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Ischemic Preconditioning in Isolated Rabbit Heart : Effect on Left Ventricular
Function, Infarct Size, and Protein Kinase C*

Ho-Jun Yoo, M.D.,** Jun-Soo Park, M.D., Hyun Kim,
Un-Ho Ryoo, M.D.,** Bong-Jin Rah, M.D., Ho-Dirk Kim, M.D.

Departments of Histology and Internal Medicine,** College of Medicine,
Chung-Ang University, Seoul, Korea

Background : It has been demonstrated that ischemic preconditioning(IP, repetitive brief
period of ischemia and reperfusion) enhances recovery of post-ischemic contractile dysfunction
and reduces incidences of reperfusion-arrhythmia and infarct size after a prolonged ischemia. A
lot of mechanisms have been proposed, however, controversies still remain. Recent studies sug-
gested that IP could activate protein kinase C(PKC). Therefore, we measured left ventricular
function, myocardial creatine kinase(CK) and PKC activities, and infarct size to assess whether
IPs cardioprotective effect is related to PKC activation using isolated rabbit hearts.

Methods and Results : Hearts isolated from New Zealand White rabbits(1.5-2.0kg body
weight) were perfused with Tyrode solution by Langendorff technique. After stabilization of
baseline hemodynamics, the hearts were subjected to 60-min ischemia followed by 120-min re-
perfusion with IP(IP group, n=15) or without IP(control group, n=14). IP was induced by 4
cycles of 5-min global ischemia and 5-min reperfusion. Left ventricular function including de-
veloped pressure(LVDP), dP/dt, heart rate(HR), and coronary flow(CF) was measured to de-
termine the recovery of LVDP, RPP(rate-pressure product, HRXLVDP) and CF to baseline
measurement. Frequency of arrhythmia was counted on reperfusion. Myocardial CK-MB, myo-
cardial cytosolic and membrane PKC were measured and the infarct size was determined by
staining with tetrazolium salt and planimetry. Data were analyzed by one-way ANOVA,
Tukey's post-hoc test and t-test. There was no significant differences in the recovery of LVDP,
+dP/dt, RPP, and CF and frequency of arrhythmia during reperfusion between the control
and the IP groups. In comparison with the control group, however, CK-MB was significantly
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lowered in the IP group(p < 0.05). Cytosolic PKC was significantly decreased but membrane
PKC was increased(p < 0.05). These findings indicate that PKC was translocated and activated
by IP. Furthermore infarct size was smaller and limited to the antero-lateral or posterior wall

and papillary muscle in the IP group(p < 0.05).

Conclusion : These results indicate that IP does not improve post-ischemic contractile dys-
function after a prolonged ischemia of 60 minutes but has an infarct-limiting effect. This car-
dioprotective effect of IP may be related to PKC activation.

KEY WORDS : Infarct size - Ischemia and reperfusion - Ischemic preconditioning - LV func-

tion - Protein kinase C.
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2 o] AREER

B AYor A}83 sletekEe PKC assay kit
(Promega, Madison, WI, USA)E Aljslas 2F
Sigma Chemical(St Louis, Mo, USA) 245-€ 43}
of AREskSi)

2. dEsE9 M|

BE A vxAedtgda Fdse A8 EE A
827 (Guidelines for the Use of Laboratory An-
imals, American Physiological Society, 1985)¢l u}
g} AA18l ). Heparin(300IU/kg) S B7HE 5
a1 300] A ¥ HEFE FF5E e
ANMAA FA FH-E At A4S AEstgrt. A
3 RS vig YAAAE A dgd g diE
ol Fhwebs Adaeta AR 7 F AR
A1(Size No.5, Hugo Sachs Elektroniks, March-Hug-
stetten, Germany)°ll 243}] non-recirculating La-
ngendorftd ol whet A4z E3HE Tyro-de-&9 (con-
taining in mM : NaCl 140, KCl 44, CaCl, 1.5,
MgCl, 1.0, HEPES buffer 3.0, and glucose 10.0:
pH 7.4) 0.2 #Fastt 48%F AR 259 A4S
mjt}= W (waterjacketed heart chamber)?] £EF
37CE, B4 #AFHE 247 60mmHg, 35ml/mine
2 fAEA

