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Abstract
Diabetes mellitus (DM) is a metabolic disorder that is well characterized by hyperglycemia which is associated with impaired insulin secretion, peripheral sensitivity and b-cell dysfunction. This research aimed at investigating the antidiabetic potentials of a combination of Vernonia amygdalina and Zingiber officinale in diabetic Wistar rats. A total of thirty-five male Wistar rats weighing between 160g ± 10g were randomized into 5 groups of 7 rats each and used for the study. Group A was used as a normal control. Diabetes was induced by an intraperitoneal injection of alloxan (130mg/kg) in groups B-E. Group B was left untreated, group C was treated with 100mg/kg gluformin while groups D and E were treated with 100 and 200 mg/kg bodyweight respectively of the combination of ethanol extract of V. amygdalina and Z. officinale. Ethanol extraction was done using maceration method. Fasting blood glucose concentrations were measured at three-day intervals for a period of two weeks using a One-Touch glucometer and test strips. Lipid profile and liver function parameters were determined using standard diagnostic methods. Ethanol extract of a combination of V. amygdalina and Z. officinale caused a significant (p<0.05) weight gain and significantly (p<0.05) reduced the alloxan-induced increases in fasting blood glucose. There was a significant (p<0.05) decrease in total cholesterol, triglyceride, low-density lipoprotein concentration, aspartate transaminase activity, alanine transaminase activity and alkaline phosphatase activity compared to the diabetic untreated. The results obtained suggest that the ethanol extract of a combination of V. amygdalina and Z. officinale can be considered as an alternative remedy for diabetes and a substitute for drugs in the treatment of diabetic conditions due to its pharmacological activity.
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1.0	Introduction
Diabetes Mellitus (DM) is a complex metabolic disorder involving insulin resistance, impaired insulin signaling, β-cell dysfunctions, inflammation, and disrupted glucose and lipid metabolism, leading to increased oxidative stress (Poznyak et al., 2020). Affecting 2.8% of the global population in 2000, its prevalence is expected to rise to 4.4% by 2030, driven by aging and obesity trends (Forouhi and Wareham, 2019). The metabolic imbalances in diabetes result in chronic pathological conditions such as micro- and macrovascular complications, neuropathy, retinopathy, and nephropathy, which lower the quality of life and increase mortality (Chawla et al., 2016). 
Diabetes is characterized by elevated blood sugar due to impaired insulin secretion or reduced tissue responsiveness, and it includes type 1, type 2, gestational diabetes, and forms related to other causes like pancreatic disorders or medications. Persistent high blood sugar and metabolic changes can damage multiple organs, causing complications like cardiomyopathy, retinopathy, nephropathy, neuropathy, and foot ulcers (O’Donnell, 2018). 
DM is classified into type 1 and type 2. However, DM can also occur during pregnancy- a type known as gestational DM. Other circumstances- such as insulin receptor impairment, pancreatic exocrine disorder, genetic disorders, and endocrinopathies- can provoke DM (Forbes and Cooper, 2014). Clinically, type 1 DM presents hyperglycemia as a result of acute or chronic insulin deficiency in plasma. In type 2 DM, the β-cells within the islets of Langerhans of the pancreas are hypersensitive to glucose in plasma, thereby eliciting the secretion of higher-than-normal insulin levels in the systemic circulation. The evidence of hyperinsulinemia is an attempt to counterbalance hyperglycemia, which further deteriorates and impairs β-cell function (Keenan et al., 2010; Cerf, 2013). Chronic hyperglycemia is accompanied by high mortality and morbidity due to its concomitant microvascular complications, such as nephropathy, neuropathy and retinopathy, as well as macrovascular complications which include cardiovascular diseases leading to myocardial infarction and stroke (Kitada et al., 2010).
V. amygdalina (bitter leaf) is a shrub or small tree belonging to the family Asteraceae that grows predominantly in tropical regions in Africa and Asia with the leaves having a characteristic bitter taste. For hundreds of years, bitter leaf serves as fodder, food, and herbal medicine (Alara et al., 2020). V amygdalina is rich in minerals such as potassium, magnesium, zinc, iron, and vitamins A, C, and E (Johnson et al., 2015). The shrub has been known to exhibit profound pharmacological properties such as antimalarial, antioxidant, antimicrobial anticancer, neuroprotective, anti-inflammatory, and anthelminthic properties (Akpor et al., 2021). The pharmacological properties of the bitter leaf have been reported to be connected to its phytochemical constituents which include flavonoids, steroidal saponins, alkaloids, sesquiterpene lactones, anthraquinones, polyphenolics, and coumarins (El-Saber et al., 2020). 
Ginger (Z. officinale), belonging to the family Zingiberaceae, is a popular spice and herb used as a delicacy. Z. officinale has long been in use therapeutically and is currently validated as a potent medicinal spice to manage numerous diseases such as diabetes, hypertension, cancer, ulcer, diarrhea, cold, cough, spasms, and vomiting (Balogun et al., 2019). It is an effective spasmolytic, antipyretic, antiemetic, antioxidant, antiulcer, analgesic, hypotensive, antidiabetic, and anti-inflammatory agent containing scented essential oils and spicy oleoresins. The phenolic compounds (gingerols, shogaols, paradol, and gingerdiones) in Z. officinale have been discovered to be the source of their pharmacological benefits (Balogun et al., 2019). 
Hyperglycemia, which is associated with uncontrolled DM, elicits abnormal metabolism such that the biochemical parameters involved in the metabolic events leading to diabetic complications are expressed and amplified. Therefore, such parameters can serve as therapeutic targets for the treatment of DM (Ezeigwe and Ezeonu, 2019; Alam et al., 2019). Although there are conventional drugs for the treatment of diabetes, the conventional drugs are either costly or associated with adverse effects which limits its use as an antidiabetic regimen. Research is still ongoing to discover a more reliable, affordable and easily accessible treatment for diabetics. The crude extract and fractions of Azadirachta indica leaves have extensively been used in the management and treatment of diabetes mellitus, likewise numerous other medicinal plants, revealing the use of herbs in the management of diabetes (Ezeigwe et al., 2020). Also, medicinal plants such as bitter leaf (Adekemi et al., 2024) and ginger have been used for the treatment of diabetes, although there is no literature revealing their use as a combination. However, our research is aimed at investigating the synergistic antidiabetic potentials of a combination of V. amygdalina and Z. officinale in alloxan-induced diabetic rats.

