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ABSTRACT
The use of Nanoparticles (NPs) and nanostructured materials
Article History
Received:28/12/2021 (NSMs) consider a new light in the progress of disease-modifying treatments
Accepted:27/1/2022 for many pathological disorders. The present study is an attempt to
investigate the curative effect of Nanocurcumin against long-term MSGAvailable: 1/2/2022
administration on rat liver. A total of 40 adult male Wistar albino rats were
---------------------divided into the following groups: Control group (C) of 14 rats given saline;
Keywords:
Nanocurcumin (Nano-Cur) control group of 14 rats inoculated orally with
Monosodium
Nano-Cur (100mg/Kg b.wt/day)for 8 weeks; Monosodium group received
glutamate,
MSG 10 mg/kg /b. w. for eight weeks; the therapeutic group was first given
Nanocurcumin,
MSG alone for 4 weeks and was secondly administered Nano-Cur for 4
Liver dysfunction
weeks. At the end of 8 weeks, animals were sacrificed by ether inhalation
& lipid profile.
anesthesia where blood and liver tissues were collected to study biochemical
parameters.MSG administration exerted significant elevation of cholesterol,
TG, HDL, LDL, VLDL and MDA. Also showed an increase in liver
enzymes. On the other hand, in the therapeutic group, Nano-Cur showed
significant improvement in the previous parameters.