3. 4 ¥ protocol
AAZQA A8 protocole Fig. 13 2l A&
Tyrode&H 02 15~20%-5< A7l Hubso] vl
A AA3] F257] AlZEFE suction electroded ¢

o
At oldlofl 2~3mm HAOR Bo|i olo] AW A
71A=7)(Advanced Stimulator, Harvard Ap-

paratus, Edenbridge, UK)& E3}o] 189 Aubss

Control
B ISCH REP
T T
-50 0 60 180

IP(preconditioned group)

B P REP
i—// T T ISCH T

-50 ] 40 100 220

(min)

Fig. 1. Schematic illustration of experimental protocol. B,
baseline ; 1P, ischemic preconditioning ; ISCH,
ischemia ; REP, reperfusion.

7b 1500 HEE ZA3(4V, 0.5msec interval)
30%-E<t #iFstd AH7I5e] YA FAHEEDS &
(o] 7]7+2 baseline hemodynamics® AA&HH
AEE AT IPF AERs 5938 8 § e
F&HE 7 60RolUEe 4823 (Kim
1995)el 7]xate] iz E IPglo] 60%5<t 2R
£ Adslo] A3 (global ischemia by no-flow)
T 120859 AuFaded IPFME 5E5Se A
A sREee] AVFE d&H 02 43 uHE
IPE = & gz A9 2ol 60%5<t AAsE,
12085 ABFE A s

4. ZHAT|s9 &

Baseline hemodynamics7} FA 5% 7hEete] 94
# latex balloon(size 10, Hugo Sachs Elektroniks)
< WS B3 Ao AYsta dHALIA
(pressure transducer, Harvard Apparatus)ol <72
&4t} Screw-driven precision syringeE o}-£3td
latex balloonol A2 HTE Yol 44 ojgdv|g
(left ventricular end-diastolic pressure, LVEDP)
o] 8~10mmHg7} H%& &A% F baseline 2 &
F A=% 49 protocolol Wt FHAALG(eft ven-
tricular pressure), 44t vlEgH(dP/dt), At
T T HHY 7% HEEE 4-channel cur-
vilinear polygraph(Harvard Apparatus)ol ztz 7]
stk A d¥F(work)S  FHAAUHleft
ventricular developed pressure, LVDP)oll Alut5<=
g gl AEslden 6085t AEE ARFA A
AFARdeR HE 23] vg (regular rhythm)
o] Yehr] Al&she A7bA 9] AIzEE EAs 1 Al#
F5d dEhe
and/or ventricular premature contraction)] A4

WEg 2489t

oo

Bl (ventricular tachycardia

5. M8 F(coronary flow, CF)el &H
B8 Aapstel 447150] 98 GAHAR T B
FHo] F&& WA s st} e NS A%
AR 7 F $ALE Bot SR shEsE
ZEEE 143ty #HRE 4
FaS A% wet weight2 ol
ml/min/g wet weight& ¥7)8t1 1 3282 7815
=3
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6. AZU CK-MBRE gMz X

7t AEFET A dR(1gRR)IE FHIA
PBS(phosphate-buffered saline, pH 7.4)°14 73
3}&t 3 (Ultra-Turax T-25, Germany) T2 A< 94
Eal8}od (15,0002, 30minutes) A4 4L total CK @
CK-MBEAE &40 AMEsIdth. CK-MBE#AEE
g A% kitg AHEEe] 233 EA(340nm,
Pharmacia-LKB Ultrospec ., Cambridge, UK)2
%33ttt

