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The Effect of Alcohol on Total Antioxidant Activity and
Nitric Oxide Levels in the Sera and Brains of Rats

Background: The present study investigated the effect of alcohol consumption on total antioxidant activity
(AOA) and nitric oxide (NO) levels in the sera and brains of rats.

Materials and methods: The study included 24 rats that were divided into 2 groups: the control group (n
= 12) and the alcohol group (n = 12). Both groups were fed regular laboratory chow and tap water for a
period of 2 months; however, the alcohol group received 15% (v/v) ethanol in their drinking water. Then, the
rats were decapitated, and serum and brain AOA and NO levels were measured.

Results: Both serum and brain AOA of the alcohol group were significantly lower than those of the control
group. Serum NO levels of the alcohol group were significantly higher, whereas brain NO levels were lower,
but not significantly, than those of the control group.

Conclusion: Our findings show that alcohol diminished both serum and brain defense mechanisms against free
radical attack, which might result in many diseases. Moreover, decreased AOA levels in the alcohol group might
be a significant cause of increased serum NO levels in this group or vice versa: however, the effects of alcohol
on brain NO levels require further investigation.
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Alkoliin Ratlarda Serum ve Beyin Antioksidan Aktivite ve
Nitrik Oksit Seviyeleri Uzerine Olan Etkisi

Amagc: Biz calismamizda alkol tiketiminin serum ve beyninde total antioksidan aktivite (AOA) ve nitrik oksit
(NO) seviyeleri Uzerine etkisini arastirdik.

Materyal ve Metod: Bu amacla 24 rat, alkol (n=12) ve kontrol (n=12) grubu olmak Uzere iki gruba ayrildi.
Her iki grup calisma siresince normal laboratuvar yemi ve musluk suyu ile beslendi fakat, alkol grubunun igme
sularina % 15 (v/v) oraninda etanol ilave edildi. iki aylik beslenme siiresinden sonra ratlar ketamin anestezisi
altinda dekapite edilerek serum ve beyin dokularinin AOA ve NO seviyeleri ¢l¢tldi.

Bulgular: Alkol grubunun serum ve beyin AOA seviyeleri kontrol grubundan istatistiksel olarak anlamli
derecede dustktl. Alkol grubunun serum NO seviyeleri kontrol grubundan istatistiksel olarak anlamli olacak
sekilde yiksek olmasina ragmen beyin NO seviyeleri kontrol grubundan duslk fakat aradaki fark istatistiksel
acidan anlamsizdi.

Sonug: Bulgularimiz, alkolin hem serum hem de beyinde bir¢ok hastaliga sebep olan serbest radikallere karsi
savunma mekanizmalarini zayiflattigini gostermektedir. Ayni zamanda, alkol grubunda total AOA'daki azalma
serum NO seviyesindeki artisin énemli bir nedeni olabilir veya yiiksek NO seviyeleri total AOA'deki azalmaya
Katkida bulunuyor olabilir. Fakat, alkolin beyin NO seviyeleri Uzerine olan etkisinin daha ileri arastiriimasi
gerekmektedir.

Anahtar SozclkKler: Alkol, serum, beyin, total antioksidan aktivite, nitrik oksit

Introduction

Excessive consumption of alcohol by a large proportion of the population is still a
prominent medical and social problem in many countries. It leads to a fatty liver and
affects physical, mental, social, and psychological activities. In addition, many
neurological lesions and even cerebral atrophy may develop in alcoholics (1-5).

Alcohol is extensively metabolized in the liver, leading to the generation of
acetaldehyde by the enzymatic activity in cytosol, microsomes, and peroxisomes.
Acetaldehyde is further oxidized to acetate by acetaldehyde dehydrogenase in the
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mitochondria, which results in the generation of free
radicals/reactive oxygen species (ROS) (1-6). Additionally,
ethanol is metabolized more selectively in brain
microsomes by cytochrome P-450 Il E1, which may
result in the generation of ROS (2,3). Oxidation of
ethanol by alcohol dehydrogenase generates NADH, and
NADH-dependent production of ROS by various
organelles increases after chronic ethanol treatment
(5,7). These ROS can cause cellular damage until they are
removed by the antioxidant system. The antioxidant
system includes antioxidant enzymes and antioxidant
substances (2,3,5,6).

