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=Abstract=

The Effects of a—-Adrenergic Drugs on the
Myocardial Preconditioning in Rats.

Won Chae Jang, M.D.*, Sang Yun Song, M.D.*, Sang Gi Oh, M.D.*,
Byung Hee Ahn, M.D.*¥, Sang Hyung Kim, M.D.*

Background: Ischemic preconditioning(IP) is known to be effective in the protection of
myocardial necrosis, arrhythmia, and the restoration of the myocardial function in the
ischemia-reperfusion state of the heart. However the exact mechanism is not clearly
understood. The purpose of this study was to elucidate the trigger mechanism of IP on the
restoration of the myocardial function after ischemia-reperfusion. Material and Method: By
connecting a Langendorff perfusion apparatus with an isolated heart of a rat, the normal
temperature of the heart was maintained. The experiment was conducted in seven groups,
which were divided according to the preconditioning stimuli and blockage methods : Group
I(n=10) was a group without IP, Group II(n=10) a group of three-minute IP, Group
I(n=10) a group of PEIP, Group IV(n=10) a group of clonidine IP, Group V(n=10) a
group of IP after reserpine, Group VI(n=10) a group of PE & prazosin IP, and Group
VII(n=10) a group of clonidine & yohimbine IP. Hemodynamic parameters of DP, LVEDP,
+dP/dT and the changes of perfusion in the coronary artery were evaluated. Result:
Developed pressure and +dP/dT changed per unit time. After 20 minutes of reperfusion,
those of Group II and IIl were 63.1£3.7%, 64.8+4.6% and 64.5+4.6%, 63.814.4%, which
improved more significantly than those of Group I(P<0.05). However, there were no
significant differences between the Groups V and VI, and Group 1. Ceonclusion: The Brief
ischemic preconditioning and pharmacological preconditioning using « -receptor sympatho-
mimetics have protecting effects on the restoration of myocardial function after reperfusion.
And the protecting effect of preconditioning seems to be related to sympathetic
neurotransmitters and to the selective action of the ¢ ;-adrenergic receptor.

(Korean Thorac Cardiovasc Surg 2001;34:809-22)

Key word: 1. Sympathomimetics
2. Preconditioning
3. Myocardial Prtection
4. Dreconditioning, myocoadial

ey etn oghoe el oAl
Department of Thoracic and Cardiovascular Surgery Chonnam National University Medical School, Kwangju, Korea

e
.

R4 20019 99 59 AAREAY : 2001 109 169

A A A - ALANS01-757) FEFIA B4 T 8, Ao ey F39 T (Tel) 062-220-6546, (Fax) 062-227-1636

E-mail: jangwonchae @hanmail.net

B =2 AR 2 AR AH2HE deFF Ao gl

— 809 —



x
Hu

=2
=z
Ak 3A42E A # o] A
g desA A g4

=

AAZE dov)7) Aol BF A2EL Aeicks
5 ogle ek Y2 obrla A

gejsrd e e A9y +
WA % 5% olue] 2E ALEAD AF

3%
+
=
3

oli

r
B3
[
lo
~
of¢

dy orlo 2 vy

g 1
R
o 12
- r“
Il Yy iy
o
to rlr =
N g
2oL

=
iy
a
nk
ox

2 lo o ol e

B Yo ozt Aol 9SS A3
nHEE ¥R vepde ASRE 3
(ischemic preconditioning:IP)e}3 3}tk

o) 2& e ARuFE
AR 2o Yotk R
XX

2 oft g s 1Y

2

[uls
=
2
3
lo
e
2
o
ofr
F{F
N
2

53], HZole P ATEIIHAE o4t HAE
FAEIY At AdgstolA BEULHR &AM A
4 DAY HEE fridstesy A2E ¥Ishs uhy
shut, T2k B ¥ A s v]7}d]

al

CHA 2wy

Ad FERE 150~250gm A=9 47 3137(Sprague-
Dawley rats)E ©|-8-3do, H7 o) sodium pentobarbital
(30 mgkgyE F4 viHElY AAE Ak §, YEANs
2EAA #3300 Uke)S AFste oF 185 4352
ANE sk A ANse AR diEdE 39 220
EHE g & B3AE SR SAE 94 £
& HaspelHA, 79 9 Ashyke] AR giss A
343 AFollo] AAH 15 gauze F5 IS Ak A As)o]

o8-2] 2|
2001:34:809-22

Cercogen

Cuygenator

Coronary Flow

Fig. 1. Isolated Heart Perfusate Appratus.