INTRODUCTION
Additives are natural or artificial substances used for many years for many
purposes (taste, flavour, preserve, mix and colour foods) to improve the nutritional value
of food like vitamin C and A or to improve palatability such as ascorbic acid and sodium
nitrite Hajihasani, M.M., et al. (2020).
The food additives are divided into five main categories according to their
function such as taste enhance, antioxidants, preservation, stabilizers and colouring
agents Hajihasani,M.M., et al. (2020).
Monosodium glutamate (MSG) is one of the most ordinally used flavouring
agents all over the world which is taken as part of processed food. It gives enhancing
capacities like normally happening free glutamate which differ from the four exemplary
preferences Hajihasani, M.M., et al. (2020), Egbuonu, A.C.C., et al. (2010) and
Thomas.M and George.S. (2010).
MSG is a broadly used flavour-enhancing food additive that may be present in
packed foods without appearing on the label. This might lead to accidentally
consumption of MSG above to normal average daily intake of 1.0 g in enlightened
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society Zedan, A.M.G, et al. (2017).
In spite of its delicious taste and affected appetite enhancement, many studies
reported that MSG is toxic to humans and experiment animals Acar.A. (2020).
Numerous amounts of free radicals are generated by MSG that can destroy neurons,
other tissues and organs (kidney, liver, spleen, CNS, testes and had a genotoxic effect
Atef.H. et al. (2019).
It causes an increase in oxidative stress and considers the main factor for the
initiation of heart diseases and atherosclerosis Singh. K and Ahluwalia. P (2012). Fast
foods play an extremely important role in diet-related disorders and metabolites.
Overfeeding of tasty and delicious food may cause an impossible intake of nourishment
essential for growth and the maintenance of life Diab, A.A, and Hamza, R.Z. (2016).
A large amount of glutamate acid is transmitted during intestinal absorption and
eventually, alanine levels are also elevated in the blood of the portal vein Atef, H. et al.
(2019). Moreover, this elevation leads to increased hepatic metabolism of glutamate,
resulting in the release of glucose, lactate, glutamine and other amino acids into
circulation.
Moreover, MSG was administrated to adult males resulting in a significant
increase in serum cholesterol, LDL- cholesterol and decrease in triglyceride and HDL cholesterol of monosodium glutamate treated rats compared to the control group Tawfek,
N. S., et al. (2015) and Helal, E.G.E., et al. (2019).
Antioxidants are biological substances that can prevent cell damage caused by
free radicals action Kasote, D.M., et al. (2015). They have the power to scavenge free
radicals which play a very important role in a decreased risk of different diseases such as
cardiovascular disease (CVD), diabetes and cancer Gulcin,I. (2020).
One of these antioxidants is curcumin which is a vital component separated from the
rhizomes of C. longa Heger, M. et al. (2014).
Curcumin (Cur), one of the most important herbs comes from the herb Curcuma
longa's rhizome which is the main component part of turmeric. Several studies
demonstrated that Cur has anti-virus, anti-cancer, antibacterial and anti-inflammatory
properties Giannitrapani, L. et al. (2014).
Also, the recent studies on experimental animals improved the ability of cur to
be absorbed and reached its target organs Ipar, V.S., et al. (2019).
The usage of nanoparticles has arisen as a quickly developing area for the safe delivery
of several therapeutic agents in many pathological managements, including liver
ailments Giannitrapani, L. et al. (2014).
MATERIALS AND METHODS
Forty male adult albino Wistar rats the medical research center, Faculty of
Medicine, Ain Shams University. Their weights are between 120-180 g representing 4
weeks of age. Animals were allowed 10 days a pre-experimentation period to adapt to
laboratory conditions in order to stay away from any complications along with the
experiment. They were housed in metabolic cages and received water and food with
fresh supplies presented daily.
Drugs:
Monosodium Glutamate (MSG) was purchased from Loba Chemie Company
and was administered orally at doses of 10 mg/kg b.wt. daily for two months Onaolapo,
O.J. and Onaolapo, A.Y., (2016), Kushwaha and Bharti, (2015) and Abdulsalam, H., et
al. (2018).
Nano-curcumin was purchased from NanoTech Egypt for Photo-Electronics,
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El-Wahaat Road, Dreamland city, Entrance 3, City of 6 October, Giza, Egypt.
Animals were divided into four groups each containing 10 rats.
The first group (Control group) was left as normal control. The second group
(Nano-Cur group) orally received a daily dose of Nano-Cur (100 mg/kg b. w.) 3 times a
week for eight weeks. The third group (MSG group) was orally administered with10
mg/kg b. w. for 8 weeks. The fourth group (Therapeutic group) was treated with an oral
dose of MSG daily for 4 weeks then administrated an oral dose of Nano-Cur for another
4 weeks.
Half of the animals were sacrificed after 4 and another one was sacrificed after 8
weeks. The samples of the blood were collected independently in glass tubes, then
centrifuged for 15 minutes at 3000 rpm and stored at -20ºC till biochemical analysis.
BioMed Diagnostic Co. kit was used for the determination of lipid profile, liver function,
Malondialdehyde (MDA).
Statistical Analysis:
The SPSS for windows programming was utilized for factual examination,
variant 10.0. Examination of change (ANOVA) which means that the scattering or
contrast between multiple means to the determined standard deviation of this distinction
was evaluated, Tello, R. and Crewson, P.E. (2013).
RESULTS
Lipid Profile Tests:
Serum Cholesterol, T.G, HDL and LDL level:
From the examination in the information introduced in the table (1) no amazing
changes were noted in the degree of serum cholesterol, fatty oil (TG), HDL and LDL of
typical control rodents and Nano-Cur rodents bunch. Then again, in MSG bunch a
critical rate height was acknowledged in the degree of cholesterol, fatty oil (TG), HDL
and LDL in MSG rodents' bunch for a considerable length of time was recorded when
contrasted with control rodents. Additionally, a checked abatement happened in lipid
profile levels in the restorative rodents' bunch that was time subordinate. (Table 1).
Table 1: The therapeutic role of Nano-Cur on cholesterol, triglyceride (TG), highdensity lipoprotein (HDL), low-density lipoprotein (mg/dl) levels in control and
experimental groups.

•Data are expressed as mean ± slandered error (SE) n= number of rats
• A, B, C, D Means a common superscript within a row are significantly different (p˂0.05)
• a.b Means a common superscript within a column are significantly different (p˂0.05)
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Function Tests:
Serum ALT& AST levels:
The information recorded for the serum alanine aminotransferase and serum
aspartate aminotransferase is introduced by table (2). Typical rodents showed pretty
much consistent levels throughout the review. In addition, no astounding changes were
accounted for in Nano-Cur rodents' bunch. An impressive time subordinate improvement
was seen in remedial rodents (bunch getting oral portion MSG day by day for quite a
long time then, at that point, regulated oral portion of MSG and Nano-Cur for a
considerable length of time).
Table 2: The therapeutic role of Nano-Cur on serum ALT& AST levels in control and
experimental groups.

