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					ABSTRACT  

					ARTICLE INFO  

					Studies have documented the antioxidant and therapeutic potentials of Moringa oleifera, which  

					has been harnessed in the management of diabetes and its complications. This study aimed to  

					evaluate the anti-diabetic effect of Moringa oleifera bark methanol extract (MOBE), leaf methanol  

					extract (MOLE), ordinary leaf (MOOL), and ordinary bark (MOOB) on streptozotocin (STZ)-  

					induced diabetic rats. Thirty-five Wistar rats were randomly allocated into seven groups (I – VII),  

					each containing five rats. To Group I was administered distilled water to serve as the normal  

					control. Groups II-VII received an intraperitoneal injection of 60 mg/kg streptozotocin (STZ) to  

					induce diabetes. Group II rats were not treated, and served as the diabetic control. Following STZ-  

					induction, the rats in groups III-VI received treatments of 150 mg/kg or 300 mg/kg of MOBE,  

					MOLE, MOOL, and MOOB, respectively, while group VII rats received metformin (21.4 mg/kg).  

					The treatments were given orally once daily for 14 days. The results indicated a substantial  

					alteration of blood glucose levels, lipid profiles, and biomarker enzymes in untreated STZ-induced  

					rats. All treatments resulted in statistically significant (p < 0.05) modifications of all regulated  

					parameters. The histological analysis of both the pancreas and liver corroborated the biochemical  

					data. The modulatory impact of MOBE was most pronounced when compared to metformin.  

					Further investigation into the synergistic effects of these extracts could yield improved results.  
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					Research into novel pharmaceuticals that are highly effective, cost-  

					effective, and non-toxic for the treatment of diabetes mellitus and its  

					Introduction  

					Diabetes mellitus (DM) is characterized as a collection of  

					metabolic illnesses, including disruptions in the metabolism of lipids,  

					carbohydrates, and proteins.1 Diabetes mellitus is a prevalent chronic  

					condition in many countries.2 The International Diabetes Federation  

					(IDF) estimates that diabetes affects over 500 million individuals  

					worldwide. Given the prevalence, projections indicate that this figure  

					will rise to over 780 million by 2045.3–5 Diabetes ranks among the three  

					non-communicable diseases responsible for approximately 80% of  

					fatalities. It ranks among the top ten causes of mortality globally.6 Three  

					factors contribute to the increased prevalence of diabetes among adult  

					individuals: altered lifestyles, heightened obesity rates, and reduced  

					physical activity.7,8 While the genesis of diabetes mellitus remains  

					unclear, researchers have implicated variables such as viral infection,  

					environmental influences, and autoimmune disorders.9 Primary  

					participants identified in the genesis, progression, and consequences of  

					diabetes mellitus include lipid peroxidation, elevated oxidative stress,  

					and compromised antioxidant defense mechanisms.10,11 The effective  

					management of diabetes mellitus with minimal adverse consequences  

					remains a challenge.  

					related complications is on the increase. This is due to WHO  

					recommendations on the use of herbal remedies for diabetes  

					treatment.13,14 Naturally occurring compounds exhibit a variety of  

					bioactivities, structural diversity, and low toxicity, which enhance their  

					therapeutic potential.15 Moreover, studies indicate that medicinal plants  

					play a substantial role in the management of various chronic diseases,  

					including diabetes mellitus.16  

					Moringa oleifera Lam (M. oleifera) possesses remarkable therapeutic  

					attributes and is rich in vital nutrients. Due to its abundant array of anti-  

					ageing chemicals, amino acids, minerals, antioxidants, and anti-  

					inflammatory agents, the plant has been extensively used in addressing  

					diverse health issues in South Asia and India.15,17 The World Health  

					Organization has endorsed these remarkable attributes, and has  

					recommended the plant for the treatment of malnutrition as a substitute  

					for imported food since 1998. Apart from the nutritional and therapeutic  

					benefits of its roots, leaves, immature pods, bark, seeds, flowers, and  

					fruits,18 Moringa oleifera tree is used for fencing, and as food and  

					fodder. Its therapeutic applications encompass arthritis, fever, diabetes,  

					and hypertension.19,20 The seed and bark are used for water treatment.  

					They function as a natural anticoagulant that eliminates pollutants and  

					turbidity in water. It also removes colors, heavy metals, and  

					microorganisms.21,22  

					Medicinal herbs are viewed as a viable alternative therapy for diabetes.  

					Interest in these plants is growing due to their perceived lower risk of  

					toxicity, cost-effectiveness, and reduced side effects.12  
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					Numerous studies have examined the antidiabetic properties of  

					Moringa oleifera leaves,23–25 and seed extracts,26 but limited research  

					has focused on the bark extract. This study aimed to comprehensively  

					evaluate the antidiabetic effect of both the methanol extract and the  

					unextracted leaves and bark of Moringa oleifera in streptozotocin-  

					induced diabetic rats.  
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					Materials and Methods  

					Chemicals and equipment  

					Absolute methanol, normal saline, distilled water, Streptozotocin  

					(STZ), and metformin (Merck S. L. Polingo Merck). All the chemicals  
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					and reagents used were of high (analytical) grade and were products of  

					Sigma Chem., Co. (London, UK). The equipment used were glucometer  

					(Accu-Check), and Visible spectrophotometer, model 721 (TBT  

					Scietech, China).  

