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					ABSTRACT  

					ARTICLE INFO  

					Fibroid is a non-cancerous tumour originating from the myometrium of the uterus. Annona  

					muricata (A. muricata) is widely recognised for its anticancer and antitumour properties; however,  

					reports on its effect on fibroids are limited. Monosodium glutamate (MSG) has been shown to  

					induce uterine tumours at high concentrations. This study examined the antitumour effect of an  

					aqueous extract of A. muricata administered to Wistar rats with MSG. Forty-two rats were divided  

					into five groups (n = 6; n =10). Groups 1 and 2 served as controls. Group 3 received MSG only to  

					induce uterine tumours, while Groups 4 and 5 were induced with MSG and subsequently treated  

					with 300 mg/kg and 500 mg/kg of plant extract, respectively, for 28 days. Oestrogen levels and  

					Haematoxylin and Eosin (H&E) assessments were conducted. A significant increase in body  

					weight was observed in MSG-induced rats, with or without A. muricata treatment. However, A.  

					muricata significantly (p<0.05) reduced oestrogen levels in the treated groups. Oestrogen levels  

					in Groups 4 and 5 were 8.54 pg/ml and 7.99 pg/ml, respectively, compared to 15.99 pg/mL in the  

					MSG-only group. Histological analysis revealed severe regression of the endometrium in MSG-  

					only rats, while those treated with A. muricata showed only mild regression. These findings  

					suggest that A. muricata may modulate uterine growth and oestrogen levels in rats exposed to  

					MSG, indicating potential therapeutic effects against fibroid development.  
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					Introduction  

					Products from nature, particularly derivatives from floras, have been  

					used to aid mankind in managing its health almost since the beginning  

					of medicine. The significance of plant-active ingredients in agriculture  

					and medicine has resulted in an unprecedented increase in scientific  

					attention to the bioactivity of these components in recent years, owing  

					to the growing importance of these substances in agriculture and  

					medicine.1 Active phytoconstituents from plants with extensive use in  

					ethnomedicine can be found in abundance in a pharmaceutical  

					landscape, and these phytoconstituents can treat or prevent a range of  

					ailments and illnesses. Annona muricata is one such herb with a long  

					history of traditional use. A uterine tumour is a benign or non-  

					cancerous tumour that develops from the plane muscle layer  

					(myometrium) of the womb in women. They may vary in size from as  

					small as a pea to as large as a pear and are primarily found in the uterus.2  

					In the uterus, fibroids can develop anywhere, including on the surface  

					or inside the wall, or they can be attached to the uterus by forming a  

					stem-like structure. Women grow uterine fibroids (Leiomyoma), the  

					most common type of tumour.3,2 Leiomyoma has a predictable  

					occurrence of 20%–40% in women of reproductive age.2 Several  

					factors, some of which are unknown, are thought to be responsible for  

					female fibroid growth. Working hypotheses suggest that a genetic  

					predisposition to the disease, diet, stress, growth factors,  

					xenooestrogens, and other environmental factors all contribute to the  

					advancement of the ailment.4,2 Fibroids are known to manifest a variety  

					of signs, including irregular bleeding of the womb, the sensation of  

					pelvic pressure, urinary incontinence or retention, and pain in the lower  

					abdomen when they are present. Furthermore, they may be linked to  

					reproductive issues such as infertility and miscarriage.2,5  

					Cancer is a group of diseases characterized by uncontrolled growth and  

					proliferation of abnormal cells that can result in death if untreated.1, 2  

					Cancer alone accounted for 9.7 million deaths and 20 million new cases  

					in the year 2022. Lung, breast, colon, liver and cervical cancers were  

					the most frequently diagnosed cancers in Africa and this made these  

					cancers to attract public attention.3-5 Traditional cancer treatments,  

					including surgical excision, chemotherapy and radiotherapy, often  

					come with significant side effects and limitations, thus the need to  

					search for alternative therapeutic agents derived from natural sources.6,  

					7

					In Nigerian folklore, Annona squamosa (sugar apple) leaves are  

					among commonly used herbs for the local treatment of cancers. The  

					plant is a rich source of bioactive compounds and have been used  

					successfully for the treatment of many ailments.8-11 Staphylococcus  

					aureus and leukemia cells in vitro.12 Rami et al., conducted a  

					comprehensive analysis of methanolic extracts from Annona squamosa  

					seeds, identifying several compounds with promising anti-cancer  

					properties through in silico pharmacological profiling.13  
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					the Annonaceae family of plants, which constitutes about 130 genera  

					and 2300 species of plants. It has been given many names, including  

					soursop, granola, sirsak, and many more.9 Annona muricata is a small,  

					woody, perennial tree believed to have originated from North and South  

					America. It is broadly cultivated in both East and West Africa.9 The  

					plant is called Sawansop in Ibo, Ebo, Apekan in Yoruba, and Tuwon  

					biri in Hausa.10 As a natural medicine, the leaves can treat cystitis,  

					diabetes, headaches, and insomnia, among other ailments traditionally.  

