394
+E B LR

Acta Pharmacologica Sinica

1989 Sepy 10 (5) : 394-398

Prevention of postischemic reperfusion damage

on isolated working rat hearts by bopindolol and propranolol
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ABSTRACT Reperfusion after 30-min regional
or global ischemia of the isolated working rat
hearts did not restore the cardiac functions (as
measured by cardiac output and power produc-
tion), but exacerbated the existing damages. The
lipid peroxidation product malondialdehyde
(MDA) in the regional and global ischemic-
reperfused myocardium increased by 37.6 and
45.2%, respectively. Bopindolol ¢,1umol/L and
propranolol 310 umol/L protected the myocardium
against the postischemic reperfusion damages,
accelerated the rccovery of cardiac functions
during reperfusion and decreased the MDA con-
tent in the ischemic-reperfused myocardium. It
is postulated that the prevention of cardiac cells
from lipid peroxidation injury is related to the
protection afforded by the drugs to the ischemic-
reperfused hearts.
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Myocardial postischemic reperfusion
would be a double-edged sword to ischemic
myocardium“’. The production of oxygen-—
free radicals occurs as a consequence of the
reintroduction of molecular oxygen into
previously ischemic tissue during myocar-
dial reperfusion.  These substances are
chemically reactive and cause myocardial
postischemic reperfusion damages by reacting
with polyunsturated fatty acids‘®). Beta—
antagonists, such as propranolol, have been
shown to attenuate intracellular calcium
load, protect the ischemic-reperfused myo-
cardium from the depletion of high-energy
phosphatest®»*>.  Nevertheless, what is the
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effect of beta—-antagonists on myocardial
lipid peroxidation damage caused by oxy-
gen—free radicals during reperfusion remains
to be studied. Bopindolol is a new long-
acting, non-—selective beta—adrenoceptor
antagonist without membrape stabilizing
activity (MSA) and its chémical name is
4-(benzoyloxy-3-tert-butyaminopropoxy)-
2-methyl-indole hydrogen malonate®. “No
report was found about its effects on the
myocardial postischemic reperfusion dam-
ages at present. The aim of the present
study was to investigate in isolated working
rat hearts if bopindolol or propranolol
could protect against lipid peroxijdation,
prevent myocardial postischemic reperfusion
damages and accelerate the rec;overy of car-
diac function during reperfusion.

MATERIALS AND METHODS

Hearts were removed from Sprague-
Dawley rats, o', weighing 298 + SD 21g,
and placed in a heart chamber which was
jacketed by circulating warm water (37°C),
and perfused with' modified Krebs—Hensleit
(K-H) bicarbonate buffer®. After 15-min
equilibration perfusion, bopindolol or pro-
pranolol was added to the perfusate to pro-
vide the final concentrations of (.1 or 1¢
pumol/L respectively. Fifteen min later, the
hearts were made regional ischemia for 3
min and then reperfused for another 15
min‘”. The hearts were made global
ischemia for 3Q min‘®, during which the
hearts were superfused with unoxygenated
K-H buffer at 37°C to prevent any drop
in temperature due to the cutroff of perfu-



sion. For reperfusion, both left atrial and
aortic cannulae were unclamped and the
coronary system was perfused retrogradely
with oxygenated buffer solution through
the aortic cannula at a pressure of 8 kPa.
When the hearts resumed powerful contrac-
tions (about 10 min after reperfusion), the
flow was reversed into working heart mode
and the reperfusion continued for another
15min. At the end of the perfusion se-
quences, the hearts were removed rapidly
and frozen at —20°C for the measurement
of malondialdehyde (MDA) in the myo-
cardium,

Mechanical performances The aortic
flow (AF), coronary flow (CF), total
cardiac output (TCO = AF + CF), left
ventricular systolic pressure (LVSP), +LV
dP/dt,., and ECGs were monitered
throughout the experiments and recorded
at regular intervals. The external work
(power production) produced by the left
‘ventricle was measured as the sum of pressure
and kinetic power(®>.

Bilochemical assay Myocardial leakage
of creatine phosphokinase (CPK) to the
coronary effluent was used as a sign of
ischemic-reperfused cell damages and assayed
in a SBA-300 biochemical autoanalyzer
(Gilford, USA). ACPK =postischemia-
preischemia value. Samples of the whole
layer of myocardium for measurement of
MDA were cut from the anterior regions of
the left ventricle of the globally ischemic—
reperfused hearts and in the regionally
ischemic-reperfused hearts, cut respectively
from the ischemic and normal regions of
the left ventricle which were identified by
methylene blue staining method in the pre-
liminary eXxperiments. The tissue samples
(about 120 mg) were minced and homo-
genized ultrasonically. The amount of MDA
in the homogenates was assayed by the
thiobarbituric acid test at 532 nm¢®,

Drugs Bopindolol crystals (Sandoz)
was dissolved in double-stilled water before
use.’ The propranolol ampoules were used.
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The statistical evaluations were per-
formed according to t—test. AJl values are
expressed as X 4+ SD.