BFAZHA AE AEstgich

ARAAE Tyers 570 9k vizhelA] Al A3
(Langendorff perfusion system, non-working heart circulation
system)Z  HHEe  AslAdowFg 1), #FAeg:
Krebs-Henseleit bicarbonate buffer--24-& o|&3lgd v ©F92
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7\t (left ventricular end diastolic pressure), $H$]A] 7k #HAl
F57] 9 oler)gt W s (+dpdy, TEY AR 5

P4, 23 AR T w1088k} 6087HA] S48t
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USA) dlole] $=42ol dAZste] shga] @7 o9l o
A5 FAs vlole] $3 % (sampling rate)¥ 1000HzE
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Fig. 2. Time course of ischemia-reperfusion, preconditioning,
and Dblockage. (A) Alpha-adrenergic preconditioning groups.
{B) Alpha-adrenergic preconditioning blockage groups.
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Table 1. Changes of heart rate {HR) and left ventricular end diastolic pressure (LVEDP) of preconditioning groups.
Groups
I I v
HR(R/min)
Before ischmia 309.4£13.5 302.5+t19.1 308.2*+16.9 304.7x10.7
Time after Reperfusion
10min 298.1+12.7 294.7+8.7 2984+ 134 298.0t+16.7
20min 2933%£11.1 294.5+11.0 297.7+11.7 290.3*+21.1
30min 299.5+14.4 297.7+12.2 2948+ 14.3 289.5+14.3
40min 302.5+14.2 2999+ 13.7 296.5+12.1 28791142
50min 29691+ 16.1 2969+ 17.5 300.7£19.2 286.91 14.6
60min 297.8+16.3 2942 +17.7 302.1+8.6 2887.1£16.3
LVEDP (mmHg)
Before ischemia 5.6£03 55+0.3 54+02 55+03
Time after Reperfusion
10 min 61.8£5.4 47.4+58* 43.614.3* 550*+44
20 min 494+30 31.6+4.6% 35244.3* 40.7*t4.8
30 min 41.1+45 27.31+4.8* 30.6£3.8* 37.7+4.1
40 min 40.7+3.3 23.914.0* 28.2+3.4% 32.5+38
50 min 37.9+438 20.8£3.9* 24.5+3.2% 30.7x5.1
60 min 354+t4.1 17.0£4.2* 20.6 = 3.3* 274142

* P<0.05 versus Group L

4) NG FAAG 3559 s}

A7 FAAY 3EEL ADFA L L, 1L IVE B
Fol|lA Alzko] Aol wet A EE A73E Bed A
TF 6029 L 10, 10, IVEe] 29217k &g 44 =5
7)%H(+dP/dy) e 3 E-&S 56.8+4.7%, 84.7F4.5%, 82.554.3%
283 701147%% 7l ¥l 1, I, IVEelA f2shA
Mg en &3] 00, MIellA vl 8] 23 AAds
£ X g tK(Table 2).

AR A o])H(—dPidn e 3 EEE ARF
602 A I, 1, m, IVZolA 61.314.7%, 79.2£3.9%, 76.3%
4.6% 1B]F 71.8+£3.7%F2A, 12 B3 11, 11, IVZoillA &
Aoz Fo3 /S-S RloH, 1T v v)iA
T ABF IU)(ABF 40%, 508, 60l 47 AL
X I ti(Table 2).

5) TENAFF 3 5&o] A3l

AR ¥ FeYRRF A5EL AR A e
x)of| vl8l 66.4+143%)A 79.413.6%A 0|2 BE FollA 7
2% 27S Blon, o i AAL BRI AHY
ol W 4 Friskgey MAEE leEie 24 &+
Zke} FAA FoAE dith(Table 2).

2. Reserpine §£0{ = s{&M MH A FoIMe MI|s2 Wl

n AEse Wt

ABFE AGA 1EAA vl R ga 28 R
gou BAH fa4e 9god 12HE Fo9e Qg

(Table 3).

2) FAA olskr|Este] Ws)

ANAF F vd Aol ke 198 FARE &7
< Yeher ABF 108e0M 592162 mmHgE 179
47.4+58 mmHgol| 83 FAH R Fo5lA| A5t of
28 A4 o4 ARF A4 E 215 i Table
3, Fig. 3).

