


Anti-diabetic Property of the crude Ethanol Extract of a Combination of V. amygdalina and Z. officinale in Wistar Albino Rats


Abstract
Hyperglycemia, which is linked to decreased insulin production, peripheral sensitivity, and b-cell dysfunction, is a hallmark of diabetes mellitus (DM), a metabolic disease. This research aimed at investigating the antidiabetic potentials of a combination of Vernonia amygdalina and Zingiber officinale in diabetic Wistar rats. Extraction was done using maceration method. 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
Insulin resistance, poor insulin signaling, β-cell dysfunctions, inflammation, and altered glucose and lipid metabolism all contribute to diabetes mellitus (DM), a complicated metabolic condition that increases oxidative stress (Poznyak et al., 2020). Due to obesity and aging trends, the prevalence of this condition, which affected 2.8% of the world's population in 2000, is predicted to increase to 4.4% by 2030 (Forouhi and Wareham, 2019). Diabetes's metabolic abnormalities lead to long-term pathological disorders like neuropathy, retinopathy, nephropathy, and micro- and macrovascular consequences, which reduce quality of life and raise mortality (Chawla et al., 2016). 
Diabetes, which encompasses type 1, type 2, gestational diabetes, and variants associated with other causes such pancreatic diseases or drugs, is defined by high blood sugar due to impaired insulin secretion or decreased tissue response. Multiple organ damage, including cardiomyopathy, retinopathy, nephropathy, neuropathy, and foot ulcers, can result from persistently high blood sugar and metabolic abnormalities (O'Donnell, 2018). There are two types of DM: type 1 and type 2. However, gestational diabetes mellitus (DM) can also develop during pregnancy. Other conditions that might cause diabetes mellitus include endocrinopathies, pancreatic exocrine diseases, insulin receptor dysfunction, and genetic disorders (Forbes and Cooper, 2014).
Clinically, acute or chronic insulin insufficiency in plasma causes hyperglycemia in people with type 1 diabetes. Because the β-cells in the pancreatic islets of Langerhans are hypersensitive to glucose in plasma, type 2 diabetes causes the systemic circulation to secrete more insulin than usual. In an effort to counteract hyperglycemia, which worsens and inhibits β-cell function, there is evidence of hyperinsulinemia (Keenan et al., 2010; Cerf, 2013). Due to concurrent microvascular complications like nephropathy, neuropathy, and retinopathy as well as macrovascular complications like cardiovascular diseases that result in myocardial infarction and stroke, chronic hyperglycemia is associated with high mortality and morbidity (Kitada et al., 2010).
“V. amygdalina, often known as bitter leaf, is a shrub or small tree in the Asteraceae family that grows mostly in tropical areas of Asia and Africa. Its leaves have a distinctly bitter flavor. Bitter leaf has been used as food, fodder, and herbal medicine for hundreds of years (Alara et al., 2020). Minerals like potassium, magnesium, zinc, iron, and vitamins A, C, and E are abundant in V amygdalina” (Johnson et al., 2015). “Significant pharmacological characteristics of the plant, including antimalarial, antioxidant, antibacterial, anticancer, neuroprotective, anti-inflammatory, and anthelminthic qualities, have been reported” (Akpor et al., 2021). “The phytochemical components of bitter leaf, such as flavonoids, steroidal saponins, alkaloids, sesquiterpene lactones, anthraquinones, polyphenolics, and coumarins, have been linked to its pharmacological characteristics” (El-Saber et al., 2020). 
“A common spice and herb eaten as a delicacy, ginger (Z. officinale) is a member of the Zingiberaceae family. Z. officinale has been used medicinally for a long time and is now recognized as a powerful medicinal spice to treat a wide range of conditions, including diabetes, hypertension, cancer, ulcers, diarrhea, colds, coughs, spasms, and vomiting” (Balogun et al., 2019). “With perfumed essential oils and spicy oleoresins, it is a potent spasmolytic, antipyretic, antiemetic, antioxidant, antiulcer, analgesic, hypotensive, antidiabetic, and anti-inflammatory agent. The pharmacological advantages of Z. officinale have been found to be derived from phenolic chemicals (gingerols, shogaols, paradol, and gingerdiones)” (Balogun et al., 2019).
“The biochemical parameters involved in the metabolic events leading to diabetic complications are expressed and increased when hyperglycemia, which is linked to uncontrolled diabetes mellitus, causes aberrant metabolism. As a result, these measures can be used as therapeutic targets to treat diabetes mellitus” (Ezeigwe and Ezeonu, 2019; Alam et al., 2019). While there are conventional medications for the treatment of diabetes, their usage as an antidiabetic regimen is limited because they are either expensive or have side effects. The hunt for a more dependable, reasonably priced, and readily available diabetes treatment is currently ongoing. Azadirachta indica leaf fractions and crude extract have been widely utilized to treat and manage diabetes mellitus, as have many other medicinal plants, demonstrating the use of herbs in diabetes management (Ezeigwe et al., 2020). Additionally, diabetes has been treated with medicinal herbs such bitter leaf (Adekemi et al., 2024) and ginger, albeit there is no research on their combined use. However, in alloxan-induced diabetic rats, our study aims to explore the synergistic antidiabetic potentials of a combination of ethanol extract of V. amygdalina and Z. officinale.