•Data are expressed as mean ± slandered error (SE) n= number of rats
• A, B, C, D Means a common superscript within a row are significantly different (p˂0.05)
• a.b Means a common superscript within a column are significantly different (p˂0.05).

Protein Profile:
Serum Total Protein and Albumin (g/dl) Levels:
On identifying the serum total protein and albumin level, the information is
given in table (3). The control and Nan-Cur rodents bunch planned pretty much steady
figures during the review time frame. According to the control rodents, a huge decline in
total protein level and in albumin level were detailed in rodents treated with MSG for
8weeks. In addition, partial recovery occurred in the therapeutic rats' group.
Table 3: The therapeutic role of Nano-Cur on serum total protein (g/dl) and albumin
(g/dl) levels in control and experimental groups.

•Data are expressed as mean ± slandered error (SE) n= number of rats
• A, B, C, D Means a common superscript within a row are significantly different (p˂0.05)
• a.b Means a common superscript within a column are significantly different (p˂0.05).

Oxidative Stress Parameters:
a- Malondialdehyde (MDA) Level:
No changes were confirmed after treatment Nan-Cur (100 mg/kg b. w.) for 4 and
8 weeks (Table 4). In MSG group a huge rise was observed in tissue MDA level. These
were later profoundly fundamentally expanded at the last stretch (8 weeks) (Table 4).
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Moreover, halfway recuperation happened in the therapeutic rats' group.
Table 4: The therapeutic role of Nan-Cur on the tissue MDA levels in control and
experimental groups.

•Data are expressed as mean ± slandered error (SE) n= number of rats
• A, B, C, D Means a common superscript within a row are significantly different (p˂0.05)
• a.b Means a common superscript within a column are significantly different (p˂0.05).

b-Total antioxidant capacity TAC level:
On detecting the tissue TAC level, the data are given in table (5).no changes
were recorded in the Nan-Cur rats' group. A significant decrease in TAC level was
reported in rats treated with MSG. A slight decrease took place in tissue TAC level in the
therapeutic rats' group.
Table 5: The protective and therapeutic role of Nano-Cur on the tissue TAC levels in
control and experimental groups.

•Data are expressed as mean ± slandered error (SE) n= number of rats
• A, B, C, D Means a common superscript within a row are significantly different (p˂0.05)
• a.b Means a common superscript within a column are significantly different (p˂0.05)

