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Effect of Ischemic Preconditioning on Myocardial Protection

—A Comparative Study between Normothermic and Moderate Hypothermic Ischemic
Hearts Induced by Cardioplegia in Rats

Seong Joon Cho, M.D.*, Jae Joon Hwang, M.D.**, Hark Jei Kim, M.D.***

Background: Most of the studies conducted have investigated the beneficial effects of ischemic preconditioning on
normothermic myocardial ischemia. However, the effect of preconditioning could be attenuated through the use of
multidose cold cardioplegia as practiced in contemporary clinical heart surgical procedures. The purpose of this
study was to investigate whether preconditioning improves postischemic cardiac function in a model of 25°C mod-
erate hypothermic ischemic heart induced by cold cardioplegia in isolated rat hearts. Material and Method: The
isolated Sprague-Dawley rat hearts were randomly assigned to four groups. All hearts were perfused at 37°C for
20 minutes with Krebs-Henseleit solution before the baseline hemodynamic data were obtained. Group 1 consisted
of preconditioned hearts that received 3 minutes of global ischemic preconditioning at 37°C, followed by 5 minutes
of reperfusion before 120 minutes of cardioplegic arest (n=6). Cold (4°C) St. Thomas Hospital cardioplegia solution
was infused to induce cardioplegic arrest. Maintaining the heart at 25°C, infusion of the cardioplegia solution was
repeatad every 20 minutes throughout the 120 minutes of ischemic period. Group 2 consisted of control hearts
that underwent no manipulations between the periods of equilibrium and 120 minutes of cardioplegic arrest (n=6).
After 2 hours of cardioplegic arrest, Krebs solution was infused and hemodynamic data were obtained for 30
minutes (group 1, 2: cold cardioplegia group). Group 3 received two episodes of ischemic preconditioning before 30
min of 37°C normothermic ischemia and 30 minutes of reperfusion (n=6). Group 4 served as ischemic controls for
group 3 (group 3, 4: warm ischemia group). Result: Preconditioning did not influence parameters such as left ven-
tricular systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), rate-pressure product (RPP) and left
ventricular dp/dt (LV dp/dt) in the cold cardioplegia group. (p=NS) However, preconditioning before warm ischemia
attenuated the ischemia induced cardiac dysfunction, improving the LVSP. LVEDP, RPP, and LVdp/dt. Less leakage
of CPK and LDH were observed in the ischemic preconditioning group compared to the control group (p<0.05).
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Table 1. Modified Krebs-Henseleit buffer solution formulation

Additive Amount per liter of water
Nacl 6.90 gm/L
Dextrose 1.82 gm/L
NaHCO3 2.1 gm/L
Kcl 0.35 gm/L
CaCl2 0.28 gm/L
MgSo4 0.296 gm/L
KH2PO4 0.164 gm/L
CaEDTA 0.00375 gm/L
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Cold cardioplegia group

Group 1 Ischemic preconditioning+Cold cardioplegic ischemia

20 min (3+5+3+5)
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Group 2 Cold cardioplegic ischemia
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Warm ischemia grop

Group 3 Ischemic preconditioning+Warm ischemia

20 min (3+5+3+5) 16 min
StabWization
Group 4 Warm ischemia
20 min (3+5+3+5) 16 min

[ Stabilization |

16 min

Cold ischeimia/cardioplegia

16 min
Cold ischemia/cardioplegia
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120 min 30 min

30 min 30 min

Warm ischeimia

30 min 30 min

Warm ischemia

Fig. 1. Experimental protocol. Rat heart were infused in a retrograde manner for a 20-min stabilization period (all group), and
then preconditioned with two episodes of 3-minute global ischemia and 5-minute reperfusion (group 1, 3) before 30-minutes of
warm ischemia (group 3, 4) or 120-minutes of intermittent cardioplegia (group 1, 2).
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Table 2. Coronary flow, heart rate, left ventricular systolic and end-diastolic pressures, rate-pressure product and dp/dt in cold

cardioplegia group (group 1, 2)

