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I FEREOLHEEYS A X 2D EIED L0 BHAE
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T T 8o W N R R A R mT I R R T D L,
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Vo (Kyy) X, I Fhar FYU TR EHEES L (nPTP)
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HHRA NIy T 4 va=mr RN T varyy 4 va =y
WX L CHMBECERT 2282 EF+0CBRFN 2 SN
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1. Z B AL &

7% I » (35 mg/kg), VA 7T (5 mg/kg) DIESE
" (LN K/X) OfRANEEIZED2E2ETME:TIZHEWT,



KEUBE L, KREWNF =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 >0, BHBSSERICL D
By oRBEITHIIR DN Do, BKITEYH AL
W% %% (PRO-45Va, 7 2~ , HWH) & &% H &
(ANS-5000A, 7 =~ , BB IL) % H W2 Tl & % %17
W, HEICIGUDCHBEELZMZ . BREKIT 25~30 (A
/R ET L, MW H A E =& — (Capnox, A AR = —
v, BEM) EHWKKRER @Bk & HE o E N 35~45
mmHg 272 %5 X 212, @ kii® ¥ 2o L v Pao,
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Excess : —3~+3 (s kst Kb razREL .
IR IXMIE Yy R 25 & (T/PUMP TP-401, IMI, 1735)
ZHWEBIE % 37.5~38.5 C THF L. @ik
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for R RREIR N 5L T2
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. £, ¥+ XRToOWLE Ei“C“IZT7/I/7/F&7\75:Eﬁﬁ %,
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Table 1

Fig.

2a

f?&’i@%ﬁ@ﬁﬁ (mm®) O FfnZ 5 L, & m sk »
ELDEICHEDD2EHEDEB I RLHEEY A X0 E MK
5@6@%%%%&1/73.

5. BREIE AN B R F A R o &
HERAEIIRO B AEAITIHERM KBS 20 40 F TITH
HL7-ZbDLEHL, TOMOREHEEZBZEL -,
FLEAMEIZBWT, ERPlICL=EMGHZEZ LD

DX 7o Iz

6. 7t AL B

% &2 O FE B R i?i@1ﬁ+$“fﬁn/\%frbt. R 1 Jak
SRS, D R ZE Y 4 X /R Mtk o B R AL ER
Kruskal-Wallis M & % H v, p<0.05 fﬁ%%zﬂ
578 A 121X Dunn’ s procedure O % H k€ & 17T
W, p<0.056 THEZbVL L. L%, FHMIE,
rate pressure products (LL T RPP) OK MW ENRA > b
’%iéﬁ?ﬁ@tmﬁ& ET— Bl BE B o2 vy, p<
0,05 W TAHEBEENRDLONTZH A I, Fisher’ s PLSD
@%Ett%«*ﬂém%ﬁb\, p<0.05 THEZLL & L I-.
FLErHBERAEBIRBEEROREIX x*"HBEZHHW, p<
0.06 TAHAEZ®»V & L.

m. & &

1. 18 5% &) &8

DHEEITARTOHBTAREZET R o7, FHME
Iz Control Hf & Lbfk L T Post BECITHE M 30 70 & H
WEWE 15 4y CTAHEIWCIE T L. RPP IX Control #f & Lt
i L C Post #ETIXEM 30 2 & HEEW 15 4y, 60 4
THEIWCW D L (Table 1).

2. D EY A X X OE MK

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



Fig.

Fig.

2b

o fz (Fig. 2a). O M %Y A4 X /& ik 13X
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 FE LI L COMHEEY 4 X
JHE I A IS A L (Fig. 2b).
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Bl L (Fig. 3).
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Protein kinase C, Phosphoinositide 3-kinase,
Mitogen—activated protein kinase 1/2, Protein kinase
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NT IRk T v aryrTF a7 3B EWVITHEMAL
WO RN Y X invive ETFTALTHESISN TV D,
£/~ T v b invitro BT LTI 2 OFE R LRI
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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

18



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.

Adress correspondence to;

Uno IMAIZUMI

Department of Anesthesiology, Kanagawa Dental University,

82 Inaoka- cho, Yokosuka, Kanagawa 238- 8580, Japan
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vRINLTACLA T VvarT o va =y I BIORA NayTFT 4 va=m S
DO R ML P ETR PR = (2 35 1T D IR R

TEOWETIIEEE S L asF s va=r P RA MavysF4va=y
Z e U CLEY A AN R LTS, BxliTERT7 VT T
AT 4vam I RBIONRA NarT v a = IR K0 IREH OO PRE
BoRTAE R/ D ERGR AL Tz,

In vivo 79X (32 P) O.LOEIC 30 45 DA REIARAT A TH R M i T
180 I DOFFENE 7 # I B LY A T UV UMEE T CTITo 2. FERAEIRE
DEXKOE 1T FFHE TRl Iz, AR TIE, 4 BEO T2 H TR frE
PRI B U 72 D i B ZE Y A AR AR T 2B R 7T » DR AW
Ze Lz, 3y ha— L RETIE 30 S0 FRENRET FATE DML & 180 43D
HEREATHT=. Tvarvsava=yT7REE 1.5% OBRT7VT &2 BN
5%y, RAMaT 4 a=V 78T 1.5% OBRT7LVT U E2EMHEIC 5 40,
TrarsFavam I BIORA MaryT o a =TI 1.5% OBRT
VT U EEMATEICENEIL 5 HMgEE L7 (Fig. 1. i fEd H o 96 B 5
Bl 0%, SEHIIML)E, rate pressure products ZHIE L7-. FEEBRDERZIZALTH
RENNRAT FATE A A2 L, 1% MU 7= FT FF Y U LT TYREL, O
FEZEY A XA JE LT, FRERATENRII AR 20 BlE LT,

falRikl 39.8+£3.9% 725 48.714.3% T, T XTCOREE THEAITRD
3 (Fig. 2a), T X CORM CHE SN2 DAFEZEY A XD LILE Mg D E
B EBEEN 2o 72, Fig. 2b 13 4 BEOLHFEEY A AOEEZ/RT. 2k
o —/LREI 49.715.7% T, 31.83182% DL arTF 4 a= 7, 165+
74% DRANaryT 4 a=rTRE19.059.1% O varysoa=2rr
BLORAMarT o va = ZTHETAHEICRED Lo, BERARENRO 5 A=
T b — U BEL 75.0% T, 12.5% DRA avyT oy a=TREL
125% D7 L arTF4va=yIBIORA Na T o va=r JHETHEEIR
W Lz (Fig. 3).

Tvarsavamy T ElRAarT 4 va =y T OFHIEARA harT
S a = MU EOSRIT R o7 BRI TURA FaryTF v a =
IR MR 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.

wmERF




