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Antimyosin antibody is a specific marker of myocardial necrosis
that is based on the loss of integrity of the sarcolemmal mem-
brane. Because antimyosin can be labeled with several different
radiotracers, gamma imaging performed with antimyosin labeled
with two different radionuclides can be used to quantify infarct
size before and after an intervention such as reperfusion.
Methods: Twelve open-chested anesthetized dogs were eval-
uated both at the end of 1.5 hr of occlusion of the left anterior
descending coronary artery and following reperfusion. Antimyo-
sin Fab radiolabeled with either 23 or '''In was injected by
intracoronary administration over 3 min at the end of the occlu-
sion interval, and the coronary sinus was drained continuously
for 7 min to prevent recirculation of the antibody. One hour after
reperfusion, a second injection of antimyosin Fab (labeled with a
different isotope from the first) was administered as before. Six
dogs were given intracoronary trifluoperazine (150 ug/kg of body
weight) simultaneously with reperfusion, and another six dogs
received saline as the control. The infarct size in grams before
and after reperfusion was assessed by antimyosin antibody up-
take in ex vivo images of 1-cm thick slices of the hearts. The
mean infarct sizes before (W1) and after (W2) reperfusion were
then calculated as the percent of infarcted myocardium/ventric-
ular myocardial mass. Results: There was a significant increase
in the mean percent infarct size after reperfusion in the control
group (W2 = 16.73 + 4.0, W1 = 14.92 + 3.88; p = 0.029). The
mean infarct size was uniformly smaller with trifluoperazine in-
tervention (W2 = 12.33 + 2.03, W1 = 16.34 + 2.78; p = 0.004).
The difference between the mean change in the infarct sizes in
the two groups was highly significant (p = 0.002). Conclusion:
Dual imaging of the extent of myocardial necrosis before and
after an intervention (reperfusion) in the same animal demon-
strated the utility of antimyosin imaging to document changes in
the extent of necrosis.
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Tle restoration of blood flow to ischemic myocardium
reduces the loss of functional tissue and exerts beneficial
effects in addition to the actual mass of myocardium sal-
vaged by the prevention of infarct expansion, ventricular
dilatation, formation of aneurysm and heart failure (1).
Reperfusion also demonstrates deleterious effects, with ac-
celerated tissue damage caused by the production of oxy-
gen-derived free radicals and calcium paradox, resulting in
prolonged postischemic depression of ventricular functions
and the no-reflow phenomenon (I-5). Most experimental
models of reperfusion injury and therapeutic interventions
use only a single assessment of infarct size within a given
animal (6-11). Because the development of necrosis is a
process that requires time, the selection of the interval
between reperfusion and the measurement of its effects can
alter the results. It would be helpful to measure the extent
of necrosis at several time points, both before and after
reperfusion or an intervention in the same animal. The
occurrence of reperfusion injury was recently reported by
a pathologic comparison of horseradish peroxidase and
triphenyl tetrazolium chloride delineated pre- and
postreperfusion infarct sizes in the same animal (12).

Antimyosin antibody reliably identifies the extent of
myocardial necrosis (3-15). Because the antibody can be
labeled with several radionuclides, it is possible to define
the extent of necrosis with this marker at two different (or
more) times. This technique would permit each animal to
serve as its own control. To test the validity of dual imaging
of an infarcted zone by antimyosin antibody, the present
study was performed to determine the effect of a major
intervention and reperfusion on the immediate extent of
necrosis. In addition, a second group of animals treated
with trifluoperazine (TFP), a member of the phenothiazine
family, were studied to determine whether this drug could
limit the initial damage to the sarcolemma. Pretreatment
with phenothiazines was reported to limit the extent of
myocyte necrosis by preventing degradation of the mem-
brane phospholipids and restricting calmodulin-dependent
calcium influx (16-22). Of the phenothiazines, TFP is
known to have the maximum relative calmodulin-binding
activity (23,24).
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MATERIAL AND METHODS

Antimyosin Antibodies and Radiolabeling

A monoclonal antimyosin antibody (R11D10, Centocor, Mal-
vern, PA) was generated by hybridization of immune murine
spleen cells with SP2/OA murine myeloma cells and purified by
the methods previously described (25). The bicyclic anhydride of
diethylenetriamine pentaacetic acid (DTPA) was prepared by the
method of Hnatowich et al. (26) for coupling with antimyosin-
Fab. The molar ratio of DTPA to Fab was 1:1. Two approaches
were used to label DTPA-antimyosin Fab, '!'In was coupled to
the DTPA and '®I was coupled directly to the protein using
chloramine-T.

