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Abstract

Submit Date: Oct 21, 2020 Background: Monosodium Glutamate (MSG) is one of the most commonly used flavor-
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- X enhancing substances that may lead to neurological disorders. Objectives: The present work
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aimed to evaluate the role of L-ascorbic acid (AA) and a-tocopherol (aT) on the MSG-
Keywords induced memory and neurobehavioral changes in rats. Methods: Thirty male Wistar albino
rats were randomized into five equal groups: (1) control group, (2) MSG group received
MSG (2mg/g BW) daily, (3) MSG+A group received MSG as in MSG group, and AA (100
mg/kg BW) daily, (4) MSG+T group received MSG as in MSG group, and oT (600 mg/kg
BW) twice weekly, and (5) MSG+AT group received MSG as in MSG group, AA as in

- monosodium
glutamate

- L-ascorbic acid MSG+A group, and aT as in MSG+T group. After 3 weeks, neurobehavioral changes were

- alpha-tocopherol assessed by open field test and Y maze. Oxidative stress markers were estimated, and
- GFAP immunohistochemistry was studied in hippocampal region. Results: MSG resulted in
- synaptophysin impairment of memory and induction of anxiety, with increased hippocampal

malondialdehyde and decreased superoxide dismutase and glutathione peroxidase. Treatment
with AA or oT improved all the measured biochemical parameters, and the MSG-induced
hippocampal degenerative changes, with decreased glial fibrillary acidic protein (GFAP) and
synaptophysin expression. Combined administration of both vitamins was more effective in
amelioration of MSG-induced impairments rather than taking AA or aT alone. Conclusion:
Both AA and oT exhibit protective effects against neurobehavioral changes, oxidative stress
and hippocampal degenerative changes induced by MSG toxicity, with more potent efficacy

of their combination.
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INTRODUCTION

Monosodium glutamate (MSG), the sodium salt of
glutamic acid, is one of the most commonly used
aromas enhancing agents for increasing flavor in
meals, and its consumption has recently increased
in daily food intake (1). The studies on
experimental animals have confirmed toxic effect
of MSG in different organs, mainly manifested by
increased oxidative stress, cytotoxicity,
immunosuppression, reproductive toxicity in both
males and females, obesity, asthma, autism and
numerous other ailments. MSG is known to
produce impairment in memory retention, damage
in the hypothalamic neurons, and alterations in
mitochondrial lipid peroxidation and antioxidant
status in different regions of the brain (2). MSG-
induced spatial memory and learning impairment
could be due to deficiency of N-methyl-D-
aspartate  (NMDA) glutamate receptors in the
hippocampus, degenerative retinal function with
impaired vision or cholinergic deficiency (3).

Glial fibrillary acidic protein (GFAP) is one of a
family of intermediate filament proteins that serve
function.  GFAP

expression is considered a sensitive and reliable

largely  cytoarchitectural

marker for reactive astrogliosis in response to
central nervous system injuries (4). Another
marker of synaptic plasticity is synaptophysin that
forms about 7% of the total synaptic vesicle
proteins; it is used as a specific protein marker for
the presynaptic terminals, and its level is related to
the synaptic density. In fact, the synaptic structure
is the morphological base of learning and memory
processes (5).

The small molecule antioxidants in the body

include L-ascorbic acid (AA), the active form of

vitamin C, and o-tocopherol (aT), the active form
of vitamin E (6). AA is a water-soluble antioxidant
and a free radical scavenger, which was reported to
play an important role in the general oxidation-
reduction processes (7). aT is needed for the
mitochondria electron transport function; as it
donates labile hydrogen to membranes, and in this
way, it terminates peroxidation chain reactions by
scavenging chain-propagating free radicals (8).
Combinations of two or three antioxidants have led
to increase the beneficial outcomes on learning,
and to decrease oxidative stress (9,10), when
compared with each antioxidant alone. The basic
rationale for combining vitamin E and vitamin C
stems from their different mechanisms and loci of
action, and their interaction within a redox
network (11). In rodents, the combination of
vitamins C and E has been shown to prevent
homocysteine-induced functional impairments,
reduce age-associated impairments in cognitive
function, decrease oxidative stress in the brain of
old diabetic rats, and protect against intermittent
cold exposure-induced oxidative stress in the
hypothalamus and cortex of old rats (12). While
these studies demonstrated that the combination of
the two vitamins is effective in improving brain
function and decreasing oxidative stress, most
research workers did not systematically compare
the stand-alone intervention  with  their
combination, and therefore, did not provide
evidences of an additive or synergistic effect.

