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					ABSTRACT  

					ARTICLE INFO  

					The use of flavonoid-rich plants has been previously reported for its potential in treating diabetes  

					and its related complications. Synthetic medicines are commonly used to manage diabetes;  

					however, they are costly and associated with various adverse effects. As a result, the search for a  

					safer and affordable alternative from medicinal plants has become imperative to various  

					complications caused by hyperglycaemia. Therefore, the present study aimed to investigate the  

					modulatory effects of flavonoids from Hunteria Umbellata (H. umbellata) on hepatoxicity in  

					streptozotocin-induced diabetic rats. A total of (60) male wistar rats (eight weeks old) weighing  

					between 150-250grams were divided into six groups. Diabetes was induced in rats  

					intraperitoneally with a single dose of streptozotocin (60 mg/kg body weight) while crude  

					flavonoid extracts were administered orally into the rats with the following doses;12.5  

					mg/kg/bwt,25 mg/kg/bwt and 50 mg/kg/bwt. Assessment of apoptosis markers (Caspase-9, Bax,  

					Bcl-2, cytochrome-c), lipid peroxidation (MDA), liver function tests (ALP, ALT, AST),  

					antioxidant enzymes (SOD, CAT) and GSH were investigated. Histological changes of the liver  

					tissues were also observed. In the in vivo antidiabetic experiments, the liver marker enzymes  

					(ALP, ALT, AST) were significantly higher in the diabetic rats when compared with the control  

					group (fig.1 to 5). The expression of the Caspase-9 gene, cytochrome c, and Bax in liver and  

					kidney cells were significantly reduced in a dose-dependent manner when treated with 12.5  

					mg/kg, 25 mg/kg, and 50 mg/kg of crude flavonoids, as well as 50 mg/kg of metformin (Figures  

					6 and 7). The ameliorative effects of the crude flavonoids on the damaged liver tissues morphology  

					were also observed. This study suggested that flavonoids from H. umbellata possesses  

					ameliorative effects on liver apoptotic markers, lipid peroxidation, liver function marker enzymes  

					and could be a potential alternative therapy for the management of diabetes and related  

					complications.  
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					Consequently, mitigating the generation of reactive oxygen species  

					(ROS) stemming from elevated glucose levels may serve as a beneficial  

					Introduction  

					Hyperglycemia is marked by high levels of circulating blood  

					glucose, which causes functional and structural impairments.1  

					Hyperglycemia can cause a variety of health problems, including  

					neuropathy, nephropathy, and retinopathy, to name a few. While the  

					liver serves as the central regulator of glucose balance and is pivotal in  

					the advancement of diabetes, there has been a notable dearth of research  

					examining the mechanisms underlying the development and  

					progression of liver cell injury in this context. The scholarly literature  

					indicates that elevated blood glucose levels amplify the generation of  

					reactive oxygen species (ROS) within the mitochondria, owing to the  

					activation of four central metabolic cascades: the protein kinase C  

					(PKC) pathway, the hexosamine pathway, the advanced glycation  

					approach to restoring proper organ function and decelerating the  

					advancement of high glucose-induced damage to the liver and kidneys.  

					Recent scientific literature indicates that oxidative stress is the  

					underlying physiological driver precipitating hepatic failure in diabetic  

					rat models,3 and in the absence of an adequate antioxidant defense  

					system, this condition can trigger the activation of stress-responsive  

					intracellular signaling pathways.  

