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B£AYE LN B ES L EMEIL (schemic preconditioning, P)
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SRR S E T H B A, ZOEOIPOEMRIGEE S ATV R, RHIETIEA 2 OSEMPFTIERTIC & B LF R - B
WEFMIIBWT, IPjﬁzﬁL:ATPEF{"fMUrﬂwf»r%)lﬂﬂ%@bﬁ%%ﬁ%%ﬂﬁ%ﬂf:. BR % 3BT, ERKEIR
ST AR B SN L7, CREGTRTI3 30 S ALK 24T - 72, PEEGTECIXIPALE & L T5AEDIENT & M % SEHRYEL
t%,m%ﬁ%%ﬁot.NﬁGﬁfﬁMP@%%ﬁUﬁA%#V%»%D%:u?V?»%ﬁﬁﬁ%LooPﬁtﬁﬁmm
BB & 4T 728030 ENT B AT - 72, 3FFL LR[S VT IBEOBER T/, X575 VAHNF—FNEBOVIER
LR A & UM RE 2 AERRAY IR L. EEIUER AL B L b 30 ERTRC I L 72 2Y, NEEMC, PEICKLT
%ﬁﬁ&ot(cﬁ,mais%;Pﬁ,msia%;Nﬁ,1m¢3%;p<om» HEFEEN, PEACHICLLEHROH
HErRL. EEAERII0MERRICEL L, NFFC, PRI LEETH o 7= (CBE, 59+3% ; PH, 54+£5% ; NB,
77+3% ; p<0.05). HERRZENTEFC, PR LEHOEEEZR L. SRR 3B L b ENFICERL, B
EREORELBEL 2. BlREOEERRTIAY Y ADEMAEIC KT 5 R P, NEXCEILL THETSH
mﬁ,mis%;Pﬁ,%iz%;Nﬁ,%is%;p<mm.ﬁ%ﬂﬁ%&ﬁ%%bt@%ﬁ%&%ﬁﬂﬁﬁ?,Nﬁfu
P HLEE 0 5 4 HERF T RSB L, 30 4B R 13 CBF 1T S LTHERRL: (CH, 61+£3% ; PH, 68+£2% ; N#,
%iZ%;p<mm_b%ﬁﬁ«%ﬁuf?~iﬁ7DEVﬁEMP,Nﬁf@ﬁﬂﬁ@S%ﬂ%@Kk%t%Mb,%ﬁﬁ
m%mcﬁmmLf%ﬁ%ﬁLtmcﬁ,alinmm~gﬂ;Pﬁ,msinmm-gﬂ;Nﬁ,wgimmm-gﬂ;p<u%y
B o L BV LTI 12 & 0 A LS BRI e o 7 R IO A VR TR R 1\ R T R RR O e 0 727F, 3
BEEEEO OE= v TIEP, NEITCHLY LEEICEMEER L. UEXDY, IP i3 p i i o0 U LR BRI O
R RGHAEMLIC X o TLHREMRELLLL, ATPREHE S 1) 7 A F v A VEOIIEIP L O AT LD I B D L LR

BT ABRL, HEREoCRENEZEL.

Key words ATP-sensitive potassium channel opener, coronary artery bypass grafting, ischemic
preconditioning, myocardial ischemia, myocardial protection

Murry 5" 1219865, LFBIEEEC & WSS E gL L
HilEmeHEgYET el T O B 0 it 14 A5
L, 20H0 0SB ORI EMIC L > TRET 2 LHEE
F A4 RN TA I ERRELL. 2 OB E LTI
(ischemic preconditioning, IP) LIFIEN, AL i
FoRBOBET, ThbOLERBRILEDOHE & BRAERRNE DY
LLILETTA LN EOBFLEER LITWB?™M T/
ATPESME S 1) % L F & % b (ATP-sensitive potassium channel,
Kate) BOIED 277/ ¥ v ALSEEIEME" £ RMATICE
EdpzkizkoTIPE W EEHIDRFEONRE I LN
s TW5h, AE, HEEEOEER{LOHENERZITTA
TOM%EMERLE W {42 0 B T REIR B AR 2N A /X A A
(minimally invasive direct coronary artery bypass) 2¥E KL 2D

