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ABSTRACT

objective: Monosodium L-glutamate (MSG) monohydrate is a widespread nutritional additive and flavoring agent frequently consumed all over the
world. In this study, we investigate the action of daily oral intake of MSG monohydrate in vivo using mammalian systems.

Methods: Mice divided as follows: Group I (normal control), Group II, and Group III treated with MSG for 2 and 4 weeks, respectively. Brain and liver
dissected out for the detection of fragmented DNA, DNA damage, and assay of oxidative stress markers. Moreover, expression levels of -Cat and p53
genes were measured by a real-time quantitative polymerase chain reaction.

Results: The results showed a significant difference in MSG treated group at the two-time intervals than the control one regarding parameters
of oxidative stress reflected by the significant rise of malondialdhyde (MDA), nitric oxide (NO) and oxidized glutathione (GSSG) and these were
accompanied by a significant decline in glutathione (GSH) and a ratio of oxidized and reduced GSH (GSH/GSSG) in both tissues. Significant elevation of
laddered DNA and oxidative DNA damage was observed in groups treated with MSG. In addition to a significant decline in gene expression of 3-Catenin
in liver and brain tissues with elevations in the gene expression of p53 in the brain. Furthermore, the p53 gene in liver tissue was significantly up-
regulated in mice administered MSG for 15 days and was down-regulated after 30 days of MSG intake compared with the control.

Conclusion: According to our results, oral consumption of MSG leads to oxidative stress-mediated DNA damage and apoptosis.
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INTRODUCTION

Vast population growth and rapid lifestyle have resulted in a marked
increase in the demand for packaged food products. The great
dependence on these packaged and preserved foods resulted in
deleterious effects caused by the excessive use of food enhancers
and food additives found in this food. Among the deleterious effects
caused by the regular use of these food additives and packaged food
are genotoxicity, mutagenicity, hypersensitivity, and obesity. Many food
additives, even, have been banned from use due to their toxicity.

Monosodium L-glutamate (MSG) monohydrate, the non-essential amino
acid, and L-glutamic acid sodium salt are the result of the hydrolysis of
vegetable proteins. Awidespread and regularly used food additive added
to improve nutritional quality and to make the food more appealing.
MSG is also produced naturally in the body and has a fundamental role
in human metabolism. The average consumption of MSG is estimated
to be 0.3-1.0 g daily in industrialized countries, but it can be exceeded
depending on the number of taken food items [1]. Some investigations
on the safety of the use of MSG revealed incompatible results. The US-
Food and Drug Administration has confirmed that the use of MSG is
safe for humans and classified MSG as GRAS lists of food. These safety
aspects were also confirmed by the American Medical Association, the
Joint FAO/WHO (1988), Expert Committee on Food Additives, and the
Scientific Committee for Food of the European Union (SCF, 1991). On
the other hand, many studies revealed that MSG induced toxicity as
well [2-6]. MSG also reported to cause obesity and induces metabolic
disorders associated with oxidative stress [7].

Moreover, many reports revealed the adverse impact of using MSG
as a food additive [2,8-10]. Daily consumption of MSG by humans,

especially children, delaying their cognitive skills, and causing learning
difficulties [11,12]. MSG may cause neurotoxicity, depression [13], and
neurodegenerative diseases [14]. Furthermore, itinduces hepatotoxicity
in adult rats and causes liver and kidney damage. Furthermore,
the genotoxic potential of MSG was investigated in the Allium cepa
assay [15] and cultured human lymphocytes [16].

Since all kinds of the literature study, the effect of MSG in vitro or/and
no literature found regarding the studies of the effect of MSG in vivo
at the molecular level in liver and brain tissues. Hence, the present
study was established to evaluate whether MSG intake can result in
DNA damage, apoptosis induction, and oxidative stress using the comet
assay, laddered DNA fragmentation, and oxidative stress biomarkers,
respectively. In addition, real-time quantitative polymerase chain
reaction (QPCR) carried out to measure the expression levels of p53 as
well as B-Cat genes in the liver and brain tissues.

