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We studied the possibility of using prooxidant effects of nitrofurantoin (furadonin) for stim-
ulation of the natural antioxidant systems for preventing myocardial damage after coronary
occlusion. A pronounced cardioprotective effect of the drug was observed.
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There are numerous reports on prooxidant, cytotoxic,
and mutagenic effects of 5-nitrofuran derivatives. These
effects are due to specific features of the cyclically
repeated redox potential of these compounds [2,3].

Here we evaluated the possibility of using pro-
oxidant effects of 5-nitrofuran compounds for stimu-
lation of natural antioxidant systems via the feedback
mechanism for prevention of pathological conditions
associated with activation of lipid peroxidation and
myocardial damage (ischemic and intact areas) in
myocardial infarction.

MATERIALS AND METHODS

Therapeutic and supertherapeutic (with correction for
metabolic processes), fractionated and long-term pro-
oxidant effects of nitrofurantoin (furadonin) were stu-
died on rats. The drug was given in doses of 30 and
300 mg/kg (1 and 10% LD, respectively) orally once
a day for 30 days before myocardial infarction mo-
deling.

Wistar male rats were divided into weight-mat-
ched groups. Since the dosage of nitrofurantoin was
nonstandard, direct analysis of cardio- and hemodyna-
mic parameters was supplemented by load tests.

We evaluated myocardial function the incidence
and severity of early occlusion-induced arrhythmias
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during the acute period of infarction (the first 20 min).
The intensity of lipid peroxidation (LPO) was evalua-
ted by the concentrations malonic dialdehyde (MDA)
and diene conjugates. Systemic organization of me-
chanisms of adaptation to prooxidant effect and “struc-
tural trace” was studied by comparing intermodal para-
meters (left-ventricular pressure after 25-sec aorta clam-
ping, maximum left ventricular pressure during adre-
noreactivity test, cardiomyocyte diameter, and MDA
concentration) expressed in dimensionless arbitrary
units [1].

The following parameters were used for charac-
terizing antiarrhythmic effects of preventive 5-ni-
trofuran treatment: incidence, latency, duration, and
type of arrhythmias, and animal mortality. ECG was
recorded for 20 min after ligation of the coronary
artery.

The effect of nitrofurantoin on LPO processes
during experimental coronary occlusion was studied
on 3 groups of animals: intact, controls (day 2 of myo-
cardial infarction), and experimental (day 2 of myo-
cardial infarction after preventive 30-day treatment
with nitrofurantoin in a dose of 300 mg/day).

The intensity of LPO was evaluated by bioche-
mical analysis of left-ventricular blood plasma on day
2 after myocardial infarction. The concentrations of
primary and secondary LPO products (diene conjuga-
tes, ketodienes, and MDA), and final LPO products
(complex bases) and total antioxidant activity of the
plasma were measured.
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RESULTS

Long-term (30 days) preventive treatment with nitro-
furantoin significantly and dose-dependently reduced
the duration of arrhythmia, prolonged its latency and
decreased animal mortality. Preventive treatment with
higher doses of nitrofurantoin decreased the incidence
of fatal fibrillations and significantly decreased animal
mortality (to 10% vs. 60% in the control group,
p<0.05). Treatment with lower doses also decreased
mortality (to 20%), but the duration of arrhythmia
(624+48 sec) did not significantly differ from the con-
trol (777444 sec).

On day 2 of infarction the necrotic zone (plani-
metrically measured) was less extensive in rats re-
ceiving the higher dose of nitrofurantoin compared to
controls (33.4£2.1 and 42.1£1.9%, respectively).

Comparison of the infarction zones in different
areas of the heart showed that their size increased
from the heart base to its apex in both the control and
experimental groups. This can be explained by in-
creased area of myocardial blood supply via the ante-
rior descending branch of the left coronary artery and
hence, a larger area of ischemia as a result of its oc-
clusion.

The effect of the lower dose of nitrofurantoin on
the size of necrotic zone after acute coronary occlu-
sion was negligible.

Experimental myocardial infarction led to a signi-
ficant decrease in hemodynamic parameters, except
heart rate, which decreased insignificantly. Pretreat-
ment with nitrofurantoin in the higher dose had a
clear-cut cardioprotective effect and prevented a de-
crease of left-ventricular pressure. On the other hand,
the velocity parameters did not differ from those in the
control group. Treatment with the lower doses had no
cardioprotective effect on the initial hemodynamic
parameters.

Load tests were carried out in order to evaluate
the prooxidant effect on cardiohemodynamic para-
meters more accurately.

Volume load in the absence of pronounced dis-
orders of pumping function was characterized by a
transient biphasic reaction of the left-ventricular pres-
sure: this parameter sharply increased in response to
bolus injection (phase 1), then decreased, presumably,
due to vagal reflex (phase 2), and then a trace hyper-
volemic effect was observed (phase 3). The intensity
of the latter effect depended on the initial volume of
circulating blood, degree of blood loss, efc.