2.0	Methods 
2.1	Plant Collection and Identification
The leaves of V. amygdalina were collected from Mgbakwu, Awka North Local Government Area, Anambra State, Nigeria, while the seeds of Z. officinale were bought from Eke Market, Awka, Anambra State, Nigeria. A taxonomist from Nnamdi Azikiwe University's Botany Department in Awka identified the sample. A voucher specimen for V. amygdalina (NAUH-047C) and Z. officinale (NAUH-026 [Rhyzome]) was placed in the Department of Botany's Herbarium. 

2.2	Determination of Bodyweight
The weight of the experimental subjects was checked using an electronic weighing scale. 
2.3	Experimental Animals and Grouping
A total of thirty-five healthy male Wistar albino rats, weighing between 155g and 165g, were procured from Chris Experimental Research Farm and Research Laboratory, Mgbakwu, Awka North Local Government Area, Anambra State, Nigeria. They were randomized into five (5) groups of seven (7) rats each and used for this research. The rats were acclimatized for a period of one week before the commencement of the research work. The grouping is as follows
Group A: Normal Control
Group B: Diabetic untreated
Group C: 100mg/kg Gluformin
Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale
Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale

2.4	Induction of Diabetes using Alloxan and Treatment
Diabetes was induced by a single intraperitoneal injection of 150mg/kg alloxan monohydrate. The rats were fasted overnight for 16 hours before the induction of diabetes. The initial fasting blood glucose (fbg) concentration was recorded. The rats were given 5% glucose solution 2 hours after induction to prevent hypoglycemia. The FBG was checked 48 hours after induction. Rats whose FBG were 200mg/dl and above were confirmed to be diabetic. Fasting blood glucose levels were checked at three-day intervals for two weeks. Groups C to E received treatment for a period of two weeks, after which the animals were anesthetized and blood collected by cardiac puncture to run some biochemical analysis (lipid profile and liver function test).

