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ABSTRACT

Monosodium glutamate (MSG) is used worldwide as a food additive, the survey has disclosed some of
MSG's deleterious effects on various organs and tissues of rats. This research was achieved to determine the
impact of MSG on the albino rats' antioxidant and histology of cardiac tissue. 48 male rats were divided into
six groups of eight rats each. Group one used for monitoring and normal saline, whereas rats of group two
were given the lower dosage of MSG 6 mg/Kg, rats in group three received 17.5 m/kg body weight of
MSG, while rats in group four were given 10 mg/kg body weight of zinc oxide nanoparticles /green tea
extract (ZnO NPs/GTE) complex, the fifth and sixth groups were treated with the lower and the higher doses
of MSG with ZnO NP/GTE complex for 30 days. Each animal was sacrificed at the end of the treatment
period and the heart was thoroughly separated, determining the antioxidant parameter and the
histopathological changes. MSG administration to the rats has shown a substantial rise in peroxidation of
cardiac heart tissue, decline in the activities of catalase, superoxide dismutase, and glutathione peroxidase
beside the decrease in the glutathione level as compared to those in the control animals. The treatment the
induced-rats with MSG using complex showed some degree of recovery by a reduction in LPO of the heart
and enhancement of antioxidant enzymes. The findings suggested that the intrinsic antioxidant of the heart
tissue can significantly be alternated with the use of MSG in a dose-dependent manner and these changes
could be improved by using the green ZnO NPs complex. This complex acts as a factor to decrease the
histological damage that could be happening by the induction of MSG.

© 2019 NS El-Shenawy. Hosting by Science Repository.

Introduction

the myocardium, which mainly consists of a set of specific skeletal
muscle cells called myocytes. In many pathological conditions, cardiac
hypertrophy preceded the start of heart failure; the myocardium's

Monosodium Glutamate (MSG) is recognized as a sodium salt
discovered as a non-essential amino acid; found to improve the flavor in
food. The survey has shown that MSG can trigger adverse effects on
various organs and tissues with signs as inflammation in liver, kidney
alteration as well as in testis, pancreas, and brain (unpublished data) [1-
3]. Increasing the dose of MSG consumption by adult rats, raise the
oxidative stress in many tissues.

The basic feature of the heart is the close-inexhaustible cardiac muscle,

compensatory reaction enhanced mechanical work. In the excessive
hemodynamic stress or disturbance in myocardial contractility, the
cardiac system retains arterial pressure and perfusion of essential organs
by a variety of processes. Moreover, Scientific literature assessment
represents the review that oxidative stress is probable to be engaged in
the pathogenesis of different illnesses such as atherosclerosis due to the
creation of free radical [4-6]. In our previous studies, we reported that
MSG was used as a flavor enhancer in a variety of products cooked at
restaurants, home, and industry to increase the oxidative stress in
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different tissues [1-3]. Also, it has now been discovered that the current
younger generation is more willing toward Chinese's and Japanese's
foods. This phenomenon is concomitant with increasing the prevalence
of CHD and atherosclerosis in developing nations that also increased
dramatically the past century [7]. There are many kinds of literature
claims that atherosclerosis has been occurred in very young people (25-
30 years) in the current times [4-7].

ZnO NPs/GTE complex act as partial hepato-protective against MSG
through its hyperlipidemia reducing effect and potent antioxidant
properties [1, 2]. Also, ZnO NPs/GTE reduced the effects of MSG
significantly by reduction of the level peroxidation and enhancement
intracellular antioxidant in the kidneys of rats. These biochemical
findings were supported by histopathology evaluation, which showed
minor morphological changes [3]. Since MSG is considered to be one of
the triggers of tissue harm, the objective of this study was to investigate
the long-term effect of MSG on oxidative stress markers histology of the
heart. The lipid peroxidation as an oxidative stress marker, as well as the
superoxide dismutase, catalase, glutathione as free radical scavenging
parameters glutathione peroxidase as a metabolizing enzyme were
evaluated. Moreover, the effectiveness of ZnO NPs/GTE complex to
decrease the damage induced by MSG in the cardiac tissue of the rats at
oxidative stress and histological levels.

Materials and Methods
I Animals and protocol of the experiment

In this study, forty-eight mature rats weighing 200-250 g were used.
They were acquired from the Faculty of Pharmacy, Zagazig University,
Egypt. The rats were left to acclimatize with nutrition and water for two
weeks under normal circumstances. The animals were then split into six
groups of eight rats each. The animals were given orally the following
treatment regime for 30 consecutive days:

e  Group-1 (Control): 0 mg MSG/g body weight (b.w).

e  Group-1l: 6 mg MSG/g b.w.

e  Group-1ll: 1.7 mg MSG/g b.w.

e  Group-1V: 10 mg/Kg ZnO NPs/GTE complex that prepared and
its characters has been published before [2-3].

