H A< B B 20T 8 S
1999 S F M rP EESE i ) B ESRE
— 1L 8 T E AT A BT TR R —

MHEEAN BHRE2B=
B EE P B ¥ R

2¥VY % 3 A f/7|3

MIRBETRE L CAANOAT v TEE, RUERFHLOIE—EHFN
~ 9y
5 e

fitsetiEs ?Ejt’ K‘%; @“\\é %43: WoEie s \'ﬂi?\}% - e f%/'%
A i"ﬁ?%%w'%gr}“d‘m?%% TV ga TR w227

1. W4

o~

, 1ot IV e 7 - “l/";
BT —~ M’&»Maww!ni o~ g A Y e Wj? D fod]

2. FEEOHEER

(1) %2 PRLSEBVTOOFARE  # - @ (EERE - NE)

() FamECHERLRX (7] - B ks - &)

o Theraeic oonh  Corths ovasin] an %f\jfw/

th oA

%\ﬁ%iﬁ” ‘)74 : The javramﬂm T@wfmw’l

%.57\%\0'&7@ O Wi g })wm% restit] ovingl M"“Frww{ W
e troten M*’WA cotd blestd WWF?&?;@

@ &MJ/} 0 Fw U/{,ttﬁ”ﬁ/\ {;{’f@/{/% 3:!{ (jrm/(/ ﬂ-‘oﬁ'}w N W'&{ /:!/”?i“fmgj“"
(e ‘;g,fJD;Wj {;!ngjnqé T Ee\'"w/,f /A’éi/@"w%’f Lothom, o R@fﬁ/fm*g&v;
ij vvr\;; in =-'E,/£'1,€ ;f;ﬁiﬁv‘%@ﬁj KW% H WWL



A0
ok

1\7 i3 WU’M}/“ \F»ﬂ‘%b %o

: ‘ 25 13 CTEE) TP
,‘%4\/ 5 1) gy KL 1 Boir

74w L v L o 31 _

4. HFEEEFEORA . j »
fﬂnﬁﬂw f/’%@%gs\ TR AR AVEORT R S 1 T ol
i*g 8 R - AR (LR E R - % @\%j‘?‘ \;Lﬁ“‘n\é"qt = 33
A R4 ﬂ;n L /ﬁ;i A ngb XN A 7\3#‘% ;L\]/Emi;\? tD‘ﬂ\E\(
CCRISEL (RN AT AL FEIHRAE The Jowr

ol of Surd Lo Q&u&wuk o g‘;\ ;ﬁ% R \gﬁjx\~3;\
/\}f} ST AOET D A UL SRV RV Ol i&fb\@ 1. ?ﬂ“”ﬁ
R R VIR - S A S VE AV j

ot

B (L4 '8

5. WoEHE
BB ZBE T, MEATW00EL ETHRELTFE L BdkEl - v—70fH)
FA M- EEFIIHATE T, KEY WRDSEAFIZAAFH NITERE TRALTFE W,
WRREORERTENH HHAETRRER - DRELZRENLTTZ N,
MXHERICE > T, BTEZGS - HEHEAMBSIc X282 L TTFE W,



T—F2TE-REHWET Y MEHLOELOBIFS K HILT
AFTVPTITRT H5 205 2P IVETLE OEN T O IR EE R

2 &
WEAERE AR KR

R —
RAERZAE A ORI E SR B3R

2HE

ABFZEORHME, 1) a5 JIEilE (3272 IVOR
MERHES) OLHREDRIZEL, RGEEBRSRHZHRE TS
&, 2) A IIEILBEDLIHRESRE R U A OA B
BIHREBRTLZETH 5,