DISCUSSION
Monosodium glutamate is the sodium salt of glutamate acid. López-Miranda, V.,
et al. (2015) and Hazzaa,S.M., et al. (2020).MSG is deemed as one of the enhancer
contents which add in the food industry in several amounts to promote the flavor of food.
Hazzaa,S.M., et al. (2020) and Yan, L., et al. (2013). In the past few years, a lot of
research has addressed the safety and toxicity of MSG and shown its negative impact on
people Guyton,A. and Hall,J. (1996) and Airaodion, A.I. et al. (2019).
In addition, MSG administration causes toxicity in the liver due to oxidative
stress which led to an increase in lipid peroxidation, decreased antioxidant enzymes and
fibrosis Elshafey, M. et al. (2017) and Hajihasani, M.M. et al. (2020).
Curcumin is a hydrophobic polyphenol extracted from the rhizome of Curcuma
longa has a vast ambit of pharmacological and biological vigor, inclusive decrease blood
cholesterol, reduced blood sugar, antioxidant and anti-inflammatory properties.
Curcumin has a neutralized effect on reactive oxygen species and has a protective
function on the oxidative damage of biological membranes, DNA and protein in various
diseases by getting rid of the radicals Zhang, D.W, et al. (2013) and Mantzorou,M., et al.
(2018).
Curcumin is recognized as a potent antioxidant, Anti-mutagenic, antiinflammatory, neuroprotection, hypoglycemia, antitumor, antimicrobial, tissue
regeneration, antiangiogenic, anti-metastatic Nelson, K.M., et al. (2017) and Ibrahim,
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R.M., Abd Elaal, F.El.A., and Zaki,S., (2019). The liver is a vital organ that gets rid of
toxins that the body is exposed to, whether chemical or microbiological substances.
When the liver undergoes morphological changes, the metabolic processes are affected,
which leads to a defect in the detoxification process Bourdi,M., et al. (2002) and Li, J., et
al. (2019).
In the present study, administration of MSG resulted in impairment in liver
markers including an increase in lipid profile. These results agree with many studies that
demonstrated that this elevation is due to motivation of free fatty acids from the adipose
tissue to the bloodstream and elevated level of acetyl CoA leading to an increase in the
synthesis of cholesterol or imputed to peroxidation lipids in cell membrane Abu Aita,
N.A., and Mohammed, F.F., (2014) and Helal, E.G.E., et al. (2019).
In MSG treated group a huge expansion in the lipid profile values was recorded.
Present outcomes are in concurrence with Okediran who saw hyperlipidemia with
fundamentally raised degrees of serum TG and Cholesterol Okedira,B., et al. (2014).
Furthermore, elevations in serum levels of TG, TC and LDL were associated
with an increase in the activity of 3-hydroxyl-3-methylglutrayl-Coenzyme A reductase
ʽʽthe rate-limiting enzyme in the biosynthesis of cholesterol” and also increase
lipogenesis and reduced TC and TG metabolism in MSG rats group B. Okediran, et al.
(2014) and Cemaluk, E.A.C. and Onyinye, N.O., (2011).
The current work on the liver uncovered that organization of MSG for 30 days
and 60 days instigated a conspicuous expansion in AST and ALT and noticed a reduction
in both all-out protein and albumin substance when contrasted with the control group.
This could be credited to the creation of oxidative stress that damage liver cells ElGharabawy, R. M., et al. (2019).
Moreover, the current result was attributed to decreased rate of polypeptide
elongation, depletion of t-RNA in the liver and respiratory depression Li, J. et al. (2019).
In the group treated with Nan-Cur no remarkable changes in lipid profile and liver
function were revealed while amelioration was observed in the therapeutic rats' group in
the same biomarkers. These results are in agreement with many authors Hasimun, P., et
al. (2011).
In addition to that, the current observed that treatment with MSG led to
disturbance in some hepatic biomarkers reflected by the significant elevation in ALT and
AST, decrease in total protein and Albumin levels. These results matched with ElGharabawy,R. M., et al. (2019), Onyema, O.O., et al. (2006) and Olguin,M.C., et al.
(2018).
Insignificant changes were obtained in Nano-Cur rats' group throughout the
experimental period in the level of lipid profile, liver enzymes, protein and albumin
levels. Remarkable improvement was recorded in the therapeutic group in serum
cholesterol, HDL, TG and LDL levels. The depletion in TG and cholesterol levels
