
Introduction

Oxidative stress, which involves disorders in the bal-
ance between prooxidant (free radicals) and antioxidant
agents (antioxidant barrier components), is an important

toxic mechanism of the action of a number of xenobi-
otics. Our studies [1, 2] as well as those of other authors
[3, 4, 5, 6] have shown that cadmium (Cd) and ethanol
(EtOH) can induce redox processes.

Cd involvement in these processes is based mainly on
disturbances in the antioxidative barrier in the organism
[3, 4]. EtOH is a direct inducer of free radicals [5, 6]. It
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Abstract

In the present study, the effect of co-exposure to cadmium (Cd) and ethanol (EtOH) on concentra-
tions of vitamins E and C were evaluated in the liver and kidney homogenates of rats which were admin-
istered, singly or in combination, Cd (50 mg Cd/dm3 in drinking water) and EtOH (5 g EtOH/kg b. wt./24
h, intragastrically) for 12 weeks.

The exposure to Cd caused a decrease in the concentration of vitamins E and C in the liver, whereas
the concentration of vitamin E increased in the kidney, compared to control group. EtOH administration
led to a decrease in vitamins E and C concentrations in the liver. Exposure to Cd alone enhanced the
concentration of vitamin C in the kidney. In the co-exposed group, the concentration of vitamin E de-
creased in the liver as compared to control and Cd group but increased in comparison to EtOH group.
The concentration of vitamin C in this organ decreased compared to control and Cd- or EtOH-exposed
groups. The co-exposure to both substances caused a rise in vitamin E concentration in the kidney com-
pared to control and EtOH groups, whereas the concentration of vitamin C increased compared to con-
trol and Cd group. In the liver positive correlation was noted between vitamin E or C concentrations and
glutathione (GSH) concentration. In the kidney, negative correlation was found between the concentra-
tion of vitamin E and GSH. No correlation was observed between the concentration of vitamin C and
GSH in this organ.

The results obtained suggest that the change in vitamin E concentration in the liver of rats co-exposed
to Cd and EtOH resulted from an independent action of EtOH and its interaction with Cd, whereas in the
kidney it was due to an independent Cd effect. In the animals co-exposed to Cd and EtOH, the change in
vitamin C detected in the liver was the result of an independent action of either Cd or EtOH. In the kid-
ney, the concentration of vitamin C was only EtOH-dependent. The results of this study together with our
previous finding in the model used suggest the involvement of vitamins E and C in the development of
Cd- and/or EtOH-induced oxidative stress.
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can also, like Cd, disturb the antioxidative barrier [7, 8].
We have revealed that both Cd and EtOH, administered
singly and in combination, alter the activity of superox-
ide dysmutase (SOD) and catalase (CAT) in the liver and
kidney, leading to lipid peroxidation [2]. We have also
found that the Cd and/or EtOH-caused decrease in glu-
tathione (GSH) concentration has a substantial contribu-
tion to the induction of this process [9].

Despite a number of research studies, the mechanism
of lipid peroxidation following Cd and EtOH administra-
tion, especially in conditions of co-exposure, has not
been fully elucidated. The enzymatic antioxidant system
that includes SOD and CAT is supplemented with non-
enzymatic antioxidants, such as vitamin E, vitamin C and
GSH [10, 11, 12].

Vitamin E (tocopherol) is the major lipid-soluble an-
tioxidant, present in all cell membranes, which protects
cells against lipid peroxidation [13, 14]. Its reaction with
active radicals produces tocopheroxyl radicals, being fur-
ther reduced to tocopherol via vitamin C or GSH [15, 16].

Vitamin C (ascorbic acid) is a low-molecular antioxi-
dant which protects cells against water-soluble oxygen
and nitric radicals [12, 15]. Ascorbic acid can scavange
radicals generated during lipid peroxidation or reduce to-
copheroxyl radicals [15, 16]. Dehydroascorbic acid pro-
duced in these reactions can be reduced by GSH [16].

