
		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, July 2025; 9(7): 3261 - 3266  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Tropical Journal of Natural Product Research  

					Available online at https://www.tjnpr.org  

					Original Research Article  

					Anti-hyperglycemic Effect of Aqueous Extract of Calotropis procera on High Sucrose-  

					Induced Oxidative Stress in Drosophila melanogaster  

					Samuel S. Abegunde1,3, Oluwaseyi A. Akpor1,4, Scholastica O. Anadozie2, Abiodun O. Adejori2, Salmat I. Yusuf3 and Olusola B.  

					Adewale2*  

					1Faculty of Nursing Sciences, Afe Babalola University, Ado-Ekiti, Ekiti State, Nigeria  

					2Drosophila Research/Drug Metabolism and Toxicology Laboratories, Biochemistry Program, Afe Babalola University, Ado-Ekiti, Ekiti State, Nigeria  

					3Kwara State College of Nursing Sciences, Ilorin, Kwara State, Nigeria  

					4Department of Nursing, Saint John Regional Hospital, Saint John New Brunswick, Canada  

					ABSTRACT  

					ARTICLE INFO  

					Oxidative stress is implicated in the pathogenesis of several metabolic disorders, including  

					diabetes – a metabolic disease characterized by persistent hyperglycemia. This study investigated  

					the anti-hyperglycemic effect of aqueous extract of Calotropis procera (AECP) leaf on high  

					sucrose-induced oxidative stress in Drosophila melanogaster. Flies were grouped into six (40  

					flies/vial, 5 vials/group). Group 1 (control) were fed with basal diet only, groups 2, 3, 4, and 5  

					were fed daily with 30% sucrose diet for 7 days. Groups 3, 4 and 5 were further fed with diets  

					fortified with metformin (0.8 mg/g), and AECP (0.5 and 1 mg/g), respectively, for 7 days. Group  

					6 flies were daily exposed to AECP (1 mg/g diet) only for 7 days. Climbing ability test was done,  

					and flies were thereafter homogenized. Parameters, such as glucose, nitrite, and total thiol levels,  

					as well as activities of antioxidant enzymes (catalase and glutathione-s-transferase (GST)) and  

					acetylcholinesterase (AChE) were measured. Results indicated a significant (p< 0.05) increase in  

					glucose and nitrite levels, as well as AChE activity, with a significant (p<0.05) decrease in  

					climbing ability, total thiol level, and antioxidant enzymes’ activities in flies exposed to sucrose  

					only when compared with control. Exposure of sucrose-fed flies to AECP caused significant  

					(p<0.05) reversal in the levels and activities of these parameters. No significant abnormality was  

					noted in these parameters in AECP only when compared to the control. The leaf of AECP  

					possessed antioxidant and anti-hyperglycemic properties, and could serve as an alternative therapy  

					for diabetes and its complications, including neuropathy.  
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					vital organs like the kidneys, heart, eyes, and nerves. Understanding and  

					treating this complicated condition is critical, as evidenced by the rise  

					Introduction  

					Oxidative stress, an imbalance between reactive oxygen species (ROS)  

					and antioxidant defense system, is important in the development and  

					progression of diabetes. Hyperglycemia, or uncontrolled high blood  

					sugar level, is the major cause of oxidative stress in diabetic individuals.  

					Hyperglycemia causes oxidative stress by encouraging the  

					overproduction of ROS in many cell components. Uncontrolled  

					hyperglycemia could result in a condition known as Diabetes mellitus.  

					Oxidative stress contributes to insulin resistance, thereby affecting the  

					capability of insulin to enable glucose uptake to cells.1 Hyperglycemia  

					is linked to a rapid and uncontrolled rise in the level of blood glucose  

					which could result from either low glucose absorption rate to cells  

					or excessive starch degradation.2  

					Diabetes mellitus is a common chronic metabolic disease  

					affecting millions of people worldwide. It is characterized by  

					insufficient or inadequate insulin activity. High blood sugar has a  

					widespread negative effect on the blood vessels, leading to damage to  
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					in the prevalence of diabetes in adults and impaired glucose tolerance  

					worldwide in recent decades.3 Millions of individuals worldwide are  

					affected by the diabetes epidemic, which poses a major risk to public  

					health. Based on the 11th edition of the International Diabetes  

					Federation (IDF) Diabetes Atlas report in 2024, in the age range  

					between 20 – 79, 589 million adults are estimated to have diabetes  

					worldwide, and it was estimated to rise to about 852.5 million by 2050.  

