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ABSTRACT

In this study, the effect of a combination of vitamin C (ascorbic acid),
vitamin E (DL-α-tocopherol acetate), and selenium (sodium selenate) on
ethanol-induced liver damage in rats was investigated, morphologically
and biochemically. The ethanol-induced injury was produced by the
administration of 1 mL of absolute ethanol to each rat. Animals received
vitamin C (250 mg/kg), vitamin E (250 mg/kg), and selenium (0.5 mg/kg)
(ViCESe) for 3 d 1 h prior to the administration of absolute ethanol. In the
liver of the animals given ethanol, the degenerative changes such as
extreme hyperemia, vacuolization in cells of portal areas, a dilation in sinu-
soids, mononuclear cell infiltration, a swelling in cisternae of granular
endoplasmic reticulum and in mitochondrial cristae, an increase in smooth
endoplasmic reticulum, many lipid vacuoles were observed both light and
electron microscopically. A similar structure was usually distinguished
when compared with control animals, in rats given ethanol + ViCESe. In
this group, the findings indicating cellular damage were either not
observed at all or were decreased. In the group administered ethanol, a
reduction of the blood glutathione (GSH) level and increases in serum val-
ues of alanine aminotranserase (ALT), aspartate aminotransferase (AST),
lactate dehydrogenase (LDH), alkaline phosphatase (ALP), and γ-glutamyl
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transferase (GGT) activities were observed, whereas in the control group,
the reverse was found to occur. On the other hand, in the group in which
ethanol + ViCESe was administered, it was observed that the blood GSH
value and serum ALP and ALT activities increased and serum AST, LDH,
and GGT activities decreased. As a result, the present study indicates that
ViCESe because of their antioxidant activity against ethanol damage have
a protective effect on the liver.

Index Entries: Alcohol; liver damage; ascorbic acid; DL-α-tocopherol
acetate; sodium selenate; selenium; rat.

INTRODUCTION

Ethanol is a direct systemic toxin that produces injury to all tissues,
depending on the dose and duration of exposure. The degree of injury varies
among organ systems. The liver is predominantly responsible for ethanol
metabolism (1). Ethanol is extensively metabolized into cytotoxic acetalde-
hyde by alcohol dehydrogenase enzyme in the liver, and acetaldehyde is
oxidized to acetate by aldehyde oxidase or xanthine oxidase, giving rise to
reactive oxygen species (ROS) (2). The role of free radicals in the develop-
ment of alcoholic liver damage has been suspected since the early 1960s (3).
Although there are various hypotheses, little is known about the patho-
physiology and underlying cellular and molecular mechanisms of ethanol-
induced liver damage (4). Alcohol-induced oxidative stress is linked to the
metabolism of ethanol (3). Oxidative stress in the cells or tissues refers to
enhanced generation of ROS and/or a depletion in the antioxidant defense
system causing an imbalance between pro-oxidants and antioxidants (5).
The development of new and effective strategies to diminish the production
of oxidants and/or enhance intracellular and extracellular antioxidant
defenses in the liver offers great promise for the prevention and treatment of
liver disease (4). Among the mechanisms implicated in alcohol-dependent
liver disease, free-radical generation and lipid peroxidation appear to play
important roles (6). It has been reported that there is an increase in the for-
mation of free radicals following ethanol administration (7).

