Reduction of myocardial infarct size by
neutrophil depletion: Effect of duration of
occlusion

Experiments were performed in the dog to examine the effects of neutropenia on ultimate infarct
size resulting from short (90 minutes) or prolonged (4 hours) circumflex coronary artery
occlusion. Sheep antiserum to canine neutrophils was used to produce neutropenia. Control
animals received nonimmune serum. Neutrophil infiltration into myocardial infarcts was examined
using histopathologic techniques and a semiquantitative scoring system. In 90-minute occlusions
with 24-hour reperfusion, neutropenia was associated with the development of significantly
smaller infarcts: normopenic group, 43.2% =+ 3.3% (n = 7) vs. neutropenic group, 26.6% + 3.7%
{n = 10) of the area at risk, X + SEM. However, in 4-hour occlusion with 6-hour reperfusion
experiments, the tendency of neutrophil depletion to reduce infarct size did not reach statistical
significance (46.4% + 7.2% vs. 31.5% + 6.0% of the area at risk, normopenic vs. neutropenic)
despite differences in neutrophil infiltration into the reperfused region. The observed differences
in ultimate infarct size could not be attributed to differences in myocardial oxygen consumption.

The results suggest that a significant amount of myocardial infarction induced by a limited
duration of coronary artery occlusion followed by reperfusion is neutrophil dependent and
appears to be less important in determining the fate of myocardium subjected to more prolonged
periods of ischemia foliowed by reperfusion. {Am HearT J 1986;112:682.)
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Previous studies from our laboratory have impli-
cated a polymorphonuclear neutrophil (PMN)-
mediated inflammatory response in the develop-
ment of myocardial infarcts after coronary artery
occlusion (90 minutes) followed by reperfusion.’?
Reduction of circulating PMNs in the dog with a
rabbit-derived antiserum resulted in smaller myo-
cardial infarcts.! Other investigators using antiin-
flammatory agents and neutrophil antisera have
reached similar conclusions regarding the deleteri-
ous effects of “early neutrophil entry” in myocardial
regions subjected to ischemia and reperfusion.*®
Earlier findings regarding neutrophil infiltration
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have been extended in the present study using a
sheep-derived antiserum and a longer period of
reperfusion. A second experiment evaluated the
relative importance of PMN-mediated inflamma-
tion in the context of a more prolonged period of
ischemia followed by reperfusion.

METHODS

Occlusion/reperfusion model of myocardial infarc-
tion. Ischemic myocardial injury was produced in dogs
using techniques detailed previously.*” Male mongrel dogs
(10 to 15 kg) were anesthetized with pentobarbital sodi-
um, 30 mg/kg intravenously, intubated and ventilated
with room air via a Harvard respirator (Harvard Appara-
tus, Millis, Mass.). Catheters for drug infusion and arterial
pressure measurement were implanted in the left jugular
vein and left carotid artery. A thoracotomy was performed
at the fifth left intercostal space. The heart was suspended
in a pericardial cradle and the left circumflex coronary
artery (LCCA) was isolated distal to its atrial branch and
proximal to any major ventricular branches. An electro-
magnetic flow probe and a micrometer-driven coronary
occluder® were placed on the LCCA. ECG limb lead II and
phasic arterial pressure were recorded continuously on a
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Fig. 1. Plan of protocol for experiments No. 1 and No. 2 are shown with time int.ervals for each
intervention. Arrows indicate time of administration of neutrophil antiserum or of nonimmune serum.
The durations of left circumflex coronary artery occlusion (LCCA) and reperfusion are shown as solid
black and hatched horizontal bars, respectively. Note that protocol for experiment No. 1 terminated 24
hours after initiation of LCCA reperfusion whereas the protocol for experiment No. 2 was completed 6
hours after reperfusion.
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Fig. 2. Schematic representation demonstrating establishment of critical stenosis on left circamflex
coronary artery (LCCA). Reactive hyperemic response to 10-second occlusion of LCCA is shown on right
before application of stenosis to coronary vessel. Reactive hyperemic response illustrated on left is
obtained in presence of critical stenosis. Point of critical stenosis is defined as degree of constriction that
produces a 70% reduction in reactive hyperemic response after release of a 10-second occlusion of
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LCCA.