In the present study, we shed light on the potential
effects of AA and oT on MSG-induced
neurobehavioral changes in rats, and the possible

underlying mechanisms were studied.
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2. Material and Methods

2.1. Animals and experimental groups.

Thirty male Wister albino rats, weighing 160-200
g each, and aging 2 - 3 months were obtained from
a local animal providing facility. Animals were
caged, three per cage, in fully ventilated cages (80
x40 x30 cm) at normal room temperature under an
artificial 12-hours light/dark cycle, with free
access to water and semi-synthetic balanced diet.
The animal housing, handling, sampling and
experimental ~ procedures  were  performed
according to the guide for the care and use of
laboratory animals published by the US National
Institutes of Health (13). The protocol of the study
was approved by The Ethical Committee of
Faculty of Medicine, Menoufia University.

After two weeks of acclimatization, rats were
divided randomly into five equal groups, 6 rats
each: [1] Control (C) group: normal rats were
orally given 0.5 ml of distilled water by
esophageal gavage, once daily, and were
intraperitoneally (i.p.) injected with 0.5 ml of olive
oil (Alrayah Company, Egypt), twice weekly, for a
duration of three weeks. [2] Non-treated
monosodium  glutamate-administered  (MSG)
group: animals were orally given 2 mg/g body
weight (BW) of MSG (Ajinomoto Co. Inc., Tokyo,
Japan) (14) dissolved in 0.5 ml of distilled water
by esophageal gavage, once daily, and were i.p.
injected with olive oil as in control group for a
duration of three weeks. [3] L-ascorbic acid-
treated  monosodium  glutamate-administered
(MSG+A) group: MSG was orally given as in
MSG group, together with 100 mg/kg BW of AA
(Chemical industries development, Giza, Egypt)
(14) dissolved in 0.5 ml of distilled water by

esophageal gavage, once daily, and rats were i.p.

injected with olive oil as in control group for three
weeks. [4] Alpha-tocopherol-treated monosodium
glutamate-administered (MSG+T) group: MSG
was given as in MSG group, with i.p. injection of
600 mg/kg BW of oT (Pharco Pharmaceuticals,
Alexandria, Egypt) dissolved in 0.5 ml of olive oil,
twice weekly (15) for three weeks. [5] Combined
L-ascorbic acid- and  a-tocopherol-treated
monosodium glutamate-administered (MSG+AT)
group: MSG and AA were orally given to rats as in
MSG and MSG+A groups, respectively, and oT
was i.p. injected as in MSG+T group for three
weeks. Animals of all groups survived until the
end of the experiment.

2.2. Study design:

At the end of the experimental period of three
weeks, neurobehavioral assessment of all rats was
done wusing open field and Y maze tests.
Thereafter, rats were anaesthetized by inhalation of
70% ethanol for 10 minutes, and sacrificed by
cervical elongation and dislocation. The skull of
each rat was opened, and the brain was extracted
and washed with ice-cold phosphate buffer saline
(pH 7.4). The left hemisphere was weighed and
prepared for hippocampus tissue homogenization
to measure the pro-oxidant malondialdehyde
(MDA) level and the antioxidant enzymatic
activities of glutathione peroxidase (GPx) and
superoxide dismutase (SOD) in the brain
hippocampus. The right hemisphere was fixed in
10% formalin saline for histopathological study
using Hematoxylin and Eosin staining (H&E). The
expression of synaptophysin and GFAP in
hippocampal neurons was evaluated by

immunohistochemistry method.
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2.3. Assessment of behavior and spatial
memory.

2.3.1. Open field test: Each rat was placed in the
center of an open field box (Im x 1 m x 50 cm)
with a floor divided into squares (20 cm x 20 cm)
units. Rat was put in the center of the field, and
locomotor activity was observed for 5 min in a
quiet room illuminated with controlled light. The
floor of the box was cleaned with 70% ethanol
between rats. The following parameters were
recorded using digital video camera: latent period,
squares crossed, center crossing, rearing and
grooming (16). Rats were not exposed to prior
training to motivate them to explore the box.