3) developed pressure &E-82] W3}

nzol A AEF 20804 63.1+3.7% %% developed pres-
sure 3EEL VZNA 522552%% EAALE o84
st AT ARA Fd ASEHA2H vt devel-
oped pressure 3| 582 [T AR FE B riTable 4,
Fig, 3).
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Table 2. Changes of functional recovery rate in the preconditioning groups.
Group Reperfusion o
Values 10min 20min 30min 40min 50min 60min
Developed Pressure
mmHg % of baseline
1 107.2t£8.6 43.6*5.9 495443 533+42 562142 59.1%.4.7 628156
I 1054t5.6 494141 63.1+3.7* ¥+ 73.84.6%t 73.8 :4.6* 1 79.4 £4.8*%f 8541 4.1 %
i 102353 516132 64.8+4.6* 1 712+49% 1 71.2+54* 1 76.4154*% % 819x5.1*t
v 110.4+:6.7 44,5442 52.6+4.7 569157 624152 67.8 1:4.8* 70.5* T 5.3*
+dP/dt
mmHg/S % of baseline
I 5927.2 t467.6 456+52 470157 49.7+5.1 527147 549 t5.2 56.81+4.7
I 5931.4t637.5 572 +£3.7* 6451 4.6% 6951 4.1*1 74.8 t4.5% t 8021 43*f 84.7 +3.9* 1t
It 5437.51501.7 59.6 £43* % 63.81 4.4* 66.2 +.4.9* 722 14.0% T 778 £49*1 76.3 *.4.6*
v 5386.41+637.3 50.4+3.7 554+52 58.514.7* 62.8+47 65.71 5.2% 71.8£3.7*
- dP/dt
mmHg/S % of baseline
I 3080.4 +430.7 431142 472149 50.713.7 54.7 +4.5 572152 61.3 +4.7
I 3665.7 +350.2 55.7+4.9 60.91 3.8*% 65.9 ::4.3* 72.5 +5.3% 76.8+4.08*1 79.21t39*t
11t 3232.41+419.1 548 £32% 57.614.8% 61.9 £3.5% 69.4 + 3.8% 72.4 £3.7* 76.3 1 4.6*
v 3069.5 £396.4 48.61. 5.1 52.7+3.6 59.33:4.1% 62.7+4.2 65.81.4.9* 71.8 +:3.7*
Coronary flow
mL/sec % of baseline
I 13.6 £2.4 68.713.5 69.214.2 70.3+5.1 73.1147 752+43 774147
1I 137425 69.61.5.2 71.514.6 72.5+47 75.815.3 775%53 78.41t4.8
11 139+19 664143 68.1+5.1 70.5+39 723156 752142 76.81.4.6
v 13.2%+2.0 67.2%50 69.4 4.2 714 £5.6 72.1 142 77.5+42 7941+ 3.6

*, P<0.05 versus Group I
T, P<0.05 versus Group IV

Table 3. Effect of heart rate (HR) and left ventricular end diastolic pressure (LVEDP) of reserpine control hearts with ischemic

preconditioning.

Groups
1 \"
HR (R/min)
Before ischemia 309.4+13.5 302.5£19.1 30631172
Time after Reperfusion
10 min 208.1+12.7 2947+ 8.7 296.7119.3
20 min 2933+11.1 2945 +11.0 301.5216.7
30 min 2995+ 144 297.7+ 122 2084+ 16.6
40 min 30251t 14.2 299.9:+ 13.7 2044+ 14.5
50 min 2969 * 16.1 296.9 +17.5 301.2+18.2
60 min 297.81-16.3 2942 +17.7 299.7 +129
LVEDP(mmHg)
Before ischemia 56403 5.5+03 54104
Time after Reperfusion
10 min 61.8+t54 47.4+5.8 592+6.2*
20 min 494130 31.6 4.6 474 +5.7*
30 min 41.1+45 273148 40.8 1 4.6*
40 min 40.7£3.3 239140 367 t5.1*
50 min 379+%t4.38 20.8 3.9 32.8.t5.6*
60 min 35441 170142 27.514.2%