7. Protein kinase C(PKC) &4 &4

PKCEX == Takai 59 4& o]&sld &4}
Aot Z+ HEFEST AAE st 20mM Tris-
HCI, 250mM sucrose, 1.0mM iodoacetic acid, 1.
0mM PMSF (phenylmethylsulfonyl fluoride). 1.
0mM EDTA(ethylenediaminetetraacetic acid). 1.
0mM EGTA(ethylene glycol-bis(f~aminoethyl
ether)N, N, N, N'-tetraacetic acid), 10mM §-
mercaptoethanol(pH 7.4, 4T)2 43 498 A7}
st #2383 F(Ultra-Turax T-25, Germany) 4T
el Al 100,000 12175t AT ste] A de
A EAE 8 (cytosol fraction) 2.2 AMEEIGETH AAE
S thA] 9J9] g9 Triton X-100(0.3 vol%)& 7}
3k oo o] 4T eA] 1AZHEQL kel U4
Felate] A AE HETEE (membrane fraction) 2
Z ARSI, 7 £89 PKC 4= ve9ea A
Z(non-radioactive assay)kit(Promega, USA)E A}
83t 5pge) phosphatidylserines ¥718HA] ¥9tS
o} Hrlets We] LS Aol2 ALt oH

Inmol®] phosphate® 7]dol &7|v=dl #ag ki-

nase?] %% 199(unit, U)E 3t Baseline
PKCEAEE 3¥ol} IPRlo]l #FAIRFE 5085t
baseline hemodynamics7} ¥A3 FA=HA st 9
o}pe o2 2R},

7t APEET A% ARZAE FE 2e2sid 4L
oA 1% tetrazolium chloride(in phosphate buffer,
pH 7.4)°] 20852 A48 & 10% 54 2o e=

3
2mm E2E IJHUS ¥ AARE ot JdH S
Kodak Ektachrome ¥&(ISO 100) 22 ARzl
A9 FAo AHE3AT. S5EES FAMT ] FAL
3t AAFAS Edete Y DALV cross
sectional area) ™} TAHE-919] @ (infarct area) S 3
Hale] FAd FAE 7k FAY EARE F ocut
out-and-weight ¥ o2 Zzte] HAE P8t FHA
2mm)E F3l el tidk FARRge] EuRg
(% infarction/left ventricle volume)S F3to] A}
A7) (infarct size)& A3t

9. EAIXE

RE BAFAE HUEF2LA(SEM)E ¥718H4 .

AAgt]  fFojAdel glokn AAEHA

Tukey's post-hoc testS} t-testZ A3l pgkol 0.
o}

£ folqol Sl Aoz pF

o
S
29,
ok
-
o
o

= ot

1. ZHalae] 715X Mol #st
FA4 $£2718 0 (left ventricular peak pres-
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P
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REP
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1

Fig. 2. Polygraph tracing of the left ventricular pressure on reperfusion(REP) after 60 min sustained ischemia. Cont, con-

trol ; [P, preconditioned group.
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sure)oll A o]2+27|eHend-diastolic pressure)& W
#31 LV developed pressure(LVDP), LVDPAdHg
4-¢] RPP(rate-pressure product) % ZHAAugte]
Hoju £k (+dP/dt)& 8t baselineo] tj3 3%
&% A&E319T). Baselined LVDP, +dP/dt 2
RPP= 7}7} 83.7+ 2.2mmHg. 1,080 + 67mmHg/
sec, 12,552 & 3280]%1t}.

