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Abstract 
 
Despite the common usage of monosodium glutamate (MSG) as flavor enhancer, its excessive 
consumption has been linked to oxidative stress, inflammatory responses, and disruptions in cellular 
function, including within the reproductive systems. This study aimed to evaluate the protective role 
of Vitamin E against monosodium glutamate-induced utero-toxicity in Wistar rats. Twenty-four adult 
Wistar rats were randomly divided into four groups: Group A served as Control and received 1 ml of 
distilled water; Group B was administered 200 mg/kg of monosodium glutamate only; Group C received 
100 IU/kg body weight of vitamin E and 200 mg/kg of monosodium glutamate; and Group D was given 
100 IU/kg body weight of vitamin E only. Administration lasted for 28 days, after which the animals 
were sacrificed and the uterus were collected for histological assessments. Results from this study 
showed a significant increase (P<0.05) in final body weight when compared to the initial body weight 
in the Control and Vitamin E only groups. There was a significant decrease (P<0.05) in body weight 
changes in the MSG+ Vit. E and the Vitamin E only groups when compared to control. There was no 
significant difference (P>0.05) in uterine weight and utero-somatic index across the experimental 
groups. Histological assessment showed that MSG induced histological alterations evidenced as dilated 
uterine lumen, thin endometrium, and myometrial layers as well as reduced number and size of 
endometrial. However, in the group given MSG + vitamin E, there was significant improvement as 
evidenced by normal histological features similar to the control group; slit-like uterine lumen, 
endometrium containing several endometrial glands in the lamina propria, myometrium and 
perimetrium. In conclusion, findings from this study shows that Vitamin E attenuates MSG-induced 
uterotoxicity in Wistar rats. 
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INTRODUCTION  
Monosodium glutamate (MSG) is a widely used food additive known for its flavor-enhancing 
properties. It is the sodium salt of glutamic acid and occurs naturally in foods such as tomatoes 
and cheese (Henry-Unaeze, 2017; Banerjee et al., 2021). MSG was first identified by Karl 
Heinrich Ritthausen in 1866, and later, Kikunae Ikeda extracted glutamic acid from seaweed 
and identified its umami taste, leading to its commercial production under the brand name 
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Ajinomoto (Thuy et al., 2020; Kayode et al., 2023). Today, MSG is commonly added to 
processed foods, including soups, canned vegetables, and meat products, due to its ability to 
intensify flavor. Despite its widespread use, concerns about its potential health risks have 
persisted for decades. 
 
The safety of MSG has been debated extensively, particularly regarding its potential toxicity. 
While regulatory bodies such as the U.S. Food and Drug Administration (FDA) and the 
European Food Safety Authority (EFSA) classify MSG as generally recognized as safe (GRAS) 
(El Tabbal, 2022; Kayode et al., 2023), research suggests that excessive consumption may 
contribute to various health issues, including oxidative stress, metabolic disturbances, and 
reproductive toxicity (Kayode et al., 2023; Oluwole et al., 2024). Reports of MSG-related 
adverse effects range from mild symptoms such as headaches and flushing to more severe 
conditions, including arrhythmias and neuropathy (Kazmi et al., 2017; Benbow, 2022). Of 
particular concern is MSG’s potential impact on the female reproductive system. 
 
The uterus is a vital organ in the female reproductive system, playing a critical role in 
implantation, pregnancy maintenance, and menstrual regulation (Kelleher et al., 2019; Rosner 
et al., 2024). Its structural and functional integrity is essential for reproductive success. 
However, studies have suggested that MSG exposure may compromise uterine health by 
inducing oxidative stress, hormonal imbalances, and lipid alterations, which could affect 
fertility and overall reproductive function (Rosa et al., 2018; Hazzaa et al., 2020; Mukherjee et 
al., 2023). MSG has been shown to increase estrogen levels, disrupt cholesterol metabolism, 
and alter total protein levels (Banerjee et al., 2021), all of which are critical factors in 
maintaining a healthy uterine environment. Given the widespread consumption of MSG, its 
potential impact on uterine function warrants further investigation. With rising concerns over 
reproductive health issues linked to environmental and dietary factors, there is a need for 
more research into potential interventions that could mitigate MSG-induced damage.  
 
Alpha tocopherol (Vitamin E), a lipid-soluble antioxidant, has gained attention for its 
protective role in reproductive health. It functions as a free radical scavenger (Ahmadinejad 
et al., 2017; Ifeanyi, 2018; Niki, 2021), reducing oxidative stress and preventing cellular 
damage. Studies have indicated that vitamin E supplementation can help maintain 
reproductive function by mitigating oxidative damage in the uterus (Mohd Mutalip et al., 
2018; Amini et al., 2021). Given its antioxidant properties, vitamin E may serve as a protective 
agent against MSG-induced uterine toxicity, offering a potential dietary intervention for 
preserving reproductive health. Accordingly, this study aimed to investigate the protective 
role of alpha tocopherol against MSG-induced uterine toxicity in Wistar rats. 
  
