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[ ] EHE, TR 7L ik FLrar s o va
SV TRRA N T 4 g = RN E L%
DOLHBEEYS A X 2L IEDLERHAL NS TY
H., LrLeAR 7T ik bsa T varyrsy 4 va =
EARAbMarvyT o va=v 7 E2HALES A OO RE
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KW TIX, in vivo U H XL HEMLHFERETT VE
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VIR, RRAbMarvF 4o va=v I, FTLarF 4w
a =V T ERA P T4 va = T OB T RT
B WTAHEBWCHA LE., L2 LEHE O R ICHINER
TR o, FERANaLT 4 g = v TR
BITOFvrvavs g va=mrv e RAMaryrs o3va =
Y7 OO0 HBECHMERAEIRO B AENME S .

UEofER I, Yvarsyova=rv 7 ERARa
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1. #% =&

1986 41T Murry B VA X & v T, O E L 5
TR TREREOREBME L O ICERR ORI % 86517
YL, TOoO%OERERRMEoOEMICHMEZ L SDXIITRD,
I FEREOLHEEYS A X 2D EIED &0 BHAE
FARMHBL, EmMyvarsyasva=vrstams Lz %
LK, BHELOMEREIH, EMOHRRLT R
T T 8o W N R R A R my I R R E T D L,
HERBEOLMHBEEYT A INBALT 52 ENHEVEN
t.%@fﬁﬁxbkLTiAWW%@ﬁ)?A?yx
Vo (Kyy) X, I har R TR EHEES L (nPTP)
fi%:“ﬁii‘/k“i7::&§7—&LT%&%énTb\é3"”.
T, RELTCEHBHERFICHEEHOELSER 7 LT &
R E OB ELREET LS LELHREDIRLIZE D L
N>z EnBHELMNMCERTEY Y, FAXMavrs v
g =V 7 eI TS, ZOLDMEEDIRITSTL a v
T4 a7 EERBERCLOHEEY A X E2EAD S
HIERBHLEMNIENTWS., L2rLERZ7NLT &
HPHRA NIy T 4 va=m I RnN T varyy 4 va =y
WX L CHMBECERT 22823+ 0BRSS N
TWRW., KR TIE, in vivo 7 ¥ X .0 /& M 7 % K
ETF L EHW, EARTZTALVLT I ABA T LT 4 v a =
yﬁ%i@fx%:V?4Vazyﬁﬁ®%£mﬁ@ﬁ
EEICA T ITEELZHERHE, LHBEES LA X, BLY
ﬁ%mﬁ%%@%é%%%%ebfﬁﬁbt.

Vi

n. 5 &

RN E R RFEYIERBSH I, X (New
Zealand White, 2.5~3.2 kg, M, HAX SLC) % Wf%E 4
B &L 72

1. Zb B AL &

7% I (35 mg/kg), VA 7T (5 mg/kg) DIESE
" (LN K/X) O RANEEIZEID2E2ETME:TIZHEWT,



LEUBE L, KEWNF =2 — 7 (SHERIDAN ID 3.5 mm) %
AL 7.

BREE O HMEFF 1T K/X OfIRANFRE S (5% I 35
mg/kg/h, ¥ A 7 2 5 mg/kg/h) &2 TAT > 7=. KH5E
THEHBHMBEBRIIEHA LR o722, BHBSERICL D
By oRXBEITH IR DN o, BKITEYH AL
W% %% (PRO-45Va, 7 2~ , W H) & &% H
(ANS-5000A, 7 =~ , BB I) % H W2 Tl & % %17
W, HEICIGUD CHBEELEMZ . BREIT 25~30 A
/R ET L, MW H AE =X — (Capnox, A AR = —
v, BEMM) EHWKKRER @b R $E o N 35~45
mmHg 272 %5 X 212, @ kii® ¥ 2o L v Pao,
> 100 mmHg, PaCO, : 35~ 45 mmHg, pH : 7.35~7.45, Base
Excess : —3~+3 (s kst sttt rasREL -
IR IXMIE Yy R 25 & (T/PUMP TP-401, IMI, 1735)
ZHWEBIE % 37.5~38.5 C THF L 7. @ik
éﬁﬁ%ﬂﬁi’Bﬂ%‘ibfzfu::7’“1/:/737‘~7‘/1/75>%$£_Eiﬁi§1
% 15 ml/h TEBRKETETCRHRBEKES L. £ /H#E
WO sk o7 ®»IiZ 500 units/h O~/ VU o & Ff
fe R RREIR N 5L T2

B X 28 4 647w, LDEKEEZDHELOMZ
mEH Y. Ak (K-890H, Ethicon, Somerville,
N]) 2R EWH L LRO P MR EO L EREIRAT T AT K
(LLF LAD) oA v iz —JE s+, £OM%olms NEE
2 mm, & X 2.5 ¢cm ODE=—)LF 22— 7 (2@ L THi%xk &
EAER L, SO EEETTAVEERL . EM TSR

DXAEEB LILMé F =N Fa—T52EET
ik v rw, AEEIRBTOTFT T —E, BXOLE
B ST o ZfbxfEiE & L TR L.