Grass model 7 polygraph (Grass Instrument Co., Quincy,
Mass.).

Dogs were assigned randomly to treated or control
groups (Fig. 1). Sixty minutes before occlusion, the dogs
received 4 ml of sheep-derived antineutrophil serum or
nonimmune serum intravenously over 10 minutes. Active
serum produced a brief decrease in systemic blood pres-
sure, which returned to control within 10 minutes, Subse-
quent injections were without hemodynamic effect. Con-
trol measurements of hemodynamic parameters were
obtained shortly before occlusion. The LLCCA was occlud-
ed in two steps. First, the occluding device was adjusted
carefully to obtain a degree of stenosis that did not affect
resting coronary blood flow. The stenosis was adjusted to
produce a 70% reduction from the control reactive hyper-
emic response that occurred after the release of a 10-
second occlusion of the vessel (Fig. 2). The LCCA then was
occluded completely for 90 minutes (experiment No. 1) or
for 4 hours (experiment No. 2). Antiarrhythmic drugs such
as lidocaine were not used, since these compounds inde-

pendently may affect myocardial infarct size.! Animals
that developed ventricular fibrillation during coronary
artery occlusion or on reperfusion were defibrillated with
low-power (15 W seconds) direct cardioversion by direct
current (DC) (a total of three trials). If fibrillation reoc-
curred, the animal was excluded from further analysis.
After the desired ischemic period, coronary flow was
restored gradually over 30 minutes and the critical steno-
sis was maintained for an additional 10 minutes.

In experiment No. 1 infusion lines were exteriorized at
the back of the neck, surgical wounds closed, and the
animal allowed to recover from the surgical procedure.
Three supplemental injections of antineutrophil serum
were administered intravenously at 2, 6, and 10 hours after
the initial treatment (Fig. 1). The next day, the ECG and
arterial pressure were monitored with the dog resting
quietly in a sling. Subsequently, the animals were reanes-
thetized, the original thoracotomy incision reopened to
expose the heart, and the LCCA blood flow was recorded
with an electromagnetic flow probe. The heart was fibril-
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QUANTITATION OF MYOCARDIAL INFARCT SIZE
AND AREA AT RISK

NZ = NORMAL ZONE

1Z = ISCHEMIC ZONE
AR = AREA AT RISK

_.'Ezv. = Infarct Zone as a percent
of the Total Left Ventricle
1Z_ Infarct Zone as a percent
of the Area at Risk
AR Area at Risk as a percent

LV of the Total Left Ventricle

Fig. 3. Schematic representation of method used to
quantitate infarcted zone (IZ), area at risk (AR) and
normal noninfarcted zone (NZ). (See text for details.)

lated electrically and removed rapidly for postmortem
guantification of infarct size.

In experiment No. 2 (Fig. 1), an acute experimental
protocol (4 hours of occlusion followed by 6-hour reperfu-
sion) was chosen because of an observed high mortality: 5
of 8 animals dying before the 24-hour end point. The
surgical preparation, administration of antineutrophil
serum, and the two-step occlusion of the LCCA were
identical to the 90-minute occlusion protocol in experi-
ment No. 1. After 4 hours of LCCA occlusion, reperfusion
was accomplished by controlled restoration of coronary
blood flow as described previously. A 6-hour reperfusion
period was chosen to allow complete development of
myocardial infarction as determined in previous studies
from our laboratory."'* Supplemental injections of anti-
neutrophil serum or nonimmune serum were made 2, 6
and 10 hours after the initial treatment. This dosing
schedule was selected on the basis of preliminary studies
in which it was determined that the duration of the
induced neutropenia would be maintained for 8 to 12
hours after a single dose.’ At the end of the experimental
protocol, the heart was fibrillated electrically and removed
for postmortem quantification of infarct size.