54w b (Wistar rat, 250~350g) =ML, fH.L%
IOV RIVTEREBICES LR, 37CT2 8 HERE (5
VRN E—R1IO04M, D—F 27 E—R100MET 25
CENTE—F 8 4, 28CT6 0MoEmE Lz, BERR
33 7CT45aEmIT L (52 RILV7E—FR1 5720, U
—F 2 E—R3I0HME). 54D Tw MEEEZBIZLITFDO Y
N—T (&ETN—T, n=6) KHELEZ : abo—)VE, =07
CUNEALER: [(HERICKXD AFHTHE U  10umol/1 58
— Pre-NC(10), 30 #mol/]l 58— Pre-NC(30), 100z mol/1
BEH5EE— Pre-NC(100), 300 mol/l #&%58#— Pre-NC(300)], 7
Y2 OA ROELRER (CP), —a5 20V Svarys. yaz
TR (a5 PIIVORRN S a5 — NC-P), Pre-NC(30)
+ CP#, NC-P + CP#. RBEai#IZOHHECO), dimiE
(ChH%2bHEOEMETHEMR L, £z, BOBOMELEE TOR
MZzd & REETHERMN U, 2 TOMEIE, FHiE L FgEsE
THEL, HEIINES T, Post hoc A FERAWTHITL7Z, P
BRO0.05 AT THEREEDLD &L,



Pre-NC(30) B XU Pre-NC(100) D CO & CF @)3—t >
FEERIZIY FO— VB L TEBICBIFTH - 72 (%C0O:62.9
+1.8, 48.9%+3.1 vs 34.3+2.9, P<0.05, %CF: 73.0£3.5, 59.7
+2.9 vs 44.3£3.6, P<0.05), Pre-NC(300) #®D CO & CF ®
N—t > FuERITZI PO J)VEIZIE LU TARTH - 7= (%CO:
16.1+6.0vs 34.3+2.9, %CF: 28.5+9.6vs 44.3+3.6, P<0.05),
Pre-NC(30) L Pre-NC(100) BEOREIM . OMFIEE TORMIG
T2 O VR TERICENM o7 (8.8£0.247, 11.1£2.9
4 vs 20.311.6 4, P<0.05), Pre-NC(10) B XX Pre-NC(300)
BommEMMELEETORBIZa ho— VR EERN Mo T2,
Pre-NC(30) #®D CO & CF @X—t > MalfEHRid CP #B L
NC-P#ICHHLUTEERICEBHFTH 72 (%CO :62.9£1.8 vs 46.5+
4.6, 46.1+1.6, P<0.05, %CF: 73.0+£3.5 vs 55.0+7.2, 59.0
+2.9, P<0.05). Pre-NC(30) + CP #® CO /X\—t > MNaElif
% CP BB LUNC-PEICHL THEEICRETH - 7= (%CO:68.4
+1.7vs 46.5+4.6, 46.1+1.6, P<0.05), L L, Pre-NC(30)
+ CP #® CF O/X—t > MalfERIX CP #B LUV NC-P #E&ER
BoNEIo7 (%CF :63.913.3 vs 55.0+£7.2, 59.0+2.9),
NC-P + CP#®D CO & CF /83—t > bulfE= T NC-P B & EMN
Tin-o7z,

W 1) 30 umol/l #O- T UIVETILEBEN RS B0
MREDREZE L, 2) 35 VINAETLE [Pre-NC(30) Bl
7Y A& 04 RIMELREL D BiFRLHREDRZE LU, 3)
—a5 VNEHLE [Pre-NC(@E0) ] B=as 2N 7vars
JaZyTRED BFROTHREDNREERE L,

PEXDEBED =25 > ) OBIMEATHRSIEBIFROMER
EONREFTHIEVHIAL, SBOBKOEEDFFLEEZ S,



Superior Cardioprotective Effect of Nicorandil
Pretreatment to Potassium Cardioplegia during Global
Ischemia in Isolated Working Rat Hearts

Yan Li, M.D., Masaki Hata, M.D., Hitoshi Y okoyama, M.D., Ph.D., Atushi Iguchi,
M.D., Koichi Tabayashi, M.D.

Department of Cardiovascular Surgery,
Tohoku University School of Medicine,

Sendai, Japan

Corresponding auther:

Yan Li, M.D.