following Nan-Cur intake may be attributed to the influence of Nan-Cur itself as lipid
metabolism El-Ezaby, M.M., et al. (2018).
Similarly, the response is dependent on dose and reduces the increase in TG
level, cholesterol after exposure to toxic. It has been reported that antioxidants and
flavonoids scavenge polyunsaturated fatty acids peroxy radicals and interrupt the chain
reaction so they act as inhibitors of lipid peroxidation Salahshoor, M., et al. (2016).
Nano-Cur ameliorated liver impairment as suggested by a significant restoration of liver
enzymes. This may be because of the sped-up recovery of liver cells affected by different
bioactive mixtures like flavonoids and esters present in Nano-Cur that assisted with
forestalling layer delicacy and accordingly decline the spillage of marker chemicals into
circulation Chattopadhyay, K., et al. (2018).
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In the present investigation, a significant increase in the content of tissue MDA
level was realized as compared with the control group. The increase in MDA presented
in the current study might be a result of fibrosis of the liver generated by MSG Ibrahim,
M.A., et al. (2019). In addition, the oxidative stress caused by MSG led to fibrosis and
hepatic degeneration Yaqub, H., et al. (2008). Also, the increase in the influx of
intracellular calcium as a result of increased glutamate level into mitochondria leads to
produce reactive oxygen species (ROS) which cause cell damage Jaiswal, M.K., et al.
(2009) and Szydlowska, K. and Tymianski, M., (2010).
In the current investigation, a significant depletion in the content tissue total
antioxidant capacity TAC level in the MSG rats group compared with the control group.
The decrease in TAC presented in the current study might reflect their reaction with
reactive oxygen species generated by MSG Ahmed, M.H.M., (2016) and Sikka, S.C.,
(2001). Oxidative stress and the creation of free radicals appear to be liable for MSG
poisonousness. Free radicals respond with polyunsaturated fats in the cell membrane
creating lipid peroxides and destroying the cell membrane Ibrahim, M.A., (2019).
Moreover, ROS produced by the toxic levels of monosodium glutamate might
have caused lipid peroxidation and enzymes depletion, which are indicators of tissue
damage Ibrahim, M.A., et al. (2019) and Tawfik M.S. and Al-Badr, N., (2012), ALMosaibih, M.A., (2013) and Diniz Y.S., et al. (2004).
In the current work, no remarkable changes were reported after rats were
treated with Nano-Cur in tissue MDA and TAC. The remedial impacts of Nano-Cur
maybe because of the positive limit of Nanoparticles to go through the membrane and to
aggregate in go through the cell membrane and to amass in hydripholic and hydrophilic
pieces of the cell membrane to safeguard cells against oxidative stress and scavenging
free radicals. Nano-Cur can control the metabolism of lipid leading to decrease outputs
of lipid peroxidation and scavenging the free radicals produced in rats Boarescu, P.M., et
al., (2019) and Surekha, R.H., et al. (2007).
The present work revealed improvement in MDA and TAC content of the
therapeutic rats' group as compared with the control and Nano-Cur group.
Taking into account the consequences of the current review, it could be inferred that
Nano-Cur has the capacity to switch MSG incited liver oxidative injury just as to manage
the metabolic enzymatic activities and major cell content for keeping up with the
appropriate working of the cell and might be considered as a restorative specialist against
MSG prompted harmful impacts.
REFERENCES
Abdulsalam, H., Adamu, S., SamboS, J., Chiroma, M.A., Gadzam,. J.J., Mohzo, D.L.,
Atata,J.A.(2018): Monosodium glutamate-induced changes on plasma markers
of pancreatic function in adult male Wistar rats. Sokoto Journal of Veterinary
Sciences, 16(2): 21 -27.
Abu Aita, N.A., Mohammed, F.F., (2014): Effect of marjoram oil on the
clinicopathological, cytogenetic and histopathological alterations induced by
sodium nitrite toxicity in rats. Global Veterinary, 12(5): 606-616.
Acar, A. (2021): Ameliorative effects of cape gooseberry (Physalis peruviana L.) against
monosodium glutamate (MSG)–induced toxicity: genetic and biochemical
approach, Environmental Science and Pollution Research, 28(14):18035-18049.
https://doi.org/10.1007/s11356-020-11800-1
Ahmed, M.H.M., (2016): Effect of some Food Additives Consumption on the Body
Weight and Toxicity and the Possible Ameliorative Role of Green Tea Extract.