					4 It is, therefore, important to address this growing threat. Conventional  

					methods of managing diabetes have several limitations including high  

					cost of treatment and side effects associated with the drugs such as  

					organ toxicities. Thus, it is crucial to find inexpensive and secure  

					substitutes, which will allow for further research into plant-based herbal  

					remedies and isolated natural components. Numerous medicinal plants  

					and plant products have been employed in the treatment of diabetes, due  

					to their safety and a reliability as substitutes for synthetic drugs.5  

					Calotropis procera (Aiton) Dryand., a soft-wooded and perennial  

					shrub, belongs to the subfamily Asclepiadaceae (the milkweed family)  

					and family Apocynaceae. It is found in arid and semi-arid habitats.6 It  

					is found in most parts of Nigeria and it is primarily harvested due to its  

					characteristic medicinal properties. It, most especially its latex, has been  

					reported to be active against dysentery, bronchial asthma, rheumatism,  

					skin conditions, microbial infections, inflammation, leprosy, snake  

					poisoning, ulcer, cancer, and diabetes.7 These properties could be linked  

					to the presence of various phytochemicals which include flavonoids,  

					phenols, alkaloids, lignans, flavanol glycosides, cardenolides, saponins,  

					triterpenes, steroids, proteins and enzymes.8  
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					Drosophila melanogaster, commonly known as fruit fly, has developed  

					into a highly useful and adaptable model for metabolic research in  
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					recent years as a substitute for animal models, especially in the field of  

					diabetes. To minimize the burden associated with the ethical constraint  

					on the number of experimental animals used in research, drosophila  

					model is one of the models proposed and this supports the 3 R's  

					(refinement, replacement, reduction) rule, which was approved by the  

					European Centre for Validation of Alternative Model.9 For many years,  

					it has been shown to be a promising model organism in advancing  

					knowledge of human genetics and several diseases. It has about 75% of  

					known genes linked to human disease and the fact that it has tissues,  

					organs, and systems that are similar to those seen in human metabolic  

					diseases, such as obesity, makes it an ideal research model. The  

					metabolic processes that are similar to those of mammals in fruit flies  

					include regulation of food intake, glucose homeostasis, and lipid  

					storage and mobilization, and this model has been successfully  

					employed in diabetes research.10 In this study, the anti-hyperglycemic  

					potential of aqueous extract of Calotropis procera leaf against high  

					sucrose-induced oxidative stress was investigated in fruit flies.  

					diet), and 0.5 and 1 mg/g AECP (based on the results of the survival  

					test), respectively, for another additional 7 days, while group 6 flies  

					were fed with basal diet fortified with 1 mg/g AECP only for 7 days.  

					Negative geotaxis test  

					After the 14-day study, flies were subjected to geotaxis test (locomotor  

					activity) as previously described.12 Here, 10 ice-immobilized flies from  

					each group were transferred to 50 ml vial each, and left standing for 5  

					min for the flies to recover. The vial was then tapped gently to make the  

					flies active. The locomotor activity was noted by counting the flies that  

					crossed a 6 cm marked line on the vial within 6 s, and the climbing  

					ability was calculated and recorded in %.  

					Homogenization  

					After the locomotive test, flies were then kept in the freezer for about  

					20 mins, homogenized in 0.1 M potassium phosphate buffer at pH 7.4,  

					and centrifuged at 4000 x g (4° C) for 10 min.13 The resulting  

					supernatant was stored at -20 °C for various biochemical investigations.  

					Materials and Methods  

					Biochemical parameter investigated  

					Biochemical analyses such as glucose level,14 total protein level,15 nitric  

					oxide (NO) level,16 level of total thiols,17 catalase activity,18  

					glutathione-s-transferase (GST) activity and acetylcholinesterase  

					(AChE) activity,19 were carried out in whole flies’ homogenate.  

					Chemicals and Reagents  

					Chemicals such as absolute ethanol, sodium hydroxide, glutathione,  

					bovine serum albumin, 5,5-dithio-bis-(2-nitrobenzoic acid (Ellman's  

					Reagent) and acetylcholine iodide were all purchased from Sigma  

					Alderich Chemicals Co. (St. Louis, MO, USA). Trichloroacetic acid  

					and thiobarbituric acid were purchased from Molychem (Mumbai,  

					India), and ethylenediamine tetra acetic acid is a product of Fisher  

					Scientific (Janssen Pharmaceuticalaan, Geel-Belgium). Agar was  

					purchased from Readymed (Chaitanya group of industries, India).  

					Glucose kit was purchased from Randox laboratories limited (Crumin  

					country Antrim, UK). All chemicals used in this study were of  

					analytical grade.  