Group-V: 6 mg MSG/g b.w. + 10 mg/Kg ZnO NPs/GTE complex.
Group-VI: 1.7 mg MSG/g b.w. + 10 mg/Kg ZnO NPs/GTE
complex.

Based on the smaller number of animals, the sample size of rats was
selected for real outcomes. This study was conducted with confirmation
from the Biological Department, University of Taif's Local Ethics
Committee on Use and Care for Animal Experiments (license number:
39-31-0034).

11 Biochemical assays

Lipid peroxidation (LPO) was has been tested by evaluating the purple
chromophore created by malondialdehyde (MDA) response of
thiobarbituric acid [8]. The activity of superoxide dismutase (SOD) was
measured according to its capacity to inhibit pyrogallol autooxidation at
440 nm for 3 min [9]. The catalase (CAT) activity was estimated in
which decomposition of H,0, catalyzed by this enzyme was measured
by a decrease in absorbance at 240 nm, taking 0.0394 mM™* cm™
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extinction coefficient and enzyme activity was expressed as nmol of
H,0.degraded/min/ g tissue [10]. The glutathione peroxidase (GPx)
activity of heart tissue was assessed using H,O,as a substrate by
applying the method of Hafeman et al. [11]. Reduced glutathione (GSH)
was evaluated by the method of Beutler et al. using 5-5° dithiobis2-
nitrobenzoic acid [12].

111 Histological evaluation

After 30 days of treatment, specimens were gathered from the heart and
maintained for histopathological examination in a neutral buffer
formalin solution (10%) [13]. The fixed heart specimens were regularly
dehydrated by graded alcohol sequence, cleared in xylol and lastly
embedded in paraffin. serial sectioned were performed at 4 um thickness
and stained with hematoxylin and eosin stains (H&E). The sections were
subjected to histopathological examination using the electric light
microscope Olympus BH2 (Tokyo, Japan).

IV Statistical Analysis

Results have been depicted as means + SE. Results were analyzed using
analysis of variance (ANOVA), followed by post hoc with SPSS for
Windows version 20.0. The significance level was regarded to be at the
P-value below 0.05.
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Figure 1: Changes in lipid peroxidation levels in cardiac tissue of
different groups. Values are expressed as mean + S.E (n=8). 2Significant
difference as compared to control and ° significant difference as
compared to the corresponding group treated with MSG alone. GTE;
green tea extract, ZnO NPs; zinc oxide nanoparticles, MSG-LD; the
lower dosage of monosodium glutamate, MSG-HD; the higher dosage
of monosodium glutamate.

Results

A significant rise in concentrations of LPO in all the MSG-treated groups
(Figure 1) was observed in the present study by 3.3- and 6.8- fold as
compared to control animals. Treatment the MSG-induced rats with ZnO
NPs/GTE complex decreased the LPO by 59% and 43% as compared to
its relative group of MSG alone. The activity of SOD was decreased
significantly by 58.6% in group MSG-HD as compared to control
animals (Figure 2). ZnO NPs/GTE increased the SOD activity in rats
treated with MSG-HD by 1.6-fold as compared with MSG-HD alone.
The activity of CAT was also significantly decreased in cardiac tissue
58.6% in group-MSG-HD as compared to the control animals (Figure 2).
When the animals treated with a ZnO NPs/GTE + MSG-HD, the activity
of CAT was increased by 1.5-fold as compared to the control group. A
significant decline in the levels of GSH could be accompanied by a

Volume 1(1): 2-5


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3271674/figure/F3/

Cardioprotective Effect of Zinc Oxide Nanoparticles/Green Tea Extract Complex on Monosodium Glutamate Toxicity 3

significant increase in the levels of LPO. The level of GSH significantly
decreased by 23.1% in 17.5 mg MSG/g body weight group as compared
with normal adult animals (Figure 3). Also, a significant decrease was
observed by 23.4% and 26.9% (P < 0.01) in ZnO NPs/GTE + MSG-LD
and ZnO NPs/GTE + MSG-HD as compared their relative group of
MSG, respectively. The activity of GPx was found to be decreased by
35.1% in MSG-HD group (Figure 3). There was also a significant
inhibition of GPx activity by 30.9% in ZnO NPs/GTE + MSG-LD, and
31.4% in MSG-LD and ZnO NPs/GTE as compared to MSG-LD and
MSG-HD, respectively. not receiving MSG (Figure 3).
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Figure 2: Changes in superoxide dismutase (SOD) and catalase (CAT)
activities in cardiac tissue of different groups. Values are expressed as
mean + S.E (n=8). ?Significant difference as compared to control and °
significant difference as compared to the corresponding group treated
with MSG alone. GTE; green tea extract, ZnO NPs; zinc oxide
nanoparticles, MSG-LD; the lower dosage of monosodium glutamate,
MSG-HD; the higher dosage of monosodium glutamate.
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Figure 3: Changes in glutathione peroxidase (GPx) activity and
glutathione (GSH) level in cardiac tissue of different groups. Values are
expressed as mean + S.E (n=8). *Significant difference as compared to
control and ® significant difference as compared to the corresponding
group treated with MSG alone. GTE; green tea extract, ZnO NPs; zinc
oxide nanoparticles, MSG-LD; the lower dosage of monosodium
glutamate, MSG-HD; the higher dosage of monosodium glutamate.