					Collection of blood and target organs  

					Twenty-four hours after the last administration of the extracts, the rats  

					were sacrificed after being anaesthetized with an intraperitoneal  

					injection of multichris ketamine (1 mL/kg body weight). Blood samples  

					were collected by cardiac puncture into EDTA bottles. The blood  

					samples were used for the determination of various biochemical  

					parameters. Thereafter, the rats were dissected, and the liver and  

					pancreas were harvested and used for histopathological analysis.  

					Plant collection and identification  

					Fresh leaves and barks of Moringa oleifera were collected in July 2023  

					from a mature Moringa oleifera tree behind the Department of Food  

					Technology and CEDVS aquaculture unit buildings, Federal  

					Polytechnic Ado-Ekiti, Ekiti State, Nigeria (Longitude 7o36’42.065” N,  

					and Latitude 5o16’5.088” E). The plant material was authenticated by  

					Mr Felix O. Omotayo, a botanist at Ekiti State University (EKSU), Ado-  

					Ekiti, where a voucher number UHAE: 2023074 was assigned.  

					Extraction of Moringa oleifera (MO) leaves  

					Preparation of plasma  

					Blood collected into the EDTA bottles was centrifuged at 3000 rpm for  

					15 min at 25oC, and the separated plasma was collected.  

					Preparation of organ homogenates  

					Moringa oleifera Leaves were dried for twenty-five days at 27oC. The  

					dried leaves were ground into powder. Moringa oleifera leaf powder  

					(500 g) was macerated in 2 L of methanol for three days. The extract  

					was filtered, and the filtrate was allowed to dry at 27°C. The dried  

					methanol leaf extract was kept in a refrigerator at 4°C until further  

					analysis.  

					The liver and pancreas were homogenized in 10 mL of phosphate buffer  

					with the aid of a homogenizer (Teflon). The homogenate obtained was  

					centrifuged at 6000 g for 30 min at 4oC.  

					Evaluation of enzyme biomarkers  

					Aspartate aminotransferase (AST), alanine aminotransferase (ALT),  

					and alkaline phosphatase (ALP) were evaluated as shown below.  

					Extraction of Moringa oleifera (MO) barks  

					Fresh barks of Moringa oleifera were dried in the oven at 30°C. The  

					dried barks were ground into powder. The powdered barks (500 g) was  

					macerated in 2 L of methanol for three days. The extract was filtered,  

					and the filtrate was allowed to dry at 27°C. The dried methanol bark  

					extract was kept in a refrigerator at 4°C until further analysis.  

					Evaluation of AST activity  

					The assay for AST activity was conducted following the method  

					established by Reitman and Frankel (1957).29 Phosphate buffer (0.5 mL  

					of 100 mmol/L, pH 7.4) was added to the plasma sample (100 µL) and  

					incubated at 37°C for 30 minutes. Thereafter, 0.5 mL of 2,4-  

					dinitrophenylhydrazine (2 mmol/L) was added at ambient temperature  

					(27°C). After 20 minutes, 5 mL of sodium hydroxide (0.4 mol/L) was  

					introduced and allowed to equilibrate at room temperature for 5 minutes  

					before measuring the absorbance at 546 nm, using a spectrophotometer  

					against a reagent blank. A standard curve included in the kit package  

					was used to determine the AST activity.  

					Experimental animals  

					Thirty-five male Albino rats (Wistar strain) of average weight 150 g  

					were obtained from Ladoke Akintola University, Ogbomoso, Oyo  

					State, Nigeria. The rats were acclimatized in the animal house of the  

					Department of Science Technology, The Federal Polytechnic, Ado Ekiti  

					for 2 weeks. They were housed in clean wire meshed cages under  

					standard conditions of temperature (24 ± 1oC), relative humidity, and  

					12/12-hour light and dark cycle. They were allowed to have access to  

					food (commercial pelletized diet from Vital Feed Mill) and drinking  

					water ad libitum. The rat beddings were changed and replaced every  

					day throughout the experimental period.  

					Evaluation of ALT activity  

					The procedure outlined by Reitman and Frankel (1957)29 was used to  

					analyse the ALT activity. Reagent 1 (0.5 mL) comprising phosphate  

					buffer (100 mmol/L, pH 7.4), L-aspartate (100 mmol/L), and α-  

					oxoglutarate (2 mmol/L) was introduced to the plasma sample (100 µL).  

					After a 30-minute incubation at 37°C, the mixture was incorporated into  

					reagent 2 and maintained at 20°C for 20 minutes. Thereafter, 5 mL of  

					sodium hydroxide (0.4 mol/L) was introduced, and the absorbance was  

					measured at 546 nm using a spectrophotometer. A standard curve from  

					the kit was used to determine the ALT activity in plasma.  

					Ethical approval  

					Ethical approval with reference number: FPA/EC/23/0089 was  

					obtained from the Ethics Committee, Directorate of Research, Federal  

					Polytechnic, Ado-Ekiti. The experiment was carried out following  

					appropriate international guidelines and regulations for the use of  

					animals in experiments.  

