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Abstract 

Cypermethrin (CYP), a widely used pyrethroid insecticide, and monosodium glutamate 

(MSG), a common dietary additive, have both been implicated in neurotoxicity, oxidative 

stress, and organ dysfunction. However, little is known about their potential interactive effects 

when concurrently present in biological systems. This study evaluated the effects of single and 

combined exposures to CYP (80 mg/kg/day) and MSG (5 g/kg/day) on neurobehavioral 

performance, oxidative stress biomarkers, and liver and kidney function indices in male Wistar 

rats. Twenty-eight rats were divided into four groups and treated orally for 14 days. 

Behavioral assessments (locomotion, excitability, depression, motor strength, and autonomic 

responses) were performed, followed by biochemical evaluations. CYP exposure significantly 

reduced locomotor activity, excitability, and grip strength, whereas MSG increased 

excitability and grip performance. Combined treatment produced intermediate behavioral 

outcomes, suggesting modulatory interactions. Biochemically, CYP induced lipid peroxidation 

(elevated MDA) and enhanced antioxidant enzyme activities (CAT, GPx), while MSG 

predominantly elevated liver enzymes (AST, ALT) and renal markers (urea, uric acid). 

Interestingly, combined exposure attenuated CYP-induced oxidative stress and restored liver 

enzyme activities toward control levels but produced mixed effects on renal function. These 

findings highlight both antagonistic and additive interactions between CYP and MSG, with 

implications for populations concurrently exposed through diet and environment. The study 

underscores the need for risk assessments that consider combined exposures to dietary 

additives and environmental toxicants. 

Keywords: Cypermethrin, Monosodium glutamate, Neurobehavioral alterations, Oxidative 

stress, Liver function, Kidney function, Toxicological interaction 

Introduction 
Cypermethrin is a synthetic pyrethroid insecticide extensively 

used in agriculture and household pest control. Its widespread 

application has raised toxicological concerns due to its ability 

to induce neurotoxicity and systemic organ dysfunction. 

Cypermethrin exerts its toxic effects primarily by altering 

neuronal sodium channel kinetics, leading to prolonged 

depolarization and hyperexcitation manifested as 

neurobehavioral impairments, oxidative stress, and tissue 

damages (Elbetieha et al., 2001; Singh et al., 2025, Tavakkoli 

et al, 2025). Recent studies have shown that sub-chronic 

exposure to cypermethrin increases anxiety-like behaviors, 

impairs learning and memory, and elevates oxidative stress 

markers in brain tissues (Haddad et al., 2023; Abdou et 

al2025a). Mechanistically, these effects are associated with 

mitochondrial dysfunction, reduced brain-derived 

neurotrophic factor (BDNF) expression, and 

neuroinflammatory changes (Carloni et al., 2013; Tavakkoli 

et al, 2025). Higher doses have been linked to significant 

behavioral impairments and histopathological damage to the 

hippocampus and cortex ((Nazari et al., 2025)). 

Monosodium glutamate (MSG), a widely used flavor 

enhancer, is generally recognized as safe in regulated 

quantities; however, increasing body of evidence indicates 
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that high doses can produce neurotoxic and adverse systemic 

effects including neurotoxic effects . MSG-induced 

neurotoxicity has been attributed to excitotoxicity through 

excessive glutamate receptor activation, oxidative stress, and 

inflammatory responses (Albrakati, 2022; Abdulghani et al., 

2022). Experimental studies have demonstrated that 

prolonged high-dose MSG exposure increases 

malondialdehyde (MDA) levels, decreases antioxidant 

enzyme activities, and causes histological damage to the 

brain, liver, and kidneys Abdou et al 2025; (Albrakati, 2022; 

Banerjee et al., 2020)). Additionally, behavioral assessments 

indicate that MSG can impair spatial learning, memory, and 

motor coordination (Singh et al, 2023). The oxidative and 

neuroinflammatory responses elicited by MSG constitute 

potential risk factors for neurodegenerative diseases (Kumar 

et al., 2021; Singh et al, 2023). 

