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Abstract 

Monosodium glutamate (MSG) toxicity is fast becoming a global health challenge due to the increase in its consumption 
as a food additive. This study investigated the effect of consumption of MSG and treatment with graded doses of omega 
3 fatty acids (ω-3). Forty-eight male Wistar rats (n=8) grouped into six; control, MSG, MSG + Low dose of ω-3 (LD ω-3); 
MSG + High dose of ω-3 (HD ω-3), LD ω-3, and HD ω-3 were used for this study. MSG was administered at 4 g/L/day in 
their drinking water for 6 weeks, while ω-3 was administered at low and high doses of 100 and 300 mg/kg BW, p.o. 
respectively for 4 weeks. Results revealed that administration of MSG induced imbalance in lipid metabolism, oxidative 
stress and hepatic dysfunction. These were revealed by significant decreases in TG, HDL-C, CAT, GSH, albumin and total 
protein; but, significant increases in LDL-C, MDA, AST, ALT, ALP, and total bilirubin (TB), compared to control group. 
Administration of graded doses of ω-3 following treatment with MSG was characterized with significant reductions in 
ALT, ALP, TB and MDA. The administration of ω-3 showed no effects on the antioxidant indices. Conclusively, LD ω-3 is 
a potent ameliorative supplement which can be administered after pre-exposure to MSG.  
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1. Introduction

Monosodium glutamate (MSG) is an amino acid, the sodium salt of glutamic acid. It is a white crystalline salt that 
produces a palatable taste referred to as “umami” [1,2]. MSG was first identified by Kikunae Ikeda as a taste enhancer 
in 1908 at Tokyo Imperial University where it was extracted from Lamineria japonica a sea weed [1]. At present it is 
commonly utilize in the production of most food seasonings to enhance taste. Glutamate has been reported to function 
in some biological processes, such as syntheses of neurotransmitters (gamma-aminobutyric acid, nitric oxide), folic acid, 
collagen and glutathione [3]. MSG is used by glutamate receptors in nerve terminals, brain, spinal cord, conducting 
system, kidney, liver, testes, lungs, spleen and heart [4].  

The estimated daily consumption of MSG is 0.55g/day [5]. However, due to increased consumption of processed foods 
with MSG, the daily intake in most developed and developing countries could rise as high as 3-4g/day [6]. Regular 
consumption of high amount of MSG was proven to be harmful in both animal and human trials [4, 7]. At present the 
safety of MSG consumption is questionable. Previous report has shown that monosodium glutamate have deteriorating 
effect on some organs and it disrupt cell functions which could lead to several health disorders [8]. It has been implicated 
in obesity [7], diabetics, hepatotoxicity, neurotoxicity and genotoxicity [8]. MSG toxicity is fast becoming a major cause 
of concern due to its uprising consumption and demand hence the need to investigate palliative therapies that could 
obstruct and ameliorate MSG stimulated pathological processes. 
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We were excited to investigate Eicosapentanoic acid (EPA) and docosahexaenoic (DHA) acid which are polyunsaturated 
fatty acids frequently called omega- 3 fatty acids [9], which are commonly found naturally in sea fishes such as cod liver, 
salmon, Mackerel, herring [10,11]. Presently, there are reports on the roles of EPA and DHA in the management of health 
challenges, although their mechanism of action is presently not completely understood. Omega 3 fatty acids possess 
antioxidant properties that supported its use in amelioration and inhibition of oxidative stress [12,13]. The ameliorative 
role of EPA and DHA in diabetics [14], rheumatoid arthritis and infant development [15], breast cancer [16], aveolar 
bone loss [17] and cardiovascular disorders and mental health have been proven [10,18,19, 20]. Thus, the decision to 
evaluate the pharmacological potentials of omega-3 fatty acids on selected biomarkers in monosodium glutamate 
induced rats.  

2. Material and methods 

2.1. Chemicals and Drugs 

Monosodium glutamate (CAS No. 142-47-2; purity: ≥99.5%) was provided by Sigma - Aldrich, St. Louis, MO, USA. Omega 
3 fatty acid was obtained from Emzor pharmaceutical Industries Limited, Lagos, Nigeria. Diagnostic kits for the 
determination of total cholesterol, triglyceride and high density lipoprotein cholesterol, aspartate aminotransferase, 
alanine aminotransferase, alkaline phosphatase, total bilirubin, direct bilirubin, albumin, and total protein were 
supplied by Randox Laboratories Ltd., United kingdom. 