The control group of rat cardiac muscles was normal appearance with
intercommunicating muscle fibers in different directions bundles of
cardiomyocytes (Figure 4A). Figure 4B illustrated the cross-section of
rat cardiac myocytes treated with ZnO NPs/GTE complex that shows
normal cardiac muscle with striations and branched appearance as well
as normal-sized nucleus. MSG-LD treated group (6 mg/kg) effect on
cardiac muscles, and focal necrosis of myocytes with ruptured muscle
fibers and eosinophilia in cytoplasm were observed (Figure 4C). The
necrotic and atrophic muscle fibers as well as areas of intramuscular
hemorrhage with deformation of muscle fibers were noticed in MSG-
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HD treated animals (17.5 mg/kg) showing (Figure 4D). The lower
dosage of MSG and ZnO NPs/GTE complex showing partial restoration
of cardiac muscles with mild congested area of muscle fibers and
exhibiting relatively mycocardial cells (Figure 4E). The higher dosage
of MSG and ZnONPs/GTE complex treated-animals showing restoration
of cardiac muscles with moderate congested area and degeneration of
some fibril cells (Figure 4F).

Figure 4: Histopathological slides of the cardiac myocytes in the basa
level of rat left ventricle with hematoxylin and eosin. (A) control group
of rat showing normal appearance of cardiac muscle (**) formed of
intercommunicating muscle fibers in different directions bundles of
cardiomyocytes (200X); (B) cross-section of rat cardiac myocytes
treated with ZnO NPs/GTE complex (10 mg/Kg) showing normal
cardiac muscle with striations and branched appearance (*) as well as
normal-sized nucleus (Red arrow) (400X); (C) MSG-LD treated group
(6 mg/kg) showing cardiac muscles, and focal necrosis of myocytes with
ruptured muscle fibers and eosinophilia in cytoplasm (**) (400X); (D)
MSG-HD treated animals (17.5 mg/kg) showing necrotic and atrophic
muscle fibers (Black arrow) and areas of intramuscular hemorrhage with
deformation of muscle fibers (*) (400X); (E) The lower dosage of MSG
and ZnO NPs/GTE complex showing partial restoration of cardiac
muscles with mild congested area of muscle fibers and exhibiting
relatively mycocardial cells (*) (400X); (F) The higher dosage of MSG
and ZnONPs/GTE complex treated-animals showing restoration of
cardiac muscles with moderate congested area and degeneration of some
fibril cells (**) (400X).

Discussion

MSG is widely used as food enhancer but its outstanding bleaching
characteristics may adversely affect the body's tissues and organs [1-
3,14]. There is insufficient evidence to determine whether or not long-
term consumption of MSG caused damage to the cardiac tissue. Thus,
the first objective of the present investigation was to examine the impact
of low and high doses of MSG on cardiac tissues. Moreover, the
Ameliorative efficacy of ZnO NPs/IGTE complex against the MSG
toxicity was evaluated on antioxidants parameters and histological
changes in cardiac tissue of rats.

Increasing the LPO could help increase the susceptibility of the
membrane and ultimately cause damage to the cardiac tissue. This
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indicates that MSG-induced cell permeability disruption at the sub-
chronic and two dosages in a dose-dependent way. In the current
research, the elevation of LPO reduced antioxidant status, and associated
cardiotoxicity may be correlated with inadequate antioxidant capacity.
Due to the capacity of antioxidants as prophylactic
and therapeutic agents in many illnesses, antioxidant therapy has
become very important in the latest year. Antioxidant consumption
enhances biological mechanisms and prevents illnesses and organ
toxicity associated with oxidative stress. SOD is regarded to be one of
the first lines of defense enzymes against the hurtful impact of oxygen
radicals in the cells and scavenges ROS by catalyzing the O, radical to
H,0, and O, [15]. The existence of SOD in different compartments in
our body allows O, radicals to disputed. So, the cells are protected
against oxidative damage. Significant inhibition of SOD activity in
cardiac tissue as the impact of 17.5 mg MSG/g body weight may result
in an elevated flux of O, radicals and cause Tissue injuries as shown in
our research.

