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Pentoxifylline does not reduce infarct size in a canine
model of acute myocardial infarction
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1 Theeffect of the haemorrheological agent pentoxifylline was investigated in a canine model of acute
myocardial infarction, induced by occlusion of the left anterior descending coronary for 6 h. Thirty
minutes post-occlusion the dogs were randomized to receive either distilled water or pentoxifylline
(0.3mgkg™'min~"' for 1h followed by 0.15mgkg~'min~' for 4.5 h) intravenously.

2 At6hpost-occlusion the in vivo area at risk was determined with monastral blue dye and the area of
necrosis was determined with triphenyltetrazolium chloride. The area at risk was 16.5 * 1.3% in the
control group (n = 10) and 17.2 + 1.8% in the pentoxifylline treated group (n = 10; NS). The area of
necrosis was 12.3 £1.9% in the control group and 11.9 + 2.2% in the pentoxifylline treated group
(NS). The area of necrosis expressed as a percentage of the area at risk was 69.3 * 7.7% in the control
group and 63.6 £ 7.4% in the pentoxifylline treated group (NS).

3 Pentoxifylline had no significant effects on heart rate, systolic or diastolic blood pressure. Regional
myocardial blood flow, measured by the radioactive microsphere technique, was not significantly
different between the groups.

4 Thus, pentoxifylline does not reduce infarct size in this model of acute myocardial infarction and

does not enhance coronary collateral blood flow.

Introduction

Pentoxifylline is a haemorrheological agent used clin-
ically for the treatment of intermittent claudication.
The mode of action of pentoxifylline is thought to be
via increased flexibility of erythrocytes thereby reduc-
ing blood viscosity and increasing blood flow through
zones of atherosclerotic narrowing of peripheral
arteries (Dettelbach & Aviado, 1985).

The analogous situation in the heart would be the
severe stenosis of a major coronary artery leading to
acute myocardial ischaemia and infarction. Because of
the beneficial effect of pentoxifylline in peripheral
arteries, we reasoned that it might have beneficial
effects during myocardial ischaemia; increased eryth-
rocyte flexibility theoretically could enhance coronary
collateral blood flow and reduce ischaemic damage.
The aim of this study was to investigate the effect of
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pentoxifylline in a canine model of acute myocardial
infarction.

Methods
Surgical procedures

Mongrel dogs, of either sex weighing between 13.0 and
32.8kg, were anaesthetized with sodium pentobar-
bitone (30mgkg~', intravenously), intubated and
artificially ventilated with room air using a Harvard
respirator. Cannulae were positioned in the carotid
artery for monitoring arterial blood pressure and for
withdrawal of reference blood samples to determine
regional myocardial blood flow, and in the jugular
vein for the administration of fluids and drugs. A
thoracotomy was performed at the fifth left intercostal
space, a pericardial cradle was temporarily construc-
ted and the left anterior descending coronary artery
was isolated proximal to the first major diagonal
branch. A third cannula was placed in the left atrium
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for injection of radioactive microspheres to determine
regional myocardial blood flow.

Experimental protocol

After obtaining baseline measurements of heart rate
and arterial blood pressure on a Gould multi-channel
pen recorder, a bolus of lidocaine (1.5 mgkg™") was
injected intravenously and the left anterior descending
coronary artery was occluded for 6 h with a Schwartz
vascular clamp. Thirty minutes post-occlusion the
dogs were randomized to receive either pentoxifylline
dissolved in distilled water (0.3 mgkg ' min~' for 1 h
followed by 0.15mgkg™'min~' for 4.5h; volume of
27.2mlh™") or a control infusion of distilled water
(27.2mlh™") intravenously. This dose of pentox-
ifylline has been shown previously to reduce
ischaemically induced ST segment elevation without
affecting heart rate or blood pressure (Gallenkemper
et al., 1984). The volume of the infusion did not change
the haematocrit. At 6 h post-occlusion, the in vivo area
at risk was determined by intra-atrial injection of
monastral blue (0.25mlkg™"). The dogs were killed
with an overdose of sodium pentobarbitone and
potassium chloride, and the hearts were excised. The
atria and right ventricle were removed and the left
ventricle sectioned transversely from apex to base into
4-5mm sections. The area of tissue unstained by the
monastral blue, representing the area at risk was
traced onto acetate sheets as previously described (Lo
et al., 1985). The sections were then incubated in
triphenyltetrazolium chloride at 35°C for 10 min and
the area unstained by the triphenyltetrazolium
chloride, representing the area of necrosis, was traced
onto acetate sheets. The size of the area at risk and the
area of necrosis were determined by planimetry.
Validation of the triphenyltetrazolium chloride stain-
ing method to quantify the area of necrosis has been
reported previously (Fishbein ez al., 1981). Since some
studies have shown that risk areas must achieve a
certain size before any necrosis occurs (Jugdutt ez al.,
1979) dogs having an area of risk of less than 10% of
the left ventricle were eliminated. The area at risk and
area of necrosis were expressed as a percentage of the
left ventricle.

