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O Abstract O

The Cardioprotective Effect of Ischemic Preconditioning[]
Role of Adenosine and Protein Kinase C

Hyun Kim, M.S., Dae-Joong Kim, M.D., Sung-Soo Kim, M.D.,**
Bong-Jin Rah, M.D., Ho-Dirk Kim, M.D.

Department of Histology, College of Medicine, Chung-Ang University, Seoul, Korea
Department of Internal Medicine, ** Halla General Hospital, Cheju, Korea

Background[ Brief episodes of coronary blood flow interruption, ischemic preconditioning (IP),
following a prolonged ischemia induces myocardial tolerance to ischemia and improves myocardial
function during reperfusion by undefined mechanism. Recently, it has been suggested that the signal
transduction pathway of the cardiomyocyte itself may involve in this protection. The aims of the
present study werel (1) to examine the effect of adenosine in early phase of IP, 2) to define the
relationship between the adenosine and protein kinase C (PKC).

Methods and Results[] Hearts isolated from New Zealand White rabbit (1.2—1.5kg body weight,
n=78) were perfused with Tyrode solution by non-recirculating Langendorff technique. After
stabilization of baseline hemodynamics, the hearts were subjected to receiving 45min global
ischemia () and 120min reperfusion (R) with or without IP. IP was induced by a single dose of 5min
I 'and 10min R. A part of the IP hearts, calphostin C (200nmol/L), a PKC inhibitor, was administered
Smin before IP and sustained during IP regimen. Left ventricular function and coronary flow were
monitored. Infarct size was determined by staining with 1% triphenyltetrazolium chloride solution
and computerized planimetry. Adenosine concentration in the coronary flow was determined by
HPLC. Myocardial cytosolic and membrane PKC activities were measured by **P—y—ATP
incorporation into PKC specific peptide. Expression of PKC- e and PKC- d was determined by SDS-
PAG—€ and Western blot.

IP enhanced improvement of functional recovery (p<0.03, in the left ventricular developed and end-
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diastolic pressure(] p<0.01, in the coronary flow) during 120min R after 45min I. Pre-conditioned
hearts showed reduction in the infarct size compared with the non-preconditioned hearts (p<0.05)(]
however, IP-induced protection was lost by calphostin C. Adenosine release from the cardiomyocytes
abruptly increased to 10—20 folds baseline just after [P manipulation and decreased rapidly on
reperfusion. Cytosolic PKC activity significantly decreased in the preconidtioned hearts which
received 45min I (p<0.05) and 45min I and 120min R (p<0.01), while the membrane fraction
increased in the former (p<<0.05) and the latter (p<<0.01) groups. There was no significant difference
in the PKC- d activity among all experimental groups in cytosolic and membrane fraction, however,
the membrane PKC- e isoenzyme activity was increased in the preconditioned hearts which received
45min 1.

Conclusion[] These results indicate that (1) a single dose of brief ischemia has an infarct-limiting
effect and can improve post-ischemic contractile dysfunction after 45min subsequent sustained I0J
and () increase of adenosine release in the earlier period of IP regimen and translocation of PKC
from the cytosol to myocyte membrane may be important processes signal transduction for
protection. These results suggest that cardioprotective mechanism responsible for IP in isolated rabbit

heart may be initiated by adenosine and PKC.

KEY WORDSLUI Ischemic preconditioning - Adenosine - Protein kinase C - Calphostin C.

M =

19860 Murry OP0 0000 00O OO0 O
000,50 000 000 000 O 0000 00
0 0000 000D 00 0 00000 000 O
00 00 000 0000 OO0 0000 000 O
0O000. 0 00 00000 000 000 000
00 OO0 OO0 00 00000 0000 000
O 000 OO0 (ischemic preconditioningd OO
IP)’ 00 00000, IPO OO0 0DO00 000 O
000 0000 000 0000 OO0 000 OO0
00 0OD00 OO0 0DO000D 000 000 OO0
000 0D0000 OO0 0 0000 00.00 00
IP0 0000 000 0000 0000 00, 00,
00 00 000 000000 0000 oop%@
000 00000 0000 0000 OO0 0000
00 DOD 00 00 00 000, 000 0000
000 000 OO0 00000 000 00, 000
EKG 000 ST-O(segment)d OO0 0000 O
IP 000 0000 00000 0000 oo0™2.0
00 IPO OO0 0000 000 0000000 O
00 0ODO0 0000 00000 000 00 00
000 00 O 00, 00000 000 00 000

god 0ob0 0o0o 0boo 0o Oob bobg go
00000 000 0 oboo oo ooo oo
oad.