Antioxidants are essential in preventing the cellular damage caused
free radicals and free-radical-modified lipid peroxidation. In normal metab-
olism, there is a balance between the generation of free radicals and antiox-
idant defense mechanism. Excessive ethanol use commonly leads to vitamin
deficiency (1). Recent studies have shown that both vitamins C and E are
reduced in alcoholics (8). A number of investigations have revealed that vita-
min C, vitamin E, and selenium levels decreased by exposure to ethanol (9).
It is suggested that decreased hepatic α-tocopherol and increased lipid per-
oxidation after ethanol feeding may be of relevance for the issue of vitamin
E requirement (10). The antioxidant pretreatment data clearly indicated that
both vitamins C and E can prevent the generation of 1-hydroxyethyl radicals
following acute ethanol treatment. These antioxidants probably exert their
effects through their ability to scavenge reactive oxidants (9).
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Vitamins C and E or vitamin E and selenium exert synergistic effects in
the prevention of biological membranes from oxidants (9). Vitamin C is a
water-soluble hydrophilic antioxidant that protects cells from oxidative stress
by scavenging free radicals (11). Vitamin E is a family of lipid-soluble vita-
mins and acts as an antioxidant in cells, interrupting the propagation of lipid
peroxidation in the plasma membrane and thus preserving membrane
integrity (12). Selenium is an essential trace element and it may play several
roles in the human body and is an essential component of glutathione per-
oxidase (3). It is known that the antioxidant effect of selenium is associated
with its presence in the glutathione peroxidases, which are known to protect
DNA and other cellular components (13) and that α-tocopherol and selenium
are decreased in human blood plasma by excessive alcohol intake (14). In this
study, we examined whether vitamin C, vitamin E, and selenium (ViCESe)
have a protective effect against alcohol-induced liver injury in rats.

MATERIALS AND METHODS

Animals

Forty, 4- to 5-mo-old, female Spraque–Dawley rats weighing 200–250
g (Istanbul University Centre for Experimental Medical Research and
application [DETAM]) were used in this study. The animals were fed with
pellet chow and tap water ad libitum before the experiments and fasted for
24 h prior to the experiments. All rats were clinically healthy.

Experimental Design and Treatment of Animals

The animals were randomly divided into four groups: group I, intact
animals (control); group II, control animals receiving vitamin C (250
mg/kg/d for 3 d), vitamin E (250 mg/kg/d for 3 d), and sodium selenate
(0.5 mg/kg/d for 3 d); group III, animals receiving 1 mL absolute ethanol;
group IV, animals receiving ViCESe for 3 d 1 h prior to the administration
of absolute ethanol (in the same dose and time). The antioxidants and
absolute ethanol were given to rats by gavage.

Animal Model for Liver Damage

The damage was induced by oral administration at a constant volume
by 1 mL absolute ethanol per rat. The animals were sacrificed by ether 1 h
after treatment with absolute ethanol.

Histological Examination

The liver samples that were obtained were fixed in Bouin fixative and
embedded in paraffin after having completed the routine follow-up. Sec-
tions of 5 µm thickness stained with hematoxylin–eosin and Masson tri-
dye were examined under a Carl Zeiss Ultraphot II light microscope.
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Ultrastructural Examination

The liver tissue samples of 1 mm thickness were embedded in Epon
812 after having been prefixed in 2% glutaraldehyde prepared with
Sörensen’s phosphate buffer (pH 7.2), and postfixation in osmium tetrox-
ide of 1% was prepared with the same buffer. Ultrathin sections that were
obtained were examined under a Carl Zeiss EM 9 S-2 electron microscope.

Biochemical Assays

The blood samples were withdrawn by syringe from the heart. Bio-
chemical investigation was made in serum and blood. Biochemical
investigations of alanine amino transferase (AST), aspartate amino
transferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), and γ-glutamyl transferase (GGT) in serum were measured by
means of an autoanalyzer (Targa 3000 Biotechnica, Rome, Italy). Blood
glutathione (GSH) levels were measured according to the Beutler,
Duron, and Kelly method using Ellman’s reagent (15). GSH is reacted
with 5,5-dithiobis-2-nitrobenzoic acid (DTNB), resulting in the forma-
tion of a product with a maximal absorbance at 412 nm. Results were
expressed as milligram per deciliter.

The results were evaluated using an unpaired t-test and analysis of
variance (ANOVA) using the NCSS statistical computer package
(Kaysville, Utah, USA).

