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ABSTRACT: The methanol extract of Annona muricata leaf was investigated for its effects on   -cell dysfunction, and 

atherogenenic dyslipidaemia in alloxan-induced diabetic mice. Thirty (30) mice of both sexes, aged between 8-10 weeks 

were randomly divided  into normal, diabetic, diabetic + glibenclamide(5mg/kg), diabetic+250 mg/kg A. muricata Extract, 

diabetic+500 mg/kg A. muricata Extract, diabetic+1000 mg/kg A. muricata Extract, groups (n=6/group). Alloxan was 

administered intraperitoneally while extracts and glibenclamide were given via oral route for 21 days. The results revealed 

that, 250 mg/kg A. muricata extract elicited significant reductions in hyperglycemia, ameliorated insulinaemia as well as   

-cell function and impaired weight loss in alloxan-induced diabetic mice. The extract also attenuated (p<0.05) atherogenic 

dyslipidemia and elevation in malondialdehyde and upregulated antioxidant enzymes. The effect of the extract on the test 

groups administered 250 mg/kg body weight (bw), 500 mg/kg bw, and 1000 mg/kg bw compared favourably with 

glibenclamide. The administration of methanolic extract of A. muricata leaves has significant ameliorative effect on alloxan-

induced hypoglycemia, atherogenic dyslipidaemia and pancreatic   cell dysfunction. Our finding suggest that these positive 

modulatory effects are achieved via reduction in lipid peroxidation. The extract may be of immense benefits in the 

management of diabetes and its associated complications. Improved liver functions as well as its anti-oxidant status are 

beneficial in the management of chronic diseases. 
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Introduction 
 
Diabetes mellitus is a chronic condition, characterized by hyperglycemia, occurring due to impaired insulin 

secretions. It is the most common metabolic disease worldwide (Walker and Whittlesea, 2012). Most 

Antidiabetic drugs available today are synthetic in origin and thus cost more and show toxicity (Diptanu et al., 

2016). Various studies have revealed variety of antidiabetic plants useful in the management and treatment of 

diabetes mellitus in various indigenous systems of medicine (Deb et al., 2013). Annona muricata is a member of 

the Annonaceae family and is a fruit tree with a long history of traditional use. Annona muricata has shown to 

have both medicinal and industrial value (Mishra et al., 2013; Soheil et al., 2015). In ethno-medicine, 

A.muricata leaves used by local traditional healers in treatment of various ailments such as gastric discomfort, 

stomach ulcer, diarrhea, dysentery and skin infections (De Sousa et al., 2010; Soheil et al., 2015). 

Phytochemical analysis of A.muricata showed the presence of flavonoid, anthraquinone, alkaloids, saponins, 

steroids, terpenoids, cardiac glycoside, anthocyanin, tannins and carotenoid in both the aqueous and ethanolic 

extracts (Nawwar et al., 2012; Yang et al., 2015). Other studies have revealed that A.muricata extracts has 

antioxidant potential. Consequently, it has become imperative to investigate the plant for the management of 
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diabetes. Presence of flavonoids and tannins in the extracts suggests they possess antidiabetic activity (Nawwar 

et al., 2012; Jiménez et al., 2014). 

 

 

 

Materials and Methods 
 
Sample collection and preparation of extract: Fresh leaves of A. muricata used for this study were obtained 

from Olokoro village, Umuahia North L.G.A., Abia State in January 2017. A plant taxonomist (Dr. Mulikat A. 

Jimoh) in the Department of Plant Science and Biotechnology, College of Natural Sciences (COLNAS), 

Michael Okpara University of Agriculture Umudike, identified and authenticated the leaves as A. muricata.  The 

fresh leaves of A. muricata were washed with tap water; room dried for one month, and macerated. The 

macerated samples (615 g) was soaked in 98% methanol and allowed to stand for 5days in a bell jar, shaken 

intermittently and filtered. The filtrate was evaporated to dryness at reduced temperature of 40°C in a water bath 

to yield a semisolid mass, which was stored in a refrigerator until required for use. 