TRCI14E 5 B 14 B2, FRI11E7 R 7T HRE

%29, BT RR TR YA ORI 20 ~ 305 DR
ﬁﬁ%ﬁ%%@%%.~ﬁumamﬁﬁ&<%mmﬁ%@uﬁ
SR A I E 20 X B & R EMELHEENRE S
ténm,Eﬂﬁﬁ%%@@%%@m%zﬁﬁﬁéhé.%%
Eﬁ@ﬁmmﬁ%uﬁmrm%%ﬁ@%%%iwmﬁﬂﬁ?
LERED o, LHABTEMICS VT 3 IP DR R ISHE
zénfw&w.—T,ﬁﬁﬁ@b%@ﬂ&uﬂﬁﬁ@@bﬁ
%Kﬂ%&wﬁﬁﬁbb%fbﬂmﬁﬁﬁTLTWéﬁ%mb
g5 % = ¥ (myocardial stunning) &IFIN2™. LB TF
MCIRD - EEERRIC CIUEREDE T ARBENE, ©
DB T T 5 IP R Katp IR O RETHATH 5.
%:ﬁ,mm%fufxoﬁmmﬂ%ulabﬁﬁm'ﬁﬁ
ﬁ%?wuﬁwf,WﬁUK&m%D%KIéb%ﬁ%%%

Abbreviations : Emax, maximal elastance; IP, ischemic preconditioning; KATP , ATP-sensitive potassium channel
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1. EREY

EBEM & L THESS ~ 13.4kg (P 11.4kg) DRI A
X 29WEE 7. ERBYOEHIEERKEENBEEYE
BRAGST e o 7z, EBRBEMIIT O3 BICoFE L (K1), 30
ST ENT R SR BEERET -2 CH (10H), 50RO
MR & 5 MOEMEL3ESOBRVELIPEL, £0

#3057 EM & SRMEER LT 2P# O, KarpOHEZ
BE LoD CHEFABDIP 21T - 712123057 B L & 3R
Ao NE (1050 & L. NETIZKarrHOEL LTS
I IN (RO, KR & MR 1548012 100 4
g/kg ¥ BIRES L, Z0OH10 xg/kg/5TI0FBIMA T
TS L2,

I. EBREFLOMER

YaEsr ¥ 3 v (546, HH) 20mg/kg %KAM TSR, N
YRMSVES = Y s (HBEE, KR 30mg/kgB L
Unrruoyazavwd F (HEL VS 2, BER) 0.1lmg
/kg FBIRAICES L, fERIFETIC—/— FEREXA
TGS (Bodine Electric Company, Chicago, USA) % iV, #1

Ischemia(30 min ) Reperfusion (3hr)

Group C

P

Group N

[P ——_ Ischemia(30 min ) Reperfusion (3hr)
o B B R

Ischemia(30 min ) Reperfusion (3hr)

Nicorandil

Fig. 1. Schematic diagram of the experimental protocol. In the three groups, dogs were subjected to a 30-min occlusion of the left anterior
descending coronary artery and 3-hr reperfusion. In groups Pand N, ischemic preconditioning was performed by three episodes of 5-min
coronary occlusion and 5-min reperfusion. In group N, ATP-sensitive potassium channel opener, nicorandil, was given intravenously (100
« g/kg by bolus infusion) and continued (10 p g/kg/ min of drip infusion) during ischemic preconditioning and 30-min coronary

occlusion. EZ

Pressure ESPVR

ESP /

EDP A v\\ng-~Z//
EDV Volume

Emax ESV

Fig.2. Schematic diagram of the left ventricular pressure-
volume loop. When the preload was decreased by occlusion of
the inferior vena cava, the end-systolic pressure volume
relationship (ESPVR) moves along a straight line whose slope
is known as the maximal elastance (Emax). EDP, end-
diastolic pressure; EDV, end-diastolic volume; ESP, end-
systolic pressure; ESV, end-systolic volume.

1, ischemia ; [, reperfusion; &3, infusion of nicorandil. IP, ischemic preconditioning.

FFIZ D REGIRET o7, FERPHEEARY PANLVES
—F Ny mL, ROy LTER A FEBIRPISE
miEE L, SEMEYHEELS. IEFECL)OBENEES
y—L, KBERE D ATF—F A EALBRLEEZE=S L
7z, SN TR L, CEEE L O E S L.
ERIT RO S—HasmEe #nd b demEMO2 A
12, F—=4 v P EBRBLTRIER - TERETVEERL
fz. AR T F MY L (GREIES, KB 300 H{7/ke % HHE
%, EOBLhwA 02727 —FEARONT—T MVERIA
LELENICEBLE, av ¥ sy Ah7—FT VERBRKU-
97035 (L= — 7 A7 4 H V) LEENERERDLRE P 7 ¥
252 —4—% 7 —F ) Miller Instrument, Houston, USA) %
LDRE P SEZERNFALL.