2.3.2. Y-maze:

Y-maze was constructed using wood and the three
arms were made of equal sizes (60 cm long, 11.5
cm width and 25 cm height). Each rat was placed
in the center of the Y-maze to explore the maze for
5 min duration. An entry was scored when the four
paws of the animal were completely in the arm of
the Y-maze. Alternation was defined as any three
consecutive entries of the three different arms;
they were counted as a correct choice.
Spontaneous alternation refers to the natural
tendency of rodents to spontaneously choose
alternate arms in a Y-maze, and it is considered a
quick and relatively simple test of spatial working
memory (17).

The percentage of spontaneous alternation (the
ratio of correct choices) was calculated by dividing
the total number of alternations by the total
number of choices minus 2 (18). The floor of the
box was cleaned with 70 % ethanol between rats.
2.4. Biochemical assays.

The left half of the rat brain was perfused with

PBS solution (Biodiagnostic Company, Egypt),

then the hippocampal region was homogenized in
5 ml cold buffer per gram tissue. The hippocampal
tissue homogenate was centrifuged at 4000 rpm for
15 min at 4 °C, and the supernatant was removed
and stored at —80 °C until measurements of the
MDA level, and the GPx and SOD enzymatic
activities by colorimetric methods using their
specific kits purchased from Bio-diagnostics
(Giza, Egypt) according to the manufacturer’s
instruction.

2.5. Histopathological assessment of the brain
tissue.

2.5.1. Histological examination: The right
hemisphere of the brain of each rat was fixed in
10% formalin solution, embedded in paraffin, and
serial coronal sections of 5 pum thickness were
obtained using a freezing sledge microtome.
Sections of brain hippocampus were then stained
with  Hematoxylin and Eosin (H&E) for
examination with light microscope (19).

2.5.2. Immunohistochemical assessment: Serial
brain hippocampus sections were cut at 5 pm
thickness, and were mounted on positively charged
glass slides using secondary ultra-vision detection
system (Thermo Scientific, USA). Sections were
deparaffinized and hydrated, then incubated with
hydrogen peroxide blocking solution for 15 min in
humid chambers at room temperature. Slides were
washed twice in phosphate buffer, and incubated
with pepsin digestive enzyme, and then washed 4
times in the buffer. Ultraviolet block was applied
and incubated for 5 min. Thereafter, primary
antibodies of GFAP (Thermo Scientific, USA,
ready to use 7 ml) and synaptophysin (Thermo
Scientific, USA, 1:60) were applied on the serial
sections for 30 min. Sections were washed, and

then biotinylated with goat anti-polyvalent
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antibody (secondary antibody) for 10 min, then
washed and followed by streptavidin peroxidase
for 10 min and washed again. To develop color
reaction, one drop of “DAB Plus” chromogen was
added to 2 ml of “DAB Plus” substrate, mixed and
applied on tissues for 10 min. Sections were then
counterstained  with  Mayer's  hematoxylin.
Coverslip was applied using mounting media.
Positive reaction appeared as brown color (20). In
each of the serial sections, 10 high power fields
were examined, and the area % was measured for

both GFAP and synaptophysin expression (21).

2.6. Statistical analysis.

The results were analyzed using SPSS computer
software package, version 22 (Statistical Package
for the Social Science, SPSS Inc., Chicago,
lllinois, USA). Data were presented as mean +
standard  deviation (SD). Comparison  of
quantitative variables between the studied groups
was done using one-way analysis of variance
(ANOVA) test with Tukey’s post hoc test. Pearson
correlation coefficient (r) was calculated to access
correlation between two continuous variables.
Differences  were  considered  statistically
significant at p <0.05.

3. Results

3.1. Cognitive and behavioral changes.

3.1.1. Performance of open field test:

The number of squares crossed by the animals of
MSG group was significantly decreased, when
compared with that of C group. In MSG+A,
MSG+T and MSG+AT groups, numbers of
squares crossed were significantly more than that
of MSG group, but still significantly less than that
of C group. Also, number of squares crossed in

MSG+AT group was significantly higher than

those of MSG+A and MSG+T groups. There was
insignificant variation between MSG+A and
MSG+T groups.

The numbers of rearing and grooming were
significantly increased in MSG group versus C
group. In MSG+A, MSG+T and MSG+AT groups,
numbers of rearing and grooming were
significantly reduced compared to MSG group, but
still significantly more than those of C group.
Also, rearing and grooming in animals of
MSG+AT group were significantly lower than
those of MSG+A and MSG+T groups. There was
insignificant difference between MSG+A and
MSG+T groups.

