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Recent experimental data have confirmed the important role of lipid peroxidation (LPO) 
in the pathogenesis of ischemic heart disease [5, 8]. Activation of LPO has been found during 
the formation of a myocardial infarct [4]; some natural and synthetic antioxidants have been 
found to inhibit the development of necrosis [4, ii]. Antioxidant enzymes -- superoxide dis- 
mutase (SOD) and glutathione peroxidase (GP) -- responsible for detoxication of the superoxide 
O= anion-radical and for decomposition of lipid peroxides [6], take part in the regulation 
of LPO ~n uiuo. According to some workers [13, 15], a definite role in the utilization of 
lipid peroxides in the tissues may be played by certain glutathione-S-transferases (GTF), 
although this view has not been fully substantiated [9, 14]. The present writers showed 
previously that acute ischemia of the liver leads to a sharp fall in SOD and GP activity; a 
fall in the activity of antioxidant enzymes, moreover, may be one of the main causes of the 
intensification of LPO in ischemia [i]. 

The object of this investigation was to study changes in activity of SOD, GP, and GTF 
in the zone of ischemia and necrosis during the development of an infarct following coronary 
occlusion in rats. 
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Fig. I. Changes in SOD activity in rats with myocardial ischemia and infarction. 
Here and in Figs. 2 and 3, shaded region represents level of activity of corre- 
sponding enzymes in intact animals and animals undergoing mock operation. Ab- 
scissa, time of experiment; ordinate, activity of corresponding enzymes (in units/ 
mg protein). 

Fig. 2. Changes in GP activity in rats with myocardial ischemia and infarction. 

Fig. 3. Changes in GTF activity in rats with myocardial ischemia and infarction. 

EXPERIMENTAL METHOD 

Male Wistar rats weighing 190 • i0 g were used. A myocardial infarct was produced by 
ligation of the left coronary artery 2 mm below the level where it crosses the left border 
of the conus arteriosus at its base, as described previously [2]. Operations were performed 
under endotracheal ether anesthesia. The presence of ischemia and infarction was determined 
from characteristic ECG changes (elevation of ST and deepening of the Q wave) in three stan- 
dard leads. Ischemia was verified macroscopically by the presence of marked pallor, cyanosis, 
weakening of contraction, and dilation of the zone of occlusion; an infarct was verified by 
the presence of a zone of necrosis and the appearance of a postinfarct scar. Tissue for in- 
vestigation was taken after decapitation of the rats on the zone of ischemia or infarction 
2 and 15 min, 2 h, and i, 3, 7, and 14 days after occlusion (five samples at each experi- 
mental point). These times correspond to stages of reversible ischemia (2-15 min), irrevers- 
ible ischemia (2 h), necrosis (I day), necrosis and granulation (3 days), and scar formation 
(7-14 days) [2, 3]. An equal number of intact rats and of rats killed at the same times after 
a mock operation (thoroacotomy and incision of the pericardium under endotracheal ether anes- 
thesia) was used as the control. The tissues were kept until investigation in liquid nitro- 
gen, then quickly thawed, homogenized in a glass hemogenizer with Teflon pestle in O.05M 
Tris-HCl, pH 7.4, and centrifuged at 800g for i0 min. Blood from the patients with acute 
(1-3 days) myocardial infarction (men aged 53-55 years) was taken from a vein in the morning 
before breakfast and hemolyzed with0.O05 Tris-HCl solution, pH 7.4. Clinically healthy per- 
sons (61) of the same age group, with no hyperlipidemia or signs of ischemic heart disease, 
served as the control. SOD activity in the supernatant was determined by inhibition of re- 
duction of nitro-BT in a xanthine-xanthine oxidase system [7], GP activity was determined by 
oxidation of NADPH in a coupled glutathione reductase system, using tert-butyl hydroperoxide 
as the substrate [7], and GTF activity was determined by the formation of glutathione con- 
jugates with l-chloro-2,4-dinitrobenzene [12]. Activity of the enzymes was measured at 25~ 
on an Aminco DW-2A spectophotometer (USA); the unit of SOD activity was taken to be the 
quantity of enzyme necessary to produce 50% inhibition of reduction of nitro-BT under the 
conditions of determination~ the unit of GP activity the quantity of enzyme required to oxi- 
dize i pmole reduced glutathione, and the unit of GTF activity the quantity of enzyme re- 
quired to conjugate I ~mole glutathione. Protein in the enzyme preparations was determined 

by Lowry's method. 

EXPERIMENTAL RESULTS 

SOD activity in the myocardium was reduced by 50% 2 min after coronary occlusion and 
it remained low until the end of the experiments~ although starting with the 7th day of the 
experiment there was a tendency for the level of its activity to return to normal (Fig. i). 

614 



GP activity in the myocardium showed similar changes but these changes became significant 
later (after 15 min), when GP activity was reduced by 40% (Fig. 2). GTF activity in the 
myocardium was reduced by more than 30% with effect from the 3rd day after ligation of the 
coronary artery (Fig. 3). In patients with acute myocardial infarction the blood GP activity 
was higher (5.2 + 0.i0 units/ml) than in the control (3.4 + 0.08 units/ml, P < 0.001). Acute 
myocardial infarction is thus accompanied by a significant fall in SOD activity in the zone 
of infarction~ and by a corresponding fall in GP activity a little later. GTP activity in 
the zone of infarction, however, fell only in the stage of necrosis and granulation, and even 
then, not significantly. It can be tentatively suggested that the fall in activity of the 
antioxidant enzymes in the zone of myocardial damage is accompanied by their release into the 
blood stream, and this is confirmed by an increase in GP activity in the blood of patients 
with acute myocardial infarction. The sharp fall in SOD and GP activity in ischemia and 
myocardial infarction (Figs. 1 and 2) was evidently responsible for intensification of LPO 
in this pathology [4]. Similar changes in activity of antioxidant enzymes were observed 
previously by the present writers in acute ischemia of the liver [I]; characteristically in 
this case also SOD activity began to fall sooner thanGP activity, correlating with a sharp 
increase in the content of lipid peroxides in the ischemized organ [i]. 

The results thus suggest that a fall in the activity of antioxidant enzymes and, in 
particular, of SOD in myocardial ischemia and acute myocardial infarction leads to the de- 
velopment of a syndrome of perox~dation and peroxide-induced injury of cell membranes in the 
ischemized zone of the myocardium [i0]. 

The authors are grateful to A. N. Zakirova and A. K. Tikhaze for help with the work. 
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