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ABSTRACT 

 
Monosodium glutamate (MSG) is commonly used as a flavor enhancer in nutritional industries. But 

unfortunately, it leads to various harmful conditions that affect multiple organs. This study was designed to 
investigate the impact of different doses of MSG on the DNA damage and gadd45b gene expression in liver of 
adult male Spargue dawley rats. Fourty rats, 6-8 weeks old, weighing 160-180 g were divided equally into four 
groups. Group I: animals served as normal control, Group II, III and IV: animals received different doses of MSG 
(8, 600, 1600 mg/kg b.wt./day, respectively; by gavage) for 14 days. The results of the present study revealed a 
gradual significant increase, in a dose-dependent manner for AST, ALT and ALP while a significant decrease in 
both albumin and total proteins. An exponential increase was observed among all the studied groups in both 
IL-8, and Bax accompanied with decrease in Bcl-2 compared to control group. The present findings revealed a 
significant concentration-dependent increase in the tail length, tail intensity, as well as, tail moments in the 
liver of rats ingested with different MSG doses. Moreover, the results showed that the expression of the DNA 
damage marker gadd45b was increased by 1.1, 1.3 and 2.5-fold in the livers of rats ingested with 8, 600 and 
1600 mg/kg of MSG, respectively. In conclusion, the results of the present study revealed the potent genotoxic 
stress of MSG. Due to its harmful health implications, it was recommended to minimize the use of MSG even 
with its lowest dose, especially in patients with liver disorders.  
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INTRODUCTION 
 

Monosodium Glutamate (MSG) is one of the most widely used food additives worldwide [1]. As a flavor 
enhancer, MSG increases the sapidity of food, by producing a flavor that cannot be replaceable by others. 
Therefore, Japanese described the unique taste elicited by MSG as “umami” translated later to “savory” [2]. 
The increasing MSG consumption globally in the last few years reflects its wide prevalence from Japan and 
china to many parts of the world like Middle East and western countries [3]. On the other hand, MSG has been 
used for the removal of stains from cloths and other textile materials in many countries. The excellent 
bleaching property of MSG attracts the attention towards its potential harmful effect on many tissues and 
organs of the body when ingested as a flavor enhancer in food [4]. Hence, studies on animals orally ingested 
MSG in doses similar to the average human intake revealed multiple complications targeting many organs 
including; neurotoxicity, nephrotoxicity, hepatic steatosis, inflammation, and dysplasia in addition to various 
disturbances and alterations in metabolism [5].  

 
The present study focused on the harmful impacts of MSG consumption on the liver as the target organ. 

MSG affected the liver function resulting in elevation of transaminases` levels and bile synthesis [6]. It has 
been found that the inducing hepatotoxicity effect of MSG in liver was accompanied with elevation in reactive 
oxygen species (ROS) formation [7]. Oxidative stress induced by MSG has been well studied and previously 
proven [8,9]. However, the toxic effect of MSG at the genetic level needs to be elucidated. As part of the liver 
adaptations to different kinds of stress, it stimulates the expression of individual protein involved in various 
responses to different stresses including; injury, inflammation as well as DNA-damage [10]. DNA damage is 
crucial initial step in the carcinogenesis process and is tightly associated with the programmed apoptotic 
pathway [11]. Hence, quantitative assessment of DNA damage together with the expression of one of the 
stress response genes are essential for determining the cellular response routes and reflecting the strength of 
the genotoxic stress induced by MSG [12]. 

 
Stress response is an essential physiological mechanism for cells in response to any stress-inducing 

damage. The stress response family of genes “Growth arrest and DNA damage inducible 45” (gadd45) is 
comprised of three members: gadd45a, gadd45b and gadd45g. Each gene encodes for small (18 kDa) and 
highly acidic proteins. They are highly homologous to each other [13]. They are involved in gene expression 
regulation, cell cycle arrest, DNA repair and apoptosis [14]. Gadd45 proteins are able to interact with the 
proteins involved in both DNA excision repair and double-stranded DNA breaks repair [15]. Their expression is 
induced as a response to different types of stress, including oxidative and genotoxic stresses [16]. Gadd45 
family proteins are universally distributed in mammalian tissues. However, each member of gadd45 genes has 
a distinctive expression pattern in different mouse tissues. Gadd45a is expressed in skeletal muscle, kidney, 
spleen, heart, lung, brain, and liver, but with low levels in testis, while gadd45b is mostly detected in liver, 
skeletal muscle, and lungs, but lowly expressed in kidney, spleen, brain, heart and testis, meanwhile, gadd45g 
is expressed in kidney, liver, heart, brain, spleen, lung and testis [13]. 

 

 
Gadd45b gene, also named MyD118, is rapidly induced by genotoxic stress [17]. This increased 

expression affects stopping cell cycle survival, DNA repair and apoptosis [18]. Its expression pattern change 
reveals the rate of cell damage at the gene level [19]. The primary response to DNA damage is the stimulation 
of DNA repair and the activation of cell cycle checkpoint to protect the damaged cell. Meanwhile, apoptosis is 
the alternate pathway achieved by the multicellular organisms against the damaged cell as the secondary 
response to DNA damage stress [20]. 

 
Based on the important role of the gadd45b gene expression as genotoxic stress response, in addition to, 

the involvement of DNA damage in carcinogenesis and apoptosis; the present study was designed to 
investigate the impact of the low, moderate and high doses of MSG on the DNA damage and the gadd45b gene 
expression. This aims to determine the toxic effect of MSG at the genetic level and therefore; clarify whether 
gadd45b gene expression can be considered as an appropriate biomarker following the MSG-induced 
hepatotoxicity.  
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MATERIALS AND METHODS 
 

Chemicals: 
 

Ajinomoto brand of MSG was purchased from a regular foodstuff market online and dissolved in saline 
just before use (freshly prepared).  
 