2.2. Experimental Animals  

Forty-eight (48) adult male Wistar rats weighing between 180 and 200 g were acquired from animal house, Delta State 
University, Abraka, Delta State, Nigeria. They were kept in the Animal House of Chemical Sciences, Novena University, 
in plastic cages at room temperature and photo-periodicity of about 12 hrs light/12 hrs dark. The rats were given rodent 
pellet and water ad libitum, and weighed weekly. After seven days of acclimatization, the animals were randomly 
allotted to separate groups.  

2.3. Experimental Design 

The rats were divided into six groups of 8 rats each and treated as follows: Group 1 (Control), 3 (LD ω-3) and 4 (HD ω-
3) received normal saline while group 2 (MSG), 5 (MSG + LD ω-3) and 6 (MSG + HD ω-3) received 4.0 mg/kg body weight 
p.o. of monosodium glutamate. The 4.0 mg/kg body weight monosodium glutamate was adopted from Lopez-miranda 
et al., [5] and it corresponds to about 0.45 g/kg/day [21]. Fourteen (14) days post administration of monosodium 
glutamate the treatment with omega 3 fatty acid commenced for a duration of twenty eight (28) days. Omega 3 fatty 
acids was administered at a low dose of 100 mg/kg bodyweight, p.o. to groups 3 and 5, and at a high dose of 300 mg/kg 
bodyweight p.o. to groups 4 and 6. At the end of the treatment period the the animals were administered sodium 
pentobarbital anesthesia at 40 mg/kg, i.m., dissected and the blood collected by cardiac puncture into plain and lithium 
oxalate sample bottles. Thereafter, the bottles were centrifuged at 1200 revolutions per minute for 10 minutes. The 
supernatant of each sample were collected into separate labelled plain bottles, and the bioassays were done 
immediately.  

2.4. Biochemical Analysis 

The levels of reduced glutathione was determined according to the method of Sedlak and Lindsay [22], malondialdehyde 
was determined according to the method of Hunter et al., [23] as modified by Gutteridge and Wilkins [24], while the 
activities of catalase and superoxide dismutase were determined by the method of Beers and Sizer [25], and by the 
method of Mistra and Fridovich [26] respectively 

The levels of total cholesterol, triglyceride and high density lipoprotein cholesterol, total bilirubin, direct bilirubin, 
albumin, total protein and activities of aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase 
were determined colorimetrically using Lasany  Microprocesssor single beam visible Spectrophotometer LI-721 and 
Randox diagnostic kit. Assays were performed according to the manufacturer’s instructions.  

2.5. Data Analysis 

The data obtained from this study were analyzed using statistical package for social sciences version 18.0. Statistical 
assessments of the differences between the group mean values were tested by one way analysis of variance (ANOVA), 
and then Turkey post-hoc test for multiple comparisons. The results were presented in graphical and tabular forms 
using the mean ± standard deviation (SD). Statistical significance was considered at p≤0.05. 
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3. Results and discussion 

3.1. Effect of graded doses of omega 3 fatty acids (ω-3) on total cholesterol (TC), triglyceride (TG), low and 
high density lipoprotein cholesterol (LDL-C and HDL-C) in monosodium glutamate (MSG) treated male Wistar 
rats 

As shown in figure 1-4, when compared to the control group, there were significant (p < 0.05) increase in TC level in LD 
ω-3 and HD ω-3 groups; in TG level in LD ω-3 and MSG + LD ω-3 groups. However, significant (p < 0.05) increases were 
noted in LDL-C in groups 2-5 (MSG, LD ω-3, HD ω-3, and MSG + LD ω-3 respectively), but a significant (p < 0.05) elevation 
was only recorded in HDL-C level in HD ω-3 group. Contrarily, significant (p < 0.05) reductions were observed in TG in 
MSG and HD ω-3 groups and in HDL-C in MSG, LD ω-3 and MSG + LD ω-3 groups respectively.  

