
INTRODUCTION

Ethanol is the primary active component of alcoholic
beverages widely consumed in many countries. 
Studies performed on humans consuming alcohol 
and on experimental animals convincingly indicate 
that alcohol consumption causes direct or indirect
damage to nearly all organ systems of the body [1]. 
One of the systems that is highly affected by harmful
effects of alcohol is the central nervous system. 
Results of experimental and clinical studies indicate
that acute or chronic ethanol consumption is related 
to several neurological problems [2]. Reactive oxygen
species (ROS) formed in all tissues exposed 
to ethanol, promote development of oxidative stress
largely responsible for the harmful effects of ethanol 
in the brain [3]. The development of oxidative 
stress is often accompanied by accumulation 
of nitric oxide (NO) molecules, which are converted 
to peroxy-nitrite (NOO-) radicals deteriorating
manifestations of oxidative stress [4].

Omega-3 fatty acids, especially docosahexaenoic
acid (DHA), are an important component of neuronal
cell membranes in the brain. The structure and
constituents of the cell membranes are essential 
for carrying out its normal functions [5]. 
DHA accounts for 15–20% of the lipid content 
in the cerebral cortex. DHA also plays an extremely
important role in the development of nervous system.

By preserving the axonal structure, it contributes 
to proper conduction of electrical impulses through 
the nerve cells [6]. There is ample evidence that 
omega-3 fatty acids reduce oxidative stress and
inflammation in the brain and other body tissues [7]. 
It has been proven in numerous studies in humans and
animals that omega-3 fatty acids supplementation 
have a neuroprotective effect in neurodegenerative
diseases. However, there is no pharmacological
preparation of omega-3 fatty acids approved 
by pharmaceutical authorities for the treatment 
of any neurological disorder [8]. 

In this study, the protective effects of ω-3 fatty acids
against ethanol-induced cerebral cortex damage were
evaluated by analyzing superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) enzymes activities,
malondialdehyde (MDA) and NO levels.

MATERIALS AND METHODS

Twenty-eight Wistar-albino male rats, 250-300 g,
were used in experiments. All experiments were
conducted in the Mustafa Kemal University 
Animal Laboratory. Animals were kept in a room
maintained at an ambient temperature and humidity
(25±5°C, 55±5%) under a day/night regime 
(day 7:00–19:00 and night 19:00–7:00) and allowed 
a commercial standard rat diet and water ad libitum. 
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The toxic effect of ethanol on the cerebral cortex and protective effects of omega-3 fatty acids against 
this neurotoxicity were investigated. Twenty eight male Wistar-albino rats were divided into 4 groups. 
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Experimental Protocols

The rats were divided randomly into four groups
consisting of seven rats each. Animals of the control
group received intra-gastric saline as a vehicle. Ethanol
treated rats received a daily total dose of 6.0 g/kg 
of 30% ethanol solution (twice a day) via an oesophageal
probe for 15 days. Rats of the ethanol+ω-3 group
received ω-3 fatty acids along with ethanol (6.0 g/kg)
on a daily basis. Omega-3 fatty acid (Marincap capsule®,
“Koçak Pharmaceuticals”, Turkey) was administered
through gavage pathway, at a dose of 400 mg/kg 
per day [9]. The fatty acid composition of the Marincap
capsule is Salmon fish oil concentrate and included
eicosapentaenoic acid (EPA; 18%), DHA (12%). Ethanol
withdrawal rats, received a daily dose of 6.0 g/kg 
of 30% ethanol solution (twice a day) via an oesophageal
probe for 15 days.At the end of the 15-day experimental
period, 28 h after the last administration of ethanol 
in the ethanol withdrawal group, 4 h after the last
administration of ethanol in the ethanol and 
other groups, all rats were sacrificed by decapitation
and cerebral cortex samples were removed 
for biochemical analysis.