62

Mona A.E. Mohamed et al.

Middle East Journal of Applied Sciences, 6(4): 716-730.
Airaodion, A.I., Ogbuagu, E.O., Osemwowa, E.U., Ogbuagu, U., Esonu, C.E.,
Agunbiade, A.P., Okereke,D., Oloruntoba, A.P., (2019): Toxicological Effect of
Monosodium Glutamate in Seasonings on Human Health. Global Journal of
Nutrition & Food Science, 1(5). DOI: 10.33552/GJNFS.2019.01.000522
AL-Mosaibih,M.A,(2013): Effects of Monosodium Glutamate and Acrylamide on The
Liver Tissue of Adult Wistar Rats. Life Science Journal, 10 (2s).
Atef, H., El-Morsi, D.A., El-Shafey, M., El-Sherbiny,M., Kattawyh, A., Fahmye, K.,
Saeed, A.A., (2019): Monosodium Glutamate Induced Hepatotoxicity and
Oxidative Stress: Pathophysiological, Biochemical and Electron Microscopic
Study. Medical Journal of Cairo University, 87 (1): 397-406. www.
medicaljournalofcairouniversity.net
Boarescu, P.M., Boarescu, I., Bocsan, I.C., Pop, R.M., Gheban, D., Bulboacă, A.E.,
Nicula, C., Râjnoveanu, R.M., (2019): Curcumin Nanoparticles Protect against
Isoproterenol Induced Myocardial Infarction by Alleviating Myocardial Tissue
Oxidative Stress, Electrocardiogram, and Biological Changes. Molecules, 24:
2802.
Bourdi, M., Masubuchi, Y., Reilly, T.P. et al., (2002): Protection against acetaminopheninduced liver injury and lethality by interleukin 10: role of inducible nitric oxide
synthase. Hepatology, 35(2): 289–298.
Cemaluk, E.A.C., Onyinye, O. N, (2011): Effects of high monosodium glutamate on
some serum markers of lipid status in male Wistar rats. Journal of Medicine and
Medical Sciences, 2(1):653-656.
Chattopadhyay, K., Samanta, A., Mukhopadhyay, S., Chattopadhyay, B., (2018):
Potential amelioration of nicotine-induced toxicity by nano curcumin. Drug
Development Research, 79:119–128. wileyonlinelibrary.com/journal/ddr
DiabA.A, Hamza, R.Z, (2016): Monosodium Glutamate Induced Hepatotoxicity and the
Possible Mitigating Effect of Vitamin C and Propolis. Journal of Advances in
Medical and Pharmaceutical Sciences, 7(4): 1-10.
Diniz, Y.S., Fernandes, A.A., Campos, K.E., Mani, F., Ribas, B.O., Novelli, E.L.,
(2004): Toxicity of hypercaloric diet and monosodium glutamate: oxidative
stress and metabolic shifting in hepatic tissue. Food and Chemical Toxicology,
42: 313-319.
Egbuonu, A.C.C., Ezeanyika, L.U.S., Ejikeme, P.M., Obidoa. O, (2010):
Histomorphologic alteration in the liver of male Wistar rats treated with Larginine glutamate and monosodium glutamate. Research journal of
environmental toxicology, 4(4): 205-213.
El-Ezaby, M.M., Abd-El Hamide, N.H., Abd El-Maksoud, M.A.E., Shaheen, E.M.,
Embashi, M.M.R., (2018): Effect of some food additives on lipid profile,
kidney function and liver function of adult male albino rats. Journal of Basic
and Environmental Sciences, 5: 52–59
El-Gharabawy, R.M., Ahmed, A.S., Al-Adhadh, Th.I., (2019): Ameliorating Effect of
Moringa against Liver and Kidney Injury Induced by Monosodium Glutamate.
Annual Research & Review in Biology, 33(3): 1-10
Elshafey, M., Eladl, M.A., El-Sherbiny, M., Atef, H., El Morsi, D.A., (2017):
Hepatotoxicity of monoglutamate sodium: Oxidative stress and
histopathological study. FASEB Journal, 31: lb31-lb https://doi.org/ 10.1096/
fasebj.31.1_supplement.lb31
Giannitrapani,L.,
Soresi,M.,
Bondì,M.L.,
Montalto,G.,
Cervello,M.,(2014):
Nanotechnology applications for the therapy of liver fibrosis. World Journal of