HzTA e ABFAIZE 362 £ 20200, P-4
£ 258+ 23z A o] AlzFE o (Fig. 2)
[Pl A vl A ) vhgo] Al&ts]= A|zte] w
FtHp <0.01). LVDPE =7 2 IPT E5F 405
AlZE Aol et S, ABRE 4587 FEHE A9
baselinedt®] 90%7b4 T8y A 2FA Z ol A

RE izl vlste] [PEellA folstAl S7tetda(p
<0.05) olFolle FAtolol A {ojdt HolE B w*—

RAG (Fig. 3). +dP/dte iz Folu [PFolA &

LVDP$ frAtet 3848 Jepdd oy T?’\}OMI
A ARF AGAF F93 Aol B 5 AT (Fig.
3). RPP 3 E&& tixioly IPTAA 25 LVDP
Aot FAMEH S EAFE veRAon] A A2t
e tizgtel Hlgte] [PEoA fd 715 e
WAL (p <0.01) ol FHEl= FEAlololA fodt
Zolg B F §icHFig. 3). A#F7IHE AW
AR lolAE dizmwolA 341(21.4%), TPaol A
T 24(13.3%) A%t A ANF (ventricular fi-
brillation)& Wehfe] ol& FAAM M st
t} A9 (ventricular tachycardia)olyy Z7)ut
% (ventricular premature contraction) $¢ %%
o dhAel o)l QlojM= tiFFolA] 119 + 31, [P
A 94 + 123|2 FaAbojol A £t AolE & 4= ¢l
A (Fig. 4) ¢z 8% AAFA gz [P
T Apolo X Ag7)EE ol gt 2ol B 5 glSd

o},

3|5 g9l Hg}

4.1+ 0.1ml/min/g

2. 2 F(coronary flow, CF)
Baselineol 42 Al&AnFae
wet weightol1th,

CFe A#HF 58F £E A9 baselinegts] 85~
90% 7 st on ozt Hgtd [ProlA o
A2 F7HEol Foy FaAlolol fodt Aol B
T YA (Fig. 5).
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Fig. 3. Changes of the left ventricular developed pressure
(LVDP), +dP/dt, and rate-pressure product(RPP) dur-
ing reperfusion. Data are expressed as mean +
SEM. *p < 0.05, **p < 0.01, control vs IP group.

3. A2 CK-MBE&lo| ML wis]

- AAFFE A2 total CKEAEE dIRT,
IPToA 2z 118.25+17.95, 56.40 = 3.51U/mg
protein®2 thETto) H|ste] [PTolA @A 8] A s}E
o] lem(p <0.05) CK-MB®& 9] X% HA o
23, IPTlA 742 80.97 +17.27, 18.63 +3.37U/
mg protein® 2 ozl wlsted [PTolA A3 A
sh=lo] ANTHFig. 6, p <0.05).
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Fig. 4. Frequency of arrhythmias. Data are expressed as
mean + SEM. Cont, control ; I[P, preconditioned

group.
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Fig. 5. Changes of the coronary flow(CF) recovery during
reperfusion. Data are expressed as mean + SEM.
Cont, control ; IP, preconditioned group.

240 7 = Total
o CK-MB
p <0.05
p <0.05
Z 160
j7%
k]
a
z
=
g
> 80 -
o
0
Control(n=5) IP(n=5)

Fig. 6. Myocardial total creatine kinase(CK) and MB
fraction(CK-MB) activities. Data are expressed as
mean + SEM. Cont, control ; 1P, preconditioned

group.

4. Protein kinase C(PKC)2] wis}

Baseline®] MEAEE 2 A¥xuEge] PKC €4
TE 242 0.65+£0.041, 0.07 +0.007U/mg protein/
min olch oiERToIA AFEAEY L A E2HEF9)
PKC &A=+ Z42ZF 0.63+0.068, 0.05+0.010U/
mg protein/minel¢leH IPFlAE 0.46 +0.041,
0.18 + 0.013U/mg protein/min2.2 [Pl & =
2o Hlgte] ATARGL FaEo] dAew(p <0,
05) AETHEEL2 FrhE o] JIATHFig. 7, p <0.05).

5. ATIA Solo| £HEE
NBHARE ARAN AR o271 b
chabe oz Uehtor nR 4YozVE T

1.0 -

O Control(n=5)

R ® IP(n=15)

£

£

S Cytosolic

Q

s!

g ~—— J

o0 T~

5 0.5 e p <0.05

=

2

T

©

U

£ Membrane .

