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ABSTRACT: The global incidence of diabetes mellitus is increasing despite the availability of synthetic antidiabetic agents. 

This study evaluated the protective and regenerative effects of Vernonia amygdalina and Dacryodes edulis aqueous leaf 

extracts on pancreatic beta-cell damage in alloxan-induced diabetic Wistar rats. Thirty-six male rats were randomized into 

six groups (n = 6). Group 1 was the normal control, while Groups 2–6 were alloxan-induced (150 mg/kg i.p.). Group 2 was 

the negative control, Group 3 received metformin (200 mg/kg), Groups 4 and 5 were treated with V. amygdalina and D. 

edulis extracts (300 mg/kg each), and Group 6 received a combination of both extracts (500 mg/kg). Treatments lasted 14 

days. Body and organ weights were recorded, and pancreatic tissues were subjected to histological analysis. All treatment 

groups showed improved body and organ weights relative to the diabetic control. Histological findings indicated partial to 

significant regeneration of islet β-cells, with the most marked restoration observed in the metformin and combined extract-

treated groups. These results support the antidiabetic potential of these plants and justify their ethnomedicinal application. 
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Introduction 

 
Deficiencies in insulin secretion and/or function may be part of the pathogenesis of diabetes mellitus (DM), a 

metabolic disease that causes chronic hyperglycemia (Ozougwu et al., 2013; Kim, 2019). A third of American 

adults are predicted to develop hyperglycemia at some point in their lives (Saelee et al., 2023), and about 90 % 

of DM cases are type 2 diabetes mellitus (T2DM), which is the most prevalent type of the disease. The primary 

cause of type 2 diabetes is the body's tissues' inability to react positively to insulin or produce sufficient amounts 

(Yun and Ko, 2021). According to several scientific studies, diabetes lowers the overall quality of life by 

increasing the risk of serious comorbidities like stroke, amputation, kidney failure and blindness, which can 

result in high morbidity and early death (Garcia et al., 2018). 

Experimental models of diabetes, such as alloxan-induced diabetes in albino Wistar rats, are widely employed in 

studying the pathophysiology of diabetes and evaluating potential antidiabetic agents. Alloxan selectively 

targets pancreatic β-cells, inducing oxidative stress and apoptosis, thereby mimicking the pathogenesis of type 1 

and certain aspects of type 2 diabetes (Lenzen, 2008).  

With an estimated 10.5 % prevalence among adults aged 20 – 79 in 2021, diabetes mellitus has reached 

epidemic proportions worldwide and is expected to continue to rise by 2045 (IDF Diabetes Atlas, 2021). 

Treatments for diabetes mellitus have advanced over time. However, serious side effects like hypoglycemic 

coma and liver and kidney issues can be brought on by anti-diabetic drugs. To treat diabetes mellitus, the World 

Health Organization (WHO) recommends using medicinal plants in food products (Chaudhury et al., 2017). 

Therefore, essential nutrients, medicinal plants and other essential components with anti-hypoglycemic 
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properties remain essential for diabetes treatment. It has been shown in preclinical and clinical studies that 

vitamins, essential elements and medicinal plants can effectively lower blood sugar levels (da Rocha et al., 

2016).  

Plants like the bitter leaf, Vernonia amygdalina, and the African pear Dacryodes edulis have natural extracts 

demonstrating encouraging antidiabetic potential (Jayaweera et al., 2022; Idaguko and Adeniyi, 2023) 

Traditional African medicine extensively uses Vernonia amygdalina, which is rich in bioactive substances like 

flavonoids, alkaloids, tannins, and saponins. These substances have been shown to have anti-inflammatory, 

hypoglycemic, and antioxidant properties (Asante and Wiafe, 2023). In diabetic animal models, prior research 

has demonstrated its capacity to reduce blood glucose levels, enhance lipid profiles, and guard against oxidative 

damage (Okugbo and Killian, 2022). 

Similarly, Dacryodes edulis, possess strong phenolic, alkaloidal, and essential oil components that support its 

antidiabetic and antioxidant properties (Ononamadu et al., 2019). Its extracts have been demonstrated to 

improve insulin sensitivity, control glucose metabolism, and lessen the harmful effects of diabetes on the body, 

including oxidative stress and lipid dysregulation. 