Postmortem quantification of infarct size. Myocardial
infarct size was quantified using an in vitro dual perfusion
technique described previously."! Cannulae were inserted
into the LCCA immediately distal to the site of LCCA
occlusion and into the aorta above the coronary ostia. The
LCCA coronary bed was perfused with 1.5% triphenylte-
trazolium hydrochloride (TTC) in 20 millimole (mM)
potassium phosphate buffer (pH 7.4, 38° C). The aorta
was perfused in a retrograde manner with 0.5% Evans
blue stain. Because of its anatomic dependence on the
LCCA for its blood supply, the area of the left ventricle at
risk for infarction (AR, Fig. 3) is demarcated by its lack of
staining with Evans blue, which is delivered only to those
regions supplied by the left anterior descending coronary
artery and its branches and by the right coronary artery.
The AR is perfused with TTC, an agent that turns into a
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Fig. 4. Effects of neutrophil antiserum on circulating
neutrophil counts. Neutrophils were counted manually in
blood samples taken before serum administration (0 hr)
and at intervals afterward. Each point represents mean
value = SEM for each time from 90-minute ischemia
series (A) and 4-hour ischemia series (B) with closed
circles (®) representing nonimmune serum group and open
circles (o) representing antineutrophil serum group.
Analysis of variance (Aov) followed by Duncan’s multiple
range test revealed no significant difference between
groups at 0 hour. Neutrophil counts decreased significant-
ly after treatment with antineutrophil serum on basis of
between-groups comparison. Within-group comparison to
0 hour (2-way AOV) aiso revealed significant reduction in
circulating neutrophils at all times except 24 hours (A4)
when 60% recovery of circulating neutrophils was noted.
Neutrophil counts in nonimmune serum-treated groups
tended to increase over course of experiment.

bright red formazan precipitate when it undergoes reduc-
tion in the presence of the dehydrogenase enzymes
present in viable myocardial tissue. Failure of the per-
fused cells to reduce T'TC is indicative as demarcating a
region of irreversibly damaged myocardium. The method
used for quantitating the extent of irreversibly damaged
myocardium permits identification within the area at risk
of the tissue that is irreversibly damaged (/Z, Fig. 3).
Tracings of each ventricular section and the associated
regions as indicated by Evans blue staining and by the
TTC reaction were made onto clear plastic sheets. The
area of each of the demarcated regions in each ventricular
section was quantitated by planimetry with the aid of an
Apple Ile (Apple Computer Co., Cupertino, Calif.) micro-
processor, appropriate software, and a digitizing board. In
previous studies, planimetry has been given results identi-
cal to those obtained with the gravimetric method of
analysis of the respective regions.*'' The planimetric
method of analysis was preferred for this study because it
left the myocardial sections undisturbed for the subse-
quent histologic studies and semiquantitative assessment
of neutrophil infiltration. The myocardial staining proce-
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Table |. Effect of neutrophil depletion on hemodynamic parameters during 90 minutes or 4 hours of regional

myocardial ischemia followed by reperfusion*

Reperjusion
10 minutes after 15 minutes before e
Control occlusion reperfusion 45 minutes 2 hours  Befare killing
Experiment 1: 90-minute ischemic period
Nonimmune serum (n=7)
Heart rate (bpm) 159 + 10 159 + 8 161 + 5 154 £ 5 157 1 4 156 + 10
MAP (mm Hg) 109 + 9 88 + 7F 96 + 71 95 + 61 99 ~ 6 92 + bt
Rate X pressure (X10°) 19.0 + 1.8 15.6 + 1.3% 16.3 + 2.6 16.3 + 1.1 17.3 » 1.1 169 + 20
LCCA coronary flow (ml/min) 18+1 0 0 16 + 2 9 10 + 3t
LV end diastolic pressure (mm Hg) 3=x1 6+ 1t 5+ 1f 8+ 1t {3 12+ 2t
Neutrophil antiserum (n = 10)
Heart rate (bpm) 145 x 9 144 £ 9 144 + 7 146 + 7 151 = 7 146 + 9
MAP (mm Hg) 113 + 9 95 £ 8 99 + 8% 108 + 8 116 = 10 77 + 971
Rate X pressure (X 10°) 19.4 + 2.5 16.5 + 2.2% 16.7 = 1.7 180 £ 1.8 202 + 2.2 id.4 + 1.4%
LCCA coronary flow (ml/min) 25+ 5 0 0 27+ 5 0 15 + 3+
LV end-diastolic pressure (mm Hg) 2+1 5+ 1f 6+ 1t 6+ I+ U R
Experiment 2: 4-hour ischemic period
Nonimmune serum (n = 8)
Heart rate (bpm) 162 = 11 159 + 12 171+ 9 187 = 13+ 197 ~ 13+ 226 + 2§t
MAP (mm Hg) 126 + 4 109 + 6% 117 =3 105 + 5t 107 + 8t 84 = 7t
Rate X pressure (X 10°) 226 = 1.9 19.1 £ 2.0% 21.6 = 1.0 205 + 1.3 226 % 1.6 22,2 £ 29
LCCA coronary flow (ml/min) 16 £3 0 0 11.1 + 1+ 1+ 1+ Tox 1T
LV end diastolic pressure (mm Hg) 3+1 6+ 1t T 1 FE U o1t
Neutrophil antiserum (n=9)
Heart rate (bpm) 158 £ 5 153 £ 6 156 + 7 178 £ 10 201 - 13+ 222 4 18%
MAP (mm Hg) 116 + 6 99 + 61 99 + 31t 93 + 4% 94 + At 71+ af
Rate X pressure (X 10°) 208 + 1.5 18.1 + 1.7% 179 + 1.11 194 +£19 222 r 21 2001 = 1.8
LCCA coronary flow {(ml/min) 20 + 4 0 0 13 + 2% 1 a3 g+ It
LV end diastolic pressure {mm Hg) 3x1 6+ 1t 7+ 1% 8+ 1t 8+ it 9