Both cypermethrin and MSG have been independently 

reported to disrupt neurobehavioral responses, impair 

antioxidant defense systems, and impair liver and kidney 

functions. However, there is paucity of  information on the 

combined effects of these agents, despite the possibility of 

their additive or synergistic toxicities , especially in 

populations with dietary MSG consumption and 

environmental exposure to pyrethroids. The elucidation of the 

interactive effects of the agents on neurobehavioral responses, 

oxidative stress biomarkers, and organ function indices is 

critical for toxicological risk assessment. 

The study aimed to evaluate the effects of single and 

combined exposures to cypermethrin (80 mg/kg/day) and 

MSG (5 g/kg/day) on selected neurobehavioral parameters 

(locomotion, anxiety, excitability, depression, and motor 

strength) and biomarkers of oxidative stress, and functions of 

the liver (AST, ALT, ALP), and kidney (urea, uric acid, 

creatinine) in male Wistar rats. It was hypothesized that the 

findings may provide insight into potential interactions 

between dietary and environmental chemical exposures. 

Materials and Methods 
Animals 

Twenty- eight male Wistar rats were sourced from the animal 

facility of the Department of Pharmacology and Toxicology, 

Ahmadu Bello University, Zaria. They were housed in plastic 

cages (7 rats per cage) with wood shavings, maintained on a 

12-hour light/dark cycle, and fed chick mash with water ad 

libitum. 

After two weeks of acclimatization, the rats were randomly 

divided into seven groups (n=7): 

 Group 1 (Control): 2ml/kg soya oil only 

 Group 2: Monosodium Glutamate only (5g/kg/day) 

dissolved in distilled water 

 Group 3: Cypermethrin only (80mg/kg/day) 

dissolved in soya oil 

 Group 4: Cypermethrin (80 mg/kg/day)) + 

Monosodium Glutamate (5 g/kg/day) 

All treatments were administered orally by gavage daily for 

14 days. 

Behavioural parameters  were assessed on Day 14 after the 

rats  had been rested for an hour to acclimatise to the 

laboratory condition  and following the administration of 

Cypermethrin and Monosodium Glutamate  

Chemicals 

Cypermethrin (Cypeforce®, 10% EC, Nagarjuna 

Agrochemicals Ltd,  Hyderabad, Telangana, India), 

Monosodium Glutamate (MSG) manufactured by Ajinomoto 

Company , Tokyo Japan were procured from a reputable 

agrochemical store in Zaria. Cypermethrin was dissolved in 

soya oil, while MSG was dissolved in distilled water. 

Working solutions were prepared based on required 

concentrations. 

Evaluation of Neurobehavioral Parameters 
Open-field assessment 

The assessment was conducted on all Wistar rats by utilising 

the open-field apparatus as delineated by Zhu et al. (2001). 

The open-field device was fabricated from a cardboard box of 

50 × 50 × 46 cm, including a transparent plexiglass inner 

surface (base). The box's floor was partitioned into 25 equal 

squares. The parameters determined included otor  activity 

and anxiety, assessed through horizontal locomotion (number 

of line crossings on the floor) and the frequency of rearing, 

grooming, defaecation and urination. The protocol for 

evaluating motor activity included positioning a rat within the 

enclosure. The rat was permitted to traverse freely for a 

duration of 3 minutes of pre-conditioning to the surroundings. 

Subsequently, the total number of squares traversed by all 

paws of the rat was recorded for the ensuing 2 minutes. The 

rearing behaviour was quantified by assessing the frequency 

at which each rat stood on its hind-limbs and elevated the 

forepaws or rested the fore-paws on the apparatus wall. 