MATERIALS AND METHODS  
 
Experimental Animals 
Wistar rats, bred and maintained at the Animal House, Department of Anatomy, School of 
Basic Medical Sciences, University of Benin, Benin City, Nigeria were used for this study. The 
animals were housed in polypropylene cages under standard room temperature conditions. 
They were provided with pelleted feed (Premier Feed Mills Company Limited, 1 Eagle Flour 
Road, Lagos/Ibadan Expressway Toll Point, Ibadan, Oyo State, Nigeria) and had unrestricted 
access to clean tap water. Body weights were recorded weekly before the study commenced 
and throughout the experimental period using a digital weighing scale calibrated in grams. 
All procedures followed the guidelines for the care and use of laboratory animals as 
established by the National Research Council of the National Academies (2011). 
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Experimental Design 
A total of 24 adult female Wistar rats, weighing between 170g and 200g, were used in this 
study. Following a two-week acclimatization period with free access to food and water, the 
animals were randomly assigned to four groups, each consisting of six rats. Group A (Control) 
received 1 ml of distilled water; Group B was administered 200 mg/kg of monosodium 
glutamate only; Group C received 100 IU/kg body weight of vitamin E and 200 mg/kg of 
monosodium glutamate; and Group D was given 100 IU/kg body weight of vitamin E only. 
Treatments were administered for 28 days after which the animals were sacrificed under 
chloroform anesthesia. The uterus was excised, and fixed in 10% neutral buffered formal 
saline for 48 hours before processing. 
 
Histological Assessment: Briefly, the fixed uterus tissues were processed and routinely 
stained using hematoxylin and eosin, according to the method previously reported by Drury 
and Wallington (1980). Also, Masson’s trichrome staining was carried out as previously 
reported by Bencosme (1954). 
 
Statistical Analysis 
The data were analyzed using IBM statistical Package for Social Sciences, Version 23 
(manufactured by International Business Corporations {IBM}; 2015). Results were presented 
as (mean ± SEM). The parameters for all groups were compared using analyses of variance 
(ANOVA). Post hoc analysis was done using Least Square Difference (LSD). Differences in 
means were considered significant at values of P < 0.05. 
 
RESULTS  
Effect of Treatment on Weight: Figure 1 [A-D] showed the effect of treatment on body weight, 
weight changes, uterine weight and uterosomatic indices respectively, across the 
experimental groups. Figure 1A shows that there was a significant increase (P<0.05) in final 
body weight when compared to the initial body weight in the Control and Vitamin E only 
groups. For body weight changes (Figure 1B), there was a significant decrease (P<0.05) in the 
MSG and the MSG + Vitamin E groups when compared to control. There was no significant 
difference (P>0.05) in uterine weight (Figure 1C) and uterosomatic index (Figure 1D) across 
the experimental groups. 
 
Effect of Treatment on Histology: Plate 1 shows the photomicrographs of the uterus tissues 
across the experimental groups. Control group, MSG + Vitamin E group and Vitamin E only 
groups all showed normal histological features including endometrium containing several 
endometrial glands in the lamina propria, myometrium and perimetrium. However, MSG-
only group showed severe histological alterations marked by dilated uterine lumen, thin 
endometrium (en), and myometrial (my) layers and reduced number and size of endometrial 
glands. 
 
Plate 2 shows the collagen deposits in the uterus tissues across the experimental groups. While 
the control, MSG + Vitamin E, and Vitamin E only groups all showed finely-distributed 
collagen fibres in the endometrium that stained blue, the MSG-only group showed densely 
stained collagen fibres in the endometrium similar, evidence of collagen accumulation. 
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Figure 1: Initial and final body weights [A], body weight changes [B], uterine weight [C] and utero-somatic indices 
[D] of the experimental animals.  
* means statistically significant difference between initial and final body weight in each group (p<0.05); # means 
statistically significant difference compared to control (p<0.05). 
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PLATE 1: Representative photomicrograph of the Uterus of the control group [A], MSG + vitamin E-treated group 
[C] and vitamin E-treated group [D] show normal histological features; slit-like uterine lumen (ul), endometrium 
(en) containing several endometrial glands (eg) in the lamina propria, myometrium (my) and perimetrium. MSG-
treated group [B] showing dilated uterine lumen, thin endometrium (en), and myometrial (my) layers and reduced 
number and size of endometrial glands. (H&E; 40×). 
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PLATE 2: Representative photomicrograph of the uterus of the [A] control group, MSG + vitamin E-treated group 
[C] and vitamin E-treated group [D] show finely-distributed collagen fibres in the endometrium, stained blue. 
MSG-treated group [B] shows densely stained collagen fibres in the endometrium similar, evidence of collagen 
accumulation (Masson’s trichrome; 40×). 

 
 
DISCUSSION  
The uterus is a vital reproductive organ that requires structural integrity and physiological 
stability for optimal function (Kelleher et al., 2019; Rosner et al., 2024). However, exposure to 
certain dietary additives, such as MSG, has been associated with uterine toxicity, including 
oxidative stress, inflammation, and fibrotic changes (Kazmi et al., 2017; Benbow, 2022). These 
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pathological alterations may compromise uterine health, potentially affecting reproductive 
outcomes. Vitamin E, a well-known antioxidant, has garnered interest for its protective effects 
against oxidative damage. Accordingly, this study aimed to investigate the potential 
protective role of vitamin E in MSG-induced uterine toxicity in Wistar rats. 
 