Experimental animals: Thirty (30) male mice, weighing about 24 – 30 g were purchased from the animal house, 

Department of Veterinary Medicine, University of Nigeria, Nsukka, Enugu State, Nigeria. They had unrestricted 

access to standard feed and water. The animals were maintained under standard environmental conditions of 

temperature, relative humidity and dark/light cycle, in accordance with the guidelines of National Institute of 

Health Guide for the Care and Use of Laboratory Animals and the Institutional Ethical Review Board of 

Michael Okpara University of Agriculture Umudike. Body weight, food consumption and water intake were 

monitored throughout the period of Administration. The animals were acclimatized to the condition of their new 

environmental prior to treatment for three weeks. 

Induction of diabetes: The mice were fasted overnight and then injected, intra-peritoneally, with a single dose 

0.24 g of alloxan dissolved in 10 mL of distilled water was administered to each of the mice in groups A, B, C, 

D, E and F based on the body weight of each mice and on a dosage of 100 mg/kg. Group A served as the 

control. The administration of alloxan was done intraperitoneally using diabetic syringes. Stable hyperglycemia 

was confirmed on the 5th day using glucometer. Mice with fasting blood glucose level greater than 180mg/dl 

were considered hyperglycemic and used for the study.  

Animal grouping and treatment: After 2 weeks of acclimatization, animals were randomly assigned to six 

groups (n=6/group). Group A (normal control) and B (diabetic control):received distilled water (vehicle) daily;  

Group C: (diabetic + glibenclamide):  received  5.0 mg/kg body weight of standard drug (glibenclamide) ;Group 

D:  (diabetic + 250 mg/kg A. muricata extract): received 250mg/kg body weight of methanol A. muricata 

extract; Group E: (diabetic + 500 mg/kg A. muricata extract): received 500mg/kg body weight of methanol A. 

muricata  extract; while Group F: (diabetic + 1000 mg/kg A. muricata  extract): received 1000 mg/kg body 

weight of the  methanol A. muricata extract. All treatments were through oral administration and lasted for 21 

days. 

Blood collection: At the end of experiment, four (4) mice, from each group, were weighed and sacrificed by 

cervical dislocation while under mild anesthesia and blood was collected by cardiac puncture into plain bottle. 

The blood was left undisturbed for 5 min and then centrifuged at 3500rpm for 10min and serum was stored 

frozen until needed for biochemical assays. 

Biochemical assays: Insulin was determined using ELISA kit from Ray Biotech, Inc. (Georgia USA), while 

malon-dialdehyde (MDA), a maker of lipid peroxidation was measured by standardized method using kit 

obtained from Oxford Biomedical Research Ltd (Rochester Hills, MI). Estimation of total cholesterol (TC) and 

Triglyceride (TG) was done by standardized enzymatic colorimetric methods using assay kits obtained from 

Fortress Diagnostic Ltd. (Antrium, United Kingdom). High-density lipoprotein-cholesterol (HDL-C) was 

measured by enzymatic clearance assay (Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan) while low-density 

lipoprotein-cholesterol (LDL-C) was estimated using modified Friedewald's formular. TC/HDL-C and 

TG/HDL-C ratios were estimated as markers of atherogenic lipids indices  

Gross necropsy and general observation: All the animals in the study were subjected to a determined gross 

necropsy, which included careful examination of the external surface, examination of the external surface of the 

body, all orifices and cranial, thoracic and abdominal cavities. The behaviour depression, salivation, diarrhea 

and muscular weakness were observed throughout the experimental period. 

Fasting blood glucose and pancreatic β cells: Weekly fasting blood glucose was determined by glucose oxidase 

method of Trinder (1969) using ACCU-CHEK, Active Blood glucose monitoring system (Roche Diagnostics 

GmbH Sandhofer Strasse 1158305 Mannham, Germany). The pancreatic β cells function was estimated using 

HOMA- B formular  
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Statistical analysis: Data were analyzed and presented as mean ± SEM. Data were subjected to statistical 

analysis using one-way analysis of variance (ANOVA). Values were considered statistically significant at 

P<0.05. 