Reperfusion
Measurements Before ischemia
10 min (%) 20 min (%) 30 min (%)
Preconditioned (group 1, n=6)
CF (ml/min) 11.14+3.29 7.79+2.32 7.14+2.04 6.291+2.06
HR (beats/min) 324203245 187.72+91.87 (56.6) 230.001:59.63 (70.4) 235.61+58.50 (72.0)
LVSP (mmHg) 89.57+22.25 109.49+34.24 (131.1) 87.62+£25.20 (101.7) 84.34+28.13 (99.2)
RPP (LVSP xHR) 29402 £9255 19871+ 14347 (66.6) 197516691 (69.3) 18949 +6025 (68.1)
LVEDP (mmHg) 17.43+6.22 23.83+18.32 (136.7) 26.69+22.00 (153.4) 24.381+20.30 (140.2)
dp/dt 2035.9+613.23 2286.8 £922.47 (120.87) 1790.5+626.49 (91.4) 1757.6 +483.44 (92.5)
Controls (group 2, n=6)
CF (ml/min) 1020+1.48 7.00+1.41 6.40+1.14 540+1.29
HR (beats/min) 310.76 £43.72 195.17+77.46 (64.1) 212.92+74.45 (70.1) 239.01+38.86 (78.4)
LVSP (mmHg) 88.619.35 112.15+25.74 (128.19) 97.39+19.36 (110.57) 88.99+16.26 (100.74)
RPP (LVSP X HR) 27472 1+4195 22263+ 11879 (82.4) 2083519610 (76.9) 2168517386 (80.3)
LVEDP (mmHg) 16.81+3.46 42.87+29.25 (255.6) 38.44 +27.35 (230.4) 36.93+24.88 (222.7)
dpy/dt 2087.2+278.57 1538.5+1196.27 (74.6) 1453.41+-947.89 (70.2) 1398.4 +845.03 (67.6)

Values are mean *standard error of the mean. There were no differences between groups.
CF, Coronary Flow; HR, Heart Rate; LVSP, Left Ventricular Systolic Pressure; LVEDP, Left Ventricular End — Diastolic Pressures, RPP,
Rate — Pressure Product; dp/dt, Left ventricular pressure difference per time.
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Fig. 2. Creatine phosphokinase in cold cardioplegia group
(CPK, mean=standard error of the mean) (S, after stabiliza-
tion; R, reperfusion) *p=NS vs control.
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Fig. 3. Lactate dehydrogenase in cold cardioplegia group
(LDH, mean=*standard error of the mean) (S, after stabiliza-
tion; R, reperfusion) *p=NS vs control.
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Table 3. Creatine phosphokinase in cold cardioplegia group

CPK (IU/L)
Reperfusion
Baseline
10 min 30 min
Preconditioned (group 1) 5291547 129.00+162.34 86.14 +106.20
Controls (group 2) 1.80 +2.68 292.60+351.79 165.60 £ 195.58

Velues are mean tstandard error of the mean. There were no differences between groups. CPK, Creatine phosphokinase.

Table 4. Lactate dehydrogenase in cold cardioplegia group

LDH (IU/L)
Reperfusion
Baseline
10 min 30 min
Preconditioned (group 1) 8.86 +6.07 128.86 +131.31 82.57+97.78
Controls (group 2) 6.001+-4.95 279.80 +301.47 174.00+179.41

Values are meantstandard error of the mean. There were no differences between groups. LDH, Lactate dehydrogenase.

A A3k Sxol} 20, 3084 F4 3 LVEDPE v]3t A
F 3 7ol §242 Aol ARUTHE=NS, 108 p=0.1932,

0% p=0.4278, 305 p=0.3582).

) Salalel &2 MEE(LVdp/dt): 27 A& 71FX]
3087.2+278.57 mmHg/secHt} B5F 7HAsled 20, 305 7+
T+ 1453.44947.89, 1398.4 +845.03 mmHg/sec 2 7+A}9)
A 1ol A= HE7 7154 2035.9+613.23 mmHg/sec
A QBT 27 FUhE A BP0 o] st
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Table 4).
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Table 5. Coronary flow, heart rate, left ventricular systolic and end-diastolic pressures, rate-pressure product and dp/dt in warm

ischemia group (group 3, 4)

Reperfusion
Measurements Before ischemia
10 min (%) 20 min (%) 30 min (%)

Preconditioned (group 3, n=6)

CF (tnl/min) 12.00£2.191 9.17+2.64 8.83+2.32 7.83+2.48

HR (beats/min) 273.29+19.78 276.09+13.08 (101.5) 270.90+21.49 (99.58) 260.07 =30.65 (95.8)

LVSP (mmHg) 107.55+20.56 96.54 +10.83 (93.6) 93.4349.30 (90.08)* 90.12+12.74 (86.1)*

RPP (LVSP X HR) 29584 + 6759 26648 £3155 (96.1) 25370+3737 (90.8)* 23687 +5233 (84.9)*

VEDP (mmHg) 7.49+2.36 19.60+8.09 (310.7) 17.79+6.51 (276.7) 17.71£7.93 (274.1)

dp/dt 2984.9+248.11 22379424575 (75.7)* 2214.8+156.78 (91.4)* 2198.91+259.61 (73.7)*
Controls (group 4, n=6)

CF (ml/min) 11.00+2.53 7.08+2.15 6.331+1.63 5.83+1.60

HR (beats/min) 278.06+19.97 261.19+49.12 (94.5) 258.07+14.69 (93.3) 274.91+£19.52 (99.4)

LVSP (mmHg) 100.40+19.25 81.11+23.31 (85.6) 65.83115.40 (68.7) 62.38+15.13 (65.1)

RPP (LVSP X HR) 27622 +3261 2168618958 (81.8) 17073 +4465 (63.6) 1715344120 (63.8)