Regional myocardial blood flow

Regional myocardial blood flow was determined
30 min post-occlusion (before randomization), 90 min
post-occlusion and 6 h post-occlusion by the left atrial
injection of 2.0 x 10° radioactive (*'cerium, '“ruthen-
ium, **niobium) microspheres (11 £ 1um diameter)
while a reference arterial blood sample was withdrawn
from the carotid artery at 15.3 mImin~' by means of a
Harvard withdrawal pump. At the end of the study,
samples of myocardium weighing approximately 1g

were cut from the epicardial, midmyocardial and
endocardial regions in the centres of the necrotic and
non-necrotic area for determination of regional
myocardial blood flow. Regional myocardial blood
flow (RMBF) in the tissue sample (mlmin~'g~") was
calculated by the formula: RMBF = Cs x (Cb/Cr),
where Cs = counts in the myocardial tissue sample
corrected per g; Cb =rate of withdrawal of the
reference blood sample and Cr = total counts in the
reference blood sample (Domenech et al., 1969).

Statistics

Comparison of the incidence of areas at risk of <10%
in each group was made by use use of the Chi’ test.
Comparisons of the area at risk and area of necrosis
between the groups were made by use of Student’s ¢
tests. Comparisons of heart rate, systolic and diastolic
arterial blood pressure between the groups were
performed by analysis of variance (Wallenstein et al.,
1980). A probability level of less than 0.05 was
considered statistically significant. All values are
expressed as mean * s.e.mean. NS indicates that dif-
ferences were not statistically significant.

Results

A total of 63 dogs were entered into the study, of which
32 died of ventricular fibrillation within 30 min of
coronary occlusion, prior to randomization. Of the
dogs randomized 11 were eliminated (3 in the control
group compared with 8 in the pentoxifylline group,
NS) since they showed an area at risk of less than 10%.
Thus, the results of 10 dogs in each group are
summarized herein.

Area at risk and area of necrosis

The area at risk was 16.5 + 1.3% in the control group
and 17.2 + 1.8% in the treated group (NS). The area of
necrosis was 12.3 +1.9% in the control group and
11.9 £ 2.2% in the treated group (NS). The area of
necrosis expressed as a percentage of the area at risk
was 69.31+7.7% in the control group and
63.6 = 7.4% in the treated group (NS).

Haemodynamics

Table 1 shows the values for the heart rate and arterial
blood pressure for the 2 groups over the experimental
period. Pentoxifylline had no significant effect on
heart rate, systolic or diastolic arterial blood pressure.
Regional myocardial blood flow

Table 2 shows the regional myocardial blood flow
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Table 1 The effect of pentoxifylline on heart rate,
systolic and diastolic blood pressure in dogs

Time (h) 0 05 LS 6

Heart rate (b.p.m.)

Control 161+6 1441+ 7 149+ 7 14510
Pentoxifylline 155+ 5149+ 6 1435 1277
Systolic BP (mmHg)

Control 14315 141+6 132+6 12717
Pentoxifylline 134+ 6 123+ 6 1305 1285
Diastolic BP (mmHg)

Control 121£3 1213 1095 1055
Pentoxifylline 1116 104+7 1057 1065

measured pre- and post-randomization in the control
and pentoxifylline groups. Both groups show mark-
edly reduced regional myocardial blood flow across
the left ventricular wall supplied by the left anterior
descending coronary artery throughout the observa-
tion period. There were no significant differences
between the groups at any time.

