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ABSTRACT

Background(] It is well known that ischemic preconditioning protects the heart against infarction or arrhythmias
from a subsequent ischemic injury. Two phases of the effect of preconditioning has been explored, early
protection and second window of protection at 24 hours. The late protection was seen in some animal model,
but the precise mechanism is controversal. This study was designed to evaluate the late cardioprotective effect
and role of HSP70 in ischemic preconditioning of cat heart. Methods[] Two groups of cats were studied. Con-
trol animals were subjected to an episode of 40-min coronary artery occlusion followed by 30-min reperfusion.
Experimental animals were subjected to ischemic preconditioning before the 40-min ishcemia/reperfusion.
The preconditioning protocol was comprised of three 5-min episodes of ischemia interspersed by 10-min
episodes of reperfusion. After sustained ischemia and reperfusion, left ventricular risk area and infart area
were measured by injection of Evans blue bye and triphenyltetrazolium staining, and myocardial HSP70
mRNA was examined in risk (left ventricular anterior wall) and nonrisk (left ventricular posterior wall) area
using northern blot hybridization. HSP70 mRNA expression was quantified as a percent of GAPDH. The late
cardioprotective effects of ischemic preconditioning were determined by infarct size (% area at risk). Results(]
Infarct size was markedly limited by ischemic preconditioning when compared with the control group (18.5+
6.9% vs 38.5% 11.1%0 p<0.001). HSP70 mRNA expression in risk area was much higher in preconditioning
group than control group (78% 12% vs 41+ 11%0 p<0.01). But, there was no significant difference of HSP70
mRNA expression in the posterior wall between control and ischemic preconditioning group. Conclusions[]
These data suggest that ischemic preconditioning have delayed myocardial protective effect from ischemia. The
increase in myocardial HSP70 mRNA may be one of the contributing factors to the delayed cardioprotective
effects of ischemic preconditioning in cats. (Korean Circulation J 2001531(1):16-23)
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Table 1. Effects of ischemic preconditioning on heart rate, left ventricular systolic pressure and rate-pressure product

in each groups of cats

Heart Rate (bpm)

LVSP (mmHg)

RPP (mmHgx bpm/103)

(@) R B (@) R

B (@) R B
Control (n0 10) 206+ 20 129+ 15 126+ 17 206+ 27
IPC (nO 9) 202+ 23 134+ 30 125+ 17 217+ 30

129+ 22 117 11 41.3% 3.54 16.6+ 3.33 14.7+ 3.19
144+ 25 146 25 42.3x 3.69 19.3+ 3.75 18.3+ 3.43

BO basal, OO occlusion, RO reperfusion, IPCO ischemic preconditioning, LVSPO left ventricular systolic pressure,
RPPO rate-pressure product. Values are mean+ SD. There was no significant difference between groups

Table 2. Effects of ischemic preconditioning on maximal and minimal dP/dt in each groups of cats

Max dP/dt (mmHg/sec)

Min dP/dt (mmHg/sec)

B @) B (@) R
Control (n010) 1615+ 272 1386+ 277 1294+ 234 1334+ 107 1184+ 85 1108+ 68
IPC (nO9) 1448+ 266 1362+ 283 1239+ 158 1342+ 195 1263+ 166 1261+ 298

BO basal, OO occlusion, RO reperfusion, IPCO ischemic preconditioning, B, LVSPO left ventricular systolic pressure,
RPPO rate-pressure product. Values are mean+ SD. There was no significant difference between groups
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Table 4. HSP70 mRNA expression of myocardial tissue
in cats

(HSP70 mRNA/GAPDH)x 100 (%)

Control IPC pretreated
Risk area 412 11 78+ 12
(anterior wall)
Non-risk area 39+ 09 45+ 15

(posterior wall)
IPCO ischemic preconditioning
Thet denotes meant SD. *0O p<0.01 vs control

000 OO0 0 0o0,®Y 00000 0000 O
0 000 000 00 00 000 00 000 O
000 000 000000 000 0O 00.0000
000 0 00000 OO0 000 O 2400 00
00 000 00 00000 185+ 6.9%0 0000
385+ 11.1%00 0000 00 00 00000 O
oooo.

