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Effect of Ischemic Preconditioning on Left Ventricular Function After

Cardiac Arrest in Isolated Rat Heart
Dai Yun Cho, M.D.*

Ischemic preconditioning reduces infarct size caused by sustained ischemia. However, the effects of
preconditioning on postischemic cardiac function are not well-known. The objective of the present
study was to determine whether preconditioning would improve the recovery of left ventricular func-
tions after cardiac arrest in isolated rat heart model.

Isolated rat hearts were allowed to equilibrate for 20 minutes and were then subjected to either 3
minutes of global, normothermic transient ischemia(Group 2 and 4) or not (Group 3). A stabilization
period of perfusion lasting 5 minutes after the termination of transient ischemia was followed by a
standard global, normothermic 20 minute-ischemia and 35-minute reperfusion challenge (Group 3 and
4). These following results were obtained.

1. The recovery of left ventricular developed pressures showed no significant differences between

Group 3 and Group 4 at 50 (P>>0.3) and 85 minute (P>0.2).

2. Heart rates showed no significant differences throughout all the course of experiment and between
groups (P>0.5).

3. The recovery of left ventricular maximum dP/dt showed no significant differences between Group 3
and Group 4 at 50(P>0.1) and 85 minute(P>0.2).

4. The recovery of pressure-rate products showed no significant differences between Group3 and

Group 4 at 50(P>0.5) and 85 minute (P>0.1).

These results suggest that ischemic preconditioning does not provide significant benefit for the pos-
tischemic left ventricular functions in isolated rat hearts.

(Korean J Thoracic Cardiovas Surg 1994;27:563-70)
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atof A AW Z 4F)sbar ob= 23] (Harvard Appar-
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Al dr2 A9 AAA olgkdr]shE o] 8~10mmHg
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Hat 2 A, F4 A ske] v] E5E(dP/dD) F suction elec-
troded o] &3t 414 % (surface clectrocardiogram)g £4]
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oTa 074]@}1}

z

& LHe (Table 1)

e
0>

9 Tl wlwelM, 1-& 7IEX 91.20 +3.76
mmHg2} dH]ws}e] 303 89.00 + 2.81 mmHg (P>0.1),
50 ol 87.80 & 4.71mmHg(P>0.1) 2] 72 85%-o)] 88.20

+299mmHg(P>0.DE 5% f2gk zko)7} glston, 2
T 7152 93.60 + 4.80 mmHgQ]— ) s}ed 30 ol 70.40
+3.23mmHg (P<0.0)2 FFasled ot 505 79.80 +



o F-2] #]
1994;27:563-70

Table 1. Changes of Left Ventricular Developed Pressures

HE 3 NBOIM sHM Hx

30minute 50 minute 85minute

1 91.20 £3.76 89.00 =2.81 87.80 £471 8820+ 2.99
2 93.60+4.80 70.40 +3.23% 79.80 + 8.13 76.20 + 10.20
3 92.60 +4.57 8520+ 4.79 58.00 +2.70°* 70.20 + 4.96°
4 9840 £4.59 7520+ 3.88° 63.80 + 4.65° 80.00 = 5.84°

2 =47 + EFAAH (LS mmHg)

*p<0.05:7F FU ol A 20 5-9) 4= 9} u] .

" p<0.05: 5 A7) 129 vl &

Group 20minute

8.13mmHg(P>0.05)3} 85%-<l& 76.20 + 10.20mmHg
(P>0.052 3Eslgct 33 7)1EA 0 92.60 +£4.57
mmHge} Blwsle] 30Eo)&= 85.20 +4.79 mmHg (P> 0.
05)2 §93 ztolrl gldor}, S0E-o| 58.00 +2.70
mmHg (P<0.001) 22} 37 8559 70.20 + 4.96mmHg (P<
0.001)Z 7+Astg . 4L 713 %] 98.40 + 4.59 mmHgs}
v wste] 30 %o 75.20 + 3.88mmHg (P<0.01), 50 F-ojl
63.80 + 4.65mmHg (P<0.01) 22| 3. 85%-¢l] 80.00  5.84
mmHg (P<0.05)2 2% Z}4shedc).