Rearing was quantified over a 2-minute interval following an 

initial 3-minute pre-conditioning period. The frequencies of 

grooming (extended coat washing), defaecation (quantity of 

faecal pellets expelled), and urination (number of urine 

puddles produced) were recorded. The open-field evaluation 

was performed on day 14 of the treatment. 

Assessment of excitability score 

The excitability score of the rats was assessed using the 

procedure described by Ambali and Ayo (2012). Briefly, each 

rat was suspended by the tail in an inverted position for 30 

seconds. The responses of each rat were evaluated using an 

ordinal scale, ranging from 0 to 5 as follows: 

Grade 0: The rat exhibited no signs of wiggling at all. 

Grade 1: The rat exhibited minimal wiggling and weak fore-

paw movement. 

Grade 2: The rat displayed a more vigorous wiggling motion 

with enhanced fore-paw activity. 

Grade 3: The rat exhibited aggressive wriggling and 

demonstrated pronounced movement of both fore- and hind-

limbs. 

Grade 4: In addition to the observations stated in grade 3, the 

rat made an unsuccessful attempt to ascend using the tail. 
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Grade 5: In addition to the findings in grade 3, the rat 

successfully ascended to the tip of the tail. 

The excitability score was evaluated on day 14 of the 

experiment. 

Assessment of depression 

The depression status of the rats was assessed via the forced 

swimming test as outlined by Porsolt et al. (1977). Briefly, 

each rat was placed inside a transparent glass (height 25 cm; 

diameter 24 cm), containing 10 cm of water at 25°C and left 

in the glass for 5 minutes. Each rat was compelled to swim 

and soon became immobilised, floating in an upright posture 

and exhibiting very minimal movements. The duration 

required for the rat to become immobile was recorded as an 

indicator of the depression status. The evaluation was carried 

out on day 14 of the study. 

Assessment of motor strength 

The fore-paw grip duration was utilised to assess the motor 

strength of the rats, as outlined by Abou-Donia et al. (2001). 

The process entailed suspending each rat from a wooden 

dowel with a diameter of 5 mm, held by both fore-paws. The 

duration of each rat's hold before release was recorded in 

seconds. The assessment was carried out on day 14 of the 

study.  

Sample Collection 

On day 15, rats were sacrificed under anesthesia with ether 

and blood samples were collected via  jugular venesection 

into potassium ethylenediaminetetraacetic acid (K2EDTA)-

coated tubes for haematological examination. Whole blood 

was also collected and Serum was separated by centrifugation 

at 100xg for 20 minutes and stored at −20°C until used. 

Evaluation of Biochemical, Haematological parameters   

and Oxidative Stress Biomarkers 

Serum was analyzed for liver function biomarkers:   Alanine 

transaminase (ALT), Aspartate aminotransferase (AST) , and 

Alkaline phosphatase (ALP ) ,Kidney function parameters( 

Urea, Uric acid and creatinine) and biomarkers of oxidative 

stress- Malondialdehyde (MDA),  Catalase (CAT) 

,Glutathione peroxidase ( GPx) , and  Super oxide dismutase 

(SOD) using standard biochemical kits.  

Data Analyses 

Values obtained were expressed as mean± SEM. Data were 

analysed using one way ANOVA, followed by Tukey’s post 

hoc test to determine the significance of the difference 

between the means. Values of P<0.05 were considered 

significant  

Data were analyzed using GraphPad Prism version 9.7.1. 