Animals: 
 

Fourty adult male Sprague dawley rats, 6-8 weeks old, weighing 160-180 g obtained from the breeding 
unit of Misr University Science and Technology (Research unit of pharmacology and chemistry, Cairo, Egypt) 
were certified and used throughout this study. The rats were housed maximum five in polyurethane cages with 
wire mesh floors on wood-chip bedding in the breeding unit of the Medical Research Center (Faculty of 
Medicine, Ain Shams University, Cairo, Egypt). The room was well ventilated (> 10 air changes per hour) with 
100% fresh air (no air circulation). A 12-hour light/12- hour dark photoperiod was maintained. Room 
temperature and relative humidity were set to be maintained between 20 ± 2°C and 30–70 %, respectively. 
The animals had free access to sterile pelleted feed of standard composition containing all macro and micro 
nutrients; water was passed through activated charcoal filter. Any behavioral abnormalities of the studied 
animals were examined at regular intervals. All animal experiments were performed according to the protocols 
approved by the local institutional animal ethics committee of Ain Shams University. 
 
Experimental design: 
 

After one week of acclimatization period, the rats were randomly divided into 4 groups of 10 rats each. 
Group I: animals served as normal control, Group II, III and IV: animals received different doses of MSG (8, 600, 
1600 mg/kg b.wt./day, respectively; by gavage) for 14 days. 
 
Blood and tissue collection: 
 

At the end of the experimental period, animals were fasted overnight (water    allowed) and euthanized 
by sodium thiopental (30 mg/kg in saline) [21], and subjected to gross necropsy by cervical decapitation. Blood 
was allowed to clot, centrifuged and the obtained serum was stored at -20°C until use. At necropsy, livers were 
collected immediately, rinsed from blood thoroughly in ice-cold isotonic saline solution and divided into two 
parts. The first part of liver (~100 mg) was immediately cut on ice, and then preserved at -20°C for the 
molecular studies. The second part of liver (~100 mg) was immediately stored in ice-cold sterile saline at -20°C 
for comet assay. 
 
Determination of liver function tests in serum: 
 

Serum alanine aminotransferase (ALT; EC 2.6.1.2), aspartate aminotransferase (AST; EC 2.6.1.1) [22] and 
alkaline phosphatase (ALP; EC 3.1.3.1) [23] activities were assayed by the colorimetric methods. Serum total 
proteins [24], albumin [25] concentrations were measured quantitatively. The kits were purchased from 
Diamond diagnostics kits (Hannover, Germany) and Gamma trade (San Antonio, Texas, USA). 
 
Determination of serum proinflammatory interleukin-8: 
 

Level of interleukin-8 (IL-8) was determined by using the corresponding commercially available enzyme-
linked immunosorbent assay (ELISA) kit following protocols provided by the manufacturers (Cat. No. KT-60204; 
Kamiya Biomedical Company, Seattle, USA).  
 
Genotoxicity Study: 
 
Detection of DNA damage in the liver tissue by Comet assay: 
 

The comet assay, also called single cell gel electrophoresis (SCGE), is a rapid, visual and sensitive 
technique for analyzing and quantifying DNA damage, even low levels in individual cells. The assay was carried 
out under alkaline conditions [26].  Liver samples (100 mg) from all groups were minced in chilled 
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homogenizing buffer (0.075 M NaCl and 0.024 M Na2EDTA), and homogenized gently using homogenizer 
(Ikemoto Scientific Technology Company Ltd., Japan) in ice. Cells suspension was centrifuged at 4°C, 700X g for 
10 min. Cells were re-suspended in the cold buffer. Slides were viewed by epifluorescence microscopy. In 
control and MSG-ingested rats, digital images were scanned into an image analyzer (Comet V image analyzer 
software) to determine the length of DNA migration (comet tail length) in response to genotoxicity. Tail length 
(TL; the distance from the comet head to the last visible signal in the tail), DNA tail intensity (TI; it is calculated 
from the fraction of DNA in the tail divided by the amount of DNA in the nucleus multiplied by 100) and DNA 
tail moment (TM; the product of the amount of DNA in the tail and the tail length) were obtained by observing 
at least 50 randomly selected cells per sample and all assays were performed in triplicate and compared with 
control.  
 
Quantitative real-time reverse transcriptase polymerase chain reaction (qRT-PCR):  
 

To confirm the MSG-inducing DNA damage results obtained from the comet assay, and to detect the 
early changes in gadd45b gene expression, quantitative real-time reverse transcriptase PCR (qRT-PCR) was 
accomplished on independently derived mRNAs from the livers of the rats ingested with different MSG doses. 
 
Total RNA extraction and cDNA synthesis: 
 

Total RNA was isolated from the liver of rats ingested with the low, moderate and high doses of MSG as 
well as from the control group, using the BIOLINE TRIsureTM kit (Cat.no. BIO-38032), according to the 
manufacturer’s instructions. For cDNA synthesis, one microgram of the total RNA was used according to the 
manufacturer’s instructions of the BIOLINE SensiFastTM cDNA synthesis kit (Cat. no. BIO-65053). 
 
Measurement of gadd45b mRNA expression levels: 
 

The relative expression levels of mRNA encoding gadd45b or β-actin were measured using the 
SensiFASTTM SYBR® No-ROX kit (2X) (Cat. no. BIO-98005), according to manufacturer’s protocol. The results 
were computerized using Stratagene (Mx 3000PTM) machine. The expression level of the target gadd45b gene 
was normalized to β-actin and presented as fold change relative to the control group (group I). 
 
Assessment of serum Bcl-2 and Bax: 
 

Levels of rats Bcl-2 and Bax were determined by the enzyme-linked immunosorbent assay (ELISA) kit 
following the protocols provided by the manufacturers (Cat. No. CSB-E08854r and CSB-EL002573RA, 
respectively, Cusabio Kit, USA). 
 
Statistical analyses: 
 

The software program, Statistical Package for Social Science (SPSS), version 23.0 for Windows (SPSS® 
Chicago, USA), analyzed all data. For quantitative descriptive parametric data, data were expressed as mean ± 
standard deviation (SD) of replicate determinations. Statistical analysis for differences in means of variables 
between groups was performed using Student t-test; a probability of P<0.05 was considered significant, 
P<0.001 was considered highly significant, while P>0.05 insignificant. 