METHODS

Experimental groups and animals

The cancer research institute, Egypt, supplied 30 adult male (CD-1) mice
weighting (252 g). They were housed in clean and properly ventilated
cages under standard conditions (12-h dark/night), which were given
free access to food and water, and left for 1 week to be accommodated
with laboratory conditions before beginning treatment. All experimental
procedures and animal maintenance were performed at the cancer
research institute and approved by the ethical committee of NODCAR,
Egypt. The mice were divided into three different groups (n=10) as follows:

Group (1) normal control group, in which each animal was given saline
daily by gavage; Group (2), in which each mouse was administrated a
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daily oral dose of MSG 0.3 mg MSG/g body weight (1/50 times <LD, that
was estimated to be 15,800 mg/kg in rats and mice) dissolved in saline by
gavage for 2 weeks [17]; and Group (3), in which each mouse received the
same dose of MSG as above continuously for 4 consecutive weeks [18].

Chemicals

MSG monohydrate (C5SH9NO4.Na) was obtained from FLUKA Chemical
Co. (USA) and liquefied in distilled water. Other common chemical
reagents used in this study were of analytical grades and were supplied
by Sigma Chemical Co. (St. Louis, MO, USA).

Collection of samples
At the end of the study period, mice were sacrificed. The brain and liver
of each of the animals were dissected out and kept at —20°C.

Oxidative stress parameters

Determination of malondialdehyde (MDA) by HPLC

1, 1, 3, 3-tetraethoxy propane purchased from Sigma (St. Louis, MO,
USA), a precursor of MDA, was used as a standard for this assay [19].
MDA concentration still issues as the most important index of lipid
peroxidation.

Determination of GSH and GSSG by HPLC

The thiols of oxidized and reduced glutathione (GSSH and GSH)
detected by HPLC [20].

Determination of nitrite and nitrate by HPLC

A standard mixture of nitrite and nitrate sodium as used to determine
the retention times and separation of the peaks at 230 nm [21].

Single cell gel electrophoresis (comet assay)

Comet assay was carried out to measure the degree of DNA damage in
the brain and liver tissues according to the protocol described by Tice
et al. [22]. The samples of liver and brain were flushed out into cold
mincing solution. Cell suspension (10 ul) of each sample (1x 104 cells),

Table 1: Sequences of the used primers in q PCR

Gene Sequence

P53 sense: 5’-ANCCATCGGAGCAGCCCTCAT-3’
antisense: 5’-TACTCTCCTCCCCTCAATAAG-3’

B-Cat  Sense: 5’GCTGACCTGATGGAGTTGGA-3’
antisense: 5-GCTACTTGCTCTTGCGTGAA-3’

-actin Sense: 5-TCA CCC ACA CTG TGC CCA TCT ACGA-3’
antisense: 5’-GGA TGC CAC AGG ATT CCA TACCCA-3’
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mixed with 0.5% low melting agarose, spread uniformly on a slide fully
frosted and coated with normal melting point agarose (1%). Slides were
left until agarose is hardening then incubated in cold lysis buffer at 4°C
for 1 day in darkness. The slides were then transferred on a horizontal
electrophoresis unit and incubated in freshly prepared electrophoresis
buffer (300 mM sodium hydroxide, and 1 mM EDTA, pH>13.0) for
20 min to allow unwinding of DNA helix. The samples undergo
electrophoresis for 30 min at 25 V and 300 mA. The slides were then
dipped in neutralizing buffer (0.4 M Tris-HCI, PH 7.4) and dehydrated in
100% cold ethanol for 10 min and allowed to dry at room temperature.
Each slide was stained with ethidium bromide (20 pg/mL) immediately
before imaging. Two slides per sample were examined, and 50 isolated
cells per animal were randomly scored for comet tail length, % DNA
in tail, and tail moment using COMETSCORE software as previously
defined by Olive and Banath [23] using COMETSCORE software.

Laddered DNA fragmentation assay

To assess apoptotic DNA damage in the liver and brain tissues, laddered
DNA fragmentation was conducted [24]. Briefly, tiny fragments of tissues
were gently homogenized and lysed in sodium dodecyl sulfate-TE lysis
buffer. The samples were incubated with RNAse (1 h at 37°C), then with
proteinase K (overnight at 50°C). A mixture of ammonium acetate and
isopropyl alcohol was used for DNA extraction and precipitation. Finally,
the extracted DNA was run on agarose gel (1%) containing ethidium
bromide stain at 70 V, examined under ultraviolet trans-illuminator,
and then captured.