9= 1t

*X + SEM is given. No differences among the four groups for hemodynamic parameters during the control period were ohserved.

+p < 0.05 compared with control value.
1p < 0.05 between control and depleted groups.

dure, tracing, and digitizing of the ventricular sections was
performed by an individual unaware of the treatment
protocol.

Histopathologic examination of myocardial tissue.
The heart tissue sections were fixed in buffered 10%
formalin. Two transmural tissue samples were excised
from a midventricular myocardial section of each heart in
a manner that resulted in cross sections of the area at risk
and infarct with a small margin of nonischemic (blue
stained) myocardium at either end of the tissue sample.
Each tissue sample was embedded in paraffin, cut into 5
wum sections and stained with hematoxylin and eosin. In
each experiment, light microscopy was used to compare
the subendocardial center of the unstained (T'TC) myo-
cardium with the blue-stained nonischemic marginal tis-
sue to confirm histologically the presence of irreversible
tissue injury. A semiquantitative grading procedure was
used to examine the extent of neutrophil infiltration into
each area of infarct.! Briefly, a score of ++++ was
assigned to the myocardial sample with the most dense
and diffuse leukocytic infiltrate. A score of 0 was assigned
to a section in which extravascular neutrophils were not
observed. Intermediate scores were assigned based on the

varying degree of leukocytic infiltration. All sections were
coded so that the pathologist (GDA} was unaware of the
experimental treatment.

Depletion of canine polymorphonuciear neutrophils.
A purified suspension of canine polymorphonuclear neu-
trophils was prepared from heparinized whole blood with
the Ficoll-hypaque (Sigma Chemical Co.. St. Louis, Mo.}
technique of English and Abrams.> Microscopic examina-
tion of the purified neutrophil suspension revealed less
than 3% contamination with other cells. A sheep was
inoculated by intradermal injection of 10° neutrophils
suspended in complete Freund adjuvant. Ten days later,
the sheep received a second challenge of 107 neutrophils in
incomplete Freund adjuvant. The sheep was bled 20 days
after the initial exposure to canine neutrophils. The serum
was collected and heat inactivated. Nonimmune serum
was obtained by bleeding an uninoculated sheep and heat
inactivating the serum. Circulating neutrophil counts in
the dog were assessed by total peripheral white cell counts
at specific intervals in conjuction with differential counts.
Neutrophil antiserum specifically lowered circulating neu-
trophil counts and did not alter lymphocyte or monocyte
concentrations significantly.
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Fig. 5. Summary of results on ultimate infarct size in
normopenic and neutropenic dogs subjected to 90.minutes
of regional myocardial ischemia (LCCA occlusmn)'fol-
lowed by reperfusion for 24 hours. (See text for details.)