					Evaluation of ALP activity  

					The plasma alkaline phosphatase activity was assessed using a  

					commercial ALP assay kit from Randox Laboratories, UK. Absorbance  

					was measured at one-minute intervals for three minutes.30  

					Experimental design  

					Thirty-five male rats were grouped into seven groups of 5 animals each.  

					Group I served as the normal control and received only distilled water  

					throughout the experiment. Group II was considered the diabetic control  

					and was administered a single intraperitoneal dose of 60 mg/kg body  

					weight of streptozotocin (STZ). Groups III, IV, V, VI, and VII were the  

					treatment groups, and received a single intraperitoneal dose of 60 mg/kg  

					STZ, and after high blood glucose was established, groups III-VII  

					received a daily dose of 150 mg/kg of methanol leaf extract of Moringa  

					oleifera, 150 mg/kg of methanol bark extract of Moringa oleifera, 300  

					mg/kg of ordinary (unextracted) leaf of Moringa oleifera, 300 mg/kg of  

					ordinary (unextracted) bark of Moringa oleifera, and 21.4 mg/kg of  

					metformin, respectively for fourteen consecutive days.27  

					UI = 2760 * A405 nm/min.  

					Assay of total bilirubin (BIL)  

					The assessment of total bilirubin (BIL) was conducted using the method  

					established by Jendrassik and Grof (1938).31 The plasma sample (100  

					µL) was thoroughly mixed with the three reagents provided in the assay  

					kit. After a 10-minute incubation at 25°C, reagent 4 was introduced, and  

					the absorbance was measured at 578 nm after 30 minutes. Total  

					bilirubin was estimated using the formula below:  

					Total Bilirubin (mg/dL) = 10.8 * absorbance.  

					Determination of blood glucose level  

					Assay of plasma albumin (ALB)  

					Plasma albumin (ALB) concentration was determined using  

					commercial kit from Randox Laboratories, UK. The plasma sample  

					(100 µL) was mixed with 0.5 mL of the reagent (R1) provided, and the  

					absorbance was measured at 578 nm against the reagent blank within  

					60 minutes.32  

					The blood glucose level of each experimental rat was measured using a  

					glucometer. This was carried out by placing the blood samples from the  

					sharply cut tail vein on the test strip, which had been previously inserted  

					into the glucometer. The reading on the glucometer was then noted.28  

					a
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					Where;  

					A.S1 represents the absorbance of the sample, and A.S2 represents the  

					absorbance of the standard  

					Determination of uric acid (UA) concentration  

					The plasma uric acid concentration was measured using the Fawcett and  

					Scott method.33 Reagent 1 and plasma (100 µL) were combined in a  

					tube, incubated at 20 - 25°C, and the absorbance was measured at 546  

					nm within 30 minutes. Plasma uric acid concentration was estimated  

					using the formula:  

					Determination of low-density lipoprotein (LDL) cholesterol  

					The concentration of LDL cholesterol in the plasma was calculated  

					using the formula of Friedewald et al. (1972).36  

					LDL cholesterol = Total cholesterol – Triglycerides – HDL-cholesterol  

					5

					UA concentration (g/dL) = A.S1/A.S2 * concentration of the standard.  

					Where;  

					A.S1 denotes the sample absorbance, and A.S2 signifies the absorbance  

					of the standard.  

					Determination of very low-density lipoprotein (VLDL) cholesterol  

					The concentration of very low-density lipoprotein (VLDL) in the  

					plasma was calculated using the formula of Friedewald et al. (1972).36  

					VLDL cholesterol = Triglycerides  

					5

					Determination of urea concentration  

					Estimation of coronary risk index  

					Plasma urea concentration was determined following the method  

					described by Fawcett and Scott (1960).33 Plasma sample (100 µL) were  

					mixed with reagent 1 and incubated at 37°C for 10 minutes. Into the  

					mixture were introduced reagents 2 and 3, and further incubated at 37°C  

					for 15 minutes. The absorbance was measured at 546 nm within 30  

					minutes. The urea concentration (mg/dL) was calculated using the  

					formula below:  

					A.S1/A.S2 * concentration of the standard  

					Where;  

					A.S1 denotes the sample absorbance, and A.S2 is the absorbance of the  

					standard.  

					The coronary risk index (CRI) was calculated using the formula of  

					Friedewald et al. (1972).36  

					Total Cholesterol  

					CRI =  

					High−Density Lipoprotein Cholesterol  

					Histopathological examination of the liver and pancreas  

					The histopathological examination of the liver and pancreas was carried  

					out according to standard histopathological examination procedure.37  

					A

					tissue processor (Leica TP1020) was used for the processing. Stations  

					one and two contained normal saline, while stations three to seven  

					contained 70%, 80%, 90%, 95%, and absolute ethanol, respectively.  

					Stations eight and nine, containing xylene, were used to dehydrate the  

					tissues. Infiltration and impregnation were done by transferring to 3 wax  

					baths. These were stained with Hematoxylin and Eosin techniques.  

