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Background: Monosodium glutamate (MSG), a widely used food additive, has been linked to disruption 
of lipid homeostasis with prolonged exposure. Phyllanthus emblica, known for its antioxidant and lipid-

regulating properties, was investigated in this study for its protective effects against MSG-induced lipid 

disturbances in Wistar albino rats. 

Methods: Adult Wistar albino rats were randomly assigned to seven groups with six animals in each 

group. The control group received distilled water. Three groups were treated with MSG at doses of 180 

mg/kg, 360 mg/kg, and 720 mg/kg, respectively. Another three groups received the same MSG doses in 
combination with 75 mg/kg of an ethanolic extract of Phyllanthus emblica. All treatments were 

administered daily by oral gavage for 120 days. Upon completion of the experimental period, blood 

samples were collected for lipid profile analysis, including low-density lipoprotein (LDL), high-density 

lipoprotein (HDL), triglycerides, and total cholesterol. 

Results: The MSG administration significantly increased LDL, triglycerides, and total cholesterol, while 

reducing HDL (P<0.05). Phyllanthus emblica extract improved these parameters in the low-dose MSG 

group (P<0.05); however, it failed to fully normalize lipid profiles at moderate and high MSG doses.  

Conclusion: Chronic MSG exposure disrupts lipid homeostasis, increasing LDL and triglycerides while 
reducing HDL. Phyllanthus emblica extract shows protective effects, especially at lower MSG doses, but 

its efficacy declines with higher exposure levels. Further studies are needed to elucidate the mechanisms 

and determine optimal dosing to restore lipid balance. 
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Introduction

Monosodium glutamate (MSG) is a frequently used 

flavor enhancer that contributes a characteristic umami taste 

to many processed and home-prepared foods. Although 

MSG remains permitted for use in foods, contemporary 

toxicological and experimental literature continues to 

examine whether prolonged or high-dose exposure can 

promote oxidative stress, metabolic dysfunction, and tissue 

injury in animal models [1-3]. Obesity and dyslipidemia 

remain major public health concerns because they increase 

the risk of cardiovascular disease, insulin resistance, and 

fatty liver disease. Experimental studies using MSG-

exposed rodents have linked chronic MSG administration 

with altered weight regulation, impaired glucose 

homeostasis, autonomic imbalance, and obesity-associated 

metabolic disturbances [4-6]. Additional recent studies also 

indicate that MSG toxicity may extend to hepatic, renal, 

and reproductive pathways, supporting continued 

investigation into its systemic metabolic effects [7-9]. 

The effects of MSG on lipid metabolism are of particular 

concern. Chronic exposure has been associated with 

increased triglycerides, elevated low-density lipoprotein 

(LDL), and reduced high-density lipoprotein (HDL), 

changes that may intensify cardiovascular risk [4,5,10]. 

Proposed mechanisms include oxidative stress, lipid 

peroxidation, inflammation, and disrupted insulin 

signaling, all of which can impair lipid handling and 

worsen atherogenic dyslipidemia [10-12]. There is 

growing interest in dietary interventions that may 

attenuate MSG-induced metabolic injury. Phyllanthus 

emblica (amla) is rich in vitamin C, tannins, flavonoids, 
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and other polyphenolic compounds with antioxidant, anti-

inflammatory, hepatoprotective, and lipid-regulating 

activities [13-15]. Recent reviews and experimental studies 

suggest that Phyllanthus emblica can improve serum lipid 

indices, modulate oxidative stress responses, and protect 

hepatic tissue in different disease models, including toxin-

induced injury [15-17]. These properties make Phyllanthus 

emblica a plausible candidate for limiting MSG-induced 

dyslipidemia [18-19]. The present study therefore evaluated 

the protective effect of Phyllanthus emblica extract against 

MSG-induced lipid dyshomeostasis in Wistar albino rats 

under controlled experimental conditions. 

Materials and Methods 

Animal Procurement and Housing 

The study was conducted in accordance with the 

guidelines established by the Institutional Animal Ethics 

Committee (Registration No. VIMS/IAEC/2016/03). A 

total of 42 adult Wistar albino rats of both genders were 

obtained for the experiment. The animals were housed in 

polypropylene cages under controlled environmental 

conditions, maintaining a temperature of 23±1°C and a 12-

hour light/dark cycle. Standard laboratory chow and water 

were provided ad libitum. Prior to the initiation of 

experimental procedures, all rats were acclimatized to 

laboratory conditions for one week. 

Experimental Design 

The rats were randomly allocated to seven experimental 

groups, with each group consisting of six animals. Group 1 

served as the control and received distilled water. Groups 2, 3, 

and 4 were administered MSG at doses of 180 mg/kg, 360 

mg/kg, and 720 mg/kg body weight, respectively. Groups 5, 6, 

and 7 received the same respective MSG doses as Groups 2, 3, 

and 4, in combination with ethanolic extract of Phyllanthus 

emblica at a dose of 75 mg/kg body weight. All treatments 

were administered daily via oral gavage for 120 consecutive 

days. The selected MSG doses were derived from previously 

reported chronic rat studies documenting biochemical and 

oxidative injury after repeated MSG administration [20-22]. 