While many studies have independently demonstrated the anti-diabetic qualities of Dacryodes edulis and 

Vernonia amygdalina (Kumar et al., 2013; Kupchan et al., 1969; Agbor et al., 2007; Johns, 2017), little research 

has compared the combined effect of these plants in diabetic studies (Okugbo and Killian.2022). Previous 

studies have documented their individual antidiabetic, antioxidant, and anti-inflammatory effects. However, 

limited information exists on their combined efficacy in pancreatic protection. 

This study investigates the histological and physiological effects of these extracts on alloxan-induced diabetic 

rats to explore their potential synergistic roles in restoring pancreatic function. 

 

 

 

Materials and methods 
 
Collection and preparation of plant extracts: Leaf extracts of V. amygdalina and D. edulis were prepared using 

the method of Akah et al. (2009). The leaves were collected from the main campus of the University of Benin, 

Benin City, Edo State, Nigeria. Each plant's newly picked leaves were cleansed with distilled water. After being 

allowed to air dry in the shade, the leaves were manually ground into a powder. The ground powders of D. 

edulis and V. amygdalina were macerated separately in distilled water for a whole day. A rotary evaporator was 

used to evaporate and concentrate the clear filtrate produced after it had been filtered using double muslin cloth 

and Whatman No. 1 filter paper. The 78 g of V. amygdalina and 65 g of D. edulis semi-solid leftovers were 

stored in a plastic container that was sealed and kept at 4 °C. 

Experimental animals and induction of Diabetes mellitus: In this study, 36 male Albino Wistar rats were used. 

Six groups of six rats were established.  

Before alloxan monohydrate was used to induce diabetes in any of the experimental animals, they were all 

fasted for 12 hours. Diabetes was induced by a single intraperitoneal injection of alloxan monohydrate (150 

mg/kg body weight) dissolved in 0.9% saline. Rats with fasting blood glucose ≥250 mg/dL after 72 hours were 

considered diabetic. 

Experimental design 

 Group 1: Normal control (distilled water) 

 Group 2: Diabetic control (alloxan only) 

 Group 3: Diabetic + Metformin (200 mg/kg) 

 Group 4: Diabetic + V. amygdalina extract (300 mg/kg) 

 Group 5: Diabetic + D. edulis extract (300 mg/kg) 

 Group 6: Diabetic + Combined extract (500 mg/kg) 

Histopathological examination: After the rats were sacrificed, the pancreas was harvested, the blood was 

extracted for biochemical analysis, the pancreas was cleansed with saline solution, and it was fixed in formalin 

for 24 h. Tissues were periodically removed and dehydrated by embedding them in paraffin wax. Using a 

microtome, a 5 µm-thick section of the pancreas was prepared and mounted on a slide. Thereafter, the pancreas 

was deparaffinized twice in xylene for five minutes each, alcohol was used to dehydrate it, and hematoxylin and 

eosin dye were used to stain it. Sections were examined under a light microscope for islet integrity and β-cell 

morphology. 
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Results 

 
Effect of metformin and the aqueous leaf extracts of V. amygdalina and D. edulis on body and organ weight of 

Albino Wistar rats: Alloxan administration significantly reduced body and organ weights compared to normal 

controls. Treatment with metformin and plant extracts improved weight parameters, with the combined extract 

showing a comparable effect to metformin. 

As shown in Tables 1 and 2. The administration of the extracts and metformin resulted in significant 

improvement in the body and organ weight of the treated animals compared to the untreated group (P < 0.05).  

 

Table 1: Effects of metformin, aqueous leaf extracts of V. amygdalina, D. edulis and their combination on body 

weight of alloxan-induced diabetic rats 

Results are expressed as Mean ± SEM. Mean that do not share the same letters as superscript in a column are significantly 

different (p<0.05). 

Mean values that do not share letters as superscript in a row are significantly different (p < 0.05). 

NC = normal control, DC =Diabetic control, DC + M = diabetic rats treated with metformin, DC + DE = diabetic rats treated 

with Dacryodes edulis, DC + VA = diabetic rats treated with Vernonia amygdalina, and DC + DE +VA = diabetic rats 

treated with combined extracts of Dacryodes edulis and Vernonia amygdalina. 