					Leica SCN software was used for the evaluation.  

					Determination of lipid profile  

					Determination of total cholesterol concentration  

					A commercially available kit (Randox Laboratories, UK) was used to  

					determine the total plasma cholesterol level.34 To an equal amount of  

					standard and samples in a test tube, the working reagent was added.  

					After thorough mixing, the mixture was incubated at room temperature  

					(27°C) for 10 minutes. The absorbance was measured at 500 nm using  

					a spectrophotometer. Cholesterol concentration was calculated using  

					the formula below:  

					Statistical analysis  

					Data were presented as mean ± standard deviation (SD), (n = 5). Data  

					were analyzed using one way analysis of variance (ANOVA), with a  

					significance threshold set at p < 0.05. Statistical analysis was conducted  

					using IBM SPSS 25.0 for Windows.38  

					Cholesterol concentration (mg/dL) = A.S1/A.S2 * concentration of the  

					standard.  

					Where;  

					A.S1 is the absorbance of the sample, and A.S2 is the absorbance of the  

					standard  

					Results and Discussion  

					Effect of Moringa oleifera leaf and bark extracts on blood glucose level  

					This study examined the antidiabetic effects of methanol leaf and bark  

					extracts as well as unextracted leaf and bark of Moringa oleifera (MO)  

					in rats. A single intraperitoneal injection of streptozotocin (STZ) at 60  

					mg/kg body weight has been shown to induce hyperglycaemia in rats.39  

					The administration of STZ partially damages the pancreatic β-cells,  

					leading to hyperglycemia.40 In this study, STZ-induction resulted in  

					weight loss, frequent urination, and elevated fasting blood glucose,  

					which were consistent with diabetes. By the fourteenth day, the blood  

					glucose levels of the STZ-induced but untreated rats remained elevated,  

					whereas treatment with MOBE, MOLE, MOOL, and MOOB  

					significantly (P < 0.05) reduced the elevated blood glucose levels in  

					STZ-induced diabetic rats to levels comparable to normal range (Table  

					1). The hypoglycaemic effect of Moringa oleifera may be attributed to  

					the presence of bioactive phytochemicals such as flavonoids, alkaloids,  

					saponins, and tannins, which are believed to contribute to the reduction  

					of blood glucose by reducing intestinal glucose absorption, and  

					enhancing insulin action.41,42  

					Determination of triglyceride concentration  

					Triglyceride level in the plasma was determined using the Tietz  

					technique,35 using  

					a

					commercially available kit from Randox  

					Laboratories, UK. Plasma sample (100 µL) and reagent 1 were mixed  

					and incubated at ambient temperature (27°C) for 10 minutes. The  

					absorbance of the mixture was measured at 500 nm using a  

					spectrophotometer. Triglyceride concentration was calculated using the  

					formula below:  

					Triglyceride concentration (mg/dL) = A.S1/A.S2 * concentration of the  

					standard.  

					Where;  

					A.S1 represents the absorbance of the sample, and A.S2 represents the  

					absorbance of the standard.  

					Determination of high-density lipoprotein (HDL) cholesterol  

					The concentration of HDL-cholesterol in the plasma was estimated  

					using the Grove method.34 Precipitation was done by combining the  

					cholesterol standard, serum, and diluted precipitant R1. After 10  

					minutes of incubation at room temperature, the mixture was centrifuged  

					at 4,000 rpm for 10 min. The HDL-cholesterol concentration in the  

					isolated, clear supernatant was estimated using the CHOD-PAP  

					reaction technique.  

					Effect of Moringa oleifera leaf and bark extracts on serum biochemical  

					parameters  

					The effect of Moringa oleifera leaf and bark on liver function  

					biomarkers in STZ-induced diabetic rats are presented in Tables 2 and  

					3. The concentrations of liver function enzymes (ALT, AST, and ALP),  

					ALB, TP, and BIL in the plasma and liver were measured to assess  

					hepatocellular damage. Clinical assessment of liver function typically  

					employs these enzymes. The liver function enzymes, and BIL were  

					markedly elevated in the untreated diabetic rats, while ALB and TP  

					HDL-cholesterol concentration (mg/dL) = A.S1/A.S2 * concentration  

					of the standard  
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					levels were significantly (P < 0.05) reduced. However, treatment of the  

					diabetic rats with MOBE, MOLE, MOOL, and MOOB significantly (P  

					< 0.05) reduced the elevated liver enzymes, and BIL, and restored ALB  

					and TP to levels comparable to normal values (Tables 2 and 3). Gupta  

					et al.41 have also demonstrated this pattern. Hepatocellular injury, likely  

					resulting from stress that triggers the release of ALT, AST, and other  

					enzymes from liver cells, may account for the heightened enzymatic  

					activity in diabetic rats. The marked reduction in the levels of AST,  

					ALT, and ALP in treated animals in comparison to the untreated  

					animals indicates decreased hepatic oxidative stress in the treated  

					animals. It is hypothesized that the MO extract enhanced the  

					regenerative capacity of β-cells, aiding the rats in recovering from STZ-  

					induced injury. The findings indicated that the STZ-induced but  

					untreated rats had significant (P < 0.05) hypoalbuminemia relative to  

					the control group. This indicates hepatic damage associated with  

					hyperglycemia. Treatment with MOLE, MOBE, MOOL, and MOOB  

					significantly elevated plasma albumin levels. When compared to other  

					treatments, the bark extract (MOBE) demonstrates superior efficacy  

					compared to conventional medicine. Hypoalbuminemia is a reliable  

					clinical indicator for hepatic damage and inflammation.43,44  

					Table 1: Effect of Moringa oleifera leaf and bark on blood glucose level in streptozotocin-induced diabetic rats  