Biochemical Analysis

For biochemical analyses, tissue samples 
were extracted quickly, washed with cold (4°C) 
0.15 M KCl solution and dried with a paper towel. 
The dried tissue samples were homogenized 
in an ice container containing 0.15 M KCl solution, 
by a homogenizer (Ultra Turrax Type T25-B, 
“IKA Labortechnic”, Germany) at 16000 rpm for 3 min.
The homogenates were centrifuged at 5000 g
for 1 h (4°C). Resultant supernatants were aliquoted
frozen and stored at -40°C (within 1 week) 
for analysis of superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) activities. The levels
of malondialdehyde (MDA) and NO were analyzed
spectrophotometrically (UV-1800, “Shimadzu Corp.”,
Japan) in the homogenates. 

SOD activity was determined by the method
modified by Sun et al. [10]. This method is based 
on reduction of nitroblue tetrazolium (NBT) 
by the xanthine-xanthine-oxidase system, generating
superoxide radicals. In our study, SOD activity 
was expressed as unit/mg (U/mg) of tissue 
protein. Determination of glutathione peroxidase
activity was based on the method proposed 

by Paglia and Valentine [11]. In presence of hydrogen
peroxide GSH-Px catalyzes oxidation of reduced
glutathione (GSH) to its oxidized form (GSSG). 
The GSSG obtained by means of GSH-Px 
in the presence of hydrogen peroxide, may be further
reduced to GSH in the NADPH-dependent 
reaction catalyzed by glutathione reductase. 
GSH-Px activity was measured as the change 
in absorbance during oxidation of NADPH to NADP+

measured at 340 nm, calculated and expressed 
as unit/gram (U/g) tissue protein.

Lipid peroxidation was determined by the method
of Esterbauer and Cheeseman [12]. The MDA reacts
with thiobarbituric acid (TBA) forming a pink
chromogen during incubation 90–95°C. After 
15-min incubation and cooling the absorbance 
of samples was measured spectrophotometrically 
at 532 nm. The results were expressed as nmol/g tissue
protein. NO and nitrate converted to nitrite 
by the Griess reaction, were measured by means 
of a spectrophotometric method; the results were
expressed in nmol/g [13]. Protein measurements 
were performed in tissue homogenate according 
to the method of Lowry et al. [14].

Statistical Analysis

The statistical analyses of the results 
were performed using the statistical program 
“SPSS 18 for Windows”. The distribution of results 
was evaluated by the non-parametric one-sample
Kolmogorov-Smirnov Test. Since results in the groups
did not show a normal distribution, the Kruskal-Wallis
non-parametric test was used for the comparison 
of the values. For the comparisons between groups, 
the Mann-Whitney U test was applied. Differences
were considered as statistically significant at p<0.05.
The data obtained were expressed as arithmetic 
means ± the standard error of the mean (SEM).

RESULTS

In rats of the ethanol group SOD activity 
was lower than in animals of the control group 
(Table 1). In rats treated with ω-3 fatty acids along with
ethanol SOD activity significantly increased 
as compared to SOD activity in rats of the ethanol
group. GSH-Px activity and MDA levels in all groups 
were similar according to the statistics (Table 1). 
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Table 1. Activities of SOD and GSH-Px and the MDA level in the cerebral cortex of rat of the studied group 

Each group contained 7 rats. a – p<0.05 as compared to the control group, b – p<0.01 as compared to the ethanol group.

Group SOD (U/mg protein) GSH-Px (U/g protein) MDA (nmol/g protein)

Control 0.135±0.013 1.359±0.706 19.174±3.865

Ethanol 0.114±0.049a 1.001±0.506 20.718±0.986

Ethanol+ω-3 0.170±0.017ab 1.534±1.512 18.879±6.492

Ethanol withdrawal 0.133±0.052 0.951±0.157 16.335±3.244



In rats treated with ethanol the NO level 
was significantly lower than in animals of the control
group (Fig. 1). In the rats treated with ω-3 fatty acids
along with ethanol the significantly increased 
and even slightly increased the NO level in rats 
of the control group.

