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					ABSTRACT  

					ARTICLE INFO  

					Monosodium glutamate (MSG) is a commonly used food flavouring agent. This salt of glutamic  

					acid plays a role in oxidative stress and tissue damage, including ovarian damage. Nigella sativa  

					(NS) is used as a traditional medicine and has been shown to have multiple effects, including  

					antioxidant and anti-inflammatory effects. This study aimed to investigate the potential of  

					Nigella sativa seed (NSS) extract to protect against MSG-induced ovarian damage in Sprague-  

					Dawley rats. The rats (n = 25) were grouped into four groups: A (control), B (400 mg/kg of  

					MSG only), C (400 mg/kg of MSG + 100 mg/kg of NSS extract), and D (400 mg/kg of MSG +  

					200 mg/kg of NSS extract). Treatments were administered orally for 28 days. At the end of the  

					experimental period, blood samples and ovaries were obtained to evaluate reproductive  

					hormones and oxidative stress markers, and ovarian tissue was used for histopathological study.  

					MSG-treatment significantly increased serum estrogen, FSH, LH, and ovarian malondialdehyde  

					levels in the rats, but decreased ovarian glutathione levels. Treatment with the NSS extract  

					significantly improved all these alterations. Histological findings from the MSG-treated rats  

					showed evidence of follicular atresia, oocyte degeneration, vascular congestion, and  

					inflammatory infiltration. The condition was remarkably improved in the NSS extract-treated  

					rats. The findings of this study showed that the administration of MSG induces damage to the  

					ovarian tissues and function. Nigella sativa seed extract was able to ameliorate the damage  

					caused by MSG on the ovaries.  
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					Introduction  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					Infertility in women is a prevalent medical issue.I Food additives,  

					including monosodium glutamate (MSG) are among the extrinsic  

					factors that negatively impact the female reproductive system.I MSG  

					is a sodium salt of glutamic acid, with 78% glutamic acid and 22%  

					sodium, monosodium glutamate (MSG) is a frequently used flavour  

					enhancer.2 The common and naturally occurring amino acid glutamate  

					is a vital component of many proteins and tissues and is involved in  

					four different metabolic processes in the human body. In Nigeria,  

					people typically consume between 0.56 and 1.00 grams of food-added  

					MSG per day.3 The increase in MSG consumption has prompted  

					research into its harmful effects on both humans and experimental  

					animals.4 Dizziness, headaches, numbness, weakness, flushing, and  

					sweating are among the side effects of MSG.5 Additionally, more  

					severe adverse effects such as neuropathy, cardiac arrhythmia,  

					urticaria, asthma, and atopic dermatitis have been recorded.6  

					Furthermore, there has been a growing interest in investigating how  

					MSG affects the reproductive system.7 This glutamic acid sodium salt  

					has been linked to tissue damage and oxidative stress in a number of  

					organs, including the ovaries. The damage caused to the ovaries such  

					as follicular degeneration has led to the development of anovulatory  

					infertility.8 Nigella sativa (NS) a plant in the Ranunculaceae family is  

					one of the natural herbs that have gained interest as a natural  

					antioxidant. NS black seed is a common ingredient in nutraceuticals.  

					Dieticians, nutritionists,  

					University of Benin, Benin City, Nigeria.  

					food scientists, doctors, and the food and pharmaceutical industries  

					have all favored the word "nutraceuticals," which originated from the  

					substantial correlation between life expectancy and adequate  

					nutrition.9 Nigella sativa is indigenous to Turkey, Egypt, Iran, Greece,  

					Syria, Albania, and Saudi Arabia, in addition to other nations in the  

					eastern Mediterranean, northern Africa, the Indian subcontinent, and  

					Southwest Asia.10 Nigella sativa contains phytochemicals such as  

					thymoquinone, flavonoids, phenols, and linoleic acid, which are  

					primarily responsible for its pharmacological and therapeutic  

					actions.11 Nigella sativa has been shown to have various  

					pharmacological effects, including analgesic, anti-inflammatory, anti-  

					oxidative, anti-asthmatic, and immunomodulatory effects.9 However,  

					there are limited studies on the preventive effect of Nigella sativa  

					against MSG-induced ovarian damage. Therefore, this study aimed to  

					investigate the potential of Nigella sativa seed extract to protect  

					against MSG-induced ovarian damage in Sprague-Dawley rats.  

					Materials and Methods  

					Collection and identification of plant material  

					Nigella sativa seeds were purchased from a local market in Lagos  

					Island, Lagos, Nigeria. The seeds were identified and authenticated at  

					the Lagos University herbarium, University of Lagos with the voucher  

					number LUH100276.  