					Statistical analysis  

					Data were analyzed using one-way analysis of variance (ANOVA),  

					followed by intergroup multiple comparison using the Tukey post hoc  

					test on the GraphPad Prism (version 8.1). Results were expressed as  

					mean ± standard deviation (SD), and values of p < 0.05 were considered  

					statistically significant.  

					Results and Discussion  

					Collection of Plant and Preparation of Plant Extract  

					Fresh leaves of Calotropis procera were obtained in February 2024  

					from a farmland in Ilorin, Kwara State, Nigeria. The plant was  

					identified and authenticated at the Forestry Research Institute of Nigeria  

					(FRIN), Ibadan, Nigeria. The plant species' voucher specimen was  

					placed in the institute's herbarium, labelled with a reference number  

					UHAE 2025011. Leaves of the Calotropis procera were air dried under  

					room temperature (25 °C) for 14 days. The dried sample was then  

					blended, and the powdered form was then wrapped in an airtight bag  

					and kept at 4 °C till needed. The powered sample was weighed and  

					soaked in distilled water for 24 hr with intermittent stirring. After this,  

					the mixture was then filtered using a cheese cloth and thereafter with  

					filter paper (Whatman No. 1). The supernatant was concentrated using  

					a water bath at 45 °C for about 48 hr and the concentrated sample  

					(AECP) was kept at 4°C for use.  

					Oxidative stress is defined as an imbalance between the generation of  

					reactive oxygen species (ROS) and the ability of the body to counteract  

					them via antioxidant defense system. Raised levels of ROS result in  

					abnormalities of macromolecules and cellular damage, which causes  

					different complications of oxidative stress such as diabetes and  

					cancer.20 Diabetes mellitus is a metabolic disorder characterized by  

					persistently hyperglycemia, which could be linked to alterations in the  

					metabolism of carbohydrates, proteins, and lipids.21 The use of  

					medicinal plants in place of standard hypoglycemic and anti-  

					hyperglycemic medications is a current global trend that is cheap and  

					easily accessible, which seeks to avoid the negative side effects of these  

					conventional drugs.22 In this work, the anti-hyperglycemic and  

					antioxidant effects of AECP on high sucrose-induced oxidative stress  

					were investigated by measuring the levels of glucose, oxidative stress  

					markers, and locomotive ability in Drosophila melanogaster. The  

					survival rate of flies fed different doses of AECP (0.25 - 4 mg/g) is  

					presented in Figure 1. Increased mortality was noted in flies with high  

					dose (4 mg/g diet) relative to lower doses. Flies supplemented with  

					0.25, 0.5, and 1 mg AECP /g diet had a lower death rate than the 2 and  

					4 mg/g AECP dose. Although these higher doses cannot be considered  

					toxic as it did not result in 50% mortality but care should be taken at  

					higher doses (> 1 mg/g diet). Hyperglycemia, a characteristic of  

					diabetes, leads to increased generation of ROS in pancreatic β-cells.  

					Hyperglycemia induced ROS generation and oxidative stress are  

					associated with the pathogenesis and progression of diabetes. Under this  

					condition, there is an imbalance between the antioxidant defense system  

					and ROS production, which results in oxidative stress. Endogenous or  

					exogenous antioxidants have been reportedly shown to neutralise the  

					harmful effects of the ROS and maintain body homeostasis.23  

					Experimental Design  

					Harwich strain of Drosophila melanogaster was used for this study, and  

					it was bred at Drosophila Research Laboratory, Biochemistry program  

					at Afe Babalola University Ado-Ekiti, Ekiti State, Nigeria, at room  

					temperature 24 ± 2 °C, and with a 12-hour light/dark cycle. The typical  

					diet used to breed the flies include corn meal, 1% w/v agar, 1% w/v  

					brewer’s yeast, and 0.1% v/w methylparaben.  

					Grouping of flies for survival study  

					The flies (1 to 3day old, both gender) where divided into 6 groups (40  

					flies per vial, 5 vials/group) for the 12-day survivability test, to select  

					the safe dose of AECP to be used for the treatment. Group 1 was the  

					control which was fed with only basal diet, while groups 2 to 6 were fed  

					with basal diet fortified with AECP at 0.25, 0.5, 1, 2, and 4 mg/g diet,  

					respectively, for 12 days. During these periods, mortalities were  

					recorded per day.  

