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Abstract: Oxidative stress is a characteristic feature in a number of neurodegenerative disorders. The present study
evaluates the antioxidant effect of Nigella sativa oil (NSO) in comparison to that of vitamin C (vit.C) in the cortex
and hippocampus of rats pretreated with monosodium glutamate (MSG) as an animal model of oxidative stress. The
intraperitoneally injected MSG (4 mg/g body wt.) for 6 consecutive days induced significant decreases in cortical
and hippocampal catalase activity and cortical glutathione-S-transferase (GST) activitity and glutathione reduced
(GSH) level after 4 weeks. Oral administration of vit.C (200 mg/kg) to stressed rats restored catalase activity,
increased GST activity and decreased malondialdehyde (MDA) level after 4 weeks in the cortex. Oral administration
of NSO (1 ml/kg) for 4 weeks to MSG-treated rats increased cortical and hippocampal catalase activity and cortical
GSH content but significantly inhibited GST activity and increased MDA level in the cortex. Combined
administration of vit.C and NSO revealed nonsignificant changes in cortical and hippocampal parameters, as
compared to control levels, except for a significant decrease in hippocampal GSH content. In conclusion, although
there are some antioxidant effects of NSO, the pro-oxidant effect of NSO cannot be ruled out in the present MSG
model of oxidative stress. [Journal of American Science. 2010;6(12):13-19]. (ISSN: 1545-1003).
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1. Introduction

Oxidative stress is a characteristic feature in
a number of neurodegenerative disorders such as
stroke, Parkinson's disease and Alzheimer's disease.'?
The brain is particularly vulnerable to oxidative stress
injury because of its high rate of oxidative metabolic
activity, high content of polyunsaturated fatty acids,
relatively low antioxidant capacity, the abundance of
redox-active transition metal ions® and non-
replicating nature of its neuronal cells.*

Certain brain regions are highly enriched in
non-heme iron, which is catalytically involved in the
production of oxygen free radicals,” thus increasing
the risk of neurodegenerative disease. It has been
shown that the regions like cortex and hippocampus
are more susceptible to oxidative damage when
compared to cerebellum. &’

Reactive oxygen species (ROS) are
generated continuously in nervous system during
normal metabolism and neural activity. When the
balance between ROS (for example: superoxide,
hydrogen peroxide, hydroxyl radicals and singlet
oxygen) and antioxidant system is lost, oxidative
stress results.®?

In order to scavenge ROS, different defense
systems exist in the brain, such as enzymatic
(superoxide dismutase, glutathione peroxidase and
catalase), non enzymatic (glutathione and uric acid)
and dietary (vitamins A, E and C, B — carotene,
quinones and flavons) antioxidants. If ROS are not
effectively eliminated, they can cause peroxidation of
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cell membrane phospholipids, proteins (receptors and
enzymes) and DNA.°

Monosodium glutamate (MSG), the sodium
salt of glutamate, is commonly used as a flavor
enhancer,®*? to increase palatability and food selection
in a meal.”* Many people throughout the world ingest
large doses of MSG and in many countries there are no
limitation on the amount of MSG that can be added to
food.™

Glutamate is the main  excitatory
neurotransmitter in rat brain." It has been shown that
MSG administration during neonatal period increase
lipid peroxidation in the midbrain of adult rats.*®
Bawari et al'® suggested that oxidative stress caused by
excitotoxin- generated free radicals sustained and
progressed during development until adulthood. In
addition, Park et al.” reported that MSG could impair
memory retention and induce damage in the
hypothalamic neurons in mice. Moreover, alteration
due to MSG in mitochondria lipid peroxidation and
antioxidant status in different brain regions is well
documented.®

Vitamin C (ascorbic acid) is an essential
micronutrient  required for normal metabolic
functioning of the body. It is a well known antioxidant
in animal tissues.™ It decreases the adverse effects of
ROS implicated in chronic diseases including
neurodegenerative  diseases.?’ Neurons maintain
relatively high intracellular concentrations of ascorbic
acid.?* The reduced form of the vitamin C (ascorbate)
is an especially effective antioxidant owing to its high
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electron — donating power and ready conversion back
to the active reduced form,” in addition to the stability
and low reactivity of the ascorbyl radical formed
when ascorbate scavenges a reactive oxygen or
nitrogen species.?