DISCUSSION

Free radicals may be generated in the body 
under physiological conditions or as a result 
of a pathological processes. However, there is a balance
between free radicals produced and activity 
of the antioxidant defense system [3]. In the case, 
when the balance is lost in favor of free radicals,
oxidative stress develops. Living organisms protect
themselves against oxidative damage by means 
of the enzymatic and non-enzymatic antioxidant
defense systems. Catalase (CAT), SOD, and GSH-Px
are among the most effective enzymatic antioxidant
defense system [7]. Macit et al. found a significant 
decrease in the activity of SOD and GSH-PX 
in the hippocampal tissue of rats exposed 
to chronic ethanol treatment [15]. In this study 
we found a statistically significant decrease 
of the SOD activity in the brain cortical tissues 
of rats exposed to ethanol, while a decrease in GSH-Px
did not reach the level of statistical significance.
Certain evidence exists that the changes in antioxidant
enzyme activities may depend on duration, dose, 
and route of ethanol administration and tissue
responsiveness [16]. MDA generated as an end product
of lipid peroxidation, is one of the widely used
parameter indicating oxidative damage [17]. 
MDA levels were significantly higher in many 
studies of ethanol-induced oxidative stress. 
Researchers reported an increase in MDA levels 
in the hippocampus of rats exposed to chronic 

alcohol and this rise was found to be statistically
significant [15]. Lipid peroxidation products were
reported to increase as a result of ethanol treatment 
in a few studies on different rat species [18, 19]. 
In this study, MDA levels were not changed 
in rats of the ethanol group. Jurczuk et al. showed 
that the MDA level increased in the liver 
but not in the kidney of animals treated with ethanol 
for 12 weeks (5 g/kg/day) [20].

A recent systematic review and meta-analysis
showed that omega-3 supplementation had an important
role in enhancing the antioxidant defense system 
in various tissues. Therefore, omega-3 supplementation
can have very positive effects in improving 
many pathological conditions, especially those 
caused by oxidative stress [21]. Good evidence 
exists that omega-3 supplementation ameliorated 
the ethanol-induced damage of different organs [7]. 
In our study treatment with ω-3 fatty acids normalized
SOD activity in animals of the ethanol+ω-3 group.
Since GSH-Px activity and MDA remained unchanged
in rats of the ethanol group, omega-3 supplementation
influenced only the parameter (SOD) changed 
by the ethanol treatment. 

The original finding of this study consists 
in elucidation of the effects of ethanol and omega-3 fatty
acid administration on the cerebral cortex NO level.
Data in the literature indicate that ethanol plays 
an important role in regulating NO at various levels.
For example, blood NO levels increased after acute or
chronic ethanol consumption in animals or humans [22].
On the contrary, very a few studies demonstrated 
the ethanol-induced decrease of NO. For example,
chronic alcohol consumption may lead to the decrease
in the brain NO levels [23]. In a recent study, nitrite
levels were significantly lower in the hippocampus and
prefrontal cortex of animals treated with ethanol [24].
Similarly, in this study the cerebral cortex NO level
significantly decreased in rats of the ethanol group. 
The lack of an increase in the cerebral cortex NO 
may require looking at the harmful effects 
of ethanol from another perspective. It is well 
known that NO is a very important neurotransmitter
and neuromodulator in the brain, playing 
a critical role in maintaining normal brain functions. 
NO is also known as a survival-promoting 
molecule that can protect various cell types, 
especially neurons, against different toxic conditions
and insults [25]. Some authors suggest that 
chronic ethanol consumption may decrease 
NO production via a reduction of nNOS expression 
in cerebral cortex or other tissues [26]. Treatment 
with ω-3 fatty acid significantly recovered 
NO levels in cerebral cortex of rats treated 
with ethanol. The effects of ω-3 on NO levels 
are contradictory. Some authors reported that 
ω-3 supplementation reduced NO production 
by inducible NO synthese [27]. Other researchers 
found an increase in the NO levels in brain tissues 
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Figure 1. The cerebral cortex NO levels in rats of control,
ethanol, ethanol+ω-3, and ethanol withdrawal groups. 
* – p<0.001 versus the control group. ** – p<0.001 versus
the ethanol group.