Experimental studies have proved the occurrence of
interactions between Cd and vitamins E and C [17, 18,
19]. The concentrations of these vitamins can also be in-
fluenced by EtOH [20, 21, 22]. However, no literature
data are available on the effect of combined exposure to
Cd and EtOH on the concentrations of vitamins E and C.
Knowledge of the effect of this co-exposure on the con-
centrations of the antioxidative vitamins may contribute
to further elucidation of the mechanisms of Cd and EtOH
interaction in the organism.

Therefore, the aim of the present study was to assess
the concentrations of vitamins E and C in the liver and
kidney in an experimental model of rats' co-exposure to
Cd and EtOH in which we have revealed a significant in-
teractive effect of these substances on GSH concentra-
tion and lipid peroxidation [2, 9].

Experimental Procedures

The study was conducted on 32 adult (8-week-old)
male Wistar rats, initial body weight 170 g. The animals
were kept in standard laboratory conditions: temperature
22 ± 2°C, relative humidity 50 ± 10% and natural
day/night cycle. They had unlimited access to drinking
water and LSM diet (Agropol, Motycz, Poland). The an-
imals were randomly divided into 4 groups of 8 rats each:
– Control group was divided into two subgroups; rats of

the one were given redistilled water ad libitum, ani-
mals of the other additionally received physiological
saline (0.9% NaCl) by intragastric tube in a similar
way to EtOH;

– Cd group, which received cadmium chloride (CdCl
2
)

in drinking water at a concentration of 50 mg Cd/dm3;
– EtOH group, which received redistilled water to drink

and 5 g EtOH/kg b. wt./24 h by intragastric tube in
two equal doses for 5 days a week;

– Cd + EtOH group, co-exposed to Cd (like the Cd
group) and EtOH (like the EtOH group).
The experiment lasted for 12 weeks. After its termi-

nation, the rats were anaesthetized (by intraperitoneal ad-
ministration of Vetbutal, 30 mg/kg b. wt.) and liver and
kidneys were collected for analysis. The organs were
rinsed in cold 0.9% NaCl and weighed. The biological
material that was not used directly for analysis was
frozen at -80 0C.

The liver and kidney were homogenized in cold 0.9%
NaCl (for determination of vitamin E) or in 50 mM per-
chloric acid (for determination of vitamin C) to obtain
10% homogenates. The homogenates were centrifuged at
10,000 x g for 15 min at 4°C and the supernatant was
used for analyses. High performance liquid chromatog-
raphy method (HPLC) was applied to assess the concen-
trations of vitamins E and C. The concentration of vita-
min E was determined according to Leenher et al. [23]
and vitamin C following Barja et al. [24].

The research was approved by the Local Ethics Com-
mittee for Animal Experiments in Bia³ystok.

Results were presented as the arithmetic means ±
SEM and subjected to one-way analysis of variance
(ANOVA) with the use of non-parametric Kruskal-
Wallis test. Differences were considered to be statisti-
cally significant at p<0.05. Two-way analysis of vari-
ance ANOVA/MANOVA (with F test) was used to as-
sess the interactive effect of Cd and EtOH on vitamin
E or C concentrations. F values were considered statis-
tically significant at p<0.05. Spearman’s correlation
analysis was applied to detect any correlations among
the two vitamins. The relationship between vitamin
E and C concentrations and previously reported in
those animals GSH concentration were also investigat-
ed [9]. Statistical calculations were performed using
a computer programme Statistica 5.0 (StatSoft, Tulsa,
OK, USA).