Nigella sativa, commonly known as black
seeds, belongs to the botanical family of
Ranunculaceae. In recent years, the plant has been
investigated to justify its broad traditional therapeutic
value.” Many favorable biological properties of
Nigella sativa have been reported such as anti-
inflammatory,®  antioxidative,*?*  antitumour,®
antiulcerogenic,?’” and hepatoprotective,?® properties.
The biological activity of Nigella sativa seeds is
attributed to its essential oil components.?®

The aim of the present study is to evaluate
the antioxidant properties of Nigella sativa oil (NSO)
in comparison to that of the established antioxidant,
vit. C and whether the combination of both
treatments could increase the effect of each other or
not. The activities of catalase and glutathione-S-
transferase (GST), as well as, the levels of
glutathione reduced (GSH) and malondialdehyde
(MDA) were measured in the cortex and
hippocampus of rats pre-treated with monosodium
glutamate (MSG) as an animal model of oxidative
stress and after treatment with vit. C and/or NSO.

2. Materials and Methods:
Animals

Male albino rats (Rattus norvegicus)
weighing 120-180 g were used as experimental
animals. The animals were obtained from animal
house of the National Research Center. They were
maintained on stock diet and kept under fixed
appropriate conditions of housing and handling. All
experiments were carried out in accordance with
research protocols established by the animal care
committee of the National Research Center, Egypt.

Chemicals

L- glutamic acid sodium salt monohydrate
(MSG), was purchased from WINLAB, U.K. and
vitamin C (L-ascorbic acid) was from SAS chemicals
co. India. Phosphate buffer and reagent Kits were
purchased from Bio-diagnostic Company, Egypt.
Nigella sativa oil was obtained by pressing of seeds
on cold to keep the active constituents unaltered.

Experimental design

The animals were divided into 5 groups.
Animals of group (1) served as control and were
daily administered distilled water throughout the
experimental protocol. Animals of groups 2, 3, 4 and
5 were injected intraperitoneally (i.p.) with 4 mg/%
body wt. MSG for six consecutive days.?® At the 7'
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day, animals of the 2" 3" 4™ and 5" groups were daily
administered orally with distilled water, vit.C (200
mg/kg)®®, NSO (1 ml/kg)** and both vit C (200 mg/kg)
and NSO (1 ml/kg) respectively, for 4 weeks.

Handling of tissue samples

Both treated and control animals were
sacrificed after being fasted overnight. The brain of
each animal was quickly removed and rapidly
transferred to an ice-cold Petri dish and dissected to
obtain the cortex and hippocampus.®3 Each brain area
was weighed and frozen until analyzed.

The hippocampus and cortex  were
homogenized in 4 and 6 ml of ice cold phosphate
buffer (50 mM pH 7.4, 0.1% tritonX and 0.5 mM
EDTA), respectively. The homogenate was centrifuged
at 1753 g for 15 minutes at 4°C using a high speed
cooling centrifuge (Type 3K-30, Sigma, Germany).
The clear supernatant was separated and used for
analysis. Catalase activity,*** GST activity,*® GSH
level,*” and Thiobarbituric acid reactive substances
(expressed as malondialdehyde, MDA content),*® were
determined by using reagent Kkits.

Statistics

The data were expressed as mean = SEM.
Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by Bonferroni
post hoc test for multiple comparisons. Analysis was
made using the SPSS statistical software. The p-values
less than 0.05 were considered statistically significant.
Percentage difference representing the percent of
variation with respect to the control was calculated.

% difference = (treated mean—control
mean/control mean)x100.

3. Results

The data represented in Table (1) showed a
significant decrease in cortical and hippocampal
catalase activity in MSG-injected group as compared to
control group. These decreases in the enzyme activity
persisted after treatment of MSG-injected rats with
vit.C, being nonsignificant and significant in the cortex
and hippocampus, respectively as compared to control
animals. However, the oral administration of NSO to
MSG-treated rats induced a significant increase in the
enzyme activity in both cortex and hippocampus in
comparison to the control, MSG and vit.C-treated
groups. The combined administration of vitamin C and
NSO to MSG-treated rats returned the enzyme activity
to nearly control values in the cortex and hippocampus.

