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Evaluation of the protective effect of verapamil on reperfusion injury
by “'In anticardiac myosin antibody in canine myocardial infarction
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We quantitated the protective effect of verapamil on reperfusion injury in canine myocardial
infarct using 111In-anticardiac myosin antibody and correlated to the electronmicroscopic
findings. Experimental myocardial infarction was performed by one hour occlusion of the
anterior descending coronary artery and followed by reperfusion. Saline or verapamil (0.6
mg/kg/hr) was started at 40 minutes after coronary artery occlusion and continued through-
out the experiment. There was an inverse exponential relationship between anticardiac
myosin uptake and regional coronary blood flow in both the control (r=—0.86) and the
verapamil treated (r=—0.71) groups. Less uptake of 111In-anticardiac myosin antibody was
observed in the verapamil treated group than in the control group of the regions where blood
flow was lower than 309, of normal. In the control group, the myocardium showed signs of
the typical contraction band necrosis. In the verapamil treated group, however, the myo-
cardium contained fewer electron dense granules and mild degree of contraction bands.
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INTRODUCTION

PrEVIOUS STUDIES have suggested that coagulation
necrosis in myocardial infarction is caused by inter-
ruption of the blood flow to the myocardium, and
contraction band necrosis develops during reperfu-
sion.1.2 When the ischemic myocardium is reper-
fused, myocardial cells gain a large amount of
calcium ions from the blood which lead to inhibition
of mitochondrial energy production and to cell
death.3:4

Calcium antagonists have been shown to protect
myocardial tissue from ischemic injury. Verapamil
reduced epicardial ST segment elevation, histological
necrosis, % and the release of cardiac enzyme.”®
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Calcium antagonists improved various hemodynamic
parameters.10.11 However, deleterious effects such as
no preservation of myocardial ATP,?:12 no reduction
in enzyme release,!3-14 and aggravation of histologic
change!5.16 have also been reported.

We investigated the protective effect of calcium
antagonist, verapamil, on myocardial damage using
111Tn-anticardiac myosin antibody (ACM Ab) to
quantify the severity of myocardial damage and
correlated the result to electronmicroscopic findings.

MATERIALS AND METHODS

Animal Subjects

A total of 14 adult mongrel dogs (9-12 kg) were
randomly selected for the saline control and the
verapamil treated groups. Saline and verapamil were
infused intravenously at 40 minutes after clamping
the left anterior descending coronary artery (LAD)
and continued throughout the experiment. 0.2 mg/kg
of verapamil was loaded for 5 minutes and infused
continuously at a rate of 0.6 mg/kg/hr.
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Experiment protocol

The animals were anesthetized with intravenous
pentobarbital (30 mg/kg) and nitroxide inhalation
through a respirator. Following left anterior thora-
cotomy, the LAD was carefully dissected free, and
clamped at a level just distal to the first diagonal
branch with a vascular clamp. Just before releasing
the clamp, relative regional myocardial blood flow
was measured with Strontium-85 labeled 16.54-0.1 u
carbonized microspheres (New England Nuclear,
Boston, MA), as described by Smith et al.8 After
1 hour of occlusion, the clamp was released and
reflow was confirmed by the development of reactive
hyperemia in the previously cyanotic zone. At 30
minutes after reperfusion, 100 uCi (3.7 MBq) of
HlIndium anticardiac myosin antibody (Centocor
Inc.) was infused through a 22 gauge needle into the
proximal coronary artery. ACM Ab was Fab
fragment of the monoclonal antibody and 0.25 mg
of Fab was labeled with 1 mCi (37 MBq) of
11Indium chloride. (Fig. 1)

Measurement of radionuclide uptake in the myo-
cardium
Ninety minutes after LAD reperfusion, the animals
were sacrificed by rapid injection of pentothal. The
heart was excised en bloc and cut into parallel
slices.1 Transmural samples were sectioned from the
slices. Each sample was subdivided into subepicardial
and subendocardial layers of equal thickness. The
samples were weighed and placed in glass scintilla-
tion tubes and the radioactivity was measured with
correction of counts in each channel.l? Relative up-
takes of 85Sr-microsphere and 11In-ACM Ab were
calculated as ratios of uptake in infarcted regions to
the nonischemic posterior left ventricular myocar-
dium.

Relative uptake of 85Sr-microsphere represented
coronary blood flow to the myocardial sample, and
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Fig. 1 Experiment protocol: experimental myocardial
infarction was produced by occlusion of the left anterior
descending coronary artery (LAD) for 1 hour followed
by reperfusion.

110 June-Key Chung, Sang Moo Lim, Myung Chul Lee, et al

uptake of 111In-ACM Ab represented myocardial
damage.

We did not make in-vivo or ex-vivo images of
anticardiac myosin antibody in this study.

Electronmicroscopic examination

Myocardial samples were obtained in the subendo-
cardial layer of the central ischemic zone. A myo-
cardial sample was. placed in Karnovsky’s fixative
and processed by the usual method.$

Measurement of hemodynamic parameters

Systemic, pulmonary arterial and venous pressures
were monitored from cannulae placed in a femoral
artery and a vein with Honeywell VR-12 transducers.
Cardiac output was calculated by the thermodilution
method (American Edwards Laboratories). Two dogs
developed ventricular fibrillation and were not in-
cluded in these data.