					When subjected to high glucose levels, cells - including those in the  

					liver - activate a self-destruct mechanism called apoptosis, a vital  

					defense strategy to counteract the harmful effects of mitochondrial ROS  

					production and glucose-induced stress.4 When a cell undergoes  

					apoptosis, it exhibits distinctive features, including the relocation and  

					secretion of apoptotic proteins from their normal cellular locations,  

					DNA fragmentation, condensed nuclear material, altered cellular  

					morphology, and the exposure of phosphatidylserine on the outer  

					membrane, all of which mark the cell's deliberate demise.5 The  

					employment of pharmacological agents or insulin to manage  

					hyperglycemia is accompanied by several limitations, such as  

					sulfonylurea-induced anorexia nervosa, brain atrophy, and hepatic  

					steatosis.6 As a result, using a combination of well-known natural  

					antioxidants to mute or quench the excess ROS produced can be a cost-  

					effective and efficient way to improve high blood glucose levels  

					management. Natural antioxidants that are non-toxic are well tolerated  

					by cell systems. Reports indicate that when administered orally, the  

					plant's aqueous seed extract has also been observed to be comparatively  

					safe.7 In the southwestern region of Nigeria, a tropical rainforest tree,  

					Hunteria umbellata (K. Schum.) Hallier f., commonly known as  

					"Abeere", has been extensively employed in traditional medicine for the  

					treatment of diabetes mellitus and obesity. As a member of the  

					2

					pathway, and the polyol pathway. This state of hyperglycemia can  

					precipitate a range of metabolic disturbances, in addition to the  

					advancement of microvascular and macrovascular complications,  

					ultimately culminating in multi-organ impairment.  
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					Apocynaceae family, this plant has been leveraged for its therapeutic  

					properties, showcasing its significance in local healthcare practices.8  

					all experimental animals were provided ad libitum access to standard  

					rat pellet feed and drinking water.  

					Hunteria umbellata (K. Schum.) crude aqueous extract has been shown  

					to have antihyperglycemic  

					Induction of Diabetes  

					8,  

					9

					anti-obesity and antihyperlipidemic,10  

					Induction of diabetes was achieved through intraperitoneal (i.p.)  

					administration of streptozotocin (STZ) at a dose of 60 mg/kg body  

					weight, dissolved in cold 0.1 M citrate buffer (pH 4.5). This procedure,  

					initially established by Musabayane et al.,18 involved the use of STZ to  

					induce a diabetic state in the animals. The citrate buffer solution,  

					maintained at a pH of 4.5, facilitated the effective delivery of STZ,  

					enabling the successful induction of diabetes in accordance with the  

					established protocol. Each rat received the STZ injection 48 hours prior  

					to the measurement of fasting blood glucose levels to assess the efficacy  

					of the diabetogenic agent. Blood glucose concentrations were assessed  

					using a handheld glucometer (ACCU-CHECK Active, Roche Diabetes  

					Care, Germany) via tail vein sampling. A threshold of 200 mg/dL or  

					higher was established as the inclusion criterion for the diabetic cohort,  

					with rats meeting this criterion being selected for participation in the  

					study.  

					anti-inflammatory, and antioxidant properties.11 Flavonoids are  

					pharmacological substances found in foods that may help to prevent or  

					slow the spread of cancer.12 Flavonoids' antioxidant abilities have also  

					been shown to have different structure-activity correlations (SAR) .13  

					The number of hydroxyl groups in flavonoids is well known to increase  

					their antioxidant potency .14 Flavonoids have also been found to have  

					antiviral, antiparasitic, antidiabetic, and anticarcinogenic properties.15  

					In a variety of diseases, including cancer and diabetes, flavonoids have  

					been shown to inhibit cell proliferation and promote cell death.16  

					Therefore, the present study aims to validate the capacity of crude  

					flavonoids derived from Hunteria umbellata to modulate apoptosis  

					triggered by streptozotocin (STZ) through a mitochondrial-mediated  

					pathway, leveraging the intervention of oxidative stress.  

					Materials and Methods  

					Experimental Design  

					Collection of Sample  

					In this study, sixty rats were randomly assigned to one of ten groups  

					(n=10 per group). The groups were designated as follows: group 1, the  

					normal control group, received the vehicle, water, group 2, the  

					diabetic control rats (administered 45 mg/kg body weight STZ for 4  

					weeks), group 3, the diabetic rats treated with low-dose H. umbellata  

					flavonoids extract (12.5 mg/kg body weight for 4 weeks),group 4, the  

					diabetic rats treated with medium-dose H. umbellata flavonoids extract  

					(25 mg/kg body weight for 4 weeks), group 5, diabetic rats treated with  

					high-dose H. umbellata flavonoids extract (50 mg/kg body weight for  

					4 weeks) and group 6, the diabetic rats treated with Metformin (50  

					mg/kg body weight daily for 4 weeks).  

