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An important role of active forms of oxygen in ischemic tissue damage has been postu- 
lated [7]. The discovery of proteolytic conversion of xanthine dehydrogenase into the oxidase 
form, accompanied by accumulation of hypoxanthine, the substrate of xanthine oxidase, in the 
course of ATP catabolism [7], which must inevitably be accompanied by increased generation of 
the superoxide anion-radical - O~ - is experimental confirmation of this hypothesis. Our own 
[3] and other data [2] testify to the importance of reduction of enzymic utilization of O~ on 
account of inhibition of superoxide dismutase (SOD) activity in the ischemic cardiomyocytes. 
Meanwhile an increase in the concentration of hydroxyl radicals (OH" [5]) in perfusion fluid 
of the ischemic myocardium has been found with the aid of spin traps, and addition of SOD to 
a cardioplegic solution leads to effective pros of the myocardium in coronary occlusion 
[8]. 

The active center of cytosol SOD contains copper, which is responsible for the catalytic 
activity of the enzyme; it has been shown, moreover, that in animals with copper deficiency 
in the tissues, SOD activity is sharply depressed [13], Copper deficiency in the body also 
leads to myocardial damage [6, 14] and to disturbance of lipid metabolism during the develop- 
ment of pathology of the cardiovascular system [12]. It is logical to suggest on the basis of 
the facts described above that administration of copper preparations in myocardial ischemia 
and infarction may have a beneficial action on the co~arse of the pathological process. 

The writers showed previously that administration of highly dispersed powders (HDP) of 
metals has great advantages over the corresponding salts because of their much lower toxicity 
and their more prolonged action [4]. Accordingly, in the investigation described below the 
effect of HDP of copper was investigated on the activity ef antioxidative enzymes (SOD) and 
glutathione peroxidase (GP) in the isehemic myocardium and on survival of animals after 
coronary occlusion. 
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Fig. i. Changes in SOD (I) and GP (2) activity in rat heart after injection of HDP of cop- 
per. a) Intact animals, b) myocardial infarction. Ordinate, enzyme activity (in relative 
units)~ Abscissa, time of investigation (in days). 

Fig. 2. Relationship between SOD (i) and GP (2) activity in zone of infarct and in zone of 
heart outside infarct. Ordinate and abscissa, activity of enzymes (in relative units/mg pro- 
tein) in region of and outside infarct, respectively. 

Fig. 3. Survival rate of rats on 3rd day after myocardiai infarction caused by coronary oc- 
clusion and treated by injection of HDP of copper. Ordinate, number of surviving animals 
(in %). Abscissa: a) HDP of copper; b) control. Initial number animals given in parentheses. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 170 • I0 g. Myocardial infarc- 
tion was induced by application of a ligature to the left coronary artery [3]. HDP of copper 
(particle size 50-100 nm) were obtained by the method in [i]. To prepare a suspension, 
weighed samples of metallic powder were dispersed in distilled water on a UZDN-2T ultrasonic 
disintegrator [4]. The suspension of the HDP of copper was injected subcutaneously 3 days 
before creation of an experimental model of myocardial infarction, in a dose of 0.2 mg/kg. 

Samples of myocardium were homogenized in 50 mM K, Na-phosphate buffer, pH 7.4, and cen- 
trifuged at 4~ for i0 min at 800g. Hemoglobin in the hemolysates was precipitated by the 
method in [i0]. Activity of the antioxidative enzymes was determined by means of Hitachi- 
220A spectrophotometer (Japan) and an FP-901 chemical analyzer (Finland) by the method in [3]. 
The protein concentration in the samples was determined by Lowry's method. The hemoglobin 
concentration was determined by the hemoglobin cyanide method, using "Medics" test kits 
(Finland)~ The concentrations of of copper and zinc in the heart were determined by atomic- 
absorption spectrophotometry on an AAC-5000 instrument (Perkin-Elmer, Sweden) [ii] and ex- 
pressed in ug/ml hemoglobin or #g/g tissue. The results were subjected to statistical and 
correlation analysis by the usual methods, using a Canon CX-I computer (Japan). 

Altogether 56 intact rats and 75 rats with myocardial infarction due to coronary occlu- 
sion were used in the experiments. 

EXPERIMENTAL RESULTS 

According to existing data an increase in the zinc/copper ratio can be regarded as a 
risk factor for the onset of pathology of the cardiovascular system [9]. The results of 
the present experiments indicate that, irrespective of the form (HDP or copper sulfate) and 
the dose (0.2 and 2.0 mg/kg) of copper injected into intact rats, direct dependence was ob- 
served between changes in zinc and copper in the myocardium (for a week after injection of the 
preparation), described by a linear regression equation: 

[~n] = 0.9; ~Cu] - 0.64; r = 0.44 (p < 0.005). 