Statistical analysis

The statistical significance was evaluated by Student-
t test and Wilcoxon rank sum test. Variations from
values were given as the standard error of the mean.

RESULTS

Hemodynamic changes

Data on systemic hemodynamic and stroke volume
are shown in Table 1. The changes in heart rate and
mean arterial pressure before and after coronary
occlusion were not significantly different in the con-
trol and the verapamil treated groups. Verapamil
infusion induced decreases in heart rate and arterial
pressure. Pulmonary arterial pressure, pulmonary
capillary wedge pressure, central venous pressure,
and cardiac output were not altered by verapamil
administration. In the control group, stroke volume
was reduced from 17.64+0.6 m/ to 15.3+0.6 m/
(p<<0.05) after 30 minutes of reperfusion, but was
maintained in the verapamil treated group (20.9+
3.5ml/ vs. 22.5+3.1 ml).

Measurement of 111In-anticardiac myosin antibody in
myocardium
We compared myocardial damage measured by
11Tn-ACM Ab uptake to the coronary blood flow
measured by 35Sr-microsphere uptake. An inverse
exponential relationship between this ACM Ab local-
ization and the regional flow was evident with the
correlation coefficients of —0.86 in the control group
(Fig. 2) and —0.71 in the verapamil treated group
(Fig. 3). The difference between these two groups
was statistically significant (p<<0.05).

In the myocardial infarct zone, where coronary
flow was reduced to 0-109/ of the normal flow, the
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Table 1 Systemic hemodynamic data in control and verapamil-treated dogs
(mean+standard error of the mean)

Basal Occlusion Reperfusion
state 5 min 40 min 60 min 5 min 30 min 60 min 90 min
Heart rate (min~1)
Control 169411 173+16 18013 181+10 17147 1704-9 178413 183411
Verapamil-treated 166+12 16710 173+9* 13547* 12947 131410 131412 129411
Mean arterial pressure (mmHg) '
Control 103+2 102+38 9746 9244 101£7 107+14 101411 11442
Verapamil-treated 11546 112438 11747* 92+8 84 L7* 8616 86+6 8947
Stroke volume (m/)
Control 19.04+:1.9 17.943.1 19.343.8 16.0+1.7 19.040.7 17.640.6f 153+0.6f 14.24+0.9*
Verapamil-treated 20.84+1.9 19.8-+1.7 21.2+19 220-+3.5 209435 22.5+3.1 21.5+2.7 20.44-3.5*

* + P<<0.05 between them by Wilcoxon rank sum test
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Fig. 2 Relationship between !1In-anticardiac myosin antibody localization in myocardial
samples and corresponding regional blood flow in the control group.

ratio of relative uptake of 111In-ACM Ab uptake to
normal myocardium was 16.34+1.4 in the control
group, but it was reduced to 5.740.6 in the verapamil
treated group (p<<0.001). In region where coronary
flow was 11-309, of normal, lesser uptake of 11lIn-
ACM Ab in the infarct zone was also observed in
the verapamil treated group than in the control
group (3.940.7 vs. 7.340.8) (p<<0.01). In area
where flow was only moderately (51-80 %) or slightly
(>81Y% of normal) reduced, ACM Ab uptake was
not significantly different in the two groups (Fig. 4).

Electronmicroscopic findings

Cardiac sarcomeres showed wide I bands, loss of
glycogens, swollen mitochondria, cytoplasmic vacu-
oles, intermyofibrillar edema, and sarcolemmal
breaks. In the endocardial zone of the control group,
the sarcomeres were contracted and the extreme
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contraction created hypercontraction bands. Three
to eight sarcomeres had formed one hypercontrac-
tion band, with a width of 0.3-1.8 microns. Stretch-
ing of sarcomere was found at the intercalated disk
(Fig. 5). In the verapamil treated group, in addition
to the aforementioned contraction band, another
type of spastic contraction was noted (Fig. 6). The
latter showed regular homogenization of myosin
filaments around the Z-line and was not surrounded
by stretching zones. Contraction bands of this type
were scattered at the margin of the classical contrac-
tion band area.

Electron dense granules were observed in the
mitochondria. The size of these granules was about
0.1 micron. One to five granules were noted in each
mitochondria. These granules were also found in the
normal cells near the hypercontraction bands.
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Fig. 3 Relationship between 11!In-anticardiac myosin antibody localization in myocardial
samples and corresponding regional blood flow in the verapamil treated group.
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Fig. 4 Comparison of myocardial uptake of !!lIn-
anticardiac myosin antibody in the verapamil-treated
group ( ) and the control group (-———-—- ). The
x-axis represents coronary blood flow to the myocardial
sample and the y-axis represents relative uptake of 11In-
anticardiac myosin antibody of the sample to normal
myocardium. Each point represents the uptake ratio
(mean-standard error) in designated regions of graded
flow diminution (*p<<0.001, **p<0.01 by Wilcoxon rank
sum test)