2. B 7 ma ka2 — b

32 P XrEELIZ 4 FEIZHEL, Bt b
L7Z2aWiE (LLF Control #: n=8), AR 7L T IZ &
Hh7Tvavys 4 va=yIZ# (LT Pre #: n=8), &~
A harvsy 4 va=v 7% (LLF Post B: n=8), 7L



Fig.

AT 4 va=mrv T ERA NI T 4 va=r T oMH
B (Pre+Post #f: n=8) & L7-. T+ _XToOEBBRK CHE
HELZLESEL2LDICHBFRZ 15 sHKEEL,
BREEICEITLERHED a2 e — L EA2HEL .
ZO%, 30 4 oOEIMmIZs =k E 180 45 O ¥ E AT o
. £, ¥+ XRToOWLE Ei“C“IZT7/I/7/F&7\75:Eﬁﬁ %,
MRMERSBEEN 1.5% IFELTHH 5 4 HBE S

tAR TNV T v EHIEE, KERKMEKEEN 0% ﬁlfotéif“
o, BERTZILT U OBEFEIX Pre B TIXE M AT,
Post #f CIXH #E W B 45 B, Pre + Post BE TILE Il 75 B
K OHERMMBEEIZIT o= (Fig. 1).

3. 7h BR )RR o ] E
R EBOWUECFTEREHRE=4— (=2—V
BP-508, H A= — VU > &) ZfMHL L. oM%K, I
ME Wi e, PREEM M, WM EFAHBRKRICAKY = F
Vo T =TV ERBELLENT VAT 2 — % —
(TP-400T, HAJNE, HX) ZA L THMELLZ. LEKX
X% 0 FECTCREMICE=X%Y 7 L.

MERA > PITEMLEME X—XT7 4L, Eifl 30
Sy th, BB 15 otk, 30 tk, 60 %k, 120 4%,
180 Zrtk & L 7=

4. ik (Risk area)// 0> (Left ventricle), L

fhfE %€ Y 4 X (Infarct size) /R I 18 o )

R LAD ORI LV EMICR =% TH D .
Z O I g o T O B EE IR o T2 By A D i A ZE I L
L., M azRET 2201 ERMEK T#%, LAD &

HHEERL 109 = AN 27 V—Z2Z BRI ®EE L CTHE
M L BHWICHAL"RERARRNTCETLIOEHRABL, &
RLEEEFEDBICLOBEZHEOL, EEIE. HAHALEL
Dlglx 2mm EIC AT A4 AL, TOY R % 37C, pH 7.4
WL 1% bU7:n:/I/"/:F’7‘/“U'7A7D'74' N
(LN TTCHHK) ICRIE, B L, IR H
m%b%ﬁ%ﬁéﬁmbt.@mﬁ,#@m@,b%@
EWMOBKEREZ2AXF Yy T —THROVIAHR, a2 a—F—MW



Table 1

Fig.

2a

f?&’i@%ﬁ@ﬁﬁ (mm®) O FfnZ 5 L, & m sk »
ELDEICHEDD2EHEDEBILIRLHEEY A X o0& MK
5@6@%%%%&1/73.

5. BREIE AR ¥ A R o &
HERAEIIRO B AEAIXIHERM KBS 20 40 F TITH
HL7-ZbDLEHL, TOMOREHEEZBZEL -,
FLEARAMEIZBWT, ERPlICLO=EMGHLZEZ LD

DX 7o Iz

6. 7t AL B

% &2 O FE B R i?i@1ﬁ+$“fﬁn/\%frbt. R 1 Jak
SRS, D RE ZE Y A X /R sk o B R AL ER
Kruskal-Wallis # & % H v, p<0.05 fﬁ%%zﬂ
578 A 121X Dunn’ s procedure D % H kB E & 17T
W, p<0.056 THEZbYV L. D%, FHMIE,
rate pressure products (LL T RPP) OK MW ENRA > b
’%iéﬁ?ﬁ@tmﬁ& FT— B BE ooz vy, p<
0,05 I TAHEBEENRDLNTZH A I, Fisher’ s PLSD
@%Ett%«*ﬂém%ﬁb\, p< 0.0 THEZLL & L I-.
FLELHBERAEBIREBEEROREIX x*HBEZHHW, p<
0,06 TAHAEZ®»V & L.

m. & &R

1. 18 5% &) 8

DHEEITARTOHB TAREZET R o7, F¥HME
Iz Control Hf & Lbfk L T Post BECTITHE M 30 70 & H
WEWE 15 4y CTAHEIWCIK F LA, RPP IX Control #f & L
i L C Post BETIXEM 30 & & HEEW 15 4y, 60 4
THEIWCW D L (Table 1).

2. D EY A X X OE MK

e I Jgk /0 = X Control Bf (48.7+4.3%) & i L
T Pre Bf (43.3+16.1%), Post B (40.1+7.0%),
Pre+Post #f (39.8%£3.9%) DT X TIZBWVWTAHEEIZ



Fig.

Fig.