Dose selection was also guided by human consumption 

benchmarks, because the U.S. Food and Drug Administration 

reports that average intake of added MSG is approximately 

0.55 g/day in adults. In contrast, intake of 3 g or more without 

food has been associated with short-term symptoms in some 

sensitive individuals, and EFSA has established a group 

acceptable daily intake of 30 mg/kg body weight/day for 

glutamic acid and glutamates [23,24]. On that basis, 180, 360, 

and 720 mg/kg were used to model graded exposures in rats, 

extending from levels above usual human dietary intake to 

substantially higher toxicological doses suitable for chronic 

experimental evaluation. The Phyllanthus emblica dose was 

chosen as a fixed protective dose based on prior preclinical 

studies reporting antioxidant, hepatoprotective, and lipid-

modulating effects in rats [15,25,26]. 

Blood Sample Collection and Analysis 

Upon completion of the treatment period, blood 

samples were collected from the rats for lipid profile 

assessment. The analysis included quantification of LDL, 

HDL, triglycerides, and total cholesterol. Following 

centrifugation of the collected blood samples at 3000 

RPM for 10 min, the resulting serum was evaluated for 

lipid profiles utilizing an Erba model autoanalyser. 

Triglyceride concentrations were determined by the 

GPO-PAP (Glycerol Phosphate Oxidase–Peroxidase) 

enzymatic colorimetric method. The HDL and LDL 

cholesterol levels were quantified using direct 

measurement techniques. Total cholesterol was assayed 

by means of the CHOD-PAP (Cholesterol Oxidase–

Phenol 4-aminoantipyrine Peroxidase) colorimetric 

method. 

Statistical Analysis 

Data were expressed as mean±standard deviation 

(SD). One-way analysis of variance (ANOVA) followed 

by a Tukey’s post-hoc test was employed for statistical 

comparisons among the groups. Moreover, a significance 

level was set at P<0.05. 

Ethical Considerations 

All experimental procedures were conducted in 

compliance with guidelines approved by the Institutional 

Animal Ethics Committee. Both the study protocols and 

animal husbandry adhered to the recommendations of the 

Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA) for laboratory 

animal facilities. 

Results  

Significant differences in lipid profile parameters 

(P<0.05) were observed between the control and MSG-

induced groups. Triglyceride levels were significantly 

elevated (p<0.05) in all MSG-induced groups compared 

to the control group (Figure 1). All MSG-exposed groups 

demonstrated a significant increase (P<0.05) in LDL 

relative to controls (Figure 2). The HDL levels were 

markedly lower (P<0.05) in all MSG-induced groups 

compared to the control group (Figure 3). Moreover, total 

cholesterol levels were significantly higher (P<0.05) in 

all MSG-induced groups relative to controls (Figure 4). 

In the low-dose MSG group treated with Phyllanthus 

emblica, a significant reduction (P<0.05) in triglyceride 

levels was observed compared with the corresponding 

MSG-induced group (Figure 5). 
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Figure 1. Effect of MSG on Triglycerides in MSG induced groups. Values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and 

****P<0.0001). 
 

 

Figure 2. Effect of MSG on LDL in MSG induced groups. Values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 

 

The low-dose MSG plus treatment group also exhibited 

a significant decrease (P<0.05) in LDL when compared 

with the respective MSG-induced group (Figure 6). 

Additionally, the low-dose MSG plus treatment group 

indicated a significant increase in HDL compared to the 

low-dose MSG-induced group (Figure 7). Total 

cholesterol levels were significantly decreased (P<0.05) 

in the Phyllanthus emblica-treated low-dose MSG group 

relative to the respective MSG-induced group (Figure 8).
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Figure 3. Effect of MSG on HDL in MSG induced groups. Values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 

 

 

Figure 4. Effect of MSG on Total cholesterol in MSG induced groups. Values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and 

****P<0.0001) 

 

 

Figure 5. Comparison of MSG induced groups versus MSG induced groups treated with the ethanolic extract of Phyllanthus emblica on Triglycerides. 
Values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 
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Figure 6. Comparison of MSG induced groups versus MSG induced groups treated with the ethanolic extract of Phyllanthus emblica on LDL. Values are 
represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 

 

 

Figure 7. Comparison of MSG induced groups versus MSG induced groups treated with the ethanolic extract of Phyllanthus emblica on HDL. Values are 
represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 
 

 

Figure 8. Comparison of MSG induced groups versus MSG induced groups treated with the ethanolic extract of Phyllanthus emblica on total cholesterol. 