 
RESULTS 

 
 Morphological examinations:  
 

During this study, no mortality was observed in animals. The different MSG doses did not initiate any 
behavioral abnormalities or side effects for all animals. Whereas, small cysts were noticed during necropsy in 
50% of rats in both group III and IV ingested with MSG doses of 600 and 1600 mg/Kg, respectively, compared 
to the control group as shown in figure 1. 
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Group I 
(Control) 

 

Group II 
(MSG 8 mg/Kg) 

 

Group III  
(MSG 600 mg/Kg) 

 

Group IV  
(MSG 1600 mg/Kg) 

 

 
Figure 1: Morphological changes in liver of the studied groups. 

 
Liver function tests: 
 

The liver enzymes activities (AST, ALT and ALP) represented in table 2 showed elevated levels of AST and 
ALT in rats received the highest dose of MSG “Group IV” (P<0.05 and <0.001, respectively). Non-significant 
changes in the activity of ALT and AST were observed in both groups II and III when compared to the control 
group. ALP showed significant increase in group III (P<0.05) with a dramatic increase in group IV (P<0.001), 
although no changes was observed in group II when compared to control group.  

 
Meanwhile, total proteins content and albumin concentration revealed significant decreases among the 

studied groups III and IV (P<0.05) with no alteration in the rats received the least dose of MSG “Group II, 8 
mg/Kg” as compared to control group.  
 
Serum IL-8 as inflammatory marker: 
 

The level of IL-8 was slightly increased in group II (P<0.05, percent change:24%)  and markedly increased 
in group III and IV (P<0.001, percent change: 53 and 60%, respectively) when compared to control group. The 
results were represented in figure 2. 

 

 
 

Figure 2: Levels of IL-8 (pg/ml) in the studied groups. 
 

Data are expressed as mean ± SD. *: P value < 0.05, **: P value < 0.001 when compared to control. 
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Genotoxicity Study: 
 
DNA damage in liver:  
 

MSG induced DNA damage in the liver of rats. As shown in figure 3, the tail length (TL) observed in group 
II, III and IV, indicating that chemical damage had occurred in response of the different doses of MSG. On 
comparing the rats administered with various MSG doses (8, 600 and 1600 mg/Kg) with control group, 
statistically significant differences were observed in terms of DNA tail length (TL), DNA tail intensity (TI), and 
DNA tail moment (TM) in the liver samples. All DNA damage parameters in the MSG groups were significantly 
higher than control group (P<0.001), with increasing damage upon increasing the MSG dose (46%, 100%, and 
169% for TL; 36, 93, and 157 for TI; 95, 268 and 558 for TM in the liver, respectively). 

 

 
 

Figure 3: Comet assay in all the studied groups. 
 

Data are expressed as mean ± SD. *: P value < 0.05, **: P value < 0.001 when compared to control. 
 
Assessment of gadd45b mRNA expression:  
 

The expression level of gadd45b mRNA was investigated by qRT-PCR in groups of animals ingested with 
low, moderate and high concentrations of MSG. The β-actin gene was used as an internal standard for 
normalization of target gene expression levels. As shown in figure 4, gadd45b mRNA expression was 
significantly upregulated 1.3 and 2.5 (P<0.001) in rats ingested with MSG doses of 600 and 1600 mg/kg b.wt. 
(group III and IV), respectively, as compared to the normal control group. At the same time, a marginal 
increase in the gadd45b mRNA expression levels was observed in rats received the lowest MSG doses (8 mg/kg 
b.wt.; group II) compared to the control group. These results confirm the potent genotoxic influence of MSG, 
especially in the two highest concentrations used via upregulating the gadd45b gene expression at the mRNA 
level. 
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Figure 4: Effect of different concentrations of MSG on liver gadd45b mRNA expression in rats. 
 

Data are expressed as mean ± SD. *: P value < 0.05, **: P value < 0.001 when compared to control. 
 
Apoptotic markers: 
 

The results shown in figure 5 indicated a gradual decrease (P<0.001) in the apoptotic marker Bcl-2 (-11, -
25 and -46%) in group II, III and IV respectively. While an increase in the pro-apoptotic marker Bax was 
observed (P<0.001) (24, 164 and 271%) accompanied the increased doses administered of MSG among group 
II, III and IV, as compared to the control group. 

 

 
 

Figure 5: Levels of Bcl-2 and Bax in the studied groups.  
 

Data are expressed as mean ± SD. *: P value < 0.05, **: P value < 0.001 when compared to control. 
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Table 1: Primer sequences of target and housekeeping genes. 
 

Gene Primer sequence Accession numbers 

Gadd45b 
Forward: 5′-CTCCTGGTCACGAACTGTCA-3′ 
Reverse: 5′-GGGTAGGGTAGCCTTTGAGG-3′ 

 
NM_008655 

β-actin 
Forward:  5′-AGCCATGTACGTAGCCATCC-3′ 
Reverse:  5′-CTCTCAGCTGTGGTGGTGAA-3′ 

NM_031144 

 
Table 2: Some selected liver parameters with different doses of MSG. 

 

Groups 
Mean + SD 

Group I Group II Group III Group IV 

(Control) (MSG 8mg/Kg) (MSG 600mg/Kg) (MSG 1600mg/Kg) 

ALT (Units/ml) 21.33 ± 6.35 25.00 ± 2.00 36.33 ± 9.81 100.33 ± 15.01** 

AST (Units/ml) 20.00 ± 8.66 25.67 ± 7.50 36.00 ± 6.55 50.00 ± 12.12* 

ALP (IU/L) 85.30 ± 18.51 116.33 ± 22.33 179.00 ± 16.64* 265.67 ± 22.12** 

Total Proteins (g/dL) 8.63 ± 0.20 8.13 ± 0.25 7.83 ± 0.30* 6.93 ± 0.45* 

Albumin (g/dL) 5.13 ± 0.06 5.00 ± 0.10 4.87 ± 0.06* 4.63 ± 0.29* 

 
ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase. 
Data are expressed as mean ± SD. *: P value < 0.05, ** P value < 0.001 when compared to control. 

