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=Abstract=
Cardioprotective Effect of Calcium Preconditioning and
Its Relation to Protein Kinase C in Isolated Perfused Rabbit Heart

Yong Han Kim, M.D.*, Dong Suep Sohn, M.D.*, Dae Yoon Cho, M.D.*,
Ki Min Yang, M.D.*, Ho Dirk Kim, M.D.**

Background: 1t has been documented that brief repetitive periods of ischemia and reperfusion
(ischemic preconditioning, IP) enhances the recovery of post-ischemic contractile function and
reduces infarct size after a longer period of ischemia. Many mechanisms have been proposed
to explain this process. Recent studies have suggested that transient increase in the
intracellular calcium may have triggered the activation of protein kinase C(PKC); however,
there are still many controversies. Accordingly, the author performed the present study to test
the hypothesis that preconditioning with high concentration of calcium before sustained
subsequent ischemia(calcium preconditioning) mimics I[P by PKC activation. Material and
Method: The isolated hearts from the New Zealand White rabbits(1.5~2.0 kg body weight)
were perfused with Tyrode solution by Langendorff technique. After stabilization of baseline
hemodynamics, the hearts were subjected to 45-minute global ischemia followed by a
120-minute reperfusion with IP(IP group, n=13) or without IP(ischemic control, n=10). IP was
induced by single episode of S-minute global ischemia and 10-minute reperfusion. In the Ca®*
preconditioned group, perfusate containing 10(n=10) or 20 mM(n=11) CaCl, was perfused for
10 minutes after 5-minute ischemia followed by a 45-minute global ischemia and a 120-
minute reperfusion. Baseline PKC was measured after 50-minute perfusion without any
treatment(n=5). Left ventricular function including developed pressure(LVDP), dP/dt, heart rate,
left ventricular end-diastolic pressure(LVEDP) and coronary flow(CF) was measured. Myo- .
cardial cytosolic and membrane PKC activities were measured by *°P-7 -ATP incorporation
into PKC-specific pepetide. The infarct size was determined using the TTC (tetrazolium salt)
staining and planimetry. Data were analyzed using one-way analysis of variance(ANOVA)
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variance(ANOVA) and Tukey’s post-hoc test. Result: 1P increased the functional recovery including
LVDP, dP/dt and CF(p<0.05) and lowered the ascending range of LVEDP(p<0.05); it also reduced
the infarct size from 38% to 20%(p<0.05). In both of the Ca™ preconditioned group, functional
recovery was not significantly different in comparison with the ischemic control, however, the infarct
size was reduced to 19~23%(p<0.05). In comparison with the baseline(7.31+0.31 nmol/g tissue), the
activities of the cytosolic PKC tended to decrease in both the IP and Ca®’ preconditioned groups,
particularly in the 10 mM Ca® preconditioned group(4.19+0.39 nmol/g tissue, p<0.01); the activity of
membrane PKC was significantly increased in both IP and 10 mM Ca™" preconditioned group
(p<0.05; 1.84:0.21, 4.00+0.14, and 4.02+0.70 nmol/g tissue in the baseline, IP, and 10 mM Ca”
preconditioned group, respectively). However, the activity of both PKC fractions were not
significantly different between the baseline and the ischemic control. Conclusion: These results
indicate that in isolated Langendorff-perfused rabbit heart model, calcium preconditioning with high
concentration of calcium does not improve post-ischemic functional recovery. However, it does have
an effect of limiting(reducing) the infart size by ischemic preconditioning, and this cardioprotective
effect, at least in part, may have resulted from the activation of PKC by calcium which acts as a
messenger(or trigger) to activate membrane PKC.

(Korean J Thorac Cardiovasc Surg 1999;32:603-12)
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Fig. 1. Schematic illustration of experimental protocol. In the
calcium preconditioned group, the heart was subjected to
perfusion with calcium-free perfusate for 5 min and high
concentration calcium(10 or 20 mmol/L) perfusate for 10 min
before subsequent sustained ischemic for 45 min.
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Fig. 2. Changes in the left ventricular developed pressure

(LVDP) during ischemia and reperfusion.
«p<0.05, «~p<0.01, ischemic controi vs preconditioned;
#p<0.05, ischemic control vs Ca® preconditioned.
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Fig. 3. Changes in the maximal left ventricular contractility

(dP/dtmax) during ischemia and reperfusion.
«p<0.05, ~p<0.01, ischemic control vs preconditioned;
#p<0.05, ischemic control vs Ca® preconditioned.
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Fig. 4. Changes in the heart rate during ischemia and
reperfusion.

760+43, 680+57 mm Hgfsec, 20 mM 2 AX X724 7hzt
107448, 258+57, 44456, 558+73, 651449, 66549, 637+43,
60142 Hgjsec® dP/dte] > LVDPS} Zo] A#F A
7+ Aol we} Sokstg oy B8 FollA ABFE 458 A
FEE 943 FA5HE A Yepdideon 8 dxz
I Z AX AT vlsl PFolAE F98 S5 2 5
9 AThFig. 3; p<0.01).

ANBF Ao 2 RE 5, 10, 20, 30, 45, 60, 90 2 1208-9)
Adtsas Y2 FolA 47 78422, 14416, 14624, 1500,
15020, 150+0, 150+0, 150+0 bpm, IPF-ol4 Z+Z 99+14,
14246, 15020, 1500, 15040, 150+0, 1500, 150+0 bpm, 10
mM Zg AH ATl 22 125417, 138412, 150+0, 150+0,
1500, 150+0, 150+0, 1500 bpm, 20 mM Zr 73 X] oi A}
Zh2E 61420, 115420, 135415, 135+15, 15040, 150+0, 1500,
150:00 2 AltEae 28 AN ADFE 208 AR
B 7184 e AAska ARTE Alolol Ay Fojgk xjo)=
vhehdA] FshehFig. 4).