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	Ethanol Extraction
The leaves of V. amygdalina and the rhyzomes of Z. officinale were washed, dried at room temperature and pulverised to powder with a grinding machine to facilitate the extraction process. Exactly 100g each of ground V. amygdalina leaves and Z. officinale rhyzomes were separately macerated in 1 L of 70% ethanol respectively for a period of 24 hours. At the expiration of 24 hours the mixture was separately sieved using muslin cloth and filtered using whatmann no 1 filter paper. The filtrate was concentrated using a water bath adjusted to 500C. The ethanol extract gotten for each was then put in a universal container and stored in the refrigerator for use.

2.3	Determination of Bodyweight
The weight of the experimental subjects was checked using an electronic weighing scale. 
2.4	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

2.5	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).

2.6	Lipid Profile Test
“Randox test kits were used to measure the lipid profile, which included total cholesterol, triglycerides, high-density lipoprotein-cholesterol, low-density lipoprotein-cholesterol, and very low-density lipoprotein-cholesterol” (Trinder, 1969 and Tietze et al., 1990). A standard formula was used to calculate low-density lipoprotein-cholesterol (LDL-c) (Friedwald et al., 1972). The process followed the manufacturer's guidelines found in the handbook.

2.7	Liver Function Test
Analysis was done on serum biochemical indicators that are frequently calculated for liver functioning. These include direct and total bilirubin, alkaline phosphatase (ALP), aspartate aminotransferase (AST), and alanine aminotransferase (ALT). Randox diagnostic test kits were used to determine the parameters. The methods followed the guidelines provided by the manufacturer.

2.8	Statistical Analysis 
The Statistical Package for Social Sciences software for Windows version 23 (SPSS Inc., Chicago, Illinois, USA) was used to analyze the experiment data. Every piece of information was presented as Mean ± SEM. ANOVA tests were used in the statistical analysis of the data to ascertain whether the means of the test and control groups differed significantly. A significant threshold of p<0.05 was established.
3.0	RESULTS
3.1	Results of the Effect of a combination of V. amygdalina and Z. officinale on Bodyweight
The onset of diabetes caused a notable reduction (p<0.05) in the fasting blood glucose levels across all the induced groups (figure 1). Group A, serving as the normal control, was not subjected to induction. The mix of V. amygdalina and Z. officinale led to a notable rise (p<0.05) in the body weight of the groups receiving the extract treatment. The rise was noted at a weekly interval. Nonetheless, a more substantial rise was noted in the group receiving 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 cholesterol of groups D and E compared to Group B (figure 3). Group B (untreated diabetics) showed a decrease in high-density lipoprotein cholesterol when compared to the normal control and the treated groups (figure 4). A notable rise (p<0.05) in triglyceride levels was observed in the untreated diabetic group when compared to the non-induced normal control group. The ethanol extract treatment of V. amygdalina and Z. officinale led to a notable reduction (p<0.05) in triglyceride levels in groups D and E when compared to Group B (figure 5). The diabetic untreated group showed a notable rise (p<0.05) in low-density lipoprotein cholesterol levels compared to the normal control group, which was not influenced. The ethanol extract from the blend of V. amygdalina and Z. officinale resulted in a notable reduction (p<0.05) in low-density lipoprotein cholesterol levels in groups D and E when compared to Group B (figure 6). The untreated diabetic group exhibited a notable rise (p<0.05) in very low-density lipoprotein cholesterol levels when compared to the unaffected control group
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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aSignificant increase w.r.t. Group A, bSignificant decrease w.r.t. Group B.
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.
a
b
b
b

