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Abstract--Cellular protection against free radical reactions was measured in myocardium from ethanol- 

fed rats using ethanol administration in drinking water as a model of moderate alcohol intoxication. 
The activities of Cu,Zn-superoxide dismutase (SOD) and glutathione-S-transferase were higher in 
ethanol-fed rats than in controls, whereas Mn-SOD, catalase and glutathione peroxidase activities were 
not altered by ethanol treatment. Myocardial zinc was higher and selenium concentration lower in 
ethanol-fed rats than in controls. Ethanol consumption, which failed to modify the myocardial vitamin 
E level, did not result in increased lipid oeroxidation, but decreased cytosolic and membraneous protein 

thiols. 

The contribution of free radicals to heart disease has 
been emphasized and oxidative stress has been 
suggested to represent a fundamental mechanism in 
the production of myocardial injury [l]. 

Whereas the association between chronic ethanol 
consumption and myocardial disturbances is well 
recognised [2,3], the pathogenesis of these dis- 
turbances has not been established fully. However, 
enhanced lipid peroxidation resulting from ethanol 
administration could play an important role in the 
ethanol-induced impairment of myocardial function 
V-61. 

Ethanol-induced changes in the myocardial 
antioxidant defence could be responsible, at least 
partly, for such disturbances in lipid peroxidation. 
Studying the ethanol-induced changes in the activity 
of rat heart antioxidant enzymes, Antonenkov and 
Panchenko [7] reported that chronic ethanol 
administration resulted in an increase in catalase 
activity without significant changes in the activity of 
the other enzymes studied [7]. Overt cardiomyopathy 
being apparent only when the rats were administered 
3-amino-1,2,4-triazole, a catalase inhibitor, together 
with ethanol, the probable role of catalase in the 
pathogenesis of alcoholic cardiomyopathy was 
suggested [8,9]. This however appears questionable, 
since catalase appears to play a minor role 
as compared to glutathione peroxidase in the 
detoxification of hydrogen peroxide in the rat heart 
[lo, 111. 

The present study was initiated to determine the 
effects of chronic ethanol administration on the 
various enzymes involved in the antioxidant defence 
[Cu,Zn- and Mn-superoxide dismutases (SODS?) 
(EC 1.15.1.1), catalase (EC 1.11.1.6), glutathione 
peroxidase (EC 1 .ll. 1.9) and glutathione S- 
transferase (EC 2.5.1.18)], as well as on (Y- 

* Corresponding author. Tel. (33) 1-42 86 22 20; FAX 
(33) l-42 86 04 02. 

t Abbreviations: SOD, superoxide dismutase; t-BOOH, 
r-butylhydroperoxide; TBARS, thiobarbituric acid reactive 
substances. 

tocopherol, the main membraneous lipid soluble 
chain-breaking antioxidant. Due to their possible 
involvement in free radical mechanisms, iron, 
copper, zinc, manganese and selenium levels have 
also been studied. Furthermore, changes in lipid 
peroxidation and protein thiol oxidation, which may 
be linked to an ethanol-induced oxidative stress, 
have been considered. 

This study was undertaken using ethanol adminis- 
tration in drinking water as described by Prasad et 
al. [12]. According to these authors, the rat on 10% 
(v/v) ethanol in the drinking water is a reasonable 
model for studying the effects of moderate alcohol 
consumption on specific biochemical pathways. 

MATERIALS AND METHODS 

Experimental animals. Male Sprague-Dawley rats 
weighing approximately 1OOg at the start of the 
experiment were maintained on a standard laboratory 
diet (Iffa-Credo, U.A.R., France) containing 64% 
of energy as carbohydrate, 11% as lipid and 25% as 
protein. The vitamin E content of the diet was 
150mg/kg. Control rats had tap water as drinking 
fluid, whereas experimental animals received as sole 
drinking fluid an aqueous ethanol solution (10% v/ 
v) for 4 weeks. The ethanol intake of these animals 
amounted to 7-9 g/kg body weight/day, representing 
about 18% of total energy intake. The body weight 
gains were similar in the control and experimental 
groups. 