*, P<0.05 versus Group IL
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Table 4. Effect of functional recovery rate of reserpine control hearts with ischemic preconditioning
Group _ _____ Reperfusion o
Values 10min 20min 30min 40min 50min 60min
Developed Pressure
mmHg % of baseline
I 107.2 t 8.6 436159 4951143 533146 562142 59.1+47 628 ' 56
11 10541t 5.6 494 t 4.1 63.1 3.7 698 t39 738+ 4.6 794t 438 85.4 - 4.1
v 103.7 4 6.4 46.5 1 5.4 5221 5.2% 567 + 4.8* 604 * 4.9* 63.7+5.1% 668 ‘53
+ dP/dt
mmHg/S % of baseline
1 59272 1467.6 4561t4.2 472149 50.7 t 3.7 54745 57252 61347
1 59314 t 637.5 55.7t49 609t 38 659143 72.5+53 76.8 1+ 4.8 79.2 + 3.9
v 5847.5 1 563.7  42.5 1 4.2% 50.7 + 3.6% 5261 3.7* 55.3 1 2.3* 59.202.3%  60.7'34%
dP/dt
mmHg/S % of baseline
I 3080.4 t 430.7 43,1142 472149 50.7 + 3.7 547145 572+52 61347
I 3565.7 + 350.2 55.7t49 609138 659143 725453 76.8 1 4.8 792+ 3.9
v 3064.3 + 5637 4251t 4.2% 50.7 t 3.6% 5261t 3.7* 5537+ 3.2*% 59.2 + 2.3% 60.7 ' 3.4*
Coronary flow
mL/sec % of baseline
I 136124 68.713.5 692142 703+ 5.1 73.1t4.7 752143 774 4.7
11 13725 69.6152 7151 4.6 725447 758153 77.5*53 784 4.8
v 1191437 6451 4.1 66.7 * 3.6 684t 38 723142 745t 4.7 73537

* P<0.05 versus Group II

Table 5. Effect of heart rate (HR) and left ventricular end diastolic pressure (LVEDP) of prazosin (a1 adrenergic antagonist)
blockage with phenylephrine induced preconditioning groups.

Groups
I 111 \2
HR (R/min) 7
Before ischemia 30941135 30822169 311.8- 120
Time afier Reperfusion
10 min. 298.1:.12.7 2984134 3142 107
20 min. 2933 11.1 2977 117 3094 " 16.7
30 min. 299.5 - 14.4 2948 = 14.3 3007.3.7 12.3
40 min. 3025 14.2 296.512.1 3024 137
50 min. 2969 16.1 300.7 - 19.2 303.6 7182
60 min. 29787163 302.17 8.6 3007.516.7
LVEDP ( mmHg )
Before ischemia 56703 54202 57209
Time after Reperfusion
10 min. 61.8 54 43643 54.725.8*
20 min. 49430 352743 46.376.1%
30 min. 41,1245 306 238 42.7 2 4.6%
40 min. 40.7+33 282234 38.67.4.9*
50 min. 3797438 245732 346" 5.1%
60 min. 35441 206233 30.5.4.7%

* P<0.05 versus Group IIIL
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Table 6. Effect of functional recovery rate of prazocin (ei.adrenergic antagonist) blockage with phenylephrine induced
preconditioning groups.

Group Reperfusion
Values 10min. 20min. 30min. 40min, 50min. 60min.
Developed Pressure
mmHg % of baseline
)| 107.2£8.6 43.6t5.9 49.51t4.3 53.3t4.6 56.2+4.2 59.1+4.7 6281+5.6
11 1023153 51.6+3.2 64.8t4.6 67.2t53 712149 76.5+54 81.9+5.1
v 106.5+7.1 447£6.3 49.8 +5.7* 53.7:£4.9% 58.9+5.9* 61.2+t4.7% 67.8£4.3%
-+ dP/dt
mmHg/S % of baseline
I 5927.2£467.6 45.6L5.2 47.0%5.7 49.7t5.1 52.714.7 549+52 56.81t4.7
11 5437.5£501.7 59.61+4.3 63.8+t4.4 662 +4.9 722140 77.8+£4.9 825143
v 6034326069 50.6+5.3* 53.3+3.6* 57.2+t4.2* 60.31£4.3*% 62913.7* 64.51t3.7*%
—dP/dt
mmHg/S % of baseline
I 3080.4 430.7 43.114.2 472149 50.7+3.7 54.7+52 57252 61.3+4.7
I 32324 1t419.1 54.8%32 57.6+3.2 61.9+%3.5 69.4+3.8 74.4£37 74.31+4.6
v 2897.71:393.8 50.6+4.2 56.1+3.7 62.2 3.8 62.2+3.8 63.1+2.9% 68.81+4.3
Coronary flow
mL/sec % of baseline
I 13.6+2.4 68.713.5 69.2+t4.2 70.3+5.1 73.1x4.7 752+4.3 774147
I 139%1.9 66.41+4.3 68.1+5.1 70.5 +3.9 72.3%+5.6 752142 76.8+4.5
v 147120 63.8+3.7 66.71+4.7 67.9 +4.2 704143 72.7+53 74.513.7

* P<0.05 versus Group I

Table 7. Effect of heart rate (HR) and left ventricular end diastolic pressure (LVEDP) of yohimbine (a2 adrenergic antagonist)
blockage on clonidine induced preconditioning groups.