(GraphPad Software, LLC California, USA ) 

Results 
Behavioral Study 

Table 1: Behavioral responses of rats to cypermethrin and glutamate exposure 

Parameters Soya Oil  

2 mg/kg) 

Monosodium 

Glutamate  

(5g/kg) 

Cypermethrin  

(80 mg/kg) 

Cypermethrin (80 

mg/kg) + 

Monosodium 

Glutamate (5 g/kg) 

Fore Paw grip 

Test 

14.60±1.89 18.60±1.72 13.30±1.05 19.20±2.92 

Excitability Score 4.29±0.29ab 4.43±0.37 a 2.86±0.51 b 4.29±0.29 ab 

Locomotion 7.60±2.40 4.00±1.95 3.00±1.18 2.86±1.50 

Rearing 3.00±0.68 1.14±0.46 1.86±0.51 2.17±0.54 

Grooming 13.20±1.32 9.17±3.49 9.40±2.36 11.20±1.74 

Defecation 3.80±0.97 a 1.29±0.52 ab 1.57±0.69 ab 0.86±0.34b 

Urination 2.86±0.60 2.71±0.47 2.57±0.48 2.86±0.34 

Means in the same rows with different superscript letters are 

significantly different ( p≤0.05 ) 

The behavioral assessment of Wistar rats following exposure 

to soya oil, monosodium glutamate (MSG), cypermethrin 

(CYP), and their combination revealed distinct alterations in 

motor and neurobehavioral parameters. In the forepaw grip 

test, rats administered MSG exhibited a higher grip strength 

compared to the soya oil controls, while cypermethrin alone 

induced a lower grip strength. Interestingly, the combined 

administration of CYP and MSG markedly elevated grip 

performance (Table 1)  

The locomotor activity of soya oil–treated rats was the 

highest, whereas CYP exposure induced a marked reduction 

in locomotion, an effect that was further sustained when 

combined with MSG. Similarly, rearing behavior was most 

pronounced in the control group but markedly reduced in 

MSG and CYP groups,  

The excitability score showed significant variation across 

groups, with MSG-treated rats presenting the highest 

excitability response, which was significantly different from 

CYP-treated rats that demonstrated suppressed excitability. 

Rats that received the combined treatment of MSG and CYP 
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displayed intermediate responses, which were statistically 

similar to the control group ( Table 1). 

Grooming frequency, reduced significantly in the MSG and 

CYP groups compared to controls but was relatively 

preserved when the two compounds were co-administered 

For autonomic parameters, defecation frequency was 

significantly higher in the soya oil controls but reduced 

markedly in the treatment groups. The lowest defecation score 

was recorded in the CYP + MSG group, showing a significant 

(p <0.05) difference from the control. Urination scores, 

however, did not show any significant (p <0.05) difference 

among the groups. 
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Hematology 

Table 2: Hematologic responses to cypermethrin and glutamate exposure in Wistar rats 

Parameters Soya Oil  

2 mg/kg) 

Monosodium 

Glutamate  

(5g/kg) 

Cypermethrin  

(80 mg/kg) 

Cypermethrin (80 mg/kg) + 

Monosodium Glutamate (5 

g/kg) 

Packed Cell Volume 41.40±0.69 42.00±0.90 44.40±1.11 43.90±0.60 

Hemoglobin 13.80±0.22 13.60±0.41 14.60±0.46 15.00±0.27 

White Blood Cells 6.13±0.67 ab 4.67±0.74 b 8.53±0.99 a 6.67±0.42 ab 

Red Blood Cells 4.16±0.11 4.53±0.22 4.77±0.20 4.90±0.22 

Neutrophils 3.39±0.33 b 3.10±0.30 b 7.01±1.07 a 6.67±0.68 a 

Lymphocytes 7.80±0.94 5.76±1.06 5.70±0.87 6.60±0.52 

Monocytes 0.31±0.12 0.49±0.10 0.29±0.12 0.50±0.13 

Eosinophils 0.00±0.00 0.00±0.00 0.01±0.01 0.00±0.00 

Basophils 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

Band 0.24±0.09 0.27±0.12 0.15±0.06 0.10±0.06 

Mean values within the same rows with different superscript 

letters are significantly (P<0.05) different.  

The hematological parameters of Wistar rats exposed to soya 

oil, monosodium glutamate (MSG), cypermethrin, and their 

combination showed both adaptive and toxicological 

responses. The packed cell volume (PCV) and hemoglobin 

concentration were comparable across all groups, with CYP + 

MSG producing slightly higher values than the soya oil 

controls. 