112 June-Key Chung, Sang Moo Lim, Myung Chul Lee, et al

DISCUSSION

Myocardial reperfusion is now an important method
used in treating myocardial infarction produced by
coronary occlusion. Both mechanical and thrombo-
lytic therapy for restoring adequate perfusion follow-
ing myocardial infarction have been mainstays of
treatment to prevent or limit myocardial necrosis.18

However, during the period of recovery, myo-
cardial cells may be vulnerable to stress produced
by reperfusion.11,14.19 The reperfusion injury has
been suggested to be related in part to calcium over-
loading of intracellular organelles. It has been shown
that reperfusion of irreversibly injured ischemic myo-
cardium is followed by massive influx of calcium
ion and intramitochondrial deposition of calcium
phosphate.20.21 Translocation of calcium into cells
could produce mitochondrial damage and lead to
cell injury.! Also intracellular calcium increase could
contribute to the formation of a contraction band.
In the experimental infarction, Frame et all4 reported
that uptake of ACM Ab increased 1709, during the
45 minutes of reperfusion compared to the beginning
of coronary reflow.

The present study revealed that the verapamil
inhibited myocardial damage induced by reperfusion.
The mechanism of action by which verapamil reduces
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Fig. 5 Electron micrograph of a saline control dog. The cell was swollen with disruption of
the cellular architecture and a large hypercontraction band (arrow). Stretching of the sar-
comere was noted. There were separations of mitochondrial cristae and electron dense granules

within the mitochondria ( x 6,000).

Fig. 6 Electron micrograph of a verapamil treated dog showing transition area between
regular contraction injury (arrow) and hypercontraction band ( x 6,000).

ischemic injury is not entirely clear but some hy-
potheses have been postulated,22 i.e. the reduction
of transmembrane calcium influx and in afterload,
preservation of mitochondrial function, reduction in
heart rate, and improvement in coronary collateral
flow to the ischemic region.

Vol. 5, No. 3, 1991

The contraction band necrosis developed mainly
within 20 minutes after coronary reperfusion.2? There
should be an adequate amount of verapamil in the
myocardial tissue at the moment of reperfusion.
Keefe and Kates?? indicated that distribution and
equilibrium between the plasma and the myocardium
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was achieved within 10 minutes after the administra-
tion of verapamil in dogs. Verapamil accumulated
in other tissues within 22 minutes. Therefore we
started verapamil infusion at 20 minutes before
reperfusion.

Cardiac myosin is the high molecular, major intra-
cellular protein of the myocardial cell and has unique
structural and antigenic features not shared by
skeletal and smooth muscle myosins.24 Monoclonal
antibody for cardiac myosin binds specifically to
cardiac myosin when cell membrane is disrupted.22.25
Khaw et al.26 have demonstrated with the scanning
electronmicroscope that ACM Ab is a marker of
membrane damage, i.e. cell death. They also showed
that the amount of ACM Ab found in the tissue
provided a quantitative method to evaluate cell
damage.??.28 In this study, we found an inverse rela-
tionship between 111In-ACM Ab and coronary blood
flow. ACM Ab uptake can be used as a valuable
method to quantitate tissue damage.

Specific localization of anticardiac myosin anti-
body was enhanced by using Fab fragmants that
are one third of the molecular weight of intact
antibodies, but retain valency for antibody combin-
ing sites. Fab fragments can enter damaged cells
easily and remaining antibodies in the circulation
are eliminated by the kidney.29

The massive conglomeration of sarcomeres and
passive stretching of the adjacent area may cor-
respond with the ultrastructural finding of an irregu-
lar transverse hypercontraction band observed in
light microscopy. A second type of myofibrillar
contraction damage without a stretched zone was
found by electronmicroscopy. The transitional zone
from the classical hypercontraction band to regular
contraction damage was noted in the verapamil
treated group. These findings suggested that a regular
contraction band might be a precursor of a hyper-
contraction band or a mild form of myofibrillar
contraction damage. In addition to the morphological
similarities between the two lesions, the low in-
cidence of mitochondria containing matrix granules
in the regular contraction band area (23.5% com-
pared to 64.99; of the classical contraction band
area) would be one item of evidence indicating a
mild form of injury. This type of contraction band
appeared to be a prominent type of injury to the
endocardium of the verapamil treated group. How-
ever, we actually examined only a very small part of
the lesions, and it was possible that the ultrastructural
findings were not the same in all the lesions. To
prove the presence and transition of the second type
of myofibrillar contraction damage, we suggest a
further detailed study with massive electronmicro-
scopic mapping.

The protective effect of verapamil appeared in an
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ischemic zone which had a coronary flow less than
309 of the normal. This finding is consistent with
those of Frame et al.l4 and Ashraf et al.4 who
reported the development of contraction band necro-
sis in the subendocardium within 1 hour of occlusion
and reperfusion. It has been postulated that in
reperfusion, contraction band necrosis develops when
the structure and function of the cell membrane
have been altered by ischemia. Verapamil prevented
tissue damage in the ischemic zone following reperfu-
sion.
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