 
DISCUSSION 

 
MSG, so called the silent killer, is commonly used as a flavor enhancer in modern nutrition. It is easily 

soluble in water and doesn’t catabolize like other amino acids [27]. MSG is a modified form of glutamic acid. L-
Glutamic acid; the non-essential amino acid found in proteins, is referred to as “bound” or protein bound 
glutamic acid [28]. Meanwhile, D-Glutamic acid; known as “free glutamic acid” or “outside of protein”, is 
artificially and chemically produced through a fermentation process outside the body. Besides, other 
contaminants like polyglutamic acid, mono and dichloropropanols, heterocyclic amines and peptides would 
also be encompassed in this process [29]. This chemically modified MSG can easily evade from the glutamate 
dehydrogenase enzyme. So, it leads to various harmful conditions affecting multiple organs, including; the 
liver, kidney, immune system, central nervous system and reproductive organs. MSG as well can trigger 
cognitive functions, exhibiting both cytotoxic and genotoxic effects. The stress-inducing MSG produces many 
alterations and disturbances in vital biochemical parameters, leading to chronic inflammation and ending with 
DNA damage and cell death [30]. 

 
Liver is the main organ responsible for the detoxification of foreign compounds in the body. Hence, this 

study focused on the toxic effect exerting by the orally ingested MSG on the selected hepatocellular functions. 
Morphologically, the liver of rats ingested with the two highest doses of MSG showed many cysts formation. 
These findings may be due to many causes, including; injury, chronic inflammatory conditions, as well as 
genetic stress. Moreover, MSG was shown to induce the hepatotoxicity in a dose-dependent manner. ALT and 
AST are sensitive markers of liver damage [31]. Consequently, the observed increase in their activities in the 
serum of rats ingested with MSG at the tested doses may be an indication of liver damage [32]. Following MSG 
intake, free glutamate dissociates easily, deaminated and producing the toxic ammonium ion (NH4

+). This 
possible overload ion, unless detoxified in the liver via urea cycle, could damage the liver, and thus releasing 
the high ALT and AST enzymes detected in serum [33]. In addition, the detected increase in the AST activity in 
the serum of MSG-ingested rats confirms the liver damage along. Previous study reported that the increased 
activity of serum ALT and AST in male rats ingested with MSG is probably due to the MSG-induced oxidative 
stress in the liver [7]. The present study revealed the hepatotoxic inducing effect of MSG and hence its use 
should be avoided during the treatment of any liver disorders. Furthermore, oral MSG intake showed increase 
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in the serum ALP enzyme activity in a dose-dependent manner, which reflect its dramatic effect on the bone as 
previously proven that the MSG treatment induce bone loss in mice [34]. Moreover, the synthetic function of 
liver was altered following the MSG intake, as been revealed in the present study by the decreased levels of 
total proteins and albumin. This observed reduction of total proteins and albumin concentrations, which may 
consequently lead to enhanced retention of fluid in the tissues spaces, implied and confirmed the liver damage 
[35]. 

 
In addition to hepatotoxicity, the results of this study revealed that the MSG-inducing effect on the IL-8 

secretion indicating that MSG can trigger chronic inflammation. IL-8 is a member of a chemoattractant 
chemokines family, recognized to cause the directed migration of neutrophils [36]. Previously, it has been 
shown that neutrophil migration can contribute to the release of ROS, which in turn is associated with many 
tissues damage. However, the involvement of IL-8 in hepatotoxicity can be clarified by identifying genes 
interacting with IL-8 signaling in the damage and repair processes. The nuclear transcription factor-kappa B 
(NF-kB), which is crucial to the inflammatory response [37], can transcriptionally regulate both IL-8 and TNF-α. 
Early study has been illustrated the significant activation of NF-kB in MSG-induced obese mice [38]. So, by 
referring to the previous studies showing the role of MSG in NF-kB activation and based on the present results 
showing the increase in the IL-8 level with increasing MSG concentration; it could be concluded that MSG-
induced hepatotoxicity may increase the IL-8 expression through the activation of the NF-kB transcription 
factor and hence increase its level in serum. Also, several studies demonstrated that other hepatotoxicity-
inducing agents, like CCl4 can activate the NF-kB possibly via TNF-α activation providing further evidence for 
NF-kB–induced IL-8 expression [39]. Moreover, NF-kB showed its ability to bind to the regulatory elements in 
the promoter region of IL-8 following H2O2 exposure in lung epithelial cells [40]. So, it could be assumed that, 
IL-8 may contribute to the MSG-mediated damage and therefore be associated with the initiation of 
hepatotoxicity induction. These results make the IL-8 a potential marker for hepatotoxicity. However, this 
signaling mechanism needs further investigation. 

 
Concerning the genotoxicity, quantitative assessment of DNA damage is a crucial step in evaluating the 

