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Abstract 

Monosodium glutamate (MSG) is a common food ingredient and taste enhancer, but consuming large amounts of it has 
prompted many questions about its safety and potential negative effects, particularly on the heart. Therefore, this 
present study evaluated the effect of MSG on the heart. Eighteen (18) albino rats were randomly grouped according to 
their body weight into 3 groups A, B, and C with 6 rats in each group. Group A were used as controls. Group B received 
high dose (4 mg/kg) of the monosodium glutamate concentration while group C received a low dose (2 mg/kg) of the 
monosodium glutamate concentration for twenty-one (21) days. The activity of the heart was assessed by determining 
the level of CK-MB, LDH and AST in the serum. It was observed that rats on high dose of MSG gained significant weight 
when compared to control group. A non-significant (P>0.05) decrease in CK-MB, statistically significant (P<0.05) 
increase in LDH and statistically significant decrease in AST were seen in the high dose MSG group when compared to 
the control group. Low dose MSG group did not show any significant alterations in the biochemical parameters 
measured. The histopathology analysis showed that the myocardial fibres of the high dose and low dose MSG group are 
normal. These results showed that MSG can cause weight gain at high dose, but there was no observable damage to the 
heart at high and low doses. 
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1 Introduction 

Monosodium Glutamate (MSG) is a white, crystalline powder that is almost entirely odorless. It is a sodium salt of 
glutamic acid, an amino acid found in meat, poultry, and other foods high in protein [1]. It is sold in most markets as 
"white maggi" or "ajinomoto" as a food enhancer and additive [2]. It is produced through the partial neutralization and 
acid hydrolysis of vegetable proteins or through the action of micrococcus glutamicus on a carbohydrate source like 
sugar beet molasses [3]. 

MSG has been reported to be cardiotoxic to humans, and by extension, laboratory animals, especially at large doses [4]. 
Cardiotoxicity refers to as damage to the myocardium as a result of build-up of toxins [5]. It is also known as cardiac 
dysfunction or cardiac failure. Most common symptoms of cardiotoxicity include dyspnea, heart palpitations, blood 
pressure variation, chest pain, malaise, and with complications including congenital heart failure, cardiomyopathy, 
myocardial infarction and sudden death [6]. 

Certain biochemical markers are implicated in cardiotoxicity. The commonest markers used in diagnosis include 
Aspartate Amino Transferase (AST), Lactate Dehydrogenase (LDH) and isoenzyme Creatine Kinase (CK-MB). Generally, 
these cardio enzymes are intracellular enzymes and are very low in the serum. Therefore, these enzymes, which reveal 
the degree of cardiac destruction from oxidative stress and lipid peroxidase, leak out into the plasma when a cell 
membrane is disrupted and increase drastically [3]. 
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Concerns about the safety of MSG and its potential negative health consequences, particularly on the heart, have been 
raised by researchers [7]. Longer trials in humans, however, would be challenging to carry out due to dietary compliance 
issues and ethical issues [8]; therefore, rats still remain the most productive models for measuring the cardiotoxic effect 
in mammals. This study aims to investigate the cardiac effect of MSG on Albino rats. 

2 Material and methods 

2.1 Chemicals and Reagents 

MSG was purchased from Ogbete Main Market, Enugu State, Nigeria. All reagents were bought from Randox Laboratory 
Ltd. in the UK. 

2.2 Experimental Animals  

Eighteen (18) adult albino rats, weighing 120-180 g, were acquired from the animal house of the College of Veterinary 
Medicine, University of Nigeria. The rats were housed in a metallic cage with a regular temperature of 22 ± 3 oC and a 
12-hour light-dark cycle. The animals were monitored for 14 days earlier than the experiment date, in order to allow 
them to acclimatize to the environment. The experimental design and management complied with institutional 
regulations, detailing the use of rats and the guidelines for the handling and usage of vertebrates in study published by 
the American Physiological Society [9]. 