Similarly, red blood cell (RBC) counts were higher in the 

CYP-treated groups, particularly in the combination group, in 

contrast, white blood cell (WBC) counts showed significant 

increase in groups, with CYP-treated rats exhibiting a marked 

WBC count compared to the controls and MSG groups ( 

Table 2). 

The combined CYP + MSG exposure produced intermediate 

WBC counts, which were not significantly different from 

those of the controls (Table 2). 

Analysis of differential WBC counts revealed significant 

changes. Neutrophil counts were markedly elevated in CYP 

and CYP + MSG groups compared to soya oil and MSG 

alone, 

Conversely, lymphocyte counts were significantly (P<0.05) 

reduced in all exposed groups relative to the controls. 

Monocyte counts fluctuated relatively but insignificantly 

across the groups. Eosinophil and basophil counts were not 

significantly different among all exposed groups. The band 

cells (immature neutrophils) showed a non-significant 

downward trend in CYP + MSG rats. 

The activities of liver function enzymes varied significantly 

across treatment groups. Aspartate aminotransferase (AST) 

and alanine aminotransferase (ALT) activities were elevated 

in MSG-treated rats compared to the soya oil controls, 

Conversely, CYP-treated rats exhibited significantly reduced 

AST and ALT activities relative to MSG, In the combined 

CYP + MSG group, AST and ALT activities were restored 

towards control values, Alkaline phosphatase (ALP) activities 

did not differ significantly among the groups. 
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Serum Chemistry and Electrolytes 

Table 3: Values of Serum chemistry and Electrolyte parameters in Wistar rats exposed to cypermethrin and glutamate 

Parameters Soya Oil  

2 mg/kg) 

Monosodium 

Glutamate  

(5g/kg) 

Cypermethrin  

(80 mg/kg) 

Cypermethrin (80 mg/kg) + 

Monosodium Glutamate (5 

g/kg) 
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AST(U/L) 

 

8.00±0.62 ab 9.86±0.60 a 6.83±0.98 b 8.00±0.55 ab 

ALT(U/L) 

 

12.40±1.70 ab 16.30±1.56 a 10.20±1.40 b 11.60±0.68 ab 

ALP(U/L) 

 

16.30±1.65 15.00±1.99 17.40±1.53 16.90±1.96 

Urea ( mg/dl) 

 

120.0±22.20 bc 234.0±22.40 a 66.80±13.40 c 186.0±22.30 ab 

Uric Acid (mg/dl) 

 

7.06±1.67 b 15.40±2.55 a 6.63±0.80 b 12.30±0.80 ab 

Creatinine (umol/L) 0.91±0.08 0.89±0.10 1.08±0.13 0.92±0.07 

Sodium (mmol/L) 203.0±18.80 b 301.0±22.90 a 288.0±36.40 ab 284.0±17.50 ab 

Potassium (mmol/L) 13.90±0.99 13.90±1.57 13.10±1.52 13.00±0.86 

Chloride (mmol/L) 18.80±1.25 19.10±1.32 20.40±1.25 18.70±1.57 

Bicarbonate(mmol/L) 94.60±6.00 96.90±7.65 93.10±5.56 95.60±5.03 

Rows with different superscript letters are significantly 

(p<0.05) different. 

The activities of liver function enzymes varied significantly 

across treatment groups. Aspartate aminotransferase (AST) 

and alanine aminotransferase (ALT) activities were elevated 

in MSG-treated rats compared to the soya oil controls, 

Conversely, CYP-treated rats exhibited significantly reduced 

AST and ALT activities relative to MSG, In the combined 

CYP + MSG group, AST and ALT activities were restored 

towards control values, Alkaline phosphatase (ALP) activities 

did not differ significantly among the groups(Table 3). 