Department of Thoracic and Cardiovascular Surgery
Tohoku University School of Medicine
1-1Seiryo-machi, Aoba-ku, Sendai, 980-8574,
Japan

Tel: 81-22-7177222,

Fax: 81-22-7177227

Email: liyan@mail.cc.tohoku.ac jp



Y. Lietal. /2

Abstract

Objective:  This study was designed to 1) elucidate the dose-response relationship between
nicorandil pretreatment (nicorandil administration just before ischemia) and cardioprotection, 2)
compare the effect of nicorandil pretreatment with nicorandil preconditioning (nicorandil
admunistration followed by 5 minutes of drug-free perfusion before ischemia) and potassium
cardioplegia against ischemia/reperfusion injury.  Methods: Fifty-four isolated working Wistar rat
hearts underwent 28 minutes of 37°C equilibrium (Langendorff-mode and working-mode), 60
minutes of 28°C global ischemia, followed by 45 minutes of 37°C reperfusion (Langendorfl-
mode and working-mode). Cardiac function was assessed at the end of working-mode.
Results: Nicorandil pretreatment (30 and 100 1t molAl) significantly improved the post-ischemic
percent recovery of cardiac output and coronary flow (%CO: 62.911.8 and 48.913.1 versus 34.3
129 in the control, %CF: 73.0%3.5, 539.01+29 versus 44.313.6 in the control, P < 0.05
respectively).  Furthermore, nicorandil pretreatment showed superior cardioprotection to
potassium cardioplegia (%CO: 46.5 4.6, %CF: 55.0£7.2) and nicorandil preconditioning (%CO:
46.1 =16, %CF: 59.01+29). Nicorandil pretreatment with potassium cardioplegia showed
superior %CO (68.411.7) to potassium cardioplegia and nicorandil preconditioning, however it
did not show better %CF (63.913.3) than potassium cardioplegia or nicorandil preconditioning.

Conclusions: These data demonstrate (1) nicorandil pretreatment (30 £t mol/I) shows the maximal

cardioprotective effect, (2) nicorandil pretreatment provides superior cardioprotection to potassium
cardioplegia, (3) nicorandil pretreatment is more efficient than nicorandil preconditioning,
Key words: cardioprotection; nicorandil; potassiaun cardioplegia; ischemia/reperfusion injury.

1. Introduction

Cardioprotection i a major concem in ischemic/reperfusion injury such as

thrombolytic therapy for acute myocardial infarction, open heart surgery and
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cardiac transplantation. Potassium cardioplegia (CP) has been widely used as a
conventional method of cardioprotection [1] . Potassium at high concentration
depolarizes the myocardial cell membrane associated with rapid electromechanical
arrest, and markedly reduces cellular energy expenditure during the ischemic period.
However, depolarization of the membrane is also associated with that the exchange
of intracellular sodium for calcium via the sodium-calcium exchange, influx of
calcium through the calcium “ window current” and derangement in
transmembrane ion pumps [2] . These factors contribute to calcium overloadand
depletion of energy store, which is related to ireversible myocardial ischemic
damage and reperfusion injury [3.4] .

The natural resting state of the myocardial cell is at hyperpolarized membrane
potentials [5] , in which transmembrane ion gradients are balanced and energy
requirements are minimal. ATP-sensitive potassium channels opener
hyperpolarizes the membrane of myocyte and has been defined as “hyperpolanzing
cardioplegia” [2,6] —anovel form of myocardial protection.

Nicorandil (2-nicotinamidoethyl-nitrate, NC) has drawn attention as a hybrid
between an ATP-sensitive potassium channel opener and a nitrate [7] . It is
suggested that the myocardial protection of NC is induced by its direct effect
through the activation of ATP-sensitive potassium channels [8,9] . Opening
ATP-sensitive potassium channel are responsible for an outward potassium current
that shortens action potential and decreases the potential-operated calcium channel

opening [10] . The reduction of calcium overload and decline in contractile

activity restrict the consumption of intracellular ATP in the ischemic myocyte,

which is beneficial against ischemia/reperfusion inmjury [11,12] . Recently
subsequent evidence also suggested that the ATP-sensitive potassium channel in the
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mitochondrial membrane (mito K ,.,) is the mediator of cardioprotection [13-15] .