2.5	Lipid Profile
The lipid profile (Total Cholesterol, Triglycerides, High-Density Lipoprotein-cholesterol, Low-Density Lipoprotein-cholesterol and Very Low-Density Lipoprotein-cholesterol) were determined using Randox test kits (Trinder, 1969 and Tietze et al., 1990). Low-density Lipoprotein-cholesterol (LDL-c) was calculated using a standard formula (Friedwald et al., 1972). The procedure used was according to the manufacturer's instructions provided in the manual.

2.6	Liver Function Test
Serum biochemical indices routinely estimated for liver functions were analysed. They include Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), direct and total bilirubin. The parameters were determined using Randox diagnostic test kits. The procedures used were according to the manufacturer’s instructions.

2.7	Statistical Analysis 
[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 23 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained were performed by using ANOVA Tests to determine if a significant difference exists between the means of the test and control groups. The limit of significance was set at p<0.05.
3.0	RESULTS
3.1	Results of Effect of a combination of V. amygdalina and Z. officinale on Bodyweight
The induction of diabetes resulted in a significant decrease (p<0.05) in the fasting blood glucose concentration of all the induced groups (figure 1). Group A, which was normal control, was not induced. The combination of V. amygdalina and Z. officinale resulted in a significant increase (p<0.05) in the bodyweight of the extract-treated groups. The increase was observed at a weekly interval. However, a more significant increase was observed in the group treated with 200mg/kg bodyweight of the extract combination (figure 1).
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*Significant decrease w.r.t. initial bodyweight, #significant increase w.r.t. bodyweight in week 0
Figure 1: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on the bodyweight of alloxan-induced diabetic rats.
3.2	Results of the effect of the extract on Fasting Blood Glucose Concentration
Induction of diabetes with alloxan caused a significant increase (p<0.05) in the fasting blood concentration of Groups B to E compared to Group A, which was not induced. The fasting blood glucose concentration of the diabetic untreated (Group B) remained high throughout the period of the experiment. However, an observable decrease in the fasting blood glucose concentration was recorded in groups C to D. The group treated with 200 mg/kg bodyweight of the extract fared better than the group treated with 100 mg/kg bodyweight of the extract. The ethanol extract of the combination showed a significant decrease (p<0.05) in fasting blood glucose concentration from day 6 to day 15 of the experiment (figure 2).
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Figure 2: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on the fasting blood glucose concentration of alloxan-induced diabetic rats.
3.3	Results of the effect of the extract on Lipid Profile Parameters
There was a significant increase (p<0.05) in total cholesterol concentration of the diabetic untreated group compared to the normal control group which was not induced. Treatment with the ethanol extract of the combination of V. amygdalina and Z. officinale caused a significant decrease (p<0.05) in the total cholesteriol of groups D and E compared to Group B (figure 3). There was a reduction in the high-density lipoprotein cholesterol of group B (diabetic untreated) compared to the normal control and the treated groups (figure 4). There was a significant increase (p<0.05) in triglyceride concentration of the diabetic untreated group compared to the normal control group which was not induced. Treatment with the ethanol extract of the combination of V. amygdalina and Z. officinale caused a significant decrease (p<0.05) in the triglyceride of groups D and E compared to Group B (figure 5). There was a significant increase (p<0.05) in low-density lipoprotein cholesterol concentration of the diabetic untreated group compared to the normal control group, which was not induced. Treatment with the ethanol extract of the combination of V. amygdalina and Z. officinale caused a significant decrease (p<0.05) in the low-density lipoprotein cholesterol of groups D and E compared to Group B (figure 6).  There was a significant increase (p<0.05) in very low-density lipoprotein cholesterol concentration of the diabetic untreated group compared to the normal control group, which was not induced. Treatment with the ethanol extract of the combination of V. amygdalina and Z. officinale at a dose of 200mg/kg caused a significant decrease (p<0.05) in the very low-density lipoprotein cholesterol of E compared to the diabetic untreated (figure 7). 
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aSignificant increase w.r.t. Group A, bSignificant decrease w.r.t. Group B.
Figure 3: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on total cholesterol concentration of alloxan-induced diabetic rats.
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Figure 4: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on high-density lipoprotein concentration of alloxan-induced diabetic rats.