					*Corresponding author. E mail: iokoko@unilag.edu.ng  

					Preparation of extract  

					Tel:+2348113948236  

					Nigella sativa seeds were pulverized, and 2 g of the powdered sample  

					was extracted by successive maceration in 10 mL each of n-hexane,  

					ethyl acetate, and 70% ethanol at room temperature for 48 hours. The  

					resulting ethanol extract was concentrated using a rotary evaporator at  

					40°C, and the final concentrate was dried in an evaporating dish to  

					yield a paste.12 Two doses (100 and 200 mg/kg) of Nigella sativa  
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					ethanol seed extract were prepared as previously described by Khani  

					et al. (2021).13  

					Statistical analysis  

					All quantitative data were analyzed using GraphPad® (version 10)  

					software. The data were plotted in ANOVA, followed by Tukey's  

					multiple comparisons test. Significance was set at p < 0.05. The results  

					were represented in bar charts with error bars to show the mean and  

					standard error of mean, respectively.  

					Preparation of monosodium glutamate  

					Monosodium glutamate (Ajinomoto Foods Nig Ltd) was purchased  

					from a local market on Lagos Island, Lagos, Nigeria. A 400 mg/kg  

					dose of MSG in 0.5 mL of distilled water was prepared according to  

					the procedure described by El-Beltagy and Elghaweet (2016)8 and  

					Mostafa et al. (2021).14  

					Results and Discussion  

					Body weight changes  

					An increase in body weight was observed in animals administered  

					monosodium glutamate (MSG). However, no significant difference  

					was noted in body weight between the control group and those treated  

					with MSG combined with low dose (100 mg/kg) of NSS extract  

					(MSG+LD) or high dose (200 mg/kg) of NSS extract (MSG+HD)  

					(Figure 1). Previous studies have reported significant weight gain due  

					to MSG administration, linking it to obesity.15,16 Findings from the  

					present study also aligned with the findings of Jubaidi et al. (2019),17  

					who found no significant weight increase, likely due to a lower MSG  

					dose. The weight-maintenance effect of Nigella sativa seed may also  

					explain why the groups treated with NSS extract did not exhibit a  

					greater weight gain than the MSG group.18 The MSG(Rev) group,  

					which had MSG administration discontinued for two weeks, showed  

					an 11.9% reduction in body weight, consistent with the findings of  

					França et al. (2014), who reported weight stabilization or reduction  

					following the cessation of MSG intake.15  

					Animals  

					Twenty-five (25) female Sprague-Dawley rats weighing between 140  

					and 160 g were procured from the Animal Laboratory Centre of the  

					College of Medicine, University of Lagos. The rats were housed in the  

					animal house of the Department of Anatomy. They were fed with  

					standard rodent chow, provided with water ad libitum, and allowed a  

					two-week acclimatization period. Proper ventilation was maintained  

					using well-spaced and gauzed cages, and a hygienic environment was  

					ensured.  

					Ethical approval  

					The study was approved by the College Health Research Ethics  

					Committee of the College of Medicine, University of Lagos, Nigeria,  

					and  

					ethical  

					approval  

					with  

					reference  

					number  

					CMUL/ACUREC/07/24/1613 was issued.  

					Experimental design  

					The rats were randomly divided into four groups: Group 1 (Control): 5  

					rats received 0.5 mL of distilled water. Group 2 (MSG): 10 rats were  

					administered 400 mg/kg of MSG. Group 3 (MSG + NSS - Low Dose):  

					5 rats received 400 mg/kg of MSG and 100 mg/kg of NSS extract.  

					Group 4 (MSG + NSS - High Dose): 5 rats were administered 400  

					mg/kg of MSG and 200 mg/kg of NSS extract.  

					MSG and NSS extract were administered orally one daily for 28  

					consecutive days. The body weight of the animals was recorded  

					weekly throughout the study period. At the end of the 28-day period,  

					blood samples and organs were collected from all the rats in the  

					various groups, with the exception of the extra five animals from the  

					MSG group. These five animals were not administered MSG for 14  

					days to assess whether the effects of MSG on the ovaries were  

					reversible. At the end of this 14-day period, the animals were  

					sacrificed, and blood samples were obtained.  

					A microhematocrit tube was inserted into the lateral canthus to collect  

					blood samples from the orbital venous sinus following the experiment.  

					Blood samples were drawn using an EDTA-coated capillary tube  

					between 7 and 8 a.m., serum and blood cells were promptly separated  

					through centrifugation. The serum was stored until hormonal assays  

					could be conducted. Subsequently, the animals were euthanized via  

					cervical dislocation, and the ovaries were dissected and immediately  

					immersed in Bouin’s fluid for further analysis.  