2b

o fz (Fig. 2a). O M %Y A4 X /& ik X
Control Ff (49.7x5.7%) & ke L T Pre B (31.3%
8.2%), Post # (16.5+7.4%), Pre+Post B (19.0+
9.1%) O T XRTICEBWTHEICHD L. 7 Post Hf
& Pre+ Post BETIX Pre FEE I L COMHEEY 4 X
JHE I WO A E IS A L (Fig. 2b).

3. B A EIR o % &R

W AEIR O A FRIiX Control FE (75.0%) & kb
L C, Post #f (12.5%) & PretPost Bf (12.5%) TH
Bl L (Fig. 3).

mEALICFE R O EAR 2RI FIRICEE W T
LEM Mo LHEMLIZTICEBRST Z2HETH Y, &H IR
FERZATL2EBEFETCEIHRICLOHBEICERET DU X7 N
w”.bkﬁoT%M¢:wﬁKu%%%%ﬁéwﬁ
CEERELARATAIE RS 2., KF TId b R M
FEomWERTIALT VIR T VvarT g va =y IR
RA NI T 4 va =70l k500 EED RS
X R TV AR, EBRBEE THY, KK LER
JEFHICIEE - T 72,

ﬁﬁ%ﬁ,t%ﬁ% fiR b C A AT o A e m
FTCERTINT VI D2BHEREZEOLHRED R Z LD
@%%4f,ﬁﬁ@%,ﬁ@m7ﬁ%®%é xR
NA v MELTEHEMICTHRETL 2.

DHEEY A XICELTE, A7V T7 i Dd T L
Ay F 4 vas v SRR NI TF 4y a2y S TLH
M NARD EBICBBEI LR, KA baryT v
s =7 BTA2LHRESIROEITONDN T LT 4 v

N3 In



a =7 kv vy Tholm. FEMBIELZITY Z LI
Fvv, ZvrvavyFaorva=r TR ELELOGHEEYS
A ANHFEEICH NNLZ. LML Post B & Pre+ Post
BECITODMEREMPMIRICEN R, THIERZX = v
TAYa= T OBTHoRLHBREDRIGNTL Z
EETRBET LD TH D.

HEBEICEHL T, LHEEITITXTOHEMRIZE T
AEEITRZ VWS O oY% E, RPP X 30 4y, &
it 15 431 Post HETAHEBEWXH A LEZZ 6K A K=
YT 4 a = BT D0 R — O A R
EORKTICERTDIAEENDD H. Z X HHERE®R D
LS LEER 7V VICEDIMEKRTNERTH 5 &
Zxbhb.

FLARMEOERBERMEEICER L2 I i3 F
F—~—=—TH>D R() ¥r2I %4, K,, F¥x 21D
MHIERARD L Z R HE I TWVWD Y LEdo
T, Z7ZIVICEIVHEREEZOLOBNREZL, &
M7V T LD REDRNZDOS, HE I L TW
DAl H D .

WA, BR 75 ¥ oo u A oAb 3 MR E
191D 0 MLA (Monophosphoryl lipid A)'®, v v5 5 7 4
L ma g R oKLY T 4
vazm Vv I HRBBPOLNADLERREIN, ThbHiX
WA XLD T Vvarys 4 a =72 (pharmacological
preconditioning) EMEEIABKRIICICHE I TWS H O
LD, EmMSLERT7TALT Ik T LT 0 va =
YT DLIREA I = XA EL T, Kyp Ty 20O
OPNTYy Fx2T7z2/7 % - LTHIMEEI &Y,
L2 Lkl TIiE nPTP Oo#Mifl b A =X LD —>& LT
RIS TEBY, EZICEDLIRE S, Adenosine A1/A3,



Protein kinase C, Phosphoinositide 3-kinase,
Mitogen—activated protein kinase 1/2, Protein kinase
B, Glycogen synthase kinase 3 beta 72 & ® Reperfusion
Injury Salvage Kinase pathway ® & 72 & 3 Ca &5 M
K FryxrzloEbEMInTcnd >,

— 5, BLA R~z T 4 va = 7T HEERO R
R A R, MRWICEE T 52 THELR DD
i B AEAE N R T, Zhao & "D A4 XD EBRTITL D T
HWorican., ELEBERBEICLILIRNA N 7
4 a = IR A TN T URERT VLT U TH L
MmMIZEn T2 >V, ZAhbDA N =L HEMLT L
AT 4 va Y IRMRBECLD TV T v =
BT EIA D=L LE LT, Ky Ty X AR
mPTP O H 72 ENRB I N TWDH 20 Fim, KA b
AT 4 va=ry 7 TIEHMEOMBERZICKEAEL 2V
oA =X LNEFEET LI EEWEISLTND Y. L
MmMLZIDOX >R ExOLHEREEEZFHNLEZEG ODR
MR T 206 NICEHL TEHRE DR,

i >varyryygvra=ry 7R T7TN0T 07
NT IRk T v aryrTF a7 3B EWVITHEMAL
WO RN Y X invive ETFTALMTHRESISN TV D,
£/~ T v b invitro BT LTI 2 OFE R LRI
TR TANT RS TVvary T g va = S ERA R
VT4 va = EHMBCER LR N ERP S I
ShTwsd. L2»2LT7 v M invivo 7 /L TILHIZH
MW ThHhof VI ME VL b ERRICLIVAERSD
AN AL 5.

