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Abstract

: Monosodium glutamate (MSG) induced excitotoxicity leads to
oxidative stress in different areas of the brain. The aim of this study was to evaluate
the neuroprotective effect of coenzyme Q10 (Co-Q10) on amelioration of short-term
and long-term memory and oxidative stress parameters in MSG-treated rats.

- In this experimental study, 40 adult male Wistar rats were
randomly divided into 4 groups including control, MSG, MSG + Q10-10 and MSG
+ Q10-20. MSG gavage (4 mg / kg) and coenzyme Q10 injection at doses of 10 and
20 mg / kg (intraperitoneally; i.p.) were performed for 4 weeks. Then, short-term
working memory was assessed using the Y maze and long-term avoidance memory
was performed with the shuttle box. Hippocampal level of catalase (CAT) and total
antioxidant capacity (TAC) were determined by ELISA method and
malondialdehyde (MDA) content was determined by thiobarbituric acid method.

> In MSG group, there was a significant decrease in alteration behavior,
increased latency time to the dark room of the shuttle box, decreased CAT, TAC
expression and increased MDA compared to the control group (p <0.05). While in
the Q10 treated groups, there was an increase in working and avoidance memory, an
increase in CAT and TAC expression and a decrease in MDA in the hippocampus
compared to the MSG group (p<0.05).
. It seems that Co-Q10 ameliorates MSG induced neurotoxicity and
cognitive symptoms through preventing oxidative stress in the hippocampus.
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Introduction

Monosodium glutamate (MSG) is one of the
food additives and enhancers that is widely used in
processed foods in the world, because it enhances
the taste, aroma and acidity of food. MSG is a
glutamic acid salt that acts as a neurotransmitter for
glutamatergic synapses in different areas of the
brain. High consumption of MSG increases the
level of glutamic acid in the blood. Glutamic acid
plays an important role in many physiological
processes in the body and as an excitatory
neurotransmitter in the central nervous system, is
the energy source of some tissues and a precursor
to glutathione synthesis. On the other hand, MSG
causes intoxication of hypothalamic and
hippocampal neurons by increasing glutamate
levels. Increasing the concentration of intracellular
calcium following high activity of glutamate
receptors activates the caspase enzymes and
induces neuronal apoptosis. By increasing
oxidative stress, MSG causes peroxidation of cell
phospholipid membranes and increases the
concentration of malondialdehyde (MDA). It also
significantly reduces the activity of catalase
(CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx) enzymes in rats.
Coenzyme Q10 (Co-Q10) is a vitamin-like
substance and, like other vitamins, is found
naturally in food sources, but its amounts are very
small in the food sources. Co-Q10 also acts as a

redox antioxidant in mitochondria and lipid
membranes, thus scavenging free radicals,
preventing lipid peroxidation in biological

membranes, and reducing low-density lipoprotein
(LDL). Accordingly, Co-Q10 supplementation can
reduce oxidative stress and increase the activity of
antioxidant enzymes in different patients. The aim
of this study was to evaluate the neuroprotective
effects of Co-Q10 on short- and long-term memory
and oxidative stress parameters in the hippocampus
of MSG-treated rats.

Methodology

In this study, 40 male Wistar rats weighing 220
+ 10 g were used. In the laboratory, rats were
maintained under controlled laboratory conditions
at an ambient temperature of 25 + 1 ° C, a relative
humidity of 45 + 5%, and a 12/ 12 light / dark cycle
(starting at 6:00). Ethical principles were observed
in accordance with international law and the rules
of the Ethics Committee of Laboratory Animals of