AoF AR} ARF Ao 2HE 5 10, 20, 30, 45,
60, 90 ¥ 12049 LVEDPE tlz=Fol4 Z7t 38110,
56+7.8, 61+8.6, 61+7.0, 55+6.8, 54+6.8, 53%7.5, 50+5.9, 48+4.5
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(LVEDP) during ischemia and reperfusion. E E
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& &4 =& 9|9E4 PKCH w3 ddAE X
A

Kl
5 13 At F23 1pe} v)mete] 458 F<
_-c;;
A

7V oti izt shglct.
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71 59 50 71U HE MRS o] gl B
AT ABFA B FEd BEOD BEY AL
AEAA dojus H3ES B w £
FoF AA EFE 208 E9F 4~8 mMe] T
Noz FFst ATAZE WA A
MR} sty 9JlA A AT 3
oAl S Eel sl ke oslE vbx|s}
71wstglel A4 Al @ B
d HES I A% ATAEUR
As] A AY 2275 F2d 5 gl

e oM > of
rld
32
o {4

o> :{ﬂl

an

. o};
[ lo i)
oft

oy oN fr o
o = pa )
&3

— 609 -



T

n]
bor

lo,

doid2 # AdA g AEW AFEES7
J WAL BAstele] w7t A Q) AEEAt

o
M
X
i3]
£
N
%
m\“
o
rlo
k3
N
N
12
2
0,
2
o
b b oo
oX
2

=

AN
¥
i

5
9. 2 Aol

AN o>

>, gk

N T
)

¢
&

not shown). 18t} 458 59k ¥ E AAFA FHAA 7]

T2 PTelA ZA P A

+ ¥ dzed vaste o AelE BolA] oyt

234 Miyawaki 57 S 35 AAS 0|43t Zg A

HAXE W W AA ST 408 FoF FHEZ 302

3k AdoA )5 sFo] dA3) FUHe #EEY
T

252 gz $o A 49 adE v 9 &
ofste while g g AXAE A, £ AR 72
F AAATANA 475 25 S ' 4 iR A
ARFEH 2 AAA Fibyel M2 @2k vehd 2
o2 & g glev el Ao i dHow gzst
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5 et A PrRCEAHE
= PET 283 210 oz FE3goh vhA] depd
P2 AlZAZo) M adenosine ~&7]7%+r(receptor occu-
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tubule) & THUA & 37 (protein effector)e] QJAMSLZ A3}
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Adruld: Be 717 5 HE-AWAFE v (ischemic preconditioning, [PYE 75 ¥4+ B} 7] 712
ko] #del| dhste] ARFA A2 £57)% 58] F7l AT MY HL T ATRIEII} Y
& o8 A FEAEeR R on ke ARAE AR A3} vdehus AoR 31511 3
HZ 2ol WA} =] protein kinase C(PKC)S] #4317} dojido 2 A PAR7) vehd Relee Al
HEo] AT Qo) =] yrl & dFeME HE ErAAE o]43lo Zgol *‘lﬂlitﬂ«l PKC
Ao o FFE v|AEIHE dslnal sigch g4 ¥ Y AERR AE7] A%E ol4dd B
FE aldehe o AAHEE FEgen AAHYESE), AAFI0H)E 13] AN PE Fx8)
I 45% F<t ﬂzﬂzﬂ % 1208 B¢ ARFE ANSGTHIPE, n=13). ¥ d2F@=10)o14+= Pe] 45
£ 3¢ AAAEE 1208 T ARFE AASAD BEFALedAE sE 5 HEF 108 F¢ 10
(®=10) £+ 20 mM(n—uH A5 TYF BF ﬂ o2 FFIL olo]A] 45% B¢ AAINEH 1208 T
ABFE AN A AY 77 < A0S, BYFRE Ao AY FE F PKCospecific
peptide®} P-y -ATP incorporation®-% PKCEA =mmol/g tissue)E ZA3}ch AZ2AA 275 1% tetra-
zolium chloride 2 G Mt FefA| S35t} A2 PE A A8 232}, LVDP(left ventricular developed pressure),
"‘1*"% HEF 52 g dixTo vzl dA3] F7181929(p<0.05) o] 4Lt A5EL Aty

L(p<0.05) AZHAA} 271 38% A 20%F 43 cHp<0.05). ZEFHAFAAE LVDP, AZ24%9, &
85 Follv d¥ dx el viste 2 xol7} QAU 2318 AstE o) AFHAA 27]E 19~23%F &
A3 ZFadtglchp<0.05). MEALES PKCEA Smmolg tissue) IPE, ZEFoATelA 27 5981057,
630702420 mM ZEF AAXT), 419103910 mM Zg AAAHZ 71£(7.31203)] st 53] 10
mM Zg FAXZAA FoehA 23 2 (p<0.01), AZTEE ] PKCEAEE 247 4.00£0.14, 2.50fc\
031, 402107022 7]&(1.841021)° ®¥|3ted PFH 10 mM ZF AAAFANN FY3HA F7)slc
(p<0.05). 12|y HEQxFAME F £8 25 7|EAH vladte Z 2olr} gl AE: oj¥ez A&
5 E7IAACA AAZE Tt HEAH 5 2 AR AANANE JEE AGFA A2/ 3
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