Post #f & Pre+ Post B TIL Pre # & Hh# L T.Lfh
BREM N RNP REL, ELLMHMIMNR2DRPBO L LR
ol 2l KA Ma T g va =y Rk



DA =ALEITERLIERBERFZINEL 2 TEEDL R
e X AL, AlE o FEE N O IXHER OB E v,

HKx I TRBEOYTHX in vivo ETFTIVEBRZ TR S
BEOERIZINLVT V2 BRELEKER, 1.5% oK 71
ZJryhkbLOMBRESIRE LT ERMB L, KT
TIETERTZALT VDOBEEL 1.5% L Lz (REET —
)Y, TR 7L T oo EREICHEL TIX, #HEMKE
BRI L D T v ary T 4o va=rv 7 o 50N
BWT 6 HHBBEBIETCVWILIMENSZ WO, KL
TbH b o & L.

Tlrvavrvi4va=mr IR KRANaAaYT 4 va=vT
k20 REDRIILOHEEYS A ZOM/NNE T PR
A& LTEBLBZXDZENT =NV IRRAEZT U H—FKTh
SN, RETIELEEAREIRO MG LHEEOKEDL
R 219 L LTWd S AR T H RS KR
AR L. HREWRAENR O AIT Post HE, Pret
Post BE L BICHRBICHA L. Z O/ FITHERNE
k%7 v b THRFLEHRSE D LRHE, Y1Lars v
3 = 7R TN T A KD HE R RO R EENR 2 B
L2ARAWR, KA MarsF o va =27 TiEmEiERREIR
EMEl Tt ERT L OTHDL. T RHLOFAIFTEAR
TNT U A BHERBICHEMBERZE S LL, BENRLE
HEIRAEIRZMH T2/ EEZ BT 20O THD. 2
DEI>ZERHIETEMLARA N T 4 va=r i8N T
LR LR TWD 13 b hbh of R} e F R,
7 varys o va=r 7 TiEERA BRI H S
AN AD I 3 AR/ N A

F7, RAbaryrs a8 L TOHER
M REMABEBIRDRELP GO LW S Z LT @ED
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AAD=XLBERLEDND, HD5VWIEERT VT U OIIGE
ZDOHLbDICKLDLDAEIREANDIHLEZ SN D .

F AR B X 298 & S0 bR B XA 8 o 18 R B R &
RELE#H S, LHEMLOY X7 28K, OfHHE
%&E@Eﬁ@Aﬁﬁ%ﬁ%ﬁ:L%fr%ﬁﬁé T
e ML 2 B T DI EREHEBOLE 2 K/NRE L, O
MEFTMGANAT 22T EPERERTH L. LM
L%%TME@Wﬁﬁ,WAM\,ﬁﬁﬁ,W&ﬁﬁg
Z<ORTFHRLHEMICEE T 20T, & XTOLHE
mz7¥i+ 22 XRECTCHD. Licno Tl
ODLHREENEELRD., BRI it kb
L arvy o4 va =y 0 MmEE RS X7 ATIC B
FELRTh IR d, LDHEENTFTHTE RV E, FE
BRI CTH D, LrLERTZ LT kDA RA Nz
YT 4 v g = ZE B E M AR S  BORE R RS AT
YT, MK TOAMHMEEImRMO TEWEEZE XL LN L.

V. & W

tARTANT LIRS T Vv aryrT o va =y TR AR
2T 4 a =y 7 OO0 TN R T
LZlkld o, EERAFaLTFT 4 g =TI
BERAEBIROBAEPIMA I BRI, O
HHEERLEOPEHROMENELLELEA, TR T LT v
k2R A b rFT o va =l BREEZITZELHRE
ERPHIfHInLn, BMRIGHICEASHO S B R DKM
PR AFZE N M ETH D .

11



1)

2)

3)

4)

5)

6)

7)

Murry CE, Jennings RB, Reimer KA: Preconditioning
with ischemia: a delay of lethal cell injury in
ischemic myocardium, Circulation, 1986, 74(5),
1124-1136.

Redel A, Stumpner J, Tischer—-Zeitz T, Lange M, Smul
TM, Lotz C, Roewer N, Kehl F: Comparison of
isoflurane-, sevoflurane—-, and
desflurane—induced pre- and postconditioning
against myocardial infarction in mice in vivo, Exp
Biol Med, 2009, 234(10), 1186-1191.

Kersten JR, Schmeling TJ, Pagel PS, Gross GJ,
Warltier DC: Isoflurane mimics ischemic
preconditioning via activation of K,;, channels:
Reduction of myocardial infarct size with an acute
memory phase, Anesthesiology, 1997, 87(2),
361-370.

EHMT G MREBENLHDE ML EEREEICKRIETE
2 H MR EE, 1999, 27(3), 276-280.

s B, K T S ar T e =T LR
~ O RIS M, BB, 2009, 58(3), 279— 287
Pravdic D, Mio Y, Sedlic F, Pratt PF, Warltier DC,
Bosnjak 7ZJ, Bienengraeber M: Isoflurane protects
cardiomyocytes and mitochondria by immediate and
cytosol-independent action at reperfusion, Br ]
Pharmacol, 2010, 160(2), 220-232.