Statistics. The mean and standard error of the mean
are reported. When more than one group was compared,
as in control and occlusion hemodynamic parameters or
body weights, one-way analysis of variance was used.
When multiple values within groups were evaluated, as in
hemodynamic parameters or neutrophil counts at differ-
ent time points, two-way analysis of variance was used.
Statistical significance was analyzed using a suitable
multiple comparison test.'® Group ¢ statistics were used to
compare treated and control groups with regard to param-
eters measured only once, as in percent of left ventricle
infarcted, percent of area at risk infarcted, and percent of
total left ventricle at risk. A difference was considered
statistically significant at p < 0.05.

RESULTS

Thirty-nine dogs were used to evaluate the effect
of neutrophil depletion on infarct size resulting from
90 minutes or 4 hours of ischemia. One dog treated
with nonimmune serum died of ventricular fibrilla-
tion during the course of the 4-hour occlusion/
reperfusion experiment. Two dogs died of unknown
causes overnight, one of which was treated with
nonimmune serum and one neutropenic dog. Crite-
ria were established before the start of the study to
ensure comparable degrees of exposure to regional
ischemia among all study groups. For a dog to be
included in the statistical analysis, experimental
infarct size had to exceed 5% of the area at risk, and
the animal had to show ECG ST segment changes
and an area of cyanosis during the period of regional
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ischemia. Two dogs, one receiving nonimmune
serum and one neutrophil depleted, both occluded
for 90 minutes, were excluded because of a failure to
satisfy the criteria. The remaining 34 dogs were used
in the final data analysis: seven nonimmune serum
and 10 neutropenic animals undergoing 90 minutes
of regional ischemia, and eight nonimmune serum
and nine neutropenic dogs subjected to 4 hours of
regional ischemia.

The administration of neutrophil antiserum sig-
nificantly reduced circulating neutrophil counts to
10% + 3% in the 90-mminute occlusion experiment
and 17% =+ 4% in the 4-hour occlusion experiment.
Results are shown in Fig. 4. In the 90-minute
occlusion experiment, significant recovery of circu-
lating neutrophils occurred between 10 hours (the
last antiserum injection) and 24 hours (time of
euthanasia). In the 4-hour occlusion experiment, a
reduction in the circulating neutrophil count was
observed at all time points. In both experiments,
animals that received nonimmune serum showed
increasing neutrophil counts over the course of the
experiment. No differences were observed among
the four groups with regard to their initial baseline
circulating neutrophil counts.

No significant differences were observed before
coronary occlusion among the four experimental
groups with regard to heart rate, mean arterial
pressure, the rate times pressure product, LCCA
coronary blood flow, or left ventricular end-diastolic
pressure (Table I). On occlusion of the LCCA, mean
arterial pressure, and the rate times pressure prod-
uct decreased, while left ventricular end-diastolic
pressure increased. Again, no significant difference
was observed between the two groups. In experiment
No. 1 (90 minutes of ischemia) similar changes in
mean arterial pressure, the rate times pressure
product, and end-diastolic pressure were observed
before reperfusion and at 45 minutes and 2 hours
after reperfusion in the groups receiving immune
and nonimmune serum. On the next day (experi-
ment No. 1), mean arterial pressure was lower in the
neutropenic animals as was the left ventricular
end-diastolic pressure when compared with the non-
immune serum control group. Coronary blood flow
was not different from control at 45 minutes of
reperfusion but was decreased significantly in both
groups (neutropenic vs. normopenic) before the
animals were killed 24 hours after reperfusion.

In experiment No. 2 (4 hours of ischemia) heart
rate, mean arterial pressure, and the rate times
pressure product were greater in the nonimmune
serum-treated group before reperfusion. On reper-
fusion an increase in heart rate, resulting from
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Fig. 6. Summary of results on ultimate infarct size in
normopenic and neutropenic dogs subjected to 4 hours of
regional myocardial ischemia (LCCA) and 6 hours of
reperfusion. (See text for details.)