					Figure 1: Body weight changes across all groups from week 1  

					to week 4  

					Effect of MSG and NSS extract on hormone profile  

					Estrogen level  

					There was a statistically significant (p<0.0001) increase in estrogen  

					level across all the treatment groups (MSG, MSG(Reversible),  

					MSG+LD, MSG+HD) compared to the control group (p < 0.0001).  

					The MSG group had the highest estrogen level compared to other  

					groups. There was a notable decrease in estrogen level between the  

					MSG+LD and MSG+HD groups compared to MSG group (p<0.0001).  

					Additionally, there was no statistically significant difference in the  

					estrogen level between the MSG+HD group and MSG(Rev) group  

					(Figure 2).  

					Tissue processing for histological examination  

					The ovaries preserved in Bouin’s fluid were processed for histological  

					sections. The tissue samples were dehydrated in ascending ethanol  

					grades, cleared in xylene, and then embedded in paraffin wax at 60°C.  

					Using a microtome, thin sections were cut, placed on microscope  

					slides, air-dried, and heated for adhesion. Residual paraffin was  

					dissolved, followed by rinsing with acid-alcohol and water. The  

					sections were stained with hematoxylin and eosin, examined under an  

					Olympus microscope, and histological images were captured using a  

					digital microscope connected to a computer.  

					Hormonal profiling and biochemical analysis  

					The serum levels of estrogen, luteinizing hormone, and follicle-  

					stimulating hormone were assessed using the Human Sex Hormone  

					Binding Globulin/SHBG Enzyme-Linked Immunosorbent Assay  

					(ELISA) kit, following the protocol outlined in the operational  

					manual. Upon dissection, the ovaries were processed immediately,  

					without fixation, for biochemical analysis utilizing key oxidative  

					stress markers, including Malondialdehyde (MDA), Superoxide  

					dismutase (SOD), catalase (CAT) activity, and reduced glutathione  

					(GSH) levels.  

					Figure 2: Serum estrogen levels in rats in the treatment and  

					control groups ****P<0.0001  
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					Luteinizing hormone level  

					A statistically significant increase in luteinizing hormone (LH) level  

					was observed among the treatment groups (MSG, MSG+LD, and  

					MSG+HD) compared to the control group (Figure 3). The MSG group  

					had the highest LH level compared to the other groups (p<0.0001).  

					There was no notable increase in LH level in the MSG(Rev) group  

					compared to the control group. Similarly, there was no statistically  

					significant difference in LH level between the MSG+LD group and  

					MSG+HD group.  

					Follicle stimulating hormone Level  

					The results revealed a statistically significant increase in follicle  

					stimulating hormone (FSH) level among the treatment groups (MSG,  

					MSG+LD, and MSG+HD) compared to the control group (p < 0.0001)  

					(Figure 4). The MSG group had the highest FSH level compared with  

					other groups at p<0.0001. However, the administration of NSS extract  

					(MSG+LD and MSG+HD) decreased significantly FSH level in the  

					rats (p<0.0001). Additionally, there was statistically significant  

					difference in the FSH level between the control group and MSG(Rev)  

					group (p < 0.05).  

					ns  

					✱✱✱✱  

					The findings from this study have shown that MSG-treated rats had  

					elevated serum concentrations of estrogen, FSH, and LH, consistent  

					with the findings from the studies of Eweka et al. (2010)19 and Elraey  

					et al. (2021).20 Treatment with NSS extract significantly reduced these  

					hormone levels, with a more pronounced effect in the high-dose  

					group. The increased estrogen levels in the MSG group may be due to  

					enhanced aromatase activity, which converts testosterone into  

					estradiol.19 Nigella sativa seed (NSS) is rich in phytoestrogens, and  

					may reduce estrogen levels by interacting with estrogen receptors,  
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					Figure 3: Serum luteinizing hormone (LH) levels in rats in the  

					treatment and control groups  
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					Figure 6: Ovarian superoxide dismutase (SOD) levels in rats  

					in the treatment and control groups  
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					Figure 4: Serum follicle stimulating hormone (FSH) levels in  

					rats in the treatment and control groups.  
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					Figure 7: Ovarian catalase (CAT) activity in rats in the  