—————————— <0.05
== -0 :i P
O ¥ 1

B R

Fig. 7. Changes of cytosolic and membrane fractions of
protein kinase C(PKC) activity. Data are expressed
as mean + SEM. B, baseline ; R, after 120 min re-
perfusion ; P, preconditioned group.

45 7 p <0.05
—~ 30 A
9
T
N
I3
=
£ 15 1

0

Cont(n=9) IP(n=10)

Fig. 8. Infarct size as % of left ventricular volume. Data
are expressed as mean + SEM. Cont, control ; IP,
preconditioned group.
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A,
o] FIEES oA 33.2+1.5%, IPTelA
214+ z

4+23%% WET Bt [PTolA FoJd 24
2 4= 2)Ach(Fig. 8, p <0.05).
i ot

1. IP7F ABFRAl AT IS0 ojx|l= &

Pe] A28 3 599 s|87)7t Alo]9] & -uh3- #A
U IPEFRE E 5 & #387|7Htime window of
sustained ischemia) SH= YA Fr}. A0}
stoll Al AlgEE A SEAHME [PF F455E
7|78 30%olA 60%-02 st gl orjenns.
A0 AEBF AGE o4 434 IPERE B 5
A 7] FAHL 60EAER AT Y},
ol 59| AfATe| 7]Z3] B APNE HEUF E
7A42E ol g3l 5E -5EEeH] Y -ARFE o
£ 0 43] AA s [PE FEF 60RFS HE
12085 AAFsch AdF 52 AF715E Ug
Y& oif-89 =5 (LVDP, +dP/dt, RPP, CF& &
£ 3)2 HAE o] &3 AFAAPNA et Ax} 7
o] 7+ B A Al7HE el wpet A} sl E = A
S Yehil o M= §ofdt Alo| & YehlA] gste
wuk ohlzt AAFAFE A A vHsg 3 E3h=)|
A AZEE PEolA 4EAEE 279 6ol H]E}
of @AsHA kot im Fof Raju Ao 9]
oJA = 90~1103] =2 Foldt zjolE #AF = 9l
Aok e ook gz o HAF e HAENEE o
|3 Aol A [P 608 T 60F0]A el w71 7]
Hete] AAFH o ETstn BEFY AutE o)
F7hhe o AE Fr BEEHAGP. ol
5% - 5% &<t 88 - AAFE 13 AAs IPE #
Zataed A E719 vlaste] 83 E Pl l
g 9| (threshold)7} ¥1* Aoz E7y
Al e Abolzl glon® [PAAE BE f2E 5 o
T myocardial stunningolA] #2&= = A 71A) 75
o7t 58~ 5% 5% Y - ABF 18] Aoz
el 5= 917) miiol® 58 - 58 B¢t 3 - QuF
13] AR IP7L fEsEo] T48 1o 71 717H5%ke]
A ATor el 34 Fol Jehg + et 8

£ Aol tistoles =#9] o427t IAgT wats A2

BF E7 ARelME PE AAs s 60504 3
YA AREF A5 H8F7R 7Y 2 S 9
2 Qo2 4zkan,

2. PR CK-MBEE ®&F, T|AlH=te| 2kA|

AollA 7iEst upe} o] E A¥As dzE, P
BERA ARFA Ao5E71%9] sEZ/h 23
BARIEY] 7HA T B & QoY IPTFoME A}
HH Y ZAE #EE 7 Ay AepFElA E
NE LR IPF 608-5¢ 488& AAE Nao
TV AgoME AP A B F T F
238 EE HAFHAA dojuhs A EY B3}
A ghgol tigh ztol= WER] gou H43FA HY
FAFME /7T A2 A (zero)oll 7HA B 8
TR AT E Q8 Adolder ERvt 3lst
o2 AXSGA o= FYutgo] vluy F5HA Yol