7y F71e] wlae A=, 1A 208l 40 & B
= 803t 2olr) il (P> 0.5). 3080l 1549] 89.00
+ 2.81 mmHge} vl @sted 27} 70.40 + 3.23mmHg=® 7}
48} tH(P<0.05). 50 H-of = 1372] 87.80 + 4.71 mmHg%}
n]wale] 370 58.00 + 2.70 mmHge] 3l 477] 63.80 + 4.65
mmHgZ 7}tA3)e] 21} (P<0.005), 3 73} 4 Ao ol &= =}
°]7} A TH(P>0.3). 85w 470 ¥ EF 93 2
o]7} glol nlmA FUFAIL(P>0.1), 373 4F4bo]ql
= fogk o]z} Al ek (P>0.2).

a4t (Table 2)

Fd T vlael A, 172 7154 342 + 21.8/ming}
nlste] 30 Kol 350 + 22.1/min(P>0.1), 50 ¥-ol] 326 +
16.0/min(P>0.1) 28] 853l 348 + 23.5/min (P>0.5)
2 BT fo3 zolr} gidden, 292 71EA] 346 + 26.4/
ming} ¥]iste] 30l 340 + 25.5/min (P>0.5), 50 ¥
332 +22.7/min(P>0.1) 18] 85F-ol= 328 + 27.1/min
(P>0.)2 25 g xlo)7} gl 342 715F3] 342
+ 21.8/min®} ¥} w3l 3080 = 360 + 17.6/min (P>0.1),
50 B-ofl 356 + 15.0/min(P>0.1) 28] 2 85 324 + 14.
4/min(P>0.5)% 25 §23 aloj7} glsdl o, 472 7]
2] 354 + 16.8/min%} w]8ted 30 E-ofl 356 + 22.9/min
(P>0.5), 2=}l 50l 346 + 26.4/min(P>0.5) 7183
85 Holl &= 352+ 22.2/min(P>0.5)2 2% /23 zlo]7}
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Table 2. Changes of Heart Rates

Group 20minute 30minute 50 minute 85minute
1 342 +21.8 350 +£ 221 326 + 16.0 348 + 23.5
2 346 =264 340 + 25.5 332 +22.7 328 £27.1
3 342 +218 360+ 17.6 356 + 15.0 324 + 14.4
4 354 £ 16.8 356 + 22.9 346 + 264 352 +222

2 = g7 + T2 921 (519] : beats/min).
' p<0.05: 7k Fulof A 20 Bo 4] 9} W) A,
P p<0.05: 5 A|7ke) 179) F2) 9} w]

Table 3. Changes of Left Ventricular Maximum dP/dt

Group  20minute 30 minute 50 minute 85 minute
1890.0 +40.00 1888.0 £49.74  1816.0 + 62.82 1766.0 + 78.08
1870.0 + 7681 14260 + 73.80° 16960 £ 81.52"  1830.0 £ 145.53

1870.0 + 3742 1830.0 £ 113.67 1114.0+62.66 1392.0 + 87.8%°
1970.0 + 64.42  1480.0 + 60.00" 12320 £ 4. 88°  1524.0 + 50.46°

s b0 —

A =HF + BFH 2 (3] mmHg/sec).
#p<0.05: 2} T ol A} 20 F-29] <29} v AL,
" p<0.05: 5 }7ke] 179) 5% 9} W)L

sisich.

7t F7be] vl A,
ol 4] 474e) FAtel7} B
7} ftsdeh

ZHA A ote] Z|CHO| 274 (Table 3)

208, 303, S0F 12} 85 %
T P<0.5 503 §2]3} z}o)

Td T wlwel A, 12 71FEA 1890.0 + 40.00
mmHg/sec®} v]wa}e] 308 1888.0 + 49.74 mmHg/sec,
50 F-ol] 1816.0 + 62.82mmHg/sec 18] 37 85 F-0l] 1766.0 +
78.08 mmHg/sec 2 25 F23F Zol7} glel 2w (P>0.1),

T2 71F2] 1870.0 + 76.81 mmHg/sec®} v] 2 &}o] 303
oﬂ 1426.0 + 73.80 mmHg/sec (P<0.005)3} 503l 1696.0 +
81.52mmHg/sec(P<0.01)2  ZtAslgg o 85 Foll =
1830.0 + 145.53 mmHg/sec(P>0.5)2 3]s}t 37
71%=] 1870.0 + 37.42mmHg/sec®} Bl3le] 30 Folj=
1830.0 & 113.67 mmHg/sec (P>0.5) 2 #23F zlojz} gl
o}, 505 1114.0 £ 62.66 mmHg/sec (P<0.001) 2]
85 ¥-o)] 1392.0 + 87.83 mmHg/sec (P<0.01)& 7+2&hedc}.
472 71% 2] 1970.0 + 64.42 mmHg/sec®} v T3}od 302
o 1480.0 £ 60.00mmHg/sec (P<0.01), 50l 1232.0 +
44 88 mmHg/sec (P<0.001) 22} 32 858l 1524.0 + 50.46
mmHg/sec(P<0.01)E 25 7343t}

ZF ke vl M, 7)1 EAR) 20 Bl 4709 F =
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Table 4. Changes of Pressure-Rate Products

Group 20minute 30minute 50minute 8Sminute

1 31.42+3.00 31.29+£2.62 28.51 £1.55 30.84+2.78
2 3274+£378 2421 +£2.90° 2641 £293" 2474 +3.21°
3 31.93+£334 3047+1.49 20.75+ 1.68° 22.59 +1.34°
4 3493+252 26.74+£222% 2227 +£2.85 28.63+3.53

X =%F + EE D229 : 10° mmHg/min).
*p<0.05: 7 FrH el A 20 8-9] 5] 9} w] .
*p<0.05: U A7) 179 4229} ¥ L.