Notably, there were insignificant differences
between all groups regarding latent period and
center crossing. Table (1) demonstrates the
performance of open field test by all the studied
groups.

3.1.2. Performance of Y-Maze.

The percentage of spontaneous alternations was
significantly decreased in MSG group, when
compared with that of C group. In MSG+A,
MSG+T and MSG+AT groups, percentages of
spontaneous alternations were significantly higher
than that of MSG group, but still significantly less
than that of C group. Also, the percentage of
spontaneous alternations of MSG+AT group
showed a significant increase compared to those of
MSG+A and MSG+T groups. There was
insignificant difference between values of MSG+A
and MSG+T groups (Table 1).
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Table (1): Performance of open field test and percentage of spontaneous alteration in Y-maze test in
control (C) group, non-treated monosodium glutamate-administered (MSG) group, and monosodium
glutamate-administered groups treated with L-ascorbic acid (MSG+A), a-tocopherol (MSG+T) or
both (MSG+AT).

Pararme te‘f"""P C MSG MSG+A MSG+T MSG+AT
Latent period 1.65+0.41 1.59+0.44 1.63+0.50 1.66+0.47 1.67+0.41
Center crossing 1.62+0.54 1.37+0.61 1.57+0.52 1.57+0.51 1.60+0.55
Squares crossed 64.83%9.63 24.17£3.17* 42.67£6.37*# 44.17+6.82%# 55.67=7.60*43Q
Rearing 1.50+0.27 12.00x2.10* T.33£1.21%# 8.67+1.45%# 2.67E0.4T*HEQ
Grooming 1.67+0.32 7.83£1.37* 3.67£0.52%# 4.00+£0.89%# 2.83+0.58*#5Q
Spontansous 94.7+3.88 53.3+£5.8* 71.8+4.01*# 72.5+4 80%# 85.5+£5.45*48Q

alteration %

Data are expressed as mean =+ standard deviation. Number of rats in each group was six (n=6). One-way
analysis of variance with Tukey’s post-hoc test was applied, and significant level was set on P < 0.05. The
marks ¥, #, $ and Q indicate significant differences, when values are compared with the corresponding values

of C, MSG, MSG+A and MSG+T groups, respectively.

3.2. Changes of oxidative stress markers.

Table (2) shows the changes of MDA level and
enzymatic activities of SOD and GPx in the brain
tissue homogenates of the different studied groups.
MDA level in MSG group showed a significant
elevation, when compared with that in C group. In
MSG+A, MSG+T and MSG+AT groups, MDA
levels were significantly decreased, when
compared with that of MSG group. MDA level of
MSG+AT group was significantly lower than
those of MSG+A and MSG+T groups, but still

significantly more than that of C group. There was

insignificant variation of MDA levels between
MSG+A and MSG+T groups.

The activities of both SOD and GPx antioxidant
enzymes were significantly reduced in MSG
group, when compared with those of C group. In
MSG+A, MSG+T and MSG+AT groups, SOD and
GPx activities were significantly higher than those
of MSG group. SOD and GPx activities were
significantly increased in MSG+AT group versus
MSG+A and MSG+T groups. There was a non-
significant variation of SOD and GPx activities
between MSG+A and MSG+T groups.

Table (2): Malondialdehyde (MDA) levels and the enzymatic activities of superoxide dismutase (SOD)
and glutathione peroxidase (GPx) in the brain hippocampus tissue homogenates of control (C) group,
non-treated monosodium glutamate-administered (MSG) group, and monosodium glutamate-
administered groups treated with L-ascorbic acid (MSG+A), o-tocopherol (MSG+T) or both

(MSG+AT).
Parametel('}roup c MSG MSG+A MSG+T MSG+AT
MDA
(nmol/g. tissue) 14.70+£2.49 108.33+£6.94%* 59.83+3.19%# 71.00L8.16%#  25.07L£3.22*%#$Q
SOD
(U/g. tissue) 08.83+1.94 31.36£3.90%* 73.49+10.52%# 77.45+£523%#  87.402.25%#FQ2
GPx 83.20+2.71 28.06£5.81%* 51.524+6.21%# 52.75+£5.59%%#  71.387.39F%#FQ2

(U/g. tissue)
Data are expressed as mean =+ standard deviation. Number of rats in each group was six (n=6). One-way
analysis of variance with Tukey’s post-hoc test was applied, and the significant level was set on P < 0.05. The
marks *, #, $ and Q indicate significant differences, when values are compared with the corresponding values

of C, MSG, MSG+A and MSG+T groups, respectively.
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3.3. Histopathological examination.