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Figure 5: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on triglyceride concentration of alloxan-induced diabetic rats.
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aSignificant increase w.r.t. Group A, bSignificant decrease w.r.t. Group B.
Figure 6: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on low-density lipoprotein concentration of alloxan-induced diabetic rats.
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aSignificant increase w.r.t. Group A, bSignificant decrease w.r.t. Group B.
Figure 7: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on very low-density lipoprotein concentration of alloxan-induced diabetic rats.
3.4	Results of the effect of the extract combination on Liver Function Parameters
Induction of experimental diabetes caused a significant increase (p<0.05) in the aspartate transaminase activity of the induced groups compared to the normal control group, which was not induced (figure 8). Treatment with the standard drug (100mg/kg gluformin) and the extracts caused a significant decrease in the aspartate transaminase activity of the treated groups compared to the untreated (Group B). Induction of experimental diabetes caused a significant increase (p<0.05) in the alanine transaminase activity of the induced groups compared to the normal control group, which was not induced (figure 9). Treatment with the standard drug (100mg/kg gluformin) and the extracts caused a significant decrease in the alanine transaminase (ALT) activity of the treated groups compared to the untreated (Group B). However, a better reduction in the ALT activity was observed in the group treated with the 200 mg/kg ethanol extract of the combination compared with that of 100 mg/kg bodyweight.
Induction of experimental diabetes caused a significant increase (p<0.05) in the alkaline phosphatase (ALP) activity of the induced groups compared to the normal control group, which was not induced (figure 10). Treatment with the standard drug (100mg/kg gluformin) and the extract at a dose of 200mg/kg bodyweight caused a significant decrease (p<0.05) in the alkaline phosphatase (ALP) activity of the treated groups compared to the untreated (Group B). However, a better reduction in the ALP activity was observed in the group treated with the 200 mg/kg ethanol extract of the combination compared with that of 100 mg/kg bodyweight. There was a significant decrease (p<0.05) in the direct bilirubin concentration of the group treated with 200mg/kg bodyweight compared to the diabetic untreated group (figure 11). Diabetes caused a significant increase (p<0.05) in the total bilirubin concentration of the diabetic untreated group. Treatment with the standard drug caused a significant reduction in the total bilirubin concentration compared with the untreated diabeti group (figure 12).
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a,Significant increase w.r.t. Group A, b Significant decrease w.r.t. Group B.
Figure 8: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on aspartate transaminase activity of alloxan-induced diabetic rats.
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a,Significant increase w.r.t. Group A, b Significant decrease w.r.t. Group B.
Figure 9: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on alanine transaminase activity of alloxan-induced diabetic rats.
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a,Significant increase w.r.t. Group A, b Significant decrease w.r.t. Group B.
Figure 10: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on alkaline phosphatase activity of alloxan-induced diabetic rats.
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a,Significant increase w.r.t. Group A, b Significant decrease w.r.t. Group B.
Figure 11: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on direct bilirubin concentration of alloxan-induced diabetic rats.
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a,Significant increase w.r.t. Group A, b Significant decrease w.r.t. Group B.
Figure 12: Effect of administration of a combination of ethanol extract of V. amygdalyna and Z. officinale on total bilirubin concentration of alloxan-induced diabetic rats.

Discussion
Diabetes mellitus is known metabolic disorder that manifests due to free radical generation leading to oxidative stress. The increasing effect of diabetes menacing the quality of human life requires extensive research into the discovery and development of efficient hypoglycemic agent free of adverse effects. Thus, medicinal plants are continually being investigated using animal model of the disease with the view of developing comparatively safe anti-diabetic plant-based products (Tamiru et al., 2012; Soliman, 2016). Our research revealed that the combination of ethanol extract of V. amygdalina and Z. officinale was able to ameliorate diabetes in diabetic rats. This could be as a result of important phytochemicals found in plants such as saponins, flavonoids and alkaloids, which help in mopping up free radicals generated as a result of the diabetic condition. This is in line with the findings of Musa et al. (2025) who reported the hypoglycemic activity of coadministration of V. amygdalina and Z. officinale rhyzomes in normoglycemic Wistar rats