Also, the considerable reduction of rats that treated with MSG-HD in the
activity of CAT, another powerful antioxidant enzyme, particularly
against the O, radicals and singlet oxygen. CAT prevents cells from
H,0, accumulation by either disputing it into H,O and O, or by using it
as an oxidant in which it functions as a peroxidase. The reduction in CAT
activity found in the current work may be due to lower accessibility of
NADH as MSG promotes lipogenesis [16]. Therefore, MSG had no
positive impact on CAT activity to decrease lipogenesis or oxidative
stress. Glutathione (GSH), is effective on GPx and glutathione reductase
system to maintain a reduced state in the body. GSH is a powerful
endogenous antioxidant capable of protecting the body cells against a
variety of noxious stimuli, including ROS [17, 18].

GSH endorses an elevation of sensitivity to oxidative damage that is an
agreement exists between LPO and GSH status with a study that found
an inverse relationship. GSH depletion of 20% to 30% may influence the
body defense against xenobiotics and can contribute to cell injury [19].
Moreover, GPx uses GSH as a substrate for H,O, and thus saves
mammalian cells from oxidative stress [20]. Low activity of GPx may
make the tissue more vulnerable to LPO harm. Correspondingly, after an
increase in LPO concentration, we observed a significant reduction in
the GPx activity. This finding is consistent with the assumption that LPO
and GPx may be involved in tissue harm [21-23].

These results agree with AL-Salmi et al. who stated that animals treated
with MSG orally at a dose of 17.5 mg/g for 30 days induced hepatic
damage through oxidative stress, which caused LPO, diminished levels
of antioxidant enzymes; SOD, CAT, and GPx with diminished GSH [2].
In the same context, Valko et al. indicated that oxidative stress could be
caused and presented in the cardiac tissue at a dosage of 4.8 mg/g body
weight with changes in CAT and SOD activities after administration of
MSG. The present study has shown that the cardiac tissues of rats treated
with MSG exhibited remarkable histopathological derangements [24].
Comparable findings have been mentioned in other studies [25, 26].
They discovered that left ventricle hypertrophy happens prevalent causes
as well as substance abuse in which MSG can be defined as one in
response to elevated stress on the heart [27].

These histopathological changes are in the same line with previous
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researchers [4, 25] who reported that the heart showed an increase in its
weight. The information might be clarified by the glutamate's excitotoxic
function. In order to study the ameliorative effect of ZnO NPs/GTE
complex, rats received two dosages of MSG and a dose of ZnO NPs/GTE
(10 mg/kg) by oral gavages daily for 30 days. The dose of ZnO NPs/GTE
used in this study was not toxic as evidenced by normal levels of
antioxidant parameters and histology of cardiac tissue. In the current
research, rats were subjected to MSG along with ZnO NPs/GTE
indicated the protective role of complex in reducing the LPO markers in
cardiac tissue. Significant increase in the level of endogenous
antioxidants such as SOD, CAT, GSH, and GPx in cardiac tissue
indicates the protection against oxidative stress. Cardiac tissue showed
normal architecture. Administration of ZnO NPs/GTE protects the
cardiac function from MSG intoxication as indicated by the significant
restoration of biochemical and functional parameters. Additionally, it
has ameliorated cardiac histopathological changes. This finding affirmed
by other authors who mentioned that the histopathological changes in the
diseased organs as the MSG effect are relieved with ZnO NPs/GTE
treatment approximately to control groups [1-3].

The green ZnO NPs/GTE complex antioxidant property can be attributed
to its ingredients from phenol compounds in GTE, which give hydrogen
ions to free radicals preventing oxidation reactions in the cells. It had the
ability to get rid of free radicals, which are the fundamental cause of LPO
and disturbance in antioxidant as well as cardiac tissue damage [28]. In
conclusion, the above observations proposed that MSG increased
oxidative stress by altering the levels of oxidative stress indicators such
as LPO, SOD, CAT, GSH, and GPx in adult male rats cardiac tissue at a
dose level of 17.5 mg/g body weight. Hence, MSG might lead to cardiac
dysfunction. Therefore, all results indicated that ongoing and enhanced
use of MSG could considerably boost health danger and could result
from hypertrophy and oxidative stress of cardiac muscle. Treatment of
ZnO NPs/GTE along with MSG ameliorated LPO, increased antioxidant
activities and prevents oxidative damages. The processes that contribute
to its efficacy include the capacity of the green complex (ZnO NPs/GTE)
to scavenge free radicals and improve the architecture of cardiac
myofibers.
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