					Figure 2 shows the effect of AECP on the glucose levels in high sucrose  

					diet-induced hyperglycemia in Drosophila melanogaster. When  

					compared to the control, the glucose level in the flies exposed to a diet  

					containing only 30% sucrose was significantly (p < 0.05) increased. In  

					comparison with flies exposed to a 30% sucrose diet only, a significant  

					(p < 0.05) decrease in glucose level was noted in the basal diet  

					containing 30% sucrose supplemented with 0.5 mg/g and 1 mg/g AECP.  

					Treatment of flies  

					After the survival test, flies were grouped into 6 (40 flies per vial, 5  

					vials/group). Group 1 flies were fed with basal diet only, while groups  

					11  

					2 – 5 were exposed to high sucrose diet (30% sucrose) for 7 days  

					.

					Groups 3 – 5 flies were fed with diet fortified with metformin (0.8 mg/g  
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					Figure 1: Effect of AECP on survival rate of D. melanogaster after 12 days exposure. Bars represent mean ± standard deviation (n = 5  

					(5vials/group)), *p < 0.05 when compared to control. Legend: AECP – Aqueous extract of Calotropis procera  

					on the pathophysiology of various illnesses, most notably diabetes and  

					its complications.  
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					Figure 3 shows the effect of AECP on the level of nitric oxide in high  
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					sucrose diet-induced hyperglycemia in Drosophila melanogaster. A  

					significant (p < 0.05) increase was noted in nitric oxide level of flies fed  

					30% sucrose diet when compared with the control.  
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					Figure 2: Effect of AECP on glucose level in high sucrose  

					diet-induced hyperglycemia in Drosophila melanogaster. Bars  

					represent mean ± standard deviation (n = 5 (5vials/group)), ap < 0.05  

					when compared to control, bp < 0.05 when compared to 30% Sucrose  

					only, cp < 0.05 when compared to 30% Sucrose + AECP (0.5 mg/g  

					diet) and 30% Sucrose AECP (1 mg/g diet)  

					3
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					Figure 3: Effect of AECP on the level of nitric oxide in high  

					sucrose diet-induced hyperglycemia in Drosophila  

					melanogaster. Bars represent mean ± standard deviation (n = 5  

					(5vials/group)), ap < 0.05 when compared to control, bp < 0.05 when  

					compared to 30% Sucrose only, cp < 0.05 when compared to 30%  

					Sucrose + AECP (0.5 mg/g diet)  

					A significant increase was also noted in flies fed 30% sucrose  

					supplemented with metformin (0.8 mg/g diet) when compared to flies  

					fed 30% sucrose supplemented 0.5 mg/g and 1 mg/g AECP. Significant  

					increase in the level of glucose in flies fed high sucrose diet for 5 days  

					was an indication of hyperglycemia and this was reduced by AECP at  

					0.5 and 1 mg/g diet. This demonstrates the possible anti-hyperglycemic  

					effect of AECP. These doses were noted to be more effective than 0.8  

					mg/g metformin in the flies. Nitric oxide (NO) is a short-lived free  

					radical and pro-inflammatory mediator, which readily recombines to  

					form the stable metabolites: nitrate and nitrite.24 Oxidative stress has a  

					significant effect on the synthesis and function of NO, a key signaling  

					molecule involved in a variety of physiological processes such as  

					vascular function, immunological response, and neurotransmission.  

					The interaction of oxidative stress and NO has significant consequences  

					However, flies exposed to 30% sucrose diet containing metformin and  

					AECP (0.5 and 1 mg/g diet) showed a significant (p < 0.05) decrease in  

					the level of nitric oxide when compared with flies fed sucrose only. A  

					significant redction was noted in nitric oxide level in flies exposed to  

					high sucrose diet containing 1 mg/mg AECP when compared with 30%  

					sucrose containing AECP (0.5 mg/g diet). A significant (p < 0.05)  

					reduction was noted in nitric oxide level of flies treated with 1 mg/g  

					AECP diet only when compared with the control. Flies fed with 30%  

					sucrose for 5 days resulted in high levels of NO, and this was  
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					significantly reduced when fed with AESM (0.5 and 1 mg)/g. This  

					suggests that AECP has enough antioxidant potential to scavenging NO.  