Diabetes upsets the lipid profile of the experimental animals, increasing the TCH, LDL, TRIG and VLDL while reducing HDL. The reports of Ebaid et al. (2019) were in agreement with the results obtained in our study. Insulin resistance and insulin deficiency observed in type 2 diabetic patients are likely to contribute to these lipid changes, as insulin functions in regulating lipid metabolism, a significant factor for the risk of cardiovascular diseases (Bruno, 2015). A substantial increase in the HDL-Cholesterol concentration for the group treated with 200 mg/kg extract combination was observed compared to the group treated with 100 mg/kg gluformin. This entails that the combination of ethanol extract of V. amygdalina and Z. officinale can boost good cholesterol in experimental subjects.

There was a significant (p<0.05) decrease in the serum total cholesterol, triglyceride, LDL, and VLDL level of the group of rats treated with ethanol extracts of a combination of V. amygdalina and Z. officinale compared with the diabetic-untreated rats. In a research study conducted by Adekunle et al. (2016) in other to determine the hypoglycemic, antihyperglycemic, antihyperlipidemic and antioxidative properties of 2 different doses of A. indica (100 and 200 mg/kg) in comparison with glibenclamide (a reference drug), the researchers reported a significantly (p<0.05) reduction in total cholesterol, triglyceride and LDL-cholesterol concentrations when compared with corresponding values in the untreated diabetic groups after 21 days. The HDL cholesterol concentration of the extract-treated groups maintained a close level with that of normal non-diabetic rats. The increased HDL-cholesterol facilitates the transport of triglyceride cholesterol from serum to liver through reverse cholesterol transport, where it is catabolized and excreted. HDL-cholesterol transports cholesterol from peripheral tissues to the liver for catabolism, causing a significant reduction in TCHOL, TRIG, and VLDL-cholesterol, (Srinivasan-Rao and Saileela, 2013). It also exhibits antioxidative and anti-inflammatory capacities (Femlak et al., 2017). 

In like manner the major indicators for assessment of liver function, (AST, ALT, ALP and bilirubin) were all increased indicating serious perturbation of the liver (Figure 8-12). The liver is highly susceptible to oxidative reactions as it is the main centre of detoxification of most of the substances in the body including xenobiotics. Induction of diabetes using alloxan which caused a significant increase in serum markers of liver function (aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase and total bilirubin) suggesting hepatic damage. Oral administration of ethanol extract of a combination of V. amygdalina leaves and Z. officinale rhizome at doses of 100 mg/kgbw and 200 mg/kgbw significantly (p< 0.05) prevented an increase in AST, ALT, ALP and TB levels of all the treated groups. These results are in line with the findings by Mohammed and Abubakar (2012), who reported that the extracts of medicinal plants have the potency of preventing liver damage in rats administered subcutaneously with 75 mg/kg CCl4. Comparing the level of these serum markers of liver function for the extract-treated groups with that of metformin, (a standard drug used for the treatment of diabetes) did not show any significant difference.

A close look at the indicators of these organ functions in diabetic rats treated with a combination of Vernonia amygdalina and Zingiber officinale extract suggests that the extract has an ameliorative effect that positively modifies the altered parameters towards normal values. Plants contain different chemical constituents with potential for use as a therapy for diabetes mellitus (Zohre et al., 2015). The presence of phytochemicals such as flavonoids, tannins and saponins which act as antioxidants in the extract may be responsible for its ameliorative effect on the liver. 

Conclusion
The ethanol extract of V. amygdalina leaf and Z. officinale coadministered to experimental subjects can be effective in the management of diabetes and its complications as seen from the results of treatment for a period of 14 days after the induction of diabetes. Ethanol extract of a combination of V. amygdalina and Z. officinale is potent in lowering blood glucose level in alloxan-induced diabetic rats which can be by regenerating the beta cells' integrity. Its effect in lowering the fasting blood glucose level in alloxan-induced diabetic rats compare favourably with gluformin. It modulates the essential biochemical parameters such as lipid profile and liver functions of diabetic rats favourably towards recovery and improved health. The observation made from this research reveals that the ethanol extract of a combination of V. amygdalina leaves and Z. officinale is effective in the treatment and management of diabetes mellitus.