Indium Labeling. Approximately 37 MBq (1 mCi) of !*'InCl
was used to label 100 ug of DTPA-R11D10-Fab. To a 1-mCi
aliquot (50 ul) of *!InCl, an equal volume of 1 M sodium citrate
(pH 5.5) was added, followed by an aliquot of antimyosin-Fab.
The reaction mixture was allowed to incubate at room tempera-
ture for 30 min. Antibody-bound ''!In was separated from free
1115 by Sephadex (Sigma Chemical, St. Louis, MO) G-25 column
(10 ml) chromatography. The peak tubes in the void volume
containing the radiolabeled antibody were pooled and used within
1 hr of radiolabeling. An average of 80% of the initial antibody
concentration was recovered in the peak tubes containing the
radiolabeled antibody.

Iodination. Radioiodination was accomplished by the chlora-
mine-T method, as described by Hunter and Greenwood (27) to
label R11D10 Fab with **I. To a 100-ug aliquot of DTPA-coupled
R11D10 Fab antimyosin antibody in 0.1 M phosphate buffer (pH
7.4), 37 MBq (1 mCi) of '*I was added and mixed thoroughly. A
10-ul1 aliquot of chloramine-T (26 mg/ml in 0.5 M phosphate
buffer, pH 7.4) was added followed by mixing for 2 min. Iodina-
tion was terminated by the addition of 25 ul of 0.1 M methionine
plus 0.1 M cresol. The reaction mixture was then applied to a
10-ml Sephadex G-25 column to separate free and protein-bound
radioiodine, as described earlier.

Experimental Protocol

Twenty mongrel dogs of both sexes weighing 20 to 30 kg were
anesthetized with intravenous sodium pentobarbital (30 mg/kg)
and ventilated with a Harvard positive-pressure respirator
(Harvard Apparatus, South Natick, MA) The right femoral artery
and vein were isolated and catheterized to facilitate monitoring of
arterial pressures and the administration of medication. Arterial
pressure and a multilead electrocardiogram were continuously
monitored. A left thoracotomy was performed, and the heart was
suspended in the pericardial cradle. Proximal and midportions of
left anterior descending coronary artery (LAD) were isolated, and
a surgical monofilament snare enclosed in polyethylene tubing
was placed immediately distal to the first diagonal branch. A small
branch just distal to the site of occlusion was cannulated with a
22-gauge catheter for the administration of antimyosin into the
postocclusion segment of the LAD. Following the administration
of 4000 units of heparin, two small incisions were made in the right
atrium, and two limbs of a Y-shaped shunt were placed into the
right atrial cavity, one of which was advanced into the coronary
sinus. The coronary sinus cannula was secured by a suture placed
exteriorly from the posterior aspect of the heart. The sinoatrial
shunt provided the means for draining the coronary venous flow
or allowing normal drainage of coronary venous blood into the
right atrium (Fig. 1). A small incision was also made in the left
atrial appendage for placement of a left atrial line.

The LAD was occluded by tightening the snare, and a prophy-
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FIGURE 1. A Y-shaped shunt was placed into the right atrial
cavity with one arm advanced into the coronary sinus and ligated in
place. The shunt allowed normal coronary sinus flow into the right
atrium and selective drainage of coronary venous blood during an-
tibody injection.

lactic lidocaine infusion of 0.1 mg/kg was maintained for 1 hr.
Three animals died as a result of ventricular fibrillation during the
first 10 to 30 min of the LAD occlusion. At 1.5 hr of the LAD
occlusion, the first assessment of the infarct size was made in the
remaining 17 dogs (Fig. 2). The LAD territory was then reper-
fused by the removal of the snare. At the time of reperfusion, eight
animals were randomly selected to receive a single 150-ug/kg dose
of TFP (Sigma, St. Louis, MO) dissolved in 10 ml of 0.9 percent
saline through the LAD cannula at a rate of 1.1 ml/min. The
remaining nine animals received the same volume of intracoro-
nary saline. After 1 hr of reperfusion, a second assessment of the
infarct size was made (Fig. 2). Before killing the animals, 6 ml of
monastral blue was injected through the coronary artery cannula
distal to the occlusion for delineation of the area at risk by the
identical protocol to antibody administration (described later).
The animals were then killed by atrial injection of 20 to 40 mEq of
potassium chloride. The heart was excised, the atria were re-
moved, and the ventricular mass was recorded in grams.