					The Hunteria umbellata seeds utilized in this study were procured from  

					the Oja Oba market in Ado-Ekiti, Ekiti State, Nigeria. The sample was  

					identified and verified at the Department of Plant Science and  

					Biotechnology, Ekiti State University, Ado-Ekiti, Ekiti State, Nigeria,  

					and assigned the herbarium number UHAE.2019001.  

					Chemicals and Reagents  

					In this study, we relied on biochemical assay kits supplied by Randox  

					Laboratory Ltd., located in Crumlin, Co. Antrim, UK, to conduct our  

					experiments. Moreover, we utilized only high-quality analytical grade  

					chemicals and reagents, meticulously prepared using specialized  

					glassware equipment to maintain the highest standards of precision and  

					accuracy.  

					Evaluation of Fasting Blood Glucose (FBG) Concentrations  

					The fasting blood glucose (FBG) levels of the animals were determined  

					using an Accu-Chek glucometer, in accordance with the  

					methodological protocol established by Jenkins and Bakhat.19 Tail vein  

					blood samples were collected from the animals, and their fasting  

					glucose levels were subsequently assessed using the Accu-Chek  

					Obtention of Crude Flavonoid Extracts from the Seeds of Hunteria  

					umbellate  

					According to the protocol outlined by Chu et al.,17 a selective extraction  

					procedure was employed to isolate crude flavonoids from the defatted  

					seeds of Hunteria umbellata, thereby yielding a concentrated fraction  

					enriched in these bioactive compounds. Specifically, 3 grams of the  

					crude extract were dissolved in 20 mL of 10% v/v sulfuric acid solution  

					within a small conical flask, and then hydrolyzed by heating in a water  

					bath at 100°C for 30 minutes. The sample underwent a cooling process,  

					where it was placed on ice for 15 minutes, inducing the precipitation of  

					flavonoid aglycones. Following this, the solution was filtered, yielding  

					a filtrate containing the flavonoid aglycone mixture, which was  

					subsequently dissolved in 50 mL of warm 95% ethanol at 50°C. The  

					resulting solution underwent additional filtration into a 100 mL  

					volumetric flask, and the volume was brought to the mark with 95%  

					ethanol. Ultimately, the filtrate was concentrated to dryness using a  

					rotary evaporator, yielding a purified sample.17  

					system,  

					a

					reliable tool for measuring whole blood glucose  

					concentrations.  

					Preparation of Tissue Homogenate  

					The animals were anesthetized with ether, and their livers were  

					carefully removed. The excised livers were rinsed in 0.1 M Tris buffer  

					(pH 7.4), dried using clean filter paper, and immediately placed on ice.  

					Each liver sample was weighed and homogenized in a 0.1 M Tris buffer  

					solution at a 1:5 ratio (w/v). The resulting homogenates were  

					centrifuged at 3,000 rpm for 10 minutes, and the pellets were discarded.  

					The supernatant fractions were collected and stored for later  

					biochemical analysis.  

					Bioassays  

					Measurement of Serum Liver Markers  

					Animal Study  

					In accordance with established protocols, anesthesia was induced in all  

					experimental rats, followed by the collection of blood samples from the  

					inferior vena cava into plain bottles for serum extraction. The serum  

					samples were subsequently utilized to assess the enzymatic activity of  

					alanine aminotransferase (ALT), aspartate aminotransferase (AST) and  

					alkaline phosphatase (ALP) were determined as described by  

					Reitman et al20 using assay kits ( Randox Laboratories Ltd, UK).  