strength of the genotoxic stress. Comet assay; the short-term genotoxicity test, was selected in the present 
study under alkaline conditions; pH>13 [26] due to the advantages provided by this test over the other strand 
breaks assays. Comet assay has the ability to detect single DNA strand breakage as well as other lesions such 
as alkali-labile sites, DNA cross-links and incomplete excision repair events [41]. Moreover, the comet assay 
measurements are made on individual cells, providing an independent measure of the toxicity of a test 
compound. Furthermore, this test may be very useful in determining the apoptotic fragmentation cells [42], 
reflecting the presence of apoptotic cells. In this assay, the cell has the appearance of a comet, with a head 
(the nuclear region) and a tail containing DNA fragments or strands migrating towards the anode following 
alkaline electrophoresis, and the amount of DNA breakage in a cell was assessed from the migrated extent (tail 
length, TL) of the DNA [43]. Moreover, the tail intensity (TI) or the percentage of DNA in the tail has been 
shown to be proportional to the frequency of DNA strand breaks over a wide range of levels of damage [12]. 
Tail moment (TM), the derived descriptor parameter intended to combine information from both tail length 
and tail intensity [44, 45], is designed to take into account differences in DNA migration that may be due to the 
nature and extent of DNA relaxation [46]. The present findings revealed a significant concentration-dependent 
increase in the TL, TI as well as TM in the liver of rats ingested with low, moderate and high MSG doses, 
indicating significant DNA damage in all MSG-ingested groups in a concentration-dependent manner. These 
findings indicate the powerful genotoxic effect of MSG by increasing the DNA breaking number, making the 
supercoiled loops of DNA to relax, and hence more free ends can migrate, and finally a larger fraction of the 
DNA moves away from the comet head [47]. This genotoxicity-induced DNA damage was probably due to the 
direct contact of MSG with nuclear DNA [48]. In other words, MSG consumption leads to increase of free 
radicals in liver. The combination of such free radicals with some ions is resulting in DNA damage [49]. On the 
other hand, MSG genotoxicity was previously proven in neurons [50] and in rats’ gingival mucosa [27]. MSG 
ingestion was shown to activate the glutamate receptors which are abundant in neurons and gut. Hence, this 
glutamate receptors activation is resulting in Ca+2 influx which, in turn, induces mitochondrial superoxide 
production and opening in the mitochondrial membranes. This nuclear DNA damage has been suggested to be 
a fundamental event in cell death [51,52].  

 
The MSG-inducing genotoxicity was well evaluated and assessed quantitatively throughout this study via 

its DNA damaging potent effect. Consequently, the evaluation of the stress response gadd45b gene expression 
was essential to determine the strength of the MSG-inducing genotoxicity and therefore the response 
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triggered by the cells. Gadd45b, a member of the gadd45 family, is defined as a pro-apoptotic and growth-
arrest protein and considered as a sensor mediating rapid responses to a variety of stimulus in mammals [53]. 
The response may integrate various pathways and trigger several cellular processes, including cell arrest, 
apoptosis, as well as metabolic changes [54],

 
depending on the strength and nature of the stress. In other 

words, mammalian cells developed an intricate defense mechanism to maintain their genomic integrity by 
preventing the fixation of permanent damage from genotoxic stress. This involves activation of cell cycle arrest 
checkpoints at the G1/S and G2/M transitions, and activation of a cell death program [55]. Whether a cell 
undergoes either cell cycle arrest, to allow damaged DNA to be repaired, or rapid apoptosis depends on the 
extent of genotoxic damage and the cell type [56]. The present results showed that the expression of the DNA 
damage marker gadd45b was increased by 1.1, 1.3 and 2.5-fold in the livers of rats ingested with 8 mg/kg, 600 
mg/kg and 1600 mg/kg of MSG, respectively. The expression of the gadd45b gene has shown to be MSG 
concentration-dependent. Besides, the apoptotic-inducing effect of MSG detected in the present study 
indicated that the cells triggered the apoptotic pathway rather than the DNA repair as a cellular response. 
These findings denote the severe DNA damage caused by the ingestion of different MSG concentrations and 
hence reflect the strength of its genotoxicity especially with the two highest used doses. The upregulatory 
effect of MSG on the gadd45b gene expression may be achieved via TNFα-NF-kB activation pathway [57]. MSG 
induces the NF-kB activation where the activated NF-kB can specifically bind to the upstream sites near the 
gadd45b promoter and in turn, strongly activates its transcription [58]. 

 
Apoptosis is one of the several integrated responses to DNA damage and represents the second cellular 

response triggered by the genotoxic-induced cells to prevent the propagation of the damaged DNA [59]. 
Alternatively, DNA repair is essentially needed as the primary cellular response to the common or simple DNA 
damage occurring to maintain the genome integrity [60]. However, the intranuclear mechanisms that signal 
apoptosis after DNA damage overlap with those that initiate cell cycle arrest and DNA repair, and the early 
events in these pathways are highly conserved. Apoptosis in response to genotoxic agents is governed and 
regulated by the proteins of the Bcl-2 family. The Bcl-2 family proteins, also called the DNA damage-induced 
apoptosis, mediate and regulate the intrinsic apoptotic pathway involving mitochondrial contribution through 
the interaction of their inhibitors and inducers partner [61]. Therefore, the present study concerned in the 
assessment of the protein level changes of the most two important apoptosis-related genes; the anti-apoptotic 
Bcl-2 protein and its pro-apoptotic partner, Bax, in the liver of rats orally ingested with different MSG doses to 
evaluate the strength of the MSG genotoxic effect via DNA damage-inducing impact. The results recorded a 
significantly downregulation and upregulation of the Bcl-2 and Bax proteins level, respectively in a MSG dose-
dependent manner. These results reflect the severity of the DNA damage-inducing effect of MSG and 
explained the inability of the cells to rescue from the glutamate toxicity, especially with the two highest doses, 
and therefore triggering the apoptotic pathway to protect itself from the damaged DNA. Glutamate induces 
the Ca+2 

influx can cause disruption of the mitochondrial inner transmembrane potential, and subsequently 
lead to the opening of the mitochondria permeability transition pore [62,63]. When permeability transition 
pore is out of control, several essential players of apoptosis, including procaspases, cytochrome c, apoptosis-
inducing factor and apoptosis protease-activating factor 1 (APAF-1) are released into the cytosol. They have 
the ability to activate caspases, resulting in apoptosis [64]. Bcl-2 is localized on the cytoplasmic face of the 
mitochondrial outer membrane, endoplasmic reticulum and nuclear envelope, maintains the mitochondrial 
membrane integrity by preventing the release of cytochrome c which, together with APAF-1, facilitates the 
activation of caspase-9 [65]. On the other hand, the pro-apoptotic Bax, identified as an inhibitory binding 
partner of Bcl-2 [66], is activated in response to genotoxic stress, causing conformational changes, membrane-
insertion, and oligomerization to form a channel in the mitochondrial outer membrane, through which 
cytochrome c exits to the cytosol to trigger caspase-9, initiating the caspase cascade activation and hence cell 
death [67]. Additionally, the homodimer formation ability of Bax has been proposed as the dominant regulator 
of the cell death signal [68].  Bax/Bax homodimer can antagonize the anti-apoptotic function of the Bcl-2 
protein, leading to cytochrome c liberation and apoptosis initiation [59].  
 