Therapeutic Role of Nanocurcumin Versus Monosodium Glutamate Toxicity 63
Gastroenterology WJG, 20(23): 7242-7251https://doi.org/10.3748/ wjg.v20.
i23.7242.
Gulcin,I.,(2020): Antioxidants and antioxidant methods: an updated overview. Archives
of Toxicology, 94:651–71.
Guyton, A. and Hall, J. (1996) Textbook of Medical Physiology. WB Saunders Co
Philadelphia, Pennsylvania.
Hajihasani, M.M., Soheili, V., Zirak, M.R., Sahebkar, A., Shakeri, A.H., (2020): Natural
products as safeguards against monosodium glutamateinduced toxic. Iranian
Journal of Basic Medical Sciences, 23:416-430.
Hasimun, P., Sukandar, E.Y., Adnyana, I.K., Tjahjono,D.H.,(2011): Synergistic Effect of
Curcuminoid and S-methyl Cysteine in Regulation of Cholesterol Homeostasis.
International Journal of Pharmacology, 7 (2): 268-272.
Hazzaa, S.M., El-Roghy, E.S., Abd Eldaim, M.A., Elgarawany, GH. D, (2020):
Monosodium glutamate induces cardiac toxicity via oxidative stress, fibrosis,
and P53 proapoptotic protein expression in rats. Environmental Science and
Pollution Research, 27:20014–20024.
Heger,M, Van Golen, R.F., Broekgaarden,M., Michel, M.C.,(2014): The molecular
basis for the pharmacokinetics and pharmacodynamics of curcumin and its
metabolites in relation to cancer. Pharmacological Reviews, 66 222–307.
Helal, E.G.E., Barayan, A.W., Abdelaziz,M.A., EL-Shenawe, N.S.A., (2019): Adverse
Effects of Mono Sodium Glutamate, Sodium Benzoate and Chlorophyllins on
some Physiological Parameters in Male Albino Rats. The Egyptian Journal of
Hospital Medicine, 74 (8): 1857-1864.
Ibrahim, M.A., Khalifa, A.M., Saleh, A.A., Tammam, H.G., (2019): Histopathological
and Histochemical Assessment of Monosodium Glutamate-Induced Hepatic
Toxicity and the Amelioration with Propolis. Ain Shams Journal of Forensic
Medicine and Clinical Toxicology, 33: 24-36.
Ibrahim, R.M., Abd Elaal,F. El. A., Zaki,S., (2019): effect of Curcumin and Nanocurcumin on Reduce Aluminum Toxicity in Rats. International Journal of Food
Science and Biotechnology, 4(3): 64-73.
Ipar, V.S., Dsouza,A., Devarajan, P.V., (2019):
Enhancing Curcumin Oral
Bioavailability Through Nanoformulations. European Journal of Drug and
Metabolism and pharmacokinetics, 44 459-480. https://doi.org/10.1007/s13318019-00545-z.
Jaiswal, M.K., Zech, W.D., Goos,M., Leutbecher, C., Ferri, A., Zippelius,A., Carri,
M.T., Nau,R., Keller, B.U., (2009): Impairment of mitochondrial calcium
handling in a Mtsod1 cell culture model of motoneuron disease. BMC
Neuroscience, 10(1): 64.
Kasote, D.M., Katyare, S.S., Hegde, M.V., Bae, H., (2015): Significance of Antioxidant
Potential of Plants and its Relevance to Therapeutic Applications. International
Journal of Biological. Sciences, 11(8): 982–991
Kushwaha and Bharti, (2015): Effect of monosodium glutamate (msg) administration on
some antioxidant enzymes in muscles of adult male mice. Journal of Applied
Biosciences, 41(1): 54-56.
Li,J., Niu, R., Dong, L., Gao, L., Zhang, J., Zheng, Y., Shi,M., Liu, Z., Li, K., (2019):
Nanoencapsulation of Curcumin and Its Protective Effects against CCl4Induced Hepatotoxicity in Mice. Hindawi Journal of Nanomaterials, 7140132:
10 pages
López-Miranda, V., Soto-Montenegro, M., Uranga-Ocio, J., Vera, G., Herradón, E.,
González, C., Blas, C., Martínez-Villaluenga, M., LópezPerez, A., Desco, M.,

64

Mona A.E. Mohamed et al.