Radiolabeled Antimyosin Antibody Injections. Radiolabeled
antimyosin antibodies were administered through the LAD can-
nula with the snare in the occluded position. Approximately 40 to
60 ug of antimyosin Fab with 15 to 22.5 MBq (400-600 uCi) of
radiolabel in 30 ml of lactated Ringer’s was injected at the rate of
10 ml/min for 3 min. The coronary sinus was continuously drained
during the injection and for an additional 4 min to prevent sys-
temic circulation of the antibody. The coronary sinus effluent was
collected in 1-min fractions. From every 1-min fraction, 100-ul
aliquots of the coronary venous samples were counted to evaluate
the recovery of the total injected dose. Corresponding 1-ml blood
samples from the femoral artery were also withdrawn to assess
whether there had been a spillage of antimyosin antibody into the
systemic circulation. The coronary venous and femoral arterial
samples were counted in a LKB 1282 Compugamma well scintil-
lation counter (Pharmacia LKB Nuclear, Inc., Caithersburg, MD
adjusted to record the photopeaks of !*'In and 21, using auto-
matic background and spill corrections.

Antimyosin Antibody Imaging. The following sets of images
were recorded in each animal: in vivo during the experiment, of
the whole heart ex vivo and as 1-cm ring slices cut perpendicular
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to the long axis of the left ventricle. Scintigraphic images were
obtained using a gamma camera (Ohio-Nuclear 100, Solon, OH)
equipped with a medium-energy collimator. The pulse height an-
alyzer were set at center lines of 247 and 159 keV with 20%
windows for '!'In and 'ZI radioisotopes, respectively. Concur-
rent with antibody injections, sequential 1-min acquisition images
were recorded for a total of 8 min. The excised hearts were
imaged whole and as 1-cm thick slices for both isotopes. Back-
ground images were also collected at each isotope setting for
identical acquisition time. The background corrected and peak-
normalized sets of images were recorded on floppy disks and the
experiment number, treatment and sequence of injection of '*'In-
and !ZI-labeled antimyosin antibody were blinded. The infarct
size was assessed twice individually by three observers. Semiau-
tomatic planimetry was performed with a Technicare 560 com-
puter (Technicare Corp., Solon, OH) to determine the infarct size
as the number of pixels, as previously described (28). The pixel
size was calibrated, and the absolute volume of infarcted tissue
was determined (area X slice thickness). This value, multiplied by
the specific gravity of myocardium (1.05), was used to determine
the weight of the infarcted tissue in grams (29). The percent
infarct relative to the ventricular mass was then calculated for the
statistical analysis.

Standardization of the Model

To ensure the accuracy and reproducibility of the model, pilot
studies were performed to standardize the intracoronary injection
of antimyosin in animals with experimental myocardial infarction.
In six animals, the rate of radiolabeled antibody administration
was determined that would adequately and reproducibly perfuse
the area under observation and not result in a streaming effect.
The distribution appeared to be uniform at an injection rate of 10
ml/min, approximately the rate of the coronary blood flow. The
injections were performed in both the opened and occluded ar-
tery. It was observed that injections during occlusion provided
more reproducible delivery into the zone at risk.

In two different animals, two sets of antimyosin antibody radi-
olabeled with different isotopes were injected simultaneously after
a similar 2.5 hr of ischemia followed by reperfusion to identify
whether the order of ''In- or '*]-labeled antibody injection re-

occlusion reperfusion
| |
(4] 84 87 9091 98 144 147 150 minutes
*AM1 *AM2 I
CS DRAIN CS DRAIN
1 TFP/SALINE