2.3 Preparation of Monosodium Glutamate  

2 mg of MSG was dissolved in 1ml of water for group C (low dose). 4 mg of MSG was dissolved in 2 ml of water for group 
B (high dose). 

2.4 Experimental Design  

The Eighteen (18) albino rats were divided into 3 groups (A-C); 6 rats in each group. They received the following 
treatments on a daily basis for 21 days: 

 Group A (control): Nothing was administered.  
 Group B: received oral administration of high dose of MSG solution (4 mg/kg body weight)  
 Group C: received oral administration of low dose of MSG solution (2 mg/kg body weight)  

2.5 Sacrificing of Animals and Sample Collection  

Under chloroform anesthesia, the left ventricle of the heart was punctured to obtain blood samples for the 
determination of serum CK-MB, LDH, and AST. The heart was then removed for histological examinations.  

2.6 Biochemical Analysis  

The serum activities of the CK-MB and LDH were determined using enzyme immunoassay method [10]. AST was 
estimated using colometric method [11]. 

2.7 Histopathological analysis 

Paraffin wax embedding method was employed to prepare the removed heart. Sections of the organ were made at a 
thickness of 5 microns, and Hematoxylin and Eosin staining technique was used for better general examination of the 
tissues [12]. An OlympusTM light microscope was used to examine the tissue sections. 

2.8 Statistical Analysis  

Version 7.0 of Graph Pad Prism (San Diego, CA, USA) was used to analyze the data. The data of the biochemical 
experiments were represented as mean ± SEM (standard error of mean). One-way analysis of variance (ANOVA) was 
used to determine the degree of significance. Probability levels below 0.05 (p<0.05) were taken as being significant.  
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Figure 1 Flow chart of study design 

3 Results 

Effects of monosodium glutamate (MSG) on body weight of rats following 21days administration is represented in Fig. 
2. It was observed that rats in the high dose of MGS (4 mg/kg) group gained significant weight when compared to control 
rats. The mean increase in body weight was highest in the high dose of MGS (4 mg/kg) in comparison with other groups. 

 

Figure 2 Effects of MSG on body weight of experimental rats 

3.1 Biochemical Results  

The activity of the heart was assessed by determining the level of CK-MB, LDH and AST in the serum (Table 1). There 
was a non-significant (P>0.05) decrease in CK-MB, statistically significant (P<0.05) increase in LDH and statistically 
significant (P<0.05) decrease in AST in the high dose MGS-treated group when compared with control group. We 
observed that the Low dose MGS-treated group showed no substantial alterations in the biochemical parameters 
measured. 
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Table 1 Comparison of cardiac biomarkers of treated groups with the controls Groups 

GROUP CK-MB (ng/ml (0.5)  LDH (U/L) AST (U/L) 

A: Normal Control 3.217 ± 1.05  816.94± 16.24   21.75 ±3.07  

B: High dose of MGS (1mg/kg) 0.867 ± 0.36 1331.48 ± 13.17**  17.87 ± 2.27*  

C: Low dose of MGS (0.5mg/kg) 0.993 ± 03.72 820.64 ±14.45   20.09 ± 1.93  

**p˂0.01 or *p˂0.05 is significant when control is compared with all other groups. 

3.2 Histological Results 

In group A, Myocardial fibres appear normal with a well conserved morphology. The tissue section of high dose MGS-
treated group showed normal myocardial fibres with no significant alteration observed (Group B). In addition, the heart 
section of low dose MGS-treated group showed normal myocardial fibres with no significant alteration observed (Group 
C). The histopathological findings were in tandem with the biochemical results as we observed that MSG did not pose 
any serious observable danger to the heart at the doses studied. 