Zhao 7Q, Corvera JS, Halkos ME, Kerendi F, Wang NP,
Guyton RA, Vinten—-Johansen J: Inhibition of
myocardial injury by ischemic postconditioning

during reperfusion: comparison with ischemic

12



8)

9)

preconditioning, Am J Physiol Heart Circ Physiol,
2003, 285(2), HbH79-588.

Yu LN, Yu J, Zhang FJ, Yang MJ, Ding TT, Wang JK,
He W, Fang T, Chen G, Yan M: Sevoflurane
postconditioning reduces myocardial reperfusion
injury in rat isolated hearts via activation of
PI3K/Akt signaling and modulation of Bcl-2 family
proteins, J Zhejiang Univ Sci B, 2010, 11(9),
661-672.

Gordon EK, Fleisher LA: Reducing perioperative
cardiac morbidity and mortality: is this the right

goal? , Curr Opin Crit Care, 2013, 19(4), 342-345.

10) Ohdachi M, Nishida N, Furuya M, Yoshida K:

Sevoflurane does not confer additive
cardioprotection on early ischemic
preconditioning in rabbit hearts, Circ Cont, 2005,

26(4), 314-321.

11) Chen D, Cheng B, Zhou HY, Li LH: The effect of

12)

13)

sevoflurane postconditioning on cardioprotection
against ischemia-reperfusion injury in rabbits,
Mol Biol Rep, 2012, 39(5), 6049-6057.

Kawano T, Oshita S, Takahashi A, Tsutsumi Y,
Tanaka K, Tomiyama Y, Kitahata H, Nakaya Y:
Molecular mechanisms underlying
ketamine—-mediated inhibition of sarcolemmal
adenosine triphosphate—-sensitive potassium
channels, Anesthesiology, 2005, 102(1), 93-101.
Millenheim J, FrdBdorf J, Preckel B, Thédmer V,

Schlack W: Ketamine, but not S(+)-ketamine,

13



blocks ischemic preconditioning in rabbit hearts

in vivo, Anesthesiology, 2001, 94(4), 630-636.

14) Mtillenheim J, Rulands R, Wietschorke T, Frdssdorf

J, Preckel B, Schlack W: Late preconditioning is
blocked by racemic ketamine, but not by
S(+)-ketamine, Anesth Analg, 2001, 93(2),
265-270.

15) Onishi A, Miyamae M, Kaneda K, Kotani J, Figueredo

16)

17)

18)

19)

VM: Direct evidence for inhibition of
mitochondrial permeability transition pore
opening by sevoflurane preconditioning in
cardiomyocytes: comparison with cyclosporine A,
Eur J Pharmacol, 2012, 675(1-3), 40-46.

Kiani A, Sadeghi MM, Gharipour M, Farahmand N,
Hoveida L: Preconditioning by isoflurane as a
volatile anesthetic in elective coronary artery
bypass surgery, ARYA Atheroscler, 2013, 9(3),
192-197.

Landoni G, Fochi O, Torri G: Cardiac protection
by volatile anaesthetics: a review, Curr Vasc
Pharmacol, 2008, 6(2), 108-111.

Yoshida K, Maaieh MM, Shipley JB, Doloresco M,
Bernardo NL, Qian YZ, Elliott GT, Kukreja RC:
Monophosphoryl 1lipid A induces pharmacologic
"preconditioning’ in rabbit hearts without
concomitant expression of 70-kDa heat shock
protein, Mol Cell Biochem, 1996, 159(1), 73-80.
Salloum FN, Takenoshita Y, Ockaili RA, Daoud VP,
Chou E, Yoshida K, Kukreja RC: Sildenafil and

vardenafil but not nitroglycerin limit

14



20)

21)

22)

23)

24)

myocardial infarction through opening of
mitochondrial K,;, channels when administered at
reperfusion following ischemia in rabbits, J Mol
Cell Cardiol, 2007, 42(2), 453-458.

Ahmed LA, Salem HA, Attia AS, Agha AM:
Pharmacological preconditioning with nicorandil
and pioglitazone attenuates myocardial
ischemia/reperfusion injury in rats, Eur J
Pharmacol, 2011, 663(1-3), 51-58.

Sawada H, Yoshida K, Kukreja RC: Blockade of
ischemic preconditioning by glibenclamide in
rabbits anesthetized with sevoflurane, Bull
Kanagawa Dent Coll, 1997, 25(2), 65-71.

Jin C, Wu J, Watanabe M, Okada T, Iesaki T:
Mitochondrial K" channels are involved in
ischemic postconditioning in rat hearts, J
Physiol Sci, 2012, 62(4), 325-332.

Das B, Sarkar C: Is preconditioning by oxytocin
administration mediated by iNOS and/or
mitochondrial K,,, channel activation in the in
vivo anesthetized rabbit heart? , Life Sci, 2012,
90(19-20), 763-769.

