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ABSTRACT

Background and Objectives[] The myocardial protective effect of ischemic preconditioning is well known.
However, the mechanism is remains unclear. The purpose of this study is to determine the role of adenosine,
protein kinase C, Karp channel and the change of monophasic action potential duration on cardioprotective
effect of ischemic preconditioning in cat. Materials and Methods[] In this experiment, 66 cats were allocated
into 7 groups control (nO 10), ischemic preconditioning (O 10), adenosine pre-treated (nd 10), SPT (8-p-
sulfophenyl theophylline) pre-treated (nJ 9), polymyxin B pre-treated (n0J 9), glibenclamide pre-treated (n0J

9) and nicorandil pre-treated (n[J 9) groups. Ischemic preconditioning was performed in ischemic precondi-
tioning, SPT pre-treated, polymyxin B pre-treated and glibenclamide pre-treated groups by 3 episodes of 5
minutes ischemia and 10 minutes reperfusion. All animals were subjected to 40 minutes of ischemia and 40
minutes of reperfusion. Monophasic action potential duration at 50% repolarization (MAPs,) was measured in
the ischemic and non-ischemic area respectively by epicardial probe throughout the experiment. The effect of
ischemic preconditioning was determined by infarct size (% area at risk). Results(] Ischemic preconditioning,
adenosine pre-treatment and nicorandil pre-treatment groups demonstrated a significant reduction in infarct
size (26 4%, 25+ 4% and 34+ 8% infarction of the risk zone, respectively, p<0.01, p<0.01 and p<0.05 vs.
control) with respect to control (41% 8% infarction of the risk zone). However, pretreatment with SPT,
polymyxin B or glibenclamide abolished the effect of ischemic preconditioning. Ischemic preconditioning
group exhibited a significant reduction of MAP5, duration in the ischemic area during preconditioningl] at the
first preconditioning 128+ 11 msec vs. 144+ 10 msec control, at the second preconditioning 110+ 10 msec
vs.147+ 10 msec control (p<0.01)at the third preconditioning 114+ 10 msec vs. 145+ 11 msec control
(p<0.05). But, pretreatment with SPT, polymyxin B and glibenclamide prevented the reduction of MAPs, in
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the ischemic area during ischemic preconditioning. During 40 minutes ischemia, the shortening of MAPs, was
more pronounced in the preconditioned group than in control groupl] at 5 minutes 112+ 13 msec vs. 124+ 10
msec control, at 10 minutes 89+ 12 msec vs. 1331 11 msec control (p<0.05), at 20 minutes 93+ 12 msec vs.
136+ 11 msec control (p<0.05), and at 30 minutes 107+ 19 msec vs. 144+ 14 msec control (p<0.05). In
adenosine pre-treated group, the MAPs, was significantly shortened than control group throughout 40 minutes
occlusion periodd at 5 minutes 90+ 8 msec p<0.05), at 10 minutes 77+ 9 msec (p<0.05)at 20 minutes 92+ 8
msec (p<0.05), and at 30 minutes 103% 8 msec (p<0.05). Nicorandil pretreatment pronounced the ischemic
shortening of MAPs, in ischemic area and the effect was significant during early ischemic periodd at 10
minutes 98+ 22 msec (p<0.05 vs. control). In pretreatment groups with SPT, polymyxin B or glibenclamide,
the ischemic preconditioning of MAPs, measured in non-ischemic area was not significantly different
compared with control group. MAPs, measured in ischemic area during reperfusion was not significantly
different between groups. Conclusion[] Based on this study, adenosine receptor-protein kinase C-Karp
channel activation and monophasic action potential duration shortening during ischemia play an important

role in myocardial protection during ischemic injury. (Korean Circulation J 1999529 (4):392-402)
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Fig. 1. Diagram of experimental time course. Ischemic
pre-conditioning (IPC) was elicited by three 5 min epi-
sodes of ischemia and 10 min reperfusion. Arrow indicate
epicar-dial monophasic action potential recording.
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Table 3. Monophasic action potential duration at 50% repolarization (MAPso, msec) measured in ischemic area in cat heart