					Ethical Clearance  

					This study adhered to the stringent guidelines and protocols established  

					by Ekiti State University for the care and use of experimental animals.  

					The experimental procedures were conducted in accordance with the  

					principles of laboratory animal care (LAC) as outlined by the National  

					Society of Medical Research, ensuring humane treatment and welfare  

					of the animals. The study's methodology was grounded in the  

					fundamental tenets of laboratory animal welfare, reflecting  

					commitment to the highest ethical standards in animal research.  

					a

					Measurement of Superoxide Dismutase Activity (EC. 1.15.1.1)  

					The superoxide dismutase (SOD) activity was evaluated using the  

					established methodology of Misra and Fridovich 22. Briefly, a tissue  

					sample aliquot was mixed with 2.5 mL of 0.05 M carbonate buffer (pH  

					10.2) to calibrate the spectrophotometer. The reaction was then initiated  

					by adding 0.3 mL of freshly prepared 0.3 mM adrenaline, followed by  

					rapid inversion mixing. A reference cuvette containing 2.5 mL of  

					buffer, 0.3 mL of adrenaline substrate, and 0.2 mL of water served as a  

					control. The absorbance increase at 480 nm was monitored every 30  

					Experimental Protocol  

					Male Wistar rats weighing between 150-250 grams were procured from  

					the animal house facility at Ekiti State University, Ado-Ekiti. The  

					animals were allowed to acclimatize for a period of two weeks within  

					the university's animal house under standard environmental conditions  

					prior to the commencement of the experiment. Throughout the study,  
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					seconds for 150 seconds, yielding a kinetic profile. The SOD activity  

					was subsequently calculated and expressed in units per milligram of  

					protein, providing a quantitative measure of enzyme activity.  

					*#  

					Apoptosis Gene Markers Determination in a Molecular Study  

					Determination of Bax and Bcl-2  

					The expression level of Bax, Bcl-2, Caspase-9 and cytochrome c were  

					quantified using Scientific's Rat (Apoptosis regulator) ELISA Kits;  

					Elabscience laboratory, Texas, USA.  

					Histopathology Investigation  

					The histological evaluation of tissue samples was performed in  

					accordance with the established protocol outlined by Disbrey and Rack.  

					24 Initially, the harvested organs were sectioned into smaller fragments  

					and subsequently fixed in a 10% formalin solution for a duration of 24  

					hours, ensuring optimal preservation of tissue architecture and  

					morphology. The fixed samples were then rinsed in running water for  

					another 24 hours. Next, the tissue samples underwent a dehydration  

					Figure 1: Effects of Crude Flavonoids from Hunteria umbellata  

					on Fasting Blood Glucose Levels in Streptozotocin-Induced  

					Diabetic Rats. Data are presented as Mean ± SD (n=10). Values  

					with distinct superscripts show significant differences at P <  

					0.05. *Significantly different from the normal control group.  

					#Significantly different from the diabetic group.  

					process, where they were immersed in  

					a

					series of increasing  

					concentrations of alcohol (70%, 80%, 95%, and 100%) for 1 hour each.  

					Following dehydration, the samples were cleared with xylene (2 x 1 h)  

					and then infiltrated with paraffin wax (2 x 1 h) before being embedded  

					overnight in an oven. The embedded samples were then oriented and  

					placed in molds for optimal sectioning. The molds were cooled on a  

					cold plate to allow the wax to solidify before being removed. Tissue  

					sections were then cut using an HM 315 microtome and mounted on  

					frosted slides. Finally, the tissue sections were stained using the  

					hematoxylin and eosin (H&E) method. This involved the following  

					steps: 3 minutes in xylene, 2 minutes in a decreasing alcohol series  

					(100%, 90%, 70%, 50%), 2 minutes in distilled water, 5 minutes in  

					hematoxylin, 3 minutes in water, and 3 minutes in eosin. The stained  

					slides were then dipped in 90% and 100% ethanol before being  

					processed further. The slides were drained of excess alcohol and put in  

					xylene before the cover slid was permanently fixed with plasticizer  

					xylene (DPX). The cover slid were let to dry completely overnight. The  

					slides were mounted in DPX, cover-slide, and examined under the  

					microscope with magnification of 10x.  