RESULTS

Light Microscopic Results

In the liver of the animals given ethanol, extreme hyperemia, vac-
uolization in cells of portal areas, a dilation in sinusoids, and mononuclear
cell infiltration were observed. A similar structure was distinguished, in
comparison to control group, in rats given ethanol + ViCESe. In this group,
the findings indicating cellular damage were either not observed or were
decreased (see Figs. 1–4).

Ultrastructural Results

A swelling in the cisternae of granular endoplasmic reticulum and
mitochondrial cristae, a dilation in perinuclear area, an increase in
smooth endoplasmic reticulum, and many lipid vacuoles were noted in
the hepatocytes of the animals given ethanol. There was no detectable
difference except less lipid vacuoles when compared with control ani-
mals in hepatocytes of rats given ethanol + ViCESe. In this group, the
findings indicating cellular damage were either not observed at all or
were decreased (see Figs. 5–7).
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Fig. 1. Normal histological appearance of the liver tissue of a control rat.
Masson. Magnification = 400×.

Fig. 2. Histological appearance of the liver tissue of the animal given ethanol.
Dilation in sinusoids (*), and mononuclear cell infiltration (MHI). Masson. Mag-
nification = 400×.

Fig. 3. Histological appearance of the liver tissue of the animal given ethanol.
Extreme hyperemia (→), vacuolization (▲). Masson. Magnification = 400×.

Fig. 4. Histological appearance of the liver of the animal given ethanol+ViCESe.
An ordinary appearance of the liver tissue as controls. Masson. Magnification = 400×.
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Biochemical Results

Serum AST, ALT, ALP, LDH, and GGT activities are presented in
Table 1. From the obtained results, values of AST in the serum in the group
administered ethanol have shown a significant increase when compared
with the control group (Pt-test = 0.0001); also, a significant decrease was
noted in the group administered ethanol + ViCESe compared to the group
administered ethanol (Pt-test =0.0001). According to Table 1, a significant
difference in the AST activities of the four groups was observed (pANOVA
=0.0001). When the ALT activities of rats administered ethanol were com-
pared with the values of the control group, a statistically significant increase
was determined (Pt-test= 0.0001). After the administration of ethanol +
ViCESe, an increase in ALT values in comparison to the group that was
administered only ethanol was observed (Pt-test=0.0001). A significant
increase of serum LDH activities in the group administered ethanol was
determined in comparison (Pt-test = 0.0001) to the control group, and when
LDH activities of the group administered ethanol + ViCESe were compared
with the group administered only ethanol, a statistically significant decrease
(Pt-test =0.0001) was determined. The activities of ALP in the serum in the
group administered ethanol showed a statistically insignificant increase
when compared with the control group (Pt-test = 0.001); also, a significant
increase in the group administered ethanol + ViCESe when compared to the
administered ethanol (Pt-test = 0.0001) was noted. According to Table 1 val-
ues, a significant difference in the serum LDH and ALP values of the four
groups were observed (pANOVA = 0.0001). In this study, a statistically signifi-
cant increase was observed in serum GGT values of the group administered
ethanol, in comparison with the control group (Pt-test = 0.0001). On the
other hand, in the group to which ethanol + ViCESe was administered, the
serum GGT activities decreased. A significant difference in the serum GGT
activities of the four groups was observed (pANOVA = 0.0001).

Blood GSH levels are presented in Table 2. From the obtained results,
values of glutathione in blood in the group administered ethanol have
shown a significant decrease when compared with the control group (Pt-
test = 0.004). Also, a significant increase in the group administered ethanol
+ ViCESe when compared to the group administered ethanol (Pt-test =
0.0001) was observed. According to Table 2, a significant difference in the
blood GSH levels of the four groups was observed (pANOVA = 0.0001).
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Fig. 5. An electron micrograph of the hepatocyte of a control animal. Magni-
fication = 10,800×.

Fig. 6. An electron micrograph of the hepatocyte of the animal given ethanol.
An increase of smooth endoplasmic reticulum (SER) and many lipid vacuoles (V).
Magnification = 10,800×.