					Group  

					Blood Glucose Level (mg/dL)  

					Before induction  

					After 48 h of induction  

					After  

					7

					days of After  

					14  

					days  

					of  

					treatment  

					treatment  

					NDC  

					94.75 ± 2.20a  

					102.75 ± 3.51e  

					96.0 ± 2.34c  

					94.00 ± 2.03a  

					278.50 ± 5.19d  

					298.00 ± 3.55f  

					298.75 ± 2.81f  

					290.00 ± 4.06e  

					229.75 ± 3.62b  

					255.75 ± 2.19c  

					91.25 ± 3.08a  

					87.00 ± 1.52f  

					262.25 ± 3.11g  

					71.25 ± 1.84e  

					59.75 ± 1.50b  

					66.25 ± 2.33d  

					55.75 ± 1.07a  

					62.00 ± 2.16c  

					DC  

					267.25 ± 2.01g  

					206.50 ± 1.15f  

					161.00 ± 2.41d  

					133.00 ± 2.91b  

					162.75 ± 3.73e  

					155.75 ± 2.00c  

					STZ + MOBE  

					STZ + MOLE  

					STZ + MOOB  

					STZ + MOOL  

					STZ + MET  

					97.75 ± 1.09d  

					106.5 ± 2.56f  

					107.50 ± 4.31g  

					95.75 ± 1.50b  

					Values are expressed as mean ± standard deviation (SD), n = 5. Values with different superscript letters are significantly different at P < 0.05.  

					Key: STZ = streptozotocin, MOBE = Moringa oleifera bark extract, MOLE = Moringa oleifera leaf extract, MOOB = Moringa oleifera ordinary bark,  

					MOOL = Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic Control  

					Table 2: Effect of Moringa oleifera leaf and bark on liver biomarker of oxidative stress in streptozotocin-induced diabetic rats  

					Group  

					Levels of Liver Biomarker of Oxidative Stress (mg/dL)  

					AST  

					ALT  

					ALP  

					ALB  

					BIL  

					TP  

					NDC  

					77.50 ± 6.78a  

					24.64 ± 5.13b  

					85.82 ± 0.93b  

					52.50 ± 1.06g  

					22.04 ± 2.19a  

					13.38 ± 0.56f  

					DC  

					130.66 ± 2.86g  

					98.42+1.55c  

					44.83 ± 8.94g  

					28.90 ± 1.06c  

					18.65 ± 1.06a  

					32.41 ± 1.06e  

					35.52 ± 1.06f  

					29.74 ± 2.80d  

					111.50 ± 3.98g  

					96.39 ± 2.63e  

					79.23 ± 2.90a  

					104.65 ± 2.17f  

					94.31 ± 0.79d  

					88.19 ± 3.24c  

					32.87 ± 3.40a  

					50.87 ± 2.05f  

					46.83 ± 2.05d  

					37.75 ± 2.05b  

					38.59 ± 2.05c  

					49.51 ± 2.05e  

					42.09 ± 1.73g  

					27.81 ± 0.86c  

					31.44 ± 0.88d  

					33.45 ± 0.27e  

					37.22 ± 0.74f  

					24.88 ± 1.51b  

					7.23 ± 0.72a  

					10.87 ± 0.43d  

					9.75 ± 0.56c  

					8.73 ± 0.24b  

					7.74 ± 0.39a  

					11.95 ± 1.50e  

					STZ + MOBE  

					STZ + MOLE  

					STZ + MOOB  

					STZ + MOOL  

					STZ + MET  

					102.89 ± 2.04d  

					104.88 ± 2.52e  

					118.94 ± 2.39f  

					87.50 ± 2.80b  

					Values are expressed as mean ± standard deviation (SD), n = 5. values with different superscript letters are significantly different at P < 0.05.  

					Key: ALP = Alkaline phosphatase, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ALB = Albumin, TP = Total Protein, STZ =  

					streptozotocin, MOBE = Moringa oleifera bark extract, MOLE = Moringa oleifera leaf extract, MOOB = Moringa oleifera ordinary bark,  

					MOOL=Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic Control  

					Table 3: Effect of Moringa oleifera leaf and bark on serum biomarker of oxidative stress in streptozotocin-induced diabetic rats.  