Groups
I m Vi
HR (R/min)
Before ischemia 309.4*13.5 304.7+10.7 3193 +11.7
Time after Reperfusion
10 min. 298.1£12.7 298.1+16.7 320.5+t12.4
20 min. 2933+11.1 290.3+21.1 318.4*t19.3
30 min. 299.5+14.4 289.5+14.3 317.5 ©18.3
40 min. 302.5+14.2 2879+ 142 31841169
50 min. 2969+ 16.1 286.9 14.6 31540157
60 min. 297.8£16.3 287.1116.3 326.4=14.2
LVEDP ( mmHg )
Before ischemia 56+03 55+03 56102
Time after Reperfusion
10 min. 61.8+54 55.0t4.4 534159
20 min. 49.4+30 40.7+4.8 46.9+5.1
30 min. 41.1+45 37.7+t4.1 406749
40 min. 40.7+£3.3 32.5%338 37.5+54
50 min. 37.9+4.8 30.7+5.1 356t4.3
60 min. 354141 27.41%42 28.6 +5.5
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Table 8. Effect of functional recovery rate of yohimbine (a.adrenergic antagonist) blockage on clonidine induced preconditioning

groups.
Group Reperfusion(%)
Values 10min. 20min. 30min. 40min. 50min. 60min.
Developed Pressure
mmHg % of baseline
I 107.2+8.6 43.6+59 49.5%4.3 53.3t4.6 562142 59.1+4.7 62.81-5.6
II 1104£6.7 445142 52.61+4.7 56.9+5.7 624+£52 67.81+4.8 70.1+£5.3
v 104.6%7.9 45.815.7 458 +5.7 55.8+4.3 59.314.7 643152 68.7t4.7
-+ dP/dt
mmHg/S % of baseline
I 592721 467.6 456+52 470 t5.7 49,7 £5.1 52.7+4.7 549:+52 56.8+4.7
I 5386.41637.3 504 1+3.7 554152 58.514.9 62.8+4.7 657152 70.114.7
v 59314 +£584.6 467142 48.4 134 54.6 +3.7 58.5t4.7 60.7+t4.2 629+47
— dP/dt
mmHg/S % of baseline
I 3080.41430.7 43.1t42 472+49 50.7+3.7 547 +t4.5 572+52 61.3+4.7
II 3069.51.396.4 48.61 5.1 52.7t3.6 59.3+4.1 62.714.2 65.81t4.9 71.8 £3.7
v 3431.31.330.8 504t54 53.5+54 564+3.5 60.3+3.5 65.3+749 729t5.6
Coronary flow
mL/sec % of baseline
I 136+2.4 68.7+3.5 69.2 +42 703 +5.1 73.11t4.7 752t43 77.41+4.7
I 13.2.52.0 67215.0 69.4 142 714156 72,1142 77.5+4.2 794t 3.6
v 1351338 68.314.7 67.5 3.9 705137 72.7+5.6 759+6.7 78.614.7
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Fig. 3. Recovery effects of cardiodynamic parameters

during reperfusion after 40 minutes of global 37T
ischemia in the ischemic preconditioning groups with or
without reserpine control. (A) Graph showing change of
left ventricular end diastolic pressure (LVEDP) during
reperfusion. (B) Graph showing recovery of percent
developed pressure (%DP) during reperfusion. (C) Graph
showing recovery of percent +dP/dt during reperfusion.
(D) Graph showing recovery of percent -dP/dt during
reperfusion. (E) Graph showing recovery of percent
coronary flow during reperfusion.
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Fig. 4. Recovery effects of cardiodynamic parameters
during reperfusion after 40 minutes of global 37°C ischemia
in the phenylephrine induced preconditioning groups with or
without prazocin blockage. (A) Graph showing change of

left ventricular end diastolic pressure (LVEDP) during
reperfusion. (B) Graph showing recovery of percent
developed pressure {%DP) during reperfusion. (C) Graph

showing recovery of percent +dP/dt during reperfusion. (D)
Graph showing recovery of percent -dP/dt during
reperfusion. (E) Graph showing recovery of percent
coronary flow during reperfusion.
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