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Abstract 

Introduction: Monosodium Glutamate (MSG) is a widely used food additive to enhance flavours. Though commonly used, 

MSG’s accumulation in the body can induce genomic instabilities. These genome instabilities are detectable through various 

methods such as Random Amplified Polymorphic DNA Polymerase Chain Reaction (RAPD-PCR) and comet assay. 

Additionally, cells can employ DNA repair mechanisms to ameliorate this damage. The objective of this review paper is to 

investigate the role of prolonged MSG ingestion in DNA damage, potential downstream diseases, and DNA repair mechanisms 

that cells undertake to counteract these effects, such as nucleotide excision repair (NER) and base excision repair (BER). 

Compounds such as vitamin C, green tea extract, and Allium sativum have been shown to ameliorate the health hazards of MSG 

by inhibiting oxidative stress, reducing apoptosis, and increasing antioxidant availability. 

Methods: This literature review focuses on MSG-induced DNA damage mechanisms including gene suppression, 

chromosomal disruption, and carcinogenic effects. We conducted a comprehensive literature review of 28 peer-reviewed 

articles published since 2000-present.  

Results: Studies show that MSG consumption may lead to the formation of Reactive Oxygen Species (ROS) and micronuclei 

(MN), which are known as biomarkers of carcinogenesis. Furthermore, the genomic instabilities that lead to this effect were 

identified through the use of RAPD-PCR and comet assays. It is shown that these instabilities are mainly dealt with by 

endogenous repair machineries such as NER and BER. Also, researchers have identified many substances which act as 

preventative measures towards the potential harmful impacts of MSG. 

Discussion: Diseases, such as cancer and obesity, may be linked to chronic intake of MSG. The efficacy of the mentioned DNA 

damage detection methods will be discussed. Furthermore, the endogenous mechanisms of NER and BER are outlined in this 

review. Substances such as vitamin C, green tea extract, and Allium sativum aid to prevent genotoxic effects induced by MSG.  

Conclusion: Through this literature review, we hope to bring awareness to the harmful impacts of MSG on genome stability 

and its role in disease development. We aim to educate the public about the prevalent usage of MSG in the food industry and 

to inform individuals to take precautions in their food consumption.  
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Introduction 

Monosodium glutamate (MSG) is a widely used food 

additive which enhances the umami taste in foods [1]. Umami 

taste is strongly elicited by glutamic acid and glutamate, which 

are abundantly available in MSG-containing foods [2]. MSG 

has been associated with numerous forms of toxicity such as 

neurotoxicity, hepatotoxicity, and genotoxicity [3]. When 

MSG is accumulated in the body, it may lead to several 

diseases such as cancer, obesity, and diabetes [3, 4]. A 

randomized control trial (RCT) experiment shows that a 

chronic intake of MSG can induce a significant reduction in 

the perceived taste of umami [2]. Therefore, an increased 

demand for MSG is most apparent among those who 

frequently consume it due to a strong desire for a higher intake 

of the compound [2]. The skeletal structure of MSG is shown 

in Figure 1.  
 

 
Figure 1. Skeletal structure of monosodium glutamate 

(MSG). 
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Once MSG has entered the body, it starts to break down 

rapidly without any enzymatic interventions which results in 

a spike in glutamate levels [5]. Glutamate is a compound 

with many physiological and pathological functions: it is a 

major substrate for enterocytes’ energy production, 

precursor of N-acetylglutamate (metabolic regulator), and an 

excitatory neurotransmitter in the central nervous system [5]. 

The average daily intake of MSG in developed countries is 

around 0.3-1.0 g/day, 10.0 g/day in Germany while other 

countries in Europe average about 1.0 g/day [3]. 

Additionally, Asian countries such as Japan have higher 

values of 1.1-1.6 g/day, 1.5-3.0 g/day in Taiwan, and 1.6-2.3 

g/day in South Korea [3].  