The effect may occur as the result of K* entry and intramitochondrial depolarization,
which would reduce mitochondrial calcium overload leading to enhance ATP
synthesis [16,17] . On the other hand, when ATP-sensitive potassium channel is
opened, the membrane of coronary vessel endothelial cell is hyperpolarized and the
concentration of the intracellular calcium is decreased, which contributes to

vasodilation of the smaller coronary vessel [18]. The nitrate-like property of NC

actives the vessel smooth muscle and reduces NO, which leads to the vasodilation

of the larger coronary vessel [19] . Thus the increase of coronary flow provides

an additional beneficial effect on the recovery of post-ischemic cardiac function
[20] .

NC has been used clinically for patients with ischemic heart disease and had
been demonstrated to improve cardioprotective effect as an additive to potassium
cardioplegia [21,22] or be efficient as same as CP  [23] .  However, there have
been few investigations of NC as a novel cardioplegic agent to alternate the
traditional cardioplegic method and whether the cardioprotection of NC
pretreatment is better than CP.  In this study, with isolated working rat hearts
during 60 minutes 28°C global ischemia, we designed to compare the effect of NC
pretreatment as a cardioplegia agent against ischemia/reperfusion injury with CP, to
elucidate dose-related toxicity, to examine the administration time and test the effect
of NC combined with CP.

2. Materials and methods

2.1. Preparation of isolated working hearts.



Y Lietal. /5

This study was approved by Committee of Amimal Experimentation of Tohoku
University School of Medicine ( in reference to “The Classification of Biomedical
Experniments Based on Ethical Concems for Non-human species”, Laboratory
Animal Science, Special Issue P.14-16, 1987). The investigation conforms with
the Guide for the Care and Use of Laboratory Animals published by the US
National Institutes of Health ( NIH Publication No. 85-23, revised 1996). Fifty-
four adult male Wistar rats (250-350 g) were anesthetized with sodium
pentobarbital (60 mg/kg) and heparinized (300 IU) with an intraperitoneal injection.
The heart was excised and immediately immersed in ice-cold Krebs-Henseleit
bicarbonate (KHB) buffer, consisting of: NaCl (118.5 mmol/l), KCl (4.7 mmol/),
CaCl, (2.5 mmol/l), MgSO, (1.2 mmol/1), KH,PO, (1.2 mmol/l), NaHCO, (25.0
mmol/l) and glucose (11.0 mmol/l). Then, the heart was mounted on a
Langendortt apparatus (IPH-W, S/N 300497, Labo Support Corporation, Osaka,
Japan) via the aorta, and perfused with KHB solution at a constant pressure of 70
mmHg. KHB solution was equilibrated with 95% oxygen and 5% carbon dioxide
(PO, > 500 mmHg, PH = 7.42£0.05), and maintained at 37°C with a water jacket.
During 10-minutes of non-working Langendorff mode (L-mode), the left atrium
was cannulated. Then the heart was switched to working mode (W-mode) with a
left atrium pressure of 13 mmHg and an aortic pressure of 70 mmHg  [24] . All
hearts were paced at a constant rate of 300 beats/min during the baseline and

reperfusion period.
2.2. Experimental groups.

Fafty-four rat hearts were randomly distributed to nine groups (n=6 in each



Y. Lietal. /6

group, Table.1). Control hearts received a perfusion with 8 minutes of KHB
buffer before global ischemia without NC or CP. In the NC pretreatment group
(Pre-NC), NC was administrated for 3 minutes just before ischemia; different dose
(10, 30, 100 and 300 tmol/L) of NC was pretreated in 4 Pre-NC groups: Pre-
NC(10), Pre-NC(30) Pre-NC(100) and Pre-NC(1/300). In the NC
preconditioning group (NC-P), NC was administrated for 3 minutes followed by 5
minutes of drug-free KHB perfusion before ischemia. In the CP group, CP was
given during the first minute of global ischemia. In the Pre-NCH+CP group, NC
pretreatment combined with CP administrated.  And in the NC-P+CP group, NC
preconditioning combined with CP was administrated.