Adrenoreactivity test (10~ M epinephrine hydro-
chloride, 0.1 ml/100 g, intravenously) produced a
more pronounced positive inotropic reaction: left-ven-
tricular pressure, rates of left-ventricular pressure in-
crease and decrease, and intensity of functioning at-
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tained 162.9+4.7 mm Hg, 11,002+375 and 6749+161
mm Hg/sec and 61,211+2899 arb. units, respectively.

The resistance test induced a biphasic reaction of
the heart. During the first few seconds the left-ventri-
cular pressure sharply increased and attained 198+4.6
mm Hg by the 5th sec of occlusion (control group). It
should be noted that overfilling of the left ventricle
caused bradycardia. Phase 2 was characterized by gra-
dual decrease in the inotropic response. Systolic ten-
sion decreased by the 25th sec, while bradycardia be-
came more pronounced. In intact animals the increase
in the end-diastolic pressure (EDP) by the 25th sec of
the test did not surpass 12-13 mm Hg, which indicates
that the relaxation mechanisms remained more or less
intact.

Acute hypoxia modeled by discontinuation of arti-
ficial ventilation under conditions of open chest cau-
sed a 30-50% decrease of heart rate during the 1st min
of hypoxia. Visually the heart increased in size and loo-
ked plethoric. By the 3rd min of hypoxia the heart rate
decreased to 40-50 bpm and some animals developed
acute left-ventricular insufficiency (discharges from
the tracheostomic tube).

Resumption of artificial ventilation restored ade-
quate cardiac function with a short-term (1-1.5 min)
posthypoxic positive inotropic effect. The maximum
increase in heart contractility during reoxygenation
was taken as the value of posthypoxic myocardial re-
activity. Parameters of myocardial contractility de-
creased by the end of the 5th min of reoxygenation.

Experimental acute myocardial infarction (day 2)
markedly changed the parameters of load tests in nar-
cotized rats. In control animals volume load caused an
almost 2-fold lower increase in the intensity of heart
functioning in comparison with intact animals. Heart
adrenoreactivity also markedly decreased. The rise of
the left-ventricular pressure was 42.5+3.1 mm Hg vs.
63.0£3.9 mm Hg in intact animals.

The pressure load (clamping of the aorta) also
caused a less pronounced increase in the left-ventri-
cular pressure and intensity of heart functioning. The
most drastic changes were observed in EDP response.
By the 15th sec of the test EDP increased to 51.2+3.4
mm Hg (this increase was paralleled by the develop-
ment of bradycardia) and remained at this level until
the end of the test, while in intact animals this para-
meter did not surpassed 15-18 mm Hg.

Preventive treatment with nitrofurantoin in a dose
of 300 mg/kg completely prevented the reduction of
the left-ventricular pressure and heart rate during co-
ronary occlusion. The reaction of contractility to vo-
lume loading was similar to that in intact animals.

Adrenoreactivity, resistance (sec 5 and 25), and
reoxygenation tests, despite lower left-ventricular pres-
sure, rates of left-ventricular pressure increase and
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decrease, and intensity of structure functioning
showed cardioprotective effect of the treatment in
comparison with the corresponding values in intact
animals. The effect manifested in higher myocardial
contractility compared to that in control animals or in
rats treated with nitrofurantoin in low doses. The dy-
namics of EDP was the most demonstrative in this
respect. Nitrofurantoin in the higher dose prevented
the rise of EDP (more than 2-fold) during the test.

Nitrofurantoin treatment (300 mg/kg) produced a
pronounced antioxidant effect. It prevented accumula-
tion of diene conjugates and MDA. The concentrations
of Schiff bases and total antioxidant activity of the
plasma increased to 0.25+0.01 and 29.88+2.82, re-
spectively, in comparison with intact animals (0.16+
0.03 and 16.99+0.48) and controls (0.21£0.01 and
14.68+0.05). This suggests that prevention of accumu-
lation of primary LPO products is paralleled by an
increase in total plasma antioxidant activity and con-
firms the hypothesis on realization of the cardioprotec-
tive effect of preventive nitrofurantoin treatment via
a feedback mechanism at the expense of activation of
natural antioxidant systems.

Hence, the hypothesis on the possibility of using
prooxidant effects of S-nitrofuranes was confirmed in

experiments with preventive oral treatment with nitro-
furantoin in a dose of 300 mg/kg. This treatment pro-
tected the heart from damage caused by acute coro-
nary occlusion (myocardial infarction).

The cardioprotective effect of nitrofurantoin ma-
nifested in reduced animal mortality, reduced size of
necrotic zone, and prevention of contractility disorders
during load tests. Of particular importance is preven-
tion of accumulation of primary and secondary LPO
products (diene conjugates and MDA), increase in the
concentrations of LPO end-products (Schiff bases), and
activation of antioxidant defense. This fact confirms the
hypothesis on the realization of the cardioprotective
effect of nitrofurantoin via the feedback mechanism,
i.e. activation of the natural antioxidant systems.
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