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ABSTRACT

Received: 28 Feb 2019 Acute and chronic effects of nitric oxide on oxidative stress and neuronal demyelination
© have been reported in human and animal models.

TS Oxidative stress is involved in the pathogenesis of demyelinated animals; thus, this study inves-
tigated the effects of nitric oxide system and ethidium bromide on oxidative stress in the hippocampal
formation.

[VETELE This experimental study was performed on eight groups of male rats, as follows: control,
control, ethidium bromide, L-Arginine, L-NAME, ethidium bromide + L-Arginine, ethidium bromide +
L-NAME, and ethidium bromide + L-Arginine + L - NAME. Three days after the injection of drugs into the
hippocampal CA1 area, hippocampal biopsy was performed, and oxidative stress parameters were mea-
sured in this area. One-way analysis of variance (ANOVA) and posthoc tests were used for data analysis.
[T Injection of 3 pL ethidium bromide into the CA1 region increased oxidative stress parameters
(P<0.01). Injection of 15.3 ug/rat L-Arginine in this region stopped the response of ethidium bromide
(P<0.05, P<0.01); while, the injection of 15.1 ug/rat L-NAME failed to return the effects of the ethidium
bromide. Moreover, the combination of 15.3 pg/rat L-Arginine and 15.1 pg/rat L-NAME only returned
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Keywords: lipid peroxidation caused by the injection of 3 pL of ethidium bromide to normal (P<0.05); this process
Ethidium bromide, failed to improve antioxidant enzymes.

Nitric oxide, Oxidative The obtained results suggested the excitatory effect of the nitric oxide system on alleviating
stress ¢ oxidative stress induced by ethidium bromide in the CA1 region of male rats.

Extended Abstract stress and lipid peroxidation in the absence of equilibrium

between the production of free radicals and intrinsic anti-

1. Introduction oxidant mechanisms [2, 3]. The antioxidant enzymes ex-

pressed in brain cells protect the neurons against reactive

he mechanism of tissue damage in demy- oxygen species and nitrogen [7]. Ethidium bromide (EB)

elinating diseases of the central nervous causes the death of oligodendrocytes by producing free

system is ill-defined; however, a wealth radicals and inducing oxidative stress, but this neurological

of evidence supports the role of oxidative
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damage may be restored to the physiological capacity of the
central nervous system (CNS) [3].

The nitric oxide (NO) produced by nitric oxide synthesis,
has beneficial effects in low amounts, but harmful effects
in pathologic conditions [9]. The harmful effects of NO are
due to lipid peroxidation, as well as decreasing antioxidant
activity, causing oxidative stress [10]. NO level increases in
the serum of patients with multiple sclerosis [12]. Previous
studies have reported the antioxidant effects of NO [13].

The present study aimed to investigate the effect of in-
jections of EB, L-arginine, and L-NAME (as well as their
interaction) on the oxidative stress condition in the CA1 re-
gion of the hippocampus in male rats.

2. Materials and Methods

In this study, male wistar rats were used (MeantSD
weight: 200+50 g). The drugs used in this study were EB
(for demyelination), L-NAME (nitric oxide inhibitor), and
L-arginine (nitric oxide stimulant). Ketamine and xylazine
were used for anesthesia.

First, the animals were anesthetized by intraperitoneal in-
jection of ketamine and xylazine. Then, the rats were placed
in stereotactic devices, and the left CA1 region of the hip-
pocampus was cannulated. During the five to seventh days
of post-surgical recovery, the rats were ready for injection
and test. All injections were administered on the left side of
the hippocampus CA1 region.

Eight experimental groups of 7 male rats in each were
selected: Control group, Control group, and five experi-
mental groups that received EB, L-arginine, L-NAME, EB
+ L-arginine, EB + L-NAME, and the EB + L-arginine +
L-NAME. Drug injection per microgram for each rat was
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Figure 1. The effect of ethidium bromide, L-arginine and L-
NAME injection alone and in combination on the left side of
the CA1 hippocampus on lipid peroxidation (malondialde-
hyde) in male rats

based on previous studies [16, 17]. The hippocampus was
isolated from the brain of rats and the homogeneous tissues
from the hippocampus used for biochemical analyses [13].

Lipid peroxidation by measuring the level of malondi-
aldehyde (MDA), the activity of enzymes of glutathione
peroxidase (GPX), and super oxide dismutase (SOD) in
the homogenized tissue of the hippocampus was measured
[19, 20]. The one-way ANOVA test and Tukey post hoc test
were used to compare the differences between the experi-
mental groups. The significant difference was set at P<0.05.

3. Results

One-way ANOVA and post hoc Tukey analysis showed
that injection of 3 uL of EB in the CA1 region of the hip-
pocampus significantly increased the MDA level (Figure
1; P<0.01) and decreased the activity of GPX (Figure 2;
P<0.01) and SOD (Figure 3; P<0.01). Applying a dose of
0.15 pg L-NAME in the CALl region of the hippocampus
resulted in a significant increase in the MDA level (Figure
1; P<0.05), and a decrease in the activity of the GPX (Fig-
ure 2; P<0.05) and SOD (Figure 3; P<0.05).

The injection of the dose of 15.3 pg of L-arginine in the
CAL region of the hippocampus decreased the response
of EB on the MDA (Figure 1; P<0.05), GPX (Figure 2;
P<0.01) and SOD (Figure 3; P<0.05).

The injection of the combination dose of 15.3 ng of L-
arginine and 15.1 pg of L-NAME in the CA1 region of the

hippocampus reduced the response of ethidium bromide to
the MDA parameter (Figure 1; P<0.05).
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Figure 2. The effect of ethidium bromide, L-arginine and L-
NAME injection alone and in combination on the left side of
the CA1 hippocampus on glutathione peroxidase in male rats
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Figure 3. The effect of ethidium bromide, L-arginine and L-
NAME injection and their combination on the left side of the
CAL1 hippocampus on superoxide dismutase in male rats

4. Conclusion

Based on previous study, EB injection in the CA1 region
of the hippocampus in male rat decreases antioxidant en-
zymes [21]. The study showed that injection of EB as a
cause of demyelination significantly increased oxidative
stress in the injection site (CA1 region of the hippocampus)
in adult male rats.

The data obtained in this study showed that L-NAME
(nitric oxide inhibitor) injection decreases the activity of
antioxidant GPX and SOD, and increases MDA, which
suggest reducing oxidative stress. Also, the use of L-
arginine as a stimulant for the production of NO in the
CA1 region of the hippocampus does not affect the activ-
ity of antioxidant enzymes [7]. The findings of the study
showed that the amount of these enzymes decreases in
the presence of NO inhibition.

The results of this study are consistent with some previous
reports, but inconsistent with some others [21, 22]. They
showed that L-arginine injection stopped the response of
EB to oxidative stress. Pre-treatment using NO donors can
reduce the oxidative stress induced by the injection of EB
by increasing the amount of antioxidant enzyme (GSH)
[30]. Besides, the present study showed that L-NAME in-
jection does not significantly alter the antioxidant enzymes
in EB-induced demyelinated rats.

The results also indicated that co-administration of L-argi-
nine and L-NAME in the CA1 region of the hippocampus
of EB-induced demyelinated rats, although reducing the re-
sponse of EB to lipid peroxidation is not capable of improv-
ing the activity of the antioxidant enzymes SOD and GSH.

Based on the results of this study, the local and acute in-
jection of NO into the CA1 region of the hippocampus has
reduced the parameters of oxidative stress (increased anti-
oxidant status). Therefore, NO increase in this area from
myelin degradation rats recovers the neurons in the region.
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