FIGURE 2. LAD was occluded for 1.5 hr followed by reperfusion
for 1 hr. Six minutes prior to reperfusion either '''In- or 'ZHabeled
antimyosin Fab (AM1) was injected into the LAD distal to the occlu-
sion. Antimyosin antibody (100 ug) with 15 to 22.5 MBq of radiolabel
in 30 ml of lactated Ringer's was injected at the rate of 10 m/min for
3 min. The coronary sinus (CS) was continuously drained during the
injection and for additional 3 to 4 min to obviate systemic recircula-
tion of antibodies. This allowed the first-pass delineation of the pre-
reperfusion infarct size. Simultaneously with the reperfusion, 10 ml
of 0.9 percent saline with or without 150 ug/kg of TFP was infused
through the LAD cannula over a period of 8 min. After 1 hr of
reperfusion, the postreperfusion infarct size was demarcated by
antimyosin antibody radiolabeled with the isotope that was not used
for the first injection (AM2).
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sulted in a difference in the infarct sizes. No differences in the
infarct sizes were observed in this study in which antimyosin
antibody radiolabeled with these two different radioisotopes was
administered simultaneously. Quantitatively, the infarct sizes de-
termined by ‘%I antimyosin were within +0.42 g (20.25% of the
left ventricular mass) from those by **'In antimyosin.

Because the lower peak energy of emission of '*'In (173 keV)
is close to that of '2I (159 keV), there was a potential for cross-
talk. The cross-talk between these two isotope window settings
was found to be 9%. However, to minimize any potential effects
of cross-talk, the sequence of radioisotope administration was
alternated with each successive animal study. This process should
neutralize the sole effect of cross-talk. In the present study, both
placebo- and TFP-treated groups had ' antimyosin as the first
injection in one half of the number of animals and '!!In antimyosin
as the first injection in the remaining half of the group.

To enable quantitation of the differences in the infarct size at
two time periods, the inadvertent entry of the first radiolabeled
antibody into the systemic circulation must be absolutely avoided.
In the preliminary studies, the coronary sinus drainage was per-
formed up to 12 min after antimyosin antibody injection, and the
proportion of the recovery of the total injected dose of the radio-
activity was assessed at every minute, as described. Because all
activity was recovered within 5 min, the protocol for the study
used 7 min to ensure capture of all activity appearing in the
coronary sinus. To ensure that no radiolabeled antimyosin en-
tered the systemic circulation, arterial blood was sampled from
the femoral artery.

In the present study, a continuous antibody infusion into the
infarct zone was administered through the coronary artery over a
period of 3 min. Theoretically, this appears to be a substantially
long perfusion time for a high-affinity antibody like R11D10 (Ka =
0.5-1.0 X 10~° UM). However, to determine whether a single pass
of antimyosin antibody over the infarct was adequate, the percent
of the injected dose per gram sequestered in the infarcted myo-
cardium was evaluated. The data available from the standardiza-
tion experiments demonstrated that the mean percent dose per
gram was 0.1312 (95% confidence interval, 0.0644-0.198; maxi-
mum, 0.2266%) for 1231 and 0.1322 (95% confidence intervals,
0.0236-0.2408; maximum, 1.42%) for '!'In-labeled antimyosin
antibody. These data are comparable to the uptake of radioactiv-
ity in the infarcted myocardium after the intravenous injection of
radiolabeled antimyosin antibody with 4 hr of recirculation (mean
percent injected dose per gram, 0.1335; standard deviation,
0.0187) (30). The lack of activity in the noninvolved coronary
territory as a result of coronary sinus diversion in the present
study offered a better target-to-nontarget contrast for imaging
compared with the standard recirculation experiments.

To test for a possible interaction between antimyosin and TFP
that could inhibit the binding of the antibody to myosin, serial
dilutions of antimyosin R11D10 Fab (range 0.1-100 ug/ml) were
tested for binding to human left ventricular cardiac myosin in the
presence of varying concentrations (2.5, 25 and 250 ug/ml) of
TFP. A negative-control antidigoxin antibody was also included in
the test. An '%I-labeled goat anti-mouse Fab antibody was used as
a second antibody to evaluate the relative degree of binding. TFP
did not show any inhibitory effect on the binding of antimyosin
Fab to the homologous antigen (Fig. 3).

Five animals were excluded from the analysis before calcula-
tion of the infarct size. In two animals, there was high systemic
activity of antimyosin Fab; in two other cases, the first and second
antibody deliveries were dissimilar (resulting from streaming ef-
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FIGURE 3. Binding of serial dilution of antimyosin antibody (Ab;
range 0.1-100 ug/ml) to left ventricular human heart myosin in the
presence of varying concentrations (2.5, 25 and 250 ug/ml) of TFP.
Antidigoxin antibody was used as a negative control (cAb). TFP did
not interfere with the binding of antimyosin antibody.

fect). In the fifth case, no imaging could be performed with one
isotope, which again could represent dissimilar delivery. The use
of these exclusion criteria incidentally left equal numbers of ani-
mals (n = 6 + 6) in the control and treated groups.