T B 24 A E g3 2% ofR wat
AqH oz Apolrt g t47] B E BEA

v 22 3R (collateral) 7} §17) "ol ol4te] 4
HE 22 7)1 ofste] Ehd Aog HE AL B
Aol At} £ Agds} A2 total CKY CK-MB®
8o B4rE gz Hlgte [ProlA BT €33
AstEo] AAT. ol gzl Hlgte [PElA CK
(CK-MB#d ¥37t Ax2 o FEHAAY &
2557 SRS AR AAsE Aoy
[P A A2 7L H48 292 B o CKR 3
Are SEF e st Aldabs tEE A
ojt}, Z1eju} Apple £ FANZAM & 27dE
o2 LS AT da o] FAE 3
Aol A CK-MB®E9] &) dA3] F713hs @3
341 Baardmann $%% GUSTO Enzyme Sub-
studyollAl AU E heparing FoJste] A&3 Ai
& FA A7 AaFo] HAYE Fo sk A
Aoyt =3 CK-MBRE9 §&54%7} 71
S BEEY & d¥Enntes CK- MBEEY
FE57P7L [Pl 9Jste] el Aog 9§ &

i

F e Aoz B A= PR AN g

1
[e]
o
gHE A7t S U F 1o o2 BE
Iz ofvti [PE AXE Z¢ EF AAFA €3
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o] % (patency) FA2 HE Yehhes Aoz 33y
¥ CK-MBE3 %9 371= @39 H5AH o] uwa}
Aok Ao E FZ4rh

3. IP2} protein kinase C(PKC)2t2| ZHA|

£ Agds JZHEY PKC 3L ofzhe] Ajole
o} g7, IPFolA 0.64U/mg protein/min A%
Aot 12085 ABFF [PToAE AxRAE o)
0.65%141 0.46U/mg protein/min2 =7 743 vhd
AELEEL 00794 0.18U/mg protein/minZ &
A3 Frkste] PKC7E MEZA AEetez A4
(translocation) =0 84317 doua IS8 Bl

I ek PKCE }“HEQ‘]‘T"’] NS E AL o] Al
Y2 FL3EE & 4 ﬁ%%i(sgnal trans-
duction pathway)Z :r‘ e 8% 82%9 s
olt}. Downey % IPF) A, adenosme—r%ﬂ?} G
protein®] A%slo] phospholipase C7t &3l w
Alxete] Q1A Zo] Eajxo] DAG(diacylglycerol) &

FAslH DAGE PKCE &A43lste ofa ghExx|=
Fgton} ofml dajthiA (key protein) S QA EHo]
ARz adst Jevde Aoz 7)&39t Bogoye-
vitch % 87 AIAHXNA tumor-promoting
phobol ester(long-lived DAG analogue) & AH&3hu}
PKC §F &A% epsilon(e)go] MEFA Axg}
o= we M7t dojyy H9Yd PKC-e2 A9 14
et AEAAN B45E Uehgde #Esigth
Ytrehus 2% PKC#AAlA12l staurosporined
Fogt Aa [PER7 AdsEs PRKCEAEZAQ

PMA(4f-phorbol 12-myristate 13-acetate)& %
& 739 A7t ZolH & BEst 53] A
9] 31%’\1 PKCEAst= [Pa] 83 =4Y A
=319 ol89 /M-S aoksid [PFol A2A
E‘ﬂl/ﬂt adenosine F&7]13fr(receptor oc-
cupancy)7t dojuvpy o2 FE] PKCrF EAsEH
ion channel, 7|4 #(microtubule), WAIZE AL 5
il A g317] (protein effector) S0l Uikstz €433}
ol AeRgadrt Yehdos Aotk Armstrong
and Ganote®+ ¢14t& A (phosphatase : ©]& ser-
ine, threonine ™8 5-& Eislstth) a2l o-
kadaic acidZ AR&3he] %““7.‘—-_13471‘: gl kd
o2A A2RE g3y} YepdS #FEUT Dow-