MSG exhibits deoxyribonucleic acid (DNA) damage in 

mammals. The preservation of the genomic sequence is 

crucial for perpetuating life [6]. DNA, the basic foundation 

of inheritance, is a reactive molecule that is highly 

susceptible to undergo endogenous and exogenous chemical 

modifications eventually leading to DNA damage. The 

purpose of this literature review is to explore the genotoxic 

effects of MSG consumption by analyzing its internal effects 

in the human body. Over the years, scientists have 

discovered various techniques to detect DNA damage. In this 

literature review, the accuracy of RAPD-PCR and comet 

assay techniques for examining DNA damage induced by 

MSG will be discussed. Moreover, the repair mechanisms 

and preventative approaches for reducing the occurrence of 

DNA damage caused by MSG will be outlined.  

 

Methods 

To produce this literature review, relevant empirical and 

review articles were retrieved from the following search 

engines/databases: PubMed, Google Scholar, and McMaster 

University Library.  Research articles were selected based on 

the following inclusion criteria: (1) pertaining to the 

genotoxicity of MSG as well as the detection and repair of 

DNA damage in relation to MSG, (2) being peer-reviewed, 

and (3) being published after the year 2000. With respect to 

the type of peer-reviewed articles, 10 articles were empirical, 

and 17 articles were meta-analyses. Additionally, 1 book was 

used for extended research. Research articles on the 

genotoxicity of MSG, DNA damage mechanisms, and DNA 

repair mechanisms were obtained using the search engine 

keywords of “monosodium glutamate,” “flavor enhancer,” 

“mice,” “rats,” “umami substance,” “toxicity,” “effects,” 

“obesity,” “liver toxicity,” “neurotoxicity,” and “oxidative 

balance,” “oxidative damage,” “oxidative stress,” “clinical 

studies,” “genotoxicity,” “health impact,” “DNA damage,” 

“chemical toxicology,” “DNA repair,” “methylation 

activity,” “aberration,” “carcinogenic,” “DNA 

fragmentation,” “comet assay,” and “immunoassay,” “ 

“ameliorate,” “dietary vitamins,” “DNA methylation,” 

“genome stability,” “micronucleus,” “preventative,” “DNA 

damage repair,” and “antioxidants.” Research articles were 

found on the genotoxicity of MSG, DNA damage 

mechanisms, and DNA repair mechanisms. was used in The 

search engine used the following keywords:  “monosodium 

glutamate,” “flavor enhancer,” “mice,” “rats,” “umami 

substance,” “toxicity,” “effects,” “obesity,” “liver toxicity,” 

“neurotoxicity,” and “oxidative balance,” “oxidative 

damage,” “oxidative stress,” “clinical studies,” 

“genotoxicity,” “health impact,” “DNA damage,” “chemical 

toxicology,” “DNA repair,” “methylation activity,” 

“aberration,” “carcinogenic,” “DNA fragmentation,” “comet 

assay,” and “immunoassay,” “ “ameliorate,” “dietary 

vitamins,” “DNA methylation,” “genome stability,” 

“micronucleus,” “preventative,” “DNA damage repair,” and 

“antioxidants.” A total of 28 articles were found eligible and 

further analyzed.  

 

Results 

How MSG causes DNA damage 

Reactive Oxygen Species Formation 

MSG consumption results in its immediate metabolic 

breakdown followed by increased levels of glutamate [10]. 

It has been shown that excessive renal metabolism of MSG 

through chronic intake can act as a source of reactive oxygen 

species (ROS) [7]. ROS is known to be the major contributor 

to oxidative stress which can lead to functional damage to 

cellular DNA [7]. These damages result in a wide range of 

biological effects such as altered signal transduction 

pathways, defects in gene expression and translation, and 

apoptosis [8]. For example, in a recent study, Pavlovic et al. 

observed a significant increase in thymocyte apoptosis up to 

14 days following the administration of MSG (4 mg/g of 

body weight) [9].  