Body weight changes serve as a critical marker of overall physiological responses to 
experimental treatments, reflecting metabolic and systemic effects (Porwal et al., 2017). In this 
study, a significant decrease in body weight changes was observed in the group exposed to 
MSG only, indicating its influence in weight regulation. MSG may exert metabolic effects that 
counteract weight gain, potentially through mechanisms involving altered appetite 
regulation, increased lipolysis, or oxidative stress (Banerjee et al., 2021).  
 
The uterus is a critical organ of the female reproductive system, playing a central role in 
implantation, pregnancy, and the menstrual cycle (Rosner et al., 2024). Any histological 
alteration to the uterus can significantly impact fertility and overall reproductive health. 
Findings from this study revealed that MSG exposure led to significant histological changes 
in the uterus, including a dilated uterine lumen, a thinner endometrium and myometrial 
layers, and a reduced number and size of endometrial glands. These alterations are indicative 
of uterine atrophy and impaired endometrial integrity, which could compromise 
implantation and pregnancy outcomes. Similar findings have been reported in previous 
studies, suggesting that MSG disrupts uterine morphology through mechanisms involving 
estrogen imbalance and oxidative damage (Chairunnisa, 2022; Awad et al., 2023). The 
observed histological distortions in the MSG-treated group may be attributed to increased 
oxidative stress, leading to lipid peroxidation and cellular apoptosis in the uterine tissue. 
Furthermore, hormonal dysregulation induced by MSG exposure, particularly elevated 
estrogen levels, could contribute to these changes by disrupting the normal proliferation and 
differentiation of endometrial cells. 
 
However, the MSG + Vitamin E-treated group showed significant restoration of uterine 
architecture, with relatively normal features. This suggests that vitamin E effectively mitigates 
MSG-induced uterine toxicity, likely due to its well-documented radical scavenging 
properties. Vitamin E is a potent lipid-soluble antioxidant that scavenges free radicals, thereby 
reducing oxidative damage to cellular membranes and preserving tissue integrity 
(Ahmadinejad et al., 2017; Ifeanyi, 2018; Niki, 2021). Studies have shown that vitamin E 
supplementation enhances antioxidant enzyme activity, such as superoxide dismutase and 
glutathione peroxidase, which counteract oxidative stress and protect against tissue 
degeneration (Petrovic et al., 2020; Engwa et al., 2022). The observed histological 
improvements in the MSG + Vitamin E-treated group further support the hypothesis that 
oxidative stress plays a key role in MSG-induced uterine toxicity, and that vitamin E serves 
as a protective agent by preventing cellular apoptosis and promoting tissue repair.  
 
Fibrotic changes in the uterus, characterized by excessive collagen deposition, can impair 
endometrial receptivity and contribute to infertility and pregnancy complications (Liu et al., 
2022; Pathare et al., 2023). Excessive collagen accumulation increases uterine stiffness, disrupts 
normal tissue remodeling, and may lead to pathological conditions such as endometrial 
fibrosis and uterine adhesions (Kurt et al., 2024). Findings from this study demonstrated that 
the MSG-treated group exhibited densely stained collagen fibers, indicative of significant 
fibrotic changes in the endometrium. This suggests that prolonged MSG exposure promotes 
collagen deposition, potentially through oxidative stress-induced activation of fibroblasts, 
which are responsible for extracellular matrix remodeling. MSG has been reported to generate 
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reactive oxygen species, which not only induce direct cellular damage but also stimulate 
fibroblast proliferation and excessive collagen synthesis, further exacerbating uterine fibrosis 
(Ahmed et al., 2020; Oyebode et al., 2020). 
 
Interestingly, the MSG + Vitamin E-treated group exhibited relatively normal finely 
distributed collagen patterns, thus highlighting vitamin E’s ability to attenuate MSG-induced 
uterine fibrosis. The antifibrotic effects of vitamin E may be attributed to its ability to suppress 
oxidative stress and inhibit the activation of fibrogenic pathways. By enhancing the activity 
of antioxidant enzymes, vitamin E reduces oxidative stress and prevents the activation of 
fibroblasts responsible for excessive collagen deposition. Additionally, vitamin E may 
modulate key signaling pathways involved in fibrogenesis, thereby preserving uterine 
elasticity and preventing structural abnormalities (Rahardjo et al., 2023; Fatima et al., 2025).  
 
CONCLUSION  
The findings from this study highlights the detrimental effects of MSG on uterine structure 
and function, primarily through mechanisms involving oxidative stress, inflammation, and 
fibrosis. The protective effects of vitamin E underscore its potential as a therapeutic agent in 
preventing MSG-induced uterine toxicity. Thus, Vitamin E attenuates MSG-induced 
uterotoxicity in Wistar rats. 
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