<t
o

ney 572 ulA#@ &%& AAFE colchicined AH-
ste] IPEH7F AdE S RIS A2 ade-
nosine T87] AAlE AMgsidete PKC7F €48}
g o] IPET7} vebdo] @3 oA AT ufelA
adenosine #&7]|5to] PKC &4 3}o] B3 £41914}
2 1BIE olg ey o9 fE A7 Ansn B 97
AFE Fgslod vy [PE AANE A ¥4 PKCIL
Axea 22 &5Ao] & AEAvV|Hoz A9, 84
3}5]o] AE 2| £3h= adenosined= & oHE &3}
71EE BAANF oA YEIE 4 US AoE PojA
t}. Liu %7} Thornton 5% E7441A P&
£ A adenosineT87]9 Jste] wisfE RAolztx &
Ao} Li and Kloner'V& #3434 adenosines
471 AgA<  STP(8-(p-sulfo-phenyl)theophy-
lline) FofAl A7) A7]e] ¥t glon vhak
] adenosine$ FoIsltetE 4 R go= ey
2 &8 ##8al adenosine 871 IPARE
EhiE Fo4E obd AYE AL of2jgh At
¥ A%2 & o [PAYS} PKC SAsh= 23 37
7b D& FAF 4 glor} adenosineo] &
A Uehe 358 71de obd e Hulsdd 4
Ak,

J-°1]L17‘T° 17&E A myocardial stun-
ning, kA2t Z, heat shock protein(hsp), a-ol=
A F&A Fol IPY ARz ey} wArjdeR

A 5o Q1 1o universal mechanismoll #ahe]
=] Bu Murry 578 ZFNE o83 494
7} IP2 38 A] ﬂ"ﬂﬁx]?l’?} A& E7t AP oA
ATRT gL e AHelgtn 5?919-"}(34271{}%
Ao ARIG 3 E vehile F40o2 43 oli-

gomycin-sensitive mitochondrial ATPase A &3
o 9& RAMog B 4= 9th) 7|5 HLE oligomycin-
sensitive mitochondrial ATPase fAl&do] A9
AFANME PEFE etz ok Shiki and
Hearse®, Cohen 5%, Miura $“& 1P| 93 my-
ocardial stunning® ZHE] oLz B do] o} At
FA A2rEEE AN e Aog Hekoy IPE
AABHEE AEFEHEdye & Wiyl glon®®
B AFAHNME A2FEYE F7hE A @) wet
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A 3835 2] myocardial stunninge [P 93t <k
5}511]“ G AR BT ArFdZE [PEY

A2 484 Jou®? Iwamoto Y& Atair)zt
2éﬁi—f:*:'"’—.i_l(sca\venger & Fosluets [PEd = W)
7t S #Esta AagtdE [Pade AR
291 opds FHE%Th Knowlton 598 IPA] &
71758 1HE hsp7t FAEHA o] RE BE
A7 vEld Aolgkx sig oy hsp FAAAERD S
Fosiriete IPEAE YER™” heat shock¥ hsp
BHL HEF 8zl At HuXo] mEshy A
ALY g gt AEAR® Sov
= 9 hsp/t IPEFHE YEhE 78 8210% W&
o]¥t} Banerjee 5% HFHE 0|83 Ao a0}
cEgdd 84 AdAE AHEE A3 IPART &
Axo] e-olzdld@A  WelA 7 A (endogenous
mechanism)©] P& 39} #AYL Ao 7|edge
U E7RAAE I AEA TR A2REE B
ZEA] G ooz dEA FEANIAE A}
43E dolx PEHE AP wbA [PEF
T oA g ofd &7 71de] Qs Yehie
7o) ofzt ol5e] EHeHA 2gsle Yehue Ao
Holop & 7107 A7t}

