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PATHOGENETIC ROLES OF ACTIVATION OF LIPID PEROXIDATION AND
PROTECTIVE EFFECT OF SODIUM SELENITE DURING ISCHEMIA AND
REPERFUSION OF THE MYOCARDIUNM
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A temporary reduction of the coronary blood flow is accompanied by a disturbance of the
contractile function and rhythm of the heart not only in the period of myocardial ischemia
(MI), but also when perfusion of the coronary arteries is resumed [4-7], The development of
arrhythmias and depression of the contractile process are the dominant factors of the dis-
turbance of the systemic hemodynamics in the initial stage of postischemic restoration of the
coronary blood flow and they essentially form the cardiac reperfusion syndrome [9]. The
mechanism of development of this syndrome is evidently based on summation of metabolic-
functional and structural changes in the heart arising during its ischemia and subsequent
reperfusion (RP). Among the metabolic disorders in the RP stage, accompanied by myocardial
hyperoxia, particular attention should be paid to the process of free-radical 1lipid peroxi-
dation (FRLP), This is because of data showing, first, the intensification of FRLP during
myocardial hyperoxia [13], second, the protective effect of an antioxidant — a-tocopherol -
during reoxygenation of the previously ischemized myocardium <n vitro [13], and third, as the
writers' previous investigations revealed, biphasic activation of FRLP during reversible MI:
in the period of ischemia and on resumption of the blood flow in the coronary arteries of
the heart [9]. With the above facts in mind, the writers postulated the important patho~
genetic role of activation of FRLP in the development of both the ischemic and the reper-
fusion syndromes during reversible disturbance of the coronary blood flow [9]. To obtain
proof of this hypothesis, an attempt was made to compare the dynamics of FRLP and cardiac
function during transient myoccardial ischemia (TMI) for different durations. and also to study
the effect of sodium selenite, an active inhibitér of FRLP, on cardiac activity during TMI.

EXPERIMENTAL. METHOD

Experiments were carried out on 89 noninbred male albino rats weighing 190-210 g, TMI
was produced by the method described previously [4, 6] under urethane (1200 mg/kg) anesthesia
with artificial ventilation of the lungs with atmospheric air. The duration of the period
of MI before myocardial RP was 10, 20, 40, or 120 min. Lipids were extracted from the
damaged area of the myocardium by the method in [11]. The intensity of FRLP was determined
by a chemiluminescence method using a quantum measuring device for recording weak light
fluxes [1]. The cardiac frequency was recorded on the ECG and the peak actual (Ppq¢) and
maximal (during isometric contraction of the heart, P, ..) pressure within the left ventricle
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(the latter indirectly reflects the strength of the cardiac contractions) also were recorded.
The mean rate of rise and fall of pressure in the left ventricle, reflecting the rate of
contraction and relaxation of the myocardium, respectively, and also Opie's index [14], an
integral index of cardiac function, were calculated. An aqueous solution of sodium selenite
was injected intraperitoneally in a dose of 30 mg/kg, 90 min before induction of TMI. All the
animals were divided into two groups: those developing TMI after preliminary injection of
sodium selenite (experiment) and those not receiving sodium selenite (control).

EXPERIMENTAL RESULTS

The development of TMI in animals receiving prophylactic sodium selenite was marked by
a lesser degree (compared with the control) of activation of FRLP and depression of the
contractile function of the heart both during MI and during subsequent RP, During the MI
period, for instance, the intensity of chemiluminescence of lipids was lower than in the
control: by 33%Z in the case of MI for 10 min, and 14.6 and 8.2%Z for MI lasting 40 and 120
min, respectively (Table 1). The greater antioxidant effect of sodium selenite in the
initial (first 10 min) stage of MI is interesting., It is evidently attributable to the fact
that selenium inhibits FRLP not only at the stage of breakdown of lipid peroxides, but also
at the stage of formation of active free radicals.

A study of the dynamics of contractile function of the heart during MI and prophylactic
administration of sodium selenite showed that it was depressed by a lesser degree than in the
absence of the compound (Table 2). For instance, whereas in animals of the control series
Ppax fell after 10 min of MI by 4,4% compared with the background, by 9.2%7 after 40 min, and
by 16,7% after 120 min, in animals receiving sodium selenite the fall in Pp,, was 2.5, 7.1,
and 9.97, respectively. The process of contraction and, in particular, of relaxation of the
myocardium was less severely affected, as is shown by the lesser degree of depression of the
rise and fall of pressure within the left ventricle. The higher values of Opie's index in
the animals receiving sodium selenite are further evidence of the increased resistance of the
heart as a whole to ischemic injury,

During the period of postischemic RP in rats receiving sodium selenite the decrease in
the intensity of FRLP was less (by 11-447%) than in the control, and this was accompanied by
a lesser degree of decrease in the indices of myocardial contractility. Two facts were dis-
covered. The first was the higher intensity of FRLP and the high antioxidant activity of
sodium selenite after a long (40-120 min) reduction of the coronary blood flow compared with
those observed after a short reduction (10 min). This can evidently be attributed to the
fact that resumption of the coronary blood flow after prolonged ischemia is accompanied, on
the one hand, by massive uptake of calcium ions by the mitochondria [10], the uncoupling of
oxidative phosphorylation, and an increase in the partial pressure of oxygen in the myocardium,
and on the other hand, by calcium activation of phospholipase A [15], injury to the membranous
structures of the cardiomyocytes under the influence of that enzyme, "denudation" of their
lipid layers and the consequent creation by these two processes of the necessary conditions
for intensification of FRLP, which was also observed in the control animals. Sodium selenite,
an antioxidant with "antiradical" and "antiperoxide" action, effectively inhibits these
processes. After short-term (10 min) MI, RP does not lead to any significant retention of
calcium in the mitochondria or significant activation of phospholipases [10, 15], and it is
thus accompanied by a lower intensity of formation of active free radicals. The second fact
was the lesser degree of depression of contractile properties of the myocardium in animals
receiving sodium selenite, as shown by the higher indices for the dynamics of the force
(Ppax) and rate (rate of rise and fall of pressure in the left ventricle) of the contractile
process. This applies most to the rate of fall of pressure in the period of diastolic re-
laxation of the myocardium. These findings suggest a lesser degree of alteration of the
subcellular membranous structures participating in processes of energy provision (mitochon-
dria), contraction (myofibrils), and electromechanical coupling (sarcoplasmic reticulum)
during postischemic RP of the myocardium under the influence of the antioxidant sodium
selenite,

The experimental results thus support a significant pathogenetic role for activation of
FRLP during MI and its subsequent RP. Evidence for this is given, in particular, by the
coincidence of the times of intensification of FRLP and depression of the contractile function
of the heart during the period both of reduction and of restoration of the coronary blood flow.
Inhibition of FRLP by means of sodium selenite is accompanied by an increase in the resistance
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of the heart to TMI, and this is expressed by a lesser degree of depression of the contractile
properties of the myocardium in the experimental animals than in the controls., Taken as a
whole these facts provide an experimental basis for a new principle of pathogenetic treatment
of TML by means of inhibitors of FRLP and, in particular, with sodium selenite. This is

in harmony with similar conclusions regarding myocardial infarction of coronary and sympatho-
mimetic genesis [2, 3].

The data described above may have definite relevance to clinical practice, for TMI pro-

duced in animals is an experimental model of forms of human coronary heart disease which are
accompanied by a transient reduction of the coronary blood flow (angina pectoris, the "inter-
mittent coronary syndrome," the ischemic period of myocardial infarction with surgical re-
vascularization of the ischemic zone).

10,
11,
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13.

14.
15.
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