Statistical Analyses

Data representing the antimyosin-delineated infarct sizes (as-
sessed in grams and the percent infarct relative to the ventricular
mass) were analyzed in a three-way factorial analysis of variance
(ANOVA) with the use of the BMDP program P4V (University of
California, Berkeley, CA) (31). One grouping (or ‘“‘between’’)
factor had two levels, control dogs and dogs treated with TFP.
Two trial (or ““within”’) factors were included in the ANOVA
design. One trial factor was the time of measurement with the two
levels: prereperfusion and postreperfusion. Another trial factor
was the observer(s). The infarct size, measured twice by three
independent observers, and the measurements resulting from
these three observers, were treated as three different levels of the
trial factor (for the analysis of intra- and interobserver differenc-
es). For final infarct size calculations, the mean infarct size was
obtained from the six observations. Only one of the 72 observa-
tions made by the three observers was discordant. All possible
interactions among the three factors; grouping, time of measure-
ment and observer, were assessed and multiple-comparison pro-
tection was provided by the Bonferroni method (main effects and
interactions give seven effects, which require a threshold for sig-
nificance of alpha = 0.05/7 = .007) (32). The null hypothesis, that
treatment with TFP at reperfusion would result in the same incre-
ment in infarct size (from prereperfusion to postreperfusion) as
would treatment with saline, was regarded as disproved by the
significant time of measurement X grouping interaction.

Histopathologic Examination

Histopathologic studies were performed in four control and
two test animals chosen at random. Full-thickness slice sections
were obtained from the center of the infarct and from the periph-
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ery of the infarct, as determined by the monastral blue-stained
areas. Tissue sections were also obtained from the distal unin-
volved myocardium for comparative examination. The tissue sec-
tions were fixed in formaldehyde, dehydrated and embedded in
paraffin. The sections were cut and stained with hematoxylin and
eosin and examined by light microscopy in a blinded manner for
the presence of contraction bands, myocyte necrosis and the
degree of neutrophil infiltration. Representative specimens from
both the control and TFP-treated animals from the central infarct
zone, the peripheral infarct zone and distal uninvolved myocar-
dium were also examined ultrastructurally for evidence of revers-
ible or irreversible ischemic injury. Immediately following death,
1-mm> specimens from the designated myocardial regions were
placed in glutaraldehyde and then processed in Epon (EM Sci-
ence, Ft. Washington, PA) by standard techniques. Thin 0.1-ux
sections were examined using a Phillips 100 electron microscope
(N.V. Phillips, Eindhoven, Holland).

RESULTS

The similarity of delivery of the two radiotracers was
confirmed by three observers independently for each study
from sequential acquisition images of the first (Fig. 4, top)
and second radiolabeled antibody delivery (bottom). Ap-
proximately 60%-70% of the total injected dose was recov-
ered from the coronary venous blood. Negligible activity
was observed in the systemic circulation (Fig. 5), confirm-
ing the effective drainage of the antibody.

The initial mean infarct size determined as the percent
infarct relative to ventricular mass at 1.5 hr after coronary
occlusion (W1) was 14.92 + 3.88% (or 24.18 *+ 6.28 g)
(mean * s.e.m.) in the control group and 16.34 + 2.78% (or
28.13 + 4.05 g) in the treated group (Table 1). There was no
statistically significant difference between the mean pre-
reperfusion infarct sizes of the two groups (p = 0.77). After

TFP

TREATED

e
Hj

FIGURE 4. Antimyosin antibody infusion at 10 mymin into the
occluded LAD reproducibly perfused the zones at risk, as shown by
sequential 1-min acquisition images recorded during antibody infu-
sion. The top panels show prereperfusion antimyosin antibody de-
livery, and the bottom panels show 1-hr postreperfusion antimyosin
antibody delivery. The sequential images document similar delivery
of the antibody on the two occasions.
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FIGURE 5. Biood activities in the coronary sinus effluent during
the first (O) and second (A) antibody injections compared with the
corresponding femoral artery blood samples (X, ©) in placebo con-
trol (A) and TFP-treated (B) animals. No radioactivity was found in
the systemic circulation, confirming the effectiveness of coronary
sinus drainage and single-pass antimyosin antibody binding to the
infarcted zones.

reperfusion, there was a significant increase in the infarct
size (W2 = 16.73 + 4.0% of ventricular mass or 28.02 *
6.38 g) in the control group (p = 0.029). Five of the six
control animals demonstrated a greater postreperfusion in-

TABLE 1
Pre- and Postreperfusion Percent Infarct Sizes Relative to
Ventricular Myocardial Mass (mean + s.e.m.)