000 0000 00 0000000 00 000
000 00, ATP-000 00000 000 000
0, 000 adenosine OO OO OO0 OO OOO
0000 00 gp oooo 00 000000
0 adenosinel] OO 0000 OO OO OOOOO
0000 00000000 D000 000 0000
00. 0 000 000 OOO00 mangeanese—su—
peroxide dismutase(SOD)lz)D o0 oooooono
0 00000 OOOO superoxide aniond COOOO
O, HSP?D 00000 0000 0000 000 O
00 0000 0000 0000 0000000 00
00 000 0000 0OO0.000 00 0000 O
02 00®* 00 00000 000 HSPO OO

20

000 000 00000 0000000 ooo®®
000000 000 0000 00 currien®?
0 00@420)0 000 000 00 HSPO 0000
0 000 0D000O0 00000 000 000 00
0000 Yellono®0 OO0 DOOD OOOO OO
0 000 000O00. 000 00 00 HSP700 O
000 DO00O00 000 000 KnowltonD?®0 O
00 000 0000 HSPO OOOO OO 2000
0 0000 2400000 OO0 000 0000 00
0 00000. TanakaD®O 000 000 00O
000 0000 000 0DO000 00 HSPO 00O
0000 000 2400, 4800 OO0 00O OO
0 0000 0000000 0000 0000, Ber—
nardo0?®0 OO0 OO0 OO0 000 DOOO O
0 0000 00000 adenosined 00 Kare OO
0 0000 000 000 000 00 000. 00
O DonnellyD*0 00 OO0 00O 0000 OO
0 OO0 800 OO0 0OOOOO OO0 OOOO
000 HSP720 OODOOOO OO0 0OOOO O
0 0000000 0000 0000, 000 000
0 OO0 2400 000 0000 OO0 HSP720
00 0000000 0000 HSPO OOOO0OO0 O
000000 0000 000 00000. 000 O
000 0DO00O0 000 OO0 DNA OOOO 000
000 000 000 0000 000 000000
0000 000 000 0OO0.000 HSPO 0000
0 0000 kinasedD 00 0000000 O0OOO
apoptosisD 0000 OO0 000 0000 0OO

Korean Circulation J 2001;31(1):16-23



0 0033 goo, ThontonD*0 00O OO0
000 000 0000 00000 0000 actino—
mycin—DO cyclohexided OO0 OO0 OO0O O
000 0000000 00000 000 000 O
000 0000000 0D000 00000 0000
00000. D000 000 0O 00000 0000
000000 000 HSP70 mRNA 00000 OO
0 000 D000 00000 D000 41+ 11%0
0 0000 00 78+ 12%0 OO0 000 0000
00 0000000 HSP70 mRNAD OO0 0OO

18S 285 185 28S 185  28S

Risk area

Posterior
wall

Control IPC GAPDH

Fig. 3. Representative Northern blot for HSP70 compa-
ring control and preconditioned group. The increase
in HSP70 mRNA in preconditioned myocardial sample
is noted. The right panel shows the same blot probed
for glyceraldehyde-3-phosphatedehydrogenase (GA-
PDH) for comparison.

00 0D0000. 0000 00 00, 0000 o0,
0000 0000 00 00 0000 00 0000
000 0000 000 000 00 000 000.

PrzyklekD®*®0 00 00D 00O DOO 00O
0 0000 000 0000 00 0 00000 00
0 000 000 000 000 0000 000 00
0000, choO®0 OO0 OOOO0O OOOO O
000 000 000000 00 00000 000
00 000 0000, 000 0000 000 000
0000 000 0 00.000 000 00 000
0 00 000 000 000000 0000 000
000 000 0000 0000 000.0 0000
0 000 000 00000 000 00000 00
0 0000 0000 0000 000000000 O
00 0000 000 O 00000 HSP70 mRNA
0 0000 000 0000 000.000 0000
HSP70 mRNAD 000 00000 000 00 O
00 000 O 0,00000 000 0000 00
00000 00 0000000 00 000 000
0.00 00 0000 000 HSP70 mRNAD OO
0 00 000 0 000 000 0000.

000 000 HSPO 00 0000000 000
0 0000 0000 000 000 00 000 00

100 1 Risk area 1001
90r

® WO
(=N ]
T T

80

70

~N
o
T

60 -

[N}
(=}
T

50

wv
o
T

40

N
o
T

30

% HSP70 mRNA/GAPDH
w
=]

\\3

% HSP70 mRNA/GAPDH

201

N
o
T

a—y
o
T

Non-risk area

Fig. 4. The relative
amounts of HSP70
mMRNA in myocar-
dial samples obtai-
ned from risk area
and non-riskarea of
left ventricular wall.

o

I
=
e
>
@]
=3

I
o

Control (n

*0 p<0.001 vs. con-
frol.