At the end of the experimental period, rats were 
fasted for 16 hr. However, access to the ethanol 
drinking fluid was maintained to prevent any possible 
withdrawal stress. The animals were killed by 
decapitation and the hearts removed immediately 
and washed in ice-cold 0.15 M NaCl. A sample of 
the heart was frozen in liquid nitrogen until used for 
the analysis of the non-heme iron and trace element 
contents. The remaining heart was homogenized and 
used for the determinations of enzymatic activities. 

Tksue homogenization and preparation of sub- 
cellular fractions. A 10% (w/v) homogenate in 
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Table 1. Effects of chronic ethanol administration on enzymatic free radical defence 

Cu,Zn-SOD U/mg protein) 
Mn-SOD (U \ mg protein) 
Catalase (mU/mg protein) 
Glutathione peroxidase (H202) 

(nmol/min/mg protein) 
Glutathione peroxidase (I-BOOH) 

(nmol/min/mg protein) 
Glutathione S-transferase (CDNB) 

(nmol/min/mg protein) 

Control rats 

19.39 f 1.73 (12) 
16.32 rt_ 1.62 (12) 
19.14 ” 2.58 (12) 

183.84 ‘_ 13.32 (12) 

148.99 2 6.66 (12) 

48.55 + 1.78 (12) 

Ethanol-fed rats 

23.38 f 1.95t (12) 
16.77 5 1.91* (12) 
18.61 ? 2.16* (I 1) 

176.78 + 17.12* (12) 

141.63 f 8.67* (12) 

53.78 2 2.99t (12) 

Ethanol-treated rats were given 10% ethanol (v/v) as sole drinking fluid for 4 weeks. 
Results are expressed as means 2 SEM. The number of animals is shown in parentheses. 
* P > 0.05; t P c: 0.01 vs control value. 
CDNB, 1-chloro-2-4-dinitro benzene. 

Table 2. Non-heme iron and trace elements in rat myocardium after chronic 
ethanol administration 

Control rats Ethanol-fed rats 

Non-heme iron ( ,ug/g) 
Copper ( pg/g) 
Zinc ( yg/g) 
Manganese ( yglg) 
Selenium ( yg/g) 

78 + 5 (12) 79?6* (12) 
5.50 r 0.34 (12) 5.69 r+ 0.40* (12) 

16.55 “_ 1.46 (12) 19.65 ? l.Olt (12) 
0.39 -c 0.03 (6) 0.41 ? 0.03* (6) 
1.55 t- 0.15 (12) I .25 2 0.08t (12) 

Results are expressed as means 2 SEM. The number of animals is shown in 
parentheses. 

* P > 0.05; t P < 0.01 vs control value. 

0.25 M sucrose was prepared for the determination 
of catalase activity or in a solution containing 
KC1 (25mM), MgClz (5 mM), EDTA (1 mM), 
dithiothreitol(O.1 mM) and Tris (50 mM) pH 7.2 for 
that of glutathione peroxidase and S-transferase 
activities. Homogenates were then centrifuged at 
3000g for 10 min and supernatants were used for 
the determination of enzyme activities. 

Cytosolic, mitochondrial and microsomal fractions 
were obtained by differential centrifugation as in 
Ref. 13 and used for the determination of SOD 
activities and vitamin E content. 

Assay of enzyktic actiuities. Cu, Zn-SOD and 
Mn-SOD were assayed following McCord and 
Fridovich [14] as described in Ref. 15. Catalase 
activity was determined spectrophotometrically by 
measuring the decrease in absorbance of H202 at 
240nm [16]. Glutathione peroxidase was assayed 
using HzOz (0.25 mM) or t-butylhydroperoxide 
(t-BOOH) (0.20mM) as described in Ref. 17. 
Glutathione S-transferase activity was measured 
using l-chloro-ZCdinitro benzene (1 mM) by the 
method described by Habig et al. [18]. 