 

 

 

Results 
 
Table 1a shows the effect of methanolic extract of A. muricata on fasting blood glucose concentration of 

diabetic mice. Alloxan treatment resulted in a significant (P>0.05) increase in blood glucose level in group B 

animals from (53.00±1.14 - 245.20±1.50 mg/dl). These values were considerably higher than that of the control 

group (82.80±3.25 mg/dl). Oral administration of methanolic extract of A. muricata at the dose 250 mg 

(118.80±0.86 mg/dl), 500 mg (122.00±2.55 mg/dl), and 1000 mg (130.00±1.61 mg/dl) significantly (P>0.05) 

decreased blood glucose level when compared with diabetic untreated mice group (245.20±1.50 mg/dl). 

 

Table 1a: Effect of methanolic extract of A. muricata leaves on fasting blood glucose (FBG) in alloxan-induced 

diabetic mice 

 

Group Treatment Initial FBG (mg/dl) Final FBG (mg/dl) 

A Control 60.20±2.76b 82.80±3.25e 

B Diabetic Untreated 53.00±1.14d 245.20±1.50a 

C 0.5 mg/kg Standard Drug (Daonil) 60.00±1.30bc 95.00±0.71d 

D 250mg/kg A. muricata 55.00±1.30cd 118.80±0.86c 

E 500mg/kg A. muricata 65.40±1.03a 122.00±2.55c 

F 1000mg/kg A. muricata 59.00±1.61bc 130.00±1.61b 

Values are expressed as mean±SEM of 5 mice. Values with same letters in the same column are not 

significantly different P<0.05. FBG - Fasting blood glucose 

 

The effect of methanolic extract of A. muricata on insulinemia of diabetic mice is presented in Table 1b. Fasting 

glycemia was kept above 200 mg/dl in both diabetic control, 500 mg/kg and 1000 mg/kg Annona muricata 

group, while glibenclamide and 250 mg/kg treatments lowered fasting glycemia. Meanwhile alloxan reduced 

circulating insulin, while administration of glibbenclamide and 250mg/kg Annona muricata elevated blood 

insulin level  

 

Table 1b: Effect of methanolic extract of A. muricata leaves on insulinemia in alloxan-induced diabetic mice 

 

Group Treatment Initial INS (μUI/mL) Final INS (μUI/mL) 

A Control 60.20±2.76b 82.80±3.25e 

B Diabetic Untreated 53.00±1.14d 245.20±1.50a 

C 0.5mg/kg Standard Drug (Daonil) 60.00±1.30bc 95.00±0.71d 

D 250mg/kg A. muricata 55.00±1.30cd 118.80±0.86c 

E 500mg/kg A. muricata 65.40±1.03a 122.00±2.55c 

F 1000mg/kg A. muricata .00±1.61bc 130.00±1.61b 

Values are expressed as mean±SEM of 5 mice. Values with same letters in the same column are not 

significantly different P<0.05. INS- Insulinemia 

                 

Table 2 shows the effect of methanolic leaves extract A. muricata on body weight of alloxan-induced diabetic 

mice. No significant (P>0.05) changes were observed in the initial body weight of mice used for this study. 

However, there was significant decrease in the final body weight and body weight difference of diabetic 

untreated mice when compared with control group. On the other hand, there was significant (P>0.05) increase in 

the final body weight and body weight difference of mice treated with standard drug when compared with 

control group. The diabetic groups of mice treated with 250, 500 and 100 mg of A. muricata did not show any 

significant difference when comparing amongst themselves but a significant decrease was observed when 

compared with control group.  
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Table 2: Effect of methanolic extract of A. muricata leaves on body weight in alloxan-induced diabetic mice 

 

Group Treatment Initial BW (g) Final BW (g) BW Difference(g) 

A Control 22.48±1.31a 45.02±1.48b 22.54±1.04b 

B Diabetic Untreated 23.06±0.96a 18.50±1.63d -4.56±1.19d 

C 0.5mg/kg Standard Drug (Daonil) 22.04±0.41a 54.69±1.34a 32.65±1.42a 

D 250mg/kg A. muricata 25.22±0.88a 33.54±1.33c 8.32±2.16c 

E 500mg/kg A. muricata 24.06±0.83a 29.29±1.65c 5.23±1.99c 

F 1000mg/kg A. muricata 24.06±1.20a 33.40±2.28c 9.34±2.78c 

Values are expressed as mean±SEM of 5 mice. Values with same letters in the same column are not 

significantly different P<0.05. 