					Levels of Serum Biomarker of Oxidative Stress (mg/dL)  

					Group  

					AST  

					ALT  

					ALP  

					44.06 ± 4.50a  

					ALB  

					44.77 ± 1.06g  

					BIL  

					34.02 ± 2.61b  

					TP  

					9.92 ± 0.32e  

					UREA  

					38.43 ± 1.52c  

					UA  

					22.50 ± 1.72b  

					NDC  

					76.84 ± 1.54d 19.71 ± 1.86a  

					92.24 ± 1.69g 52.47 ± 6.42g  

					71.45 ± 3.19a 31.53 ± 1.17c  

					74.26 ± 1.14c 27.31 ± 1.55b  

					78.42 ± 3.80e 37.82 ± 1.43f  

					DC  

					84.69 ± 4.13g  

					52.33 ± 5.03c  

					63.34 ± 4.50d  

					71.61 ± 4.50e  

					72.29 ± 1.38f  

					50.26 ± 5.21b  

					26.84 ± 3.40a  

					42.17 ± 1.42f  

					36.92 ± 2.05d  

					30.58 ± 2.05b  

					32.95 ± 2.05c  

					39.97 ± 2.05e  

					61.48 ± 2.18g  

					36.41 ± 0.64c  

					40.76 ± 1.36d  

					43.66 ± 2.19e  

					49.79 ± 0.77f  

					23.81 ± 3.59a  

					4.90 ± 1.17a  

					8.61 ± 0.32d  

					7.98 ± 0.13c  

					6.84 ± 0.43bc  

					6.03 ± 0.07b  

					9.57 ± 0.68e  

					67.49 ± 1.77g  

					34.24 ± 1.74b  

					41.92 ± 1.17d  

					48.69 ± 1.66e  

					55.72 ± 1.887f  

					33.19 ± 1.874a  

					41.56 ± 1.11f  

					22.36 ± 1.63b  

					30.74 ± 0.07c  

					32.53 ± 0.07d  

					34.64 ± 1.61e  

					16.72 ± 0.67a  

					STZ + MOBE  

					STZ + MOLE  

					STZ + MOOB  

					STZ + MOOL  

					STZ + MET  

					85.53 ± 2.18f  

					34.08 ± 1.54d  

					72.11 ± 1.55b 35.61 ± 1.06e  

					Values are expressed as mean ± standard deviation (SD), n = 5. Values with different superscript letters are significantly different at P < 0.05.  

					Key: ALP = Alkaline phosphatase, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ALB = Albumin, TP = Total Protein, UA =  

					Uric Acid, STZ = streptozotocin, MOBE = Moringa oleifera bark extract, MOLE = Moringa oleifera leaf extract, MOOB = Moringa oleifera ordinary  

					bark, MOOL = Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic Control  
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					There were significant elevations of serum total cholesterol, TG, LDL,  

					VLDL, and CRI, while the HDL levels were decreased in the untreated  

					diabetic rats compared to the normal non-diabetic rats (Table 4). In  

					contrast, treatment of the STZ-induced diabetic rats with Moringa  

					oleifera leaf and bark extracts significantly (P < 0.05) reduced elevated  

					serum total cholesterol, TG, LDL, VLDL, and CRI to levels comparable  

					to that of the normal non-diabetic rats. In addition, HDL levels were  

					noticeably higher in diabetic rats that were given MOBE, MOLE,  

					MOOL, and MOBE compared to rats that were not treated. Moringa  

					oleifera extracts showed a favorable comparison with the conventional  

					medication, particularly the MOBE (Table 4). This suggests that the  

					extracts are rich in antidiabetic phytochemicals.  

					Table 4: Effect of Moringa oleifera leaf and bark on serum lipid profile in streptozotocin-induced diabetic rats.  

					Serum Lipid Profile (mg/dL) CRI  

					Group  

					CHOL  

					TRIG  

					HDL  

					LDL  

					VLDL  

					NDC  

					42.09 ± 1.29b  

					58.82 ± 2.01a  

					15.82 ± 0.25f  

					14.51 ± 1.00b  

					11.76 ± 0.39a  

					2.66 ± 0.02a  

					7.46 ± 0.30f  

					3.00 ± 0.08b  

					3.61 ± 0.06c  

					4.23 ± 0.44d  

					5.22 ± 0.16e  

					2.59 ± 0.47a  

					DC  

					75.12 ± 2.07g  

					45.26 ± 1.43c  

					49.16 ± 1.18d  

					54.35 ± 2.02e  

					58.62 ± 2.39f  

					39.69 ± 1.10a  

					114.60 ± 2.09g  

					71.68 ± 1.14c  

					79.10 ± 1.20e  

					78.11 ± 1.16d  

					97.00 ± 1.38f  

					63.95 ± 2.15b  

					10.07 ± 0.88a  

					15.08 ± 1.01e  

					13.62 ± 0.78d  

					12.85 ± 1.07c  

					11.24 ± 0.59b  

					15.34 ± 0.81ef  

					42.87 ± 1.19g  

					15.84 ± 0.73c  

					19.72 ± 0.87d  

					25.88 ± 0.96e  

					27.98 ± 1.15f  

					11.56 ± 1.02a  

					22.92 ± 1.06f  

					14.34 ± 0.70c  

					15.82 ± 0.82d  

					15.62 ± 0.17d  

					19.40 ± 0.54e  

					12.79 ± 0.66b  

					STZ + MOBE  

					STZ + MOLE  

					STZ + MOOB  

					STZ + MOOL  

					STZ + MET  

					Values are expressed as mean ± standard deviation (n=5) values with different superscripts that are significantly different at P<0.05.  