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.
The induction of experimental diabetes resulted in a notable rise (p<0.05) in alkaline phosphatase (ALP) activity in the induced groups when compared to the non-induced normal control group (figure 10). Administration of the standard drug (100mg/kg gluformin) and the extract at a dosage of 200mg/kg bodyweight resulted in a notable reduction (p<0.05) in alkaline phosphatase (ALP) activity in the treated groups in comparison to the untreated group (Group B). A greater decrease in ALP activity was noted in the group receiving the 200 mg/kg ethanol extract of the combination versus the 100 mg/kg bodyweight group. The direct bilirubin concentration of the group receiving 200mg/kg bodyweight showed a notable reduction (p<0.05) when compared to the untreated diabetic 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
A well-known metabolic disease, diabetes mellitus, is brought on by the production of free radicals, which causes oxidative stress. The growing threat that diabetes poses to people's quality of life necessitates intensive study into the creation of effective, side-effect-free hypoglycemic medications. In order to create relatively safe plant-based anti-diabetic medications, medicinal plants are constantly being studied using animal models of the disease (Tamiru et al., 2012; Soliman, 2016). Our study showed that V. amygdalina and Z. officinale ethanol extracts could reduce 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

The experimental animals' lipid profiles are disturbed by diabetes, which raises TCH, LDL, TRIG, and VLDL while lowering HDL. The findings of our investigation were consistent with the reports of Ebaid et al. (2019). “Since insulin regulates lipid metabolism, which is a major risk factor for cardiovascular illnesses, insulin resistance and insulin shortage seen in type 2 diabetes patients are likely to contribute to these lipid alterations” (Bruno, 2015). Compared to the group treated with 100 mg/kg gluformin, the group treated with 200 mg/kg extract combination showed a significant increase in HDL-Cholesterol concentration. This means that ethanol extracts of Z. officinale and V. amygdalina can increase good cholesterol in test individuals.
.

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. Adekunle et al. (2016) found that two different doses of A. indica (100 and 200 mg/kg) significantly (p<0.05) reduced total cholesterol, triglyceride, and LDL-cholesterol concentrations when compared with corresponding values in the untreated diabetic groups after 21 days. This study aimed to determine the hypoglycemic, antihyperglycemic, antihyperlipidemic, and antioxidative properties of glibenclamide (a reference medication). The extract-treated groups' HDL cholesterol levels remained relatively close to those of healthy, non-diabetic rats. Triglyceride cholesterol is transported from serum to the liver through reverse cholesterol transport, where it is catabolized and eliminated, thanks to the elevated HDL cholesterol. TCHOL, TRIG, and VLDL cholesterol are significantly reduced when HDL cholesterol carries cholesterol from peripheral tissues to the liver for degradation (Srinivasan-Rao and Saileela, 2013). Additionally, it has anti-inflammatory and antioxidant properties (Femlak et al., 2017).

Similarly, the primary markers for evaluating liver function—AST, ALT, ALP, and bilirubin—were all elevated, suggesting significant hepatic disturbance (Figure 8-12). Since the liver is the primary site of detoxification for the majority of chemicals in the body, including xenobiotics, it is extremely vulnerable to oxidative processes. Aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and total bilirubin all significantly increased after alloxan was used to induce diabetes, indicating hepatic damage. All treatment groups' AST, ALT, ALP, and TB levels were significantly (p<0.05) prevented from rising when ethanol extract of a mixture of V. amygdalina leaves and Z. officinale rhizome was administered orally at doses of 100 mg/kgbw and 200 mg/kgbw. These findings are consistent with those of Mohammed and Abubakar (2012), who found that medicinal plant extracts were effective in reducing liver damage in rats given 75 mg/kg CCl4 subcutaneously. There was no discernible difference between the extract-treated groups' levels of these liver function blood indicators and those of metformin, a common medication used to treat diabetes.

When diabetic rats fed with a mixture of Vernonia amygdalina and Zingiber officinale extract are closely examined for markers of various organ functions, it appears that the extract has an ameliorative impact that positively alters the altered parameters towards normal values. Different chemical components found in plants may be used to treat diabetes mellitus (Zohre et al., 2015). The extract's beneficial effects on the liver may be due to the presence of phytochemicals such flavonoids, tannins, and saponins that function as antioxidants.
. 

Conclusion
[bookmark: _GoBack]The combined ethanol extract of V. amygdalina leaf and Z. officinale administered to experimental subjects proves to be effective in managing diabetes and its complications, as indicated by the results of the 14-day treatment following diabetes induction. Ethanol extract from a blend of V. amygdalina and Z. officinale is effective in reducing blood glucose levels in alloxan-induced diabetic rats, likely by restoring the integrity of beta cells. Its impact on reducing fasting blood glucose levels in alloxan-induced diabetic rats is comparable to that of gluformin. It positively influences key biochemical factors like lipid levels and liver functions in diabetic rats, promoting recovery and better health. The findings of this study indicate that the ethanol extract from a mixture of V. amygdalina leaves and Z. officinale is beneficial for treating and managing diabetes mellitus.
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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	



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)
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