The value of the regression coefficient (0.9) indicates that injection of copper had vir- 
tually no effect on the change in the zinc/copper ratio in the myocardium. Meanwhile injec- 
tion of copper caused significant changes in activity of the antioxidative enzymes SOD and GP 
in the blood and heart of intact rats, respectively. The results of the present experiments 
points to the existence of positive correlation (r = 0.65; p < 0.05) in these animals between 
activity of copper-zinc SOD and the copper concentration in the blood, which can be described 
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by the equation: SOD = 60.7[Cu] + 1.28. The results confirm that SOD activity in the tissues 
can be increased deliberately by injecting the HDP of copper. SOD activity in the myocardium 
of the intact rats reached its peak level 3 days after injection of HDP of copper, when it was 
increased by more than 1.5 times (Fig. la). It must be pointed out that activity of GP, the 
enzyme responsible for lipoperoxide utilization, also was significantly increased in the myo- 
cardium of the intact rats (the increase was by almost 1.6 times; see Fig. la). The increase 
in GP activity in the myocardium of intact rats in response to injection of HDP of copper can 
be explained by correlation between the concentrations of copper and selenium (an element 
which is present in the active center of GP) in the tissues [15]. Thus injection of an HDP 
of copper, bringing about a marked increase in the antioxidative status of the myocardium, 
ought to increase enzymic protection of the myocardium in infarction, for the accumulation 
of active forms of oxygen during ischemia may lead to induction of lipid peroxidation [i], 
in whose regulation an active role is played by GP, which can utilize lipoperoxides [3]. 
Consequently, the results now obtained suggest that depressed activity of antioxidative en- 
zymes in the ischemic myocardium can be corrected by injection of an HDP of copper. 

The results of these experiments show that after injection of an HDP of copper into rats 
in a dose of 0.2 mg/kg, 3 days before coronary occlusion and 3 h after the operation a short- 
term increase is observed in the activity of antioxidative enzymes (SOD and GP) compared with 
the control (operation without preliminary injection of the HDP; Fig. ib); GP activity in the 
zone of myocardial infarction, moreover, increased sharply on the 3rd day after ligation of 
the coronary artery (Fig. Ib). It is important to note that in the myocardium outside the 
zone of the infarct, activity of the antioxidative enzymes i~creased compared with that in the 
zone of ischemia and infarction when the operation was performed 3 days after injection of 
the HDP of copper, as shown by the existence of strong negative correlation between SOD activ- 
ity (r = 0.76) and GP activity (r = 0.74) in the zone of infarction and in the myocardium 
outside that zone (Fig. 2). Thus when coronary occlusion was carried out in the presence of 
a raised level of antioxidative enzyme activity, after preliminary injection of an HDP of 
copper a transient increase in activity of the antioxidative enzymes is possible in the 
ischemic cardiomyocytes, accompanied by a persistent increase in activity of these enzymes 
in the myocardium outside the zone of infarction (Fig. ib, 2)4 On the basis of these data 
significant limitation of the zone of infarction might be expected on account of increased 
activity of antioxidative enzymes in parts of the myocardium at a distance from the zone of 
infarction, and this undoubtedly ought to be reflected in the survival rate of the animals. 
In fact, according to the results of the four series of independent experiments, preliminary 
injection of an HDP of copper before coronary occlusion considerably increased the survival 
rate of the rats after the operation (Fig. 3). 

The results of this investigation thus confirm the important role of enzymic utilization 
of active forms of oxygen and of lipoperoxides in the pathogenesis of myocardial ischemia 
and infarction, and also ways of therapeutic correction of myocardial damage with the aid of 
copper-containing preparations, able to increase activity of the antioxidative enzymes in the 
myocardium. 
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One of the most threatening complications of pulmonary embolism is edema of the lungs 
[14]. Publications devoted to the study of the effect of pulmonary embolism on the pulmonary 
circulation mainly provide discrete data on changes in individual parameters of the pulmonary 
hemodynamics [i0, 12, 14]. 

The aim of this investigation was to undertake a synchronized study of the blood flow in 
different parts of the vascular bed of the lungs and also of the pressure in the pulmonary 
arterial system and left atrium in fat embolism and mechanical embolism of the lungs before 
the moment of development of pulmonary edema. 

EXPERIMENTAL METHOD 

The linear and volume blood flow in the left lower lobar artery and vein were studied 
ES] by an ultrasonic method [5] in acute experiments on 19 cats weighing 3-5 kg, with an 
open chest and artificial ventilation of the lungs, under pentobarbital anesthesia (30-40 
mg/kg, intraperitoneally)~ The blood pressure in the pulmonary artery was recorded by means 
of an electromanometer [6]. A cather was introduced through the upper lobar pulmonary artery 
into the lumen of the left pulmonary artery. The hydraulic resistance of the vascular bed of 
the lobe of the lung was calculated by means of an analog computer of our own design as the 
quotient obtained by dividing the mean values of pressure by the mean value of the blood flow 
in the pulmonary lobar artery. The balance between mean values of the blood flow along the 
artery and vein was estimated by the same method [9]. The pressure in the pulmonary artery 
and, in some experiments, in the left atrium also was measured. Three experiments were car- 
ried out with a closed chest and natural breathing. 

A model of pulmonary embolism was created by intravenous injection of olive oil (i ml/ 
kg) in the course of 2 min, and a model of mechanical embolism by intravenous injection of a 
2.5% suspension of lycopodium (i ml/kg). All the parameters were recorded for 60-100 min. 
Repeated injections of oil or lycopodium were given in some of the experiments. The intensity 
of the developing pulmonary edema was estimated by calculating the pulmonary coefficient (PC) 
and the dry residue (DR), expressed as percentages [4]. 

EXPERIMENTAL RESULTS 

Edema of the lungs developed regularly after 60 min in both fat and mechanical embolism. 
This was shown by a significant increase in PC (by 2.1 times for fat embolism, by twice for 
mechanical) and by reduction of DR (by 20 and 14.8%, respectively). In most animals the in- 
tensity of edema of the lungs was greater after injection of olive oil than after injection of 
lycopodium. Most animals died 60-100 min after induction of edema, four cats died after a 
shorter interval - varying from i0 to 36 min (after repeated injection of oil or lycopodium). 
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