T #3 Aeolr gldew (P>0.5), 30EdE 179
1888.0 + 49.74mmHg/secel] B]E3}ed 23] 1426.0 + 73.80
mmHg/sec 23] 47-0] 1480.0 + 60.00mmHg/secE 74
8ol L (P<0.001). 37¢] 1830.0 + 113.67mmHg/secoll ]
] = 277 470] 7343k o (P<0.001). 50 Eoll & |
T2] 1816.0 + 62.82mmHg/secol] ¥]Z3}e] 37-o] 1114.0
+ 62.66 mmHg/sec 22|31 47°] 1232.0 + 44.88mmHg/
sec®  ZrAslgem (P<0.001), 279 1696.0 + 81.52
mmHg/secol] B} E 373} 470] FHAslgd ot (P<
0.001), 375} 4FARlole F2lFE zlol7) glddcH(P>0.1).
85 Foll &= 27-2] 1830.0 + 145.53 mmHg/secol] B Z3}ed 3
o] 1392.0 + 87.83mmHg/secE 7}A8}9] 2} (P<0.05),
3T} 4 kool = o3t zlo] 7 gl Th(P>0.2).

DA WS g T8

St 24 (Table 4)

Y FH v EA A, 12 715X 31.42 +3.00 X 10°
mmHg/min$} v)33}e] 30 F-efl 31.29 + 2.62 X 10°mmHg/
min, 50 -} 28.51 + 1.55 X 10°’mmHg/min 18] 3L 85 3o
30.84 +2.78 X 10°mmHg/min2 25 2§ zlo]7} ¢l
o0 (P>0.1), 2T 7] &4 32.74 + 3.78 X 10°'mmHg/min
o} njwale] 308 24.21 +2.90 X 10°'mmHg/min (P<0.
001), 50 %ol 26.41 +2.93 X 10’mmHg/min (P<0.05) 2]
85 3ol 24.74 + 321 X 10°’mmHg/min (P<0.05)2 7}
Adlart 37 71%3 31.93 + 3.34 X 10°'mmHg/min%}
Blawale] 30 Fell= 30.47 + 1.49 X 10°'mmHg/min (P>0.5)
2 823 zolrt gldoevk, 508l 2075+ 1.68 X
10’'mmHg/min (P<0.005) —z2]3. 85&-e) 22.59 +1.34 X
10’mmHg/min (P<0.05)2 ZH4stdc). 4728 7154 34.
93 + 2.52 X 10°mmHg/min} B]23}ed 30 F-of 26.74 + 2.
22 X 10°'mmHg/min (P<0.05), 28] & 50 ¥-ol] 22.27 + 2.85
X 10°’mmHg/min (P<0.05) 2 7t48}3] 21}, 85 3ol 28.63
+3.53 X 10’mmHg/min (P>0.1) & 3| &-3}¢ )

zt F7ke) iAo AE, 2048, 308, 508 2l 85
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o] 4709 TAlole zbz} P>0.5, P>0.1, P>0.05 18]3
P>0.1 &2 93 Apol7} glsl o, 53] 3T} 47
Alololl &= P>0.2, P>0.2, P>0.5 Z8]lX P>0.1 502
zto] 7} gt
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57} vebtr] Alabsbe, A 7ke] A A W 3lr) 2l a) s
o] FHx} v|7tA W32 2185t} Jennings ¢} Ganote ]
Aol s, 15 oJuil9] el M 24 a7}t v
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ZY 37| A gt AP A=73ste A& 24}
87] gt} Cohen®} Downeye? 7§19 Aol A 583}
BAEN A F 108 ARF A7 S 129
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= 4hd, F¥A AT AlLEE 2089 HE T
E 55 A3 42 gl 2 et A2 A
Aol Axrt dz2FoA] WA Agr]e Al iy B
AvtEchs AA0] AA vehta] Al7)Fo] BER AL
2 42 4 9k 4, Bunch 58 E7A1A S 2 45}
He) 5% HP2 102 ARFE AP, I L aden-
osine TEA & Adsid 2, I E TS WE2F o Fglch
adenosine -&A-F Xk3bA] G HPA HEAs A
P 272 3 HY F o] AA|R| s,
adenosine 8- & A3t T ALHE HIE 3l
A71%50] o5 AstE At o] A5 A BE AR A
AlZ7 o] A Yo 2 Hol YA Az} AN
ol 3t BRI a7} e 2A& & 4 slvh 28 3L aden-
osine T&-A 7} H YA A273}e] 7| - ol Fs}aL, aden-
osine 8- & Ao HYA HzAste] AYRF
BH4E HE 7 U AR ¥l