00 OO0 oobo 0O 0oo oboo oo o
000 od oo pO0 000Oo Oooo ooo o
0000 0DoooD 0000 oogoooog oo
"O0O0 000 OO oo 000 oooo ooo
oooo0o oo.0 ooo oobo ooobo oo, 00
0 000 000000 O ooog boo ooo
0 000,000 OOOOO adenosine Al OO
0™ 00000 000, o,-000000 00
0™ 00 0000 00,000 0 000 0000
0000 02000 (second messenger)d 0 pr—
otein kinase C(O 0O PKC)O OOOOO OOOO
|:||:|16'l7).

gooo ooob oo O PO ooo booo
0000 adenosinel OO 0000 adenosine
gooo oo 0D obbbb o0oogd googg,
go00000 PKC OO0 O PKC O0OOO(is—
ozyme PKC—¢ , =0 )0 OO OO0 OOOO O
00 000 ooooo ooboob oodg. oo
PKC O00O00O0O calphostin CO O00OO0O PKC
goo PO O0O0O0O 0000 OOoOo ooobobo
goao.

g 10050



ER-ET

1. d8SE

00000 00 0000 00 000 00 1.20
1.5kg0 OO0 OO0 (New Zealand White rabbit)
0O 00000 O0D0O0O, 0oooo ooooo
OO0 0000 OOO0O 0000 (Guidelines for the
Use of Laboratory Animals, American Physiology
Society, 1985)0 OO OOOOO. Heparin(300
IU/kg)D OO0 0000 300 00O oOoOO O
000 00000 OO0 00D Dooo ooo o
O0000.000 OO 00000 oooooo oo
O 0000 ooo@o 25mm, OO 2.0mm)O
0000 4-0 00000 OO O O0O0O0O(Size 5,
Hugo Sachs Electronik, March—Hugstetten, Ger—
many)d OO0O0O non-—recirculating Langendorff
000 OO 100% OO0 OO0 Tyrode OO
(containing in mMO NaCl 140.0, KCl 4.4, CaCl, 1.0,
MgCl, 1.0, HEPES buffer 3.0, and glucose 10.00
pH 74)00 0O0O0O0O0O. 00O OO0 OOO O
(water—jacketed heat chamber)] OO0O 3700,
0000 0000 60mmHg O 35mi/min00O OO
00000, 0000 OO0 000 000 oo 2
O3mm 0000 O0O0O0O OO OOO OOO000
(Advanced Stimulator, Harvard Apparatus, Eden—

Baseline (n=5) [ ]

1 (n=5) [ [ischemsal

I+REP (n=16) Reperfusion |

IP (n=5)

IP+l (n=5)

IP+I+REP (n=20) [

IP with

calphostin C

( —)

(n=12)

0 7.7 4 s ]
0 50 65 110 230min

Fig. 1. Schematic illustration of experimental protocol.
I, 45min ischemia O IP, preconditionedO REP,
120min reperfusion.
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Fig. 2. Changes in the % recovery left ventricular develped pressure(LVDP, A), % recovery +dP/dt(B), left ve-

ntricular end-diastolic pressure(LVEDP, C), and the coronary flow(D). Data are expressed as meant
SEM. SymbolsO e , ischemic control(n=16)0 0O, IP+I+REP(n=20)0 O, IP(Cal)+I+REP(n=12). *p<0.05 and
**p<0.01, ischemic control vs. IP+|+REPO +p 0.05 and ++p 0.01, IP+I+REP vs. IP(Cal)+I+REP.
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Fig. 3. Infarct size as % of left ventricular volume. Data
are expressed as meanx SEMO *p<0.05, IP+I+REP
vs. [+REPO +p<0.01, IP+I+REP vs. IP(Cal)+I+REP.
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Fig. 4. Changes in the adenosine release. Data are
expressed as meant SEM. Adenosine release
increases 10— to 20—fold after ischemic prec-
onditioning(IP)irrele-vant to calphostin C adm-
inistration.
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Fig. 6. Western blot analysis of the PKC-d . Cytosol(A)
and membrane fractions(B). NC, normal controld
I, 45min ischemial I+REP, ischemia followed by
120min reperfusion O IP, preconditioned O IP
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Fig. 5. Changes in the activity of protein kinase C(PKC) both in the cytosol(A) and myocyte membrane(B)
fraction in experimental groups(n=5 each). Data are expressed as mean* SEM. NC, normal controld
I, 45min ischemial IP, preconditionedd REP, 120min reperfusion. $p<0.05, IP vs. IP+I0 $$p<0.01, IP vs.
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Fig. 7. Western blot analysis of the PKC-¢  in the mem-
brane fraction. NC, normal controlO |, 45min
ischemial [+REP, ischemia followed by 120min
reperfusiond IP, preconditionedd IP(Cal), calp-
hostin C-treated preconditioned.
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0 D000 000 00000 O 0000 00 00
000 00000 000D OO 000" 00 00
O (mediator)’000 OO0 O OO0 000O0.