21



onEx

000 0000 000 ooooo ooobo oo
0000000, 2400 OO0 OO0 OO0 OO O
000000 oooo ooooooooo oogo
00.000 00O OD0000o0O0 ooo oooo o
0 000 00.0 000 oooo ooo ogo o
000000 000 0000 o0 ooopooo o
000,00 ODODOOO0O heat shock protein(HSP)
0O 000 0000 0o oo ooo.

4 9

000 0 000 boOoooo Oooo ocooooo
sham operationd 000000 0000000 OO
0O 000 0O 2400 000000 ooooo ogo
0 4000 00000 OO0 O 3000 OOOOO
00000 OO0 00000 000 0 000 ogo
00000000 GADPHO OO nothern blot OO
0O 0000 HSP70 mRNA OO0O0O0 OOOOO.
HSP70 mRNAD 0OO0OO0 OOO0OO GAPDHO
00000 00 w0 00000. 000 oogo o
00 500 0000000 1000 Doooo ogo
0 30 0000 ooOoooo goooo ooogo
4000 OOO0O OOOOO.

2

000 0000000 DOU0Oo oo ooo oo
00 00000 00O0@O 185+ 6.9% vs 385+
11.1%0 p<0.001). O OO HSP70 mRNAO OO0
00 0000 OD0000O0 OO0 ooo oooo
(39£ 9% vs 45+ 15%0p0ONS), 00000 HSP70
mRNAO 0O0O0 OO OO0 000000 OoOo
0 00 000041+ 11% vs 78+ 12%[1 p<0.01).
3 E:

000 000 O0O0OO0 000 OO0 ooooo
00 OO0 O0ooooo oooog, ooo ooo
HSP700 OO0 OO0 O0O0OOO OOOO.

ZM COj000D0 000- DO OD0ODDD- Heat
shock protein 70.

22

—

=

=

=

=

REFERENCES

Murry CE, Jennings RB, Reimer KA. Preconditioning
with ischemia: A delay of lethal cell injury in ischemic
myocardium. Circulation 1986,74:1124-36.

Shiki K, Hearse DJ. Preconditioning of ischemic myo-
cardium: Reperfusion-induced arrhythmias. Am J Physiol
1987;253:H1470-6.

Hager JM, Hale SL, Kloner RA. Effect of preconditioning
ischemia on reperfusion arrhythmias after coronary artery
occlusion and reperfusion in the rat. Circ Res 1991,68:
61-8.

Vegh A, Komori S, Szekeres L, Parrat JR. Arrhythmic
effects of preconditioning in anesthetized dogs and rats.
Cardiovasc Res 1992;26:487-95.

Cohen MV, Liu GS, Downey JM. Preconditioning causes
improved wall motion as well as smaller infarcts after
transient coronary occlusion in rabbits. Circulation 1991;
84:341-9.

Przykenk K, Kloner RA. Ischemic preconditioning: Exp-
loring the paradox. Progr Cardiovasc Dis 1998,;40:517-47.
Van Winkle DM, Thornton JD, Downey DM, Downey
IM. The natural history of preconditioning: Cardiopro-
tection depends on duration of transient ischemia and
time to sebsequent ischemia. Coron Artery Dis 1991,;2:
613-9.

Yao Z, Gross GJ. A comparison of adenosine-induced
cardiopro-tection and ischemic preconditioning in dogs:
Efficacy, time course, and role of ATP-sensitive potassium
channels. Circulation 1994,89:1229-36.

Schwarz ER, Fleischahauer J, Montino H, Chakupura-
kal R, Foresti M, Schuetz T, et al. Infarct size reduction
by ischemic preconditioning is a monophasic, shortlived
phenomenon in anesthetized pigs. J Cardiovasc Pharma-
col Ther 1998;3:63-70.

Thornton JD, Liu GS, Olsson RA, Downey JM. Intrave-
nous pretreatment with Al-selective adenosine analogues
protects the heart against infarction. Circulation 1992;
85:659-65.

Liu GS, Thornton J, Van Winkle DM, Stanley AWH,
Olsson RA, Downey JM. Protection against infarction
afforded by preconditioning is mediated by Al adenosine
receptors in rabbit heart. Circulation 1991,84:350-6.
Kuzuya T, Hoshida S, Yamashita N, Fuji H, Oe H, Hori
M, et al. Delayed effects of sublethal ischemia on the
acquisition of tolerance to ischemia. Circ Res 1993;72:
1293-9.

Marber MS, Latchman DS, Walker JM, Yellon DM. Ca-
rdiac stress protein elevation 24 hours afier brief ischemia
or heat steress is associated with resistance to myocardial
infarction. Circulation 1993,88:1264-72.