ventricular tachyarrhythmias in some animals, was
observed in both groups. Also, in contrast to experi-
ment No. 1, LCCA blood flow was decreased signifi-
cantly after 45 minutes of reperfusion in both groups
as well as before the time of euthanasia at 6 hours
after the induction of neutropenia. In experiment
No. 2, left ventricular end-diastolic pressure did not
differ between groups before study termination.
The effect of neutropenia on the size of the
ultimate myocardial infarct in dogs is shown in Figs.
5 and 6. Previous results from our laboratory have
shown no effect of either sheep'® or rabbit! nonim-
mune serum on infarct size. The induction of neu-
tropenia gignificantly reduced infarct size in the
90-minute ischemia experiment whether expressed
as a percent of total left ventricle (IZ/LV) or percent
of the anatomic area at risk (IZ/AR). In the 4-hour
ischemia experiment, a tendency toward a reduction
in infarct size by in the neutropenic animals did not
reach statistical significance. Thus salvage of is-
chemic myocardium by reduction in the circulating
neutrophil count is demonstrated more readily with
shorter periods of ischemia before reperfusion.
Histopathologic examination showed ample evi-
dence of irreversible tissue injury in myocardium
determined to be infarcted by a failure to react with
triphenyltetrazolium. Nonstained myocardium
within the area at risk showed extensive necrosis
characterized by hyalinization and loss of myofibril-
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Fig. 7. Results of histopathologic assessment of leuko-
eytic infiltration into infarcted myocardiuom for dogs given
nonimmune serum (closed circles) or neutrophil antise-
rum (open circles). In 90-minute ischemia experiment,
significant overlap between groups was evident, which can
be attributed to late recovery of circulating neutrophils. In
4-hour ischemia experiment, dogs receiving nonimmune
serum had scores ranging from + to ++++ (assigned to
specimen with most extensive infiltrate). Dogs that
received neutrophil antiserum had less prominent neutro-
phil infiltrates, 7 of 9 dogs being graded +/-.

lar detail, patchy foci of contraction bands alternat-
ing with flocculent cytoplasm, and nuclear changes.
Myocardium staining with Evans blue, on the other
hand, appeared normal when examined in hematox-
vlin and eosin-stained sections.

Histologic studies on hematoxylin and eosin-
stained sections were obtained from hearts of nor-
mopenic animals subjected to 4 hours of ischemia
and 6 hours of reperfusion showed an extensive
infiltration with polymorphonuclear leukocytes.
Sections were made through the center of the poste-
rior papillary muscle extending from the endocardi-
al to epicardial regions. Sections taken from compa-
rable regions of hearts of neutropenic dogs made
ischemic for 4 hours and reperfused did not show the
intensive infiltration with inflammatory cells as seen
in the normopenic confrols.

Semiquantitative histology was used to grade
neutrophil infiltration. The results are summarized
in Fig. 7. Infarcts in hearts from dogs that received
nonimmune serum in both the 90-minute and 4-
hour ischemia experiments showed significant neu-
trophil infiltration graded +/— to ++++. Infarcts
from neutropenic dogs subjected to 90 minutes of
ischemia and 24 hours of reperfusion {experiment
No. 1) tended to show a lower neutrophil infiltration
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score. Nevertheless, significant overlap was present.
These equivocal results are attributable to the
recovery of circulating neutrophil concentrations
between the last neutrophil antiserum injection at
10 hours and the time of sacrifice 14 hours later on
the next day (Fig 4). Because of the semiquantitative
method for assessing the inflammatory response,
possible differences were not examined using non-
parametric statistics. In contrast, myocardial tissue
sections from infarcted regions of hearts of neutrop-
enic dogs subjected to 4 hours of ischemia showed
little neutrophil infiltration (+/- to +) in marked
contrast to tissue specimens obtained from the hearts
of animals in the nonimmune serum group.