NC was dissolved in KHB immediately and filtered through a 045 4 m
porosity membrane before use, then was delivered into the aortic retrograde
perfusion circuit for 3 minutes to achieve a different dose (10, 30, 100 and 300 1
mol/l.). The range of concentration chosen to test the cardioprotection of NC was
based on previous studies [22, 25 ] . NC was provided by Chugai
Pharmaceuticals (Tokyo, Japan).

The CP solution was prepared by potassium chloride (KCI) added to the KHB
buffer (potassium concentration: 20 mmol/l} and infused through a side arm of the
aortic cannula at a pressure of 45 mmHg and at 28°C during the first minute of
global ischemia. The CP solution was filtered before use through a 0.454m
porosity membrane and gassed with 95% oxygen and 5% carbon dioxide. During

the ischemic period, the myocardial temperature was kept at 28°C in a water jacket
bath.

2.3. Experimental protocol.
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All the hearts underwent 28 minutes of 37°C equilibrium (10 minutes of L-
mode, 10 minutes of W-mode and 8 minutes of L-mode, NC administration when
applied), then 60 minutes of 28°C global ischemia (CP administration when
applied), followed by 45 minutes of 37°C reperfusion (15 minutes of L-mode and
30 minutes of W-mode) (Fig.1).

The post-ischemic recovery of cardiac function and the time to contractile

arrest after ischemia of Pre-NC at different concentrations (10, 30, 100 or 300 «

mol/l} was designed to elucidate. And the post-ischemic recovery of cardiac

function among the CP and Pre-NC, NC-P admmistrated alone or combined with

CP was designed to compare.  On the base of the dose-response study, 30 L mol/l

dose of NC was selected

2.4. Function measurement.

Aortic flow (AF), coronary flow (CF) were measured at the end of W-mode
before global ischemia and at the end of reperfusion. The AF (ml/min) was
measured by an electromagnetic flow meter (Nihon Kohden, Tokyo, fapan)
positioned in the aortic outflow line, and CF (ml/min) was measured by timed
collection of the coronary venous effluent. Cardiac output (CO, ml/min) was
calculated as the sum of AF and AF.  Post-ischemic recovery of cardiac function
was expressed as percent to pre-ischemic values in each heart (%CO, %CF). The
time to contractile amest (minute) during ischemia was measured after global

ischemia.
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2.5. Statistical analysis.

All cumulative results were expressed as amean % standard error of the mean.
Analysis of variance and Post hoc test followed by Fisher's Protected Least
Significant Difference were used to compare mutually exclusive data among the
groups when appropriate. A difference was considered statistically significant
when P < 0.05.



Y. Lietal. /9

3. Results

3.1. Recovery of cardiac function in the dose-response study of Pre- NC

The post-ischemic percent recovery of cardiac function (%CO and %CF) in the
doseresponse study of Pre-NC was demonstrated in Fig.2.  Significantly
better %CO and %CF were observed in the hearts that received Pre-NC at
concentration of 30 and 100 12 mol/ than control hearts (%CO: 62.91-1.8 and 48.9
13.1 versus 34.312.9 in the control; p<0.05, %CF: 73.0£3.5, 59.7£2.9 versus
44.31+3.6 in the control; p<0.05). The %CO and %CF in the hearts receiving a
300 Lt mol/l dose of NC (%CO: 16.11£6.0, %CF: 28.519.6) were lower than that
in the control hearts (p<0.03). There was no st'atiética]ly significant difference of

the recovery of cardiac function in the hearts receiving 10 £2mol/l dose of NC with
the control hearts.

3.2. Time to cardiac arrest in the dose-response study of Pre- NC

The time to cardiac mechanical arrest after ischemia in the dose-response study
of Pre-NC was shown in Fig3. PreNC at doses of 30 and 100 &t moll
significantly accelerated the time (minute} to cardiac mechanical armest (8.8
(.2and 11.1 £2.9 versus 20.3 1.6 in the control; p<0.05). Pre-NC at doses of 10
and 300 fzmol/l had no significant difference when compared with the control
group.