[bookmark: _Hlk204003461][bookmark: _Hlk213070710]Disclaimer (Artificial intelligence)
Option 1:
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

References

1. Adekemi, F. E., Folake, J. K., & Omowumi, F. P. (2024). Antidiabetic effects of aqueous leaf extract of Vernonia amygdalina on serum liver markers in streptozotocin-induced diabetic albino Rats: a new data to support its Anti-diabetic effect. Clinical Phytoscience, 10(1):13.
2. Adekunle, A. S., Adelusi, T. I., Kamdem, J., Ishmael, A., & Akintade, B. B. (2016). Insulinomimetic, Antihyperlipidemic and Antioxidative Properties of Azadirachta indica. Possible Mechanism of Action. British Journal of Medicine & Medical Research, 17(5), 1-11. https://doi.org/10.9734/BJMMR/2016/26897

3. Akpor, O. B., Ndakotsu, J., Evbuomwan, I. O., Olaolu, T. D., & Osemwegie, O. O. (2021). Bacterial growth inhibition and antioxidant potentials of leaf infusions of (Moringa oleifera), locust beans (Parkia biglobosa) and bitter leaf (Vernonia amygladina). Scientific African, 14, e01001. https://doi.org/10.1016/j.sciaf.2021.e01001
4. Alam, F., Shafique, Z., Amjad, S. T., & Bin Asad, M. H. H. (2019). Enzymes inhibitors from natural sources with antidiabetic activity: A review. Phytotherapy Research, 33(1), 41–54. https://doi.org/10.1002/ptr.6211
5. Alara, O. R., Nour, A. H., & Olalere, O. A. (2020). Ethanolic extraction of flavonoids, phenolics and antioxidants from Vernonia amygdalina leaf using two-level factorial design. Journal of King Saud University-Science, 32(1), 7–16. https://doi.org/10.1016/j.jksus.2017.08.001
6. Balogun, F. O., AdeyeOluwa, E. T., & Ashafa, A. O. T. (2019). Pharmacological potentials of ginger. In H. Wang (Ed.), Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials. IntechOpen. https://doi.org/10.5772/intechopen.88848
7. Vergès, B. (2015). Pathophysiology of diabetic dyslipidaemia: Where are we? Diabetologia, 58(5), 886-899. https://doi.org/10.1007/s00125-015-3525-8
8. Cerf, M. E. (2013). Beta cell dysfunction and insulin resistance. Frontiers in Endocrinology, 4, 37. https://doi.org/10.3389/fendo.2013.00037
9. Chawla, A., Chawla, R., & Jaggi, S. (2016). Microvasular and macrovascular complications in diabetes mellitus: Distinct or continuum?. Indian Journal of Endocrinology and Metabolism, 20(4), 546-551. https://doi.org/10.4103/2230-8210.183480
10. Ebaid, H., Bashandy, S. A. E., Alhazza, I. M., Hassan, I., & Al-Tamimi, J. (2019). Efficacy of a Methanolic Extract of Adansonia digitata Leaf in Alleviating Hyperglycemia, Hyperlipidemia, and Oxidative Stress of Diabetic Rats. Biomedical Research International. https://doi.org/10.1155/2019/2835152

11. Batiha, G. E.-S., Beshbishy, A. M., Adeyemi, O. S., Nadwa, E. H., Rashwan, E. K. M., Alkazmi, L. M., Elkelish, A. A., & Igarashi, I. (2020). Phytochemical screening and antiprotozoal effects of the methanolic Berberis vulgaris and acetonic Rhus coriaria extracts. Molecules, 25(3), 550. https://doi.org/10.3390/molecules25030550