Renal biomarkers showed notable alterations. Serum urea 

levels were significantly elevated in MSG-treated rats, while 

CYP alone markedly reduced urea concentration compared to 

control. The combination of MSG and CYP produced 

intermediate values, which were higher than in controls but 

lower than MSG alone (Table 3). 

Similarly, uric acid was significantly(P<0.05) elevated in 

MSG-treated rats but reduced in CYP-treated rats, with the 

combination again producing intermediate values. Serum 

creatinine levels remained relatively stable across groups, 

The electrolyte profile further revealed systemic effects. 

Serum sodium levels were significantly elevated in MSG-

treated rats, Cypermethrin (CYP) also increased sodium ion 

concentration but to a lesser extent, and the combined 

exposure produced intermediate values. Potassium, chloride, 

and bicarbonate ion concentrations did not differ significantly 

among the groups(Table 3). 
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Oxidative stress 
Table 4: Activities of biomarkers of Oxidative Stress in Wistar rats exposed to cypermethrin and glutamate 

Parameters Soya Oil  

2 mg/kg) 

Monosodium 

Glutamate  

(5g/kg) 

Cypermethrin  

(80 mg/kg) 

Cypermethrin (80 mg/kg) + 

Monosodium Glutamate (5 

g/kg) 

MDA(mmol/ml) 18.30±1.81 b 22.90±3.03 b 56.30±6.06 a 28.30±3.93 b 

CAT(U/ml) 0.78±0.22 ab 0.70±0.29 ab 1.64±0.28 a 0.50±0.12 b 

GPx (mU/L) 11.80±1.56 b 15.70±2.55 ab 22.50±2.73 a 22.10±2.26 a 

SOD (mU/L) 6.53±0.14 6.34±0.25 6.29±0.16 6.31±0.13 

Means in rows with different superscript letters are 

significantly(P< 0.05)  different.  

The assessment of oxidative stress markers demonstrated 

clear evidence of CYP-induced oxidative imbalance and 

differential modulatory effects of MSG. 

The malondialdehyde (MDA) concentration, an index of lipid 

peroxidation, was markedly elevated in CYP-treated rats 

compared to all other groups (p < 0.05). In contrast, MDA 

levels in the controls, MSG, and CYP + MSG groups were 

significantly (P< 0.05) lower, with the combination treatment 

showing a moderate reduction compared to CYP alone (Table 

4). 

The activities of antioxidant enzymes revealed that Catalase 

(CAT) activity was significantly (p< 0.05) elevated in CYP-

treated rats compared to controls and MSG groups. However, 

in the CYP + MSG group, CAT activity declined 

significantly, even below the control values, 

Similarly, glutathione peroxidase (GPx) activity was highest 

in CYP-treated rats, consistent with increased demand for 

detoxification of peroxides. Interestingly, the CYP + MSG 

group also maintained high GPx activities, statistically similar 

to CYP alone. In contrast, MSG alone modestly elevated GPx 

activity, relative to controls. For superoxide dismutase (SOD) 

activities, no significant differences were observed among the 

groups (Table 4). 
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Discussion  
In the present study we evaluated the effects of single and 

combined exposures to CYP and MSG on selected 

neurobehavioral parameters (locomotion, anxiety, excitability, 

depression, and motor strength) and biomarkers of oxidative 

stress, and functions of the liver (AST, ALT, ALP), and 

kidney (urea, uric acid, creatinine) in male Wistar rats. Our 

findings indicated that the combined administration of CYP 

and MSG markedly elevated grip performance in the rats, 

suggesting a possible modulatory effect of MSG on 

cypermethrin-induced motor deficits. These findings are 

consistent with earlier reports of glutamate-induced neuronal 

hyperexcitability due to its role as a major excitatory 

neurotransmitter in the central nervous system (Farombi & 

Onyema, 2011). 

Conversely, CYP exposure reduced locomotor activity and 

excitability, in agreement with the findings of Kalender et al. 