3.3. Comparison of the recovery of cardiac output in the six groups
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The post-ischemic percent recovery of cardiac output (%CQO) among the control,
CP and Pre-NC, NC-P admimstrated alone or combined with CP groups was
summarized in Fig4. A significantly better %CO was observed in the hearts that
received CP and Pre-NC, NC-P administrated alone or combined with CP (46.5
+4.6 and 629118, 68.411.7, 46.11L1.6, 44.611.6 versus 343129 in the
control; p<0.05). Furthermore, Pre-NC administrated alone or combined with CP
showed superior %CO to CP and NC-P administrated alone or combined with CP
(p < 0.05). And there was no statistically significant difference of the %CO
among the hearts that underwent CP and NC-P administrated alone or combined
with CP.

3.3. Comparison of the recovery of coronary flow in the six groups

The post-ischemic percent recovery of coronary flow among the control, CP
and Pre-NC, NC-P administrated alone or combined with CP groups was
summarized in Fig.5. A significantly better %CF was observed in the hearts that
received Pre-NC administrated alone or combined with CP and NC-P groups (73.0
+3.5, 63.913.3 and 59.012.9 versus 44.3£3.6 in the control; p<0.05). There
was no statistically significant difference of the %CF among the hearts that
underwent CP (55.0£7.2), NC-P administrated combined with CP (53.2+2.9) and
the control hearts. Furthermore, Pre-NC also showed superior %CF to CP and
NC-P administrated alone or combined with CP (p < 0.05). However, there was
no statistically significant difference of the %CF among the hearts that underwent
Pre-NC administrated combined with CP, CP and NC-P administrated alone or
combined with CP.
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4. Discussion

This study has demonstrated that NC pretreatment as a cardioplegic agent
against ischemia/reperfusion injury provided a superior post-ischemic recovery of
cardiac function to CP.  Furthermore, NC pretreatment significantly increased
the post-ischemic percent recovery of coronary flow, which results support the
mechanism link with vasodilatation of coronary arteries by its ATP-sensitive and
nitrate-like properties, leading to an additional beneficial effect on cardioprotection.
This data is consistent with a previous obstruction that EDHF (endothelium-derived
hyperpolarization factor) nmediated coronary endothelial function is maximally
preserved by hyperpolarizing cardioplegia but impaired by depolarizing
cardioplegia  [26] .

There has been no previous investigation of NC as a cardioplegic agent to show
superior cardioprotective effect to traditional CP. Only one recent study had
shown improvement of functional recovery of NC (100 z£mol/l and 1 ¢z mol/l) as
effective as CP using a blood perfusion isolated rabbit heart during normothermic
global ischemia [23] .  However, blood cardioplegic solutions have been
repeatedly shown to be more protective of post-ischemic function than crystalloid
cardioplegia solutions. One can thus hypothesize that blood cardioplegia might be
more protective of the hyperpolarized myocardium than the depolarized
myocardium. In this way, administering the hyperpolanzed cardioplegia-NC in a
sanguineous cardioplegic solution might result in improved recovery of cardiac
function against ischemia/reperfusion injury when compared with the depolarized
cardioplegia-Potassium cardioplegia. Further investigation is necessary to define
the possibility.
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A puzzling observation in this study is that NC pretreatment significantly
tmproved the recovery of cardiac function in comparison with NC preconditioning.
Regardless of the exact mechanism by which NC preconditioning mimics ischemic
preconditioning to produce the cardioprotective effect [27-29] , the mechanism
by which the heart keeps the “memory” of its brief exposure to NC is yet unknown,
but has been speculated that NC sustains opening of partial potassium channels and
decreases the threshold for channel activation during the ensuing period of
protracted ischemia [9] , which would result in a limitation with the
cardioprotection of NC preconditioning.

In the present data, NC pretreatment combined with CP significantly improved
the recovery of post-ischemic cardiac output which was almost the same as NC
pretreatment alone, however, it did not show a better recovery of post-ischemic
coronary flow than CP. The mechanistic link might be that vasodilation of
coronary artery of hyperpolarizing cardioplegia-NC is abolished followed by
administration of CP which depolarizes the membrane of coronary vessel
endothelial cell leading to the increase of concentration of the intracellular calcium
and causing systolic of coronary vessel [26] . Therefore it contributes to reduce
recovery of post-ischemic coronary flow.