3.3.1. Hematoxylin and eosin stained sections.

In the H&E stained sections from hippocampi of
the rat brains of C group, normal appearance of the
histological picture was found, with almost
organized pyramidal cell layer and unremarkable
shrunken cells. The granular cell layer was of
normal appearance and cells showed no vacuoles.
The molecular layer showed normal neurons,
nerve fibers and astrocytes without any
histopathological changes (Fig.1[A]). MSG group
revealed marked degenerative changes, mainly in
pyramidal cell layer; most of cells appeared
shrunken with darkly stained cytoplasm and
deeply pyknotic nuclei, and were surrounded by a
peripheral halo. The nerve fibers were widely
separated. These changes were observed in all
parts of hippocampus, mainly in the pyramidal cell
layer and in the granular cell layer of the dentate
gyrus (Fig.1[B]). In MSG+A group, there was
moderate improvement of the histological picture,
where some pyramidal cells appeared with
vesicular rounded nuclei and acidophilic
cytoplasm, but still other cells showed deeply
stained cytoplasm and pyknotic nuclei (Fig.1[C]).
In MSG+T group, there was mild improvement of
the histological picture; although most pyramidal
cells still showed degenerative changes, other cells
appeared with acidophilic cytoplasm and vesicular
nuclei (Fig.1[D]). The MSG+AT group showed a

good improvement of the histological picture,
where most neurons of pyramidal cell layer were
quite normal having acidophilic cytoplasm and
vesicular nuclei, while only few cells were still
showing evidence of degeneration in the form of
shrunken cytoplasm and pyknotic nuclei (Fig.
1[E]).

3.3.2. Immunohistochemistry studies.
Quantitative studies by area % for GFAP and
synaptophysin were demonstrated in Fig. (2) and
Fig. (3), respectively. Significant increases in the
area % of both GFAP and synaptophysin
expressions were observed in MSG, MSG+A,
MSG+T and MSG+AT groups, when compared
with those of C group. Significant decreases of
area % of both GFAP and synaptophysin
immunostaining were detected in MSG+A,
MSG+T and MSG+AT groups compared to those
of MSG group. MSG+AT group showed lower
area % of both GFAP and synaptophysin
immunostaining than those of MSG+A and
MSG+T groups; however, values of MSG+AT
were still significantly more than those of C group.
A nonsignificant variation in area % of both GFAP
and synaptophysin between MSG+A and MSG+T

groups was observed.
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Fig. (1): Hematoxylin and eosin stained
sections of hippocampus showing normal
architecture in control group [A],
neurodegenerative changes in non-
treated monosodium glutamate-
administered group [B], and their
amelioration in monosodium glutamate-
administered groups treated with L-
ascorbic acid [C], a-tocopherol [D] or
both [E]. P: pyramidal cell layer. O:
polymorphic cells. M: molecular cell layer.
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Fig. (2): Glial fibrillary acidic protein (GFAP) i ining of hippocamp showing normal

expression in control group [A], increased expression in non-treated monosodium glutamate-
administered group (MSG, [B]), and its amelioration in monosodium glutamate-administered groups
treated with L-ascorbic acid (MSG+A, [C]), a-tocopherol (MSG+T, [D]) or both (MSG+AT, [E]).
Panel [F] represents the percentage of GFAP expression in the above-mentioned groups. Number of
rats in each group was six (n=6). Data are expressed as mean =+ standard deviation. One-way analysis of
variance with Tukey’s post-hoc test was applied, and the significant level was set on P < 0.05. The marks *_
#. $ and Q indicate a significant variation. when values are compared with control, MSG, MSG+A and
MSGHT groups, respectively.
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Fig. (3): Synaptophysin immunostaining of hippocampus showing normal expression in control
group [A], increased expression in non-treated monosodium glutamate-administered group
(MSG, [B]), and its amelioration in monosodium glutamate-administered groups treated with L-
ascorbic acid (MSG+A, [C]), a-tocopherol (MSG+T, [D]) or both (MSA+AT, [E]). Panel [F]
represents the percentage of synaptophysin in the above-mentioned groups. Number of rats in
each group was six (n=6). Data were expressed as mean * standard deviation. One-way analysis of
variance with Tukey’s post-hoc test was applied, and the significant level was set on P < 0.05. The
marks *, # $ and Q indicate a significant variation, when values are compared with control, MSG,

MSG+A and MSG+T groups, respectively.