					9,11. According to reports, the roots, bark, and leaves of A. muricata  

					College of Medicine of the University of Lagos, where they were given  

					14 days to acclimatise. The animals were grouped into five using a  

					random number generator. The animals were divided into five groups:  

					group one served as a positive control (6 rats) and was fed with standard  

					feed; group two (6 rats) was not induced with MSG but was given A.  

					muricata (200 mg/kg). In group three (10 rats), 900 mg/kg of MSG was  

					administered orally with a 2 mL syringe attached to a cannula, but the  

					rats were not treated with A. muricata. In contrast, groups four and five,  

					consisting of ten rats each, were induced with MSG (900 mg per kg of  

					body weight) and administered with the water extract of A. muricata at  

					300 and 500 mg/kg/wt, respectively. Throughout their 2-week period of  

					tumour promotion, the rats were checked regularly for the development  

					of lesions and tumours, and then their mammary glands were examined  

					using a histological technique.  

					contain anti-inflammatory properties, anticancer12,13  

					,

					sedative,  

					hypoglycemic, smooth muscle relaxant properties, and hypotensive and  

					antispasmodic properties.9 Current in vitro and in vivo examinations  

					done on the water extract of the leaves showed a suppressive effect  

					against the harmless prostatic hyperplasia (BPH-1) cell line in rats.14 In  

					vivo experiment done on 7, 12- dimethylbenzene anthracene (DMBA)-  

					induced cell multiplication in the breast cells of mice showed a  

					promising antitumor effect, which was also detected with the  

					application of plant leaves. A 66-year-old woman who had non-benign  

					breast cancer consumed the leaves of this plant boiled in water and  

					capecitabine, which stabilised her condition. The significant anticancer  

					and antitumor activities associated with A. muricata leaves have led to  

					the development of tablets from ethyl acetate-soluble fraction of the  

					leaves, which constitutes AGEs that can be used as a cancer ancillary  

					treatment.15  

					Monosodium glutamate (MSG) is a sodium salt of glutamic acid in  

					plants and animals. This non-vital amino acid is one of the richest amino  

					acids that originate in nature. It occurs both as free glutamate and bound  

					with other amino acids in a protein, making it one of the most lavish  

					amino acids on the planet.16 A salt of glutamate that is synthesised from  

					L-glutamic acids and used to enhance the flavour of foods, MSG is a  

					flavour enhancer.17,18 MSG is present in significant amounts in a  

					diversity of treated and ready foods, including cultural spices, sauces,  

					and certain restaurant foods, both from natural sources and from the  

					addition of MSG.17 When consumed in large quantities, MSG causes a  

					decrease in the secretion of growth hormone, resulting in short growth  

					and irreversible obesity, extreme weight, and other health problems.19,20  

					High cholesterol levels cause the gathering of surplus fat in adipose  

					tissue, a contributing factor to heart disease and endocrine disorders.21  

					Despite these studies on A. muricata, little information about its activity  

					against uterine tumours has been published.22 The result of water extract  

					from the leaf of A. muricata on the development of uterine tumours in  

					Wistar rats induced by monosodium glutamate is described in this  

					paper.  

					Sample Preparation  

					All rats were fasted overnight and, on day 30, were anesthetised and  

					euthanised by cervical dislocation. Blood was collected into EDTA  

					sterilised sample bottles and plain bottles after the treatment was  

					terminated. The liver, kidney, heart, and uterus were taken from the  

					animal and weighed after being blotted dry with filter paper.  

					Determination of Oestrogen Level.  

					This determination followed a previously reported procedure23.24, which  

					described an Enzyme Immunoassay (EIA) used to determine oestrogen  

					levels in the bloodstream. Using acetic acid to adjust the pH of the  

					serum sample (4 mL), it was extracted with 12 mL of diethyl ether (pH  

					3.5), which was then vaporised and re-extracted with diethyl ether (pH  

					3.5). Following evaporation, the extract was dissolved in 12 mL of  

					assay buffer (40 mM PBS, 0.1 percent BSA, pH 7.2) and pooled to yield  

					3.2 mL in PBS (pH 7.5); the sample was then dissolved in 12 mL of 100  

					percent methanol to obtain the final concentration. The amount of  

					estrogen found in each serum sample (4 mL) was determined. In  

					addition to the discovery and documentation of the retention time (11.4  

					min) and the antigen-antibody reaction, from 0.15 pg (80% labelled  

					antigen) to 7.2 pg (80% displacement of labelled antigen), the working  

					interval was measured (20 percent displacement of the labelled antigen  

					of oestrogen per 4 mL). The calibration curve for the EIA was done with  

					40 percent methanol.  