DISCUSSION

The results of the experiments described in the
present study emphasize that neutrophil infiltration
into infarcted myocardium and release of cytotoxic
products by stimulated neutrophils may exacerbate
ischemic injury, which is in agrement with an earlier
report from our laboratory. Using a rabbit-derived
antiserum to reduce canine circulating neutrophils
by 77% =+ 2% in a 90-minute LCCA occlusion with
a 6-hour reperfusion model, Romson et al.' observed
that the reduction of circulating polymorphonuclear
neutrophils resulted in smaller infarcts without the
appearance of significant neutrophil infiltration.
The reduction of ultimate infarct size in the 90-
minute LCCA occlusion experiment reported herein
was identical to that observed by Romson et al.' The
ability of neutrophil depletion to produce smaller
infarcts appears to be independent of the source of
antiserum, whether rabbit! or sheep. The observed
similarity in infarct size in the control groups,
whether subjected to 6 hours' or 24 hours of reper-
fusion, suggests that the late recovery (60%) in
circulating neutrophil counts and the delayed but
significant neutrophil infiltration observed at the
time of sacrifice did not result in a resumption of
myocardial cellular disruptive processes and the
ultimate extension of the infarct.

The polymorphonuclear neutrophil initiates the
process of organization of injured tissue and recruit-
ment of monocytes to carry out the replacement of
necrotic myocardium with fibrous scar tissue.'*'
Neutrophil infiltration contributes to demolition of
injured tissue followed by macrophage infiltration
and resorption of tissue debris. Finally, fibroblasts
and capillaries enter the infarcted area and lead to
the formation of scar tissue.'® The infiltration of
neutrophils is an active process stimulated by che-
motactic factors within the infarcting myocardium
such as C3 anaphylatoxin.’®* The mechanism of
complement activation in ischemic tissue is incom-
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pletely understood, but studies using cobra venom
factor to deplete serum C3 have shown a reduction
in ischemic injury in the dog'"'® and baboon* and a
reduction of complement localization within the
infarct.”® Coronary sinus blood in canine myocardial
infarction has been noted to possess increased che-
motactic activity,’® suggesting that ischemically
injured myocardium can evoke a chemotactic
response.

While acknowledging the role of neutrophils in
the healing process, the present study and reports of
others showing protective effects of neutropenia’*¢
or complement depletion'”'° suggest that the inflam-
matory response may have a negative impact on
potentially viable tissue. Complement deposition in
the microvasculature promotes granulocyte adher-
ance, granulocyte aggregation, and endothelial inju-
ry.® Aggregation of neutrophils in the ischemic
coronary microvasculature has been reported.”
Thus, neutrophils may physically contribute to
increased ischemic vascular resistance. Stimulated
neutrophils trigger the release of arachidonic acid
from membrane phospholipids, which may then be
converted to vasoactive thromboxane A, and to
potent chemotactic hydroxyeicosatetraenoic acids
(HETES) by specific lipoxygenases.? Since radiola-
belled microsphere studies examining regional myo-
cardial blood flow during neutrophil depletion have
not been conducted, the possibility that myocardial
protection was associated with increased regional
myocardial blood flow to the risk region is still
present. Alternatively, activated neutrophils could
contribute to cell death in ischemic myocardium by
the production of inflammatory mediators.” Granu-
locytes stimulated with Cba elaborate cytotoxic oxy-
gen free radicals,?”® which have been shown to dam-
age endothelial cells in vitro.”® A study conducted in
1983 used electron spin resonance to show increased
oxygen free radicals in ischemic myocardial tissue
and coronary sinus blood during ischemia.?” Our
report showing that the continuous infusion of supe-
roxide dismutase plus catalase could reduce the
extent of regional ischemic injury resulting from 90
minutes of occlusion of the LCCA followed by
reperfusion supports the concept of free radical-
mediated cytotoxicity during reperfusion of the
ischemic myocardium.”® Additionally, neutrophils
can release lysosomal enzymes capable of proteolytic
disruption of both viable and irreversibly injured
tissue.? In experimental myocardial ischemic injury,
the extent of ischemia-induced necrosis is related
directly to the duration of coronary artery occlu-
sion.” Regional myocardial blood flow decreases
before the advancing wavefront of necrosis.® By
obstructing regional flow through aggregation in the
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microvasculature and by the elaboration of inflam-
matory mediators, stimulated neutrophils in the
early phase of injury after coronary obstruction may
represent a mechanism that contributes to the fur-
ther development of myocardial injury.