Donnelly TJ, Sievers RE, Vissern FLJ, Welch WJ, Wolfe
CL. Heat shock protein induction in rat hearts. A role for
improved myocardial salvage after ischemia and reperfir-
sion? Circulation 1992;85:769-78.

Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-chloro-
form extraction. Anal Biochem 1987;162:156-9.

Rigbi PWJ, Dieckmann M, Rhodes C, Berg P. Labeling
deoxyribonucleic acid to high specific activity in vitro by

Korean Circulation J 2001;31(1):16-23



17)

18)

19)

20)

21)

2)

23)

24)

25)

26)

nick translation with DNA polymerase [ . J Mol Bio
1977;113:237-51.

Kawamura S, Yoshida K, Miura T, Mizukami Y, Matsu-
zaki M. Ischemic preconditioning translocated PKC-delta
and -epsilon, which mediate functional protection in iso-
lated rat hearts. Am J Physiol 1988,;275:H2266-H2271.
Berne RM. The role of adenosine in the regulation of
coronary blood flow. Circ Res 1980;47:807-13.

Tohse N, Kameyama M, Irisawa H. Intracellurar Ca®”
and protein kinase C modulate K7 current in guinea pig
heart cells. Am J Physiol 1987;253:H1321-H1324.
Tohse N, Nakaya H, Kanno M. Alpha-adrenenoreceptor
stimulation enhances the delayed rectifier K” current of
guinea pig through the activation of protein kinase C. Circ
Res 1992;71:1441-6.

Pang CR, Zhong A, Yang RZ, Forrest CR. Role of ade-
nosine Al receptors in acute ischemic preconditioning
against skeletal muscle infarction. Can J Physiol Phar-
macolol 1994;72:146-7.

Yellon DM, Pasini E, Cargnoni A, Marber MS, Ferrari
R, Latchman DS, et al. The protective role of heat stress
in the ischemic and reperfused rabbit myocardium. J Mol
Cell Cardiol 1992;24:895-907.

Knowlton AA, Brecher P, Apstein CS. Rapid expression
of heat shock protein in the rabbit after brief cardiac
ischemia. J Clin Invest 1991,;87:139-47.

Mehta HB, Popovich BK, Dillman WH. Ischemia induces
changes in the level of mRNAS coding for stress protein
71 and creatine kinase M. Circ Res 1988,;63:512-7.
Walker DM, Yellon DM. Ischemic preconditioning: From
mechanisms to exploitation. Cardiovasc Res 1992,;26:734-9.
Shizukuda Y, Mallet RT, Lee SC, Downey HF. Hypoxic

27

28

29

30

31

32

33

34

=

=

=

=

=

—

=

=

preconditioning of ischaemic canine myocardium. Card-
iovasc Res 1992;26:534-42.

Currie WR, Karmazyn M, Kloc M, Mailer K. Heat-
shock response is associated with enhanced postischemic
ventricular recovery. Circ Res 1988,;63:543-9.

Tanaka M, Fujiwara H, Yamasaki K, Miyamae M, Yokota
R, Hasegawa K, et al. Ischemic preconditioning elevates
cardiac stress protein but does not limit infarct size 24 or
48 h later in rabbits. Am J Physiol 1994,267:H1476-H1482.
Bernardo NL, Okubo S, Maiehh MM, Wood MA, Kukreja
RC. Delayed preconditioning with adenosine is mediated
by opening of ATP-sensitive K7 channels in rabbit heart.
Am J Physiol 1999,277:H128-H135.

Mosser D, Caron A, Bourget L, Denis-Larose C, Massie
B. Role of the human heat shock protein hsp70 in pro-
tection against stress-induced apoptosis. Mol Cell Biol
1997:17:5317-27.

Li WX, Chen CH, Ling CC, Li GC. Apoptosis in heat-
induced cell killing: The protective role of hsp-70 and the
sensitization effect of the c-myc gene. Radiat Res 1996:
145-324.

Thornton J, Striplin S, Liu GS, Swafford A, Stanley
AWH, Van Winkle DM, Downey JM. Inhibition of protein
synthesis does not block myocardial protection afforded
by preconditioning. Am J Physiol 1990,;259:H1822-1825.
Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker
P. Regional ischemic” preconditioning” protects remote
virgin myocardium from subsequent sustained coronary
occlusion. Circulation 1993;87:893-9.

Gho BC, Shoemaker RG, van den Doel MA, Duncker
DJ, Verdouw PD. Myocardial protection by brief ische-
mia in non-cardiac tissue. Circulation 1996;94:2193-200.

23