Results

Vitamin E and Vitamin C Concentrations in the
Liver (Table 1)

Exposure to Cd caused a reduction in the concentra-
tions of vitamins E and C as compared to control group,
respectively, by 9.7% (p<0.05) and 11.5% (p<0.01). A re-
duction in the concentration of vitamin E (by 39.1%,
p<0.001) and vitamin C (by 5.8%, p<0.05) was also
noted in the rats exposed to EtOH, as compared to con-
trol animals. The co-exposure to Cd and EtOH resulted
in a decrease in vitamin E concentration, compared to
control (by 20.3%, p<0.01) and Cd group (by 11.8%,
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p<0.05) and an increase compared to EtOH group (by
30.7%, p<0.01). The concentration of vitamin C in rats
co-exposed to Cd and EtOH decreased in comparison to
control group and the animals administered Cd and EtOH
singly, respectively by 20.0% (p<0.001), 9.6% (p<0.05)
and 15.1% (p<0.001).

The ANOVA/MANOVA analysis revealed that the
changes in vitamin E concentration in the liver of rats co-
exposed to Cd and EtOH were due to an independent ac-
tion of EtOH and its interaction with Cd, whereas the
concentration of vitamin C was determined by an inde-
pendent effect of Cd and EtOH.

Vitamin E and Vitamin C Concentrations in the
Kidney (Table 2)

In Cd-exposed rats an increase was noted in vitamin
E concentration by 22.6% (p<0.05), as compared to con-
trol animals. Vitamin C concentration ranged within con-
trol values. The exposure of animals to EtOH caused an
increase in vitamin C concentration (by 9.7%, p<0.05) as
compared to control group, although it had no effect on
vitamin E concentration. Co-administration of Cd and
EtOH caused an increase in vitamin E concentration in

comparison to control (by 28.9%, p<0.01) and EtOH
group (by 21.1%, p<0.05). Vitamin C concentration in
these animals increased in comparison to control and Cd
group, respectively by 15.3% (p<0.01) and 13.3%
(p<0.001).

Two-way analysis of variance ANOVA/MANOVA re-
vealed that the change in the concentration of vitamin
E in the kidney of rats co-exposed to Cd and EtOH was
the main effect of Cd, whereas the concentration of vita-
min C was mainly influenced by EtOH.

Correlations Between GSH and Vitamins E and C
Concentration in the Liver and Kidney (Table 3)

Positive correlation was noted between GSH concen-
tration and the concentrations of vitamins E and C in the
liver. No statistically significant correlation was found
between the concentrations of these two vitamins in this
organ.

In the kidney, the concentration of vitamin E nega-
tively correlated with GSH concentration. No statistical-
ly significant correlation was noted between the kidney
GSH and vitamin C concentrations and between the two
vitamins.
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Table 1. Effects of cadmium (Cd), ethanol (EtOH) and their combination on vitamin E and C concentration in the liver.

Values are means ± SEM of 8 rats. Values are significantly different (ANOVA + Kruskal-Wallis ranks test) compared to: *control, † Cd
and ‡ EtOH groups. NS, not statistically significantly different. a Two-way analysis of variance (ANOVA/MANOVA, test F).

Table 2. Effects of cadmium (Cd), ethanol (EtOH) and their combination on vitamin E and C concentration in the kidney.

Values are means ± SEM of 8 rats. Values are significantly different (ANOVA + Kruskal-Wallis ranks test) compared to: *control, † Cd
and ‡ EtOH groups. NS, not statistically significantly different. a Two-way analysis of variance (ANOVA/MANOVA, test F).



Discussion

In this study, the influence of exposure to Cd and/or
EtOH on the concentrations of vitamins E and C in the
liver and kidney was investigated on a rat model. As it is
believed that vitamins E and C as well as GSH can exert
a synergistic effect in peroxidative processes [15, 16], the
analysis of correlation between the concentrations of vit-
amin E and C and the concentrations of the both vitamins
and GSH concentration previously determined in those
animals [9] was conducted.