 

Table 2: Effects of metformin, aqueous extracts of D. edulis and V. amygdalina and their combination on organ 

weight of alloxan-induced diabetic rats 

Results are expressed as Mean ± SEM. Mean values that do not share letters as superscripts in a column significantly differ 

from normal control (P < 0.05). 

P = Pancreas, L = Liver, K = Kidney, H = Heart, T = Testes. 

NC = normal control, DC = Diabetic control, DC + M = diabetic rats treated with metformin, DC + DE = diabetic rats 

treated with Dacryodes edulis, DC + VA = diabetic rats treated with Vernonia amygdalina, and DC + DE +VA = diabetic 

rats treated with combined extracts of Dacryodes edulis and Vernonia amygdalina 

 

Histopathological findings: Figure 1 (plates A—F) shows the histopathological analysis of the β cell of the 

pancreas of alloxanized rats treated with V. amygdalina and D. edulis.  

In the normal control group (Group 1), the pancreatic sections exhibited intact islets of Langerhans with well-

preserved β-cell architecture (Plate A). The diabetic control group (Group 2), which received alloxan but no 

treatment, showed marked degeneration and necrosis of the β-cells, characterized by cellular disruption and loss 

of islet integrity (Plate B). 

Treatment with metformin (Group 3) resulted in marked regenerative changes in the islets, with significant 

restoration of β-cell mass and architecture (Plate C). Rats treated with Vernonia amygdalina extract alone 

(Group 4) showed moderate recovery of islet cell structure, with visible β-cell clusters and reduced cellular 

damage (Plate D). 

Similarly, the group treated with Dacryodes edulis extract (Group 5) showed mild-to-moderate β-cell 

regeneration with improved cellular density compared to the diabetic control group (Plate E). Rats treated with 

the combined extract of V. amygdalina and D. edulis (Group 6) exhibited significant restoration of islet 

architecture, with densely packed β-cells and normal histological appearance (Plate F). 

These observations suggest a progressive ameliorative action of the plant extracts, with metformin and the 

combined extracts demonstrating the highest efficacy. 

Groups Duration (Days) 

0 4 8 14 

NC 176±4.49aa 180.17±3.66aa 185.6±4.52aa 188.67±4.71aa 

Neg. C 180.17±6.72aa 152.33±3.68 128.67±2.35 119.83±0.31 

DC + M 237.5±6.99a 242.67±7.11a 253.83±3.89a 260.33±3.67 

DC + DE 189.17±3.75aa 194.33±4.10aa 202.83±5.17aa 211.17±4.91 

DC +VA 185.5±9.45a 198.5±8.92aa 207.17±7.90a 220.00±5.17 

DC + DE + VA 176.2±54.39a 186.2±5.70aa 203.00±4.35a 218.00±6.76 

Groups Duration (Days)  

P L K H T 

NC 0.88±0.02aa            6.72±0.11a 0.66±0.03a 0.73±0.02aa 1.25±0.02a 

Neg. C 0.66±0.07a 5.42±0.03 0.46±0.01c 0.53±0.01 0.64±0.02c 

DC + M 0.89±0.06aa 6.80±0.03a 0.65±0.01ab 0.64±0.004a 1.23±0.02a 

DC + DE 0.89±0.03aa 6.77±0.01a 0.64±0.01ab 0.61±0.005a 1.19±0.03b 

DC +VA 0.89±0.07aa 6.80±0.04a 0.63±0.01ab 0.61±0.007a 1.23±0.02a 

DC + DE + VA 0.89±0.03aa 6.81±0.03a 0.62±0.01b 0.60±0.01a 1.19±0.01b 
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     Figure 1: Histopathological sections of the pancreas (Hematoxylin & Eosin stain, ×400 magnification) 

Plate A (Group 1 – Normal Control): Normal pancreatic architecture showing well-organized and intact islets of 

Langerhans with abundant β-cells. 

Plate B (Group 2 – Diabetic Control): Severe degeneration and necrosis of islets of Langerhans. Marked reduction 

in β-cell population with disorganized architecture. 

Plate C (Group 3 – Metformin Treated): complete regeneration of islet cells. Densely populated β-cells and 

normal islet morphology comparable to control.                                          

Plate D (Group 4 – Vernonia amygdalina Treated): Moderate restoration of β-cell mass. Regenerating islets with 

some preserved architecture. 