CONCLUSION 
 

In conclusion, the results of the present study reveal the potent genotoxic stress of MSG. This induces 
liver damage and trigger chronic inflammation as detected by the DNA damage and was confirmed by the 
altered gadd45b gene expression in a dose-dependent manner. Hence apoptosis was triggered by the cells in 
response to the severe DNA damage induced by the MSG. In addition, the present results indicate that the 
gadd45b gene expression may be a promising marker for MSG genotoxicity. Finally, a limited use of MSG was 
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recommended even at its lowest dose, particularly in patients with liver disorders due to its harmful health 
implications. 

 
conflicts of interest: The authors report no conflicts of interest in this work. 
 

REFERENCES 
 
 

[1] Gheller ACGV, Kerkhoff J, Júnior GMV, Campos KE, Sugui MM. Antimutagenic effect of Hibiscus 
sabdariffa L. aqueous extract on rats treated with monosodium glutamate. The Scientific World Journal 
2017; 2017:1–8.  

[2] Atasevena N, Ayten DY, Keskinb C and Unala F. Genotoxicity of monosodium glutamate. Food and 
chemical toxicology 2016; 91: 8-18. 

[3] Monica SS. Evaluation of genotoxic effects of monosodium glutamate using Allium Cepa assay. Life 
Sciences International Research Journal 2016; 3(2): 108-113. 

[4] Kingsley OA, Jacks TW, Amaza
 
DS, Peters

 
TM, Otong

 
E S. The Effect of Monosodium Glutamate (MSG) 

on the Gross Weight of the Heart of Albino Rats.  Scholars Journal of Applied Medical Sciences (SJAMS) 
Sch. J. App. Med. Sci 2013; 1(2):44-47. 

[5] Baad-Hansen L, Cairns B, Ernberg M & Svensson P. Effect of Systemic Monosodium Glutamate (MSG) on 
Headache and Pericranial Muscle Sensitivity. Cephalalgia 2010; 30(1): 68-76.  

[6] Egbuonu ACC, Obidoa O, Ezeokonkwo CA, Ezeanyika LUS. and Ejikeme PM. Hepatotoxic effects of low 
dose oral administration of monosodium glutamate in male albino rats African Journal of Biotechnology 
2009; 8(13): 3031-3035. 

[7] Farombi EO. Monosodium Glutamate-Induced Oxidative Damage and Genotoxicity in the Rat: 
Modulatory Role of Vitamin C, Vitamin E and Quercetin. Human & Experimental Toxicology 2006;  25(5): 
251- 259.  

[8] Martindale JL, and Holbrook NIKKIJ. Cellular Response to Oxidative Stress: Signaling for Suicide and 
Survival. Journal of cellular physiology 2002; 192:1–15.  

[9] Seiva FRF, Chuffa LGA, Braga CP, Amorim JPA, Fernandes AAH. Quercetin ameliorates glucose and lipid 
metabolism and improves antioxidant status in postnatally monosodium glutamate-induced metabolic 
alterations. Food and Chemical Toxicology 2012; 50: 3556-3561. 

[10]  Madejczyk MS, Baer CE, Dennis WE, Minarchick VC, Leonard SS, Jackson DA, Stallings JD, Lewis JA. 
Temporal Changes in Rat Liver Gene Expression after Acute Cadmium and Chromium Exposure. PLoS 
ONE 2015; 10(5): 1-27. 

[11]  Nowsheen and Yang E.S. The intersection between DNA damage response and cell death pathways. 
Exp Oncol 2012; 34(3): 243–254.  

[12]  Olive PL, Banath JP, Durand RE. Detection of etoposide resistance by measuring DNA damage in 
individual Chinese hamster cells. J Natl Cancer Inst 1990; 82: 779-783. 

[13] Zhang W, Bae I, Krishnaraju K, Azam N, Fan W, Smith K, Hoffman B, Liebermann DA. CR6: A third 
member in the MyD118 & gadd45 gene family which functions in negative growth control. Oncogene 
1999; 18: 4899–4907.  

[14] Moskalev AA, Smit-McBride Z, Shaposhnikov MV, Plyusnina EN, Zhavoronkov A, Budovsky A, Tacutu R. 
Fraifeld VE. Gadd45 proteins: relevance to aging, longevity and age- related pathogenesis. Ageing Res 
Rev 2012; 11: 51-66.  

[15] Lee B, Morano A, Porcellini A, Muller MT. Gadd45α inhibition of DNMT1 dependent DNA methylation 
during homology directed DNA repair. Nucleic Acids Res 2012; 40: 2481-2493.  

[16] Duan J, Duan J, Zhang Z, Tong T. Irreversible cellular senescence induced by prolonged exposure to H2O2 
involves DNA damage and repair genes and telomere shortening. Int J Biochem Cell Biol 2005; 37:1407-
1420.  

[17] Gupta M, Gupta SK, Hoffman B, Liebermann DA.. Gadd45a and gadd45b Protect Hematopoietic Cells 
from UV Induced Apoptosis Via Distinct Signaling Pathways including p38 activation and JNK inhibition.  
J Biol Chem 2006; 281(26):17552–17558.  

[18] Tian J, Huang H, Hoffman B, Liebermann DA, Ledda-Columbano GM, Columbano A.. Gadd45beta is an 
inducible coactivator of transcription that facilitates rapid liver growth in mice. J Clin Invest 2011; 
121:4491–4502. 