It has been found that the changes in the levels of vit-
amins E and C are significantly correlated with the Cd
and EtOH exposure mode. The reduction in vitamin
E concentration in the liver following both separate and
combined exposure to Cd and EtOH may result from its
utilization in the processes of free radicals scavenge [7,
19, 25, 26]. Vitamin E effectively reacts with organic
lipid radicals produced in the process of lipid peroxida-
tion [27, 28]. In our previous studies [2, 9], it has been
shown that Cd, through its effect on the activity of an-
tioxidative enzymes and GSH concentration, can induce
lipid peroxidation. Therefore, it can be assumed that the
reduction in vitamin E concentration in the liver after Cd
exposure is due to the interaction of this vitamin with rad-
icals generated during lipid peroxidation. Vitamin E can
also act as a scavenger of radicals that originate during
EtOH biotransformation, particularly of hydroxyethyl
radical (HER) generated by CYP 2E1, which – like vita-
min E – is located in cell membranes [21, 29]. This close
location of vitamin E with the site of HER production, as
well as greater ability of EtOH than Cd to induce free
radicals, might be the cause of the main effect of EtOH
regarding the vitamin E concentration in the liver of rats
co-exposed to Cd and EtOH revealed by ANOVA/
/MANOVA analysis. The increase in vitamin E concen-
tration in the kidney of rats exposed to Cd, both alone and
in combination with EtOH, can be a defensive response
of this organ to lipid peroxidation recently reported in
these animals [2]. An increase in vitamin E concentration
in the kidney after exposure to this heavy metal has also
been reported by Stajan et al. [30]. In the kidney, which

is a critical organ for Cd, the change in vitamin E con-
centration after co-exposure of Cd and EtOH was due to
an independent Cd action.

The reduction in vitamin C concentration in the liver
of rats exposed to Cd and EtOH, singly or in combina-
tion, can result from its utilization in reactions with radi-
cals generated by these substances. Vitamin C protects
cells against various water-soluble radicals [12, 15, 18].
Vitamin C, like vitamin E, also can react with HER [21,
29]. Positive correlation between vitamin C and GSH
concentrations in the liver allows an assumption that the
decrease in the vitamin concentration may result from de-
ficiency of GSH, which is necessary for regeneration of
dehydroascorbic acid produced during vitamin C reac-
tion with free radicals. The ANOVA/MANOVA analysis
shows that in the rats co-exposed to Cd and EtOH the
change noted in vitamin C concentration in the liver is
due to independent actions of either Cd or EtOH; how-
ever, the analysis of F values exhibits greater Cd involve-
ment. Since EtOH and its metabolites have been report-
ed to induce the synthesis of vitamin C under conditions
of oxidative stress [31-33], it is possible that the in-
creased kidney vitamin C concentration in the rats ex-
posed to EtOH alone and in conjunction with Cd result-
ed from an enhanced production of this vitamin.

It should also be taken into consideration that Cd and
EtOH might influence the concentration of antioxidative
vitamins in the organism via pathways not related with
induction of oxidative stress. Both Cd and EtOH can
change the metabolism of these vitamins via influencing
their absorption from digestive tract, biosynthesis and
urinary excretion [31, 33-36].

Until now, the majority of studies on the vitamin C –
vitamin E system have been performed using in vitro
models. In those studies, the synergistic action of the two
vitamins has been noted [16, 37-39]. The present study,
conducted on an in vivo model, gives evidence that these
vitamins may act independently. Positive correlation
noted in the liver between GSH and vitamin C or E lev-
els seems to indicate an important role of GSH in the re-
generation of both vitamins, particularly vitamin C.

The present study has revealed that exposure to Cd and
EtOH alone and in combination influence the liver and
kidney concentrations of the non-enzymatic antioxidants
such as vitamins E and C. Disorders in vitamin E and C
concentrations at co-exposure to Cd and EtOH may, de-
pendent on the kind of tissue, be an independent effect of
Cd and/or EtOH or their interactive effect. The results of
this study, together with our previous finding in the model
used, suggest the involvement of vitamins E and C in the
development of Cd- and/or EtOH-induced oxidative stress.
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