Plate E (Group 5 – Dacryodes edulis Treated): moderate β-cell regeneration. Islets appeared partially organized. 

Plate F (Group 6 – Combined Extract Treated): significant restoration of islets of Langerhans. 

 

 

 

Discussion 
 
Weight loss is one of the characteristic features of diabetes mellitus. This is attributed to high depletion of body 

adiposity occasioned by hypoinsulinemia (Pardhan, 2023). The present study shows the effects of treatment on 

the body weight of diabetic rats. From the study, it is observed that there was a significant improvement in the 

body weight of the animals following treatment with the extracts and metformin. This is in agreement with Kim 

et al. (2023), whose study indicated that weight loss within the first two years of a type 2 diabetes diagnosis 

increased the likelihood of achieving diabetes remission. The reduction in body weight seen in untreated rats 

could be attributed to the excessive breakdown of fatty acids and protein due to insufficient glucose in the cells. 

Similarly, glycosuria, one of the symptoms of diabetes mellitus, results in excessive excretion (loss) of glucose, 

resulting in weight loss in spite of the concomitant increase in appetite (Nguyen et al., 2024). Hence, 

uncontrolled weight loss was prevented following the administration of the drug (metformin) and the extracts. 

Diabetes mellitus, particularly type 2 diabetes mellitus (T2DM), induces metabolic and physiological alterations 

in multiple organs, often resulting in changes in organ weight. These changes are largely due to insulin 

resistance, chronic inflammation, lipid accumulation, and vascular complications (Daryabor et al., 2020). In the 

present study, there was excessive organ weight reduction following alloxan exposure. The result reveals the 

varying degree of restoration of weight in the pancreas, liver, kidneys, testes and heart following treatment with 

metformin and the aqueous extracts of V. amygdalina and D. edulis. The alteration in organ weight agrees with 

the study conducted by Hu et al., (2023) who observed that in early stages of T2DM, kidney hypertrophy may 

occur due to hyperfiltration and increased metabolic demands which progressively leads to kidney atrophy and 

loss of weight. Similarly, Yamaghishi et al. (2012) reported that diabetes can lead to cardiac hypertrophy and 

remodeling due to persistent high blood pressure, oxidative stress, and advanced glycation end-products 

(AGEs).  

The observed histopathological changes confirm the potential of Vernonia amygdalina and Dacryodes edulis 

extracts to mitigate alloxan-induced pancreatic damage. The β-cell necrosis seen in the diabetic control group 

aligns with known effects of alloxan, which selectively targets pancreatic β-cells, causing oxidative stress and 

DNA damage (Lenzen, 2008). This leads to significant loss of β-cell function and structural integrity, mirroring 

the pathophysiology of diabetes mellitus.   In the present study, after 14 days of alloxan injection, the histology 

of the β cells of the pancreas showed necrosis and complete loss of structure and function. This is in consonant 

with similar studies where animals’ exposure to alloxan caused their β cells to necrotize (Elsner et al., 2008). 



E.K. Akpan & O.T. Okugbo 

29 

 

According to previous findings, the GLUT-2 transporter mediates the uptake of alloxan into β cells (Jalal et al., 

2007). By the end of the experiment, the group that received the plant extracts and metformin had much lower 

blood glucose levels than the negative control group.  

Studies on type 1 diabetes has long used alloxan as a model since it specifically affects pancreatic β cells. 

According to Obeten et al. (2014), an alloxan injection raises insulin secretion regardless of the presence of 

glucose, resulting in hyperinsulinemia, or elevated insulin circulation in the plasma. A full suppression of the 

islet response to glucose occurs shortly after the commencement of alloxan-induced hyperinsulinemia. 

Furthermore, it has been proposed that one of the main reasons impacting alloxan's diabetogenicity is the rapid 

absorption of the drug by pancreatic β cells, which results in β cell necrosis (Lenzen, 2008). According to 

reports, ROS's impact on the DNA of the pancreatic islets is another possible explanation of alloxan's 

diabetogenic effect. Alloxan exposure in β cells has been shown to result in DNA fragmentation, which harms 

DNA. Consequently, poly ADP-ribosylation, a DNA repair step, is triggered (Ankur and Shahjad, 2012). 