One previous study using the isolated rat hearts reported that NC pretreatment
at doses of 300 (£mol/l improved the recovery of the contractile function after 25
minutes of normothermic global ischemia [19]. Another experiment showed 30
£mol/l to 3 mmol/l of NC increased the recovery of cardiac function after 80
minutes of 20°C global ischemia [30] . However, in this study, we used 28°C

global ischemia which is a relatively lower temperature and considered to be a

commonly used cardioprotective method during open-heart operation. We found
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that NC pretreatment 100 (2 mol/l had a significant improvement of post-ischemic
recovery of cardiac function, and a more detail dose-dependent study showed a
lower dose of NC 30t moll provided a maximal cardioprotective effect. In
addition, a negative inotropic effect with ventricular arrhythmias happened when
using NC equal to or higher than 300 £ mol/, which is consistent with several
studies that showed high doses of NC exert a negative inotropic effect with
arthythmias  [31,32] . The reason may be related to the chemical structure of NC
and a higher dose of NC being a factor to influence the activation of ATP-sensitive
potassium channel.

At the same time, NC pretreatment induced a significantly shortened time to
mechanical arrest that tended to be similar to that of CP. That the time to
mechanical arrest by NC pretreatment was shortened seems to be a direct result of
ATP-sensitive potassium channel opening; the addition of glibenclamide to NC
completely abolished the ability of NC  [23] .

Our previous clinical study showed that 0.3 mg/kg (100 (tmol/l) NC which
administrated 30 minutes before aortic clamp combined with CP tended to increase

the recovery of cardiac output and significantly decreased release of cardiac
enzymes after cardiac amrest when compared with CP during the open-heart
operation [33].  This animal experiment provides an additional reference about
the dose and timing of the addition of NC to clinical study. Whether NC
pretreatment with 30 (£ mol/l just before aortic clamp providing a superior
cardioprotection to CP 1s among the possibility that warrant further investigation.

In summery, the present study has demonstrated that NC is a superior

cardioprotective agent against ischemia/reperfusion injury to CP with isolated

working rat hearts during 60 minutes 28°C global ischemia. Among the
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relatively wide therapeutic range of NC, there 18 a maximal concentration (30 ¢4
mol/l), and NC pretreatment just before ischemia as its administration time provides
more effective cardioprotection. This result suggests that nicorandil pretreatment

may be an alternative to traditional cardioprotection in open-heart surgery.
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Figure Legend

Fig.1. Experimental protocol. L-M, Langendorff-mode; W-M, Working-mode;
Pre-NC (NC pretreatment just before ischemia); CP, potassium cardioplegia; NC-P
(NC-preconditioning, NC administration followed by 5 minutes drug-free
reperfusion); Pre-NC+CP, NC pretreatment in combination with CP; NC-P+CP,

NC preconditioning in combination with CP.

Fig.2. Post—ischemic-percent recovery of cardiac function (%CO and %CF) in the
dose-response study of NC pretreatment (10, 30, 100 and 300 1t mol/l). Values
represent the mean=SEM.  * P < 0.05 vs. control group.

Fig.3. Time to cardiac mechanical amrest (minute) after global ischemia in the

dose-response study of NC pretreatment.  Values represent the mean=SEM.  *

P < 0.05 vs. control group.

Fig4. Postischemic percent recovery of cardiac output (%CO) among control,

CP, Pre-NC, Pre-NC+CP, NC-P and NC-P+CP groups. Values represent the

meanSEM. * P < 0.05 vs. control group; * P < 0.05 vs. CP group; * P < 0.05
vs. NC-P group; * P < 0.05vs. NC-P+CP group.

Fig.5. Post-ischemic percent recovery of coronary flow (%CF) among control, CP,
Pre-NC, Pre-NC+CP, NC-P and NC-P+CP groups. Values represent the mean=+

SEM. *P<0.05 vs. control group; * P <0.05 vs. CP group; © P <0.05 vs. NC-P
group; * P < 0.05vs. NC-P+CP group.