Discussion

The results of the present study demonstrate that
pentoxifylline does not change the amount of necrosis
as a function of the area at risk, in a canine model of
acute myocardial infarction. To our knowledge no
previous study has investigated the effect of pentox-
ifylline on anatomical infarct size. In a previous study

in anaesthetized cats subjected to coronary artery
ligation (Gallenkemper et al., 1984), pentoxifylline did
not significantly affect the loss of creatine kinase from
left ventricles, although, there was a significant reduc-
tion in the standard limb lead ST segment elevation.

In the present study, pentoxifylline had no effect on
heart rate or arterial blood pressure; this is in
agreement with other studies. With more elaborate
haemodynamic evaluation in dogs it has been shown
that pentoxifylline increases cardiac output and car-
diac work and decreases total peripheral resistance
without changes in heart rate and arterial blood
pressure resulting in an increase in total oxygen
consumption (Komarek et al., 1977).

In the present study no change in ischaemic or non-
ischaemic coronary blood flow was observed with
pentoxifylline. Other studies investigating the effects
of pentoxifylline on changes of normal blood flow
distribution in rats have found that this agent can
increase blood flow in various tissues including heart
and skeletal muscle (Vetterlein et al., 1979). The
reason for this discrepency with our study is unknown.

To date, no clinical studies on the effect of pentox-
ifylline on acute myocardial ischaemia or infarction
have been published. However, the treatment of
intermittent claudication by pentoxifylline is well
established. The erythrocyte flexibility of patients with
intermittent claudication is severely reduced (Reid et
al., 1976), and it has been shown that pentoxifylline
can improve the in vitro erythrocyte flexibility. The
acute administration of 800mg pentoxifylline
increased muscular oxygen tension of patients with
intermittent claudication (Ehrly, 1983). Studies have
shown that patients treated with pentoxifylline can

Table 2 Regional myocardial blood flow (mlmin~'g~") of ischaemic and non-ischaemic areas of the control and

pentoxifylline treated groups of dogs

Isc-epi Isc-mid Isc-endo Nor-epi Nor-mid Nor-endo
Post-occlusion/pretreatment

Control 0.28 £+ 0.09 0.12+0.04 0.07 £ 0.02 0.86+0.11 1.12+0.14 1.18 £ 0.12
(n=10)

Treated 0.20 £ 0.07 0.08 + 0.03 0.05 £ 0.02 0.80+0.11 0.89+0.13 0.97 £0.17
(n=10)

Post-occlusion/1 h post-treatment

Control 0.28 £0.10 0.14 £ 0.05 0.06 + 0.03 0.87+0.11 0.99+0.17 1.00 + 0.17
(n=96)

Treated 0.30 £ 0.06 0.13+£0.04 0.07 £ 0.02 0.78 £ 0.12 0.88 £ 0.05 0.96 £ 0.08
(n=28)

Post-occlusion|5.5 h post-treatment

Control 0.26 £ 0.08 0.06 + 0.02 0.05 £ 0.01 0.89 £ 0.15 1.01£0.16 1.01£0.15
(n=7)

Treated 0.15+0.04 0.06 + 0.02 0.03 £0.01 0.77%0.15 0.70 + 0.11 0.79 £0.11
n=38)

Isc = ischaemic, Nor = normal; epi = epicardium; mid = midmyocardium; endo = endocardium.
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walk further before the onset of pain compared to
pretreatment, and that this can be associated with an
increase in muscle oxygen tension (Porter et al., 1982).

It is tempting to compare the use of pentoxifylline in
intermittent claudication with the analogous situation
of coronary artery atherosclerosis. There are obvious
similarities between these conditions, the most impor-
tant being the progressive build up of atherosclerotic
lesions. Whether pentoxifylline proves to be of benefit
to patients with severe coronary atherosclerosis
remains to be seen.