(2010), who demonstrated neurotoxic suppression of motor 

activity and cholinergic dysfunction following pyrethroid 

exposure 

The fact that rats who received the combined treatment of 

MSG (5 g/kg/day) and CYP (80 mg/kg/day) displayed 

intermediate responses, similar to rats in the control group ( 

which received 2ml/kg soya oil only ) showed that MSG may 

abolish the inhibitory effects of CYP  on rats’ excitability. 

Similarly, the observation that rearing behavior was most 

pronounced in the control group but markedly reduced in 

MSG and CYP groups, is plausible evidence of impaired 

exploratory activity.  

The observed reduction of grooming frequency in the MSG 

and CYP groups which was relatively preserved when the two 

compounds were co-administered points to the likelihood of 

an ameliorative and compensatory influence exerted by MSG. 

Similar reductions in exploratory and self-care behaviors have 

been described by Shaikh et al. (2019) following pesticide 

exposure, supporting the notion that chronic exposure to 

xenobiotics alters motivation and emotional reactivity 

We also evaluated the effects of CYP and MSG individually 

and in combination on some hematological parameters. The 

concentrations of  packed cell volume (PCV) and hemoglobin 

concentration were comparable across all groups, with CYP + 

MSG producing slightly higher values than the soya oil 

controls. This suggests that the   exposure did not markedly 

compromise erythropoiesis but rather maintained or slightly 

enhanced red cell parameters Similarly, red blood cell (RBC) 

counts were higher in the CYP-treated groups, particularly in 

the combination group, indicating that MSG may exhibit 

compensatory erythropoietic response to alleviate the toxic 

stress occasioned by exposure to CYP . 

In contrast, the significant decrease in WBC counts especially 

in the CYP-treated rats compared to controls and MSG groups 

is indicative of an elevated immune response to CYP 

exposure while the reduction in WBC counts in the rats 

exposed to MSG alone suggests possible immunosuppression. 

The intermediate WBC counts observed in rats that were 

exposed to the combination of CYP+MSG which were not 

significantly different from those of control rats implies that 

MSG may modulate CYP-induced increase in WBC count 

Whereas the eosinophil and basophil counts were not 

significantly different among all exposed groups, the band 

cells (immature neutrophils) showed a non-significant 

downward trend in CYP + MSG rats, suggesting reduced 

release of immature granulocytes into circulation. 

Although the activities of liver function enzymes varied 

significantly across treatment groups, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) 

activities were elevated in MSG-treated rats compared to the 

soya oil controls, indicating possible hepatocellular stress or 

mild hepatotoxicity. This finding was consistent with findings 

of Tawfik and Al-Badr (2012), who demonstrated 

hepatocellular leakage and oxidative damage in MSG-exposed 

rats.  

Conversely, CYP-treated rats exhibited significantly reduced 

AST and ALT activities relative to MSG, suggesting either 

enzyme suppression or impaired release due to hepatocellular 

damage aligning with the hepatotoxic potential of pyrethroids 

described by Singh et al. (2018). Interestingly, co-

administration of MSG and CYP restored enzyme activities 

toward control levels, suggesting that MSG may attenuate 

some CYP-induced hepatocellular disruptions. 

Regarding renal biomarkers, the results showed notable 

alterations with Serum urea levels being significantly elevated 

in MSG-treated rats. This agrees with reports by Eweka and 

Om’Iniabohs (2011), who associated MSG exposure with 

nephrotoxicity and glomerular dysfunction. One the other 

hand, rats exposed to CYP alone exhibited markedly reduced 

urea concentration compared to control, consistent with 

altered renal excretion patterns reported by Bhardwaj et al. 