Nitric oxide (NO) is a highly diffusible, lipid-soluble,
short-lived free radical gas generated from arginine by
NO synthase (NOS, EC 1.14.13. 39). It is associated with
both physiological and pathological events in the body,
including the brain (8,9). Some important interactions in
biological fluids are the slow reaction of NO with O, to
form nitrite and nitrate, and its rapid reaction with the
superoxide anion (O,") forms the highly reactive
peroxynitrite (ONOQO") (8,9). ONOQO is a strong oxidizing
agent that is capable of hydroxylating and nitrating
aromatic compounds, and inducing cellular injury by
lipoprotein oxidation, DNA fragmentation similar to that
of apoptosis, damaging proteins and plasma lipids,
depleting important plasma antioxidants, and nitration of
proteins leading to cellular dysfunction that damage the
endothelium and induce thickening of the intima in the
artery wall (6,10).

NO has important bioregulatory functions in the
immune, cardiovascular, and central nervous systems
(CNS). lIts role in physiological and pathological events
may be modulated by alcohol (8,9,11). Kahkonen and
Zvartau (12) showed that NO may modulate the
cardiovascular system in alcohol withdrawal syndrome.
NO synthesized in the CNS produces important effects. It
is implicated in, among other things, the control of blood
flow, learning and memory, neurotransmitter release,
gene expression, immune responsiveness, and cell survival
(9). Alcohol is lipophilic and readily crosses the blood-
brain barrier, and can enter the CNS. Alcohol also
produces numerous effects in the CNS, some of which
overlap with those thought to be modulated or mediated
by NO (8,13). The acute and chronic effects of ethanol on
the CNS are complex, involving a range of cell types and
signaling systems (8). Acute (9) and chronic (5,11)
ethanol exposure was reported to lead to excitotoxicity,
partially due to increased levels of NO.
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Increased free radical formation in the brain has been
shown to be one of the manifestations of acute and
chronic ethanol intoxication (2,3,14). Brain mitochondria
are very susceptible to oxidative injury caused by alcohol-
induced free radicals (2).

Investigators have obtained variable data concerning
the effects of ethanol on brain and blood total antioxidant
activity (AOA), and NO levels. Therefore, the present
study aimed to investigate the effect of alcohol
consumption on AOA and NO levels in the sera and brains
of rats.

Materials and Methods
Animals

The study included 24 inbred 4-month-old female
Sprague-Dawley rats supplied by the Center for
Experimental and Applied Medical Research, University of
Selcuk. The rats were divided into 2 groups: the control
group (n = 12) and the alcohol group (n = 12). The rats
were fed regular laboratory chow consisting of 24%
protein, 3.62% fat, 7% cellulose, 10% ash, and 12%
water. Animals were housed in conventional wire-mesh
cages in a room temperature regulated at 21 + 1 °C,
humidity 459%-50%, and light/dark cycles (12 h). The
alcohol group was fed 15% (v/v) ethanol in their drinking
water for a period of 2 months (13,15,16). Since the
animals in this group were kept in the same cage and
since they were drinking water from the same reservoir
they were supposed to receive approximately similar
amounts of alcohol, though not the same. Although the
amount of alcohol consumed daily was not known, the
indicated percentage of alcohol was expected to be high
enough to manifest metabolic change during the study
period.