RESULTS

Protective effects of bopindolol and
propranclel on the regionally ischemic-
reperfused myocardial damages The region-
ally ischemic-reperfused control experiments
(n = 12) were performed to estimate the
extent of myocardial recovery from 30-min
regional ischemia after 15 min reperfusion.
The mechanical function were markedly
impaired and CPK-release was increased by
30 min coronary artery ligation (CAL).
During 15 min reperfusion, no restoration
of the myocardial functions was seen and
CPK-releace further increased in this period.
Bopindolol (.1 umol/L did not affect sig-
nificantly the mechanical performances of
the normal heart preparations 13 min after
it was used. Propranolol 10 pmol/L had a
marked inhibitory effect on the heart with
HR, AF, CF, TCO and W (power produc-
tion) decreased by 11.0, 8.9, 7.8, 9.0
and 10.0% respectively at the same time.
There was no significant differcnce of the
mechanical performances of the hearts in
drug-treated groups and the ischemic—
control group after CAL. However, the
mechanical recoveries of the hearts in
drug-treated groups were much better than
that in the control group 2 min after
reperfusion. Fifteen min after reperfusion,
LVSP, +LVdP/dt,.,, AF, TCO, CF and
W restored to 88, 84, 82, 86, 104 and
77% of the preligation values respectively
in bopindolol group and to 88, 90, 69, 81,
96 and 70% of preligation values respec-~
tively in propranolol group. HR remained
unchanged in bopindolol-treated hearts but
was lowered by propranolol during perfu-
sion time. The CPK-release induced by
regional ischemia and reperfusion was
markedly reduced by either bopindolol or
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Tab 1.

Effects of bopindolol (n=7) and propranolol (r=5) on LVSP, AF, W, +LVdpr/dt,,., TCO,

CF and ACPK-release of the isolated working rat hearts with 30-min coronary artery ligation (CAL)
followed by 15-min reperfusion, X4SD, *P>(.05,**P<(.05, ***P<0.07 vs control,
. L

. . ) Before CAL CAL Reperfusion
Perfusion time (min) 15 28 45 58 62 75
LVSP (kPa)
Control 13.240.4 13.54+0.7 9.9+0.9 10.1+1.1 9.9+1.3 10.1+1.2
Bopindolol 13.61+1.6 13.3+0.5 10.0+0.8* 10.0+0.8* 11.8+0.7** 12.0+0.7***
Propranolol 14,5+0.8 14,1+0.9 10.7+0.7% 10.7%0.5* 12.4+0.7%%* 12,8+0.7%*
AF(ml/min) ‘
Control 40+7 39438 2218 2347 167 19+8
Bopindolol 4345 4215 26+4* 263" 33FgrHr 354 3%**
Propranolol 425 38%5 21+4°* 2243 28 & 3%** 29 4%**
Wyp(mW)
Control 12,34+2.0 12.3+1.8 5.0+2.9 5.5+2.8 5.0+1.7 6.0+1.9
Bopindolol 13.04+1.8 12.7%+1.,5 5.7+£0.9% 5.8+1.0* 9.3+ 1.6%** 10.0+1.5%**
Propranolol 13.24+2.2 12,242.2 5.4%+0.7* 5.5+0.7* 8.5+1.0*** 9.3+1.1**
.+ LvdP/dt,,.(kPa/s)
Control 409+22 409422 295+ 27 296+ 27 282+30 305+27
Bopindolol 410+18 395+15 286+ 25* 282+ 22* 340+ 29** 352+ 21%**
Propranolo!l 435+17  432+22 291+9° 292+38* 361+30*** 390 15"**
TCO(ml/min)
Control 5449 54+9 319 3249 30+7 33+9
Bopindolol 5747 57+6 32+4° 3244* 47+ 5*** 50+ 4%¥*
Propranolol 5548 508 29+5* 304 3% 416+ 43+ 5***
CF (ml/min)
Control 13.9+1.5 13,8+ 1.5 8.7+0.7 8.71+0.7 13.8+ 1.8 13.8+1.8
Bopindolol 14.1+2.4 14.6+2.6 2.3+1.3" 8.,3+1.3* 14.5+2.4%  14.6+2.3*
Propranolol 13,443.0 12,4+3,0 8.2+1.8* 8.,2+1.8* 12.8+2.6"* 13.34+1,9*
ACPK-release(IU /L)
Control 26+12 56+13 81418 142+ 28
Bopindolol 30£8* 3214 31+14%** BRA 17***
Propranolol 28+ 12 25+8°"* 40+8**" 44+ 147"

Note, LVSP =left ventricular systolic pressure;

propranolol (Tab 1), In response to poly-

AF = aortic flow; W = total work; TCO = total cardiac
output; CF =coronary flow; CPK =creatine phosphokinase.

