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	The acute toxicity effect and free radical scavenging abilities of ethanol leaf extract of Annona  muricata were studied in diabetic rats. The acute toxicity effect of the leaf extract was determined using a standard method. Thirty Wistar rats were randomly divided into six (6) groups (Groups I-VI) of five (5) rats each. Diabetes was induced with 130 mg/kg of alloxan monohydrate intraperitoneally in II-V. Group I was non-diabetic and untreated and served as normal control (NC). Group II served as untreated diabetic control (DC). Group III (GL) received daily doses of glibenclamide (5 mg/kg), while groups IV (AM) and V (AM) received daily doses of a combination of glibenclamide (5mg/kg) and 200 mg/kg and 400mg/kg of Annona muricata leaf extract, respectively. Group VI received 400 mg/kg oral doses of  A. muricata leaf extract only. The treatment continued for 14 days. The blood glucose concentration and antioxidant enzyme activities were determined using standard methods. The acute toxicity study revealed a median lethal dose (LD50) of 3807.89 mg/kg. The antioxidant enzyme activities in groups I to VI for SOD, CAT, and GPx activity ranges from1.51E-01±1.07E-02 to 9.10E-02±5.55E-03 IU/L;3.87E-01±2.06E-02 to 6.38E-01±5.30E-02 IU/L and0.036 ±0.05 to1.35±0.152 IU/L, respectively. The extract exerted a concentration-dependent effect on antioxidant enzyme activities. The present studies suggest that ethanol leaf extract of A. muricata has effects in inducing antioxidant enzymes during oxidative stress.
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Introduction 
Free radicals are typically created as metabolic by-products of healthy aerobic respiration as well as from the metabolism of medications and poisons, according to recent studies.1, 2 Recently, free radical chemistry and reactive oxygen species (ROS) have become the cynosure of attention in scientific research, and a paradigm shift in the understanding of free radicals and reactive oxygen species (ROS) has resulted in a medical revolution that portends significant advancements in the management of health and disease. Ironically, oxygen, which is essential for life and vital in most cellular metabolism, can sometimes be claimed to affect the human body negatively. Oxidative stress is a major contributor to several pathological conditions, including cardiovascular disease, diabetes mellitus, cancer, rheumatoid arthritis, Alzheimer's disease, aging, atherosclerosis, etc.2,3,4,5,6 It develops when ROS levels overwhelm endogenous antioxidant defense. Increased evidence from research investigations implicates oxidative stress as a significant pathogenic index for diabetes mellitus.7 The amount of free radicals produced by these metabolic pathways is therefore disproportionate but yet results in the release of ROS in people with diabetes through non-enzymatic and oxidative breakdown of proteins, glucose oxidation, and lipid peroxidation, respectively.8,9
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The destruction of cellular organelles and enzymes may occur unintentionally when the quantity of free radicals is excessively elevated, and the antioxidant defense system is depleted. This will result in a high rate of lipid peroxidation and the subsequent emergence of insulin resistance. Consequently, oxidative stress may promote the emergence and presentation of problems from diabetes mellitus. Recent advances in clinical and experimental research have opened up new perspectives on stress contributions to diabetes progression, advocating a novel and useful path to an antioxidant therapy or regime to treat and significantly reduce oxidative stress-related conditions.
Free radicals are implicated in the pathophysiology of diabetes mellitus in both human and experimental models, according to research. The pancreatic beta-cells of experimental animals (rats) have been linked to severe necrosis after receiving alloxan.10 Additionally, it has been proposed that alloxan triggers the creation of ROS like hydrogen peroxide (H2O2), superoxide (O2-), and hydroxides (HO-), which initially cause cell damage before eventually leading to cell death.8 Medicinal plants have been found to have high antioxidant levels due to the presence of potent phytoconstituents. These antioxidants may have both therapeutic and preventive benefits on a large number of diseases that are caused by oxidative stress, helping to modulate their effects in general.3,11,12,13 The World Health Organization reports show that about 80% of sub-Saharan Africa's population depends on alternative medicine for their basic healthcare needs.14 This is due to the benefits attributed to plants and demonstrated in some experimental studies on medicinal plants. This rising interest in medicinal plant use by researchers may be related to how readily available, inexpensive, and accessible plant extracts are to the general population, as well as how environmentally friendly they are.15 As a result, varieties of compounds isolated from plants are now being seen as nature's remedy for aging, atherosclerosis, arthritis, ulcers, cancer, and many other diseases. Novel research has therefore focused on medicinal plants as sources of bioactive compounds utilized in ethnomedicine for the treatment of many ailments.12,16,17,18 Numerous biologically active components of these healing herbs, such as flavonoids, phenols, and tannins have been demonstrated to possess strong in-vitro and in-vivo antioxidative activity.11,14,19, 20, 21
One of these plants, A. muricata, has been linked to and used for various disease conditions in ethno-medicine. It is commonly known as sour sop (English), Shawa chop, Igbo (a corrupt form of sour sop in Igbo), Ebo (Yoruba), and Tuwon Biri (Hausa). It belongs to the Annonaceae family, which comprises 130 genera and over 70 species, and has been widely studied because of its alleged therapeutic properties .22 Several A. muricata plant parts, including the root and stem barks, leaves, fruits, and seeds, have been linked to medicinal properties, necessitating their use in alternative medicine in Africa, Asia, and America for a variety of human illnesses, particularly for parasitic infections and cancer. 1,23,24
Annona muricata has also been reportedly farmed in Southern and Northern America, the West Indies, and China.24 It is primarily abundant in the Southeastern region of Nigeria, where it is used ethno-medically for the management of a plethora of disease conditions. The plant components also have other ethnomedicinal uses, such as sedative, antispasmodic, astringent, anticancer, hypotensive, insecticide, piscicide, and vermifuge effects, as well as for coughs, fevers, aches, and skin conditions.1 The plant's blossoms, fruit pods, and leaf decoction are useful in the treatment and prophylactic management of colds, cystitis, diabetes mellitus, headaches, and sleeplessness, according to various studies.1,24,25 The root-bark and stem-bark are also thought to act as antihelmintic and antiphlogistic agents. When taken orally, the leaf decoction has been ascribed to possess anti-inflammatory and neuralgic effects, as well as being useful in the treatment of intestinal malaise. When cooked, the leaves can also be applied topically to treat abscesses and rheumatism. For nerve shock, the leaves can be massaged; for anxiety episodes, the leaves or bark can be brewed into a decoction.23 Colds, chest pain, and nerve problems can all be improved with a combination of flower bud tea and honey, while diarrhea and dysentery can be treated with the young fruit's bark. Additionally, to stop bleeding, Annona muricata's green bark is applied to wounds.26
The usefulness of alternative medicine, both in and outside of Africa, has been the subject of numerous research findings, and this has positively boosted and enhanced interest in pharmacology, particularly due to the perceived safety of these plant extracts in comparison to synthetic drugs. However, given the ongoing recorded and undocumented reports of adverse pharmacological reactions linked to herbal medications, pre-clinical toxicological investigations on these natural products must be conducted before usage. 
Diabetes and its complications, possibly due to free radicals assault on the body, have continued to affect people's overall well-being. This has prompted numerous studies aimed at creating a therapeutic regimen that will help treat these medical conditions, but their occurrence continues to rise. There is a need to explore the in vivo antioxidant properties of A. muricata leaf ethanol extract. Despite wide claims of its usefulness in traditional medicine regimens, no recent studies have been carried out to that effect. The present study assessed the in vivo antioxidant potentials of ethanol leaf extracts of Annona muricata grown in Southeast Nigeria in an alloxan-induced diabetic Wistar rats model.
 