AT Y VAN T T VEEEBRLHHIIEBRT AL
B, ML F AR L7z, F 2T 0 BRI T D
PR B L7, A Fa LT I R E
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% REMBTERTAT & 3 W T E A BRI S LTz
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1. LHEE

DL LCEREARRBEAVTCIELL:. EENFRIZL
OREMEFLTEREN T Y Sy 5 A (REE) CHBIT L
W, EEOMEIBIT A LABRY O FERORRIIBYT
A F 08 YRA F=F A LELNLLHNLEDT 52
5 v ADEEGM @ WHAIT 5. Thabb,

Vi) =1/a)?p [GM 1) — GP]
7EL, LRIy sy v AR F—F VOBEROENE, o
MO, GPId/ST LAvay ¥y d v A (LIESNA~DET
D|H) THBP,

AV T VANTF—FNEERERNERAT T AP0
EERRRLAERIEEE VPRIl (222 AF 4 A L) &
BLTHA—VF LTy ¥ a—7—PCI821Ls13 (HAER, ®
) WEbh, FEBESRERY 7 O X TFTINE (2=
— AT 4 HN) IS & o TREN ICESRERAER S Nz

EEERRKME S IRIE, IWRIER, LRREE,
HERNARYEL L, FARMROERZAZHAFRER
?(Em.E@%@ﬁKkWTmﬁﬁ%zké%t%,Ttﬁ
PHE-EOEBLETBEL, JhIUERNEAERBER
(end-systolic pressure volume relationship) & EEhs, ZOE
WOOEIIEEEZAT S A ¥ A (maximal elastance, Emax)
L EN, FIREMNICEEL 2V LIHEEOSEAIRETH
597 Emax i3 FAERAEE® CX Y WELAZ. EmaxilD
TR O MR E O B IR 720, HIWEL
ORBEAVSLNE D, F 2 CHRMA L SHFEMFERZO 20
Bl L, EOAEICET AR (%Emax) THELZ. ILE
Lﬁﬁtﬁiﬁwﬁﬁéﬁmﬁ@uﬁ?é%ﬁ$T%ﬁLt.

EFRNEE=F ) 7

M%ﬁﬁﬁ%%@mT%tmuﬁﬂﬁﬁ&%ﬂﬁLtﬁﬁ@
FHIFRE (tissue oxygen saturation, SO) R UHMi~NES/ T Y
v . 3450V (tissue hemoglobin plus myoglobin, Hb+Mb)
w%ﬁﬁ%AmN(N4¢X?fﬁw%41yx,ﬁm)&ﬁ
H U7, Z0%EI700 nm, 730 nm, 770 nm O 3EHEOEHR
S % MR T I IRET L, MRRPTCEEL LB — 38 & IRET A
bbb EEEY BT TEEL, TOREED L Lambert
Beer DEEANZ TV - HEIC £ b, SO, Hb+Mb&E % ER
HOHiET 22, AT COMETH S =D ERITERO E
KO LETICHEH 7O —REEEACLoTLoA ) &
£ LEmgIcE =y — L7z,

3. BEROAILRE

B IEEOME IS IERGHES - FvA 70X T =
7 — (BE-Z Trac, Los Angels, USA) Z iz, 2O A 717
27 =R O R 0 IR L VRS AR X T
Vy/TED N B AR SRR OEE 1S pm, HEL050
O TH S, IELEIZEAT S L, HRMLERE BERIZIHFIC
FEoTLBIHRL, BROZEHBOMIDERIIEZL.
T4 7 OART 2T, B WEEERE SORERTRE
TB LML, EAH S ICTEME THEEICHEITA
LATRTH S, EROBGEYS 7 0AT 2T —EE KL
TREIDEIA P TRIFMKZNETE LR SEHY), 12
& B W RERE IR A% O BT LT E TR~ A 71 A
7T - Er=098 L W) HBBERERLAL®, v (7B AT
27— OEAGTEIRBIIRFE R, B & U305 B OF R