When compared to MSG group, significant (p < 0.05) increases were observed in TC level in HD ω-3 and HD ω-3 groups 
and in TG in LD ω-3, MSG + LD ω-3 and MSG+HD ω-3 groups; while significant (p < 0.05) decreases were noted in LDL-
C in groups 4-6 (HD ω-3, and MSG + LD ω-3, MSG+HD ω-3 respectively). However a significant (p < 0.05) elevation was 
only seen in HDL-C in HD ω-3 group.  

 

Graph 1. Effect of omega 3 fatty acids (ω-3) on total cholesterol (TC) in monosodium glutamate (MSG) treated rats. 

Values were expressed as mean ± SD, values with superscript * is significantly different at p ≤ 0.05 when compared to 
control group; # is significantly different at p ≤ 0.05 when compared to MSG group; a indicate significant difference at p ≤ 
0.05 between LD ω-3 and MSG + LD ω-3; b indicate significant difference at p ≤ 0.05 between HD ω-3 and MSG + HD ω-3. 

 

 

Graph 2. Effect of omega 3 fatty acids (ω-3) on triglyceride (TG) in monosodium glutamate (MSG) treated Wistar rats. 
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Graph 3. Effect of omega 3 fatty acids (ω-3) on low density lipoprotein cholesterol (LDL-C) in monosodium glutamate 
(MSG) treated Wistar rats. 

 

Graph 4. Effect of omega 3 fatty acids (ω-3) on high density lipoprotein cholesterol (HDL-C) in monosodium 
glutamate (MSG) treated Wistar rats. 

3.2. Effect of graded doses of omega 3 fatty acids (ω-3) on malondialdehyde (MDA), superoxide dismutase 
(SOD), catalase (CAT) and glutathione (GSH) in monosodium glutamate (MSG) treated Wistar rats 

As shown in graph 5, when compared to the control group there were significant (p < 0.05) increase in MDA level in 
MSG and MSG + HD ω-3 groups. However, compared to MSG, there were significant (p < 0.05) reductions in MDA level 
in groups 3-5 (LD ω-3, HD ω-3 and MSG+LD ω-3).  

Relative to the control group, there were significant (p < 0.05) reduction in GSH level and CAT activities in MSG, MSG+LD 
ω-3 and MSG+ HD ω-3. However, significant (p < 0.05) increase was observed in SOD activities in MSG and MSG + LD ω-
3 groups when compared to control group. Relative to MSG group, there were significant (p < 0.05) increase in the 
activity of CAT in LD ω-3 and HD ω-3 groups, but significant (p < 0.05) reduction in SOD activities in LD ω-3, HD ω-3, 
MSG + LD ω-3 and MSG + HD ω-3 groups. Although there were increases in the level of GSH, but these changes were not 
significant at p< 0.05. Relative to LD ω-3 group, there is a significant (p < 0.05) increase in the activity of SOD although, 
there were significant (p < 0.05) reduction in MDA, CAT and GSH in MSG + LD ω-3 group. Moreover, relative to HD ω-3 
group, there was a significant (p <0.05) elevation in MDA level, and a significant (p < 0.05) reduction in GSH activity in 
MSG + HD ω-3 group (Graph 6-8). 
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Graph 5. Effect of omega 3 fatty acids (ω-3) on malondialdehyde (MDA) in monosodium glutamate (MSG) treated 
Wistar rats. 

Values were expressed as mean ± SD, values with superscript * is significantly different at p ≤ 0.05 when compared to 
control group; # is significantly different at p ≤ 0.05 when compared to MSG group; a indicate significant difference at p ≤ 
0.05 between LD ω-3 and MSG + LD ω-3; b indicate significant difference at p ≤ 0.05 between HD ω-3 and MSG + HD ω-3. 