Vitamin E. cu-Tocopherol was determined by 
HPLC following Vatassery and Hagen [19] as 
described in Ref. 20. 

Trace elements. Copper, zinc and manganese were 
determined by flame atomic absorption spectrometry 
after acidic extraction and selenium was measured 

by furnace graphite atomic spectrometry with 
Zeemann correction [21]. Non-heme iron was 
determined after trichloracetic/hydrochloric acid 
extraction by inductively coupled plasma atomic 
spectrometry (211. 

Assay of thiobarbituric acid reactive substances 
(TEARS). Lipid peroxidation was evaluated from 
the formation of thiobarbituric acid reactive 
substances (TBARS) as described in Ref. 22 after 4 
or 8 weeks of ethanol feeding. 

Determination of sulfhydryl contents in heart 
proteins. Protein thiols were determined following 
Sedlak and Lindsay [23] separately in two heart 
fractions, one corresponding to the cytosol(lO5,OOO g 
supernatant), the other including all cell mem- 
braneous structures together (150,000 g pellet) as 
described by Pompella et al. [24]. 

Other experimental procedures. Protein con- 
centration was determined by the method of Lowry 
et al. [25]. Ethanol concentrations were determined 
as described by Polkins and Mackell [26]. 

Expression of results. Results were expressed as 
means * SEM. Values obtained in the ethanol-fed 
and control groups were compared by Student’s t- 
test. 

RESULTS 

In accordance with Ref. 12, the consumption of 
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Table 3. Effects of chronic ethanol feeding on TBARS in rat heart homogenates 

TBARS 
(nmol malonaldialdehyde/mg protein) 

Group I Group II Group III 
Treatment (N = 6) (N = 6) (N = 12) 

Controls 0.29 ” 0.03 0.25 ” 0.03 0.27 f 0.07 
Ethanol-treated 0.32 2 0.03” 0.25 2 0.03* 0.18 -+ 0.02t 

Group I: animals fed ethanol (10% v/v) for 4 weeks. 
Group II: animals fed ethanol (10% v/v) for 4 weeks and injected with ethanol 

(25 mmol/kg, i.p.) 2 hr before killing. The control rats received only ethanol 
(25 mmol/kg, i.p.) 2 hr before killing. 

Group III: animals fed ethanol (10% v/v) for 8 weeks. 
Results are expressed as means * SEM. The number of animals is shown in 

parentheses. 
* P > 0.05; t 0.02 > P > 0.01 vs control value. 
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10% ethanol in drinking water had no significant 
effect on the weight gain or total caloric intake when 
compared to that of control animals. Blood level 
of ethanol measured at the end of the ethanol- 
feeding period (4 weeks) was 7.8 2 0.5 mM. 

The activities of cytosolic Cu,Zn-SOD were 
significantly increased, whereas mitochondrial Mn- 
SOD activities were unchanged after chronic ethanol 
administration (Table 1). Catalase and Se-glutathione 
peroxidase activities (measured with Hz02 or f- 
BOOH as substrates) were unaffected by chronic 
ethanol feeding, whereas glutathione S-transferase 
activities were significantly higher in the hearts of 
ethanol-fed rats (Table 1). 

The myocardial content of non-heme iron was not 
modified by ethanol feeding (Table 2). However, 
ethanol-fed rats had significantly higher levels of 
heart zinc, whereas the concentration of copper and 
manganese did not differ from the controls. In 
contrast, the selenium content was significantly 
decreased after chronic ethanol administration 
(Table 2). 

No enhanced production of TBARS was induced 
in the heart by chronic ethanol feeding either alone 
or followed by an acute ethanol load (25 mmol/kg, 
i.p.) 2 hr before killing (Table 3). When ethanol 
feeding was prolonged for 8 weeks, TBARS were 
significantly lower in the heart homogenate from 
ethanol-fed rats as compared to the controls. 