					Key: CHOL = Cholesterol, LDL = Low-density lipoprotein, TG = Triglyceride, VLDL = Very low-density lipoprotein, HDL = High density lipoprotein,  

					CRI = Coronary risk index. STZ = streptozotocin, MOBE = Moringa oleifera bark extract, MOLE=Moringa oleifera leaf extract, MOOB = Moringa  

					oleifera ordinary bark, MOOL = Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic Control.  

					Diabetes has an impact on fat metabolism.45 The elevation of LDL, total  

					cholesterol, and triglycerides, along with a reduction in HDL values in  

					STZ-induced diabetic rats demonstrates this. Some studies show that  

					the abnormal signal that causes the liver to make too much glucose in  

					people with diabetes mellitus also helps fatty acids to be burned, since  

					both signals mean that the body needs fuel.20,46, Studies showed that the  

					liver uses fatty acids to make triglycerides instead of burning them,  

					which causes them to build up in the livers of diabetics.47 In type 1  

					diabetes mellitus, a lack of insulin increases hormone-sensitive lipase  

					in adipose tissues. This leads to higher circulation of fatty acids and  

					better lipolysis, which in turn causes fatty acids to build up in the liver.  

					This makes it easier for the liver to absorb VLDL and make  

					triglycerides. High levels of glucagon change how fatty acids are  

					absorbed, made, exported, and burned, while also stopping the liver  

					from making triglycerides. This is believed to be responsible for the  

					accumulation of fat often observed in the liver.48 Another potential  

					cause for the accumulation of lipids in hepatocytes, aside from  

					abnormalities in lipoprotein metabolism, may be the activation of the  

					transcription factor induced by hyperglycemia, specifically sterol  

					regulatory element-binding protein 1c, carbohydrate-responsive  

					element-binding protein, and the enhanced regulation of glucose  

					transporter 2 protein, leading to subsequent intrahepatic lipid synthesis  

					or a combination of these mechanisms.49,50  

					severe portal triaditis, and swollen hepatocytes with spongy cytoplasm  

					(Figure 1). However, treatment with MOBE, MOLE, MOOB, and  

					MOOL mitigated the majority of the STZ-induced hepatocellular  

					damage, and the liver architecture was restored to normal, with the rats  

					receiving MOOB and MOLE showing full restoration, the effect of  

					which was comparable to that of metformin (Figure 1). This observation  

					suggests that Moringa oleifera have a preventive role in hepatic damage  

					linked to hyperglycemia. Furthermore, the liver histopathological  

					analysis indicated that all treated rats had normal liver restoration,  

					except for the group administered bark extract, which still displayed  

					minor portal congestion. Nonetheless, some architectural elements  

					appeared standard (Figure 1). Research has shown that Moringa  

					oleifera leaves reduce proinflammatory mediators, which indicates the  

					prevention of inflammatory responses.11,55 This indicates the possible  

					general anti-inflammatory ability of Moringa oleifera. Previous studies  

					have documented the protective effect of Moringa oleifera on the hearts  

					of diabetic rats.56 Other studies have also found that Moringa oleifera  

					24  

					leaf extract alleviates hyperglycemia in the testis.  

					Resistance or  

					deficiency of insulin, as occurs in diabetes, also affects the gonads,  

					perigonads, pituitary glands, and hypothalamus.57 Insulin deficiency  

					and resistance in diabetes can damage the hypothalamus, pituitary  

					gland, gonads, and perigonads.58  

					Similarly, there were compromised pancreatic architecture in the  

					untreated diabetic rats, with regions of degraded serous acinar cells,  

					significant fibrotic interlobular connective tissue, considerable vascular  

					congestion, and mild atrophy of the Langerhans islets (Figure 2). On the  

					other hand, the treated groups appeared to have rehabilitated  

					pancreases, with groups treated with MOBE and MOOL exhibiting full  

					recovery. The histopathological findings of the liver and pancreas  

					corroborate the reported antidiabetic effect of Moringa oleifera, and  

					demonstrate the protective role of the plant on the liver and pancreatic  

					cells. These findings have demonstrated the promising therapeutic  

					effect of Moringa oleifera in the management of diabetes mellitus, and  

					therefore necessitate additional investigation.  