ENMCEERGBEI T —FLMENTY, 2608258071
rURT 2T —%—EIAT & 600 FEEALL. TA7BR7

—EA L FABCBAFTLREE L O DOEEMB T > TV
&kMQMiUMM%ﬂ¢/7%mwT EHRE (7.5ml/5)
T1H4HERILL 72,

SEEIE A LA I L, B (BT TAT R,
RUSEEBMET (EREHEE 0208252 cm ) OLE
BEAYIR L7z, The E5ISLAEM L LAHERIZ2OL, &
HA4ODOPEIIFE L. A7 0A7 27— IRFEROH
WEEEF v b (BZ Trac) 2HWTTo7. EIFOLHERZE
PsE L7z, mn#k L7z 2NoKEEF b)) 7 A HCHRAE BLE
L, BLLTRA70A7 27 —DHEGHMB LA, <47
ORA7 o7 RnEREESE* AV CHEMETERL, BT
DGNFEE (Qm) 2D TORTEH L.

Qm= (Cm X Qr) /Cr
72721, Qm : BB E (ml/5/g)

Cm : HEklgM7=h D<A 7 TA7 =T -8

Cr  EEEABICEECHRSLBRMAPIZETR

w4 70AT7T— 8

Qr  EHIRIMALS R (ml/ %)
OFHER & ORERZhEho Qm 2Bl L, FOFYE L5
I8 & LT ket L7z,

4, LERBEREROWE

LN EEILET & 3EERMFEERAR TRICRILL, LHRpEEET
H I PO R Y TR RERERAELACTHEL, L
Em BmgEoRETHELL.

TBEESERN 72 & USSR ERALRL - B0 R

BW%Eﬁﬁ%r&L@m%ﬁmbf,ﬁﬁﬁ%immﬁﬁ
OLEY Y TV R ERTTATRE L BREREED> b EhEN
15ecm WA TEB L7z, s 10%HiFL <) ViR TEE
L7 #ERIZ AT 7 4 ABBEY L, HEERBEZTV, L
GELFHEL /2.

V. #HEHZAIRTEE

WAL, T_TX £ SEM THFR L7, 3B DR ORN
RZLIC S b A EEREICIEEBENE O H 2 FHGHTEEH
W, p<005kEEL L, AEEDH 72 DIZDNTIEE

\Z S EILEGRE & LT Bonferroni & AV, E%mﬂi’f.ﬁ’f“@
%o 7. SEERICBIT S BINETHROZEDMEITITHIED
HBHtHREEHW. IL\iﬁ?H]?b@"E?@}E@’l’ﬁﬁE \Z 13 Fisher
OEERREEFV, WTFROBEb p<0056rHEEDD
EL7.

B 1#

1. & & K

OEHBMS 5 IR EERT L EMB AL 0IEC
B, PE, NETZhZNAE, 35, 4%T, SHMTRER
CEE Lo S0 b 3EEEET I L EME AL
tmmcﬁ,Pﬁ,Nﬁf%ﬂ?ﬂZﬁf,Bﬁ%f%Eﬁuﬁ
o, LEMHEYREELA XIERNEMBICL>T
TR ) BIREAEE LT O ERERMBROEREEL
2. FOFOERBILEMEE R LA XA I
WMENLBRI L. ZORE, WHRIGCH6HE, PH6HE, NI
6E L L7

I. D # g
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1. Lk, EFE

OEGTED - BERTB L CHEREEIT L, 3T
HHEEl ifm:ot. FERFE R L 3T L b I - BN
PBUCEBLEE b o7, AEEERPEZSEL LI
304 HEMLLC & V)ﬁ%_ 12 <0.001) EH L7225 SEEMICEES
Bhholk., BEREOESILRAKLE BEILEE LA,
SEMTEEZR o7 B,