					Cui et al. 28 reported similar findings, where liver enzyme leakage into  

					the bloodstream leads to elevated serum ALP levels, a hallmark of  

					hepatotoxicity. This is in line with the current study's observation that  

					increased ALP activity in STZ-induced rats signifies liver damage  

					resulting from various metabolic dysregulations, including cellular  

					demise, toxin exposure, cirrhosis, hepatitis, and liver cancer. The  

					convergence of these findings underscores the reliability of ALP as a  

					biomarker for liver injury 28. Therefore, ALP can serve as a valuable  

					indicator of liver damage severity. As shown in Figure 2,  

					Streptozotocin-induced diabetes in rats led to a significant increase in  

					ALT, AST, and ALP activities in the diabetic control group compared  

					to the normal control group, suggesting hyperglycemia-mediated organ  

					damage. This finding is consistent with previous research, further  

					solidifying the link between hyperglycemia and liver injury. In  

					accordance with a previous study 29, enzyme release into circulation  

					indicates organ damage and potential toxicity in organs like the liver,  

					which is consistent with the current study's findings (Figure 2).  

					Notably, treatment with crude flavonoids at 25 mg/kg and 50 mg/kg  

					significantly reduced ALT, AST, and ALP levels in plasma compared  

					to the 12.5 mg/kg group (p<0.05), indicating a dose-dependent  

					protective effect. Moreover, the 50 mg/kg metformin-treated group  

					showed a complete restoration of enzyme activity to normal levels,  

					suggesting a potential therapeutic benefit. The seeds' crude flavonoids,  

					possessing potent antioxidant properties, are likely responsible for the  

					normalization of AST, ALT, and ALP levels, suggesting their  

					hepatoprotective effects 30. This implies that flavonoids may play a key  

					role in reducing the levels of these enzymes in the blood, thereby  

					mitigating liver damage and promoting hepatic health. Hyperglycemia  

					in diabetes patients disrupts the balance between reactive oxygen  

					species (ROS) production and antioxidant capacity, resulting in a state  

					Statistical Analysis  

					The data was subjected to statistical analysis using the one-way analysis  

					of variance (ANOVA) test, as implemented in the Statistical Package  

					for the Social Sciences (SPSS) software, version 16.0. Differences were  

					considered statistically significant at p<0.05. For the graphical analyses,  

					the GraphPad Prism 5 software tool was utilized. GraphPad Software,  

					a renowned statistical tools provider, headquartered in San Diego, CA,  

					USA, played a crucial role in our data analysis. To ensure data  

					precision, all values were expressed as the standard error of the mean  

					(SEM) for replicates, providing a comprehensive understanding of the  

					experimental outcomes.  

					Results and Discussion  

					Diabetes is marked by persistently high blood sugar levels, leading to a  

					27  

					range of complications including vision, kidney, and nerve damage.  

					Despite the liver's crucial role in glucose regulation, its vulnerability to  

					chronic hyperglycemia has received relatively little attention. A  

					significant increase in fasting blood sugar was observed in diabetic  

					subjects compared to healthy controls (p<0.05). Elevated blood sugar  

					disrupts metabolic balance and cellular processes. However, crude  

					flavonoids administered at 12.5 and 25 mg/kg significantly lowered  

					blood glucose levels in diabetic rats within three days, with the highest  

					dose (50 mg/kg) showing the most pronounced effect. Metformin also  

					substantially reduced blood glucose levels, as shown in Figure 1.  