(2015): Effects of chronic dietary exposure to monosodium glutamate on
feeding behavior, adiposity, gastrointestinal motility, and cardiovascular
function in healthy adult rats. Neurogastroenterology and Motility, 27:1559–
1570.
Mantzorou,M., Pavlidou. E., Vasios,G., Tsagalioti, E., Giaginis, C., (2018): Effects of
curcumin consumption on human chronic diseases: A narrative review of the
most recent clinical data. Phytotherapy Research, 32(6):957-975. doi:
10.1002/ptr.6037. Epub 2018 Feb 22
Meraiyebu, A. , Akintayo, C. , Uzoechi, A., Okere,S.,(2012): The Effects of Orally
Administered Monosodium Glutamate (MSG) on Blood Thrombocyte, Blood
Coagulation and Bleeding in Rats. IOSR Journal of Pharmacy and Biological
Sciences (IOSR-JPBS), 4(1): 04-08.
Nelson, K.M., Dahlin, J.L., Bisson, J., Graham, J., Pauli, G.F., Walters, M.A. (2017):
The essential medicinal chemistry of curcumin mini perspective. Journal of
Medicinal Chemistry, 60: 1620–1637.
Orochi, G., Malu, S., Obi Abang, M., Alozie, Y., Iyam, M., (2009): Effect of Garlic
Extracts on Monosodium Glutamate (MSG) Induced Fibroid in Wistar Rats.
Pakistan Journal of Nutrition, 8 (7): 970-976.
Okediran, B., Olurotimi, A., Rahman, S., Michael, O., Olukunle,J.,(2014): Alterations in
the lipid profile and liver enzymes of rats treated with monosodium glutamate.
Sokoto Journal of Veterinary Sciences, 12(3): 42-46.
Olguin, M.C., Posadas, M.D., Revelant, G.C., Marinozzi, D., Labourdette, V., Venezia,
M.R., (2018): Monosodium Glutamate Affects Metabolic Syndrome Risk
Factors on Obese Adult Rats: A Preliminary Study. Journal of Obesity and
Weight-loss Medication, 4:023
Onaolapo, O.J. and Onaolapo, A.Y., (2016): Evidence of alterations in brain structure
and antioxidant status following ‘low-dose’ monosodium glutamate ingestion,
S0928-4680(16)30022-0 http://dx.doi.org/10.1016/j.pathophys.2016.05.001
Onyema, O.O., Farombi, E.O., Emerole, G.O., Ukoha, A.I., Onyeze, G.O.,(2006):
Effects of vitamin E on monosodium glutamate-induced hepatotoxicity and
oxidative stress in rats. Indian Journal of Biochemistry & Biophysics, 43(1): 2024.
Salahshoor, M., Mohamadian, S., Kakabaraei,S. , Roshankhah,S. , Jalili,C.,(2016):
Curcumin improves liver damage in male mice exposed to nicotine. Journal of
Traditional and Complementary Medicine, 6 176-183.
Sikka, S.C.,(2001): Relative impact of oxidative stress on male reproductive function.
Current Medicinal Chemistry, 8: 851-862.
Singh, K. and Ahluwalia,P.,(2012): Effect of monosodium glutamate on lipid
peroxidation and certain antioxidant enzymes in cardiac tissue of alcoholic adult
male mice. journal of cardiovascular disease research, 3-1.
Surekha,R.H., Srikanth,B.B., Jharna,P., Ramachand,R.V. Dayasagar,A.. Jyothy,(2007):
Oxidative stress and total antioxidant status in myocardial infarction. Singapore
Medical Journal, 48: 137–142.
Szydlowska,K. and Tymianski,.M., (2010): Calcium, ischemia and excitotoxicity. Cell
Calcium, 47(2): 122-129.
Tawfik, M.S. and Al-Badr,N.,(2012): Adverse Effects of Monosodium Glutamate on
Liver and Kidney Functions in Adult Rats and Potential Protective Effect of
Vitamins C and E. Food and Nutrition Sciences, 3: 651-659.
Tawfek, N. S., Amin, H.M., Abdalla, A.A., Fargali, SH.M.H,(2015): Adverse Effects of
Some Food Additives in Adult Male Albino Rats. Current Science

Therapeutic Role of Nanocurcumin Versus Monosodium Glutamate Toxicity 65
International, 4(4): 525-537.
Tello,R. and Crewson,P.E., (2003): Hypothesis testing Ⅱ: mean. Radiology (RADIOL),
(2003) 227:1-4
Thomas,M and George,S.,(2010): Effect of Piper longum Linn. in monosodium
glutamate toxicity in rats. Indian Journal of Animal Sciences, Vol.80 No.9
pp.857-863.
Yan, L., Lan, Z., Xu, H. F, Li, Y., Fan, D., Wei, H., Cao, J-M., Xue, G. (2013) A
preliminary experimental study on cardiac toxicity of glutamate and the role of
α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor in rats.
Chinese Medical Journal,126:1323–1332.
Yaqub, H., Abdel Baky, N., Atti,. H.A., Faddah,L.,(2008): Hepatoprotective Effect Of
N-Acetyl Cysteine And/Or Β-Carotene On Monosodium Glutamate-Induced
Toxicity In Rats. Research Journal of Medicine and Medical Sciences, 3: 206215.
Zedan, A.M.G., Galal, O.A., Al-Anan,.F.S.,(2017): Potential effect of some natural food
additives against monosodium glutamate-induced genotoxicity in Vicia faba.
Egyptian Journal of Genetics and Cytology, 46: 371-388. (www.esg.net.eg
Zhang, D.W.., Fu, M., Gao, S.H., et al., (2013): Curcumin and diabetes: a systematic
review. Evidence-Based Complementary and Alternative Medicine, 636053, 16
pages doi:10.1155/2013/636053.