MSG-induced DNA damage includes single and double 

stranded breaks, mutations, clumping and stickiness of 

chromosomes, genetic rearrangements, impaired excision 

repair machinery, and structural and numerical chromosomal 

aberrations (CA) [9-10]. The latter is considered a key 

biomarker for assessing cancer risk [9]. Several studies 

found that MSG consumption is related to increased CA 

frequency in human cell cultures, suggesting that MSG has 

genotoxic and cancerous effects on host cell genome [9-11]. 

 

Micronucleus Formation 

Furthermore, another consequence of MSG-induced 

DNA damage has been identified. In vivo micronucleus and 

comet assays indicate micronucleus (MN) formation because 

of chronic MSG intake [10]. MN formation along with CA 

frequency are used as biomarkers to assess genotoxic effects 

of substances and evaluate cancer risks in humans [11]. A 

recent large international cohort study demonstrated a 

significant association between MN frequency and 

carcinogenesis [12]. Thus, it is possible that chronic MSG 

consumption is associated with increased MN formation 

frequency, which is highly prevalent amongst cancer 

patients. 
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DNA Damage Detection Techniques 

RAPD-PCR 

Genome instabilities are detectable through various 

methods. RAPD-PCR has been shown to detect genotoxin-

induced DNA damage [9]. RAPD-PCR uses the 

amplification of genomic DNA along with primers obtained 

from random nucleotide sequences which bind to various 

regions of the genomic DNA. This generates amplicons of 

varied lengths, generally between 100-4000 base pairs, 

which is separated by gel electrophoresis, creating a DNA 

fingerprint [13]. Atienzar and colleagues initiated an 

experiment to evaluate the effects of varying types of genetic 

DNA damage on RAPD-PCR profiles. The results 

demonstrate that sonication, which is the disruption of DNA 

by exposure to high-frequency sound waves, caused greater 

changes in the RAPD-PCR profile patterns. Additionally, a 

sample of DNA treated with benzo[a]pyrene diol epoxide 

(BPDE), which is a mutagen, generated similar results with 

greater changes in the RAPD-PCR patterns by enhancing 

band intensity [13]. These results show that RAPD-PCR can 

detect DNA damage profiles. A study conducted by 

Ataseven et al. evaluated the genotoxic effects of MSG by 

detecting DNA damage using RAPD-PCR in cultured human 

lymphocytes. The results show that RAPD-PCR detected 

pattern difference within the band intensity, indicating DNA 

damage [9]. This study suggests that intensity of the RAPD-

PCR bands correlates with DNA damage, mutations, or 

chromosomal rearrangements [9]. This is the first study 

providing evidence that the RAPD-PCR technique helps 

detect genotoxic effects of MSG on cultured human 

lymphocytes.  

 
Comet Assay 

The comet assay is a widely used tool to measure DNA 

breaks through single gel electrophoresis as it is sensitive to 

genotoxicity, mutagenicity, and carcinogenicity of toxic 

chemicals [9]. In this technique, the broken DNA fragments 

separate from the intact DNA sequence, forming a comet that 

can be quantified by microscopy [14]. A review conducted 

by Collins analyzed how oxidative DNA breaks is 

measurable through comet assay, and its significances [15]. 

The paper shows how the comet assay can be used to monitor 

the repair of strand breaks in vitro or at the cellular level. A 

review by Ataseven et al. evaluated the genotoxic effects of 

MSG by detecting DNA damage using comet assay. This 

paper demonstrates that comet assay is an accelerated 

method for measuring DNA breaks at the cellular level [9]. 

An alternative review authored by Gonzalez-Hunt et al. 

describes how the comet assay has advanced this technique 

through the combination of other methods, such as 

fluorescence in situ hybridization (FISH) [14]. Comet-FISH 

is an approach used to quantify relevant low levels of DNA 

damage/lesions with sequence specificity [16]. Comet-FISH 

is advantageous as this method can detect DNA breaks at the 

level of the DNA strand [14]. Overall, comet assay helped 

evaluate the DNA breaks of MSG on human lymphocytes.  
 