 

Graph 6. Effect of omega 3 fatty acids (ω-3) on superoxide dismutase (SOD) in monosodium glutamate (MSG) treated 
Wistar rats. 
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Graph 7. Effect of omega 3 fatty acids (ω-3) on catalase (CAT) in monosodium glutamate (MSG) treated Wistar rats 

 

Graph 8. Effect of omega 3 fatty acids (ω-3) on glutathione (GSH) in monosodium glutamate (MSG) treated male 
Wistar rats 
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Table 1. Effect of omega 3 fatty acids on liver function enzymes in monosodium glutamate (MSG) - treated male Wistar 
rats 

Groups/ 

Parameters 

AST 

 (U/L) 

ALT 

 (U/L) 

ALP 

 (U/L) 

Control 26.37±01.35 16.91±01.71 15.34±02.87 

MSG 45.00±07.91*# 44.54±01.71*# 38.09±3.91*# 

LD ω-3 26.66±04.13# 18.99±05.81# 20.33±02.78# 

HD ω-3 27.95±02.89# 20.28±02.34# 17.89±02.65# 

MSG + LD ω-3 45.19±10.47*a 34.88±03.23*#a 31.53±5.83*#a 

MSG + HD ω-3 34.20±07.92 26.36±05.24*#b 26.94±02.65*#b 

Values were expressed as mean ± SD, values with superscript * is significantly different at p ≤ 0.05 when compared to control group; # is 
significantly different at p ≤ 0.05 when compared to MSG group; a indicate significant difference at p ≤ 0.05 between LD ω-3 and MSG + LD ω-3; b 

indicate significant difference at p ≤ 0.05 between HD ω-3 and MSG + HD ω-3. 

NB: AST – aspartate aminotransferase; ALT - aspartate aminotransferase; ALP alkaline phosphatase; 

Table 2. Effect of omega 3 fatty acids on liver function Markers in monosodium glutamate (MSG) - treated Wistar rats 

Groups/ 

Parameters 

TB 

 (μmol/L) 

DB 

 (μmol/L) 

ALB 

 (g/dL) 

TP 

(g/dL) 

Control 6.25±01.24 4.02±01.46 5.37±01.38 13.53±02.34 

MSG 13.69±04.08*# 5.02±01.34 2.16±01.39*# 5.27±02.15*# 

LD ω-3 8.79±01.00# 5.98±01.78 3.16±00.28* 7.73±02.24* 

HD ω-3 7.61±01.96# 4.97±02.12 5.00±01.96# 12.86±02.39# 

MSG + LD ω-3 7.56±01.37# 3.96±01.40 3.68±0.98 7.60±01.74* 

MSG + HD ω-3 8.89±01.97# 5.64±01.00 3.75±0.69 5.59±02.53*b 

Values were expressed as mean ± SD, values with superscript * is significantly different at p ≤ 0.05 when compared to control group; # is 
significantly different at p ≤ 0.05 when compared to MSG group; a indicate significant difference at p ≤ 0.05 between LD ω-3 and MSG + LD ω-3; b 

indicate significant difference at p ≤ 0.05 between HD ω-3 and MSG + HD ω-3. 

NB: TB – total bilirubin; DB – direct bilirubin; ALB - albumin; TP- total protein  

3.3. Effect of graded doses of omega 3 fatty acids on hepatic function markers in monosodium glutamate 
(MSG) treated Wistar rats 

As shown in table 1 and 2, when compared to the control, there were significant (p ≤ 0.05) increase in the activities of 
AST in MSG and MSG + LD ω-3 groups; ALT and ALP in MSG, MSG + LD ω-3 and MSG + HD ω-3 groups; also, there was 
significant (p ≤ 0.05) rise in the plasma TB level in MSG group. Contrarily, there were significant (p ≤ 0.05) decrease in 
plasma levels of ALB in MSG and LD ω-3 groups and in TP level in MSG, LD ω-3, MSG + LD ω-3, and MSG + HD ω-3 groups 
when compared to the control.  

Relative to MSG group, there were significant (p ≤ 0.05) decrease in the activities of AST in LD ω-3 and HD ω-3 groups; 
ALT, ALP and levels of TB in groups 3-6 (LD ω-3, HD ω-3, MSG + LD ω-3, and MSG + HD ω-3). Also observed were 
significant (p ≤ 0.05) increase in plasma levels of ALB and TP in HD ω-3 group compared to MSG. Associated with these 
changes were significant (p ≤ 0.05) increases in the activities of AST, ALT and ALP in MSG + LD ω-3 group, relative to 
LD ω-3 group and also significant (p ≤ 0.05) elevations in the activities of ALT and ALP in MSG + HD ω-3 group, compared 
to HD ω-3 group. 
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4. Discussion 

In this study, induction of monosodium glutamate toxicity was associated with an imbalance in the radox potential, 
altered lipid metabolism, compromised hepatic functions and hepatocellular damage. However, a synergic 
administration of EPA and DHA interrupted and ameliorated these pathological changes in a dose dependent pattern.  