Control TFP
Infarct size (%) (%) p value
Prereperfusion 14.92 + 3.88 16.34 + 2.78 0.77
w1)
Postreperfusion 16.73 + 4.00 12.33 + 203 0.35
w2)
Postprereperfusion 180+1.19 -40+1.82 0.002
W2 - W1)
p value 0.029 0.004
TFP = trifluoperazine.
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farct size (Fig. 6A and B, arrows), and one control animal
showed a decrease in the infarct size (Fig. 7A). In the TFP-
treated group, there was a visible decrease in the postreper-
fusion infarct sizes in the images of the heart slices (Fig. 6C
and D, arrows). A uniform decrease in the overall infarct size
was observed (W2 = 12.33 + 2.03% ventricular myocardial
mass or 21.25 + 2.93 g; p = 0.004; Fig. 7B).

None of the statistical main effects (time of measure-
ment, observers and grouping) and the interactions (except
the time of measurement X grouping) was significantly
different. The time of measurement by grouping interaction
was significantly different from zero (p = 0.002), indicating
that the mean change in infarct size (12% increase in pre-
reperfusion infarct size = 3.83 + 2.26 g) after reperfusion in
the control group was significantly greater than the mean
change in infarct size after reperfusion in the TFP-treated
group (24.5% decrease in prereperfusion infarct size =
—6.88 = 1.26 g) (Fig. 7C).

The central infarct zone contained foci of myocyte ne-
crosis and contraction bands. In the peripheral infarct, all
four of four placebo control animals included in the histo-
logic studies showed myocyte necrosis, as evidenced by
contraction bands similar to but quantitatively less than
those seen in the infarct center (Fig. 8A). By contrast, the
periphery of infarct from animals treated with TFP (two of
two for histologic examination) showed no light micro-
scopic changes indicative of myocardial injury (Fig. 8B).
The presence of monastral blue in both the control and
treated myocardial samples from the peripheral infarct
zone confirmed that both were from the zone at risk.

Ultrastructural examination of the infarct periphery
showed that placebo treatment did not confer protection,
as evidenced by the presence of amorphous densities or
spicular aggregates, disruption of mitochondrial cristae,
edema and I bands. These tissue samples also lacked gly-
cogen granules (Fig. 9A). Sarcolemmal disruption was also
evident in the electron micrographs of the placebo-treated
heart sections (Fig. 9B). However, TFP treatment con-
ferred myocardial protection, as evidenced by the presence
of glycogen granules and lack of mitochondrial disruption
and absence of I bands (Fig. 9C). Cellular swelling and
edema were, however, present. In the center of the in-
farcts, placebo-treated myocardium showed extensive mi-
tochondrial damage and lack of glycogen granules (Fig. 9D
and E), but TFP-treated myocardium showed residual gly-
cogen granules and restriction of myofibrillar relaxation
(Fig. 9F). In normal, posterior left-ventricular myocardium
from saline and TFP-treated animals, both demonstrated
normal ultrastructure, including the presence of glycogen
granules, intact sarcolemma and normal mitochondria (not
shown).

DISCUSSION

Most experimental studies of reperfusion injury make
only a single assessment of the infarct size in a given animal
at a time point far removed from the reperfusion event
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(7-11). The infarct size may vary considerably from animal
to animal because of variations in the vascular supply,
including collateralization. It has been recommended that
the mass of the necrotic myocardium be plotted as a per-
centage of the zone at risk versus the subepicardial collat-
eral blood flow within the zone at risk (6). Functional
parameters, including angiographic left ventricular func-
tion (11) or sonometeric assessment of contractility indices
(10) have also been used to evaluate the therapeutic effects
of various agents in the prevention of reperfusion injury.
Although these techniques correlate well with infarct size,
they are not direct measures of infarct size. The present
study provided an opportunity for the identification of in-
farct size before and after reperfusion in the same animal.
The same indicator with two different radiolabels—antimy-
osin antibody—was used for dual imaging of the infarcts
with single-pass binding of the antibody in the zone at risk.
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Pre-reperfusion: 1-123

Post-reperfusion: In-111

Pre-reperfusion: 1-123
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FIGURE 6. Peak-normalized gamma images of 1-cm thick slices of the hearts treated with saline (A and B) or TFP (C and D). Aand C
show ''In-antimyosin Fab as the first administered radiolabeled antibody. B and D show the reverse sequence of radiolabeled antibody
delivery with '2| used as the first antibody injection. Prereperfusion images are shown in the top panel and postreperfusion images in the
bottom panel. The postreperfusion images delineate larger areas of myocytic necrosis in control animals, irrespective of the radioisotope
used (A and B, arrows). The infarct size is reduced in TFP-treated animals (C and D, arrows).

