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During chronic ethanol intake by rats increased catalase activity is observed in the
myocardium, and the number and size of the microperoxisomes also are increased [7]. Besides
catalase, peroxisomes of different tissues also contain several peroxide-generating oxi-
dases, including acyl-CoA-oxidase, which oxidizes long-chain fatty acids [4]. 1In rats re-
ceiving ethanol and the highly specific catalyase inhibitor 3-amino-1,2,4-triazole (amino-
triazole), ultrastructural changes similar to the morphological picture of alecohol cardiomyo-
pathy in man develop in the myocardium [13]. The information given above points to a possi-
ble role of catalase and of other peroxisomal enzymes in the pathogenesis of alcochol cardio-
myopathy.

The aim of this investigation was to study the effect of chronic alcoholic intoxication
on activity of peroxisomal acyl-CoA-oxidase, and also of the enzymes of antioxidative protec-—
tion of the cell. Parameters characterizing the level of peroxidation processes in the rat
myocardium also were studied.

EXPERIMENTAL METHOD

Male Wistar rats weighing initially 160-180 g were used. The animals were kept on a semi-
solid diet, balanced with respect to its principal components (proteins, lipids, carbohy-
drates), to which vitamins and minerals also were added [1]. Rats of the experimental groups
received 10% ethanol with their food (34-367% of the total calorific value of the food, 10-

12 g/kg body weight daily), whereas animals of the control group received sucrose with the
same calorifiec value. The duration of the experiments, including adaptation of the animals
to the semisolid diet, was 8-10 weeks. The rats were deprived of food 18-20 h before killing
them. After thoracotomy, the heart was perfused with cold isolation medium (0.15MKCl, 20 mM
Tris-acetate, pH 7.4), after which the heart was removed, weighed, cut into pieces with scis-
sors, and then carefully homogenized in isolation medium in a Dounce homogenizer (glass/
Teflon, 30 tractions). 1In some cases blood cells, fragments of connective tissue, and nuclei
were removed by centrifugation of the 10% homogenate at 3000 rpm for 10 min (TsLR centrifuge,
small rotor). The nuclear-free homogenate thus obtained was used to measure the level of
chemiluminescence (CL) and also to determine catalase and acyl-CoA-oxidase activity. To iso-
late the total fraction of particles, the nuclear-free homogenate was recentrifuged at 15,000
rpm for 40 min [12]. Enzyme activity was determined ona Gilford model 250 spectrophotom-
eter at 250°C: catalase by the method in [3] and superoxide dismutase (SOD) by the method

in [10]. Acyl-CoA-oxidase activity was measured by the use of palmitoyl-CoA as the substrate
[6]. The substrates for selenium-dependent glutathione peroxidase [5] and for glutathione~S-
transferase [9] were H,0; and l-chloro-2,4-dinitrobenzene, respectively. Glutathione reduc-
tase and glucose-6-phosphate dehydrogenase activity was determined [5] by measuring the rate
of reduction of NADPT. Catalyase [3] and SOD [10] activity was expressed in relative units,
and activity of the remaining enzymes in nanomoles/min/mg protein of the whole heart homo-
genate. The parameters used to characterize peroxidation processes were the CL level and

the rate of accumulation of products reacting with 2-thiobarbituric acid (TBA) {2}, To ini-
tiate lipid peroxidation (LPO) 0.1 mM FeCls and 1.5 mM ADP were used in both cases, with 0.1
mM absorbic acid as the reducing agent for the iron [8]. To determine the CL level 2 ml of
107% nuclear-free heart homogenate was transferred into glass flasks containing 3 ml of iso-
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TABLE 1, Effect of Chronic Ethanol Intake
on Enzyme Activity in Rat Myocardium

M = m)

Enzyme Control  |Experiment
Catalase . 5,4+0,4 10,84-1,1%*
A(g)]sl-CQA-omdase 0,47+0,05 | 1,164-0,17*
S 5,44-0,5 5,
Glutathione peroxidase 25|$25 ng-j;fg(’)ﬁ
Glutathione reductase 7.3-20,6 71406
Glutathione~S~transferase 56;0-1— 5:4 67.011.6
Glucose-6-phosphate dehydrogenase:| 6.9+0,8 | 7.8+40,5
Glutathione, pmoles /g tissue 0.660,06 | 0,65-0,06
Protein, mg/g tissue 78,6::3,5 (71,147

Note. Catalase activity expressed in
relative units (x10%). Number of animals
in each group was 8-10., *P < 0.01, **P <
0.001 compared with control.

lation medium (final' protein concentration 1.3-1.5 mg/ml). After incubation for 25-30 min in

a darkened thermostat at 30°C spontaneous CL was measured in the sample {zero time). Next,
the ILPO initiators (FeCl,/ADP and ascorbate) were added to the flasks and, after certain time
intervals, the increase in. CL was recorded. Flasks containing 5 ml of isolation medium were
used as the control. The measuring procedure with each flask took at least 30 sec. The CL
level was expressed in pulses per minute per sample. The measurements were made on a Roche
Bioelectronique liquid) scintillation counter (France), with two-channel pulse counting. The
rate of accumulation of products reacting with TBA was determined in the total fraction of
particles by the method in [4]. Each sample contained 0.4-0.5 ml protein of particles in a
final volume of 1 ml; duration of incubation (37°C) in the presence of LPO inhibitors was 30
min. The rate of accumulation of TBA-products was expressed in nanamoles/min/mg protein.

The quantity of reduced glutathione in the heart tissues was investigated with the aid of
Elman's reagent [11]. Protein was determined by Lowry's method.