Adenosine 00000 0000 A, A, A O
000 0000 000 PO 0000000 Ay OO
0000 0000 000 000 00%%%, Aden—
osine A, 0000 G-prtoeind OO0O OO
G—protein phospholipase CO0 OOOO0OO0OO
phospholipidC OO, PKC OO0OOOOO OOO
diacylglycerolD 00000 D00 OO0 00
0 000 OO0 000000 IP O 8—sulfopheny—
Itheophyllined 0OOOOO O IPO OO0 0OOO
PKC OO0 OO0 ODOOOOO, OO adenosined
PKC OO0 000 00000 OOOO 000 O
O 00,0 0000 calphostin CO OO0 OOO
IPO0 0000 00000 00000 0000 o
000 000 000 000 00 000 000 O
00 adenosined PKCO 0O0O0O0O OOO O0OO
0000 000 0000 PO 0000 00 OO0
0 000 00 00 000 0ooo.

4. IP2| MHS Fjo} £F X8
PKC 7|&!

IPO 0000000 000 0000000 OO0
00 0000 0000 OO 000 oo 0o oo
0O 000 PKCO OO0 OOO OO OODO.O000
000 0000 pkCO OOO OO OOOO OO
O (phosphorylation) OOOCOO O OO0 OO O
0000 00000 0000 ooo oooo oo

HzZAMe|

0 00000 PKCO O0O0O ObDOO DOO oo
goodo. oo PO OO0OO OOO OO0 odgo
0000 0000 0000 O004d(cytoskeletal
component)®*®, 00 channel(ATP—dependent po—
tassium channel)*®, anti—oxidant enzyme*?, str—
ess protein®® 00 0DOOO DOO.

ATP-—sensitive potassium channel(KATP cha—
nnel)0 19830 Noma*0 OO 000 000, Gross
0 Auchampach®0 0000 000 0000 K'aw
channel 0000 glibenclamideD OOO0O IP OO
0 0oood Ood oooo o e0 oooo ogo
K atp channell 000 O0OOO 0OOOOO. OO
0002, 0o%*, 000 000 0000 000
000, Tomai 0*®0 0000 glibenclamided [
god 0Dood 0oboo obbdo O bog o
00 000 000 EKG OO0 Oo0OoOoO ooo o
0000 K'are channeld OOOO OO0 OO0
0 00.000 00 000 00, Thornton 0490
glibenclamide 0O OO0 PO OOOO OOO O
00 OO0 00 ODO0O00 K'arp channeld OO0 O
00 0000 000 000 000 000 Kam
channeld OO0O0O0O OO OO OO OO0 OOO
0.0000 Kare channeld 0000 OO0 00O
0 OO0 action potential duration(APD)O OO0
00 0000 00,0 000000 (cardiodepre—
ssion) 000 OO OO OO0 OO0 poold OO
0 0oob 0obobd Oobb oOo.0ob od APD
0 00000 0000 00 Ooboo oood bim—
akalim(K*a7p channel 00 0)0 00000 OO0
00 000 000 000002, APD 000 00
0 O 00 OO0 (dofetilide)d cromakalim(K*ame ch—
annel agonist)0 OO0 O00O0O0O OO0OO OO0O O
0oooo 0o®0 Ooo 000 0000 000
00 00 000 OO0 Oboo Oooo oob ooog.

5 = Ago| g

oooo 0oo0o obo gobo ooo ooogo
00 000 oob ooobo oboo b oo, bog
goo ooog ooo ooooo ooodo &g
0 0oobo oob boob boo ooo goood
goo oooood boooo boo ogo. od
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oo0o00 ooo ooo 00o oo ooo oo
(physiological solution, Tyrode O0O)0 O0OO0OO
000 0000 00 0000 ooOoOoo ooo
000 00O 000 000 0000 oo 0o oo
0 0000 0000 0000 ooOoo oooo
000 0 00. 000 oooo ooo ocooo o
O@nvivo)D OO0 OOOOD OO OOO OOOo
000 0oooao.