Kaneda K, Miyamae M, Sugioka S, Okusa C, Inamura
Y, Domae N, Kotani J, Figueredo VM: Sevoflurane
enhances ethanol-induced cardiac
preconditioning through modulation of protein
kinase C, mitochondrial K,;, channels, and nitric
oxide synthase, in guinea pig hearts, Anesth

Analg, 2008, 106(1), 9-16.

15



25)

26)

27)

28)

29)

30)

Hausenloy DJ, Yellon DM: Preconditioning and
postconditioning: United at reperfusion,
Pharmacol Ther, 2007, 116(2), 173-191.

Feng J, Lucchinetti E, Ahuja P, Pasch T, Perriard
JC, Zaugg M: Isoflurane postconditioning
prevents opening of the mitochondrial
permeability transition pore through inhibition
of glycogen synthase kinase 338, Anesthesiology,
2005, 103(5), 987-995.

Deyhimy DI, Fleming NW, Brodkin IG, Liu H:
Anesthetic preconditioning combined with
postconditioning offers no additional benefit
over preconditioning or postconditioning alone,
Anesth Analg, 2007, 105(2), 316-324.

Obal D, Dettwiler S, Favoccia C, Scharbatke H,
Preckel B, Schlack W: The influence of
mitochondrial K,,,—channels in the
cardioprotection of preconditioning and
postconditioning by sevoflurane in the rat in
vivo, Anesth Analg, 2005, 101(5), 1252-1260.
Knapp J, Bergmann G, Bruckner T, Russ N, Béttiger
BW, Popp E: Pre—-and postconditioning effect of
sevoflurane on myocardial dysfunction after
cardiopulmonary resuscitation in rats,
Resuscitation, 2013, 84, 1450-1455.

Dai AL, Fan LH, Zhang FJ, Yang MJ, Yu J, Wang JK,
Fang T, Chen G, Yu LN, Yan M: Effects of
sevoflurane preconditioning and

postconditioning on rat myocardial stunning in

16



31)

ischemic reperfusion injury, J Zhejiang Univ Sci
B, 2010, 11(4), 267-274.

Kloner RA, Dow J, Bhandari A: Postconditioning
markedly attenuates ventricular arrhythmias
after ischemia-reperfusion, J Cardiovasc

Pharmacol Ther, 2006, 11(1), 55-63.

32) Sasaki H, Shimizu M, Ogawa K, Okazaki F, Taniguchi

33)

34)

M, Taniguchi I, Mochizuki S: Brief
ischemia-reperfusion performed after prolonged
ischemia (ischemic postconditioning) can
terminate reperfusion arrhythmias with no
reduction of cardiac function in rats, Int Heart
J, 2007, 48(2), 205-213.

Dow J, Bhandari A, Kloner RA: Ischemic
postconditioning’ s benefit on reperfusion
ventricular arrhythmias is maintained in the
senescent heart, J Cardiovasc Pharmacol Ther,
2008, 13(2), 141-148.

Kolettis TM, Vilaeti AD, Tsalikakis DG, Zoga A,
Valenti M, Tzallas AT, Papalois A, Iliodromitis
EK: Effects of pre—and postconditioning on
arrhythmogenesis in the in vivo rat model, J

Cardiovasc Pharmacol Ther, 2013, 18(4), 376-385.

17



The Effects of Sevoflurane-induced Pre- and Postconditioning on
Myocardial Ischemia/Reperfusion Injury
Shoko ITAKURA, Uno IMAIZUMI, Hitoshi YUI, Munetaka FURUYA,
Hirofumi ARISAKA and Kazu-ichi YOSHIDA
Department of Anesthesiology, Kanagawa Dental University
Abstract

Recent investigations demonstrate that anesthetic pre- and
postconditioning reduce myocardial infarct size to a degree comparable
to that achieved with ischemic preconditioning. We hypothesized that
the combination of sevoflurane-induced pre- and postconditioning
would result in greater preservation of myocardium.

In vivo rabbit hearts (n=32) received regional ischemia by 30 min of
the left anterior descending artery (LAD) occlusion followed by 180 min
of reperfusion under general anesthesia with ketamine and xylazine. A
lead I ECG was recorded throughout the experiment for observation
of reperfusion-induced arrhythmias. In this study, four groups of
rabbits were studied for the effects of sevoflurane on infarct size and

reperfusion-induced arrhythmias associated with ischemia and
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reperfusion. In control group, rabbits (n=8) were subjected to 30 min of
LAD occlusion and 180 min of reperfusion. The Pre group (n=8) animals
received sevoflurane (1.5 %) 5 min prior ischemia. The Post group (n=8)
animals received sevoflurane (1.5 %) 5 min after reperfusion. The Pre+
Post group (n=8) animals received sevoflurane (1.5 %) 5 min before
ischemia and after reperfusion, respectively (Fig. 1). During ischemia
and reperfusion hemodynamics (heart rate, mean arterial pressure, and
rate pressure products) were measured. At the end of reperfusion, the
infarct size was measured with 1 % triphenyl tetrazolium chloride
staining at the end of the experiment by re-ligation of LAD.
Reperfusion-induced arrhythmias were observed for 20 min after
reperfusion.