Because myocytes contain large concentrations of myosin
and the amount of radiolabeled antimyosin antibody used
is small, saturation of the antigenic sites, which could pre-
vent binding of the second aliquot of the antibody, is not
anticipated. The two crucial steps to ensure reproducibility
and accuracy of the model were confirmation of the lack of
systemic recirculation of antimyosin antibody and the sim-
ilarity in delivery of the two tracers.

In the present study, five of the six control animals had
significantly larger infarct sizes with reperfusion (p = 0.029).
The increase in the infarct size may be a result of reperfu-
sion injury or an inevitable consequence of previously isch-
emic myocytes. On the other hand, all six animals that
received TFP demonstrated a decrease in infarct size of
24.5% of the prereperfusion infarct size by the scinti-
graphic technique (p = 0.004), and the histologic appear-
ance suggested a true reduction in the extent of damage. A
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FIGURE 7. Infarct size (assessed in grams) was determined by
the first and second radiolabeled antimyosin Fab in control (A) and
TFP-treated (B) animals. Myocardial infarct size increased in five of
the six control animals; it uniformly decreased in all TFP-treated
experiments. Myocardial infarct size increased by 345 + 203 g
following reperfusion in control dogs but decreased by 6.88 + 1.16
g in animals treated with TFP (C).

decrease in the infarct size may indicate some role for TFP
in acutely reperfused infarcts. Phenothiazines prevent cal-
cium fluxes across a variety of cell membranes (33-36) and
are potent inhibitors of phospholipases, including some of
lysosomal origin (37-39). The protective effect is probably
associated with the reduced levels of cellular and mito-
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chondrial calcium ions and stabilization or expansion of
membranes.

Chlorpromazine pretreatment demonstrated a profound
protective effect against ischemic rat liver cell death (40).
There was little or no evidence of liver necrosis at 24 hr
after reflow in chlorpromazine-pretreated animals that sus-
tained up to 3 hr of ischemia. There was more than a
twofold increase in the ability of the pretreated cells, com-
pared with the untreated ischemic liver cells, to regenerate
ATP. Furthermore, there was more than a fourfold reduc-
tion in the total liver and mitochondrial calcium accumu-
lation following reflow. This apparent protective effect of
chlorpromazine was not the result of a mere delay in the
process of liver cell death, because there was a significant
reduction of hepatocyte necrosis at 48 hr after a single
initial dose of chlorpromazine. Pretreatment with chlor-
promazine in a nonreperfused rat myocardial ischemia model
prevented the appearance of ischemic cell death at 24 hr and
inhibited calcium accumulation attendant with myocyte ne-
crosis (16).

Accelerated degradation of phospholipids was reduced
by 33% at 12 hr. Chlorpromazine also demonstrated in
vitro preservation of postreperfusion myocardial ultra-
structure and contractile function in the rabbit interventric-
ular septum (I7). In an isolated rabbit heart perfusion
model, addition of chlorpromazine to the perfusate after a
calcium-free period reduced the amount of protein and
creatine kinase release (22) and prevented depression of
the contractile function (19) caused by the calcium para-
dox. A recent study by Scott et al. (2/) demonstrated that
phenothiazines (and structurally dissimilar calmodulin in-
hibitors) were capable of preserving the sarcolemmal in-
tegrity of myocytes in culture by interfering with the cal-
cium-dependent process that resulted in spontaneous
attrition of these cells in culture. Antimyosin antibody
binding (used as an indicator of the irreversible myocyte
injury) (41) was diminished by the addition of phenothiaz-
ines proportional to their relative calmodulin inhibitory
activity. Increasing calcium concentration in the presence
of varying concentrations of phenothiazines demonstrated
competitive inhibition of calcium-mediated membrane in-
jury.