Tab 2,

Etfects of bopindolol (n=7) and propran-

unsatured peroxidative breakdown,the cardiac
formation of MDA in the ischemic-reper-
fused regions was much more than that in
the normal regions (without ischemia).
Bopindolol 0.1 umol/L almost abolished

the . difference while propranolol 1¢ pmol/L
did not. But in comparison to the control
hearts, propranolol reduced significantly . the
cardiac formation of MDA in the ischemic-
reperfused areas (Tab 2).

Protective effects of bopindolol and
propranolol on the globally ischemic—reper-
fused myocardial damages Conditions of
global ischemia were used to avoid the comp-
lications due to an altered regional distri-
bution of flow. The contractility, cardiac
output and coronary flow decreased almost
to .zero after global ischemia. Reperfusion
for 15 min only restored LVSP, +LVdP/

olol (n=5) on the content of malondialdehygg
(MDA, nmol/g wet wt)
reperfused myocardium, X + SD. *P>0.05,
**P<0.05, *EP<0.01 vs normal area,
MP<0.01 vs ischemic-reperfused area of control,

in regionally ischemic-

Ischemic~reperfused

Group Normal area

area
Control 170+ 20 234+ 5(‘);“
Bopindolol 165+43 179+ 30*1t
Propranolol 167+ 19 2014 30%*tt

dtmax, — LVAP/Gtn.x» AF, CF and Wi to
38, 41, 31, 40, 74 and 20% of the pre-
ligation values repectively in the control
hearts, while the recoveries of the above
parameters in the drug-treated hearts were
much better and CPK-release was less than
those in the control hearts (Tab 3). The
amount of MDA formed in the globally
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Tab 3. Recovery of mechanical performances and CPK-release of the isolated working rat hearts 15
min after the start of reperfusion following 30-min global ischemia, n =5, X+SD, *P>0.05, **P<{0.05,
***'PL0.01 vs control,

Before global ischemia 15 min after reperfusion

Parameter

Control Bopindolol Propranolol Control- Bopindolol  Propranolol
HR (bpm) 247+10 252414  242%55 233+14 251*+15” 223+ 28"
LVSP(kPa) 14.9%+1.1 15.6£0.6 16.5+1.0 5.611.1 12.9:50.90%** 13.2+1,4***
+LVdP/dt,,, (kPa/s) 485+24 494+42 51032 207+57  393425%** 307 44***
-LVdP/dt,... (kPa/s) 328+50 357+44 373+37 99+31 2204+ 11*** 257 40***
AF (ml/min) 41£4 47£5 44+ 44 1643 35 3%+ 30F 3%+~
CF (ml/min) 14.2+2.3 15.0+1.2 13.8+1.3 10.2:+2.3 14.6+1.1% 13.3+1.5%

Wy (mW) 13.7+2.3 16.2+1.6 15.612.2 2,6 1.4 10.6£1.4*** 9.61£1.9%*"

92i4¥'x

CPK-release (IU/L) 2614 23+4 31+ 14 169434

gsi 13***

ischemic—reperfused hearts was about 241
+18 nmol/L, larger than that in the normal
hearts (166 + 1finmol/L, n=5, P<<0.01).
Bopindolol and propranolol decreased sig-
nificantly the formation of MDA in the
globally ischemic-reperfused myocardium
(to 186 4+ 22 and 210 + 16 nmol/L re-

spectively, n =5, P<0.05).

DISCUSSION

There is still no certain cxplanation
as to bopindolol and propranolol in pro-
tecting isolated working rat heart muscle
against the deleterious effects of postische-
mic reperfusion. One possible explanation
is that direct beta—adrenergic blockade may
be involved because propranolol 10 pmol/L
exihibited negative chronotropic and ino-
tropic effects on the heart preparation used
in our study. Alternatively, MSA of pro-
pranolol might be involved® because a
comparatively higher drug concentration
(10 umol/L) was used in the present study.
However, it seems that neither the direct
beta—adrenergic blockade nor MSA can ex-
plain satisfactorily the beneficial effects of
bopindolo! on the ischemic-reperfused myo-
cardium because it is without MSA and did
not alter significantly the mechanical per-
formances of the heart preparations in 0,1
umol/L drug concentration. In view of the

U, N

dramatic increase in cellular calcium on
reperfusion®’, we speculated that both
bopindolol and propranolol attenuated the
effect of calcium overload and thus protect
the ischemic-reperfused myocardium.

In conclusion, bopindolol or propranol-
ol used before ischemia protects the myo-
cardium against some of the mechanical
and metabolic damages caused by post-
ischemic reperfusion. Although the 2 drugs
differ in some of their pharmacological
properties (bopindolol being a partial beta—
adrenergic agonist and without MSA), their
abilities to protect the ischemic-reperfused
hearts may involved a common mechanism:
to diminish the cellular lipid peroxidation
induced by oxygen free radicals. Under
these conditions, it is possible to envisage
a Sequence of events whereby some of the
membrane and mitochondrial functions and
cellular homeostasis will be better maintain-
ed, which will certainly be beneficial to
the ischemic-reperfused myocardium.
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