=k} adenosineo] H¥A Az75he) 2H471 Al o]
3= vl f-EAole}d, adenosine &AM E Adsld Y
A AxAste] B3 aAE JA3 4 ¢l 2, adenosine &
AT FUFo2 YA A27A3)e) 23 s a3
£ AL % 94} adenosine TEAH = AP A F £ H
7h et A Ay 242 FAEY A4S Jeha &
AT 71%S A, Aol 242 Autpg Fola,
dRe F3A71th Schwarz 5-&'" sl %o 4] adenosine
T8 AAAE ALl YA dzd3s}e] AnE
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adenosine #} -2 #}48-¢] <}E<9l R-phenylisopropyl aden-
osine & 2 A7 M9 3715 29 4 Yt =3 Miura

=&

HE 7 NIYM S8y M50 MEXIF FA A 7500 DX Y&

o 14

e+ adenosine promoterql dipyridamoleo] 7] A& o
Al AEAY A28} 9HE 2H 08 IiE AL By
Ay adenosine o} tH&F 71 ol A4S o &) T4}

E AN 1T o} F-2A S 715 L dl2Fol,
27-& FEA AxAst 71’ dxTtel 1, 37 HEA
AzA3E AetA] g 2 AR AR P37 FolH 4
T2 YA "xAsE 7R F AAAE Y37 ol
wetd] T2 A= 37 47 Ae] 9 v e gl &
itk

FAA FE719elA olh7IohE W FAANE 50
Foll & 37 4] 58.00 = 2.70 mmHg ©] 3 4701 4] 63.80 +
4.65mmHg 2 vtelgar, 858l 3FelA 70.20 + 4.96
mmHgo] Al 43l 4] 80.00 + 5.84mmHg & 503} 85%
BT 470 A 3R & FHE el o, EA4Q
frol A2 Aok

Autee A A AA-S 53be] a9 FollA Fo3%
xtolE B 4 gt

FA1A ke H o v]E-ghell A=, 50 E-el 374 1114.0
+ 62.66 mmHg/seco] 3L 4 3oll 4] 1232.0 + 44.88 mmHg/sec
2 veld, 858 37l A 1392.0 + 87.83 mmHg/sec
o] 32 4700 A} 1524.0 + 50.46 mmHg/secE 5027} 852 B
T 4o & FAE Bovt BAAHAl FoAe 9d

£

A2 At FaFe] 7HAdA Q) 2| 3]l HAA G} Wk
£ F g, 50 %) 3FelA 20.75 + 1.68 X 10’'mmHg/
mino]| 3 474 22.27 +2.85 X 10°mmHg/min&. }te}y}
32, 85 ol &= 3ol A] 22.59 + 1.34 X 10°mmHg/mine] 3. 4
Tl 4] 28.63 + 3.53 X 10°mmHg/minE 50 3} 8582 2%
4Tl A FL& FAE Hov} BAIAHQ FAL st

AAAH LR 430] 370 vl F 3155 Rolx gle
v R’ Ao & E e sl

Ovize S5 7|8 o] &3 AyolA 8N Az}
B3 T3} WA G 2T APl f-23 Abolr} ¢l
= ALE et HPA "xAdsE AR 559
2] 3 Ho| =go] etE 2 ANl HF BRI aAr) glckn
sholon, 2ol f R AY Bl o] & Egith

HYA Hzslel] i APdRA S D213} |71
tste] dolr™, Murry 52" N A 4xtal o] 527}
WAER D SET ARFE Pdle Aoz 58 A
271318 Agstg o, Li 52" 3hi o] SEZF $AHE
A= Aol 3t B3 AAE Zhe=riy 319120, Van
Winkl 57 b ) 522 alg) pdo] £e] SE7
AbF B30 ATk st eyt e 287 @
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B3 a7} AEEG, 127k HW 3 EAnE 34 &
L, 2A17ke] E B3 AT 9§ glojAlvha ¥ syl
o} Miura 5" E7)| A4 B3 aar) 127 o)
At 2ok B RE s}t

HEZ Qe AlTo] AR 7] Mol 4 Ao] A slA
o} AR Aozl A ZA X} 5 FH S 2 B
H ol W qkell A &AM 718 2, fle 4
TH 2] Zhgo] 4 FHo] AiE] Yelve Hog B
Aot HEA "2} Ao e o= Ax 423 AN
A7171 8 A x73)0] o BE A} $55Ho)
aEo] 229 thatagae] FojEo] vehte 7o)
obd7} st &8 7HA 4 lAwh AL FAY 5o
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