EXPERIMENTAL RESULTS

Chronic alcoholic intoxication was accompanied by a moderate increase in the relative
weight of the rat heart (control 0.287 * 0.012%, experiment 0.321 * 0.019%; P < 0.001, n = 9),
although the absolute weight of the organ was unchanged (0.78 * 0.02 and 0.76 + 0.03 g re-
spectively). The difference can be explained by the unequal increase in body weight, which
was smaller in animals of the experimental group (239 + 13 g) than in the control (271 + 7 g,
P < 0.05). Under the influence of ethanol the specific catalse activity in the rat heart
homogenate was increased (Table 1), confirming activationof this enzyme during long-term
alcohol intake reported in the literature {7]. It will be clear from Table 1 that, parallel
with the increase in catalase activity in the nuclear-free myocardial homogenate, activity
of the key enzyme of the peroxisomal chain for B-oxidation of fatty acids, namely peroxide-
generating acyl-CoA-oxidase, also was increased. According to preliminary results, activity
of this enzyme in the liver, like activity of other components of the peroxisomal B-oxidation
chain, is unchanged by ethanol. No differences likewise could be found in activity of other
peroxisomal peroxide-generating oxidases in the liver and heart: urate oxidase, D-amino-acid
oxidase, and L-a-hydroxy-acid oxidase. Under these circumstances activity of the last two
enzymes in heart tissue was lower than 0.05 nmole/min/mg protein of the homogenate, whereas
urate oxidase activity could not be detected either in the control or in the experimental
samples. Unlike catalase, other components of the antioxidative enzyme system of the cardio-
myocytes did not change their activity during long-term ethancl intake {Table 1). No changes
likewise were found in the content of the reduced form of glutathiome in. the freshly-iso-
lated heart homogenate (Table 1). Incidentally, activity of the majority of enzymes of anti-
oxidative cell protection in heart tissue was found to be substantially lower than in the
liver (data not given).

To study the effect of ethanol on the level of peroxidation processes in the rat myo-
cardium two independent experimental approaches were used: determination of the concentration
of LPO products interacting with TBA, and also direct measurement of the velocity of the LPO
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chain process on the basis of intensity of CL, mainly determined by recombination of the

free radicals [2]., To activate LPO, substances most widely used in experimental practice

(FeCly and ADP) were used, with ascorbic acid as the iron-reducing agent. The mechanism of
activation of LPO by the agents mentioned above has been studied in fair detail [5]. In both
cases the results unequivocally demonstrated activation of peroxidation processes in the car-
diomyocytes during long-term alcohol intake by the rats. The CL level in the nuclear-free
heart homogenate of rats of the experimental group imcreased on average by 3-4 times compared
with the control, whereas the rate of accumulation of TBA-products in the fraction of parti-
cles was doubled.

On the whole the results indicate a possible role for activation of peroxidation pro-
cesses in the pathogenesis of experimental alcochol cardiomyopathy, developing in rats in re-~
sponse to combined administration.of ethanol and aminotriazole. In particular, the need for
the combined action of the catalase.-inhibitor and of alcohol on the heart tissue can be under-
stood and in this case, on the one hand there is an increase in the peroxide-producing capa~
city of the peroxisomes on account of activation of acyl-CoA-oxidase, whereas on the other hand
hand there is inhibition of the detoxicating function of catalyase by aminotriazole. It will
be evident that it is only under those conditions that maximal exhaustion of the compensatory
powers of the cardiomyocytes and the rapid development of the pathological process, due to
induction of LPO, can arise.

The authors are grateful to Senior Scientific Assistant V. A. Gusev, and Junlor Scien~-
tific Assistants S. V. Pirozhkov and S. V. Popova.

LITERATURE CITED

1, V. D. Antonenkov, S. V. Popova, and L. F. Panchenko, Vopr. Med. Khimii, Wo. 6, 79 (1983).
2. Yu. A, Vlad1m1rov and A. I. Archakov, Lipid Peroxidation in Biological Membranes [in
Russian], Moscow (1972).
3. A. M, Vikhert and V. G. Tsyplenkova, Arkh. Patol., No. 1, 14 (1984),
4, L. F. Panchenko, A, M. Gerasimov, and V. D. Antonenkov, The Role of Peroxisomes in Cell
Pathology [in Russian], Msocow (1981).
5. J. Basson, K. L. Hartley, and N. Morgan, Biochem. Pharmacol., 30, 2299 (1981).
6. V. Dommes, C. Baumgart, and W. Kunau, J. Biol. Chem., 256, 8259 (1981).
7. H. Fahimi, M. Kino, L. Hicks, et al., Am. J. Path., 96, 373 (1979).
8. S. Fairhurst, D. J. Barber, B. Clack, and A. A. Horton Biochim, Biophys. Acta, 752,
491 (1983).
9. W. H. Habig, M. J. Pabst, and W. B, Jakoby. I. Biol. Chem., 249, 7130 (1974).
10.  J. M. McCord and J. Fridovich, J. Biol. Chem., 244, 6049 (1969).
11. J. R. Mitchell, D. J. Jollow, W. Z, Potter, et al., J. Pharmacol. Exp. Ther., 187, 211
(1973).
12. J. Norseth and M. S. Thomassen, Biochim. Biophys. Acta, 751, 312 (1983).
13. L. F. Panchenko, V. D. Antonenkov, and A. M. Gerasimov, Int. J. Biochem., 7, 409 (1976).
14, T. F, Slater and B. C. Sawyer, Biochem. J., 123, 805 (1971).
15. B. A. Svingen, J. A. Buege, F, 0. 0'Neal, et al., J. Biol. Chem., 254, 5892 (1979).

1525