values are represented as mean±SD. (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001) 
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Discussion 

The present study demonstrates that prolonged MSG 

exposure markedly disturbs lipid homeostasis and that 

Phyllanthus emblica extract provides only partial protection 

against this injury. The increases in LDL, triglycerides, and 

total cholesterol, together with the reduction in HDL, 

observed in the present experiment, are consistent with 

earlier experimental reports describing MSG-associated 

dyslipidemia and cardiometabolic dysfunction [4,5,9]. The 

mechanisms underlying MSG-induced lipid dysregulation 

are likely multifactorial. The current literature links MSG 

toxicity to oxidative stress, lipid peroxidation, 

inflammatory activation, disturbances in autonomic and 

insulin signaling, and broader metabolic imbalance, all of 

which may contribute to abnormal lipid handling [5,6,27]. 

Since dyslipidemia is closely tied to atherosclerotic 

cardiovascular risk, these biochemical alterations are 

biologically relevant beyond the experimental setting [10-

12]. Within this experimental context, Phyllanthus emblica 

extract improved lipid parameters most clearly in the low-

dose MSG group. This pattern is consistent with the broader 

literature describing Phyllanthus emblica as a source of 

antioxidant and hypolipidemic phytochemicals that can 

reduce oxidative burden, improve serum lipid profiles, and 

protect hepatic tissue [13,26,28]. The favorable effect 

observed in the present study therefore plausibly reflects 

combined antioxidant, anti-inflammatory, and 

hepatoprotective actions [16,17,29]. The protective effect of 

Phyllanthus emblica was incomplete at moderate and high 

levels of MSG exposure, suggesting a dose-dependent 

limitation of its benefit. Experimental and review literature 

indicates that while Phyllanthus emblica may modulate 

pathways relevant to lipid metabolism and tissue protection, 

the magnitude of toxic insult remains important in 

determining therapeutic response [15,26,28]. Further 

studies should clarify the optimal extract dose, treatment 

duration, and molecular targets needed to improve efficacy 

under higher MSG burden [16,17,29]. The present study 

emphasizes the adverse impact of chronic MSG exposure 

on lipid metabolism and highlights the potential of 

Phyllanthus emblica extract as a protective intervention. 

Although the extract demonstrates promise in restoring lipid 

homeostasis, additional research is necessary to clarify the 

underlying mechanisms and establish optimal treatment 

regimens. These findings are further supported by reports 

on the antihyperlipidemic and hepatoprotective activities of 

Emblica officinalis and by studies describing chronic MSG-

associated biochemical injury in Wistar rats [20,25,26]. 

Additional experimental work has documented chronic 

oxidative injury in this model and hepatoprotective effects 

of Phyllanthus emblica [15,21,22]. Broader toxicological 

evidence also indicates that MSG exposure can impair 

reproductive tissues and function in male models [30]. The 

biological plausibility of Emblica officinalis/Phyllanthus 

emblica as a protective agent is further supported by 

phytochemical and hepatoprotective reviews [31-33]. 

Additional studies extend this framework to metabolic 

and neurobehavioral domains, including improved 

insulin secretion and lipid regulation with d-pinitol and 

reports of headache-like and developmental neurotoxic 

outcomes in MSG models [34-36]. These considerations 

also align with current clinical perspectives on 

dyslipidemia management and with recent reviews of 

plant products proposed for the management of MSG-

induced liver injury [37,38]. Further work has likewise 

demonstrated that MSG can exacerbate reproductive 

toxicity in male Wistar rats under inflammatory 

challenge [39]. 

Conclusions 

In the present study, chronic MSG exposure was 

accompanied by unfavorable changes in the serum lipid 

profile, including higher LDL cholesterol and 

triglyceride levels and lower HDL cholesterol levels. Co-

administration of Phyllanthus emblica extract appeared 

to improve these lipid changes most clearly at the lower 

MSG dose, while the response was less pronounced at 

moderate and high MSG exposure. As mechanistic 

biomarkers were not directly assessed, these findings 

should be viewed as preliminary evidence of lipid profile 

modulation rather than confirmation of specific 

antioxidant, anti-inflammatory, and insulin signaling 

pathways. Further studies with extract-only control and 

broader metabolic and mechanistic assessments are 

warranted to better define the potential protective role 

and optimal dosing of Phyllanthus emblica. 

Limitations 

The present study primarily focused on serum lipid 

profile assessment and did not include direct 

mechanistic biomarkers. Therefore, explanations of 

oxidative stress, inflammation, insulin signaling, or 

hepatoprotection should be considered interpretive 

rather than conclusive. The absence of a Phyllanthus 

emblica-only control group also limits assessment of 

the extract’s independent effects. Future studies with 

broader metabolic and mechanistic endpoints would 

help strengthen interpretation of the protective response 

observed here. 
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