Regarding GST activity (Table 2), the present
data showed that the cortical GST activity decreased
significantly after MSG injection. The oral
administration of vit. C alone and vit. C+ NSO to
MSG-treated animals induced significant and
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nonsignificant increases in GST activity, respectively
in comparison to control group. Meanwhile, the oral
administration of NSO to MSG-treated rats did not
alter the significant decrease in the enzyme activity
due to MSG injection alone. On the other hand, GST
activity in the hippocampus did not show any
significant changes during the experimental period.
As shown in Table (3), the cortical GSH
level decreased significantly after MSG treatment.
However, this decrease in GSH level persisted
significantly after vitamin C administration in
comparison to the control. The oral administration of
NSO alone and vit. C+NSO induced significant and
non significant increases in GSH levels, respectively
relative to the control group. In contrast to the cortex,
the data did not record any significant changes in the
hippocampal GSH content after MSG injection. The
combined administration of both vit. C and NSO

showed a significant decrease in the GSH content as
compared to the control value.

Data in Table (4) revealed a nonsignificant
change in the cortical lipid peroxidation after MSG
injection as determined by MDA formation. However,
vit. C administration to MSG-injected rats induced a
significant decrease in MDA level. Meanwhile, NSO
administration provoked a significant increase in MDA
level as compared to control, MSG and vit.C-treated
groups. The combined administration of vit.C and NSO
to MSG-treated rats did not induce any significant
change in MDA level in relation to control and MSG-
treated groups. MDA content in the hippocampus
presented a significant decrease due to MSG injection.
Administration of vit.C did not change the decrease in
MDA level obtained as a result of MSG injection
alone. Nonsignificant changes were observed in MDA
level as a result of NSO and vit.C+NSO treatments to
MSG-treated rats as compared to control group.

Table (1): Effect of daily oral administration of vit. C and/or NSO on catalase activity (U/g tissue) in the cortex and

hippocampus of rats treated with MSG.
Area Control MSG Vit.C NSO (Vit. C+ NSO) F-
Value %D value %D value %D value %D test
A B AB C A
Cortex 2.7420.07 1.93+0.06 | -29.56 | 2.42+0.10 3.530.28 +28.83 2.870.13 +474 | *
0] U] 8 -11.68 (6) (8)
A B B C AC
Hippocampus 9.70£0.58 7.16£0.63 | -26.19 | 7.67£0.29 11.58+0.15 | +19.38 | 10.65:0.18 | +9.79 | *
@ ©) 0] -20.93 (6) (6)

Values represent meanS.E.M. with the number of animals between parentheses.

*: p < 0.05 significant.
A, B and C: different letters mean significant changes.
%D: percentage difference between treated and control.

Table (2): Effect of daily oral administration of vit. C and/or NSO on GST activity (U/g tissue) in the cortex and

hippocampus of rats treated with MSG.

Area Control MSG Vit.C NSO (Vit. C+ NSO) F-
value %D value % D value % D value % D test
A B C B AC
Cortex 0.30+0.03 0.09+0.01 -70.00 0.50+0.04 +66.67 0.10+0.02 -66.67 0.46+0.06 +53.33
(6) ) (6) (6) (6) *
0.10+0.01 0.06+0.01 0.08+0.02 0.10+0.02 0.06+0.01
Hippocampus (6) (6) -40.00 (7) -20.00 (6) 0.00 (6) -40.00 n.s.

Values represent meanS.E.M. with the number of animals between parentheses.

n.s.: p > 0.05 nonsignificant. *: p < 0.05 significant.
A, B and C: different letters mean significant changes.
%D: percentage difference between treated and control.

Table (3): Effect of daily oral administration of vit. C and/or NSO on GSH content (mg/g tissue) in the cortex and

hippocampus of rats treated with MSG.

Area Control MSG Vit.C NSO (Vit. C+ NSO) F-
Value % D Value % D Value % D Value % D test
A B B C AC
Cortex 26.36+0.95 13.64+0.97 | -48.25 | 16.59+1.45 | -37.06 36.78+1.85 | +39.53 | 32.39+2.18 | +22.88 *
(®) (6) (7 (6) (6)
A A AB A B
Hippocampus 53.64+1.16 52.75+1.31 -1.66 47.68+1.34 | -11.11 51.98+1.59 -3.09 | 44.03+2.31 | -17.92 *
(6) (6) (6) (6) (6)

Values represent mean+S.E.M. with the number of animals between parentheses.
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*: p < 0.05 significant.
A, B and C: different letters mean significant changes.
%D: percentage difference between treated and control.