[19] Kim JH, Qu A, Reddy JK, Gao B, Gonzalez FJ. Hepatic oxidative stress activates the gadd45b gene by way 
of degradation of the transcriptional repressor STAT3. Hepatology 2014; 59(2):695–704. 



ISSN: 0975-8585 

May–June  2018  RJPBCS 9(3)  Page No. 1069 

[20] Norbury
 
CJ and Zhivotovsky B.

 
DNA damage-induced apoptosis. Oncogene. 2004; 23: 2797-2808. 

[21] Brookes ZLS, Brown NJ and Reilly CS. Intravenous anaesthesia and the rat microcirculation: The Dorsal 
Microcirculatory Chamber. British Journal of Anaesthesia 2000; 85 (6): 901-903. 

[22] Reitman S, Frankel S. Colorimetric determination of GOT and GPT activity. American Journal of Clinical 
Pathology 1957; 28: 56-63. 

[23] Bessey OA, Lowry OH, Brock MJ. A method for the rapid determination of alkaline phosphatase with 
five cubic millimeters of serum. Journal of Biological Chemistry 1946; 164: 321-329. 

[24] Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein measurement with the folin phenol reagent. 
Journal of Biological Chemistry 1951; 193: 265-272. 

[25] Doumas BT, Watson WA, Biggs HG. Albumin standards and the measurement of serum albumin with 
bromocresol green. Clinica Chimica Acta 1971; 31: 87-96. 

[26] Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique for quantitation of low levels of DNA 
damage in individual cells. Exp. Cell Res 1988; 175: 184-191. 

[27] Shredah MT. Molecular study to the effect of monosodium glutamate on rat gingiva. Tanta Dental 
Journal 2017; 14: 155–163.  

[28] Sharma V. and Deshmukh R. Ajimomoto (MSG): A Fifth Taste or A BIO Bomb. European journal of 
pharmaceutical and medical research 2015; 2(2):381-400. 

[29] Rundlett KL and Armstrong DW. Evaluation of free D-glutamate in processed foods. Chirality 1994; 6: 
277–282. Print.  

[30] Husarova V and Ostatnikova D. Monosodium Glutamate Toxic Effects and Their Implications for Human 
Intake: A Review 2013; 2013: 1-12. 

[31] Noeman SA, Haamode HE and Baalash AA. Biochemical study of oxidant stress markers in the liver, 
kidney and heart of high fat diet induced obesity in rats. Diabetol Metab Syndr 2011; 3:17-25. 

[32] Manivasagan T and Subramanian P. Monosodium Glutamate Affects the Temporal Characteristics of 
Biochemical Variables in Wistar Rats, Polish Journal of Pharmacology 2004; 56 (1): 79-84.  

[33] Mamary M, Al-Habori M, Al-Aghbari AM. and Baker MM  Investigation into the Toxicological Effects of 
Catha Edulis Leaves: A Short-Term Study in Animals. Phytoetherapy Research 2002; 16: 127-132.  

[34] Elefteriou F, Takeda S, Liu X, Armstrong D, Gerard K. Monosodium glutamate-sensitive hypothalamic 
neurons contribute to the control of bone mass. Endocri 2003; 144 (9): 3842-3847.  

[35] Onyema OO, Farombi EO, Emerole GO, Ukoha AI and Onyeze GO. Effect of Vitamin E on Monosodium 
Glutamate Induced Hepatoxicity and Oxidative Stress in Rats. Indian Journal of Biochemistry & 
Biophysics 2006; 43 (1): 20-24. 

[36] Holden PR, James NH, Brooks AN, Roberts RA, Kimber I and Pennie WD. Identification of a Possible 
Association between Carbon Tetrachloride–Induced Hepatotoxicity and Interleukin-8 Expression. J 
Biochem Molecular Toxicology 2000; 14(5):283-290. 

[37] Banerjee R, Karpen S, Siekevitz M, Lengyel G, Bauer J. and Acs G. Tumor necrosis factor-alpha induces a 
kappa B sequence-specific DNA-binding protein in human he- patoblastoma HepG2 cells. Hepatology 
1989; 10:1008– 1013.  

[38] Flores GB, Alarcon FJ, Garcia AR, Glycine suppresses TNF-alpha-induced activation of NF-κB in 
differentiated 3T3-L1 adipocytes. European Journal of Pharmocology 2012; 689(1-3): 270-277. 

[39] Menegazzi M, Carcereri-De PA, Suzuki H, Shino-zuka H, Pibiri M, Piga R, Columbano A, Ledda-
Columbano GM. Liver cell proliferation induced by nafenopin and cyproterone acetate is not associated 
with increases in activation of transcription factors NF-kB and AP-1 or with expression of tumor necrosis 
factor alpha. Hepatology 1997; 25:585–592.  

[40] Simeonova PP, Luster MI. Asbestos induction of nuclear transcription factors and interleukin-8 gene 
regulation. Am J Respir Cell Mol Biol 1996; 15: 787–795.  

[41] Tice, RR. The single cell gel/comet assay. A microgel electrophoretic technique for the detection of DNA 
damage and repair in individual cells. In: Environmental Mutagenesis (Eds.: D.H. Phillips and S. Venitt). 
Bios Scientific Publishers, Oxford 1995; 315-339.  

[42] Jha, AN. Ecotoxicological applications and significance of the comet assay. Mutagenesis 2008; 23: 207-
221. 

[43] Hartmann A, Agurell E, Beevers C, Brendler-Schwaab S, Burlinson B, Clay P, Collins A, Smith A, Speit G, 
Thybaud V. and Tice RR.. Recommendations for conducting the in vivo alkaline Comet assay. 
Mutagenesis 2003; (1): 45–51. 

[44] Speit G and Hartmann A. The comet assay: a sensitive genotoxicity test for the detection of DNA 
damage. Methods Mol. Biol 2005; 291: 85−95.  

