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1. Introduction

Data presented in [1] show that acute ethanol

administration to rats stimulates hepatic lipoperoxida-

tive processes in conditions of maximal depletion of

the content of reduced glutathione (GSH). Apart from

the content of tissue GSH, the levels of vitamin E as

well as the activity of the enzymes related to peroxide
metabolism have been suggested to contribute to the
maintenance of the antioxygenic capacity of the liver

cell [2—4].

This work deals with the influence of acute ethanol
ingestion on liver lipoperoxidation in relation to the
activity of:

(i) Superoxide dismutase and catalase as an antioxi-
dant system preventing lipoperoxide formation
by free radicals,

(i) Glutathione (GSH)-peroxidase and glutathione
(GSSG)-reductase as a detoxifying system
decomposing hydroperoxides and hydrogen per-
oxide (H,0,) to inactive metabolites [4].

2. Experimental

2.1. Enzyme activity assays and measurement of
diene conjugation
Determinations were performed in male Wistar rats
(Facuitad de Medicina Occidente, Universidad de
Chile) (150200 g) fasted overnight (16 h) and after
6 h oral administration of 5 g ethanol/kg as a 40%
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(w/v) solution in saline. Saline and isocaloric glucose
controls were carried out asin [1]. For enzyme activ-
ity assays, the livers were washed and homogenized in
cold 0.15 M KC1(25%, w/v). GSH-peroxidase was
assayed in diluted homogenates (1:40) by measuring
decreases in 4 339 due to NADPH oxidation by added
glutathione reductase [5]. The activities of superoxide
dismutase [6], catalase [6] and GSSG-reductase [7]
were determined in supernatants after centrifugation
of original homogenates at 30 000 X g for 10 min.
Superoxide dismutase was estimated by the inhibition
of the reduction of nitroblue tetrazolium (NBT) by
superoxide (O%) generated by photoreduction of ribo-
flavin [6]. One unit of activity is defined as the
amount of enzyme producing 50% inhibition of the
reduction of NBT to formazan observed in the blank
[6]. Catalase activity was measured by determining
residual H,0, by light emitted from oxidation of
luminol by horse radish peroxidase [6] and results
are expressed as Sigma units/mg protein (one unit
will decompose 1.0 umol H,0,/min at pH 7.0 at
25°C, while the H,0, concentration falis from
10.3-9.2 umol/ml reaction mixture). Microsomal
NADPH oxidase was measured as in [8]. Formation
of diene conjugates was determined at 233 nm in the
original liver homogenates and results are expressed
as umol hydroperoxide/mg protein by using the e
2.52 X 10* M™! [9]. Proteins were measured as in
[10]. All the reagents used were purchased from
Sigma (St Louis). Results are expressed as means

+ SEM, and significance of the effect of alcohol treat-
ment was assessed by the Student’s #-test for unpaired
data.
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3. Results and discussion

The administration of a single dose of 5 g ethanol/
kg to rats fasted overnight produced a 26—-34%
increase in liver lipoperoxidation when compared to
saline or glucose control animals, measured as forma-
tion of diene conjugates (table 1A). This is in agree-
ment with previous studies in which the effect of
ethanol treatment on the lipoperoxidative capacity of
the liver cell was estimated by either the same proce-
dure [3], malondialdehyde production [1,11], chemi-
luminescence [12] or in vivo ethane [13] or pentane
[14] exhalation in the rat.

The alcohol-induced enhancement of liver lipoper-
oxidation was found to occur concomitantly with a
40% increase in the activity of superoxide dismutase
(table 1B), a finding that could conceivably represent
an adaptive change to an elevated supply of superoxide
anions (03). In fact, the activity of the microsomal
NADPH oxidase, an enzyme known to generate O3
[15], was found to increase by 39—-45% in this condi-
tion (table 1B). Furthermore, the microsomal
NADPH-cytochrome ¢ reductase and cytochome Pyg,
may produce significant amounts of O3 as well as
H,0, [16—18] and that they are involved in the
activity of the intact and reconstituted microsomal
ethanol-oxidizing system [19]. Apart from these
microsomal enzymes, xanthine oxidase and aldehyde
oxidase, cytosolic enzymes secondarily involved in
the oxidation of acetaldehyde arising from ethanol
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metabolism, are responsible for a minor fraction of
cellular OF generation [4,20]. This evidence would
suggest a greater production of O3 in the rats intoxi-
cated with ethanol for 6 h, which exhibit blood
alcohol levels of 378 mg/100 ml (82.2 mM) [1], than
the corresponding control animals given saline or iso-
caloric glucose.

The increase in the activity of liver superoxide dis-
mutase found after acute ethanol treatment (table 1B)
would protect the liver against the lipoperoxidative
action of O3, but, at the same time, it will generate
H,0,. Although no changes in the activity of catalase
and the glutathione peroxidase—reductase couple
were found in vitro in these conditions (table 1B),
handling of H,0; could be deficient because catalase
is primarily concerned with the disposal of peroxi-
somal H,0, [4] and the glutathione peroxidase—
reductase couple could become ineffective in situ due
to the drastic GSH depletion induced by ethanol
intoxication [1]. In fact, liver GSH levels are decreased
to ~2 mM in this condition {1], a value that is below
the K of GSH-peroxidase for GSH (3 mM) [21].
Hydrogen peroxide, in turn, can produce hydroxyl
radicals (HO") by the Haber-Weiss and/or the Fenton
reactions [4], a free radical that seems to be more active
than O3 in determining lipoperoxidation [22]. In line
with these suggestions are the findings that hydroxyl
radical scavengers effectively reduce the oxidation of
ethanol by intact microsomes [23] or in a reconsti-
tuted microsomal ethanol-oxidizing system [24],