					Evaluation of the Histology  

					According to the method developed25, a histological experiment was  

					conducted. The animals' uterine tissues were fixed in formal saline at  

					10% for 24 hours before being processed in a higher concentration of  

					ethyl alcohol. After that, the tissues were cleaned with xylene and then  

					embedded in paraffin wax, which took about an hour. The tissue  

					sections were obtained using a rotatory microtome with a 3-5 m  

					thickness. The sections were deparaffinised, hydrated, and stained with  

					haematoxylin and eosin dyes, which were then mounted on slides. After  

					that, the sections were mounted in a neutral dibutylphthalate xylene  

					medium for microscopic examination at a magnification of x100 in the  

					laboratory. University of Lagos Faculty of Medicine histologists and  

					pathologists confirmed that the evaluation of uterine pathological  

					changes was accurate.  

					Materials and Methods  

					Preparation of Monosodium Glutamate and Annona muricata  

					Artificial monosodium glutamate (MSG) was purchased from a vendor  

					store in Mushin, Lagos, dissolved in 5g of MSG granules in distilled  

					water (50 mL). A taxonomist at the University of Lagos's herbarium  

					authenticated the leaves of A. muricata voucher Number LUH 5252  

					from a farm in Ipaja, Lagos state. Drying of the leaves was done at 37°C  

					for three days at room temperature, which allowed the green colour of  

					the material to remain intact. The dried leaves of A. muricata were  

					manually crushed before being soaked in 1000 mL of distilled water  

					overnight. The leaves were decocted and filtered with Whatman filter  

					paper, dried by evaporation, and reconstituted in hot water (95oC).  

					Following that, the rats were given an extract after the induction of  

					uterine growth was completed. The decoction was performed every  

					three (3) days to keep the solution fresh, and the extract was kept at 4oC  

					until needed.  

					Statistical Analysis  

					One-way analysis of variance (ANOVA) with Tukey post hoc was used  

					to analyse the data at the 5% significance level. The data were reported  

					as mean ± standard deviation (SD).  

					Results and Discussion  

					Experimental Rats and Design  

					During the experiment, the weights of the rats in each group fluctuated  

					significantly, with some showing a decrease in weight rate while others  

					displayed a substantial increase. Only the weight of the heart of animals  

					in the group induced with MSG but not treated with A. muricata was  

					significantly lower in the study (Table 1). In contrast, the weight of the  

					liver in all the experimental groups did not differ significantly from one  

					another, demonstrating that the treatments did not affect the weight of  

					the liver.  

					Ethical clearance was obtained from Yaba College of Technology's  

					Ethical Committee (Number YCTESC 2016006SC), and experiments  

					followed all international guidelines and regulations. For this study, six  

					weeks old, 42 female Wistar rats with a mean weight of (120-170 g)  

					were used. The animals were kept in standard conditions (27 degrees  

					Celsius with a 12-hour light and dark cycle) and were fed a commercial  

					rodent pellet diet (Pfizer) and water ad-labitum to keep them healthy.  

					The animals were raised and kept in the Animal Facility Centre of the  
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					Table 1: Mean weight of organs of Wistar rats induced with Monosodium glutamate and treated with Anona muricata  

					Treatment  

					N

					6

					Weight of Organs (g)  

					Heart  

					Liver  

					Kidney  

					Uterus  

					Control  

					0.67±0.02b  

					8.93±0.22  

					1.06±0.03b  

					0.30±0.01b  

					Normal 200mg  

					6

					10  

					10  

					10  

					0.59±0.04b  

					0.53±0.01*  

					0.68±0.02b  

					0.63±0.03b  

					8.20±0.15  

					8.25±0.39  

					8.83±0.17  

					8.12±0.18  

					0.99±0.02b  

					0.92±0.03*  

					1.05±0.03b  

					0.87±0.02*  

					0.27±0.01a  

					0.47±0.01*  

					0.30±0.01b  

					0.26±0.01a  

					Induced Not Treated  

					300mg+Induced  

					500mg+Induced  

					Normal 200 mg: rats served with feed and water, induced not treated: rats served A. muricata alone, 300 mg+induced: rats served 300 mg/kg/wt A.  