Antimyosin localization is inversely related to 2°'Tl and
9mTc-sestamibi distributions in acute experimental myo-
cardial infarction (42,43). It also has an inverse exponential
relationship to radiolabeled microsphere-determined regional
myocardial blood flow (42). Furthermore, the extent of in-
farction delineated by radiolabeled antimyosin is reported to
be identical to that of triphenyl tetrazolium chloride staining
in experimental (13,28) and clinical postmortem assessments
(44—-46). The specificity of antimyosin for the delineation of
irreversibly necrotic myocardium hours to days after the
initial insult was also well documented (13-15,41). Although
antimyosin administered during coronary occlusion prior to
reperfusion should be able to bind myosin in myocytes with
small breaches in the sarcolemma, whether some of these
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antimyosin-positive cells are amenable to intervention at the
time of reperfusion is not known.

Cell membrane disruption is the hallmark of irreversible
myocardial cell injury (13-15). However, it is possible that
if membrane integrity is restored rapidly, before the intra-
cellular contents are lost, cellular viability may be main-

FIGURE 8. Using the ex vivo scans for
both radiolabels, histologic sections of the
region of the infarct common to both pre-
and postreperfusion images and of the ar-
eas from the infarct border were examined.
Myocytic necrosis with contraction bands is
seen in the region of radioisotope discor-
dance in a control animal (A). By contrast,
no contraction bands are seen in the TFP-
treated animal (B) (hematoxylin and eosin,
x100). Arrows indicate areas of monastral
blue in the sections, confirming that both
were from the myocardial zone at risk.

tained. Microinjection techniques have been used success-
fully for delivery of reagents into cells (47). This process,
by necessity, induces holes in the membrane, which are
much larger than the holes that would permit the entry of
macromolecules. Yet these manipulated cells with holes
punched in the cell membrane subsequently seal them-

FIGURE 9. Transmission electron micrographs from the peripheral and central infarct zone from placebo- and TFP-treated animals. The
infarct periphery (A and B) and the infarct center (D and E) in a representative control animal demonstrated irreversible ischemic injury. There
was generalized swelling of the mitochondria (M), associated with amorphous electron-dense deposits or spicular aggregates in virtually
every mitochondrial profile. The myofibrils were relaxed, the | bands (1) were prominent, and the N line (N) was observed on either side of
the Z line (Z). Note the clarity of the sarcoplasmic space (S), suggesting a loss of glycogen granules. Sarcolemmal stretches demonstrated
either prominent breaks or a loss of plasmalemma (arrows, B and E). The myocardium treated with TFP with reperfusion
demonstrated ultrastructural evidence of myocardial protection (C and F). Although the infarct center (F) showed evidence of
mitochondria and relaxed myofibrils, glycogen granules were only partially lost. The infarct periphery (C) showed preservation of the
mitochondria, absence of | bands and preservation of glycogen granules. Cellular edema (Ed) was inevitable. The uninvolved posterior left
ventricular myocardium was ultrastructurally normal in both placebo- and TFP-treated animals. Chromatin of the nucleus was evenly
distributed, plasmalemma and basal lamina were intact, glycogen granules were abundantty present and mitochondria appeared normal with
tightly packed cristae (data not shown) (magnification x12,000).
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selves and remain viable. Fab fragments of antibodies are
35 x 65 A (48) and should be able to traverse membrane
disruption as small as 70 to 80 A in diameter. The frankly
necrotic myocytes in Figure 9E demonstrate sarcolemmal
breaches of 1 to 3 cm, which are equivalent to a diameter
of 0.3 to 0.83 u. Therefore, breaches of only 0.03 mm
(equivalent to a diameter of 80 A) would be required to
allow entry of Fab. It may be possible that during occlusion
myocytes at risk develop sarcolemmal holes large enough
to permit antibody access and, with the passage of time,
progress to frank myocyte necrosis only. However, some
of these small lesions should also be able to seal themselves
with a return to favorable conditions, such as reperfusion
and/or pharmaceutical intervention.

CONCLUSION

This study demonstrates the feasibility of dual-labeled
radioisotope antimyosin for the assessment of myocardial
infarct size at two different time points. Although there
might be no direct clinical applicability of this method, it
might provide an experimental tool for the evaluation of
the pharmaceutical interventions. The study also suggests
the potential benefit of acute salvage of critically injured
myocytes. The long-term efficacy of membrane stabiliza-
tion, however, requires further study.
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