Table 1
Effect of acute ethanol ingestion on the formation of diene conjugates and on the activity of the enzymes related to peroxide
metabolism in rat liver

Treatment Saline Glucose Ethanol Effect (%) P

A Diene conjugation (6) 0.19+ 0.008 0.18+ 0.017 0.24+ 0.02 +26-34 0.005
(umol hydroperoxide/mg protein)

B. Enzyme activities
Superoxide dismutase (8) 534 + 7.9 524 £ 9.2 74.0 + 84 +39-41 0.02
(units/mg protein)
Catalase (6) 1342 +309 1358  +438 1358  +337 + 0- 1 N.S.
(Sigma units/mg protein)
Glutathione peroxidase (8) 54 + 1.8 5.7 + 1.8 53 + 13 -2-7 N.S.
(umol NADPH/mg protein/min)
Glutathione reductase (8) 46 + 0.7 48 + 1.1 4.1 = 0.6 -11-14 N.S.
(umol NADPH/mg protein/min)
NADPH oxidase (7) 69 + 0.6 66 + 04 9.6 + 1.0 +39-45 0.05

(umol NADPH/mg protein/min)

Animals fasted overnight (16 h) were given a single dose of 5 g ethanol/kg and were sacrificed 6 h later. Control rats received
isovolumetric amounts of saline or isocaloric amounts of glucose. The number of animals used is shown in parentheses. P values
correspond to the significance of the effect of ethanol treatment compared to saline or glucose control groups
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while the addition of superoxide dismutase, which
scavenges O3, has no effect [24].

In conclusion, stimulation of hepatic lipoperoxida-
tion by acute ethanol ingestion could be the result of
an enhanced HO" generation, which, in turn, could
derive from H,0, produced by an increased metabo-
lism of O3. GSH depletion [1] would contribute to the
effect by limiting the disposal of H,0, and hydroper-
oxides through GSH-peroxidase.

Acknowledgements

This work was supported in part by grants
M 308792 and B 691—-802 from the Servicio de
Desarrollo Cientifico, Artistico y de Cooperacién
Internacional, Universidad de Chile. The secretarial

assistance of Miss V. Penjean is gratefully acknowledged.

References

[1) Videla, L. A., Ferndndez, V., Fernandez, N., Ugarte, G.
Valenzuela, A. and Villanueva, A. (1980) FEBS Lett.
111,6-10.

[2] Bieri, J. G. and Anderson, R. A. (1960) Arch. Biochem.
Biophys. 90, 105-110.

[3] Di Luzio, N. R. (1973) Fed. Proc. FASEB 32,
1875-1881.

[4] Chance, B., Sies, H. and Boveris, A. (1979) Physiol.
Rev. 59, 527-605.

[5] Paglia, D. E. and Valentine, W. N. (1967) J. Lab. Clin.
Med. 70, 158-169.

[6] Maral, J., Puget, K. and Michelson, A. M. (1977) Bio-
chem. Biophys. Res. Commun. 77, 1525-1535.

FEBS LETTERS

February 1980

[7] Pinto, R. E. and Bartley, W. (1969) Biochem. J. 112,
109-115.

[8] Gillette, J. R., Brodie, B. B. and La Du, B. N. (1957) J.
Pharmacol. Exp. Ther. 119, 532-540.

[9] Buege, J. A. and Aust, S. D. (1978) Methods Enzymol.
52,302-310.

[10] Lowry,O.H. Rosebrough, N.J., Farr, A. L. and Randall,
R.J. (1951) J. Biol. Chem. 193, 265-275.

[11] Comporti, M., Benedetti, A. and Chieli, E. (1973)
Lipids 8, 498-502.

[12] Di Luzio, N. R. and Stege, T. E. (1977) in: Alcohol and
the Liver (Fisher, M. M. and Rankin, J. G. eds)
pp. 4562, Plenum, New York.

[13] Koster, U., Albrecht, D. and Kappus, H. (1977) Toxicol
Appl. Pharmacol. 41, 639-648.

[14] Litov, R. E., Irving, D. H., Downey, ]. E. and Tappel,
A.L.(1978) Lipids 13, 305-307.

[15] McCay, P. B. and J. L. Poyer (1976) in: The Enzymes
of Biological Membranes (Martonosi, A., ed.) vol. 4,
pp. 239--256, Plenum, New York.

[16] Sligar, S. G., Lipsconeb, J. D., Debrunner, P. G. and
Gonsalus, J. C. (1974) Biochem. Biophys. Res. Commun.
61, 290--296.

[17] Mishin, V., Pokrovsky, A. and Lyakovich, V. (1976)
Biochem. J. 154, 307-310.

[18] Lai, C.-S., Grover, T. A. and Piette, L. H. (1979) Arch.
Biochem, Biophys. 193, 373-378.

[19] Ohnishi, K. and Lieber, C. S. (1977) J. Biol. Chem. 252,
7124 -7131.

[20] Massey, V., Strickland, S., Mayhew, S.G., Howell, L. G.,
Engel, P. C., Matthews, R. G., Schuman, M. and Sullivan,
P. A. (1969) Biochem. Biophys. Res. Commun. 36,
891-897.

[21] Little, C., Olineslu, R., Reid, K. G. and O’Brien, P. J.
(1970) 1. Biol. Chem. 245, 3622-3636.

[22] Fridovich, I. (1975) Ann. Rev. Biochem. 44, 147-159.

[23] Cederbaum, A. L., Dicker, E., Rubin, E. and Cohen, G.
(1977) Biochem. Biophys. Res. Commun. 78,
1254-1262.

[24] Ohnishi, K. and Lieber, C. S. (1978) Arch. Biochem.
Biophys. 191, 798-803.

13