2. EEER

PEHEENBTIIAZNHENERIZIPOSFRM A t'ﬁbu

L, MEFENCEELL. IPPFENBEFPERLVEVERE
7o, 2EEMICHERI LD -7, ARIEEAR iSO’J}ﬂZ
MTCHE126+£3%, PEE1234+3%, NE112+3%E7%D, 3
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BL L ITHEEIC (p<0.0001) HML 2%, NEWEC, PEIZIL
LTHEK p<00l) BETH 7. F7- 3R HERERLS
Bl 30U & A L7, PR 1R TIA N BEATC,
PRI L THEI (p<0.005) KET, FEME2HMTIEN
BOANCHEIVEEID (p<0.001) Do 7. T
3B TIEN, PERZCRECH LIRETH o 72 (p<0.005).
ThbbN, PREFCHIVEHOMELZRL, FOFRIEN
BORED o7z (M3). EELREPARIIIP I IGERD
ERLABROELEFRLL. ESHERYAFII300ENTC
BE11143%, PEE106+£2%, NEE107£3% &%, 3BED
WCEEIC (p<0.05) BWhnL 2%, 3HBICEES I kd o7,
TERBORBILEEL, SBETHEESRI 2D /12 (KY).

Table 1. Hemodynamic parameters during myocardial ischemia and reperfusion

Period
Factor Group Bazeline Ischemic preconditioninig .30 miq— After reperfusion for
o-1 R 02 R-2 03 R3  ischemia 2hr 3hr

HR C 1875 189%5 185+3  187%3 186+3

(beats/min) P 185+4 1825 185%5 184kx6  184+4 183x5 185k5  183%5 1855 184%4 185+4

N 186+5 185+5 18745 186%5 186=£5 185%5 188%=5 18343 186+4  186%5 1875

ESP C 127+4 124%5 1257  123%£6 123+6

(mmHg) P 124+5  114+7 126+3  118+5 123+£3 1214 123£3 12343 123+3 1206 124+5

N 122+4  115+£6 120+5 11248  120+=5 114*x6 118+£3 118%+6  122+4  120%5 12243
EDP 24403 4.0%£03* 3.6%04 36k04 3503
(mmHg) 25+04 39+03 33+04 39+03 33+04 39403 33%£04 3.9£03* 33+04 29+£03 29%04
24+03 36+07 3.0+07 34%06 28+06 3.5+05 2.8%£06 34X+0.6* 28+06 27+£04 25%03

HR, heart rate; ESP, end-systolic pressure;

EDP, end-diastolic pressure; O-1, first occlusion; O-2, second occlusion; O-3, third occlusion; R-1,

first reperfusion; R-2, second reperfusion; R-3, third reperfusion. * p<0.03, compared with the baseline value.

>
w
[44]
X
80: L Ischemic Ischemia Reperfusion
Oj/ preconditioning (30min) (3hr)
Time
Fig.3. Changes in the left ventricular end-systolic volume

(LVESV). Data were obtained at the baseline, every 5-min
occlusion and 5-min reperfusion, at the end of 30-min
ischemia, and at 1, 2, and 3 hr after reperfusion. LVESV was
normalized by the baseline value before coronary occlusion.
Each value represents X &= SEM. @, group C; A, group P; [,
group N. ischemia; 1, reperfusion. * p<<0.01, group
N versus groups C and P, 3% p < 0.005, group N or P versus
group C, by repeated-measures analysis of variance using
Bonferroni's test for multiple comparison.

1204
1107
Z A
w100
X

90

Ischemic Ischemia Reperfusion

0/_]/ preconditioning (30min) (3hr)
Time
Fig.4. Changes in the left ventricular end-diastolic volume

(LVEDYV). Data were obtained at the baseline, every 5-min
occlusion and 5-min reperfusion, at the end of 30-min
ischemia, and at 1, 2, and 3 hr after reperfusion. LVEDV was
normalized by the baseline value before coronary occlusion.
Each value represents X = SEM. There were no significant
differences among the 3 groups during 30-min ischemia and 3-
hr reperfusion. @, group C; A, group P; [, group N.. [
ischemia; [, reperfusion.

3
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3. EBEAFEE

EEAEERIPOSSEMPIZET L, ERECEELL.
IPREMTOESAESEEINEIPHL VAR <005 5
ERRL:. EEHAERIISEMTCHSI£3%, PHME
5%, NE77+3% %0, 3B LFEIC (<0.0001) ETL
72 FOBETEENBEFCEEPHIZHL THEK (©<0.05)
Ko7, SEFRITEETTRIE 3 BEL b ETEME T & 2D A,
NEHC, PEICH<THEK p<0.05 BHHET, BHOOIE
£ L7 (A5).