269

Islamic Azad University of Shiraz (Ethics Code:
IR.IAU.SHIRAZ.REC.1399.009). The animals
were randomly divided into 4 groups of 10
including control group, MSG, MSG + Q10-10 and
MSG + Q10-20. The control group did not receive
any treatment. In the MSG group, MSG (Sigma,
Germany) at a dose of 3 g / kg body weight was
administered orally for 4 weeks from the start of
the test and also Co-Q10 (Sigma, Germany)
solvent (sesame oil) was injected intraperitoneally.
In groups receiving Co-Q10 (MSG + Q10-10 and
MSG + Q10-20) in addition to oral administration
of MSG, Q10 with two doses of 10 and 20 mg / kg
body weight (13), 1 hour after daily MSG
administration and was administered peritoneally
with sesame oil solvent for 4 weeks. Using the Y-
maze, alteration behavior assessments were used to
measure short-term memory (working memory).
The entry of the animal into all three arms of the
Y-maze was recorded by observation. Alteration
behaviors were considered as successful and
consecutive (serial) inputs into all arms in
overlapping ternary sets. Thus, the observed
alteration behavior percentage was calculated
multiplied by 100 to the maximum of alteration
behaviors (total number of arms inserted). Passive
avoidance memory assessment test was performed
using a shuttle box. During the acquisition phase,
the animal entered the light chamber and was
allowed to enter the dark chamber itself. The
latency to the dark chamber and the time spent in
the dark and light chamber were recorded as 300
seconds. In the training phase, immediately after
the animal entered the dark chamber, a guillotine
door was immediately inserted between the two
chambers and a 2 mA, 50 Hz shock was inserted
into the animal through metal rods on the floor of
the dark chamber for 2 seconds. In the test phase,
24 and 48 hours after the shock, the animal re-
entered the light chamber and the delay time in
entering the dark chamber and the time spent in the
dark chamber for 300 seconds were recorded. At
this stage, the animal did not receive a shock after
entering the dark compartment. After behavioral
tests and at the end of the fourth week, the animals
in each group were anesthetized with a lethal dose
of chloroform and immediately the animal's head
was removed with a rodent guillotine. The brain
completely removed from the skull and it was
quickly placed on ice. The hippocampus was
carefully separated under a stereoscope (Olympus,
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Japan). After washing with saline solution with
Tris buffer (Sigma, Germany), hippocampal tissue
was homogenized for 5 minutes with the device
(MTOPS, Korea) at 5000 doses per minute. The
homogenized solution was centrifuged by a
refrigerated centrifuge (Domel, Slovenia) and 0.5
mM phenylmethyl sulfonyl fluoride solution
(Sigma, Germany) was used as a protease inhibitor.
After centrifugation, the supernatant was removed
with a sampler and assayed to evaluate oxidative
stress factors. Statistical analysis was performed
between different groups using SPSS software
version 22. One-way analysis of variance and
Tukey post hoc test were used to evaluate
significant  differences between the groups.
Statistically, p <0.05 values were considered
significant.
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Results

The results of statistical analysis in the study
groups showed that the percentage of alteration
ehaviors (working memory) in the MSG group was
significantly lower than the control group (p
<0.001). On the other hand, Co-Q10 administration
improved short-term working memory and had a
significant increase compared to the MSG group.
There was a significant difference between the
MSG + Q10-10 group and the MSG group (p
<0.05). Also, there was a significant difference
between the MSG + Q10-20 group and the MSG
group (p <0.001). There was also a significant
difference between MSG + Q10-10 and MSG +
Q10-20 (p <0.01, Figure 1).
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Figure 1. Comparison of the mean + SEM of the percentage of alteration behavior in different groups. The results show that there was a

significant difference between the control group and MSG and MSG + Q10-10 groups (***p <0.001). Significant increase was observed
in MSG + Q10-10 and MSG + Q10-20 groups compared to MSG group (+++p < 0.001 and +p <0.05). Also, a significant increase was
observed in MSG + Q10-20 group compared to MSG + Q10-10 group (##p <0.01).

In the shuttle box test, delay in entering the
dark chamber before shock induction
(acquisition), no significant difference was
observed between the study groups. 24 hours
after shock induction, the delay in entering the
dark chamber showed that there was a
significant difference (p <0.001) between the
control group and other groups (MSG, MSG +
Q10-10 and MSG + Q10-20). In the MSG +
Q10-20 group, there was a significant increase
in the delay time of entering the dark chamber
compared to the control group. Also, in MSG +
Q10-20 group compared to MSG group, a
significant increase was observed in entering
the dark compartment (p <0.001, Figure 2).
There was a significant difference between
MSG + Q10-10 and MSG + Q10-20 (p <0.01).
48 hours after shock induction, in MSG (p
<0.01) and MSG + Q10-10 (p <0.05) groups, a
significant decrease was observed in the delay

time of entering the dark chamber. Also, in
MSG + Q10-10 and MSG +

Q10-20 groups, there was a significant increase
compared to MSG group (p <0.05 and p <0.01,
respectively). 72 hours after shock induction,
MSG group had a significant decrease
compared to control (p <0.001). However, both
treatment groups with Co-Q10 had a significant
increase compared to the MSG group (p <0.01).
Also, a significant difference was observed
between MSG + Q10-10 and MSG + Q10-20 (p
<0.01). In assessing the time spent in the dark
chamber, no difference was observed between
the study groups in the acquisition phase, while
24 hours, 48 hours and 72 hours after shock
induction, this time was in the MSG, MSG +
Q10-10 and MSG + Q10-20 groups had a
significant increase compared to the control
group (p <0.001). Compared with the MSG
group, the MSG + Q10-10 and MSG + Q10-20
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groups showed a significant decrease in all
three time periods of 24, 48 and 72 hours after
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Figure 2. Comparison of the mean + SEM of the latency time of the dark room. At the acquisition stage, no significant differences were

observed between the groups. 24, 48 and 72 hours after shock induction, there was a significant difference between the control group and
other groups (***p <0.001, **p <0.01 and *p <0.05). Also, there was a significant difference between the studied groups and the MSG
group at 24, 48 and 72 hours after shock induction (+++p <0.001, ++p <0.01 and +p <0.05). There was a significant difference between

the Co-Q10 treated groups with in each of the three time (##p <0.01 and #p <0.05).