					muricata after tumour induction, 500 mg+induced: rats served 500 mg/kg/wt A. muricata after tumour induction. Mean ± SD, p< 0.05 (Control n=6,  

					Treatment n=10.), 28 Days Treatment  

					induced rats treated with 300 mg/kg/wt of the extract of A. muricata  

					(Figure 3D) depicts a mild regression of the endometrium on the uterine  

					wall. On the uterus of the rats that were induced and treated with 500  

					mg/kg/wt A. muricata extract, very mild regression of the endometrium  

					can be seen (see Figure 3E). The study found that monosodium  

					glutamate (MSG) alone caused significant increases in kidney and  

					uterine weights in Wistar rats, while heart weight decreased and liver  

					weight remained unaffected.  

					Figure 1: Weight of Wistar rats before and after treatment with  

					monosodium glutamate and aqueous extract of A. muricata.  

					Normal 200mg: rats served with feed and water, induced not  

					treated: rats served A. muricata alone, 300 mg+induced: rats  

					served 300 mg/kg/wt A. muricata after tumour induction, 500  

					mg+induced: rats served 500mg/kg/wt A. muricata after tumour  

					induction. Mean ± SD, p< 0.05 (Control n=6, Treatment n=10.),  

					28 Days treatment.  

					The kidney and uterus also showed an increase in weight (p< 0.05) in  

					the group treated with MSG alone. In the first and second weeks of the  

					experiment, there was no apparent difference in the weight of the  

					animals, regardless of the treatment. At the end of week three, the  

					induced not treated: rats served A. muricata alone, 300  

					weight of the rats served A. muricata (500mg/kg/wt) after induction  

					Figure 2: The Mean level of oestrogen in Wistar rats treated  

					with monosodium glutamate and aqueous extract of A.  

					muricata. Normal 200mg: rats served with feed and water,  

					mg+induced: rats served 300 mg/kg/wt A. muricata after tumour  

					with tumour was significantly reduced. Week 4 shows a substantial rise  

					induction, 500 mg+induced: rats served 500 mg/kg/wt A.  

					muricata after tumour induction. Mean ± SD, p< 0.05 (Control  

					n=6, Treatment n=10.), 28 Days treatment.  

					in the weight of the animals in three treatment groups: those induced  

					with MSG but not treated with A. muricata, those induced and treated  

					with 300mg/kg/wt and those induced and treated with 500mg/kg/wt A.  

					muricata.  

					Also, the effect of the water extract of Anona muricata on the oestrogen  

					level induced by Monosodium Glutamate in Wistar rats was evaluated.  

					Figure 2 illustrates that the oestrogen levels of Wistar rats induced with  

					MSG but not treated were expressively higher than the control group.  

					In contrast with the control, the animals fed A. muricata alone had a  

					non-significantly lower oestrogen level. Animals treated with 300 and  

					500 mg/kg/wt of the plant's leaf extract had oestrogen levels nearly  

					identical to those of the control animals, indicating that A. muricata  

					must have counteracted the negative effect of MSG on oestrogen levels  

					of the rats.  

					Due to the appearance of normal cells in the uterus of the control group,  

					Figure 3A shows no evidence of any pathological change in the uterus.  

					As shown in Figure 3B, no pathological change was observed in the  

					uterus of the rats who were only given 200 mg/kg/wt. Figure 3C shows  

					a severe regression of the endometrium in the uterus of the rats induced  

					with MSG but not treated with A. muricata extract. Inflammation of the  

					lumen can be seen (green arrow) in the photomicrograph. The uterus of  

					Regarding body weight, A. muricata treatment (500 mg/kg) initially  

					caused a reduction by week three. Still, all MSG-induced groups—  

					including those treated with 300 and 500 mg/kg of muricata—showed  

					significant weight gain by week four. Oestrogen levels were  

					significantly elevated in rats induced with MSG alone, while those  

					treated with A. muricata extract (300 and 500 mg/kg) had oestrogen  

					levels comparable to the control group, suggesting a protective effect.  

					Histological examination revealed severe uterine damage in rats given  

					MSG only but mild endometrial regression in those co-treated with A.  

					muricata extract. Overall, A. muricata appears to mitigate the negative  

					effects of MSG on weight, oestrogen levels, and uterine tissue structure.  