3.4. Correlation between hippocampal
MDA level and other measured variables.
Fig. 4 shows the Pearson correlations between the
oxidative stress and lipid peroxidation marker,
MDA and all the other measured variables in all
the studied groups (n=30).
Significant positive correlations were observed
between the brain hippocampal MDA level and the
latent period (r=0.441, P=0.015), mean number of
rearing (r=0.933, P=0.000), grooming (r=0.888,
P=0.000) of open field test, and percent area of
expression of GFAP (r=0.817, P=0.000) and

synaptophysin (r=0.718, P=0.000) in
immunohistochemistry study. On the contrary,
significant negative correlations were found
between the MDA level and the percentage of
spontaneous alternations in Y maze (r= -0.888,
P=0.000), number of squares crossed in open field
test (r= -0.836, P=0.000), and the enzymatic
activities of SOD (r= -0.920, P=0.000) and GPx
(r= -0.949, P=0.000). No significant correlation
was observed between MDA and center crossing

in open field test.
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4. Discussion anxiety-like behavior of rearing and grooming,

The present study showed a reduction in the rat
cognitive function, as demonstrated by a decrease
of percentage of spontaneous alternations in Y-
maze in rats given MSG compared to control
animals, indicating impairment of working
memory, which confirms earlier investigations by
Sreejesh and Sreekumaran (22) applying T-maze,
and Hassaan et al. (23) working on mice. Their
results of open field test were also in consistency
with our findings that MSG administration affects
locomotor activity through a decrease in the

number of squares crossed and an increase in the

when compared with normal animals. The
impairment of memory and anxiety could be
attributed to the excitotoxicity of MSG, as it alters
the activity and sensitivity of rat hypothalamic-
pituitary-adrenocortical axis (24). Also, the
accumulated excessive amounts of glutamate by
MSG ingestion may act as a potent neurotoxin
through activation of proteolytic enzymes. The
excitotoxic effect of glutamate is mediated by an
interaction with NMDA receptors leading to an
uncontrollable  rise in intracellular ~ Ca?

concentration, which activates various enzymes
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contributing to cell death by various mechanisms
(3). Also, inhibition of cholinergic system and
induction of oxidative stress may mediate MSG
neurotoxicity (3,24). On the contrary of our
finding, some studies reported that MSG
administration either did not affect memory and
behavior or increased them slightly (3,25). This
contradictory results with what has been obtained
in this study may be explained by their usage of
lower doses of MSG or performing their
experiment for shorter durations.

Our results showed an increase in MDA level and a
decrease in SOD and GPx activities in the brain
hippocampus of MSG-administered rats, when
compared with those of normal rats; a finding that
was also reported by previous investigations
(26,27). In fact, the brain is particularly vulnerable
to membrane lipid peroxidation due to the
relatively high abundance of polyunsaturated fatty
acids (28). High amount of glutamate excites the
glutamate receptors and hyper-activates Ca?* to
enter neurons and cascade towards inside the cell
that leads to activation of many hydrolytic enzymes
(29). These enzymes injure the cellular structures,
such as the cytoskeleton, membranes, mitochondria
and DNA, increasing of peroxidation stress and
production of free radicals, and finally leading to
cell apoptosis (29,30). In order to scavenge ROS,
different defense systems exist in the brain, such as
enzymatic (SOD, GPx and catalase), nonenzymatic
(glutathione and uric acid) and dietary antioxidants.
If ROS are not effectively eliminated, they can
cause  peroxidation of cell ~ membrane
phospholipids, proteins and DNA (31). Decreased
SOD and GPx activities may be due to their
overconsumption or inactivation by production of

excessive free radicals, which in turn generate

hydroxyl radicals resulting in initiation and
propagation of lipid peroxidation (32). Staining of
hippocampus of MSG-administered rats by H&E
revealed degenerative changes in neurons mainly
of pyramidal cell layer and granular cell layer of
dentate gyrus. These changes were in the form of
shrinkage in the cytoplasm and deeply stained
pyknotic nuclei with wide separation of neuropil
fibers; changes that come in consistency with
previous studies (3,33). Glutamate-induced
neuronal death has been reported (29) to be
mediated by both apoptotic and necrotic
mechanisms, with excitotoxic and oxidative injury,
as two distinct pathways by which neuronal death
is induced.