in both juvenile and adult ω-3 deficient rats [28]. 
On the other hand, ω-3 fatty acid supplementation
increased NO bioavailability in patients with
cardiovascular problems, but not in healthy subjects [29].
In another study, omega-3 supplementation for 3 weeks
resulted in increased basal serum NO as compared 
with pretreatment levels in athletes [30]. Omega-3
supplementation for 3 months also increased 
plasma NO levels in both sedentary and athletes 
in university students [31]. According to these data, 
ω-3 fatty acids can correct neuropathological damage
in the brain by normalizing the NO level. 

Many studies do not distinguish between 
ethanol exposure and ethanol withdrawal and thus 
it is not clear whether the reported injuries/mechanisms
are associated with ethanol toxicity, ethanol 
withdrawal or both [32]. In this context researchers
clearly stated, we have added an ethanol withdrawal
group to the experimental protocol. Indeed, oxidative
stress parameters did not change in animals 
of the alcohol withdrawal group, but the NO level
decreased. The latter is consistent with a previous
report that ethanol withdrawal induced oxidative 
stress and reduced NO levels in vasculature [33]. 
Since SOD activity decreased moderately in this study 
it rapidly recovered to the initial (control) level 
in rats of the ethanol withdrawal group (Table 1). 
In this study, the abstinence period was 28 h. 
This suggests that in cases where severe 
oxidative stress does not develop, as in this study, 
SOD enzyme activity can recover much faster than
other parameters [34].

CONCLUSIONS

In conclusion, the present study showed that
ethanol administration was accompanied by a decrease
in the cerebral cortex SOD activity and the NO level.
Omega-3 fatty acids supplementation normalized
ethanol-induced changes in the SOD activity and 
the NO level. 
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ВЛИЯНИЕ ω-3 ЖИРНЫХ КИСЛОТ НА АКТИВНОСТЬ АНТИОКСИДАНТНЫХ ФЕРМЕНТОВ 
И УРОВЕНЬ ОКСИДА АЗОТА В КОРЕ ГОЛОВНОГО МОЗГА КРЫС, 

ПОДВЕРГНУТЫХ ВОЗДЕЙСТВИЮ ЭТАНОЛОМ
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Исследовали токсическое воздействие этанола на кору головного мозга и защитное действие 
ω-3 жирных кислот против этой нейротоксичности. Двадцать восемь самцов крыс линии Вистар были
разделены на 4 группы. Крысы в группах “этанол” и “отмена этанола” получали этанол (6 г/кг/день) 
в течение 15 дней. Животные в группе “этанол+ω-3”получали ω-3 жирные кислоты (400 мг/кг в день) и этанол.
У крыс в группе “этанол” активность СОД была ниже, чем в контрольной группе. У крыс, получавших 
ω-3 жирные кислоты вместе с этанолом, активность СОД повысилась. Активность GSH-Px и уровень
малонового диальдегида были одинаковыми во всех группах. У крыс, получавших этанол, уровень NO 
был значительно снижен по сравнению с контрольной группой (6,45±0,24 нмоль/г против 11,05±0,53 нмоль/г,
p<0,001). У крыс, получавших этанол+ω-3, отмечено значительное повышение уровня NO по сравнению 
с животными в группе этанола (13,12±0,37 нмоль/г против 6,45±0,24 нмоль/г, p<0,001). Таким образом, приём
этанола приводит к окислительному повреждению и снижению уровня NO. ω-3 жирные кислоты оказывают
защитное действие против окислительного повреждения, вызванного этанолом, и нормализуют уровень NO.

Полный текст статьи на русском языке доступен на сайте журнала (http://pbmc.ibmc.msk.ru).
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