Quantification of p53 and 3-Cat genes expression

The expression levels of p53 and -Cat genes in the liver and brain
were carried out by qPCR. Total RNA was extracted according to the
instruction of the manufacture of Gene]ET RNA Purification Kit (Thermo
Scientific, USA) with adding DNAse I to remove the DNA residue. The
concentration and purity of the extracted RNA were determined by
the NanoDrop device at 260/280 nm. Then, the resultant purified RNA
samples were converted to cDNA using RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, USA) as described by the manufacturer.

Finally, p53 and P-Cat genes were amplified using the previously
designed sets of primers as shown in Table 1 [25-27]. A PCR reaction
mixture was prepared for each gene separately using 12 uL of 2x
SYBR Green master mix (Thermo Scientific, USA). The qPCR reaction
was performed using the 7500 Fast system (Applied Biosystem 7500,
Clinilab, Egypt), starting at 95°C (denaturation temperature) for 15
min followed by 35 cycles at 95°C for 15 s, annealing for 30 s at 58°C
(for P53), or 55°C (for B-Cat). The extension then performed at 72°C for
1 min; then, the amplified genes expression was standardized using the
B-actin gene (housekeeping gene).

Table 2: The effect of monosodium glutamate administration for 15 and 30 days on oxidative stress parameter in liver tissues

Groups MDA NO GSH GSSG GSH/GSSG
(nmol/g.tissue) (nmol/0.1g.tissue) (nmol/g. wet tissue) (umol/g. wet tissue)

Control 27.92+0.06 76.61+0.18 28.7+£0.15 1.62+0.04 17.68+0.06

MGS (15Days) 36.56+0.04° 94.05+0.28° 22.7+0.27° 2.49+0.08° 9.48+0.04°

MGS (30Days) 34.67+£0.06° 84.37+0.11 19.2+0.25¢ 2.34+0.08° 8.19+0.02°

The data represented by mean+SEM (n=10), °p significant difference from control at p<0.05, ®p significant difference between MGS (15 Days) and MGS (30 Days) groups

at p<0.05

Table 3: The effect of monosodium glutamate administration for 15 and 30 days on oxidative stress parameter in brain tissues

Groups MDA NO GSH GSSG GSH/GSSG
(nmol / g.tissue) (nmol/g.tissue) (umol/g. wet tissue) (umol/g. wet tissue)

Control 13.41+0.005 38.39+0.06 9.7+0.04 0.29+0.001 33.4+0.11

MGS (15DAYS) 16.73+0.03¢ 46.21+0.11° 7.7£0.01¢ 0.43+0.002° 18.16+0.07¢

MGS (30DAYS) 20.57+0.03 40.11+0.02° 6.5£0.008° 0.42+0.001° 15.5£0.04°

The data represented by mean+SEM (n=10), °p significant difference from control at p<0.05, *p significant difference between MGS (15Days) and MGS (30 Days) groups

at p<0.05
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Fig. 1: DNA damage induction by oral administration of MSG for 15 and 30 days in brain and liver tissues expressed by comet assay, the
data represented by mean * SEM (n=10), °p significant difference from control at p<0.05, "p significant difference between MSG (15 Days)
and MSG (30 Days) groups at p<0.05
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Fig. 2: Pattern of genomic DNA electrophoresed on agarose gel and
stained with ethidium bromide of mice administered MSG for 15 (II)
or 30 (III) days with respect to control mice (I)

Statistical analysis
Statistical analysis of the obtained data was performed using the
Statistical Package Software System (SPSS) version 25.

Significant differences among means were evaluated using one-way
ANOVA, and the difference between different groups was estimated
through Turkey’s multiple comparisons post hoc.

RESULTS

Effects of MSG on oxidative stress parameters

The data represented in Table 2 showed that treatment with MSG for
15 days caused a remarked elevation (p<0.05) in hepatic MDA, NO, and,
in GSSG while showing significant (p<0.05) reduction in hepatic GSH

level and GSH/GSSG ratio. The prolonged treatment for 30 days showed
slight enhancement in all parameters with no significant (p>0.05)
difference between the two intervals except in NO that the maximum
effect was at the first interval.