Table (4): Effect of daily oral administration of vit. C and/or NSO on MDA content (nmol/g tissue) in the cortex

and hippocampus of rats treated with MSG.

Area Control MSG Vit.C NSO (Vit. C+ NSO) F-
value %D Value %D Value %D Value %D test
A A B C AB
Cortex 197.75+£2.84 | 194.91+4.93 -1.44 163.43+1.94 | -17.36 | 230.23+7.86 | +16.42 | 180.89+4.14 -8.53 *
(6) )] (6) (6) (6)
AC B B AB o
Hippocampus 175.52+2.51 | 155.03+4.07 | -11.67 | 156.73+4.02 | -10.71 | 170.58+4.20 -2.81 191.93+4.17 | +9.35 *
(6) (6) (6) ®) (6)

Values represent meanS.E.M. with the number of animals between parentheses.

*: p < 0.05 significant.
A, B and C: different letters mean significant changes.
%D: percentage difference between treated and control.

4. Discussion:

The present data showed that the i.p.
injection of MSG for 6 consecutive days to adult rats
induced significant decreases in cortical and
hippocampal catalase activity as well as cortical GST
activity and GSH content after 4 weeks, as compared
to control rats. Singh et al.? reported that repeated
monosodium glutamate doses showed prolonged and
delayed effects on the mitochondrial free radical
scavenger system and the consequential membrane
damage as inferred from altered levels of Mn-
superoxide  dismutase  (Mn-SOD), catalase,
glutathione peroxidase (GPx), glutathione reduced
(GSH), lipid peroxidation and uric acid content in
mitochondria in different brain regions of male rats.

Thus, it could be suggested that the i.p.
injection of MSG administration may provide a
successful model of oxidative stress and hence may
be used to investigate the antioxidant properties of
several natural products.

Decreased catalase activity has been shown
to be associated with oxidative stress in brain
regions.®** It functions to catalyze the
decomposition of H,O, to water and oxygen.*

Singh et al.” investigated the effect of i.p.
MSG administration for 6 consecutive days on
mitochondrial lipid peroxidation and antioxidant
status in adult rat cerebral hemisphere after 30 and 45
days. In the present study, the effect of MSG is
investigated in the cerebral cortex and hippocampus
of adult male rats and the decrease in catalase activity
and glutathione reduced content in the cerebral cortex
is in accordance with the results of Singh et al.? in
the cerebral hemisphere. Thus, the cerebral cortex
could be the target area for MSG effects in the
cerebral hemisphere. Furthermore, the present results
agree with the more recent study of Farombi and
Onyema,*? who indicated a decrease in brain GSH
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content and catalase activity after i.p. injection of
adult rats with MSG for 10 days.

Kono and Fridovich,** suggested that
increased production of free radicals may lead to
depletion or inactivation of catalase enzyme.
Further reports have shown that mitochondria
generate superoxide and related ROS during
glutamate receptor over activation.**** During
oxidative stress, the superoxides destroy the iron-
sulfur centers and thereby irreversibly deactivate
the iron containing enzymes.*>°

Thus, the decrease in cortical and
hippocampal catalase activity in MSG-injected
group may be due to depletion or irreversible

deactivation of the catalase enzyme by
superoxide generation.
GSH (a tripeptide comprised of

glutamate, cysteine and glycine) plays a critical
role in protecting cells from oxidative stress and
xenobiotics. GSH can function as an antixodant
in many ways. It can react non-enzymatically
with  superoxide,”” nitric oxide,”® hydroxyl
radical,*® and peroxynitrite.® Thus, it functions
directly as a free radical scavenger. Therefore,
the decrease in cortical GSH content observed in
the present study may be due to its consumption
in scavenging the generated ROS.

Glutathione-S-transferases (GSTs) are a
family of enzymes that catalyze the addition of
the tripeptide glutathione to endogenous and
xenobiotic substrates which have electrophilic
functional groups.” Subsequently, the observed
decline in the cortical GST activity, in the present
study, may be ascribed to the reduction in the
level of its substrate, GSH.

