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Hyaluronidase-Induced Reductions in

Myocardial Infarct Size

Abstract. The size of myocardial infarctions following coronary artery occlusion in
the rat was determined directly by measurement of creatine phosphokinase activity
in homogenized whole left ventricles and by planimetric measurement of the area of
the infarctions in histologic sections of serial slices of the left ventricles. Hyaluroni-
dase was shown to produce significant reductions in expected infarct size both 48
hours and 3 weeks after occlusion without impairing fibrosis during the healing
phase. Thus, the amount of myocardial necrosis that follows a coronary artery occlu-
sion has been shown directly to be amenable to reduction with a pharmacological

intervention.

Acute myocardial infarction is the con-
dition that occurs when interruption of
blood flow in a coronary artery results in
the necrosis of the myocardium supplied
by that artery. In hospitalized patients
with actue myocardial infarction the two
most frequent causes of death are distur-
bances of heart rhythm and mechanical
failure of the left ventricle. The mortality
caused by the former has been reduced
by the application of monitoring tech-
niques and the use of antiarrhythmic
drugs. Since mechanical failure of the
left ventricle depends on the quantity of
viable, contractile myocardium, reduc-
tion in the infarcted (nonviable) tissues
should also improve prognosis. Indirect
evidence now exists that various inter-
ventions modify the expected size of the
myocardial infarct following experimen-
tal occlusion of a coronary artery (/).
Based on the application of indirect cri-
teria, hyaluronidase is thought to de-
crease the size of an infarction (2). This
enzyme is known to depolymerize the
mucopolysaccharides that are abundant
in the interstitium of the myocardium.
Consequently, it has been postulated
that hyaluronidase may reduce infarct
size by three mechanisms—(i) improved
transport of nutrients to the ischemic
myocardium, (ii) enhanced ‘‘washout”
of noxious metabolic waste products,
and (iii) increased collateral blood flow
to the ischemic area (3), probably sec-
ondary to a decrease in myocardial
edema (¢4). However, direct evidence
that hyaluronidase (or other inter-
ventions) actually reduce infarct size is
lacking. The goal of this investigation
was to describe two independent meth-
ods that permit the direct measurement
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of the size of the myocardial infarct after
experimental coronary artery occlusion
in the rat and to determine whether these
methods can be used to demonstrate di-
rectly the effects of interventions that
may decrease infarct size.

A standard size infarct was produced
in the left ventricles of albino Charles
River male rats (weight, 250 to 300 g) by
occluding the left coronary artery 2 to 3
mm from its origin, as described (5). In
order to assess the effect of an inter-
vention on expected infarct size, three
groups of rats were studied: sham-oper-
ated (S-rats), rats with an occlusion but
no intervention (O-rats), and rats in
which an intervention was added to the
occlusion (Ol-rats). The intervention
consisted of the intravenous administra-

CPK activity Area Circumference

Infarcted LV (%)
w
o
T

Occlusion
alone

Fig. 1. Percentage of the left ventricle that
was infarcted 48 hours after occlusion of the
main left coronary artery in the untreated (O)
rats (hatched columns) and hyaluronidase-
treated rats (OI) (nonhatched columns). The
extent of the infarcts was assessed by left
ventricular (L V) creatine phosphokinase activ-
ity (CPK) and by two histologic methods
based on the analysis of serial slices of the
ventricle, that is, the infarcted area and the
circumference overlying it. Bars indicate + 1
S.E.M. The numbers in the columns are the
numbers of rats studied in each group.

tion of 1500 units of hyaluronidase (Ali-
dase, Searle) per kilogram of body
weight S minutes and 24 hours after coro-
nary artery occlusion. The S-rats were
not given the interventions, since we had
previously found that in S-rats this dose
of hyaluronidase does not affect the
mean creatine phosphokinase (CPK) ac-
tivity of the left ventricle when deter-
mined 48 hours later. Animals were
killed either 48 hours after occlusion,
that is, when the necrotic process was at
its peak, or 21 days after occlusion,
when the process of repair was com-
plete. Just prior to death, and with the
heart again exposed, 1 ml per kilogram of
body weight of 10 percent carbon black
(particle size, 300 A) was injected intra-
venously. If the anterior surface of the
left ventricle was not discolored by the
carbon, a complete coronary artery oc-
clusion was deemed to be present. The
heart was then excised and either homog-
enized for enzymatic study or placed in
10 percent phosphate-buffered formalin
for histologic processing and examina-
tion. ‘