Materials and Methods
Leaf collection, identification, and preparation
Fresh leaves of Annona muricata were collected from a homestead in Ebikoro village,Uratta community, Owerri North Local Government Area, Imo State, Nigeria, located between Latitude 5° 29' 41" North and Longitude 7° 4' 23" East, on March 26, 2021. The samples were identified and given the herbarium number NAUH-004B by Mrs. Bibian Aziagba, a plant taxonomist at the Department of Botany, Nnamdi Azikiwe University, Awka. The mature leaves were detached from the stalk, cleaned under running water, and allowed to air dry in a warm environment. The leaves were dried to constant weight, ground to powder using a commercial blender, and kept in an airtight container until needed.
 
 
Animal studies
Thirty (30) healthy Wistar rats of both sexes weighing 150–220g were used for the study. The animals were purchased from the animal house of the Anatomy Department, Imo State University Owerri, and kept in steel cages under standard lighting (12 hours of light and 12 hours of darkness), temperature, and humidity. The animals were fed rat pellets (Vital finisher) and tap water at all times and were acclimatized for a week before the experiment. The care of the animals was carried out in compliance with the standards established by the Nnamdi Azikiwe University's Animal Research Ethics Committee, with Ethical Clearance Reference Number NAU/AREC/2023/00023.
 