The dyslipidemia observed in this study was characterized by an increase in concentration of LDL and TAG, although 
this increase was not accompanied with a significant rise in the level of total cholesterol, but significant reduction in 
HDL concentration compared to the control. An increase in concentrations of TAG and LDL is a characteristics of 
cardiovascular disorder [27]. There are reports that MSG could intercept leptin processing and signaling leading to 
obesity [1], although Shi et al. [28] reported that prolong exposure to monosodium glutamate is not accompanied with 
weight gain. Amazingly, treatment with omega –3 fatty acid ameliorated these alterations in lipid metabolism, inferring 
that DHA and EPA are potent palliative agents for dyslipidemia. This intriguing properties of omega -3 on dyslipidemia 
observed in this study is in agreement with earlier reports [14,18,29]. 

The observed increase in peroxidation of hepatic membrane lipids following exposure to MSG compared to the control, 
was a direct consequence of a compromised antioxidant system. Alteration in the radox potential due to generation of 
reactive oxygen species (ROS) and nitrogen species (RNS) as by-products from MSG metabolism and peroxidation of 
membrane lipids as well as inflammation of cells are the main complication associated excessive consumption of 
monosodium glutamate. Amazingly, a significant reduction in the level of MDA was seen in the low dose omega-3 fatty 
acids treated group relative to the MSG group indicating possible reversal of damage to hepatic membrane lipids. This 
finding concur with the report of Attia and Nasr [30], they reported that omega-3 fatty acid administration decreased 
membrane lipid peroxidation in the hepatocytes via reduction in MDA level in paraquat intoxicated rats. 

In healthy conditions, SOD maintains the balance between the rate of H2O2 formation via dismutation of O-2 while the 
rate of removal of H2O2 is maintained by CAT and glutathione peroxidase. Hence, alteration or obstruction of this 
metabolic process will affect the activities of these enzymes involved. However, this study revealed non-significant 
changes in the activities of CAT and reduced glutathione concentrations when compared to MSG group. Though there 
were significant increase in the activities of SOD which could be due to endogenous mechanism of the physiological 
system to restore the ant-oxidative potential in the hepatic tissue. This finding is at variance with the report of earlier 
studies. Abdou and Hassan [31] reported significant increase in the level of GSH and activities of SOD and CAT in lead 
poisoned rats after treatment with omega-3 fatty acid. Also, Firat et al. [13] reported that omega -3 fatty acid 
supplementation corrected alterations associated with tissue levels of oxidant and antioxidant during regeneration. 
This study also revealed that administration of omega-3 fatty acid in the absence of MSG induction did not alter the 
oxidative stress profile but rather strengthen the antioxidant system. Hence, the ameliorative role of omega-3 fatty acid 
on MSG induced toxicity cannot be denied. 

The observed increase in AST and ALT in the MSG group relative to the control group is a consequence of hepatic damage 
to the cytoplasmic and mitochondria membranes. This was accompanied with hepatobiliary obstruction marked by the 
increase in ALP activities and TB levels. Interestingly, MSG deteriorating effect has been established in ovaries and testes 
of adult wistar rats [32]. Awesomely, relative to the MSG group, omega -3 fatty acid treatment significantly reduced the 
activities of ALP, ALT and AST, while increasing the rate of synthesis of albumin and other proteins, although this was 
not accompanied with significant changes in the conjugative functions of the liver. This outcome is contrarily, to 
previous report, that omega-3 fatty acid treatment is not associated with significant changes in serum AST, ALT and ALP 
activities [30]. The hepatoprotective potentials of omega-3 fatty acid discovered in this study agrees with the report of 
Abdou and Hassan [31], they confirm the attenuation properties of omega-3 fatty acid on serum activities of AST, ALT 
ALP and restoration of serum proteins and albumin levels. 

5. Conclusion 

Treatment with LD and HD ω-3 had no deleterious or adverse effect on the liver. Omega -3 intake strengthened the 
hepatic cells, hence LD ω-3 are potent ameliorative supplement which can be administered after pre-exposure to MSG. 
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