Furthermore, the administration of MSG for 15 and 30 days caused
a significant increase in cerebral MDA and NO in a time-dependent
manner. The MSG treatment likewise caused significant (p<0.05)
elevation in cerebral GSSG, while showing a significant reduction
in cerebral GSH level, and GSH and GSSG ratio without significant
difference between the two experimental intervals (Table 3).

Single cell gel electrophoresis (Comet assay)
As shown in (Fig. 1), oral administration of MSG resulted in statistically
significant increases (p<0.05) in the tail length, %DNA in tail, and tail
momentin a time-dependent manner compared to those of the negative
control group in both the liver and brain tissues.

Laddered DNA fragmentation

Like the results of the comet assay, the electrophoresed pattern of
genomic DNA on the agarose gel revealed the induction of dramatic
DNA damage by MSG in both the liver and brain tissue. This is
manifested by the smeared fragmentized pattern of genomic DNA of
the mice that administered MSG compared to the intact pattern of
the negative control genomic DNA at the two experimental intervals

(Fig. 2).

Expression levels of p53 and 3-Cat genes

In the brain tissue, oral administration of MSG caused statistically
significant (p<0.05), elevation in the expression level of P53 gene
in a time-dependent manner, while the p53 gene in liver tissue was
significantly (p<0.05) unregulated in mice orally administered MSG for
15 days and was downregulated after 30 days of MSG administration
compared with the negative control level, as shown in Fig. 3.

On the other hand, the expression level of the p-Cat gene was
significantly (p<0.05) decreased in the liver and brain tissues of mice

129



Salem et al.

Asian ] Pharm Clin Res, Vol 13, Issue 7, 2020, 127-132

- a b
s 25 b ! ]
2 20 o @ con
5 1 a p EZ3 MGS (15DAYS)
s 3 LI ' MGS (30DAYS)
@ -
= -
£ ER a—
? ]
o
=
(5]
E =
(=] o T T
Brain liver
® 15
z a a @8 con
2 qoll ' : == E23 MGS (15DAYS)
@ MR - MGS (30DAYS)
@
g 0.5
2 :
S 0.06
Z 0.04
o 0.02 E
S 0.00 o s : ol e
s Brain liver

Fig. 3: The effect of MSG administration for 15 and 30 days on the level of P53 and f3-Cat expression in brain and liver tissues. the data
represented by mean + SEM (n=10), °p significant difference from control at p<0.05, *p significant difference between MSG (15 Days) and
MSG (30 Days) groups at p<0.05

orally administered MSG for 15 or 30 days in a time-dependent manner
as compared to the negative control (Fig. 3).

DISCUSSION

Monosodium L-glutamate monohydrate (MSG) is one of the most broadly
used food enhancer for its UMAMI taste [28]. We extensively eat it in many
commercial packed food, restaurant, and household cooking without
defining its safe limit. Despite its worldwide use as a food enhancer, there
are considerable reports that confirm the toxicity of MSG to humans and
experimental animals [29,30]. Previously, it was discovered to induce
adverse effects to many body organs including the liver, thymus, brain,
kidneys, and gonads of many experimental animals [2,31].

In our experiment, MSG was administrated orally by gavage because
this gives more reproducible responses and attains higher plasma
levels than when it is mixed with food. As the liver was responsible
for detoxification and metabolism of food so, it is directly influenced
by toxic substances or their metabolites as MSG. Furthermore, MSG
dissociates inside the body into glutamate and sodium ions. Glutamate
is one of the amino acids that occur naturally in the brain so; we studied
the impact of MSG intake mainly in these two tissues.