30 min

Reperfusion
30 min 1 min 5 min 10 min 20 min
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20 min
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Fig. 4. A typical pattern of the monophasic action potential change in ischemic area in cat heart.
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Fig. 5. Monophasic action potential duration at 50%
repolarization (MAPso) of the ischemic area. Ischemic
preconditioning was not performed in control, ade-
nosine and nicorandil group, *p<0.05 vs. control, #p<0.01
vs control.
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Fig. 6. Monophasic action potential duration at 50%
repolarization (MAPso) of the ischemic area.
*p<0.05 vs. control, #p<0.01 vs conftrol.
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ooo0 oooooo ooboo =0 0o ooo o
U0 0obdd 0obdo ob-000o oboo oo
0000 000 000 00. Gross 020 00 O
gob bd0o 0b-0o00b bo OO0 obo oo
000 00 o0bo Ooobo ooo oo obooo o
00 OO0 000 000 0000 0000. Yao 0%
O 000 Karp OO OOOO bimakalimd OO O
00 oDooood ooob booooo ooo o
0 Jboodb 0oob oo bbob booboo
schulz 0%®0 000 OO0 OO0 000 0000
Kare 00O OO0O0O glibenclamided OO0 OOO0O
0 0b oobodb bob b0 oubob boo
0 00000 Kare OO0 OO0 OOOO OO O
gobd 0obd 0obo 0obb 00 obo oboo

Table 4. Monophasic action potential duration at 50% repolarization (MAPso, msec) measured in non-ischemic area in cat heart

30 min

Reperfusion
30 min 1 min 5 min 10 min 20 min

Occlusion
20 min

Ischemic preconditioning
2nd 3rd 5 min 10 min

1st

Basal

Group

Control

158+ 13 162+ 15  166% 15

142+ 18% 138+ 13 140+ 13# 143 10 145£ 10 147= 10 148+ 11 155 12 161+ 13

145+ 9

(nO10)
IPC (nO 10)
Adenosine

133+ 16 137+ 9 142+ 14 143+ 9 143+ 10 139+ 8 144+ 11 156+ 14 159+ 14 160+ 12 158+ 13 163+ 10

150+ 16

150+ 8% 146+ 8# 149+ 7% 131 9 141 8 146+ 8 151 11 153t 9 158+ 8 162+ 8 164+ 8 171x 8

152+ 6

(nO10)
SPT (nO 9)

142+ 16 145+ 20 139+ 14 143+ 18 148+ 20 155+ 22 158+ 23 160+ 23 166 15 170+ 26 170+ 25 176 10

144+ 18

143t 9 140t 11 144+ 10 141 14 142+ 13 146+ 18 152+ 14 155+ 16 160+ 17 162+ 17 168+ 12 172£ 10 176 10

Polymyxin B

(n09)
Glibenclam-

168+ 21

162+ 22

159+ 27

158+ 25

154+ 30

150+ 19

148+ 16

145+ 13

139+ 10

137+ 14

136% 11

138+ 11

142+ 10

ide (nO9)

Nicorandil

146+ 6% 143 74

140 7+

148+ 25 152+ 29 145+ 35 161+ 30 157+ 45 155+ 18 152+ 26 165+ 26

141 25

145+ 10

(n09)
IPCO ischemic preconditioning, SPTO 8-p-sulfophenyl theophylline. Values are meant SD, #denoted ischemic preconditioning was not performed in this subjects
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0. Tan 0?0 OO0 OO0 OOOOO0 OO0 OO
00 ODooood ooo ooo Oooo oooo o
000 OO0 OO0 glibenclamided OOOO0O0O
gob 0O 00.0000 U000 0 0000 Kare O
0 0000 dlibenclamide OOO0 OO0 O0O0OO
U 00 b00b0O0 O0Db bob0b D00 Kare
00 0000 nicorandil DOOOO0O OOO OO0
0 0dbdd boobo oo oboo oo o
dobdno 00O ooo ooood. boo0 Kare
000 oobodo 0o boobooo boo ooo o
0 0dbdd bodb b0 oboob boboo oo
0 oood.

0O 000 OO0 000 OO0 adenosined Katp
00 0000 00O OO0 0bhOobo obood. Ki—
rsch 00 00 000 0000 adenosinell ad—
enosine OO0 OO0O0O cyclohexylammoniumO O
Kare 000 OO0O0O OOOO Karp DOO Gi OO
00 OO0 adenosine A1 0000 O0OOO OOO
000 Auchampach 0?0 00O adenosinel O
0O 00000 Karp OO OOOO glibenclamidel
0000 0D0000. 000 Thornton 00 0O
00 Karp OO O0O0O0O OO0 DOOO OO OO
gob 0b0o0o oobo boboo. obog oo
0 00 00 000 0000 oo obooo booo
g0 oob oobo. 0 bboob obo oodg,
adenosine 0000 OOO0O OO0 000 Kare O
0 0bdd bo0 Dbobbo Oobo oooo o
O0. 0000 000 0 0000 adenosine OO0
000 00 OO0 Obo oboo ooo oboo
00 000 000 O ODODOD adenosine OO0 O
000 SPTO Karp OO OO0O0O glibenclamidel
gob 0odb 0oob boobo obbo oboo
00 000 O0DO0OO0. 0000 adenosinell OO
00000 Karp OO0 OOOO ODOODOOO OO
U odbo booob oo oboo.

