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Abstract

This brief review provided evidence for the role of green tea extract (GTE)/zinc oxide nanoparticles (ZnO
NPs) in a variety of biomedical applications against the toxic effect of monosodium glutamate (MSG).

Egypt. MSG is used to enhance the taste, however it causes oxidative stress in the long-term. Many effects of
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Introduction
Nanotechnology is named in the case of science and
technology as a consequence of the development, discovery,
and evaluation of nano-scale structures. In the last few years,
zinc oxide nanoparticles (ZnO NPs) have been applied as
important components in various sectors of manufacturing
as medicine and textile, as well as automotive markets.
Several chemical and physical techniques have been used
in the preparation of ZnO NPs, and biomaterials applied
using various substrates (e.g. bacteria, microorganisms,
plant extracts, and enzymes) are theoretically guided as
eco-friendly alternatives compared with chemical ones (1).
Different plant parts were used for the formation of
NPs because their extracts are rich in phytochemicals that
function like a reducing and a stabilizing agent (2-9).
Leaf is the most widely utilized plant component, washed
in distilled water, which is used for the development of
ZnO NPs. The new tea leaf is abundant in the group of
polyphenol flavonols called catechins (30%). Flavonoids
and their glycosides including gallic acid, coumaroylquinic
acid, chlorogenic acid, and theogallin are other polyphenols
that are present in the green tea. To prevent the oxidation
of polyphenols in the green leaves, green tea is produced
without fermentation (10). The chemical composition of

MSG consumption on the brain, obesity, sex organs, and metabolism have been verified. This review
covered the effect of GTE/ZnO NPs on many different organs including the liver, kidney, heart, spleen,
testis, brain, and pancreas after being exposed to MSG. The review indicated that the toxicity induced by
MSG could be restored by GTE/ZnO NPs in different organs. Accordingly, the green nanoparticles could
be attended as a futuristic approach to be used against any toxic substance.
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fresh leaves is very similar to that of dry green tea except
for a slight enzymatically catalyzed shift that occurs with
extremities after fast plucking. During drying, fresh,
volatile substances are formed: (i) phenolic compounds
(30%), (ii) proteins (15%), (ii) amino acids (4%), (iv)
carbohydrates (7%), and (v) lipids (7%), as well as (vi)
vitamins C and E are the normally-measured compositions
of green tea leaves (10-12).

Monosodium glutamate (MSG) is used as a flavor
enhancer, however it causes oxidative stress in the long-
term (13,14). MSG is used to improve the meatiness
and savory aroma and taste of many dried types of meat,
soups, stews, and many other foods. Many effects of
MSG consumption on the brain, obesity, sex organs, and
metabolism have been proved (15). MSG is known as a
non-essential amino acid discovered as sodium salt; it is
found to enhance food flavor as abovementioned (16).
Glutamate is a neurotransmitter of amino acids in the
brain, and glutamate-responsive tissues are also found in
other organs of the body. Some diseases such as Alzheimer’s
disease and Huntingtons chorea have been associated
with abnormal glutamate receptor activity. Headaches,
severe allergic reactions, sickness, heart attack-like signs,
fatigue, and so on are the adverse effects of MSG. In both
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women and men, the use of MSG raises the possibility of
reproductive disorder (17). The median lethal dose (LD, )
of MSG in rats and mice is 15 and 18 g/kg body weight,
respectively, which is five times the LD, of NaCl (3 g/kg
in rats). The findings of both animal and human tests have
shown that even the minimum dose of MSG exerts harmful
effects. It is believed that the total MSG consumption per
day should be 0.3-1.0 g (18).

Phenolic compounds hold a greater antioxidant capacity,
and antioxidants are metal ion reducing agents; thus, the
synthesis of plant-mediated NPs is preferred. The synthesis
of NPs, which inhibit particle agglomeration, is supported
by more modest amounts of proteins, lipids, and amino
acids. The aim of this mini-review was the synthesis
of ZnO NPs mediated by green tea extract (GTE) and
determination of its activity against MSG in different
organs.

Liver

In a study by Al-Salmi et al, following 28 days of exposure,
oxidative stress and inflammation were caused by MSG
in the liver. Histological research was conducted and the
transmission of hepatic parenchyma was observed. GTE/
ZnO NPs exerted partial hepato-protective effect against
MSG at aqueous solution of 0.001 M (13).

MSG is dose-dependently affected by all the antioxidants
[lipid peroxidation (LPO), catalase (CAT), superoxide
dismutase (SOD), xanthine oxidase (XO), myeloperoxidase
(MPO), and glutathione (GSH)]. It also affects the
inflammatory markers such as interleukin-6 (IL-6),
C-reactive protein (CRP), and tumor necrosis factor-alpha
(TNF-0). Such parameters have been taken as indicators
of oxidative stress. Moreover, the inadequate molecular
mechanism of antioxidants may cause liver injury. The
study of Al-Salmi et al (13) clarified that ZnO NPs/
GTE gave hepatic safety through restoring the antioxidant
enzyme activities, decreasing LPO, and increasing GSH
concentrations, as well as enhancing pro-inflammatory
biomarkers. Moreover, Hamza et al (16) reported that
ZnO NPs/GTE had a beneficial effect on MSG-induced
hyperlipidemia. The anti-hyperlipidemic effect of GTE/
ZnO NPs was improved by a decrease in the triglyceride,
total cholesterol, and low-density lipoprotein levels, as well
as an elevation in high-density lipoprotein. The rectitude
of hepatocytes was also refined, as seen by reducing the
enzyme activity.