					The weight of the kidney and liver of rats was raised substantially after  

					feeding them with MSG alone in previous reports. 26, 24 It was inferred  

					that the inflammatory substance must have increased the liver and  

					kidney tissues. A similar result was obtained on the weight of the  

					kidney, but no increase in the weight of the liver was observed.  
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					A

					C

					D

					E

					Figure 3: Uterus of rats induced with monosodium glutamate and treated with the water extract of Anona muricata (a- e) Uterine of  

					Wistar rats in the control group with no treatment of aqueous extract of A. muricata and monosodium glutamate (MSG), Uterine of  

					Wistar rats treated with aqueous extract of A. muricata (200 mg/kg/wt) with no MSG, Uterine of Wistar rats served MSG and not  

					treated with A. muricata, Uterine of Wistar rats induced with MSG (300 mg/kg/wt) and treated with A. muricata (300 mg/kg/wt),  

					Wistar rats served MSG (500 mg/kg/wt) and given A. muricata (500 mg/kg/wt). Yellow: uterine lumen, red arrow: endometrium,  

					blue arrow: myometrium and, black arrow: perimetrium, and green arrow: endometrium with inflammation of the lumen  

					The weight gain in the liver and kidney could be caused by MSG having  

					an antherogenic effect on the body, thus inducing a multiplication of  

					these organs directly involved with metabolism (Kidney) and cardio-  

					regulation (heart and kidney). After administering a chemical or drug,  

					it has been reported that an increase or decrease in either absolute or  

					relative weight of an organ afterward is indicative of the toxic effect of  

					that chemical or drug.27, 28 An interesting account from an investigation  

					was that the offspring of MSG fed rats had upper abdominal mass and  

					body weight, despite having lower daily energy intake and body weight  

					when compared to the offspring rats fed with chow of high calories.29  

					Present work did not assess the offspring of the rats, but a substantial  

					rise in weight was observed in the groups served MSG alone. The result  

					in Figure 2 showed that monosodium glutamate increases serum  

					oestrogen levels, and water extract of Annona muricata suppressed the  

					monosodium glutamate-induced increase in oestrogen levels. This is  

					like a previous observation of a rise in the concentrations of oestrogen  

					found by Obochi et al., and Ofodile et al.30,24 Obochi,30 discovered a  

					greater increase in oestrogen levels which was higher than the result of  

					our study. As a result, MSG may have triggered the stimulation of the  

					aromatase enzyme, which is responsible for transforming testosterone  

					to oestrogen, resulting in increased oestrogen synthesis in the body.31  

					Comparing work by Obochi,30 with the current investigation, the dosage  

					of monosodium glutamate was 100 mg per kg of body weight in 60  

					days, whereas the dosage of monosodium glutamate in our study was  

					900 mg/kg/wt monosodium glutamate per kg of body weight, and the  

					period of our study was 28 days. This finding informs the concept that  

					uterine leiomyomas are fed mainly by oestrogen.32 Oestrogen was  

					reported to stimulate the fibroblasts obtained from uterine fibroids to  

					proliferate, thus indicating its influence on fibroid growth.33 According  

					to Eweka & Eweka,31 enzymearomatase activated by MSG catalyzese  

					the conversion of testosterone to oestrogen, raising the production of  

					oestrogen. Shannon et al.34 reported that MSG is an endocrine-  
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					disrupting chemical group (EDC) member and acts by activating  

					aromatase, an enzyme that converts testosterone and androgen to  

					oestrogen.  

					Moreover, aromatase expression in breast tissues relates to the  

					development of breast cancer because it raises local oestrogen  

					concentrations.34 The result of the histopathological studies suggests  

					that MSG may have depressed the uterus's role by triggering structural  

					degeneration in the wall structure. Mukti et al.35 noted substantial  

					degenerative alterations in the uterine endometrial and myometrial  

					layers in rats that were given MSG in a way that depends on dosages  

					5. Guo XC, Segars JH. The impact and management of fibroids for  

					fertility: an evidence-based approach. Obstet Gynecol Clin North  

					Am. 2012; 39(4): 521-33. doi: 10.1016/j.ogc.2012.09.005. PMID:  

					23182558; PMCID: PMC3608270.  
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					different pro-oxidant induced lipid peroxidation in rat brain and  

					liver. Pharm Pharmacol Int J. 2021; 9(2):45‒49.  
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					compared to the uterine wall structure of control rats. Bioactive  

					36  

					compounds such as annonacin A,  

					annomuricin A, B, C,37  

					corossolone,38 and annomuricin E,39 identified from the leaves of  

					Annona muricata, are reported to exhibit cytotoxic effects on various  

					cancer cell types. These compounds could have played a role in the  

					observed reduction in oestrogen levels following the administration of  

					the plant's water extract, potentially leading to the amelioration of  

					depression and improved function of the female reproductive system,  

					including restoration of uterine health.  
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