GFAP immune staining of hippocampi of MSG-
administered rats versus control animals revealed
significant increase in % of the area of GFAP
expression in soma of astrocytes and their
processes, indicating that MSG causes massive
activation of these cells, leading to gliosis of the
brain tissue, a finding that was in agreement with
previous studies (34,35). Glial cells react to
neuronal damage, resulted from physical or
chemical insults, by overexpression of GFAP in a
trial to protect neurons through the uptake of
excitotoxic glutamate, and the production of
glutathione and neuroprotective adenosine (36).

On the other hand, Tantawi and Namshan (37)
reported that, oral MSG administration to mice, in
doses of 2mg/kg and 4mg/kg, showed
fragmentation and weak neuronal and GFAP
reaction in cerebellum of mice. They explained this
by the death of astrocytes due to excess glutamate
(37). The discrepancy between our results and this
study may be due to the difference in species of

rodents or in the dose of MSG used for model
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induction. Synaptophysin immune staining of
hippocampus in MSG group revealed an increase
in its expression at many synaptic sites when
compared with normal animals. This finding was
supported by El-Gohari and his colleagues (38),
who found that rat retinal synaptophysin
immunostained sections became heavily stained
after glutamate. El-Tantawi and EI-Namshan (37)
also proved an increase in synaptophysin
immunostaining in  cerebellum of MSG-
administered mice compared to controls. Nakamura
et al. (39) declared that increased synaptophysin
expression may be due to compensatory increase in
presynaptic terminals density at first stage of
degeneration caused by excitotoxic effect of MSG
and this was clearly obvious in our results. In
contrast, Sasaki-Hamada and colleagues (40)
reported that intraperitoneal injection of the MSG
did not change the expression level of
synaptophysin in rat hippocampus. The absence of
effect of increased glutamate on synaptophysin in
their study may be due to variations in duration and
different routes of MSG administration.

Data of the present work indicated that treatment of
MSG-administered rats with AA or ol improved
working memory and reduced anxiety. This was
clearly manifested by increasing of the percentage
of spontaneous alternation, and decreasing of
anxiety-like behaviors (rearing and grooming) with
improvement of locomotor activity, when
compared with those of MSG-administered animals
that did not receive any treatment. However, the
percentage of spontaneous alternations was still
significantly lower, and rearing and grooming were
still significantly higher than normal values. This
observation was in agreement with previous studies

(14,41,42). Notably, there was no significant

difference between AA and oT administration on
their effect on MSG-administered rats. The
neuroprotective effects of each of these vitamins
against MSG-induced neurological changes may, at
least partially, be due to their potent antioxidant
activities, as they were associated with a marked
decrease of MDA level and increases of SOD and
GPx activities. Still, there were non-significant
variations of MDA levels and the SOD and GPx
activities between MSG-administered animals
treated with AA and aT. The ability of AA to
ameliorate the MSG-associated increase in MDA
level could be mainly attributed to its scavenging
activity towards reactive oxygen species, and
thereby reducing the rate of lipid peroxidation and
protecting the DNA, proteins or lipids as well as
sparing endogenous antioxidant enzymes (43).
These results were in harmony with many other
researches (41-46). Beside the antioxidant property
of AA, its neuroprotective role may also be due to
involvement in presynaptic reuptake of glutamate,
which inhibits binding of glutamate to the NMDA
receptor (47). The obvious improvement in MSG-
administered rats treated with oT could be
attributed to its antioxidant effect (48). Lipid
peroxidation is minimized by oT through its ability
to transfer its phenolic hydrogen to peroxyl free
radical of peroxidized polyunsaturated fatty acids
(49).

In our work, H&E staining of hippocampus of
MSG-administered rats treated with AA revealed
moderate improvement of the histological picture
compared to non-treated ones. Some pyramidal
cells appeared with vesicular rounded nuclei and
acidophilic cytoplasm, but still other cells showed
deeply stained cytoplasm and pyknotic nuclei.