Our data showed that daily oral MSG uptake at the two-tested duration
resulted in increased levels of lipid peroxidation end- products (MDA),
NO, and GSSG in the liver and brain. This is accompanied by a significant
decrease in the level of GSH, as well as, GSH/GSSG ratio. The observed
elevation of oxidative stress markers accompanied by MSG intake is
due to increased generation of reactive oxygen species (ROS) that
causes lipid peroxidation. The same results have been found by earlier
workers [9,32-37]. The excessive production or a decreased elimination
of free radicals, especially oxygen radicals, and other ROS are the direct
causes of oxidative stress in cells [38]. Several studies have indicated
the role of oxidative stress in the toxicity of MSG [35-37]. Therefore,
ROS can be produced as a result of glutamate metabolism resulted
from chronic MSG intake and might have caused GSH depletion, as well

as, GSH/GSSG ratio. Depletion of glutathione is an indicator of tissue
damage. Thus, depletion of tissue level of GSH as well as, GSH/GSSG ratio
accompanied MSG-induced lipid peroxidation. GSH is a fundamental
endogenous antioxidant, scavenges reactive oxygen intermediates and
reserves the intracellular redox balance, and prevents oxidative insult
of tissues [39]. Elevation of oxidative stress markers accompanied by
MSG treatment is strong indications of oxidative stress induced by it
in liver and brain tissues. The brain is from organs that exposed to
free radical damage because it has a high rate of oxidative metabolic
activity, high content of polyunsaturated fatty acids, and low levels of
antioxidant enzymes [40]. MSG was reported to exhibit neurotoxicity
resulting in damage to brain cells [36]. Many studies have explained
damage in the brain due to glutamate-induced oxidative damage where
glutamate receptors, a-ketoglutarate dehydrogenase, and cystine-
glutamate anti-porter are the key players [41,42]. The evidence for
DNA damage in response to MSG was obtained using the comet assay.
Increased generation of ROS in the cells produced DNA strand break.
This confirms our results that reported the significant induction of DNA
damage by MSG administration as manifested by the increases in all
the studied parameters of comet assay in a time-dependent manner.
Recent studies have demonstrated that ROS play essential role in
apoptosis initiation. This explains the higher intensity of fragmentized
DNA observed on an agarose gel in MSG groups compared to the
intact DNA of the negative control group in both the liver and brain
tissues. Similar findings were confirmed by Farombi et al. [35] who
observed the potential genotoxic effect of dietary MSG (4 mg/g. BW,
intraperitoneally) in rats. The genotoxic effect was also confirmed by
increased frequencies of micronucleus in rat bone marrow cells in
addition to the induction of chromosome aberrations, sister-chromatid
exchanges, and micronucleus in cultured human lymphocytes. Pavlovic
et al. [31] reported that a significant increase in oxidative stress might
induce DNA damage that ultimately leads to cell death.

P53-protein acts as a DNA sequence-specific transcription factor
regulating and activating the expression of a range of target genes in
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response to genotoxic stress. This in turn initiates a cascade of signal
transduction pathways leading to altered cellular responses including
cell-cycle arrest and apoptosis [43].

To further shed light on the mechanism of the apoptotic DNA damage
demonstrated in MSG administered groups, the degree of expression
of P53 and B-Cat genes were measured in both liver and brain tissues.
Under normal circumstances, P53 is most likely latent, due to its
rapid ubiquitination and proteolytic degradation. However, a variety
of conditions can lead to rapid stabilization and activation of P53
including DNA damage, spindle cleavage, depletion of ribonucleotides,
hypoxia, heat shock, and exposure to nitric oxide [44,45]. As a result,
our discovery of p53 up regulation can be attributed to genotoxic
stress induced by MSG in the mice liver and brain tissues. Furthermore,
the apparent concurrent down expression of 3-Cat gene because of
elevated expression of the P53 gene facilitates P53 mediated apoptosis.
These findings support the discovery of Sadot and his colleagues, that
increasing expression levels of the p53 gene down regulates (-Cat
expression and decreases (3-Cat level by accelerating the degradation
of B-Cat [46].

On the other hand, down regulation of P53 expression demonstrated in
the liver of mice administered MSG for four weeks can be attributed to
the high regenerative capacity of liver tissue, as well as, inhibition of P53
activity is absolutely essential at the initial stage of liver regeneration to
maintain durability and ensure the fidelity of regeneration process [47].

CONCLUSION

We demonstrated that the administration of MSG at a dose of 0.3 mg/g
BW for 2 and 4 weeks induced oxidative stress and apoptotic DNA
damage in the liver and brain tissues of mice. Hence, its intake should
be reduced for cases of liver or brain disorders, while attention should
be paid for its usage as a flavor enhancer.
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