Endogenous Repair Mechanisms for DNA Damage  

NER and BER 

In human cells, the predominant repair process for 

removing oxidative DNA lesions is via NER and BER [17]. 

The most abundant oxidative DNA lesion amongst mammals 

is 7,8-dihydro-8-oxoguanine (8-oxoG) [18]. This common 

lesion is repaired via the BER pathway [18]. Research 

reveals that BER involves the activity of glycosylase, which 

aids in cleaving out the mutated single base and replacing it 

with the appropriate undamaged base [19]. It has been 

reported that OGG1 is the glycosylase responsible for the 

repair of 8-oxoG [18]. Researchers report that the 

impairment of glycosylases in the nucleus can initiate the 

response of NER to act as a ‘backup’ mechanism to perform 

the functions of BER [18]. The NER and BER pathways 

work in a collaborative manner in response to oxidative 

DNA damage [18]. NER proteins (XPA, XPC, XPG, CSA, 

CSB and UV-DDB) can work together to stimulate 

glycosylase [20]. Once glycosylase is stimulated, this 

initiates the BER pathway, where DNA glycosylase cleaves 

the glycosidic bond, thereby freeing the oxidative lesion 

[20]. 
 

Preventative Approaches That Combat DNA Damage 

Researchers Farombi and Onyema investigated the 

modulatory effects of dietary antioxidant vitamin C, E and 

quercetin on MSG-induced oxidative damage in the liver, 

kidney and brain of rat subjects [21]. MSG dosages were 

administered to the rats at 4 mg/g (per body weight) to 

increase the formation of malondialdehyde (MDA), a 

naturally occurring marker of oxidative stress, in the liver, 

kidney, and brain [21]. The results demonstrated that the 

administration of vitamin C, E, and quercetin to the MSG-

treated rats significantly reduced the MDA levels. The 

results also state that vitamin C and quercetin protected 

against MSG-induced genotoxicity, however, vitamin E 

failed to do so. Another study conducted by Waiz et al. 

showed that MSG doses of 6 mg/g (per body weight) for 10 

consecutive days promoted hepatotoxicity and oxidative 

stress in rats [22]. When vitamin C (500 mg/kg per body 

weight) was administered with MSG, a significant reduction 

in oxidative stress and hepatic toxicity was observed [22]. 

Moreover, it has been reported that green tea extract 

(GTE) can ameliorate MSG-induced obesity by reducing 

insulin and leptin concentrations in rats [12]. Additionally, 

due to the antioxidant properties in GTE, green tea has the 

ability to reduce the production of ROS produced by MSG.  

Furthermore, recent research has proposed the ingestion 

of Allium sativum (garlic) as a neuroprotective agent against 

MSG-induced neurotoxicity [23]. The study revealed that 

MSG significantly affects short-term spatial memory in rats 

due to oxidative stress and induces apoptosis in the brain 

tissue. It was observed that Allium sativum improved MSG-
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induced degenerative and apoptotic changes in the brain 

tissue by reducing the oxidative stress in the hippocampus by 

increasing the expression of Ki-67, a protein marker that 

indicates the active sites of neurogenesis in the brain [23]. 

 

Discussion 

Diseases Linked to The Genotoxic Effects of MSG  

MSG consumption is thought to be associated with 

various diet-related diseases such as obesity, diabetes, 

metabolic disorders, and carcinogenesis [26, 1]. Studies on 

neonatal mice have shown that MSG consumption may set a 

precedent for the development of obesity [1]. As previously 

discussed, MSG disrupts the glutamate levels which can 

further lead to impaired metabolic functions and eventually 

obesity and diabetes [3]. Thus, according to studies on rats, 

appropriate dieting at early stages in life may play a crucial 

role in avoiding the development of diabetes later in life. 