o

ru

f“d

5. = &l#e| 5tA

2 AN E E7]9 AEAEE ol 8sl AYRE
¢ (normothermia) oA S doj} AAFE A3t
o} mEty YA R AT AR EE A2 5FE ¥
BE(K)E9e AgsE  A24AA (hypothermic
cardioplegia)t} H4lvt#slolA AAE dgater 3
AEA ATAEAA Vel e S Aolr) 9l
T ASE Aol HFAE o] 83 AN Ay
gjo} Blwate] A LYo PSR 2 H-A
FE AARE o ALY 7538 Ee] v o Sk
Ao #HEEHAJY AAF7HE 120301*“’& =
7 B HEATATAA dojuhes e AEE
=9 Fol we} 2 vepd & glenz B Ao
AR A FANEE 21E Gl ALs]olE ol ®
sl Asol & FAE0] Brh o9 tEo] B Ao
Aol ohd AEH LH(physiological solution,
Tyrode€) o2 #iFatA7] Witol AMAFHLA A
T 2AHE HAV dE Aoz gEd dH(ES

...LJ

HEP) - A4E A WIHAE T8 7 - AZAE A}o]
oA dehds AESA wEES 338 £ Qi 2
g E7lE 79 2 Ased o2 Alghe] mdlo]
2 5 Ju® Al go] AFdle Ryl gleng

A A FHARRS BAA 2ol o3t FHE
(covariation) & viAIE = SI%A7] wjiEo] & AojA
EE7E AYEER A9l

oo 2 HEAANA IPE AT 79 60854
HESF ABFA A371%59 §1E57}* ‘45}‘47*] 2%
o AN E AT HEANE BEY
T AeH olgjdt ATHIEIE PKC 243 9
e BAZE A& AR AZhEr

e

2

Al -

e 71HEt ¥ -A#RFE W (ischemic
preconditioning, IP)& %44 $£&5He B} 71 7|110E
ko] o & Bsta ARFA A2 £57150] F
7telm AR g EE 59 A2RIans)
de AR defA o By Hd diste & =g
Bt FHZde ABFA ASHEY protein kinase
C(PKC)9 &A%tz PRt Yehg AHojgte 484
HEe] BiE 9lo) =dte] B} upgtd £ A
ME AHE E7AZE o848l IPF S8 - AaFA
AR a7 JeexE @3t IPEdy Ye
o AZAEWe PKC #A4EE 238l [PEF
7} PKCEA4 7} BASIE7HE Yolinz 39t

e ol Zn} .

ﬂ]fﬂ%—r

T(n=14)M= IPgle] 60¥5<t
120259 ABFE YAAT HLF ARFALE
F HAA715(LVDP; +dP/dt: RPP: LVEDP:

CF), ¥A39 vz el 2} AFPFasT AZAXY
creatine kinase(CK)-MB¥-8 3} PKC ZALE &
A ATHAL B E AAs)AEA 1% tetra-
zolium salt2 @Mst FeAS3I¢T. LVDP, +
dP/dt, HR, CF3&&, A= SAuE 5L 27,
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IPT Alololl A foJ3t zolE B & giloy Al
CK-MB¥39| 45 IPToA #A% Zasidt
(p <0.05). AZAZW PKCF MEAR 9 4
[Paol A dAs] #ad Wi (p <0.05) Alxis
IPEA dA3] F7kso] o) (p <0.05) PKC7} IP
Z AFHA METoz HA¢ SA4HT Y&S
ERSiTh A2 AR dizdte] Hlghe] [PatellA
A3 7raE ) A p <0.05).

Z E:

ooz HEUF E/AANA IPE 608 3F -
1208 A#FA 24715 352 Z7HEA] dou 4
SHAPESE Ao FE BRI R} glon ojg 7
& 1P AR FEIHE PKCEASZRE vehds
Aoz Azbgch

N

flo rir
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