(2012). Rats that were exposed to a combination of MSG and 

CYP had intermediate values, which were higher than in 

controls but lower than rats which were exposed to MSG 

alone. The result suggests that MSG may potentiate nitrogen 

retention while CYP may impair protein metabolism or urea 

cycle activity. It is noteworthy that Serum creatinine levels 

remained relatively stable across groups, indicating preserved 

glomerular filtration despite fluctuations in urea and uric acid 

concentrations. 
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The electrolyte profile further revealed systemic effects with 

serum sodium levels being significantly elevated in MSG-

treated rats, suggesting hypernatremia which may be linked to 

osmotic imbalance or altered renal handling of sodium. 

However, potassium, chloride, and bicarbonate ion 

concentrations did not differ significantly among the groups, 

indicating that overall electrolyte buffering capacity and acid–

base regulation remained relatively stable. 

The malondialdehyde (MDA) concentration, an index of lipid 

peroxidation, was markedly elevated in CYP-treated rats 

compared to all other groups. This reflects enhanced oxidative 

damage to membrane lipids and confirms CYP’s role in 

increasing the generation of reactive oxygen species.This is 

consistent with the findings of  Yousef et al. (2010) and 

Kalender et al. (2010) In contrast, MDA levels in the controls, 

MSG, and CYP + MSG groups were significantly lower, with 

the combination treatment showing a moderate reduction 

compared to CYP alone. This suggests that MSG attenuated, 

at least partially, the severity of CYP-induced lipid 

peroxidation and its administration may ameliorate negative 

effects of CYP. 

The activities of antioxidant enzymes revealed compensatory 

responses. Catalase (CAT) activity was significantly elevated 

in CYP-treated rats compared to controls and MSG groups, 

reflecting an adaptive response to excessive hydrogen 

peroxide generation. However, in the CYP + MSG group, 

CAT activity declined significantly, even below the control 

values, indicating possible enzyme exhaustion or suppression 

under combined exposure to the agents. 

Similarly, glutathione peroxidase (GPx) activity was highest 

in CYP-treated rats, consistent with increased demand for 

detoxification of peroxides. Interestingly, the CYP + MSG 

group also maintained high GPx activities, statistically similar 

to CYP alone, suggesting persistent oxidative pressure despite 

MSG co-administration. In contrast, MSG alone modestly 

elevated GPx  activity,  relative to controls, indicating that 

MSG may ameliorate oxidative stress. The compensatory 

upregulation of catalase (CAT) and glutathione peroxidase 

(GPx) in CYP groups in this study corroborates earlier 

findings by El-Demerdash (2011). 

For superoxide dismutase (SOD) activities, no significant 

differences were observed among the groups, suggesting that 

superoxide radical detoxification remained relatively stable 

and unaffected by the treatments compared to downstream 

oxidative pathways. 

Conclusion 
The present study demonstrates that exposure to monosodium 

glutamate (MSG), cypermethrin (CYP), and their combined 

administration elicits distinct neurobehavioral, hematological, 

hepatic, renal, and oxidative stress responses in Wistar rats. 

MSG was associated with increased excitability, elevated liver 

enzyme activities, and altered renal biomarkers, while CYP 

induced neurobehavioral suppression, hematological 

perturbations, and marked oxidative stress, as evidenced by 

elevated malondialdehyde and antioxidant enzyme activities. 

Interestingly, combined MSG and CYP administration 

produced intermediate or partially ameliorated effects 

compared to single exposures, particularly in neurobehavioral 

outcomes and liver enzyme activities, suggesting a possible 

modulatory interaction. 

The implications of these findings extend to human health, 

given the widespread consumption of MSG as a food additive 

and the pervasive use of cypermethrin as a household and 

agricultural pesticide. Chronic low-level exposure to these 

agents may pose cumulative risks, particularly to vulnerable 

populations such as children, agricultural workers, and 

individuals with pre-existing metabolic or hepatic disorders. 

Overall, the findings underscore the need for stricter 

regulatory oversight of MSG consumption and cypermethrin 

usage, as well as heightened public awareness of their 

potential combined effects. 
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