12. Ezeigwe, O. C., & Ezeonu, F. C. (2019). Antidiabetic and Modulatory Effect of Ethanol Extract of Neem Leaf on Some Essential Biochemical Parameters of Streptozotocin-induced Diabetic Rats. International Journal of Biochemistry Research & Review, 28(4), 1-11. https://doi.org/10.9734/ijbcrr/2019/v28i430157

13. Ezeigwe, O. C., Ezeonu, F. C., & Igwilo, I. O. (2020). Antidiabetic Property and Antioxidant Potentials of ethanol extract of Azadirachta indica leaf in streptozotocin-induced diabetic rats. The Bioscientist Journal. https://bioscientistjournal.com/index.php/The_Bioscientist/article/view/6

14. Femlak, M., Gluba-Brzózka, A., Ciałkowska-Rysz, A., & Rysz, J. (2017). The role and function of HDL in patients with diabetes mellitus and the related cardiovascular risk. Lipids in Health and Disease. https://doi.org/10.1186/s12944-017-0594-3
15. Forbes, J. M., & Cooper, M. E. (2013). Mechanisms of diabetic complications. Physiological Reviews, 93(1), 137–188. https://doi.org/10.1152/physrev.00045.2011
16. Forouhi, N. G., & Wareham, N. J. (2019). Epidemiology of diabetes. Medicine, 47(1), 22-27. https://doi.org/10.1016/j.mpmed.2018.10.004
17. Johnson, M., Kolawole, O. S., & Olufunmilayo, L. A. (2015). Phytochemical analysis, in vitro evaluation of antioxidant and antimicrobial activity of methanolic leaf extract of Vernonia amygdalina (bitter leaf) against Staphylococcus aureus and Pseudomonas aeruginosa. International Journal of Current Microbiology and Applied Sciences, 4(5), 411–426. http://www.ijcmas.com/vol-4-5/Momoh%20Johnson,%20et%20al.pdf
18. Kazeem, M. I., Dansu, T. V., & Adeola, S. A. (2013). Inhibitory effect of Azadirachta indica A. juss leaf extract on the activities of alpha-amylase and alpha-glucosidase. Pakistan Journal of Biological Sciences, 16(21), 1358-1362. https://doi.org/10.3923/pjbs.2013.1358.1362
19. Kitada, M., Zhang, Z., Mima, A., & King, G. L. (2010). Molecular mechanisms of diabetic vascular complications. Journal of Diabetes Investigation, 1(3), 77-89. https://doi.org/10.1111/j.2040-1124.2010.00018.x

20. Mohammed, A., Abubaka, S. A. (2012). Potency of Aqueous Extract of Azadirachta indica. Juss against Lipid Peroxidation and Liver Damage in Rats. International Journal of Modern Biochemistry. 2012;1(1): 27-35.
21. [bookmark: _Hlk216622525]Musa, I. A., Jafar, A., Abdul, B. A., Auwal, H. M., Auwal, M. S., Ibrahim, A., & Lawan, F. A. (2025). Phytochemical Properties and Hypoglycemic Activity of the Aqueous Plant Extract Vernonia amygdalina (bitter leaf) and Rhizomes of Zingiber officinale (Ginger) on Blood Glucose Level in Normoglycemic Wistar Albino Rats. *International Journal of Health and Medical Information (IJHMI)*, *8*(2), 98–106. https://icidr.org.ng/index.php/Ijhmi/article/view/1784
22. O'Donnell, C. (2018). Diabetes. In N. Efron (Ed.), Contact Lens Practice (3rd ed., pp. 314-20.e1). Elsevier. https://www.elsevier.com/books/contact-lens-practice/efron/978-0-7020-6660-3

23. Poznyak, P., Grechko, A. V., Poggio, P., Myasoedova, V. A., Alfieri, V. & Orekhov, A. N. (2020). The diabetes mellitus–atherosclerosis connection: The role of lipid and glucose metabolism and chronic inflammation. Int. J. Mol. Sci., 21(5): 1835. 
24. Soliman, A. M. (2016). Potential impact of Paracentrotus lividus extract on diabetic rat models induced by high fat/streptozotocin. Journal of basic Applied Science. 77:8–20.
25. Srinivasan-Rao, B. D. & Saileela, C. H. (2013). Anti-hyperlipidemic activity of methanolic extract of Rhinacanthus nasutus. International Journal of Research in Pharmacy and Chemistry. 3:708-11. 