The extrapolation of data from anaesthetized dogs
with non-diseased coronary arteries and normal eryth-
rocyte flexibility to that of the patient with severe
coronary stenosis requires considerable caution.
However, the results of the present study suggest that

References

DETTELBACH, H.R. & AVIADO, D.M. (1985). Clinical phar-
macology of pentoxifylline with special reference to its
hemorrheologic effect of the treatment of intermittent
claudication. J. Clin. Pharmacol., 25, 8—26.

DOMENECH, R.J., HOFFMAN, J.LLE,, NOBLE, M.I.LM., SAUN-
DERS, K.B., HENSON, J.R. & SUBIJANTO, S. (1969). Total
regional coronary blood flow measured by radioactive
microspheres in conscious and anesthetized dogs. Circ.
Res., 25, 581-596.

EHRLY, A.M. (1983). Clinical implications of altered flex-
ibility of erythrocytes in patients with intermittent
claudication. Vasc. Med., 1, 175-180.

FISHBEIN, M.C., MEERBAUM, S,, RIT, J.,, LANDO, U., KAN-
MATSUSE, K., MERCIER, J.C., CORDAY, E. & GANZ, W.
(1981). Early phase acute myocardial infarct size quan-
tification: validation of the triphenyltetrazolium chloride
enzyme staining technique. Am. Heart. J., 101, 593-600.

GALLENKEMPER, W., RUCKER, W. & SCHROR, K. (1984).
Cardioprotective actions of pentoxifylline in an animal
model of acute myocardial ischaemia. Br. J. Pharmacol.,
81, 575-581.

JUGDUTT, B.I., HUTCHINS, G.M., BULKLEY, BH. &
BECKER, L.C. (1979). Myocardial infarction in the cons-
cious dog: three-dimensional mapping of infarct,
collateral flow, and region of risk. Circulation, 60, 41-50.

this agent does not acutely display infarct limiting
properties nor does it enhance collateral blood flow in
the canine model of myocardial infarction.

C.F.C. was supported in part by an American Heart
Association of Michigan student fellowship. We wish to
thank Hoechst-Roussel Pharmaceuticals Inc. for the gen-
erous supply of pentoxifylline.

The animals used in this study were maintained in
accordance with the guidelines of the Committee on Animal
Studies of Wayne State University School of Medicine and
those prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (DHEW Publication
No. (NIH) 85-23, revised 1985).

KOMAREK, V.J., CARTHEUSER, C., MANSFELD, M.V.C. &
FLECK, C. (1977). Der effekt von pentoxifyllin, xantinol-
nicotinat und theophyllin auf das kreislaufsystem, die
myokardiale dynamik und die linksventrikulare kontrak-
tilitat beim hund im akuten experiment. Arzneim.-For-
sch., 27, 1932-1939.

LO, H.-M., KLONER, R.A. & BRAUNWALD, E. (1985). Effect
of intracoronary verapamil on infarct size in the ischemic,
reperfused canine heart: critical importance of the timing
of treatment. Am. J. Cardiol., 56, 672—677.

PORTER, J.M.,CUTLER, B.S,,LEE. B.Y., REICH, T., REICHLE,
F.A., SCOGIN, J.T. & STRANDNESS, D.E. (1982). Pentox-
ifylline efficacy in the treatment of intermittent claudica-
tion: multicenter controlled double-blind trial with objec-
tive assessment of chronic occlusive arterial disease
patients. Am. Heart. J., 104, 66—72.

REID, H.L., DORMANDY, J.A., BARNES, A.J,, LOCK, P.J. &
DORMANDY, T.L. (1976). Impaired red cell deformability
in peripheral vascular disease. Lancet, i, 666—668.

VETTERLEIN, F., HALFTER, R. & SCHMIDT, G. (1979).
Regional blood flow determination in rats by the micros-
phere method during i.v. infusion of vasodilating agents.
Arzneim.-Forsch., 29, 747-751.

WALLENSTEIN, S., ZUCKER, C.L. & FLEISS, J.L. (1980).
Some statistical methods useful in circulation research.
Circ. Res., 47, 1-9.

(Received July 21, 1987.
Accepted October 18, 1987.)