These findings were in consistency with those
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reported by Hashem et al. (50) and Ibrahim et al.
(51). The protective role of AA in partial
preservation of the structure of hippocampus was
explained by its antioxidant function, and this
finding goes hand in hand with our biochemical
results, indicating the potent antioxidant property
of AA in the brain. In parallel, the MSG-
administered animals treated with oT revealed mild
to moderate improvement of the histological
picture, when compared with the MSG-
administered rats which did not receive any
treatment. Although most pyramidal cells still
showing degenerative changes, other cells appeared
with acidophilic cytoplasm and vesicular nuclei.
This partial correction of the histological structural
abnormality of hippocampus by oT was also
reported by other research workers (46,52).

A decrease in the MSG-induced GFAP over-
expression in rat hippocampus was observed after
treatment with AA. In line, lbrahim et al. (51)
proved a partial protective effect of AA against the
degenerative changes induced by MSG through a
decrease in gliosis. In our hands, there was
significant improvement in the expression of
synaptophysin  after  treatment of MSG-
administered rats with AA; a finding that was
explained by AA prevention of the degenerative
changes of synapses induced by MSG (53).
Similarly, immunohistochemical study revealed
significant decline in the percentages of expression
of GFAP and synaptophysin in MSG-administered
rats when treated with oT. However, GFAP and
synaptophysin expressions were still significantly
higher than their expression in normal animals.
These results assure the protective antioxidant
effects of oT against MSG toxicity previously
reported by Ambrogini and his colleagues (54).

The hallmark of the present study is that the
combined treatment of MSG-administered rats with
AA or oT resulted in significant better
improvements in all measured neurobehavioral,
biochemical and histological parameters than
isolated treatment with each one of the two
vitamins alone. In line with our finding, Shetty and
his colleagues (10) stated that administration of
two or three antioxidants has led to increased
beneficial outcomes on learning and to decreased
oxidative stress when compared to each antioxidant
alone.

In line with our findings, Farombi and Onyema
(32) reported that food substances rich in
antioxidants, such as vitamin C, vitamin E and
quercetin  significantly modulate the toxic
responses resulting from diets containing MSG.
Also, Rendon-Ramirez et al. (55) reported that
vitamin C combined with vitamin E was effective
in reducing the MDA level, the marker of lipid
peroxidation, in lead-exposed workers. Combined
intake of vitamin C and vitamin E, for at least ten
years, was found to help maintaining cognitive
functions of women in their 70’s (56).

The current observation of the beneficial effect of
concomitant use of AA and oT in treatment of the
MSG-induced disorders may reflect an additive or
a synergistic effect of the combination of both
vitamins in amelioration of neurobehavioral
impairment and oxidative stress induced by MSG,
that is possibly achieved by different mechanisms
of actions and their interaction. Buettner reported
that the basic rationale for combining vitamin E
and vitamin C stems from their different
mechanisms and loci of action, and their interaction
within a redox network as oT is found in all

biological membranes and is involved in a chain-
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breaking mechanism to prevent further lipid
peroxidation by scavenging peroxyl radicals. In the
process, oT becomes oxidized to a-tocopheroxyl
radical, which can in turn become very damaging.
Based on redox potential and availability of the
radical located at the membrane water interface and
ascorbate can reduce back the tocopheroxyl radical
to tocopherol. Ascorbate is then oxidized and is
recycled with the help of enzyme systems using
NADH or NADPH (11).

Regarding Pearson correlation studies, the levels of
the oxidative stress and lipid peroxidation marker,
MDA in hippocampus were found to be positively
correlated with latent period, rearing and grooming
in open field test and the percentage of
hippocampal GFAP and synaptophysin expression.
MDA levels were negatively correlated with
number of squares crossed, percentage of
spontaneous alternations in Y-maze, and the
activities of hippocampal SOD and GPx. These
correlations come in concordance with the
hypothesis which suggests that increased oxidative
stress could be a main contributing factor to the
impairment of the cognitive and psychomotor
performance, associated or not with aging process,
in various behavioral tasks (57,58).

Conclusion

Both AA and oT provide neuroprotective role
against MSG-induced neurobehavioral disturbance,
hippocampal structural degenerative changes and
oxidative stress, with a more potent protective
effect of their combination, possibly by a
synergistic effect. Further studies are needed to
investigate the effect of the combined treatment of
the two studied and other antioxidant vitamins in
amelioration of the MSG-induced neurotoxicity in

humans. The markers of oxidative stress could also

be considered for evaluating therapeutic strategies
of MSG-induced neurotoxicity and consequent
behavioral alteration.
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