Kidney

A previous study showed that MSG would cause renal
dysfunction due to the peroxidation imbalance and its
levels of antioxidants. The histopathological changes of rat
kidney tissue are specifically sufficient for the dose of MSG
and biochemical variations. GTE/ZnO NPs complex
proved the maintenance and restoration of kidney capacity
by inhibiting oxidative damage through a mere way. The

study indicated that the therapeutic impact of ZnO NPs
on MSG-fed rats could be antioxidant-dependent (19). No
unusual findings have been obtained and its biochemical
parameters included levels of urea, uric acid, and creatinine
in the rats treated with ZnO NPs and ZnO NPs/GTE.
Data of unvaried creatinine and uric acid levels within the
ZnO NPs/ GTE-exposed rats have suggested normal renal

functions.

Heart

The impact of MSG on oxidative stress by modifying the
factors such as LPO, CAT, SOD, GPx, and GSH in the
cardiac tissue of adult rats with a standard dose for the
bodyweight of 17.5 mg/g was investigated (20). MSG may
lead to cardiac disorder. Consequently, all results indicated
that the continuous usage of MSG could dramatically
increase the health hazard and result in cardiac hypertrophy
and oxidative stress. Treatment with GTE/ZnO NPs and
MSG decreased LPO, increased antioxidants, and reduced
oxidative damage. The effectiveness requires GTE/ZnO
NPs to scavenge free radicals, as well as architectural
improvement (20). The antioxidant property of the green
GTE/ZnO NPs can be attributed to their ingredients from
GTE phenol compounds (21), which give hydrogen ions
to free radicals to prevent oxidation reactions in the cells.
It could get rid of free radicals that are the fundamental
causes of antioxidant and cardiac tissue damage caused by

LPO and disturbance.

Spleen

MSG had a dose-dependent effect on spleen tissue and
caused an improvement in hypertrophy of the white spleen
pulp. Due to its strong antioxidant properties and reduced
ZnO, the ZnO NPs/GTE complex may have a defensive
advantage against splenomegaly that is excited against

MSG (22).

Testis

The limited toxicity of ZnO NPs administration to the
testicular tissue was recorded. The treatment of adult
male rat with MSG decreased the levels of testosterone,
along with interaction with testicular histology, indicating
dose-dependence of MSG. Testicular dysfunction was also
caused by ZnO NPs by interfering with the balance of
antioxidants/oxidants, suppressing testosterone levels, and
causing damage to the cellular testis (23). The interaction
of ZnO NPs with the GTE complex strongly prevented
the MSG or ZnO NPs toxic effects by decreasing DNA
damage and lipid peroxidation, and improving both the
antioxidant and architecture structure of the testis.

Brain

MSG was orally administered (6.0 and 17.5 mg/kg body
weight). The larger dose was characterized by a reduction
of SOD, CAT, and GPx activities, as well as a decrease
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in GSH and brain neurotrophic factor levels in cerebral
cortex of rats (24). ZnO NPs/GTE complex conferred an
advantage on the cerebral cortex rather than ZnO NPs or
GTE separately. Compared to control animals, a substantial
decrease was observed in noradrenaline, adrenaline,
dopamine, and scrotonin levels at higher doses (17.5
mg/kg) of MSG. Furthermore, important variations in
acetylcholinesterase activity and thiol levels were recorded
at the same dose of MSG. The findings of cyclooxygenase 2
declared that it is an important mechanism by which large
doses of MSG can correspond  to cellular oxidative status
in the brain. The levels of CAT, SOD, GPx, and GSH,
and the effect of ZnO NPs/GTE on MSG-induced brain
toxicity could be enhanced and the other parameters of
neural biomarkers can be restored because of their effect on
different neurotransmitters or their antioxidant properties.

Pancreas

Degenerative histopathological changes in the pancreatic
acini with a significant increase in acinar cell nuclei were
recorded in the animals treated with MSG.

The results of anti-diabetic and antioxidant research
showed that the synthesized GTE/ZnO NPs could be used
to lower sugar levels, stimulate insulin, and boost pancreatic
architecture against MSG. Biosynthesized preparation
of ZnO NPs/GTE was expected to be important in
biomedical applications against diabetic complications

induced by MSG (25).

Conclusion

To conclude, people must limit their national use of foods
containing the taste enhancer, namely MSG, and caution
should be taken as regards its industrial use. To reduce the
toxicity of ZnO NPs and MSG to the liver, kidney, heart,
spleen, testis, pancreas, and brain at cellular and oxidative
stress levels, the use of GTE / ZnO NPs complex is strongly
recommended.
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