 

The effect of A. muricata extract and glibenclamide on serum lipid profile in alloxan-induced diabetic mice is 

shown in Table 3.  There was significant (P<0.05) increase in the serum triglycerides (TAG), total cholesterol 

(CHOL), low density lipoprotein (LDL) levels and very low density lipoprotein (VLDL) levels, and a decrease 

in the HDL cholesterol levels was observed in diabetic untreated mice when compared to the normal mice group 

(control). Significant reductions of TAG, CHOL, LDL and VLDL (45.10, 60.63, 18.94 and 9.02 mg/dl), were 

observed in drug treated group of mice compared to diabetic untreated group which had (85.90, 97.96, 59.93 

and 17.18 mg/dl). Elevated serum TAG level decreased significantly in 250mg (48.77 mg/dl), 500mg (44.25 

mg/dl) and 1000mg (46.24 mg/dl) of A. muricata treated group when compared to diabetic untreated mice 

(85.90 mg/dl) and was not significantly different from control group (47.11 mg/dl). The diabetic mice treated 

with 500mg and 1000mg of A. muricata showed highest activity observed by the significant (P>0.05) decrease 

in serum CHOL level (44.57 and 41.36 mg/dl) when compared to 250mg of A. muricata (60.59mg/dl) and drug 

treated group (60.63mg/dl). Similarly, 500mg (44.57 mg/dl) and 1000mg (41.36 mg/dl) of A. muricata treated 

mice had significantly lower CHOL levels compared with control (57.71mg/dl) and diabetic untreated mice 

(97.96 mg/dl). Treatment with 250mg, 500mg and 1000mg significantly (P>0.05) increased serum HDL level 

(31.24, 28.63 and 27.39 mg/dl) and decreased elevated LDL level (19.60, 7.09 and 4.73 mg/dl) when compared 

to diabetic untreated group for HDL (20.85mg/dl), LDL (59.93mg/dl) and control for HDL (35.34mg/dl), LDL 

(12.95mg/dl). Similarly, 250mg, 500mg, 1000mg of A. muricata and drug treated mice significantly (P>0.05) 

reduced VLDL levels (9.75, 8.85, 9.25 and 9.02mg/dl) when compared with diabetic untreated mice (17.18 

mg/dl) and was not significantly (P>0.05) different from control group (9.42 mg/dl). 

 

Table 3: Effect of methanolic extract of A. muricata leaves on lipid profile of alloxan-induced diabetic mice 

 

Group  Treatment TAG 

(mg/dl) 

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

VLDL 

(mg/dl) 

LDL 

(mg/dl) 

A  Control 47.11±0.55b 57.71±1.48b 35.34±0.07a 9.42±0.11b 12.95±1.39bc 

B  Diabetic untreated 85.90±2.16a 97.96±1.32a 20.85±0.54f 17.18±0.43a 59.93±2.10a 

C  0.5mg/kg standard drug 

(Daonil) 
45.10±1.08b 60.63±5.92b 32.67±0.20b 9.02±0.22b 18.94±5.83b 

D  250 mg/kg A. muricata 48.77±4.49b 60.59±6.38b 31.24±0.07c 9.75±0.90b 19.60±6.26b 

E  500 mg/kg A. muricata 44.25±2.79b 44.57±2.78c 28.63±0.23d 8.85±0.56b 7.09±3.23bc 

F  1000 mg/kg A. muricata 46.24±2.62b 41.36±1.87c 27.39±0.37e 9.25±0.52b 4.73±1.24c 

Values are expressed as mean±SEM of 5 mice. Values with same letters in the same column are not 

significantly different P<0.05. 