The results showed that the hippocampal level
of CAT in MSG, MSG + Q10-10 (p <0.001) and
MSG + Q10-20 (p <0.01) groups was significantly
lower than the control group. While in comparison
with MSG group, only MSG + Q10-20 group (p
<0.05) had a significant increase in hippocampal
level of CAT. Also, MSG + Q10-20 group had a
significant increase compared to MSG + Q10-10
group (p <0.05). In assessing total antioxidant
capacity (TAC), the hippocampal level of TAC in
the MSG and MSG + Q10-10 groups (p <0.001)
and the MSG + Q10-20 group (p <0.05) was

significantly reduced compared to the control
group. However, only the MSG + Q10-20 group
showed a significant increase compared to the
MSG group (p <0.05). Also, there was a
significant difference in MSG + Q10-20 group
with MSG + Q10-10 group (p <0.05). The results
of hippocampal content of MDA showed that
MSG (p <0.001) and MSG + Q10-10 (p <0.01)
groups had a significant increase compared to the
control group. Also, compared to the MSG group,
a significant increase was seen in the MSG + Q10-
20 group (p <0.05, Table 1).

Table 1. Comparison of mean = SEM of hippocampal catalase (CAT), total antioxidant capacity (TAC) and malondialdehyde (MDA) values in different

groups
Groups/Parameter CAT (U/ml) TAC (U/ml) MDA (umol/)
Control 14.86+1.02 4.02+0.13 1.92+0.08
MSG 5.940.43*** 1.4740.11%** 3.68+0.14***
MSG+Q10-10 6.27+0.66*** 1.9440.15%** 3.11+0.06**
MSG+Q10-20 10.53+0.39**+# 2.50+0.17*+# 2.02+0.12+

=

Compared to the control group, there was a significant difference in the hippocampal activity of CAT, TAC and MDA ("™p <0.001,
*p <0.01 and *p <0.05). Also, compared with the MSG group, there was a significant difference in the MSG + Q10-20 group in CAT
expression, TAC and MDA (*p <0.05). Also, there was a significant difference in MSG + Q10-20 group with MSG + Q10-10 group
(*p <0.05).

impairment were identified. This evidence is
consistent with studies showing that MSG has
stimulatory toxicity effects in the brain and causes

Discussion

The results of the present study showed that the

administration of MSG to the rats causes cognitive
impairment which decreases the alteration
behaviors in the Y maze, short-term memory
impairment, decreases the delay time in entering
the dark chamber (shock chamber) after shock
induction in the shuttle box test and increased time
spent in the dark room and long-term memory
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long-term damage to different areas of the brain.
In addition, Hassan et al. Reported that MSG-
induced neurotoxicity impairs short-term memory
and affects exploratory behaviors in mice.
Following the administration of MSG and its
breakdown into sodium and glutamate ions, the
plasma concentration of glutamate increases
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several times normal. Interaction of glutamate
with its receptors through overactivity of receptors
leads to apoptosis and necrosis of nerve cells. With
the activity of glutamate receptors, the release of
calcium ions from intracellular calcium stores
leads to overactive mitochondrial activity and
stimulation of a number of intracellular enzymes
such as endonucleases, phospholipases and
proteases, which destroy cellular structures such as
cell skeleton, plasma membrane and DNA.
Another study found that treatment of rats with
MSG induced cognitive deficits, extensive
degeneration in the hippocampus, impaired
synaptic plasticity, and impaired short- and long-
term memory. It is possible that the excitatory
effect of MSG is due to oxidative stress in the
hippocampus. Decreased catalase activity,
increased MDA content and decreased total
antioxidant capacity in the hippocampus after
treatment with MSG were seen in the present study
(Table 1). Oxidative stress is a feature of
neurodegenerative diseases. Because the brain has
high metabolic activity and low antioxidant
capacity, it is easily exposed to oxidative stress.
The production of free radicals leads to
peroxidation of cell membranes and DNA, leading
to cell death and apoptosis. The production of free
radicals is also involved in the process of
excitatory toxicity. Free radicals produced by
mitochondria following calcium currents stimulate
the glutamate receptor. In contrast, the results of
the present study showed that coenzyme Q10
improves cognitive impairment due to MSG
intoxication.  Increased short-term  working
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memory and improved long-term memory in the
shuttle box test point to the protective effects of
coenzyme Q10. Coenzyme Q10 reduces the
concentration of toxic compounds in the brain,
such as MDA, increases the activity of the
endogenous antioxidant system, and reduces the
rate of mortality due to brain disorders in rats. In
vitro, this compound reduces the severity of
hypoxia-induced apoptosis and increases the
survival of neural stem cells.

Conclusion

The present study showed that MSG causes
damage to short-term working memory and
avoidance memory and impairs the function of the
antioxidant system in the hippocampus of rats. on
the other hand, Co-Q10 improves MSG toxicity by
amelioration of hippocampal antioxidant function
and reducing oxidative stress.
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