LVEDP (mmHg) 11.97+2.58 31.94+6.49 (276.6) 29.70+6.64 (256.2) 28.40+£6.21 (248.5)

dp/dt 2418.1+342.48 1379.2+£174.14 (57.6) 1351.8+290.42 (56.4) 1297.5+313.72 (54.0)

Values are mean tstandard error of the mean. *p<0.05 vs control

CF, Coronary Flow; HR, Heart Rate; LVSP, Left Ventricular Systolic Pressure; LVEDP, Left Ventricular End-Diastolic Pressures; RPP,
Rate-Pressure Product; LV dp/dt, Left ventricular pressure difference per time.
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Fig. 4. Left ventricular systolic pressure in warm ischemia
group (LVSP, mean+standard error of the mean) (S, after
stabilization; R, reperfusion) *p<0.05 vs control.
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0.0037, 30 p=0.0063, Fig. 4).
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Fig. 5. Rate-Pressure Productn in warm ischemia group (RPP,
mean *standard error of the mean) (S, after stabilization; R,
reperfusion) *p<0.05 vs control.

duct, RPP): =1%] 470l 33337]k 2762243261 mmHg/
minol| 4] 20, 308 17073+4465, 171534120 mmHg/minE.
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Fig. 6. Left ventricular end-diastolic pressure in warm ische-
ma group (LVEDP, mean-+standard error of the mean) (S,
aker stabilization; R, reperfusion) p=NS vs control.
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Fig. 7. Pressure difference per time in warm ischemia group
(dp/dtmax, mean+tstandard error of the mean) (S, after
stabilization; R, reperfusion) *p<0.05 vs control.

tHp <0.05, 20%: p=0.0058, 30&: p=0.0371, Fig. 5).
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7} 2 256.1%, 248.5%7) =718k Al 37 A = 276.6%,
274.1% 78 Bl 7 < Zhell el $iivhp=NS,
108 p=0.7121, 208 p=0.7856, 30%&: p=0.7466, Fig. 6).

(6) Ztalalgl =2t YstS(Lvdp/dt): 44 7 #

g2 o 7 LF Aol BE4E WA ok
2 Brh 4P E 7)E4] 2418.1+342.48 mmHg/secol
Al 20, 308 Z+z} 1351.8+290.42, 1297.5+313.72 mmHg/
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Fig. 8. Creatine kinase in warm ischemia group (CK, mean
*standard error of the mean) (S, after stabilization; R,
reperfusion) *p<0.05 vs control
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Fig. 9. Lactate dehydrogenase in warm ischemia group (LDH,
mean +standard error of the mean) (S, after stabilization; R,
reperfusion) *p<0.05 vs control

secE ZFAsl9a 3ol Ae HEYrw 7|Ex] 29849+
248.11 mmHg/secol|A] 2214.8+156.78, 2198.9+259.61 mmHg/
seco 2 ZhAste] £ T Zhll AolE Elthp<0.01, 10
. p=0.0001, 205 p=0.0001, 30&: p=0.0002, Fig. 7).

(7) CPK 3 LDHQ| M3} CPKE: 4Fo|A] 7|FX] 9.17
+7.11 IU/LoA 108, 308 98.67+87.88, 85.00+81.10
IULE Z7}s}9la 3304 11.33+8.06 IU/Lo| A 14.50+
779, 15.50+11.32 IULE &3}l chp<0.05, 108: p=
0.0416, 30%: p=0.0443, Fig. 8, Table 6).

LDHE 4704 Y7 7)5x] 14.83+£7.27 IU/LAA]
105, 305 77} 106.67+71.41, 59.17+39.59 IU/LE =7}
34913 3704 7]E%] 8.67+5.50 IU/Lo|A] 108, 308 7t
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Table 6. Creatine phosphokinase in warm ischemia group

CPK (IU/L)
Reperfusion
Baseline
10 min 30 min
Preconditioned (group 3) 11.33+8.06 14.50 +£7.79* 15504 11.32*
Controls (group 4) 9.17+7.11 98.67 +-87.88* 85.00481.10*
Values are mean*standard error of the mean. *p<0.05 vs control. CPK, Creatine phosphokinase.
Table 7. Lactate dehydrogenase in warm ischemia group
LDH (IU/L)
Reperfusion
Baseline
10 min 30 min
Preconditioned (group 3) 8.67+5.50 19.50+12.19* 12.00 :8.64*
Controls (group 4) 14.83+7.27 106.67+71.41* 59.17 £39.59*

Values are mean *standard error of the mean. *p<0.05 vs control LDH, Lactate dehydrogenase.

7} 19.50+12.19, 12.00+8.64 IULE &% Arsslo] of F
o] o)A 318 AHHE AW Foll 4 LDHY| Z7}%
o] Holxe HIthp<0.05, 10&: p=0.0146, 30%: p
0.0172, Fig. 9, Table 7).
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