 

Figure 3 Representative micrograph of the heart of animals.  Group A- Myocardial fibres (arrows) appeared normal. 
Stain: Haematoxylin and Eosin. Magnification: X40. Group B- Myocardial fibres (arrows) appear normal. Stain: 

Haematoxylin and Eosin. Magnification: X40. Group C- Myocardial fibres (arrows) appear normal. Stain: Haematoxylin 
and Eosin. Magnification: X40 

4 Discussion 

It has been determined that MSG exposure increases the risk of becoming obese, because leptin signaling in the 
hypothalamus is interrupted and glutamate neurotransmission signals are associated with energy balance [13], which 
causes the exposed animal to consume more food while being less active [14]. According to our study, it was observed 
that rats on high dose of MGS (4 mg/kg) showed a significant increase in weight when compared to normal control 
group. This result is in tandem with the study carried out by Akataobi, which showed that rats treated with MSG 
experienced a significant increase in weight when compared to the control group [15]. 

Furthermore, this study showed a statistically non-significant decrease in CK-MB, a slightly increased levels of serum 
LDH and decreased levels of AST in the high dose MGS-treated group when compared to normal control. However, the 
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low dose MSG-treated group showed no significant alterations in the biochemical parameters measured when 
compared to the control group. In contrast to our study, Banerjee et al. posited that rats treated with MSG (400 mg/kg 
and 600 mg/kg) experienced a significant increase in CK-MB, LDH and AST, with the rats on 600 mg/kg showing the 
highest increase [16]. 

The histopathological findings in this study showed normal myocardial fibres with good morphology in all the study 
groups A-C. The findings were in tandem with the biochemical results as we observed that monosodium glutamate 
(MSG) did not pose any serious observable danger to the heart at the doses studied. This finding is similar to the study 
carried out by Malik and Sabahelkhier, which showed that 0.5 g MSG caused no change on the heart tissues of rats, with 
less significant degeneration of the heart tissues when treated with 1g of MSG [17]. However, in a study carried out by 
Okon et al. they found out that prolonged or increased consumption of MSG can drastically affect the histological 
organization of the heart muscle fibres [18].  

5 Conclusion 

From the investigation, monosodium glutamate (MSG) can cause weight gain at high dose, but do not pose any serious 
observable danger to the heart at the doses studied. 

Compliance with ethical standards 

Acknowledgments 

I would like to thank the doctors in the College of Veterinary Medicine, University of Nigeria, for their support during 
this research. I also wish to thank Mr. Ikenna Uchendu for his guidance and support during this research. 

Disclosure of conflict of interest 

There is no conflict of interest  

Statement of ethical approval 

Ethical approval for the study was duly obtained from the Ethics Committee of University of Nigeria, Nsukka, Nigeria. 

References 

[1] Zanfirescu A, Ungurianu A, Tsatsakis AM, Nițulescu GM, Kouretas D, Veskoukis A, Tsoukalas D, Engin AB, Aschner 
M, Margină D. A review of the alleged health hazards of monosodium glutamate. Comprehensive reviews in food 
science and food safety. 2019 Jul, 18(4):1111-34. 

[2] Utume LN, Ansha PM, Gav TA. The Effects of Orally Administered Monosodium Glutamate (MSG) on the Metabolic 
Syndrome of Adult Albino Rats. Nigerian Annals Of Pure And Applied Sciences. 2020 Nov 15, 3(3a):27-37. 

[3] Bhalla TC, Sharma NN, Sharma M. Production of metabolites, industrial enzymes, amino acid, organic acids, 
antibiotics, vitamins and single cell proteins. 2007. 

[4] Hazzaa SM, El-Roghy ES, Abd Eldaim MA, Elgarawany GE. Monosodium glutamate induces cardiac toxicity via 
oxidative stress, fibrosis, and P53 proapoptotic protein expression in rats. Environmental Science and Pollution 
Research. 2020 Jun, 27:20014-24 

[5] Cai J, Yang J, Chen X, Zhang H, Zhu Y, Liu Q, Zhang Z. Melatonin ameliorates trimethyltin chloride‐induced 
cardiotoxicity: The role of nuclear xenobiotic metabolism and Keap1‐Nrf2/ARE axis‐mediated pyroptosis. 
BioFactors. 2022 Mar, 48(2):481-97. 