					treatment and control groups  

					Monosodium glutamate (MSG)-induced elevations in FSH and LH  

					could be linked to its excitatory effects on glutamatergic neurons in  

					the hypothalamus, which stimulate the release of gonadotropin-  

					releasing hormones, leading to increased secretion of LH and FSH  

					from the anterior pituitary.21 Nigella sativa seed (NSS) extract  

					treatment reduced LH and FSH levels, likely due to the presence of  

					linoleic acid, which inhibits key regulators of LH release such as nitric  

					oxide and leptin.22 The MSG(Rev) group also showed reduced levels  

					of estrogen, FSH, and LH, indicating a gradual return to normal  

					ovarian function after discontinuation of MSG.  
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					Figure 5: Ovarian reduced glutathione (GSH) levels in rats in  

					the treatment and control groups  
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					treatment. NSS extract significantly lowered MDA levels and  

					increased antioxidant enzyme activity, this is likely due to its high  

					flavonoid content, which has well-established antioxidant properties.24  

					Furthermore, Nigella sativa has been shown to stimulate paraoxonase,  

					an enzyme with antioxidant functions. The MSG(Rev) group exhibited  

					ns  

					ns  

					ns  
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					reduction in MDA levels following the cessation of MSG  

					ns  

					administration, suggesting a recovery from oxidative stress.  
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					Plate 3: Photomicrographs of ovarian tissue of rats in the  

					Figure 8: Ovarian malondialdehyde (MDA) levels in rats in  

					MSG+LD group  

					ASF (Atretic secondary follicle), S (Stroma). Hematoxylin and Eosin  

					X100.  

					the treatment and control groups  

					Effect of MSG and NSS extract on ovarian levels of CAT, SOD, GSH,  

					and MDA  

					MSG administration resulted in a significant increase in ovarian MDA  

					level (p < 0.05), while the other parameters including GSH, SOD, and  

					CAT were not significantly affected across all the groups, although  

					there were slight decreases (Figures 5 – 8).  

					Plate 4: Photomicrographs of ovarian tissue of rats in the  

					MSG+HD group  

					PF (Primordial follicle), UPF (Unilaminar primary follicle), GF  

					(Graafian follicle), BV (Blood vessel), CL (Corpus Luteum), SF  

					(Secondary follicle). Hematoxylin and Eosin X100.  

					Plate 1: Photomicrographs of ovarian tissue showing normal  

					tissue architecture of rats in the control group  

					PF (Primordial follicle), MPF (Multilaminar primary follicle), CL  

					(Corpus Luteum), UPF (Unilaminar primary follicle), SF (Secondary  

					follicle), GF (Graafian follicle),  

					M

					(Medulla),  

					C

					(Cortex).  

					Hematoxylin and Eosin X100.  

					Plate 5: Photomicrographs of ovarian tissue of rats in the MSG  

					(Reversible) group  

					APF (Atretic primary follicle), ASF (Atretic secondary follicle), AGF  

					(Atretic graafian follicle). Hematoxylin and Eosin X100.  

					Effect of MSG and NSS extract on histological features of the ovaries  

					The histopathological evaluation of the ovaries of the rats in the  

					control group revealed normal ovarian tissue, featuring follicles at  

					various stages of maturation alongside the presence of corpora lutea  

					(Plate 1), which indicates successful ovulation. In contrast, treatment  

					with monosodium glutamate (MSG) led to significant  

					histopathological changes in the ovarian cortex. These changes  

					included numerous atretic follicles, infiltration of inflammatory cells  

					in the stroma, and marked vascular congestion, along with the  

					development of cystic spaces in the medulla (Plate 2). However,  

					treatment with NSS extract resulted in a substantial amelioration of  

					these histopathological alterations. The histological profiles observed  

					in the MSG+LD (Plate 3) and MSG+HD (Plate 4) treated groups  

					closely resembled those of the control group, displaying a decrease in  

					Plate 2: Photomicrographs of ovarian tissue of rats in the MSG  

					group  

					AGF (Atretic graafian follicle), ASF (Atretic secondary follicle), VC  

					(Vascular congestion). Hematoxylin and Eosin X100.  

					The increase in the serum level of malondialdehyde (MDA), a marker  

					of lipid peroxidation, along with decreased antioxidant activity (GSH,  

					SOD, and CAT) in MSG-treated rats indicate an increased oxidative  

					stress in the ovaries. These findings agree with that of Kayode et al  

					(2020)23 but contradict that of Mondal et al. (2017),21 who reported  

					decreased MDA and increased antioxidant activity after MSG  
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					both atretic follicles and inflammatory cell infiltration. On the other  

					hand, the MSG (reversible) group exhibited histological characteristics  

					that were notably similar to those found in the MSG-treated group  

					(Plate 5).  
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					Conclusion  
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