Fig. 7. An electron micrograph of the hepatocyte of the animal given
ethanol+ViCESe. An ordinary appearance of hepatocytes as controls. Magnifica-
tion = 10,800×.
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DISCUSSION

Hepatocyte damage is an important event in the course of alcoholic
liver injury (3). Chronic ethanol administration induces oxidative stress and
increases lipid peroxidation of the cell membrane. This leads to increased
membrane fluidity, disturbances of calcium homeostasis, and, finally, cell
death (14). Oxygen-free-radical production in alcoholic liver is believed to be
a major mechanism of tissue injury. This hypothesis has found experimental
support by the use of an intragastric tube feeding model of chronic ethanol
administration. Intragastric infusion of ethanol results in the oxidation of
lipids and proteins, and the decrease in the antioxidant defense may con-
tribute to the extent of liver oxidative damage (16). Ethanol-induced hepatic
injury was indicated when it was found that acute ethanol intoxication
resulted in increased lipid peroxide formation and in a reduction in GSH
levels in the livers of rats. Reduction in the GSH content of the liver is a com-
mon feature of hepatotoxicity (17).

Vitamin E is an important antioxidant in biological systems and is read-
ily absorbed by the intestine. α-Tocopherol is present in the lipid bilayers of
biological membranes, where it may play a structural role (18). This vitamin
very efficiently scavenges lipid peroxyl radicals and thereby prevents the
lipid peroxidation process in an unhibited chain reaction. Tocopherol defi-
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Table 2
Mean (Mean ± SD) Levels of Blood Glutathione for all Groups

a Pt-test = 0.002 vs control groups.
b Pt-test = 0.004 vs control groups.
c Pt-test = 0.0001 vs ethanol groups.



ciency is characterized by a number of chronic health problems; there is
damage to cell membranes as a result of increased lipid peroxidation. Ascor-
bate has been shown to efficiently scavenge superoxide, hydrogen peroxide,
hypochloride, hydroxyl radicals, and peroxyl radicals and to restore the
antioxidant properties of fat-soluble α-tocopherol (19). Selenium is a natu-
rally occurring antioxidant and appears to preserve tissue elasticity by
delaying oxidation of polyunsaturated fatty acids. Selenium is an essential
component of glutathione peroxidase, whose main role is to decompose
safely mainly hydrogen peroxide and organic peroxides with the help of
reduced GSH (3). When combined, ViCESe play a complementary role in the
prevention of oxidative damage in cellular and subcellular membranes (20).

It is reported that the administration of α-tocopherol acetate to rats
reduced the hepatic triglyceride accumulation caused by ethanol (21). The
many lipid vacuoles observed in the group given ethanol in the present
study may be explained by hepatic triglyceride accumulation. In addition,
the increase in smooth endoplasmic reticulum indicates the accumulation
of lipid vacuoles, including triglycerides, in this group. Antioxidants,
mainly α-tocopherol, protect low-density lipoprotein (LDL) particles
against oxidation. This leads to their consumption, if they are not effec-
tively regenerated by antioxidants in the hydrophilic compartment, espe-
cially by ascorbic acid. Regular intake of vitamin E and other antioxidants
can thus retard the oxidative modification of LDL (22). Owing to its role in
the regeneration of α-tocopherol, ascorbate supplementation may be use-
ful. A supplementation in antioxidant micronutrient such as selenium may
present another effective means to reduce ethanol toxicity (23). Pharmaco-
logical antioxidants could have beneficial effects in reducing the incidence
of ethanol-induced changes in cellular lipids, proteins, and nucleic acids.
The antioxidants considered could act by reducing free-radical produc-
tion, trapping free radicals themselves, interrupting the peroxidation
process, or reinforcing the natural antioxidant defense (14). Oxygen-
derived free radicals mediate tissue damage. Among these radicals are the
superoxide anion and hydroxyl radical. These radicals promote lipid per-
oxidation and membrane damage by crosslinking to macromolecules (24).
Therefore, the radicals are detrimental to the integrity of biological tissues
and may be responsible for their injury (25). In this study, the results might
also indicate that free radicals might be involved in the pathogenesis of the
histological damage caused by ethanol in the liver.