[45] Kumaravel TS, Vilhar B, Faux SP. and Jha AN. Comet Assay measurements: a perspective. Cell Biol 



ISSN: 0975-8585 

May–June  2018  RJPBCS 9(3)  Page No. 1070 

Toxicol 2007; 25: 53-64. 
[46] Kent, CRH, Eady JJ, Ross GM. and Steel GG. The comet moment as a measure of DNA damage in the 

comet assay. International Journal of Radiation Biology 1995; 67(6): 655-660.  
[47] Cedervall B, Wong R, Albright N, Dynlacht J, Lambin P and Dewey W. C. Methods for the quantification 

of DNA double-strand breaks determined from the distribution of DNA fragment sizes measured by 
pulsed-field gel electrophoresis. Radiat. Res 1995; 143: 8–16. 

[48] Himri I, Souna F, Aziz M, Hakkou A, Saalaoui E. DNA Damage Induced by Tartrazine in rat whole blood 
using Comet Assay (Single Cell Gel Electrophoresis) Advances in Environmental Biology 2012; 
6(11):2875–2881. 

[49] Li Y, Copin JC, Reola LF, Calagui B, Gobbel GT, Chen SF, Sato S, Epstein CJ, and Chan PH. Reduced 
mitochondrial manganese- superoxide dismutase activity exacerbates glutamate toxicity in cultured 
mouse cortical neurons. Brain Res 1998; 814 (1-2): 164 –170. 

[50] Yang JL, Tadokoro T, Keijzers G, Mattson M P, and Bohr VA. Neurons Efficiently Repair Glutamate-
induced Oxidative DNA Damage by a Process Involving CREB-mediated Up-regulation of Apurinic 
Endonuclease. The journal of biological chemistry 2010; 285 (36): 28191-28199. 

[51] Culmsee C, Zhu X, Yu QS, Chan SL, Camandola S, Guo Z, Grei NH, and Mattson, MP.. A synthetic inhibitor 
of p53 Back protects neurons against death induced by ischemic and excitotoxic Maturation-dependent 
vulnerability. J. Neuro chem 2001;  77: 699 –706. 

[52] Kruman II, Culmsee C, Chan SL, Kruman Y, Guo Z, Penix L, and Mattson MP. Homocysteine elicits a DNA 
damage response in neurons that promotes apoptosis and hypersensitivity to excitotoxicity. J. Neurosci. 
2000; 20: 6920 – 6926. 

[53] Yang J, Zhu H, Murphy TL, Ouyang W, Murphy KM.  IL-18-stimulated gadd45 beta required in cytokine-
induced, but not TCR-induced, IFN-gamma production. Nat Immunol 2009; 2:157–64.  

[54] Haigis MC and Yankner BA. The aging stress response. Mol Cell 2010; 40: 333–344.  
[55] Bulavin DV, Amundson SA, Fornace AJ. p38 and Chk1 kinases: different conductors for the G (2)/M 

checkpoint symphony. Curr Opin Genet Dev 2002; 12: 92–97. 
[56] Vairapandi M, Balliet AG, Hoffman B, Liebermann DA: Gadd45b and Gadd45g are cdc2/cyclinB1 kinase 

inhibitors with a role in S and G2/M cell cycle checkpoints induced by genotoxic stress. J Cell Physiol 
2002; 192: 327–338. 

[57] Ohmura T, Ledda-Columbano GM, Piga R, Columbano A, Glemba J, Katyal SL.  Hepatocyte proliferation 
induced by a single dose of a peroxisome proliferator. Am J Pathol. 1996; 148: 815–824. 

[58] Jin R, De Smaele E, Zazzeroni F, Nguyen DU, Papa S, Jones J, Cox C, Gelinas C, Franzoso G. Regulation of 
the gadd45β promoter by NF-κB. DNA Cell Biol. 2002; 21:491–503. 

[59] Wang JYJ. DNA damage and apoptosis. cell death and differentiation 2001; 8: 1047-1048. 
[60] Danial NN. and Korsmeyer SJ. Cell death: critical control points. Cell 2004; 116(2): 205-219.  
[61] Antonsson B, Martinou JC. The Bcl-2 protein family. Exp. Cell. Res 2000; 256: 50-57. 
[62] Khodorov BI, Storozhevykh TP, Surin AM, Yuryavichyus AI, Sorokina EG, Borodin AV, Vinskaya NP, 

Khaspekov LG. and Pinelis VG. The leading role of mitochondrial depolarization in the mechanism of 
glutamate-induced disruptions in Ca+2 homeostasis. Neurosci. Behav. Physiol 2002; 32: 541-547. 

[63] Kanki T, Ohgaki K, Gaspari M, Gustafsson CM, Fukuoh A, Sasaki N, Hamasaki N, Kang D. Architectural 
role of mitochondrial transcription factor A in maintenance of human mitochondrial DNA. Mol. cell. Biol 
2004; 24(22): 9823-9834. 

[64] Desagher S. and Martinou JC. Mitochondria as the central point of apoptosis. Trends Cell Biol. 2000; 
10(9): 369-377. 

[65] Burlacu A. Regulation of apoptosis by Bcl-2 family proteins. Journal of Cellular and Molecular Medicine 
2007; 7(3): 249-257. 

[66] Oltvai ZN. Bcl-2 heterodimerizes in vivo with a conserved homolog, Bax, that accelerates programmed 
cell death. Cell 1993; 74(4): 609-619. 

[67] Chen YB, Aon MA, Hsu YT, Soane L, Teng X, Mc Caffery JM, Cheng WC, Qi B, Li H. and Alavian KN. Bcl-xL 
regulates mitochondrial energetics by stabilizing the inner membrane potential. J Cell Biol. 2011; 195: 
263–276.  

[68] Sedlack TW, Edlack TW, Oltvaizn, Yange E, Wang K, Boise LH, Thompson CB, Korsmeyer SJ. Multiple Bcl-
2 family members demonstrate selective dimerisations with Bax. Proc Natl Acad Sci USA 1995; 92: 
7834–7838.  