 

 

Table 4 shows the effect of A. muricata on antioxidant parameters - superoxide dismutase (SOD), catalase 

(CAT) and malondialdehyde (MDA) of diabetic mice. There was significant (P>0.05) decrease in the level of 

SOD (4.34±0.01 U/mg), CAT (5.49±1.37 μmol/mg) and MDA (0.34±0.07 μmol/mg) of diabetic untreated mice 

when compared to their control groups (19.54±0.28 U/mg, 18.71±0.26 and 2.16±0.06 μmol/mg respectively). 

Treatment with 250, 500 and 1000 mg 0f A. muricata significantly (P>0.05) increased SOD, CAT and MDA 

levels of the diabetic mice. However, as the concentration of A. muricata given to the diabetic mice increased 

from 250 mg – 1000 mg, the concentration of SOD significantly (P>0.05) reduced from (11.17±0.08 to 

8.67±0.20 U/mg), CAT from (12.99±0.02 to 7.01±0.55 μmol/mg), while MDA from (1.00±0.01 to 0.67±0.03 

μmol/mg). 
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Table 4: Effect of methanol extract of A. muricata leaves on antioxidant parameters of alloxan-induced 

diabetic mice 

 

Groups Treatments SOD 

(U/mg) 

CATALASE 

(μmol/mg) 

MDA 

(μmol/mg) 

A Control 19.54±0.28a 18.71±0.26a 2.16±0.06a 

B Diabetic Untreated 4.34±0.01e 5.49±1.37d 0.34±0.07e 

C 0.5mg/kg Standard Drug 

(Daonil) 

13.24±0.01b 13.27±0.30b 1.04±0.01b 

D 250mg/kg A. muricata 11.17±0.08c 12.99±0.02b 1.00±0.01b 

E 500mg/kg A. muricata 10.94±0.11c 8.22±0.05c 0.84±0.02c 

F 1000mg/kg A. muricata 8.67±0.20d 7.01±0.55c 0.67±0.03d 

Values are expressed as mean±SEM of 5 mice. Values with same letters in the same column are not 

significantly different P<0.05. 

 

 

 

Discussion 
 
In Africa and the world at large diabetes mellitus is one of the leading causes of death.  Currently, available 

synthetic drugs used by diabetic patients have a number of limitations, such as adverse effects and high rate of 

secondary failure. The use of plants, plants extract, and the active compound from plants to cure diseases is a 

potential step in new drugs discovery (Rupeshkumar et al., 2014). Different researchers suggested and proved 

the efficacy of plant extract and phytochemicals in diabetes treatment (Ganesh et al., 2010). 

This study investigated the possible potency of Annona muricata methanolic leaf extract in ameliorating 

pancreatic β cell function and dyslipidemia in type 2 diabetic mice, using alloxan-induction. Alloxan is a 

glucosamine-nitrosourea derived from Streptomyces achromogenes (gram-positive bacterium), and it is used for 

the treatment of pancreatic beta cell carcinoma. Alloxan inducing diabetes, hyperinsulinemia, or hyperglycemia 

by damaging the pancreatic beta cell.  

It stimulates insulin-dependent diabetes (T2D) by inducing selective necrosis of the beta-cells of pancreatic 

islets, thus, destroying β-cells and reducing their function. From our findings A. muricata methanolic extract, 

alloxan-induced hyperglycemia at low dose (250 mg/kg), which compared favourably with glibbenclamide. 

Our result showed that alloxan treatment significantly (P>0.05) increased blood glucose level of mice thereby 

leading to diabetes (Table 1a). The increase in blood glucose level may be a result of the shrinking, destruction, 

ballooning, picnosis, and necrosis of the beta cells of the islet of Langerhans (Eliakim and Obri, 2009; Saha et 

al., 2016). However, treatment of diabetic mice with oral administration of 250, 500 and 1000 mg/kg doses of 

methanolic L. extract of significantly (P>0.05) decreased blood glucose level of alloxan induced diabetic mice 

and  improved pancreatic B cell function and thus, insulin production, better than the standard drug 

(glibenclamide) used. This may imply that, the leaf extract of A. muricata induced regeneration of pancreatic B 

cell and hence, enhanced its function. This result agrees with Sovia et al. (2017) that shows A. muricata to have 

hypoglycemic effect. Hypoglycemic effect of Annona muricata leaves extract could be due to the presence of 

flavonoids in the leaves extract. Flavonoids increase insulin secretion as well as preventing beta-cell apoptosis, 

and modulation of proliferation (Castell et al., 2008). Flavonoids can also stimulate Ca2+ uptake from isolated 

islet cells, hence it also effective even in non-insulin dependent diabetes (Sandhar et al., 2011). 