[6] Layoun ME, Wickramasinghe CD, Peralta MV, Yang EH. Fluoropyrimidine-induced cardiotoxicity: manifestations, 
mechanisms, and management. Current oncology reports. 2016 Jun, 18:1-2. 

[7] Butnariu M, Sarac I. What is sodium glutamate and what effects it has on health. Journal of Applied Biotechnology 
& Bioengineering Review. 2019, 6(5):223-6. 

[8] Nnadozie JO, Chijioke UO, Okafor OC, Olusina DB, Oli AN, Nwonu PC, Mbagwu HO, Chijioke CP. Chronic toxicity of 
low dose monosodium glutamate in albino Wistar rats. BMC Research Notes. 2019 Dec, 12(1):1-7. 



Open Access Research Journal of Life Sciences, 2023, 05(02), 057–062 

62 

[9] American Physiological Society. Guiding Principles for research involving Animals and human beings. American 
Journal of Physiology-Regulatory, Integrative and Comparative Physiology. 2022, 
Url:https://www.physiology.org/career/policy-advocacy/policy-statements/care-and-use-of-vertebrate-
animals-in-research?SSO=Y 

[10] Tietz NW. Clinical guide to laboratory tests. InClinical guide to laboratory tests 1995 (pp. 1096-1096). 

[11] Reitman S, Frankel S. A colorimetric method for the determination of serum glutamic oxalacetic and glutamic 
pyruvic transaminases. American journal of clinical pathology. 1957 Jul 1, 28(1):56-63. 

[12] Koivukoski S, Khan U, Ruusuvuori P, Latonen L. Unstained Tissue Imaging and Virtual Hematoxylin and Eosin 
Staining of Histologic Whole Slide Images. Laboratory Investigation. 2023, 103(5):100070 

[13] He K, Du S, Xun P, Sharma S, Wang H, Zhai F, et al. Consumption of monosodium glutamate in relation to incidence 
of overweight in Chinese adults: China Health and Nutrition Survey (CHNS). Am J Clin Nutr 2011, 93:1328-36. 
Back to cited text no. 17 

[14] Roman-Ramos R, Almanza-Perez JC, Garcia-Macedo R, Blancas-Flores G, Fortis-Barrera A, Jasso EI, et al. 
Monosodium glutamate neonatal intoxication associated with obesity in adult stage is characterized by chronic 
inflammation and increased mRNA expression of peroxisome proliferator-activated receptors in mice. Basic Clin 
Pharmacol Toxicol 2011, 108:406-13. Back to cited text no. 16 

[15] Akataobi US. Effect of monosodium glutamate (MSG) on behavior, body and brain weights of exposed rats. 
Environmental Disease. 2020 Jan 1, 5(1):3. 

[16] Banerjee A, Mukherjee S, Maji BK. Monosodium glutamate causes hepato-cardiac derangement in male rats. 
Human & Experimental Toxicology. 2021 Dec, 40(12_suppl):S359-69. 

[17] El Malik A, Sabahelkhier MK. Changes in lipid profile and heart tissues of wistar rats induces by using 
monosodium glutamate as food additive. International of Journal Biochemistry and Physiology. 2019, 4(1):141-
7. 

[18] Okon KA, Ekanem AU, Edem GD, Attah MO. Histological and morphometric studies of the effect of monosodium 
glutamate (MSG) on the cardiac muscle fibres of adult albino rats. License This work is licensed under a Creative 
Commons Attribution 4.0 International License.. 2020, 56(289):36-43. 

https://www.physiology.org/career/policy-advocacy/policy-statements/care-and-use-of-vertebrate-animals-in-research?SSO=Y
https://www.physiology.org/career/policy-advocacy/policy-statements/care-and-use-of-vertebrate-animals-in-research?SSO=Y