The ability of selective interventions to reduce
myocardial infarct size may be attributable to an
inhibitory action on the neutrophil. Reduction of
the extent of irreversible tissue injury by ibuprofen
in the dog was associated with a substantial decrease
in "In-labeled leukocytes in the infarct region.”
Reduction of ultimate infarct size in the cat by
ibuprofen also was associated with inhibition of
neutrophil infiltration as determined by a post
mortem histologic scoring system.” In the same
study, pretreatment with aspirin or indomethacin
failed to reduce infarct size on reperfusion. In in
vitro tests examining the response of feline neutro-
phils stimulated with FMLP (N-Formyl-L-Methio-
nyl-L-Leucyl-L-Phenyl-alanine), ibuprofen, but not
aspirin or indomethacin, inhibited superoxide anion
formation and enzyme release.’” Effects of the
cyclooxygenase-lipoxygenase inhibitor BW-755C to
produce smaller myocardial infarcts also may be
related to inhibition of neutrophil function.** Thus,
further studies examining the impact of nonsteroi-
dal antiinflammatory agents and other compounds
on neutrophil-mediated inflammation in myocardial
ischemia and reperfusion may result in an improved
understanding of the cardioprotective effects of
these drugs.

In 4-hour occlusion/reperfusion experiments, neu-
trophil depletion failed to produce significantly
smaller infarcts. The reduction in circulating neu-
trophil concentrations was comparable to that
observed in 90-minute studies,' as was the preven-
tion of neutrophil infiltration,' but large infarcts still
occurred. The 4-hour ischemic period constitutes a
more severe insult and could not be conducted as an
overnight study because of a high rate of mortality.
Reperfusion resulted in tachyarrhythmias and in a
reduction of LCCA coronary blood flow 45 minutes
after reperfusion. While mean infarct size was larger
in the 4-hour vs. the 90-minute occlusion experi-
ments, variability in infarct size appeared to be
greater in the former series. This observation is
supported by the results of Bresnahan et al.,* who
showed that reperfusion after 5 hours of occlusion
reduced infarct size in some animals but resulted in
infarct extension in others and was associated with
severe hemorrhage. Mean infarct size in the two
experiments is not strictly comparable because of
different durations of reperfusion that could resuit
in changes in the reference base of myocardial
infarction caused by edema, hemorrhage, and other
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factors.”! Large infarcts in neutropenic dogs occlud-
ed for 4 hours are consistent with observations
reported in a study with verapamil, which produced
significant preservation of ischemic myocardium in
a 1-hour but not in a 3-hour occlusion reperfusion
model.?? The severity of tissue injury produced by
prolonged ischemia followed by reperfusion may
exceed the protection afforded by therapies that
appear to be effective with shorter periods of occlu-
sion. Alternatively, the tissue injury attributable to
ischemic processes per se may overshadow the
inflammatory component. The present study does
not intend to contradict that of Ksiezycka and
Maroko,® who showed the protective effects of neu-
trophil depletion in a 6 hour complete occlusion
model. It must be remembered that reperfusion,
which may have profound effects on infarct size,®*
was not present in that study.

CONCLUYSION

Reduction in the circulating neutrophil count was
associated with the development of smaller myocar-
dial infarcts after 90 minutes of regional ischemia
and reperfusion but not with a more prolonged
period (4 hours) of ischemia. The inhibition of
neutrophil infiltration may be an additional
approach to the salvage of jeopardized ischemic
myocardium and an adjunct to treatment for
improvement of ischemic myocardial oxygen bal-
ance®” but appears to share the limitation that
protection is limited by the duration of ischemia, In
the 90-minute occlusion experiment, significant
recovery of circulating neutrophils in the later
phases of the experiment was still associated with
smaller infarcts despite significant neutrophil infil-
tration. Further studies are required to define the
critical period in which neutrophil depletion is
protective and to determine the extent to which
neutrophils can then recover and participate in the
organization and healing of the infarct. Impaired
infarct healing after antiinflammatory therapy with
high dose methylprednisolone® and ibuprofen® has
been described. Efforts to salvage ischemic myocar-
dium by inhibiting neutrophil infiltration and acti-
vation will be of experimental interest until long-
term benefits have been documented.
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Mr. John Liddicoat and Mr. Edward Driscoll and express appre-
ciation for secretarial help from Ms. Pat Quiel and Miss Kim
Kanitz.
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