4. % Emax

304 EEHLAE D % Emax 13 CRE78 =3 %, PRESS+2%, N#E

120+
100+
804
B |
7]
£ 604
40-.
-~ Ischemic Ischemia Reperfusion
0 ’ i preconditioning ™\ (30min) (3hr)
Time

Fig.5. Changes in the left ventricular stroke work (LVSW).
Data were obtained at the baseline, every 5-min occlusion and
5-min reperfusion, at the end of 30-min ischemia, and at 1, 2,
and 3 hr after reperfusion. LVSW was normalized by the
baseline value before coronary occlusion. Each value
represents X = SEM. @, group C; A, group P; [J, group N.

,ischemia ; [, reperfusion. * p<0.05, group P versus

group N, ¥ p<0.05, group N versus groups C and P, by

repeated-measures analysis of variance using Bonferroni's test
for multiple comparison.

100'} P4
90
a
8 80-
Q\o
70
60

Group C Group P Group N

Fig. 6. - Changes in the left ventricular maximal elastance
(Emax). Emax was normalized by the baseline value before
coronary occlusion. Each value represents X == SEM. * p<
0.005, group P versus group C, % p<0.005, group N versus
group C, by one-way analysis of variance using Bonferroni's
test for multiple comparison. )

95+3% &% o7z, N, PEIZLDIZCEINDIFRIL (p<
0.005) BiECTH-7. NHIEIPHIVEVWERZRDLD, 2
HERICEEER 2h o7 (H6).

. wEFAfeE=4Y>T

1. ‘L‘%SOz(ﬂ“ﬁE

PE L NBETIRIPOBIZ, (SO, I35 5 ERTIC LY
BT LRI & 0 28 Uiz, IP o #)E M5 ERT A -0 SO, 13

90'1

— 80 7

=X

o 10 4

o}

w

| 60

;g

S 50 |

=
40 4 Ischemic Ischemia Reperfusion

- preconditioning (30min) (3hr)

0

Time

Fig.7. Changes in the myocardial tissue oxygen saturation
(S0,). Data were obtained at the baseline, every 5-min
occlusion and 5-min reperfusion, every 5 min during 30-min
ischemia, and at 1, 2, and 3 hr after reperfusion. Each value

represents X = SEM. @, group C; A, group P; [, group N.

ischemia; [, reperfusion. * p<0.01, group C versus

groups P and N at 30-min ischemia by repeated-measures
analysis of variance using Bonferroni's test for multiple
comparison.

1000 1
.a 800+
=
) -
g 600 -
‘;’5 -
T 400
3 "]
q
§\ 200
s - Ischemic Ischemia Reperfusion
0 i preconditioning E (30min) (3hr)
Time

Fig.8. Changes in the myocardial tissue hemoglobin plus
myoglobin concentration (Hb+Mb). Data were obtained at the
baseline, every 5-min occlusion and 5-min reperfusion, every 5
min during 30-min ischemia, and at 1, 2, and 3 hr after
reperfusion. Each value representsX £ SEM. @, group C; A,
group P; [, group N. @@, ischemia ; [, reperfusion. *
p < 0.0005, group C versus groups P and N at 30-min
ischemia, T p<0.01, group N versus group P at 30-min
ischemia, ¥ p< 0.01, group N versus group C during 3-hr
reperfusion, by repeated-measures analysis of variance using
Bonferroni's test for multiple comparison.




CABN T REREINR /S A 7S A FHFIZ BT B L IRE 415

PHE60E2%, NEESIL1%TH o728, Win b EW E A
g BA L. 3045 MFTERT R D085 SO 13 PEE6S £ 2 %,
NEE68E1%THYN, CHNBIE3BICHLFNFREE
P<0.0l) BETHo7:. BEMRZEIIHLLEBEL, 0M
A 3BEM TEE 2 h o7z (T7).

2. -5 Hb+Mb
PEENBTIIIPOBRIZ, L8 Hb+Mb (I 5 57 HF 12
IOIETL, BEMICLY EF L7, IPOFIE MR 0.
% Hb+Mb X P2 334 & 7mm - g/1, N#:373+25mm - g/1T
Ho s, EMEBSETEICEEL, 305 MR & 0.5
Hb+Mb iZP# 408 + 11mm - g/l, N#£489+20mm - g/l& %
hREREEI 0<0.01) LRLA. wFhICHMNIILE
11mm - g/1 X W EEIZ <0.0005) BETHY, NEIPREL
DEEIZ p<001) BETH o/ FHERKIISHELOEMAL,
NEZCHLIVEELZHER LA 0<0.01) (X8).