After 2 months the rats were killed between 0900
and 1000 under ketamine anesthesia. Blood samples
were collected immediately in plain tubes and serum was
separated by centrifugation at 3000 rpm for 10 min at 4
°C. Brains were quickly removed, washed in cooled 0.15
M NaCl and were then homogenized in 2 ml of ice-cold
homogenizing buffer (100 mM KH,PO,-K,HPO,, pH:
7.4, plus 0.1% digitonin) using an ultrasonic
homogenizer (Musonix Microson Ultrasonic Cell Disruptor
CML, serial no:1577). Then, they were centrifuged at
5000 rpm for 15 min at 4 °C and supernatant was
removed. Serum and brain NO and AOA levels were
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studied. Sera were separated without delay and
investigated immediately. All procedures were performed
following the Guide for the Care and Use of Laboratory
Animals. The study was approved by the Ethics
Committee of the Meram Faculty of Medicine, Selcuk
University.

Determination of Total AOCA

Brain and serum total AOA were measured by a
commercially available kit from Randox (cat. no: NX2332).
2,2’-Azino-di-[3-ethylbenzthiazoline sulphonate] (ABTS)
was incubated with metmyoglobin (a peroxidase) and
H,0, to produce the radical cation, ABTS". This has a
relatively stable blue-green color measured at 600 nm.
Antioxidants in an added sample cause a suppression of
the color production to a degree proportional to their
concentration. The degree of suppression of radical
generation in the samples, indicative of the presence of
antioxidant activity, is quantified by comparison with a
standard.

Determination of NO

Since the half-life of NO is very short, NO levels in the
sera and brains were determined by measuring levels of
nitrite plus nitrate. NO values obtained by this procedure
represent the sum of nitrite and nitrate. First, nitrate
transforms nitrite by nitrate reductase. Then, total
nitrate + nitrite concentrations were measured as NO
according to the Griess method, with the use of a
commercially available kit (Roche cat. no: 1 756 281).

Tissue protein levels were determined by the Biuret
method (17). The protein levels of supernatants were
high enough to be measured by the Biuret method, which
is a sensitive method for high levels of protein.

Statistical Evaluation

Statistical analyses were performed using SPSS for
Windows version 10.0. Statistical differences between
the groups were evaluated using the independent t-test.
The correlation between parameters was determined by
Pearson’s correlation test.

Results

The results are given in the Table as mean + SD
(Figures 1-3). As can be seen from the Table, both serum
(P < 0.01) (Figure 1) and brain (P < 0.001) (Figure 2)
AQA levels of the alcohol group were significantly lower
than those of the control group. On the other hand,
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Figure 1. Serum AOA levels of the control and alcohol groups.
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Figure 2. Brain AOA levels of the control and alcohol groups.

serum NO levels of the alcohol group were significantly
higher (P < 0.001) (Figure 3) and brain NO levels were
slightly lower, but not significantly, than those of the
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Figure 3. Serum NO levels of the control and alcohol groups.
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control group (Table). There was a significant negative
correlation between serum AOA and serum NO levels (P
< 0.01), whereas the correlation between brain AOA and
NO levels was not significant.

Discussion
AOA findings

Our data show that AOA levels in the alcohol group
were significantly lower, both in the sera and brains, than
in the control group. This is an important finding in view
of the simultaneous deleterious effects of free radicals on
serum constituents and the brain. It is well known that
decreased AOA results in increased lipid peroxidation,
which in turn plays a significant role in the pathogenesis
of various diseases (2,5,14).

Many investigators have shown that alcohol decreases
the activity of various antioxidant enzymes and vitamins,
which results in decreased total AOA. Indeed, it has been
reported that both brain (18) and serum (19,20) a-
tocopherol levels, and brain (3,21,22,26) and serum
(6,14,23-26) activity of some significant antioxidant
enzymes were reduced after ethanol exposure. Husain et
al. (6) and Aydin et al. (26) reported that chronic ethanol
consumption increased plasma malondialdehyde (MDA)
levels and decreased antioxidant enzymes activities.