Lipid peroxidation is an autocatalytic
mechanism leading to oxidative destruction of
cellular membranes.®> MDA is the major
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aldehyde metabolite of lipid peroxidation.® The
present nonsignificant change in cortical MDA level
in MSG-treated group may confirm the delayed effect
of MSG exposure and this result is in line with the
results of Singh et al.”® as they found significant
increase in the level of mitochondrial lipid
peroxidation in the cerebral hemisphere at the 45"
day of MSG administration and not at the 30" day.

In the present study, it was found that the
oral administration of vit. C to MSG-injected rats
restored cortical catalase activity to nearly control
level, whereas it reversed the significant decrease in
cortical GST activity due to MSG injection to a
significant increase (+66.67%). Meanwhile, GSH
content in the cortex was not affected by vit. C
treatment to stressed rats. However, cortical MDA
level was decreased significantly after vit. C
administration as compared to control group.

Vitamin C is a well known antioxidant and
has been shown to protect various tissues against the
damage caused by ROS.* In addition, many studies
have indicated that vitamin C may be of benefit in
chronic diseases such as cardiovascular disease,
cancer and cataract, probably through antioxidant
mechanisms.>* Moreover, Huang et al.”® reported that
vitamin C (500 mg ascorbate/day) supplementation in
non-smokers reduced lipid peroxidation.

Therefore, the present increase in GST
activity and restoration of catalase activity to nearly
control level in addition to the decrease in MDA
content in the cortex could indicate that the
antioxidant properties of vit. C may be mediated on
one hand by an increase in antioxidant enzymatic
activity and by a decrease in lipid peroxidation on the
other hand.

Within the brain, ascorbate levels are not
homogenous; in humans, the highest levels are found
in the hippocampus, amygdala, and hypothalamus.®®
Therefore, the mild oxidative state observed, in the
present study, in the hippocampus due to MSG
administration may be due to the inherent high
content of vit. C in this brain area.

Treatment of oxidatively stressed rats, in the
present study, with NSO increased catalase activity in
the cortex and hippocampus as well as the GSH
content in the cortex. Meanwhile, a significant
inhibition of cortical GST activity accompanied by an
increase in MDA was obtained.

Thymoquinone (TQ) is the main constituent
of NSO. It was intensively studied and ascribed to
possess antioxidant properties.”” On the other hand,
Khader et al.*® reported that TQ like other quinone
compounds, can be considered to be a redox-cycler
which is metabolized in vitro to hydroquinones or
semiquinone radicals by cellular oxidoreductases
leading to the production of ROS. This may explain
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the present increase in cortical MDA content
after treatment of MSG-injected rats with NSO.

It has been reported that the exposure to
ROS and nitrogen species may raise the GSH
content by increasing the GSH synthesis rate.>*
Thus, the increase in cortical GSH content may
be an attempt to counteract the increase in MDA
level as a defense mechanism by brain cells
against free radicals generation.

Cortical and hippocampal catalase
activity showed significant increases due to NSO
treatment of stressed rats. In agreement with the
present result, Kanter et al.®* found that NSO
prevented inhibition of catalase activity following
experimental spinal cord injury in rats. Moreover,
Al-Majed et al.®* found that thymoquinone is
beneficial in restoring declined hippocampal
SOD and catalase due to ischemia insult.

Although, there are some antioxidant
effects of NSO which are represented in the
increase of GSH content and catalase activity, the
pro-oxidant effect of NSO cannot be ruled out in
the present MSG model of oxidative stress.

Vitamin C is considered the most important
water-soluble antioxidant in extracellular fluids,®®
and must have neutralized the ROS generated in
the aqueous phase before lipid peroxidation was
initiated."?

Therefore, it could be concluded that the
combined administration of vitamin C and NSO
to stressed rats, in the present study, may
represent a synergestic antioxidant effect between
the water soluble vit. C and lipid soluble
components of NSO. Moreover, vit. C may
counteract the pro-oxidant effects of NSO.
However, further studies are recommended for
the evaluation of the antioxidant properties of
NSO in different models of oxidative stress.
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