The present study is a continuation of the report by Okugbo and Killian (2022). In the study, the effect of the 

leaf extracts of V. amygdalina and D. edulis on alloxan-induced diabetic rats was investigated. Hyperglycemia 

was confirmed following injection of 150 mg/kg of alloxan. Dyslipidemia, renal and hepatic disorders were also 

confirmed following the administration of 150 mg/kg of alloxan. Treatment with metformin, V. amygdalina and 

D. edulis showed a remarkable drop in the blood glucose levels as well as normalization of lipid profile, as well 

as kidneys and liver functions.  The decrease in the groups that received the plant extracts could have resulted 

from either the extracts' stimulation of insulin release or the potential regeneration of the β cells in the pancreas. 

Vernonia amygdalina extracts have the ability to regenerate pancreatic β cells that have been damaged by 

streptozocin, according to a previous study conducted by Ugoanyanwu et al. (2015). 

The treatment groups demonstrated a clear trend in ameliorative effects. Metformin, a well-established 

antidiabetic agent, showed the highest degree of β-cell restoration, as expected. This supports its known ability 

to preserve pancreatic function and enhance insulin sensitivity. This study agrees with the report of Salem 

(2022), who in a study involving alloxan-induced diabetic rats, treatment with metformin nanoparticles resulted 

in significant improvements in liver and kidney function markers. Histopathological analyses revealed 

alleviation of damage in the pancreas, liver and kidneys, indicating a protective role of metformin at the organ 

level.  

Vernonia amygdalina’s moderate restoration of islet structure aligns with previous studies highlighting its 

hypoglycemic and antioxidant properties. The bioactive compounds, including flavonoids and saponins, may 

help counteract oxidative stress and promote β-cell regeneration. This finding aligns with that of Ong et al. 

(2011), who demonstrated that V. amygdalina extract improved glucose tolerance, decreased fasting blood 

glucose, and exhibited protective effects on pancreatic β-cells against streptozotocin-induced damage. These 

benefits were attributed to the extract's antioxidant properties and ability to enhance GLUT4 expression in 

skeletal muscle. Similarly, Akpaso et al. (2017) reported the full restoration of the streptozotocin-induced 

damaged β cells following treatment with the methanol extract of Vernonia amygdalina. Saponins derived from 

Vernonia amygdalina were found to have antioxidant and hypolipidemic properties. Asanta & Wiafe (2023) 

reported that saponins extracted from Vernonia amygdalina were found to have antioxidant and hypolipidemic 

properties. Some significant phytochemicals in the leaf extracts of the plant were identified (Alara et al., 2017; 

Atangwho et al., 2013). Previous research has demonstrated that the presence of saponin lowers blood glucose 

levels by reducing oxidative stress and has anti-diabetic properties that promote insulin secretion, action and β-

cell regeneration in the pancreas (El Barky et al., 2016).  

Dacryodes edulis, rich in phenolics and essential oils, exhibited mild-to-moderate improvement in islet 

histology, suggesting a complementary antioxidant effect. This validates the study by Okolo et al. (2016), which 

examined the hexane extract of Dacryodes edulis in alloxan-induced diabetic rats and found that the extract 

decreased blood glucose levels and improved lipid profiles. Histopathological analysis revealed that the extract 

restored pancreatic β-cell architecture, suggesting a protective effect on pancreatic tissues. 

The study confirms the antidiabetic and regenerative effects of V. amygdalina and D. edulis, individually and in 

combination. The observed histological improvements suggest the extracts may protect and promote recovery of 

pancreatic β-cells, likely through antioxidant and anti-inflammatory mechanisms. The combination therapy 

appeared synergistic, warranting further investigation. 

These findings underscore the potential of these plant extracts, individually and in combination, as candidates 

for managing diabetes-induced pancreatic damage. However, further studies are needed to isolate the active 

compounds responsible for the observed effects, establish optimal dosages, and evaluate long-term safety and 

efficacy. 
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Conclusion 
 
Aqueous extracts of V. amygdalina and D. edulis demonstrated protective effects against alloxan-induced 

pancreatic damage. These findings support their ethnomedicinal use and highlight the potential for combined 

phytotherapy in diabetes management. 
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