Chronic ethanol administration did not modify LY- 
tocopherol levels of the whole heart homogenates 
(36.59 + 2.23 vs 36.88 -C 2.53pg/g heart in 11 
controls and 11 ethanol-treated rats, respectively; 
P > 0.05). The ly-tocopherol content of the mito- 
chondrial fraction (0.28 2 0.02 vs 0.26 2 0.01 pg/mg 
protein) and the microsomal fraction (0.65 r 0.05 vs 
0.64 2 0.07 pg/mg protein) were also not statistically 
different in the same controls and ethanol-treated 
rats. In contrast, protein thiols were decreased in 
both the soluble and the membraneous fraction of 
homogenates from ethanol-fed rats (Fig. 1). 

DISCUSSION 

The observed significant increase in Cu,Zn-SOD 

m co”trol 

a Ethanol 

Cytosol Membranes 

Fig. 1. Protein thiols in the soluble and membraneous 
fractions of rat myocardial homogenates after chronic 
ethanol administration. Results are expressed as means I 
SEM with six rats in each group. **P < 0.01 vs control 

value. 

activity was unexpected, since ethanol administration 
has been reported to decrease the activity of this 
enzyme in various rat tissues, such as the liver 
[15,27-291 and brain [30,31]. However, enhanced 
Cu,Zn-SOD activity following chronic ethanol 
administration has been reported previously in the 
lung [32], a tissue which shares with the myocardium 
the characteristic of high oxygen utilization. The 
activity of the heart enzyme has also been reported 
to be elevated after an acute exercise bout as 
compared to the resting values [33]. This last finding 
led to the suggestion that the increased Cu,Zn-SOD 
activity may be related to an enhanced free radical 
generation inside the cardiac cell [33]. Such a 
mechanism may also account for the ethanol-induced 
increase in myocardial Cu,Zn-SOD activity observed 
in the present study. 

Contrasting with this enhancement, no significant 
changes were observed here in catalase and 
glutathione peroxidase activities. The resulting 
disturbances in the ratio of antioxidant enzymes 
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could induce an increased generation of reactive 
species damaging for the cell. A decrease in the ratio 
(glutathione peroxidase + catalase) to SOD has thus 
been reported during the progressive development 
of cardiomyopathy in hamsters with a genetic 
predisposition to a fatal cardiomyopathy [34]. The 
lack of changes in catalase activity appears in 
contradiction with previous reports of enhanced 
activity of this enzyme in alcohol-treated rats [7, 8, 
35, 361. Since lipids or lipid metabolism appear to 
play a primary role in the changes in catalase activity 
[36] it may be suggested that the discrepancies 
between the data previously reported and the present 
data concerning ethanol-induced changes in heart 
catalase activity are linked to the much higher dietary 
lipid level in the previous reports as compared to 
the present report. The decrease in heart selenium 
content did not affect the Se-dependent glutathione 
peroxidase which plays a major role in myocardial 
hydrogen peroxide detoxification [lo, 111. However, 
it appears that the decrease in the tissular selenium 
content could disturb selenoproteins acting as 
antioxidants, but different from glutathione per- 
oxidase [37]. One may recall that selenium 
bioavailability may be an important factor in heart 
diseases [38]. 

Contrasting with the lack of changes in heart 
glutathione peroxidase activity, we observed a 
significant increase in the activity of glutathione S- 
transferase in the ethanol-fed rats. Since glutathione 
S-transferase can be activated by zinc [39], the 
enhanced activity observed here in the hearts of 
ethanol-fed rats may be linked to the ethanol- 
induced increase in myocardial zinc concentration. 
This enhancement in glutathione S-transferase 
activity may represent an adaptative response 
alleviating the toxic effects of ethanol on the 
heart. Glutathione S-transferases are actually 
multifunctional proteins which are involved in the 
protective mechanisms against the deleterious actions 
of toxic substances and/or of their metabolites. 
However, glutathione transferases could also be 
involved in rat myocardium in a non-oxidative 
pathway of ethanol metabolism leading, as in human 
heart, to the generation of fatty acid ethyl esters 
(401. Such esters may contribute to the myocardial 
disturbances in ethanol-fed rats. Nevertheless, fatty 
acid ethyl ester synthesis could involve enzymes 
different from glutathione S-transferase [41]. 