					Total thiols indicate the redox state required for the function of protein  

					and glutathione (GSH) levels, and are required for cellular defense  

					against oxidative stress. Total thiols are made up of GSH and numerous  

					additional thiol-containing molecules in several tissues. Glutathione S-  

					transferases (GST) are essential for detoxifying foreign toxic  

					compounds by binding GSH to electrophilic molecules and transferring  

					the thiol group (-SH). In oxidative stressed tissues, there is excess  

					production of ROS, which can cause severe damage to cellular lipids,  

					proteins, and DNA, thereby resulting in malfunction of cell and  

					ultimately cellular death. GSTs can reverse this damage by catalyzing  

					the conjugation of GSH to electrophilic molecules, such as lipid  

					peroxidation products (such as lipid aldehydes).25 Catalase is a heme-  

					containing enzyme that catalyses the splitting of hydrogen peroxide  

					(H2O2) to molecular oxygen and water, thereby reducing the risk  

					toxicity induced by oxidative stress.24 The effect of AECP on  

					antioxidant parameters in high sucrose diet-induced hyperglycemia in  

					Drosophila melanogaster is shown in figures 4, 5 and 6.  
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					Figure 5: Effect of AECP on the activity of glutathione-s-  

					transferase in high sucrose diet-induced hyperglycemia in  

					Drosophila melanogaster. Bars represent mean ± standard  

					deviation (n = 5 (5vials/group)), ap < 0.05 when compared to control,  

					bp < 0.05 when compared to 30% Sucrose only  
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					Figure 4: Effect of AECP on total thiol level in high sucrose  

					diet-induced hyperglycemia in Drosophila melanogaster. Bars  

					represent mean ± standard deviation (n = 5 (5vials/group)), ap < 0.05  

					when compared to control, bp < 0.05 when compared to 30% Sucrose  

					only  
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					A significant (p < 0.05) decrease was noted in total thiol level of flies  

					fed 30% sucrose diet only when compared with the control as shown in  

					figure 4. Flies exposed to 30% sucrose diet containing metformin and  

					AECP (1 mg/g diet) showed a significant (p < 0.05) increase in the level  

					of total thiol when compared with flies fed sucrose only. The non-  

					significant difference noted in these parameters with 1 mg/g diet AECP  

					when compared with the control could suggest the safety of this plant  

					up to this dose during the treatment period.  
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					Treatment  

					A significant (p < 0.05) reduction was noted in the activity of GST in  

					flies fed 30% sucrose diet only when compared with the control.  

					However, flies exposed to high sucrose diet containing metformin and  

					AECP (0.5 and 1 mg/g diet) showed a significant (p < 0.05) increase in  

					the level of this enzyme when compared with flies fed high sucrose diet  

					only.  

					Figure 6: Effect of AECP on catalase activity in high sucrose  

					diet-induced hyperglycemia in Drosophila melanogaster. Bars  

					represent mean ± standard deviation (n = 5 (5vials/group)), ap < 0.05  

					when compared to control, bp < 0.05 when compared to 30% Sucrose  

					only  
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					Figure 6 shows the effect of AECP on catalase activity in high sucrose  

					diet-induced hyperglycemia in Drosophila melanogaster. When  

					compared with the control, a significant (p < 0.05) reduction and  

					elevation was noted in the activity of catalase in flies exposed to high  

					sucrose diet only and AECP only, respectively. However, flies exposed  

					to high sucrose diet containing metformin and AECP (1 mg/g diet)  

					showed a significant (p < 0.05) increase in the activity of catalase when  

					compared with flies fed high sucrose diet only.  

					to high sucrose diet containing metformin and AECP (1 mg/g diet)  

					when compared with flies fed high sucrose diet only. High sucrose  

					significantly increased the activity of AChE in flies, which may be the  

					reason for the locomotive impairment as observed by the significant  

					reduction in the climbing ability in the flies. Exposure of flies to AECP  

					reversed this elevation. It can be suggested that AECP possess  

					inhibitory potential on AChE activity, and capable of restoring impaired  

					cognitive and locomotive functions.  

					In this study, high sucrose caused an alteration in the antioxidant  

					defense system by lowering the level of total thiols and in the activities  

					of GST and catalase. However, AECP can be considered to possess high  

					antioxidant potential as it restored the altered parameters caused by high  

					sucrose. This supports the roles of antioxidants in scavenging ROS and  

					preventing/reducing oxidative damage.  
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					Based on the results from this study, aqueous extract of Calotropis  

					procera can be concluded to possess antioxidant and anti-  

					hyperglycemic activity against high-sucrose induced oxidative stress. It  

					can also be suggested that the extract is safe up to 2 mg/g diet and can  

					be considered a potential therapeutic option in the management of  

					diabetes and its complications. Further studies are required to identify  

					and isolate the active compounds for its use in pharmaceutical industry.  
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					Figure 7: Effect of AECP on the climbing rate of flies fed with  

					high sucrose diet. Bars represent mean ± standard deviation (n = 5  

					(5vials/group)), ap < 0.05 when compared to control, bp < 0.05 when  

					compared to 30% Sucrose only  
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