					The administration of Streptozotocin in rats led to substantial organ  

					dysfunction, particularly in the liver and kidneys, as indicated by a  

					significant elevation in the activities of ALT, AST, and ALP enzymes  

					in the diabetic control group compared to the normal control group (fig  

					2). This suggests that Streptozotocin-induced diabetes caused  

					considerable hepatic and renal damage, reflected in the increased  

					enzyme levels.  

					of oxidative stress characterized by excessive ROS accumulation and  

					31  

					depleted antioxidant defenses  

					.

					This imbalance contributes  

					significantly to the progression of diabetes-related complications and  

					the subsequent damage to various organs, highlighting the critical role  

					4

					of oxidative stress in the development of these complications. The  

					antioxidant enzyme activity of SOD (fig.4), catalase (fig. 5b), and the  

					level of natural antioxidant GSH (fig.5a 3.2a) were all decreased in the  

					STZ-induced diabetic group, while ROS production increased. This  

					finding aligns with previous studies demonstrating the susceptibility of  

					organ cells to oxidative damage, which is associated with a decline in  

					31, 32, 33  

					antioxidant enzymes like SOD, catalase, and GSH  

					2006).  

					(Yu et al.,  

					1990  
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					Malondialdehyde levels in tissues serve as a reliable indicator of lipid  

					peroxidation, a degenerative process that occurs when oxidative stress  

					is present, leading to damage in cell membranes and other lipid-rich  

					structures 34. The oxidation of LDL, a hallmark of elevated oxidative  

					stress, is a pivotal early event in the development of atherosclerosis, a  

					35  

					condition marked by arterial hardening and narrowing. The results  

					align with this notion, as STZ-induced diabetic rats displayed  

					significantly higher malondialdehyde concentrations in their renal and  

					hepatic tissues compared to normal controls (fig.6), indicative of  

					intensified lipid peroxidation and oxidative stress in these vital organs.  

					This increase in malondialdehyde levels may be attributed to the high  

					blood glucose levels in diabetic rats, which lead to the generation of  

					reactive oxygen species (ROS).  

					Figure 2: Effects of Crude Flavonoids from Hunteria umbellate  

					on ALT, AST, and ALP enzyme activities in rats with  

					streptozotocin-induced diabetes rats. (mean ± SD, n=10)  

					Notably, crude flavonoids revitalized antioxidant enzyme activity and  

					GSH levels, suggesting their potential to mitigate oxidative stress. The  

					findings suggest that the anti-diabetic and anti-apoptotic properties of  

					crude flavonoids, particularly at doses of 25 mg/kg and 50 mg/kg, can  

					be attributed to their dual role in reducing blood glucose levels and  

					enhancing antioxidant defenses, which is comparable to the efficacy of  

					metformin at 50 mg/kg.  

					Figure 3: Effects of Crude Flavonoids from Hunteria umbellate  

					on liver catalase activity and glutathione levels in STZ-induced  

					diabetic rats. (mean ± SD, n=10)  

					The excessive ROS production disrupts physiological processes,  

					triggering a cascade of events that result in structural and functional  

					alterations in organs, cell death, and ultimately, the development of  
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					diabetes, as previously reported in the literature.36 Figure 6 depicts a  

					significant reduction (p<0.05) in malondialdehyde (MDA) levels in the  

					liver and kidney tissues of rats treated with crude flavonoids (12.5  

					mg/kg - 50 mg/kg) and metformin (50 mg/kg), compared to the diabetic  

					controls, indicating a protective effect against oxidative stress. This  

					finding supports the previous research by Peter 37 that crude flavonoids  

					from plants act as antioxidants, slowing down the oxidation process by  

					either breaking down peroxides into stable molecules or scavenging free  

					radicals, thereby preventing further oxidative damage. Flavonoids have  

					also been shown to facilitate the repair of damaged membranes by  

					enhancing antioxidant defenses and reducing lipid peroxidation.18  

					Therefore, the inhibition of lipid peroxidation by crude flavonoids from  

					Hunteria umbellata seeds may be a key mechanism by which they  

					protect against diabetes-related tissue damage, highlighting their  

					potential as a therapeutic agent in the management of diabetic  

					complications.  