Plant extraction
The powdered leaf sample (100g) was macerated macerated in 1 L of 70% ethanol at room temperature for 48 hrs. The extract was filtered with Whatmann No.1filter paper. The filtrate was concentrated by evaporation in a water bath at 60°C to obtain a semi-solid slurry of crude extracts, which was stored at 4°C in the refrigerator until needed for the studies.27
 
Assessment of Acute Toxicity
The LD50 of A. muricata leaf ethanol extract was evaluated in rats using Lorke's approach28, as reported by Aroma and Enegide.29 For this study, exactly twelve (12) Wistar rats were employed. The study was carried out in two phases. Phase involved nine (9) Wistar rats divided into three (3) groups of three (3) animals each. The groups received oral doses of 10, 100, and 1000 mg/kg b. wt. of the extract, respectively. The animals were closely monitored for 24 hours after extract administration to check for the onset of toxicity effects, the time it took for them to recover, and death. In the second phase, the extract was given to exactly three (3) rats, separated into three (3) groups, at oral doses of 1600, 2900, and 5000mg/kg, respectively. They were examined for potential toxicity signs and potential delayed manifestations of toxicity for 7 to 14 days. 28,29 The lethal dose was calculated as follows: 
 
 
Where Lo = highest dose that gave no mortality
L100 = lowest dose that produced mortality
 
Grouping of Animals
Six groups of five Wistar rats each were formed from the exact thirty Wistar rats acclimated for the study. Animals in groups I and VI were designated as normal control (NC) and extract control (A. M. only), fed rat pellets and water ad libitum, and administered 400 mg/kg b. wt of the extract respectively. Group II served as the diabetic control (DC) and was induced and untreated. Diabetes mellitus was induced in Groups designated II (DC), III (GL), IV (A.M. 200), and V (A. M. 400) by intraperitoneal injection of 130 mg/kg alloxan monohydrate. After diabetes was confirmed, the groups GL, A.M. 200, and A. M. 400 were treated with glibenclamide (5mg/kg), 200mg/kg, and 400 mg/kg A. muricata leaf extract daily for 14 days, respectively. Group VI received daily treatment of 400 mg/kg of the extract without induction of diabetes mellitus (A.M. only). 
 
Induction of Diabetes Mellitus
The experimental rats were fasted for 16 hours and administered 0.3 mL intraperitoneal injection of alloxan monohydrate (130 mg/kg body weight) in normal saline for induction of diabetes mellitus.30 Fasting blood glucose levels of the experimental rats were assessed using a glucometer and test strip (Accu-Chek, Germany), and blood samples for diabetes testing were collected from the tail tip by puncturing with a lancet. The blood glucose concentrations of 200 mg/dl after 72 hours of induction were considered diabetic, and these rats were thus included in the study.
 
Extract administration and collection of blood samples
Exactly 25 mL of distilled water was used to reconstitute precisely five grams (5 grams) of the leaf extract. The rats received oral administration of the extract at the needed concentration for the study for a total of 14 days at doses of 200 mg/kg b. wt. and 400 mg/kg b. wt. Every two (2) days, the experimental animals' body weights were measured, and then the animals were euthanized with chloroform, and their blood was collected by cardiac puncture for biochemical testing. The blood samples were kept to clot before being centrifuged at 1500 rpm for 5 minutes. The clear serum was extracted using a small pipette into a sample bottle, stored in a refrigerator at 4oC, and then used for biochemical analysis.
 
Antioxidant Enzyme Assay
Superoxide Dismutase activity determination
The Sun and Zigma approach, described by Lawal et al.,2  was used for this study. The capacity of the enzyme to stop the chain-propagating autoxidation of epinephrine caused by free radicals served as a measure of superoxide dismutase activity. The assay is based on the autoxidative by-product of epinephrine known as adrenochrome adsorption, whose absorbance is measured at 480nm. 2, 31
 
Glutathione Peroxidase (GPX) Activity determination
Serum GPx activity was assessed as described by Tappei.32 The reaction mixture was composed of 1ml of 0.3M phosphate buffer (pH 7.4),0.33ml of 10mM glutathione, 0.33ml of 15mM H2O2, 0.1ml of serum, and 1.37 mL of distilled water in a cuvette.After adding the serum, the mixture was agitated for 4 minutes, and the optical density (OD) was measured for 3 minutes at 340 nm.32 The formula below was used to compute enzyme activity using a molar extinction coefficient of 1.622 x10-3 m-1cm-1.
 