The risk area ranged from 39.8+3.9 % to 48.7*+4.3 % with no
significant difference among groups (Fig. 2a), suggesting that changes
in the size of infarct observed among groups were not related to the
percentage of area of left ventricle occluded by our technique. Fig. 2b
shows the infarct size expressed as percentage of risk area in four

groups. Infarct size/risk area was 49.7£5.7 % in the Control group; the
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size was reduced significantly to 31.31+=8.2% in the Pre group, 16.5=*
7.4% in the Post group, and 19.029.1% in the Pre+ Post group. The
incidence of arrhythmias during reperfusion was 75.0% in the Control
group; the incidence was reduced significantly to 12.5% in the Post
group and 12.5% the Pre+Post groups (Fig. 3).

The combination of sevoflurane pre- and postconditioning offered no
additional benefit over either intervention alone. Sevoflurane
postconditioning may be clinically applicable in situations where the

potential for ischemia/reperfusion injury is of concern.
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Uno IMAIZUMI

Department of Anesthesiology, Kanagawa Dental University,

82 Inaoka- cho, Yokosuka, Kanagawa 238- 8580, Japan
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In vivo 79X (32 P) O.LOEIC 30 45 DA EREIARAT N1 TH R M i T
180 I DOFFENE 7 # I B LY A T U UMEE T CITo 72, FHERAEIRE
DEXOE 1T FFHE TRl Iz, AR TIE, 4 BEO T2 H TR R
PRI B U 72 D B ZE Y A A PR AR T 28R 7 VT o DR AW
2Lz, 3y ha— BT 30 S DEFRENRET TR DML & 180 43D
HEREATHT=. Tvarvsava=y 7T 1.6% OBRT7 VT &2 RN
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TrarsFavam I BIORA T o a =TI 1.5% OBRT
VT U EEMATEICENEIL 5 HMgEE L7 (Fig. 1. B2 fE 4 o 98 B 5
B0 %, SEHIML)E, rate pressure products ZHIE L7-. FEEBRDERZITALTH
RENNRAT FATE A A2 L, 1% MU 7= FT FF Y U UL THREL, O
FEZEY A XA JE U, FRERATENRII ARV 20 Bl LT,

falRiRlE 39.8+£3.9% 75 48.714.3% T, T X COREE THEAITRD
T (Fig. 2a), T X COREM CHER SN2 DAFEZEY A X OB LILE Mg D E
B EBEEN 2o 72, Fig. 2b 13 4 BEOLTHFEEY A AOEEZ/RT. 2k
o —/LREIT 49.715.7% T, 31.83182% DL arTF 4 a= T, 165+
74% DRANaryT 4 a=r7RE19.059.1% O varysaa=rr
BLORAMarT o va = ZTHETAHEICED Lo, BERARENRO 5 A
X b — A BEL 75.0% T, 12.5% DRA avyT o a=TREL
125% D7 L arsF4va=yIBIORA Na T o va=r JHETHEIR
W Lz (Fig. 3).

Tvarsavamy T ElRAarT 4 va =y T OFHIEARA harT
4 a = MU EOSRIT R o7 BRIV T URA FaryT v a =
IR M ERER R E OB 503 B D54, WIRICHNAIRETH D.
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Figure and Table Legends

Fig.1. Schematic diagram of the protocol

Fig.2a.

Fig.2b.

The figure shows R/L value (%), which means the risk area for ischemia

expressed as percentage of left ventricle. After completion of each

measurement, the risk area for ischemia was determined by the injection of 10%

Evans Blue dye via the jugular vein following LAD reocclusion. Statistical

comparisons of R/ among groups were made using Kruskal-Wallis test

followed by Dunn’s procedure. Data are reported as group mean + SEM

(n=8), and probability values (P) less than 0.05 were considered statistically

significant. The R/L ranged from 39.8+3.9% to 48.7%4.3% and revealed no

significant difference among groups, suggesting that the changes in the

infarct size observed among groups did not depend on R/L.

The figure shows I/R value (%), which means the infarct size expressed as

percentage of risk area for ischemia. Statistical comparisons of I/R between

groups were made using Kruskal-Wallis test followed by Dunn’s procedure.

Data are reported as group mean + SEM (n=8), and probability values (P)

less than 0.05 were considered statistically significant. The I/R was 49.7=*

5.7% in Control group; the I/R was significantly decreased to 31.3£8.2% in



the Pre group, 16.5£7.4% in the Post group, 19.0+9.1% in the Pre+Post
group.
*Significantly different (P<0.05) from the Control group
“Significantly different (P<0.05) from the Pre group
Fig.3 The figure shows the incidence of arrhythmias during myocardial reperfusion.
The difference in the incidence of arrhythmias was analyzed with a x 2 test
and probability values (P) less than 0.05 were considered statistically
significant.
% Significantly different (P<0.05) from the Control group.
Incidence of arrhythmias during myocardial reperfusion was 75.0% in
control; the incidence was significantly decreased to 12.5% in the Post group,
12.5% in the Pre+Post group, respectively.
Table 1 Hemodynamics during ischemia and reperfusion
HR revealed no significant difference between groups. MAP was
significantly decreased at 30 min after ischemia and 15 min after
reperfusion in the Post group. RPP was significantly decreased at 30 min
after ischemia, 15 min and 60 min after reperfusion in the Post group.