26. Tamiru, W., Engidawork, E., & Asres, K. (2012). Evaluation of the effects of 80% methanolic leaf extract of Caylusea abyssinica (fresen.) fisch. & Mey. on glucose handling in normal, glucose loaded and diabetic rodents. BMC Complementary and Alternative Medicine, 12, 151. https://doi.org/10.1186/1472-6882-12-151
27. Mirzaalian Dastjerdi, Z., Namjoyan, F., & Azemi, M. E. (2015). Alpha Amylase Inhibition Activity of Some Plants Extract of Teucrium Species. European Journal of Biological Sciences, 7(1), 26-31. https://doi.org/10.5829/idosi.ejbs.2015.7.01.91127



Fasting Blood Glucose

Initial	9.8000000000000007	4.08	2.98	3.51	4.6399999999999997	2.5299999999999998	3.14	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	126.44	114.65	108.03	103.86	101.55	Day 0	7.84	62.6	65.37	63.24	80.63	46.61	100.75	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	87.57	236.08	276.35000000000002	324.70999999999998	343.19	Day 3	6.43	48.43	54.36	34.93	96.15	18.940000000000001	23.43	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	88.43	255.67	239.92	297.20999999999998	298.19	Day 6	5.45	46.04	62.39	65.41	50.1	58.23	44.93	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	79.86	244.25	152.27000000000001	258	143.66999999999999	Day 9	4.67	37.270000000000003	52.45	30.98	24.2	22.26	22.24	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	93.57	446.75	306.25	285.5	206	Day 12	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	79.86	347	173.67	217.5	170.33	Day 15	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	86.71	431.75	177	308.5	178.33	



Total Cholesterol

20	19.63	19.03	6.63	7.25	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	98.27	195	82.83	108.17	90.68	
Total Cholesterol (mg/dl)



HDL

5.69	3.03	5.43	9.64	9.42	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	46.94	30.58	50.91	48.49	60.77	
High density lipoprotein (mg/dl)



TRIG

7.91	27.71	16.739999999999998	16.48	20.350000000000001	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	49.76	155.49	86.02	101.74	86.05	


LDL

21.6	16.940000000000001	15.06	5.4	4.8899999999999997	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	41.38	133.32	22.64	39.32	12.7	
Low density lipoprotein (mg/dl)



VLDL

1.58	5.54	3.35	3.3	4.07	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	9.9499999999999993	31.1	17.2	20.350000000000001	17.21	
Very low density lipoprotein (mg/dl)



AST

1.73	2.31	2	4.91	1	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	10	27	12	13.33	12	


ALT

1.33	8.08	2.31	1.67	2.31	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	9.33	27	8	13.67	8	
Alanine transaminase (U/L)



ALP

7.81	8.76	9.56	7.22	0.57999999999999996	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	50	88.67	60.67	83.33	50	
Alkaline phosphatase (U/L)



Direct Bilirubin

0.2	0.02	0.09	0.22	0.1	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	1.52	1.84	1.39	1.42	1.2	
Direct Bilirubin (mg/dl)



Total Bilirubin

0.21	0.3	0.08	0.11	0.12	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	3.19	3.77	3.05	3.39	3.21	
Total Bilirubin (mg/dl)



Bodyweight

Initial	2.69	1.56	1.83	1.59	1.82	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	160	158	159.93	159.07	158.63999999999999	week 0	2.87	6.99	2.1800000000000002	4.54	3.9	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	168.86	147.6	145.4	139.66999999999999	148.33000000000001	week 1	2.89	5.39	6.99	1.04	2.91	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	177.85	152.75	150	149.5	156.4	week 2	1.65	8.84	2.52	1.58	3.1	1	Group A: Normal Control	Group B: Diabetic untreated	Group C: 100mg/kg Gluformin	Group D: 100mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	Group E: 200mg/kg combination of ethanol extract of V. amygdalina and Z. officinale	187.86	142	161	157	163.19999999999999	





2