 
 
Catalase Activity determination
The Beers and Seizer method to estimate the serum catalase activity adapted by Usoh et al.33  was used for this study. The serum activity of the catalase enzyme was assessed by monitoring the decline in optical density at 240 nm caused by the breakdown of H2O2 in an ultraviolet (UV) spectrophotometer. The assay was performed in a total volume of 3 mL, consisting of 2.9 mL of 30 mM H2O2in phosphate buffer (50 mM, pH 7.0) and 0.1 mL of serum. For two minutes, absorbance was read at 240 nm every 30 seconds. Decreased H2O2 per minute per mg of protein was used to express the specific catalase activity. 33 Using the formula and the extinction coefficient of 40.0m-1cm-1, the enzyme activity was determined;
 
 
 
Malondialdehyde (MDA) concentration determination
The technique outlined by Usoh et al.33 was used to determine malodialdehyde (MDA), a biomarker of lipid peroxidation.33 The test tubes were filled with precisely 1.6mL of 0.25N HCl, 0.5mL of 15.0% trichloroacetic acid (TCA), and 0.5mL of 0.375% thiobarbituric acid (TBA) and 0.4mL of serum. The reaction set-up was further boiled in a water bath at 100℃ for 20 minutes, then cooled at room temperature (25 ± 2℃). The supernatant was carefully aspirated after centrifugation at 3000 rpm for 10 minutes, and the optical density was measured spectrophotometrically at 532 nm against a reagent blank.33 The MDA concentration was calculated using the molar extinction coefficient for the MDATBA-complex, which is 1.56 x105 m-1cm-1.
  
 
 
 
Statistical Analysis
The results were presented as mean ± standard deviation of five determinations. Statistical analysis was performed using one-way analysis of variance (ANOVA) in the 2007 version of the Microsoft Excel statistical software, presuming equal variances. The statistical significance of mean value across groups was considered at p< 0.05 using turkey and homogeneity of variance test.
Results and Discussion
The result of the acute toxicity of A. muricata leaf ethanol extract on Wistar rats presented LD50 of 3807.89 mg/kg (Table 1). Hence, A. muricata leaf ethanol extracts are acutely poisonous, above 2900 mg/kg. This result contrasts with that reported by Arthur et al.,34 which reported non-lethality in all dose levels up to the seventh day, and the estimated LD50 was 5000 mg/kg. Consequently, the present results agree with the report of Opara et al.,14. They reported that large doses of an aqueous leaf extract from A. muricata were toxic or fatal to animals. This might be ascribed to the presence of antinutrients and annonaceous acetogenins, both of which have been linked to harmful effects at high doses or concentrations, according to a study by Opara et al.,14  Coria-Tellez et al.,24 and some other works. 1, 14, 35, 36
The effect of the extract on antioxidant enzyme activity showed that administration of the extracts caused no significant (p>0.05) changes in superoxide dismutase (Figure 1) and catalase enzyme activities (Figure 2) between the extract and glibenclamide-treated groups, respectively. Comparatively, the extract-treated groups were similar to the normoglycemic, diabetic (untreated) group; no statistically significant changes in activities occurred. SOD activity increased at 200mg/kg of the extract compared with the standard drugs-treated group and 400 mg/kg extract-treated groups, thereby suggesting the potency of the extract to elevate SOD activity in diabetes-induced stress.37 There was an increase in the activity of SOD observed in animals administered with 200mg/kg of the extract, however, this trend was not seen in the higher doses of the extract. These may be suggestive of a dose-independent effect of the extract on the SOD activity. The statistically non-significant (p>0.05) changes in catalase activity between the extract and glibenclamide-administered groups are indicative of the increased production of peroxide radicals caused by diabetes-induced oxidative stress as previously reported by Adewole and Ojewole.23
 
Table 1: Acute toxicity studies of ethanol leaf extracts of Annona muricata
  
	Groups
	Dose of A. muricata leaf extract
	No. of deaths recorded

	Phase 1
	 
	 

	Dose 1
	10
	0/3

	Dose  2
	100
	0/3

	Dose 3
	1000
	0/3

	Phase 2
	 
	 

	Dose 1
	1200
	0/3

	Dose  2
	1600
	0/3

	Dose  3
	2900
	0/3

	Dose 4
	5000
	2/3


 
 
Figure 1: Serum superoxide dismutase activity of alloxan-induced diabetic rats treated with A. muricata leaf ethanol extract
 
 
Figure 2: Serum catalase activity of alloxan-induced diabetic rats treated with A. muricata leaf ethanol extract
The bar chart represents the mean ± standard deviation of 5 determinations. Bars with different superscript letters are significantly different (p<0.05).
 