00 O0O000 adenosinell OO O0O00O Kate
000 000000 Kim 090 protein kinase CO
000 O OO0. Speechly—Dick 00 00O OO
0000 protein kinase C 0000 1,2—dioctanoyl—
sn—glyceroldl] 000 00000 Kare OO OOO
0 cromakalimd OO0 OO OOOOO OOOO

400

000 00 00000 Kare OOOODOO dliben—
clamided 0000 Karp OO0 OO0 OO OOO
00 protein kinase CO 00O OO0O OO OO0
000 O 0O0.0 00000 protein kinase C 00O
OO0 polymyxin BO OO0 O O OO0 OOOO
0000 ODODODO 0 00000 000 oooo o
00 O OO0O. 0000 adenosined Karp 00O
000 OO0 OOOO00 OO0 protein kinase CO
0000000 000 D00 OO ooo oood.

000 000 adenosine 0000 O0OOO protein
kinasec CO OO0 OO0 Kare OO0 0O0OO0O O
0O 000000 000 000 oooo oo ooo
00 000 000 000 gog googd.

o Ok
i =

AT E

000 0OO0ODO 00 O00do ooo oooo
00 00O DO0O0O OO0O000 adenosine O0O0O0O
00 OD0O0O0ODO 000 00 Oooo ooooo oo
000 0000 Kare OO0 OOO OOO OO O
00 0000 0Oo.0 ooo ooo oooo oo
0000 000000 adenosine, protein kinase C,
Kare 00 O 00000 OO0 OO0 OOOO O
O 0o0oooo.

oy % Y

00 25~35kgd 00O 66000 OO0, 00O
0000, adenosine 000, 0000 adenosine O
00 0000 SPT OO0, protein kinase C OO0
O polymyxin B OO0, Karp OO OOO0O gliben—
clamide 000, Karp OO OO0OO nicorandil OO
0O 0 7000 000 OOO OoOOOO.000 oo
00 ODOooOoooooo soo0 ooo o 1000 O
000 30 0000 OO oooo oooog oo
0O 0000 00000 00O OO0 00 0 ooo o
000 000 O 50% 000 OO(MAPsp)O OO
0000 0 000 0000 0 ooooo ooo o
oooo.

2 I

00 00000 OO O0O0O0OD 0Ooo ooo 42
+7%0 00 000 0000 26+ 7%(p<0.01), ade—
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nosine OO0 25+ 4%(p<0.01), nicorandil O OO
34+ 8%(p<0.05)0 D000 OOOO, SPT OOO,
polymyxin B OO0 O glibenclamide OO0 OOO
0O 000 00g ood.

000 00000 MAPsD O OO OO0 OO0
0000 000 OO0 0000 0O 0od ogoo
110+ 10 msec, 0 OO OO0O0O 114+ 10 msecO
0000 00O 147+ 10 msecd 145+ 11 msecl
0O 0000 000 (p<0.01, p<0.05). OOO SPT,
polymyxin B, glibenclamidel O0OOO OOO0O O
000 U000 OO0 000 00 MAPsO OOO
000 ooo.

00000 OO0 ooooo MAP 500 100 89
+ 12 msec, 200 93+ 12 msec, 300 107+ 19 msec
O 0000 OO0 133+ 11 msec, 136+ 11 msec,
144+ 14 msecd OO OO0OO OO0 (p<0.05).
Adenosine 0000 MAPsO 50 90+ 8 msec, 10
O 77+ 9 msec, 200 92+ 8 msec, 300 103+ 8
msecl] 0000 OO 0000 0OOOO OO OO
00 000 (E<0.05). Nicorandil 000000 OO
OO0 100 OO 98+ 22 msecll OOOO0O ODOOO
0000 (p<0.05) 50, 200, 30000 OOOO OO
0 000 000. SPT OO0, polymyxin B 000,
glibenclamide OO OO00O0 O0OOO0OO O0OO O
0O MAPsUU 00O0O0O OO0 000 ooo. ooo
O 000 00 00 MAPsU O OO0 OO0O OO
0O 0o0oo.

7z

000 OO0 O000O0 0000 oo ooo
0 OO OO 00000 adenosine OO0 —protein
kinase C— Karp 000 0000 OO ODOOOOO
000 000 000 00 ooo goood.

M SO0 000 000 000000 0000
odd- Kare OO.
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