 5~1583He] HFolgte AAIEL A
&3H dojuke Blof ofa, BAZE F& HEAo
AA dojdrt AFFENA 1587 H5H
HA) oF 1A12HEe 23 9] £EFFT XEMF(KY)
o Bt ZHETY. of 44t AP Ago s
adenine nudleotide”} A 3nj1010 S|P F 417
% 3E-x 49 (myocardial stunning)& °F 2~4U7t
A&Eg QY. oA AZ7)% JEAA
71-& A3 BA A FAAT calcium®] ho-
meostasis ©] 42 WA AbA(free radica) 2 %

" &40 9% Aoz godnpey,

HHE AR dAZte] ¥ AARFF, DALY
A&H s¥Ed-2 adenine nuceotided] TLEE
H& 233t AL, 7153 &3l ¥4 g
so] AF A2 &4o] A olE Ao R o
23t a8y AFFEANE AZdre £

5] A dkon] ATP 259 A2 9] 4Fa § 2 8]
Zaso], 237 I*ZM Aol dial dae
B3de adrt Qe Aol WA, %%

HEF A27s A °“'*] HHEAQ YR Qg
2" A7 Aol zm;}gdq.lsw) AFARo Z
YHEAQ 8 Yefe] diARAAA AF 108719
Y &4 ¢ 60% ATP7} nZAE L 20879
ABFA 24E ATPY & 50%7F AFE = A=,
FHA, AR, UlHA SHEEGA O o] e ATP
1z gy Aoz wHAG. B¢ adenine
nuceotide®] AR Mg &G HrT} o]
Fo PG o A AAHY, ol HE
&4 AFo Mo AL oA YA AL FHE
Fol g A& Jehd L st HEF o2 T E
P AAFE AR AT EANA A A}
adenine nudeotide?] F=& &3 A= A
Yrte] o] AAF HAAL, AHEEE AU
o} old AT B3 AvE WHEAR A#FE

AL A1 ATPE FFA711, H=ZE At
e AANFLEZN gEHE oz AE3d
R0, Murry?VE& o]# Fdo] thd 49 o
A& F=dte A& 88 W ZX (ischemic precondi-
tioning) 2t St th FaAT EFFFH AFAY
FEFE A 3 o3y BN L 21 FFo
93k Ao ol d-g WA GAI Y A AFE

5184 l°ﬂ tHﬂ Ade g s EE
model & AF&38le] A A ¥ Q] O p226)
F o) Abgol AN FHAs PR e AE Fge
Al 90Z 7 H A F 58T ABFEE HoE 23]

AAE Aot gdate] F5 34, AHAEAR ST EY

Fe AT lacate Aol AMA ALEY &
FeA Y dH 2 F2E A2y 3 E sl
via] TR HAA] AT Y wsy) F83)
ZAasle AL RAPTY. w5 T s
HAA AZ AN A FFol 238 hdte Ae
srgoan AT AP} ade AL
BHF &8 o3 Ro] ofi Yo uidt 4
29 WAol FHe Aolgta FAsAG. o9
ol AN Z Y5 Yol O3t WEZ 7=
AZH T &AM 79 H &4 AES dF
AA Fe RE 9

Z7 modelol A Rl HEHRzA=Z FE5H 3
Yol i A2 H3aFHE AEHYA HY £4
thate] 408N A 60E7FR] A2 )& Q)
38 o] 90F o] T2 180% o)A} A &A= Al
B3 Advt Qivn &, A=A F A4
Al AL 7eteE Aol 24E HY¥HR
29 ALRTAHTE A3 FAE Aolgta A
i Jou, o= Axe] X%HQ) FHE 7|7kl A
HPAZA ] ARSI AN} FAHE A o
83 Bue gtk o9} o] HPMRA7} &
P&ado] ot ATRIET o] Ud A
F=¥ H¥AZxA 27474 4¥EFE modeldl wt
g Aoz Aztdg. Folxl 4¥EE model
M AR} 7t Al el Hstd
ATFE QAAIZ A&HQ P& dis] 4
THIAATL A& Aol AJFANE o] &
He WA 2¥9E Aol MY F Joy
o}7] w¥d® BuE gt