Ethanol administration affects the generation of mitochondrial free
radicals (4). Short-term ethanol administration has been shown to increase
superoxide generation in liver mitochondria and in perfused rat liver (26).
The enhanced superoxide generation increases lipid peroxide and induces
mitochondrial dysfunction in rats that have been subjected to acute
ethanol exposure (27). Depletion of GSH may markedly increase the sus-
ceptibility to further mitochondrial dysfunction from oxidant stress pro-
duced by ethanol or simply from physiological consequences of aerobic
respiration and mitochondrial GSH as histological liver disease progresses
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(28). The opening of the pore is thought to induce the influx of water and
solutes, followed by mitochondrial swelling and the rupture of its outer
membrane, resulting in the release of cytochrome-c (4). The changes in the
electron transport chain and in the ATPase complex lead to slower respi-
ration in the presence of ADP in the ethanol-fed animals, leading to a
lower rate of ATP synthesis (29). The swelling in mitochondrial cristae
observed in our study may indicate a decrease in oxidative phosphoryla-
tion and a sign of histological liver damage.

Glutathione is synthesized in the cytoplasm of the liver cells and then
distributed through the circulatory/transport system into different organs
and subcellular compartments. Glutathione plays a major role as a reduc-
tant in oxidation–reduction process and also serves in detoxification (30).
In healthy subjects, GSH is very important for its powerful reducing capa-
bility of free radicals.

The ethanol or its metabolites can alter the balance in the liver toward
auto-oxidation, either acting as pro-oxidants, or reducing the antioxidant lev-
els, or both (8). The pathogenesis of alcohol-induced liver disease involves
the adverse effect of ethanol metabolites and oxidative tissue injury (31).

The liver is the most important organ in the metabolism of drugs and
other substances (32). Morphological alterations that occur in the liver
affect many metabolic processes in the organism. Chronic and acute
administration of ethanol to rats could lead to a variety of pathological
changes and ultrastructural abnormalities in the liver (33). Liver cell
destruction shows its effects by an impairment in liver cell membrane per-
meability and a resultant release of some enzymes into blood plasma and
increase in their activity. The increase in AST, ALT, LDH, ALP, and GGT
activities in serum is an indicator of liver destruction.

In our study, it was observed that as a result of ethanol, enzymes such
as AST, ALT, LDH, ALP, and GGT were released into the blood. Their
increase in the serum activities of these enzymes was directly proportional
to the degree of cellular damage. In our study, these values (AST, LDH,
GGT) decreased by administration of ViCESe. The decrease in those
increasing enzyme levels shows that ViCESe prevented damage in the liver.

Ethanol also enhances oxidative stress by reducing the level of antiox-
idants. A putative role for ethanol-induced oxidative stress in the process
of mitochondrial dysfunction and cell death is suggested (5). Its increase
and imbalance between the production of radicals and antioxidants could
lead to oxidative stress with the affection of various biological functions
and structural changes (34). Hepatic tissue damage significantly increased
in comparing ethanol administered rats and control rats. The degenerative
changes such as extreme hyperemia, vacuolization, mononuclear cell infil-
tration, the swelling in cellular organelles, many lipid vacuoles are very
important changes. These changes show a decrease in metabolical func-
tioning of the cells. Histological and ultrastructural damage caused by
ethanol were also diminished in the liver of the animals given ethanol +
ViCESe in our study and a similar structure was almost distinguished in
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comparison to the control group. As a result of all the obtained morpho-
logical and biochemical findings, it has been concluded that ViCESe have
a protective effect against ethanol hepatotoxicity.
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