(@) (]
S —

AT

00 000 00-0000 oDo0-00o0oo0(is-
chemic preconditioning, IP)-0O OO OOO0O OO
0O 000 0000 0000 O0oo ooo oo
000 0000 0O0O00 OO0 oooo oo o
000 OO0 00 000 000D O0O.00 ooo
0000 000 00 0O 000 00oo ooo o
00 00 00.0 00000 oo o0 ooo o
000 IPO O0O0O0O OO0 ODOOO Ooooo o
OO0 OO0 ODOO OO0 adenosinell OO0 OO
00 000 PKC OO0 OO0 O0OOO OOO0O
0000 000 oo, IPO O0O0O0O ODOO0O OO
0O 00000 ood.

-

0000 00 00O ooogd 1) so000 OO
00 000 000 00 O0,2)45000 000 O
000 000 0oooooo@o, n=16), 3) 450 O
0O 0 120000 0O0O0O000J+REP O, n=5). 4)
IPO 50 00O, 100 0000 10 0000 OO0
Ooo@pP O, n=5),5) IPO 00O 45000 O0O0O
OoooooJp+l O0,n=5),6) IPO 450000 O
00 000 000 120000 oOo0oO0O0{P+I+
REP O, n=20). 7) IP 50000 00000 PKC
00000 (calphostin CO 200nmol) OO0 OO
000 00oo 4),5), 6)00 000 00O OO
000. 000 000 o000 Oooo ooo oo
000, 000000 00 adenosinel OO0 OO
0000, 0000 000 OooOoO oo0 1%
TTC(triphenylte—trazolium chloride)d O OO0
0000000. 0 OO0 000 OoOOoOooO PKC

0 0000 00000, PKC-3 0 PKC—e O OO
000 00000.00 0000 oooooo oo
ood.

4 1

0000 000 Ooooooo ooo e goo
000 000 0O00(@<005), 00 OO0 OOOO
O(LvDP), +dP/dt 0 000 O000O0O(LVEDP)
0O 000 00O 00 IPO0OO OO0 OO OO0
000. 000 calphostin COO OO0 OOOOO IP
00 0000 0000 0000 Ooooo ooo
0000(p<005), 000 00 00O IPODO OOO
000 OO0 0000 000O00. 0000 Ooooo
000 000000 Oo0Oo P OO0 OOO 600
000 OO0 000 0000 (p<0.01) calphostin
Cc OOOoOoO OO OObO oooo oog. od
0 O OO0 adenosine OO0 IP OO0 O OOO
0000 000 0O 100200 OO0 ODOO OOO
00,0000 OO0 0000 ooOg ooooo.l
0O 0 I+REPOOODO OO0 O O OOO PKCO
0000 000 ooo.IiPoOodpP)OO oOoooo
0 0000 0 0000 00 0O0ooo ooo oo
00 PO 45000 OO0 OO0 Oodp+noo d
00 OO0 OO0OD PO OO OOOO OOOOo
O00(<0.05) 00O DOO0O OO0 O{P+I+REP)
000 0000 000 00O000(@e<0.01). OO
0000 oooo 1P+l O0(p<0.05), IP+I+REPO
00 00000 ((p<0.01).

ze:

100 50 00O, 100 0000 1PO 0000 O
00 00,0000 ODODO00O0 oo oo O oo
0 0000 000 00000, 00 OO0 oooo
000 I OO OO0 OO 0000 adenosinel O
00 00 000 Oooo,PKC OO OOO0O ca—
Iphostin CO OO0 O0O0O0O OO0OO0O OOO O
00 000 OO0 00 IPO OD0O0OO0OO0O0O PKC
0000 000 00 ooo oooag.

IPO O0O0O OOOD OOOO ODOO O OoOoOd
00 000 0000 O 0 PKCOOOD OOOOO
0000 0000 000 0000 O 0 ooo. o
0O IPO0O0OO OO0 OO0 OO0 OOOO OO
00 0000 000 000 ooooo oooo
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goo oooobo ooo oboo boooo.

PKCO 0O0O 0O OO0 000 0oO0DOO0OO0 Obo od
OO0 00 PKCOOOOO PKC-e O OO immu—
noblottingd OOOO OOOOO. OO0 PKC-%
O 000 000 oo oo gob oooo.
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