					Figure 4: Effects of Crude Flavonoids from Hunteria umbellate  

					on liver SOD levels in STZ-induced diabetic rats (mean ± SD,  

					n=10).  

					Figure 6: Effects of Crude Flavonoids from Hunteria umbellate  

					on liver cytochrome-c levels and Caspase-9 activity in STZ-  

					induced diabetic rats. (Mean ± SD, n=10).  

					Mitochondrial dysfunction, a hallmark of programmed cell death  

					(apoptosis), is exacerbated by high blood sugar levels, which increase  

					ROS generation and apoptosis by inhibiting mitochondrial enzymes,  

					thereby perpetuating a cycle of cellular damage and death 36. The  

					decreased mitochondrial membrane potential in STZ-induced diabetic  

					rat organs reported in this study is consistent with previous reports of  

					mitochondrial dysfunction in many cell types as a result of high glucose  

					levels 3, 39. When mitochondrial integrity is compromised, apoptogenic  

					factors like Cytochrome-c (Cyt-c) and others are released, triggering a  

					cascade of events leading to cell death. The translocation of Cyt-c and  

					other mitochondrial resident proteins is thought to contribute to nuclear  

					condensation and DNA damage, ultimately culminating in cell demise,  

					highlighting the critical role of mitochondrial dysfunction in the  

					apoptotic process. The current study reports Cyt-c protein translocation  

					from mitochondria to nucleus (fig. 3.5), which is consistent with  

					previous studies that reported Cyt-c protein translocation from  

					mitochondria to nucleus under hyperglycemic conditions 40. Notably,  

					treatment with 50 mg/kg and 12.5 mg/kg crude flavonoids, as well as  

					metformin, significantly restored cytochrome-c levels in the liver and  

					kidney, which were altered in diabetic controls (p<0.05). Interestingly,  

					the higher doses of crude flavonoids (25 mg/kg and 50 mg/kg) exhibited  

					Figure 5: Effects of Crude Flavonoids from Hunteria umbellate  

					on liver MDA levels in STZ-induced diabetic rats. (mean ± SD,  

					n=10).  

					Oxidative stress, marked by an imbalance in the production of reactive  

					oxygen species (ROS), leading to cellular damage and dysfunction, has  

					been implicated in apoptosis across various cell types. Recent evidence  

					suggests that changes in mitochondrial membrane potential (MMP)  

					contribute to ROS formation.38  
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					a more pronounced ameliorative effect, likely attributed to their potent  

					antioxidant properties, as previously reported. This suggests a dose-  

					dependent protective effect of crude flavonoids against cytochrome-c  

					alterations in diabetes. Flavonoids exert their anti-apoptotic activity by  

					modulating the mitochondrial membrane potential and orchestrating a  

					balance between apoptotic and anti-apoptotic protein expression,  

					thereby safeguarding cells against programmed death. Figure 7b shows  

					that flavonoids from Hunteria umbellata seeds markedly decreased  

					Caspase-9 levels in the liver of diabetic rats, reversing the significant  

					increase observed in the diabetic group compared to normal controls (P  

					<0.05). Crude flavonoids (12.5 mg/kg, 25 mg/kg, and 50 mg/kg) and  

					metformin (50 mg/kg) exhibited a dose-dependent inhibitory effect on  

					Caspase-9 gene expression in liver and kidney cells, highlighting the  

					therapeutic potential of flavonoids in alleviating diabetes-related  

					apoptosis and its associated complications. The 50 mg/kg dose of crude  

					flavonoids demonstrates a significant ameliorative effect on liver  

					function, potentially due to its potent antioxidant properties as  

					previously reported. The protective effect of flavonoids may be linked  

					to their capacity to act as anti-apoptotic agents, modulating  

					mitochondrial membrane potential and maintaining a balance between  

					apoptotic and anti-apoptotic proteins. This discovery indicates that  

					flavonoids may play a pivotal role in protecting liver cells from injury  

					and promoting their resilience, potentially leading to new strategies for  

					maintaining liver health and preventing liver damage.42  

					Figure 7: Effects of Crude Flavonoids from Hunteria umbellate on Bcl-2/Bax ratio in the liver of STZ-induced diabetic rats. (Mean ±  