One explanation for the observed lower level of total
AOA in our ethanol-treated rats may be the increased
utilization of antioxidants in the scavenging of free
radicals (2). Mounting evidence points to oxidative stress
as an important mechanism in alcohol toxicity, because
alcohol induces peroxidation of membrane lipids, and
oxidation of proteins and nucleic acids (18,22,27).

Lower levels of brain AOA in the alcohol group may
have been due to a change in cerebral blood flow, lipid
composition, iron content, or increased generation of
ROS, and decreased antioxidant enzyme activity (3,6).
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Indeed, it is reported that ROS generated in the brain due
to ethanol ingestion is likely to alter the antioxidant
defense system and membrane lipid peroxidation (2).
Somani and Husain (3) have shown that chronic ethanol
consumption significantly decreased antioxidant enzyme
activity, except for that of glutathione reductase, in
different regions of the brain.

Reddy et al. (2) found a significant perturbation in the
antioxidant defense system and increased MDA
formation, an indicator of lipid peroxidation in the brain,
following graded doses of ethanol ingestion, which was
thought to indicate dose-dependent oxidative stress in
brain subcellular compartments in rats. They found that
activity of powerful antioxidant enzymes was also
reduced after ethanol exposure.

Moreover, Saravanan et al. (18) observed a
disturbance in the antioxidant defense system and an
increase in lipid peroxidation in the brain of ethanol-
treated rats.

As seen from the above reported findings, many
investigators have measured different antioxidant
substances or enzymes in evaluating the effect of alcohol
on the antioxidant defense system; however, separately
measuring different antioxidants is time-consuming,
labor-intensive, and costly. Since this is not practical and
antioxidant effects are additive, the measurement of total
AOA may be particularly useful for monitoring alterations
in endogenous antioxidant levels (28). Thus, we think
that our data provide additional, practical, and applicable
information for evaluating the effect of alcohol on the
antioxidant defense system, both in serum and the brain.

NO Findings
In the present study serum NO levels in the alcohol
group were significantly higher than in the control group.

This finding is in accordance with the findings of many
other investigators (5,26,27,29,30). One mechanism

Table. Comparision of the parameters in the control and alcohol groups (mean =+ SD).

Paramaters Control Alcohol P
Serum AOA mmol/Il 1.13+0.12 0.86 + 0.23 0.01
Brain AOA (umol/g-prot.) 44.66 + 6.59 33.82 + 5.93 0.001
Serum NO (nmol/ml) 17.66 + 5.43 42.15 £ 10.12 0.001

Brain NO (nmol/g-prot.) 180.41 + 77.89

155.00 + 42.79 0.086
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proposed for this change was reported to be an increase
in the level of free radicals due to alcohol consumption (1-
7,18), as free radicals induced by ethanol stimulate the
synthesis of some cytokines (such as interleukin (IL)-1, IL-
2, IL-6, IL-8 and TNF-a), which in turn stimulate the
synthesis of NO (5,27).

Two additional mechanisms have been proposed for
this increase. One mechanism was reported to be the
overproduction of NO in alcoholics via inducible NOS
(iNOS), based on chronic inflammation and stimulation of
the immune system. Increased production of NO and
increased production of superoxide with vasoconstrictive
effects can play a role in cardiovascular instability and the
evolution of hypertension in alcoholics (5,6). The other
proposed mechanism was an increase in vascular
endothelial growth factor expression, as well as
endothelial NOS (eNOS) activation, leading to NO
generation in response to mild to moderate
concentrations of ethanol in vitro and in vivo (6,31). In
addition, from our results it can be postulated that since
NO is also a free radical, lower AOA levels in the alcohol
group might be another significant cause of increased
serum NO levels, or vice versa.

Among previous reports, only Sierksma et al. (32)
found that chronic moderate alcohol consumption had no
effect on serum NO concentration. The present study
found no significant difference between brain NO levels in
the alcohol and control groups.

There are some conflicting reports about the effect of
alcohol on NO production in the brain. For example,
Nagatomo et al. (15) reported no difference between
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