					Dyslipidemia is a common manifestation of diabetes.51 Increased  

					cholesterol levels are its hallmark. In diabetics, elevated glucose levels,  

					dyslipidemia, and other metabolic disturbances lead to atherosclerosis  

					52  

					Insulin stimulates the hydrolysis of triglycerides and the enzyme  

					lipoprotein lipase. Phytochemicals that enhance insulin sensitivity may  

					contribute to the capacity of MOBE, MOLE, MOOB, and MOLE to  

					reduce triglycerides. Consequently, hypertriglyceridemia results from  

					an insulin shortage.53 This elucidates the heightened levels in untreated  

					rats and the opposite in treated animals. The complete suppression of  

					fatty acid production may account for the hypocholesterolemic effect  

					demonstrated by the plant.53  

					Histopathological findings  

					Hepatocellular damage has been linked to high blood sugar.54 This  

					study examined the histopathological effect of STZ-induced diabetes on  

					the liver and pancreas. Figures 1 and 2 present the histopathological  

					findings of the liver and pancreas. The results showed compromised  

					liver architecture, with numerous inflammatory cells lining the  

					periportal vein, moderate to severe congestion of the periportal vein,  
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					Figure 1: Photomicrograph of rat liver section stained with hematoxylin and eosin and viewed at X100 and X400 magnifications.  

					a = NDC: Normal central venules without congestion (white arrow), the parenchyma of the liver show focal areas of moderate inflammatory cells  

					aggregate (black arrow), the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and not infiltrated (slender arrow).  

					b = DC: Poor architecture. There is moderate to severe congestion of the portal vein (white arrow) as well as severe peri portal infiltration of inflammatory  

					cells - severe portal triaditis (black arrow), some of the morphology of the hepatocytes show ballooned hepatocytes with spongy cytoplasms (blue arrow),  

					the sinusoids appear normal and not infiltrated (slender arrow). c = MOBE: Normal central venules without congestion (white arrow), mild portal  

					congestion, the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and not infiltrated (slender arrow), no pathological  

					lesion seen. d = MOLE: Normal central venules without congestion (white arrow), the morphology of the hepatocytes appear normal (blue arrow), the  

					sinusoids appear normal and not infiltrated (slender arrow). e = MOOB: Normal central venules without congestion (white arrow), normal venules are  

					seen (white arrow), the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and not infiltrated f = MOOL: Normal  

					central venules without congestion (white arrow), the parenchyma of the liver show focal areas of moderate inflammatory cells aggregate (black arrow),  

					the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and not infiltrated (slender arrow). g = MET: Normal central  

					venules without congestion (white arrow), the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and not infiltrated  

					(slender arrow), no pathological lesion seen.  

					MOOB = Moringa oleifera ordinary bark, MOOL = Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic  

					Control.  
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					Figure 2: Photomicrograph of rat pancreas section stained with hematoxylin and eosin and viewed at X100 and X400 magnifications.  

					a = NDC: Normal architecture. The parenchyma of the pancreas shows normal serous acinar and zymogenic cells (slender arrow) containing abundant  

					granular eosinophilic cytoplasm, there is normal interlobular connective tissues (blue arrow) and normal septa seen (red arrow) are seen. There are normal  

					islets of Langerhans (white arrow) consisting of round to oval collections of endocrine cells. b = DC: Poor architecture. The parenchyma of the pancreas  

					shows the area of degenerated serous acinar cells (slender arrow) there is severe fibrotic interlobular connective tissues (blue arrow) and moderate vascular  

					congestion (red arrow) are seen. The islets of Langerhans show moderate atrophy white arrow). c = MOBE: Normal architecture. The parenchyma of the  

					pancreas shows normal serous acinar and zymogenic cells (slender arrow) containing abundant granular eosinophilic cytoplasm, there is normal  

					interlobular connective tissues (blue arrow) and normal septa seen (red arrow) are seen. There are normal islets of Langerhans (white arrow) consisting  

					of round to oval collections of endocrine cells. d = MOLE: Moderate architecture. The parenchyma of the pancreas shows normal serous acinar and  

					zymogenic cells (slender arrow) containing abundant granular eosinophilic cytoplasm, normal interlobular connective tissues (blue arrow) and septa (red  

					arrow) are seen. Moderate vascular congestion is seen (black arrow), and the islets of Langerhans (white arrow) consist of round to oval collections of  

					normal endocrine cells. e = MOOB: Pancreas with normal serous acinar and zymogenic cells (slender arrow) containing abundant granular eosinophilic  

					cytoplasm, normal interlobular connective tissues (blue arrow) and septa (red arrow) are seen. There are normal islets of Langerhans (white arrow)  

					consisting of round to oval collections of endocrine cells. There is mild vascular and ductal congestion (black arrow). f = MOOL: Normal architecture.  

					The parenchyma of the pancreas shows normal serous acinar and zymogenic cells (slender arrow) containing abundant granular eosinophilic cytoplasm,  

					there are normal interlobular connective tissues (blue arrow) and normal septa seen (red arrow) are seen. The islets of Langerhans appear normal (white  

					arrow). g = MET: Moderately normal architecture, the parenchyma of the pancreas shows normal acinar cells (slender arrow) containing abundant  

					granular eosinophilic cytoplasm, normal interlobular connective tissues and septa (red arrow) are seen. There are normal islets of Langerhans (white  

					arrow) consisting of round to oval collections of endocrine cells.  

					MOOB = Moringa oleifera ordinary bark, MOOL = Moringa oleifera ordinary leaf, MET = Metformin, NDC = Non-Diabetic Control, DC = Diabetic  

					Control.  
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					antidiabetic properties that regulate blood glucose levels, biomarker  
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					liver. Additional research on the optimization of these treatments is  

					essential for improving their medicinal application.  
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