					SEM, n = 10)  

					STZ induces apoptosis in liver cells, characterized by distinctive  

					morphological features, including condensed chromatin, peripheral  

					chromatin margination, and nuclear fragmentation, all hallmarks of  

					apoptotic cell death. However, treatment with flavonoids significantly  

					attenuated the apoptotic response in STZ-challenged hepatocytes,  

					leading to a decrease in the apoptotic population, DNA fragmentation,  

					that crude flavonoids, as previously documented, possess anti-apoptotic  

					properties, which enable them to modulate mitochondrial membrane  

					potential and regulate the balance of apoptotic and anti-apoptotic  

					proteins, thereby mitigating apoptosis and promoting cellular  

					homeostasis.45  

					Microscopic examination of liver tissues revealed that STZ treatment  

					induced apoptotic morphological changes in hepatocytes, characterized  

					by condensed chromatin, nuclear envelope margination, and nuclear  

					fragmentation, resulting in the formation of apoptotic bodies, a  

					hallmark of programmed cell death. Histological analysis of liver  

					tissues (Plates 1-5) showed the histoarchitecture of the liver,  

					highlighting the hepatocytes, portal area, central vein, hepatic artery,  

					portal vein, and bile duct, providing a comprehensive understanding of  

					the liver's tissue structure and the effects of STZ on hepatocytes. Plate  

					2 reveals severe centrilobular hemorrhage with necrosis and extensive  

					damage to hepatocytes, characterized by distorted or lost cellular  

					architecture. In sharp contrast, treatment with crude flavonoids, notably  

					the group receiving 50 mg/kg b.w flavonoids and 50 mg/kg b.w  

					metformin, demonstrated a striking restoration of normal hepatocyte  

					morphology, with cells arranged in an organized fashion around the  

					central vein, hepatic artery, portal vein, and bile duct, closely  

					resembling the architecture of healthy liver tissue. This histological  

					improvement was notably evident when compared to the untreated  

					diabetic group, highlighting the potential of crude flavonoids and  

					metformin in mitigating diabetes-induced liver damage.  

					and chromatin condensation, suggesting  

					a

					protective effect of  

					flavonoids against STZ-induced apoptosis in the liver. As a result,  

					researchers discovered that crude flavonoids are effective at preventing  

					mitochondria-mediated apoptosis in organ cells caused by high blood  

					glucose stress. These findings in this study support the findings of Du  

					43  

					et al,  

					who observed that flavonoids stimulate the formation of  

					controlled cell death, cell proliferation, and improved liver cell  

					function.  

					The Bcl-2 protein family has long been thought to play an important  

					role in apoptosis by interfering with caspases.3 It is thought that the ratio  

					of Bcl-2 to Bax levels in individual proteins is important in determining  

					whether cells live or die. Furthermore, it has been demonstrated that  

					Bax overexpression accelerates apoptotic cell death.44 Crude flavonoid  

					treatment restored the balance between Bcl-2 and Bax protein  

					expression (fig.8), highlighting the critical importance of maintaining a  

					delicate balance between these pro-survival and pro-apoptotic proteins  

					to regulate cellular apoptosis and ensure organ homeostasis. Crude  

					flavonoids and metformin (50 mg/kg) treatment led to a significant  

					regulation of pro- and anti-apoptotic gene expression, with the highest  

					dose of flavonoids (50 mg/kg bodyweight) showing the most  

					pronounced beneficial effects, indicating that flavonoids may be a  

					valuable therapeutic agent in the treatment of diseases characterized by  

					dysregulated apoptosis. This phenomenon may be attributed to the fact  
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