Carcinogenesis is another notable side-effect of chronic 

MSG consumption [10]. In addition to the production of 

ROS, MSG can also lead to increased MN frequency and 

chromosomal abnormalities [9]. The undesirable effects of 

MSG are considered valid biomarkers of carcinogenesis 

among experts [9]. Despite the presence of evidence for these 

effects, further randomized control trial studies are required 

to solidify the relationship between MSG and 

carcinogenesis.  

 

Methods for Detecting DNA Damage Caused by MSG  

Multiple DNA detection methods, such as RAPD-PCR 

and comet assay, have become standard techniques for 

evaluating DNA damage. A systematic review conducted by 

Imam looked at the potential genotoxic effects of MSG using 

RAPD-PCR and comet assay in cultured human 

lymphocytes. This paper is closely related to the study 

conducted by Ataseven et al. which evaluated the genotoxic 

effects of MSG using these two assays. Both studies showed 

how RAPD-PCR detects DNA damage, as suggested by 

band intensity changes. Additionally, through the comet 

assay, both studies demonstrated how the additive MSG 

caused DNA damage regardless of the concentration [9, 24]. 

Taken together, comet assay and RAPD-PCR are used to 

measure MSG-induced DNA damage which can be an 

important biomarker on human health.  

The comet assay has applications in assessing 

genotoxicity, detecting contamination of genotoxins within 

the environment, and human biomonitoring within 

eukaryotic cells [26]. Research studies have shown further 

improvements to this technique. A study conducted by 

Angelis et al. demonstrated that if nucleoids are incubated 

with bacterial repair endonucleases, the specificity of the 

comet assay will be significantly improved. This is because 

bacterial repair endonuclease recognizes specific types of 

damage and makes the DNA more pronounced, extending 

the range of DNA damage which can be detected [26]. The 

comet assay is suited for human investigation; however, 

during examinations there are some limitations. For 

example, human tissue can be removed for inspection of 

DNA damage, but the essential control tissue from a healthy 

human is harder to obtain [26]. In general, comet assay has 

become a well-established method for detecting DNA breaks 

in a single cell as it is sensitive, simple, and rapid [26]. 

RAPD-PCR has the potential to detect several kinds of 

DNA damage as well as mutations, allowing for applications 

such as detection of genotoxicity and carcinogenesis [13]. 

RAPD-PCR displays several advantages in comparison to 

more conventional methods. For example, this technique is 

significantly cost-effective as it does not require the use of 

specialized equipment. Similar to other methods, RAPD-

PCR has some limitations. One of the limitations to this 

technique is the difficulty to estimate or differentiate the 

contribution of DNA damage and mutations [13]. DNA 

damage is only detected based on changes in RAPD-PCR 

profiles, but the profiles do not distinguish different types of 

damage.  

Despite the great advances this field has made in 

genotoxicity, there are still some drawbacks that must be 

considered. A common problem associated with these 

methods is their efficiency under certain applications. For 

example, RAPD-PCR is less effective particularly after 

pollution accidents [13]. A beneficial strategy could be to 

look at RAPD-PCR profiles in comparison to other 

quantitative genotoxicity assays including comet assay. This 

is advantageous because RAPD-PCR is a qualitative or 

semiquantitative method. Therefore, when combined with 

comet assay, which is a quantitative method, results will be 

significantly more accurate when detecting DNA damage 

[13, 15]. 

 

Mechanisms that Repair MSG-induced DNA Damage  

On a regular basis, living organisms are exposed to a 

wide variety of DNA damaging agents that can heavily 

impact health and prompt diseases. Through decades of 

research, scientists are now able to recognize the intricate 

capabilities embedded within cells. Complex systems, such 

as DNA repair mechanisms, reduce the detrimental 

consequences of DNA damage. NER and BER are two 

mechanisms that repair ROS-induced DNA damage 

[26].  Substantial evidence indicates that both BER and NER 

work together to alleviate genotoxic stress by providing 

repair pathways and utilizing the complementary DNA 

strand to restore sequence information lost in the damaged 

DNA strand [26].  Considerable evidence alludes to the role 

of XPC in NER and BER in DNA repair-pathways. Evidence 

supports that this protein has a high affinity for DNA and can 

scan deformities embedded in the double helix [18]. Min and 

Pavletich demonstrate that XPC binds to opposing ends of 

the DNA lesion and inverts the damaged bases out of the 

helical structure, which can explain the response NER 

generates during the damage recognition process [27]. 
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Natural Products that Prevent DNA Damage from MSG 