 
Figure 3: Serum glutathione peroxidase activity of alloxan-induced diabetic rats treated with A. muricata leaf ethanol extract 
 
 
Figure 4: Serum malondialdehyde (MDA) concentration of alloxan-induced diabetic rats treated with A. muricata leaf ethanol extract
The bar chart represents the mean ± standard deviation of 5 determinations. Bars with different superscript letters are significantly different (p<0.05).
 
 
Notably, the result presented in Figure 3 indicates that A. Muricata leaf ethanol extract treatment resulted in significant (p<0.05) elevation of glutathione peroxidase activity in the glibenclamide treated group and the extract-treated groups, and there was also a significant (p<0.05) dose dependent increase between the extract treated groups. Glutathione peroxidase activity was significantly decreased in the A.M 400mg/kg group when aligned with those administered with 200mg/kg under normal physiological conditions. This implies that an increased dose of the extract increased the activity of Glutathione peroxidase under normal physiological conditions. In contrast, at 200mg/kg, the extract showed higher potency in increasing the glutathione peroxidase activity in diabetic rats than glibenclamide. This, according to Taheri et al.,37 is a compensatory response to oxidative stress. 37
Furthermore, A. Muricata leaf ethanol extract administration did not significantly (p>0.05) alter malondialdehyde (MDA) concentration in the diabetic Wistar rat models (Figure 4). The result revealed a significant (p<0.05) increase in malondialdehyde (MDA) level of the standard drug-treated group and the A. muricata extract-treated groups when aligned with the normoglycemic rats. However, no significant variation in MDA concentration occurred between the groups treated with the extract. According to Tiwari et al.,38 high MDA levels in people with diabetes indicate that lipid peroxidation harm has resulted in the deterioration of the antioxidant defense.38
The present study corroborates the works of Adewole and Ojewole.23 Opara et al.,14, Lawal et al.2,and Balderrama-Carmona et al.39 suggest that the increase in antioxidant enzyme activity is attributed to the increased presence of phytoactive constituents in the plant extract.2,14,39
Although from the study, it could be observed that the activity of the antioxidant enzymes was high in the negative control group (i.e., diabetic untreated); this, according to Taheri et al.,37 suggests stimulation of antioxidant enzymes activity  to counter ROS proliferation at the early stage of Type 1 diabetes mellitus. Enzymatic antioxidants such as CAT, SOD, and GPx are at equilibrium with circulating free radicals, but at the later and advanced stages of diabetes progression, antioxidant balance is impaired, thereby resulting in oxidative stress.37 The present study's findings showed that A. muricata leaf ethanol extract increased MDA concentration; this agrees with the findings from the work of Lawal et al.,2. Their study suggested that certain plants used traditionally to treat diseases act as pro-oxidants in vivo.2 The ethanol extract of A. muricata may be acting by stimulating the body's natural defense mechanisms to elicit an antioxidative effect. The bioactive component of the ethanol leaf extract may be implicated in inducing antioxidant enzyme activities and increased lipid peroxidation in normal rats.2  The results, therefore, suggest that leaf extracts of A. muricata have antioxidant potentials and may ameliorate diabetes-induced oxidative stress and conditions in which free radicals are implicated.13,16, 19,27Although no specific mechanism of action has been proposed, earlier works have found plant secondary metabolites to be useful antioxidants.14, 20,35
A. muricata leaf  contain bioactive phytoconstituents including but not limited to ellagic acid, tannins, flavonoids, triterpenoids, and sitosterol.1,11,15,26,35,40 Therefore, it is appropriate to speculate that the plant's chemical components may be implicated in the antioxidative and other pharmacological benefits associated with the Annona muricata leaf ethanol extracts in this study.
 
Conclusion
In conclusion, alloxan-induced diabetes results in oxidative stress, and A. muricata leaf ethanol extract possesses antioxidant potentials capable of ameliorating alloxan-induced oxidative damage. According to the LD50 findings, the extract may be lethally poisonous when given in quantities of more than 3807.89 mg/kg. This may be ascribed to the presence of specific phytoconstituents like oxalate and annonaceous acetogenins.
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