V. BRRUBMLEE

R F ARSI R TR I & D IR AT ST A B
FI oz, 30ERTR O R T AT RO /AL #E LR &
3B E LAEIC (p<0.0001) T L7275, SEEMIZHEERI

124
hd T T
® 1.0
E 0.8
E 0.6
1< -
ol | * :
NN  EEN NN
0
Group C Group P Group N

Fig.9. Changes in the regional myocardial blood flow of area
perfused by the left anterior descending coronary artery. Each
value represents X = SEM. There was no difference in the
regional myocardial blood flow at 30-min ischemia among the
three groups. [, baseline; B, 30-min ischemia. * p<
0.0001, compared with the baseline values.

1.0-
g 0.8
g o6
B
ﬁ 0.4+
o]

Q_‘ -
5 0.2-

0

Group C Group P Group N

Fig. 10. Serum troponin-T concentration at 3 hr after
reperfusion. Each value represents X = SEM. * p<0.05,
group P versus group C, ¥ p < 0.05, group N versus group C,
by one-way analysis of variance using Bonferroni's test for
multiple comparison.

Lol HREMERTRENTITRONIERZS ARLE
LI, FA3EMIIbETE2 o4 (K9).

V. DEEbEER

BMATO PR o TIX3HEL &M T0.10ng/mlLLTFTH
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of protein kinase C is a key event during ischemic

Cardioprotective Effects of Ischemic Preconditioning and an ATP-Sensitive Potassium Channel Opener in Off-
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Abstract

Ischemic preconditioning (IP) is the phenomenon in which sublethal episodes of myocardial ischemia result in increased
tolerance to a later, potentially lethal, episode of ischemia. To evaluate the cardioprotective effect of IP and an ATP-sensitive
potassium channel (Katp) opener, 18 dogs were subjected to a 30-minute occlusion of the left anterior descending coronary
artery followed by a 3-hour reperfusion. Six dogs (group C) received a simple 30-minute ischemia and reperfusion. Six dogs
(group P) underwent ischemic preconditioning including three S-minute episodes of coronary occlusion and reperfusion before
the 30-minute ischemia. Six dogs (group N) received an intravenous Katp opener, nicorandil, in addition to the ischemic
preconditioning. Cardiac function was evaluated by left ventricular pressure-volume loops using a conductance catheter. The
myocardial tissue oxygen saturation (SO,) and the hemoglobin plus myoglobin concentration (Hb+Mb) were measured by
near-infrared spectroscopy. The regional myocardial blood flow was measured using the colored microsphere method.
Troponin-T was measured to evaluate the extent of myocardial injury after the 3-hour reperfusion. During the 30-minute
ischemia, the left ventricular end-systolic volume was significantly low in group N (C, 126 £2%; P, 123 £3%; N, 112 &
3%; p<0.01), and the stroke work was significantly high in group N (C, 59 =3 %; P, 54 =5 %; N, 77 £ 3 %, p < 0.05).
The postischemic recovery of the left ventricular end-systolic volume in groups P and N and that of the left ventricular stroke
work in group N were significantly better than in group C. After the 3-hour reperfusion, the left ventricular maximal elastance
was significantly higher in groups P and N than in group C (C, 78 =3 %; P, 88 =2 %; N, 95 &3 %; p < 0.005). In groups P
and N, the myocardial SO, was seen to gradually increase at the second and third 5-minute episodes of ischemia. During the
30-minute ischemia, the myocardial SO, was significantly higher in groups P and N than in group C (C, 61 =3 %; P, 68 &
29%; N, 68 = 1%; p< 0.01). The change in myocardial Hb+Mb was similar to that in the myocardial SO,, suggesting that IP
induced reactive hyperemia. During the 30-minute coronary occlusion, there was no difference among the three groups in
regional myocardial blood flows at the ischemic area. Troponin-T was significantly lower in groups P and N than in group C.
In conclusion, pretreatment with IP provided a cardioprotective effect during the subsequent 30-minute ischemia by increasing
the myocardial SO, and inducing reactive hyperemia. The concomitant use of IP and Karp opener both ameliorated cardiac
dysfunction during the 30-minute ischemia and improved the postischemic functional recovery.