HEA 22X Y59 g U ATRE
avkel Aol isiA o FYPHE o2 flin
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Hugo] o &R F= BAVE gL
FHHANL0 2R Egto] A Qe E7G
A modeldl M HY A2 &N 552
EREEEFE vHEE vhs ol AAY A%
ol ™ EAtol S{EHRARE Qg @A g YA
thAE 7Hae] AR ERY, slgd 23 7|tee
ATPe] ARV et o] % X&A QA S EFA
ATPS] AN go] wf§ FFAaE T, glycogenolysise}
A714d glycolysis?t A 8] MaPF o] SHBUAIE Y
A FAo] #awA doka g ey ojd
ATPO] HE thrhibE o] &34 A gho] Ao 4
FYE BEd Frie FAE ofF #waEA A
bo) 3 SY AR gt Yol A H] 4
T3 (stunning) 2.2 oy Al g o] AaEe
1 AAEL o HHE ABF Aol A
il WA B ii’%ﬂ 2rashe) ek A zbahan 9l
T gEgle], 2AIRt ol A #
F3 % T"ﬂ 6]@"411] 710l #radical 3
Jrb?d). Miura?V 52 oA} stunning®] GE9} ¥
HAZR] gFAolo] A@BAVE Hrial o,
Schou?%% Al A& sPEdde] A A
240G HARAZ §5d AE IR
@At Aoia ok o]9ko] swuning AHA]
HogE H¥ARXE dYsirlde B
a2} ARt smnning §lo] ¥ HEA g3t
25 e Aol st A obA ¥re R Ho gk
AP HEAE g Aol =tz vls) myclope-
roxidase 57} $&d], o] &40 YHo] 5F
T2l A& HolM if“ﬁ7} #A st &4l 42
Aol HEHEAY HT-EE a7 vidolH 51
HHER A AN t'f]/} Holx zETe &

Aol Z s Ag Yoz AP, Adenine
nucleotide] thAF 2FE<¢l hypoxanthine® 3 8%
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o3 4bael A8l A hypoxanthine®] xanthine
oz Ab8Eil superoxide(0, )8 A &
B8 A FFoll 2§ reactive hyperemia® HAY
3= oxgyen-derived free radicalo] A3 AME 2
et 1 A&l AW HH el HE
Az A Alstoll adenine nudeoide %8 A
AlA hypoxanthine?] %2} superoxide 4448 A

g 4 rhal &2 12} Reimer) § ol

= Aol

JEJ

_..d

2}3}l xanthine oxidase inhibitorg! allopurinol A}
foax AR R F2ATNIA R Aoz
n| 20} xanthine oxidase tAt#A A A7) free ra-
dicalo] S8 AzR9 AIHE AFo] #AIA
S Zolgar FAAUL 7HFAHA AL &4l
AAEA free radical AACE Yo YAS
doe 208 F40] g F, dAY
W ANF ARFA B F9 free radicalo]
Adgo], 7t Al &9 stunning® MEY F
F4¢ FAANATGE Bar QgD 2y of
3] free radical®] scavenger?! superoxide dismutase®}
catalase 2 S|P H2A] AHE FAAZIThE B30
9} A¥ &7p7) gloke Avte Bavt Qo)) %
ite Aalol gigk 2E A7 a3t Neerly
5o 7] BFE glycogen AEAFE HA
AE & 4% 51@34“ lactate®] F2 o] YL
A7ls EE ¥oEF ARAEA &L A
Bt 349g ¢usidd. 2y FF Y lac
aes 5713 A¢ 919 7153E s3] AEE
Ro 2 Hol ATPY] izto] o}yl s ] AEE9]
(lactate, hydrogen ion, NADHE) Z2o] x39]
749 H] &4 vrtgd &4l HAS, 4
g AgRe 2 U4 oAES A
AsjFe A7 Aok vk A2 43
AE B3 ade 38 Fetol thAb Bk-g-0] A3
AstEE Aol dlolgti FHsH o] whge
ATPS] A ¥} o] & ¥ #odghil st 4§
51% Feel A e A2 ATP H4E F2 P74

B Zgo o9&} ey HEHEAE P
‘%".—‘?: FEa Al #ge] My A doht
Aof| lactate ¥itofuie} FEa chAbe] FHA
o] A9 25 A G, uw AR
1o] AZUiAtell Al ATP o] &o] A3tee 71H&
}

7
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) 010 1

~
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Al
bale Blo] A e 71dE ﬁ‘%?‘} t] =g&o]
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ATPase"“ o3 ATP7} A8 1 loka ghe A a0
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ol & wetal ek ol Sgo= wEFQI 3
YA F ] d&sn e dojve o
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AR37|e s, At g e 27247 §E
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AAA, S8 ABFA MR T ¥& 7
SAA EGe HEvte] d§ ot 4
48) 2 AL chemotactic factore] &7 o] 7+ A ®TIE=
FAIY AAR 0] BAE VMo B
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qekste] ABF E4e FAFa glycolytic flux&
SHAA ATPE REZ Rolgta 7Hgstar Yt
T3 adenosine] #/3F W 7 AutsS4 A s}
ANE FAF AR AZHL gk o]9kzo]
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The animal models for protecting ischemic myocar-
dium(AMPIM) cooperative studyll A& M2 ThHE
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7}—2- A7) At e @M A7l WA
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