Besides contributing possibly to the enhanced 
glutathione S-transferase activity, the increase in 
myocardial zinc concentration may play a role in the 
antioxidant defence by decreasing the susceptibility 
of specific sulfhydryl groups to oxidation and/or by 
competing with prooxidant metals for binding sites, 
thus decreasing their ability to transfer electrons in 
a particular environment [42]. It has been shown 
recently that tissular zinc and metallothionin levels 
are increased by a wide range of radical-generating 
agents (431. It can therefore be suggested that the 
increase in the myocardial zinc level reported here 
in alcohol-fed rats is induced by a prooxidative effect 
of ethanol administration in the heart and may 
represent an adaptative mechanism acting against 
this prooxidative effect. Furthermore, zinc being 

implicated in the stabilization of Cu,Zn-SOD could 
contribute to the increase in this enzyme activity. 

The lack of enhanced lipid peroxidation observed 
here in the heart of ethanol-fed rats may be linked 
to the maintenance of a normal a-tocopherol level 
in the tissular homogenates, as well as in the 
microsomal and mitochondrial subcellular fractions. 
A lack of ru-tocopherol disturbances in the heart of 
ethanol-treated rats had been reported previously 
by Bj0rneboe et al. [44]. The increased myocardial 
zinc content reported here could also be involved in 
the absence of lipid peroxidation disturbances since 
a drastic enhanced lipid peroxidation after chronic 
ethanol administration was observed by Coudray et 
al. [45] in zinc-deficient rats only. The increase in 
myocardial lipid peroxidation reported previously 
by other investigators after chronic ethanol feeding 
may be linked to the high lipid content of the diets 
[5,6]. It was thus reported that the generation of 
carbon-centered lipid radicals in the hearts of 
ethanol-fed rats was much greater in extent in rats 

fed ethanol together with a lipid-rich diet [46]. 
Whereas no significant changes in heart lipid 
peroxidation were apparent in the present study 
after 4 weeks of ethanol administration, a significant 
reduction in TBARS formation was observed in rats 
receiving ethanol for 8 weeks. As observed in the 
liver of ethanol-treated animals [29], changes in the 
membraneous fatty acid composition could be 
involved in the decrease in lipid peroxidation 
following sustained ethanol administration for 8 
weeks under our experimental conditions. Such 
changes in fatty acid composition have also been 
suggested [47] to play a prominent role in the 
pathogenesis of alcoholic cardiomyopathy in turkeys, 
in which ethanol produces an impairment in left 
ventricle function and disturbances in the antioxidant 
defence systems [48]. However the decrease in 
TBARS observed in these rats could also result, at 
least partly, from an ethanol-induced increase in 
myocardial aldehyde dehydrogenase activity [49], an 
enzyme which uses malonaldehyde as substrate. 

The decrease in myocardial protein sulfhydryl 
groups observed here in the cytosol as well as in the 
membranes from ethanol-fed rats appears to be a 
prominent finding. It has been shown previously that 
oxidation of protein thiols represents a more sensitive 
and specific marker of free radical mechanisms than 
lipid changes, at least in the vascular compartment 
[50]. It was furthermore suggested by Remmer et al. 
[51] that ethanol promotes oxygen radical attack on 
proteins rather than on lipids. The putative role of 
oxidative stress in toxicity from long-term exposure 
to ethanol is controversial because of contradictory 
evidence regarding the occurrence of lipid per- 
oxidation in tissues of ethanol-treated rats [52, 531. 
The ethanol-induced decrease in cardiac protein 
sulfhydryl groups reported here is probably linked 
to an oxidative stress and may play an important 
role in the disturbed activity of important myocardial 
enzymes, such as creatine kinase, that we reported 
recently in such ethanol-fed rats 1541. 
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