Toxicity  

This review provides some insight on the protective 

roles of medicinal compounds and their active role against 

MSG-induced toxicity. Such natural products include 

vitamin C, GTE, and Allium sativum. 

 

Vitamin C 

Vitamin C (ascorbic acid) is an essential water-soluble 

nutrient which exerts a protective role as a physiological 

antioxidant [8]. This vitamin has demonstrated a protective 

role in MSG-cytotoxicity by upregulating the expression of 

intracellular Bcl-2, which is an antioxidant protein that 

protects against apoptosis [8]. The overexpression of Bcl-2 

allows cells to cope with the effects of ROS, by increasing 

endogenous antioxidant enzymes. By removing the ROS, 

antioxidants can reverse the ROS-induced decline in Bcl-2 

and prevent cell death [8]. 

 

Green Tea Extract 

Leptin is the most abundant peptide in adipose tissue of 

mammals [28]. However, in obese patients, leptin levels 

cannot enter the cerebral spinal fluid to reach the 

hypothalamus to regulate appetite [28]. This may result in a 

phenomenon referred to as “leptin resistance” [28]. As MSG 

may play a role in obesity, it is possible that this additive 

interferes with leptin levels in these patients. Future research 

is needed to further explore this possibility. Green tea extract 

has been observed to play a role in reducing insulin and 

leptin concentrations in obese rat subjects [22]. The 

supplementation of green tea extract can stabilize glucose 

and leptin levels to improve liver and kidney toxicity induced 

by MSG [22]. 

 

Allium Sativum 

Garlic, Allium sativum, contains various biological 

sulfur compounds, such as diallyl disulphide (DAD) and 

diallyl trisulfide (DAT), which give it its distinctive 

neuroprotective properties. Due to its nutraceutical effects, 

garlic can diminish toxic effects in the brain. This compound 

has been linked to ameliorating cognitive and brain 

impairments due to ROS by exhibiting antioxidant properties 

that act as an antiseptic against MSG-induced toxicity [23]. 

 

Conclusions 

Overall, this literature review explores the damaging 

effects of MSG on DNA and the various endogenous 

pathways the body utilizes and the preventative approaches 

to combat these effects. With the rise of food additives, such 

as MSG, DNA damage is expected to become more 

prominent [4]. This review encompasses the genotoxicity of 

MSG, the various methods to detect and repair DNA damage 

induced by MSG, and natural compounds that prevent DNA 

damage from occurring. Compounds such as vitamin C, 

GTE, and Allium sativum have been shown to ameliorate the 

health hazards of MSG by inhibiting oxidative stress, 

reducing apoptosis, and increasing antioxidant 

availability. Although this review provides further advances 

to this field, certain limitations are important to consider. For 

instance, many of the primary literatures assessed lacked 

control groups which diminished the accuracy of the 

obtained results. All the papers analyzed in this review used 

different doses of MSG intake leading to a large discrepancy 

between the mean values. Extremely high concentrations of 

MSG may represent unrealistic diets that may lead to 

exaggerated health effects. Majority of the primary articles 

used cultured cells and in-vivo administrations in rats to 

study the effects of MSG, thus there is a lack of research 

involving human trials. It is encouraged that food and health 

regulators monitor the distribution of MSG in food products 

as its chronic intake can lead to serious health implications. 

Finally, the adverse health effects mentioned in this paper 

solely focus on the chronic intake of MSG, however, further 

research is required to investigate the effects of non-chronic 

ingestion. 
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