For the enzymatic studies, CPK activi-
ty of the homogenized whole left ven-
tricle (free wall plus interventricular sep-
tum) was measured as described (6). In
order to permit calculation of ‘‘enzymat-
ic’” infarct size, the minimum CPK activi-
ty in the infarcted tissue 48 hours after
occlusion was also determined and was
found to be 2.6 international units per
milligram of protein. For histologic stud-
ies the left ventricles were sectioned into
four slices (2 to 2.5 mm thick) from the
apex to the base of the heart in a plane
parallel to the atrioventricular groove.
Paraffin-embedded sections (5 um in
thickness) were prepared from each
slice, stained with hematoxylin and eo-
sin, projected onto a screen, and plan-
imetered to determine the cross-section-
al area of the left ventricle and of the in-
farcted myocardium (7). The fraction of
the left ventricle that was infarcted was
calculated as a mean of this value in each
of the four slices, then expressed as a
percentage. Both the thickness of the in-
terventricular septum and the ratio of the
thickness of the infarcted portion of the
left ventricle to that of the septum (repre-
senting normal left ventricular wall thick-
ness) were also measured. The former
would be expected to increase if com-
pensatory hypertrophy developed in the
remaining viable myocardium, and the
latter is a useful index of the degree of
thinning of the infarcted part of the free
wall of the left ventricle. When the calcu-
lation of infarct size was based on the
planimetered area, the thinning of the in-
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farcted area, which was noted 3 weeks
after occlusion, resulted in underesti-
mation of the fraction of the left ven-
tricle that had become infarcted.
Therefore, the fraction of the circum-
ference of the left ventricle that was in-
farcted was determined and was taken to
be a more accurate reflection of the ac-
tual fraction of the left ventricle in-
volved. There was little difference be-
tween the fraction of the endocardial and
epicardial surfaces that were infarcted;
the endocardial measurement was used
because the infarct was more clearly de-
fined there. When the animals were
killed 48 hours after coronary artery liga-
tion, CPK activity in the 23 S-rats was
12.7 = 0.3 1.U. per milligram of protein
(mean + 1 standard error) and in 30 O-rats
7.6 = 0.2 1.U. per milligram of protein
(P < .0005). Taking into account the re-
sidual CPK activity in the infarcted tis-
sue, this represented a 49.7 = 2.2 per-
cent infarction of the left ventricle. In 30
Ol-rats CPK activity was 10.4 = 0.4
1.U. per milligram of protein. This repre-
sented a 23.6 * 4.1 percent infarction of
the left ventricle. The difference in infarct
size between the O-rats and the Ol-rats
was highly significant (P < .0005) (Fig.
1.

2 mm

2 mm

When infarct size was assessed histo-
logically 48 hours after occlusion, the 23
O-rats had 43.0 = 2.4 percent (assessed
by area) and 52.1 = 2.8 percent (as-
sessed by circumference) of their left
ventricle infarcted. The corresponding
values in 22 Ol-rats were 24.9 = 3.5 per-
cent (by area) and 33.1 * 3.7 percent (by
circumference). The difference in infarct
size between the O-rats and the Ol-rats
was highly significant (P < .0005) (Fig.
D).

Because of the extreme thinning of the
infarcted area 21 days after occlusion, in-
farct size in rats killed at that time is
more reliably calculated by the circum-
ference method than by the area method.
Infarct size 21 days after occlusion (Fig.
2) in ten O-rats assessed by circum-
ference, was 38.0 = 5.4 percent and in
17 Ol-rats it was 26.3 = 2.7 percent
(P < .025). The hyaluronidase-induced
preservation of jeopardized ischemic
myocardium was also reflected in the re-
duced thinning of the left ventricular
wall, as expressed by the ratio of the
thickness of the infarct to that of the sep-
al wall. The ratio of the thickness of
the free wall to that of the septum in nor-
mal rats is 1.01 = 0.01. At 21 days after
the occlusion the ratio was 0.44 = 0.05

Fig. 2. Histologic sections (upper panels) and diagrams (lower panels) of transverse slices of
hearts of rats killed 21 days after occlusion of the left main coronary artery without (left side)
and with (right side) hyaluronidase treatment; LV, left ventricle; RV, right ventricle; VS,
ventricular septum; and I, infarcted myocardium. The borders of the infarctions are shown by
the interrupted lines and their areas by the shaded portions of the diagrams. Note that in the rat

with an occlusion alone the infarction involved 54.1 percent of the endocardial circumference of

the left ventricle, whereas in the hyaluronidase-treated rat it involved only 20.1 percent.
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in ten O-rats and was significantly higher
in the 17 Ol-rats, that is, 0.66 = 0.06
(P < .01). The thickness of the inter-
ventricular septum in the three groups at
21 days (0.20 = 0.04 mm for the S-rats
and 0.20 = 0.03 mm for both the O-rats
and the Ol-rats) showed no evidence of
compensatory hypertrophy in the re-
maining viable myocardium.

These studies demonstrate that: (i)
The rat model can be used to quantify di-
rectly the extent of experimental myocar-
dial infarction by two independent meth-
ods—total left ventricular CPK activity
and quantitative histology. (ii) The mod-
el can be used to demonstrate and to
quantify intervention-induced changes in
expected infarct size. (iii) Hyaluronidase,
an agent thought, on the basis of indirect
evidence, to be capable of reducing ex-
pected infarct size (2), has been shown
directly to do so, and this effect has been
quantitated. (iv) The beneficial effects of
hyaluronidase are apparent not only at
48 hours but also at 21 days after occlu-
sion when healing is complete, and this
drug does not appear to interfere with
normal scar formation. Caution should be
used before applying these results from
rats with normal coronary arteries to
man with myocardial infarction and dif-
fuse coronary artery disease.
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