There was significant decrease in the final body weight and body weight difference of diabetic untreated mice 

when compared with control group (Table 2). The decrease in body weight observed in diabetic untreated mice 

is linked to the result of degradation of proteins (muscle wasting). Structural proteins are known to contribute to 

the body weight. In the absence of glucose and lipid sources, proteins are the next main source of energy in 

body. Therefore, it is clear that the decrease in body weight in diabetic mice were mainly because of degradation 

of structural proteins (Ananthi et al., 2003; Pries et al., 2006). It was observed that the body weights of mice 

found in three test groups treated with 250, 500, and 1000 mg/kg of A. muricata improved hence the extract may 

also help to restore body tissue proteins. 

Atherogenic indices (TC/HDL-C and TG/HDL-C ratios) have been identified as successful markers for 

predicting individuals at the risk of atherosclerosis, which begins early in life. Therefore, our result which 

showed that alloxan increased TC/HDL-C and TG/HDL-C ratios and that treatment with the leaf extract of A. 

muricata attenuated rise in the ratios are very prominent. The result suggest that, monitoring TC/HDL-C and 

TG/HDL-C ratios may assist in early detection of associated atherogenic dyslipidemia in diabetics and that, leaf 

extract of A. muricata could serve as a good therapeutic agent for early intervention against cardio-metabolic 

disorders. 
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Significant elevation of TG, TC, LDL and VLDL and decreased level of HDL in alloxan induced diabetic mice 

was observed. Treatment with methanolic extract of A. muricata leaves not only decreased serum TG, TC, LDL 

and VLDL but also increased HDL level significantly. The level of serum lipid profiles are usually high in 

diabetic mice and such elevation represents risk factor for coronary heart diseases (Maruthupandian et al., 

2010). The hypolipidemic effect may be due to inhibition of fatty acid synthesis (Kanakasabapathi and 

Gopalakrishnan, 2015). In normal metabolism, insulin activates the enzyme lipoprotein lipase and hydrolyses 

triglycerides and the deficiency in insulin results in inactivation of these enzymes thereby causing 

hypertriglyceridemia. The significant reduction of serum lipid levels in diabetic mice after A. muricata treatment 

maybe directly attributed to improvements in insulin levels (Maruthupandian et al., 2010). Other research works 

has also reported that the flavonoids, alkaloids and tannins are responsible for hypoglycemic and hypolipidemic 

effect (Adeneye and Olagunju, 2009; Kanakasabapathi and Gopalakrishnan, 2015). Therefore, the presence of 

high amount of flavonoids in A. muricata (Vijayameena et al., 2013) cause hypolipidemia which removes the 

LDL cholesterol from blood by increasing the LDL receptor densities in the liver and by binding to lipoprotein 

B (El-Tantaway et al., 2009). 

The levels of superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) were significantly 

(p<0.05) reduced in alloxan induced mice. These adverse changes were significantly (P>0.05) reversed in 

groups of mice treated with methanoilc extract of A. muricata leaves. Superoxide dismutase (SOD), catalase 

(CAT) and malondialdehyde (MDA) play an important role as protective enzymes against free radical formation 

in tissues (Mohan et al., 2010). This result suggests A. muricata leaves extract to have a protective role in 

decreasing lipid peroxidation and by normalizing antioxidant system.   

 

 

 

Conclusion 
 
This study showed that methanol extract of Annona muricata leaves has the potency of ameliorating pancreatic 

β-cell function and attenuated dyslipidemia in T2D condition by decreasing lipid peroxidation and by 

normalizing antioxidant system. This experiment backs the traditional usage of this plant leaves as an alternative 

drug source, for effective control/treatment of hypoglycemic and hypolipidemic agent and cardiovascular 

diseases. 
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