Statistical comparisons of individual hemodynamic parameters between



groups were made by using one-way ANOVA followed by Fisher's protected
least significant difference. Bartlett's test for equality of variances was used
to ensure the validity of statistical comparison using the one-way ANOVA.
Data are expressed as mean+SEM.

*Significantly different (P<0.05) from the Control group.
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Fig. 2a The figure shows R/L value (%), which means the risk area for ischemia expressed as percentage of left ventricle.
Statistical comparisons of R/ among groups were made using Kruskal-Wallis test followed by Dunn’s procedure. Data are
reported as group mean £ SEM (n=8), and probability values (P) less than 0.05 were considered statistically significant.
The R/L ranged from 39.8+3.9% to 48.7%+4.3% and revealed no significant difference among groups, suggesting that the
changes in the infarct size observed among groups did not depend on R/L.
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Fig. 2b The figure shows I/R value (%), which means the infarct size expressed as percentage of risk area for ischemia.
Statistical comparisons of I/R between groups were made using Kruskal-Wallis test followed by Dunn’s procedure.

Data are reported as group mean = SEM (n=8), and probability value (P) less than 0.05 were considered statistically
significant. The I/R was 49.7+5.7% in Control group; the I/R was significantly decreased to 31.3%+8.2% in the Pre group,
16.5+7.4% in the Post group, 19.0%9.1% in the Pre+Post group.

* Significantly different (P<0.05) from the Control group

# Significantly different (P<0.05) from the Pre group
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Fig. 3 The figure shows the incidence of arrhythmias during myocardial reperfusion. The difference in the incidence of
arrhythmias was analyzed with a X2 test and probability values (P) less than 0.05 were considered statistically significant.
* Significantly different (P<0.05) from the Control group.

Incidence of arrhythmias during myocardial reperfusion was 75.0% in control; the incidence was significantly decreased to
12.5% in the Post group, 12.5% in the Pre+Post group, respectively.
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Table 1 Hemodynamics during ischemia and reperfusion

Group Pre Ischemia  30min after 15min after 30min after 60min after 120min after  180min after
Ischemia Reperfusion Reperfusion Reperfusion Reperfusion Reperfusion
Control 193.3+£36.2 198.1+25.8 198.0+17.2 183.6+36.7 198.7+20.5 208.3+26.0 183.6+£49.9
HR Pre 187.7+38.1 192.3+39.7 183.0+30.4 189.2+36.1 184.5+56.6 205.7+79.5 186.5+£73.3
(beats/min) |Post 218.1+51.3 211.1+56.3 176.6+£50.0 208.1+50.8 178.8+74.5 188.2+56.2 177.6+£63.7
Pre+post 214.6+69.6 185.2+56.8 193.2+39.7 188.6+34.9 182.3+34.1 186.5+31.3 182.1+24.6
Control 66.7£14.6 64.1+13.8 63.1+12.5 56.7+22.1 59.2+13.8 53.6£15.4 49.0+21.5
MAP Pre 59.7+7.6 53.3+11.2 58.2+9.3 56.6+9.6 56.0+8.7 54.2+13.4 54.5+14.0
(mmHg) Post 69.5+£9.2 35.2+27.2 % 38.6+£24.5 % 42.8+22.3 44.3+20.3 48.3+23.6 51.1+£29.1
Pre+post 69.6+13.0 57.2+11.9 49.8+13.4 57.8+17.8 57.7+13.7 62.2+20.7 54.1+13.5
Control 17063.6+5450.8 16519.5+4464.0 16214.2+3205.9 14057.1+£6004.4 15841.8+2573.8 15622.7+3781.6 12761.7+6285
RPP Pre 13453.5+3120.3 12790.3+3038.3 13071.2+2536.4 12653.3+2673.4 12555.7+3806.1 14420.1+6498.0 13474.0+6907.4

(mmHg *min)

Post
Pre+post

19246.5+4550.1 8998.5+6645.4 * 9609.6+5352.9 * 11728.7+4034.2
18246.2+4839.0 13317.6+4174.7 12382.3+3519.6 13482.7+2664.2

10867.1+5795.2
12018.2+5402.3

12095.1+6361.5
14248.2+2534.0

12302.2+9660.3
13101.8+2141.5

HR revealed no significant difference between groups. MAP was significantly decreased at 30 min afterf ischemia, 15 min
after reperfusion in the Post group. RPP was significantly deccreased at 30 min after ischemia , 15 min and 60 min after reperfusion

1n the Post group. Statistical comparisons of individual hemodynamic parameters between groups were made by using one-way ANOVA
followed by Fisher's protected least significant difference. Bartlett's test for equality of variances was used to ensure
the validity of statistical comparison using the one-way ANOVA. Data are expressed as mean+SEM.

% Significantly different (P <0.05) from the Control group.
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