


Abrus Precatorius Methanol Leaf Extract Normalize Blood Glucose and Ameliorate Metabolic Dysfunction in Wistar Rats Administered High-Fat Diet Plus Streptozotocin 


Abstract
Background: Diabetes mellitus (DM), identified as the eight major cause of reduced life expectancy by the Global Burden of Disease Study in 2019, is a chronic metabolic condition that is characterized by hyperglycaemia. Despite numerous research and interventions, the treatment outcomes have not been satisfactory. This study sought to evaluate the role of Methanol Leaf Extract of Abrus precatorius (MLEAP), in the mitigation of hyperglycaemia induced by high-fat diet plus streptozotocin (HFD/STZ) in Wistar rats. 
Methods: A total of 25 Wistar rats were used for the study and grouped as follows (n=5): Group I (Control), Group II (HFD ad libitum for 3 weeks /STZ 35mg/kg bolus), Group III (HFD/STZ + metformin 200 mg/kg), Group IV (HFD/STZ + MLEAP 200mg/kg), Group V (HFD/STZ + MLEAP 200mg/kg + metformin 200mg/kg). Weekly body weight and fasting blood glucose measurements were done. After 21 days, animals were sacrificed following inhalational anesthesia with chloroform. Blood samples were collected in plain universal bottles and analyzed. 
Results: Serum glucose, triglyceride, low density lipoproteins, alkaline phosphatase, aspartate amino transferase were significantly reduced by MLEAP compared to diabetic control (p<0.05). Also, MLEAP significantly increased serum total protein, albumin, superoxide dismutase, glutathione peroxidase and catalase (p<0.05). On the contrary, combination of MLEAP and Metformin gave a non-beneficial outcome, probably due to drug-drug interaction. 
Conclusion: This study demonstrated the efficacy of the MLEAP, in mitigating hyperglycemia, oxidative stress, liver and renal dysfunctions as well as preservation. Abrus precatorius leaf holds promise in the treatment of DM and, prevention of complications associated with the disease. However, further molecular studies will be necessary to ascertain specific mechanism(s) of action of MLEAP leaf extract. 
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Introduction
Globally, approximately 589 million people are living with Diabetes mellitus (DM), a chronic complex metabolic condition that is characterized by elevated blood glucose level (hyperglycemia) and the number is projected to increase to 853 million by 2050 (American Diabetic Association 2009). Type 2 DM arises either from defective insulin secretion by pancreatic β-cells, or peripheral insulin resistance or both. In chronic state, this can lead to dysfunctions of carbohydrate, protein and lipid metabolism, microvascular and macrovascular complications, and sometimes mineral and electrolyte imbalance, causing significant organ damage, morbidity or mortality (Banday et. al., 2020). Symptoms of DM include polyphagia, polydipsia, and polyuria alongside weight loss, lethargy, etc (Vieira et. al., 2019). In Nigeria, DM is a growing health concern, with risk factors including advanced age, obesity, sedentary lifestyle, unhealthy diet, and genetics playing a significant role (Uloko et. al., 2018).
Epidemiological studies have proven the link between consumption of dietary fat and risk of diabetes mellitus (Wang et al., 2025). High saturated fat diets (HFD) have been widely used in DM research and studies have shown that it poses a serious risk for DM in both animal and human subjects. It causes intestinal flora imbalance, increased blood glucose level, lipid deposition in tissues such as muscle and liver fat resulting to insulin resistance and beta cell damage, thus potentially exacerbating the development of DM (Qi and Wang, 2023). 
First used in the US in 1982 as chemotherapeutic agent for symptomatic or advanced pancreatic neuroendocrine tumors (Akoi et al., 2015), streptozotocin (C8H15N3O7) a naturally occurring chemical derived from streptomycetes achromogenes (Ghasemi, and Jeddi, 2023), has been used extensively as an animal model for induction for DM because of its selective beta pancreatic cells toxicity.
Throughout human history, plants with therapeutic effects commonly known as medicinal plants have been helpful in the treatment of diseases. They are a valuable resource for the development of novel pharmaceutical and therapeutic agents, due to the rich presence of potent bioactive compounds in them.  Abrus precatorius commonly known as rosary pea, is an herbaceous flowering plant which has been attributed with anti-convulsant, anti-inflammatory, anti-microbial, abortifacient, neuroprotective, anti-oxidative and anti-diabetic activities (Qian et al., 2022).
The present interventions available in the management of DM is complex and expensive. Thus, studying the effects of methanol leaf extract of A. precatorius in high fat diet fed-streptozotocin induced hyperglycaemia in wistar rats, will provide valuable information on its efficiency, efficacy and safety and also add to the body of existing knowledge on DM treatment.
Materials and Methods
Streptozotocin (Surechem Products Limited, Suffolk England), Metformin HCL (Glumin 500® McCoy Pharma Pvt Ltd Maharashtra-India); and diagnostic kits were products of Randox, UK. All other chemicals and solvents used in the study were of analytical grade.

Plant collection and identification
Fresh leaves of A. precatorius were collected from Ipinu Odiapa in Obi LGA, Benue State Nigeria. The leaves were identified by a taxonomist at the Botany department of Joseph Sarwuan Tarka University Makurdi, Benue State.
Preparation of Methanolic Leaf Extract of A. precatorius (MLEAP)
Fresh leaves of A. precatorius were shade dried, finely grounded and extracted using the AOAC, 2010 method for soxhlet extraction. The sample was exhaustively extracted using methanol for 6 hours. Methanol was then distilled off and the extract recovered for analysis.
Experimental Animal Procurement and Grouping
A total of 25 male Albino wistar rats (5 weeks old), weighing 96-113g were obtained from the animal house, Benue State University Makurdi and used for the study. They were taken to the Biochemistry/Physiology laboratory of the College of Veterinary Medicine Joseph Sarwuan Tarka University Makurdi for the study. They were kept in polypropylene cages and allowed to acclimatize for one week under natural day and night cycles before commencement of the experiment. 
The study was carried out in accordance with the ethical guidelines specified by the Ethical Committee of the Institution. The guidelines are in conformity with the Helsinki Principles for lab animal use and care.
The animals were equally divided into five (5) groups, of five animals each (n=5) as given below:
Group I -Normal Control: normal saline administered water and normal chow ad libitum
Group II -Diabetic Control: HFD ad libitum + STZ (30 mg/kg i.p bolus) 
Group III: HFD ad libitum + STZ (35 mg/kg i.p bolus) + Metformin orally at 200mg/kg/day (Al Za'abi et al., 2021)
Group IV: HFD ad libitum + STZ (35 mg/kg i.p bolus) with Abrus precatorius leaf extract at 200mg/kg/day orally (Umamahesh and Veeresham 2016).
Group V: HFD ad libitum + STZ (35 mg/kg i.p bolus) with a combination of metformin (200mg/kg/day) and Abrus precatorius leaf extract at a dose of (200mg/kg/day).
Blood Glucose Determination
Blood sample of overnight fasted experimental animals were collected via tail vein puncture for fasting blood glucose (FBG) concentration measurements before STZ-induction, and at 24, 48, and 72 hours after induction for confirmation of hyperglycemic states. The FBG levels were also measured at the end of week 1, week 2 and week 3 during administration of metformin and extract via glucose oxidase principle (Beach and Turner 1958) using a glucometer (accu-check active). 
Administration of Standard Drug and Extract and Experimental Animal Sacrifice 
Abrus precatorius methanolic leaf extract was orally administered to the experimental animals at a dose of 200mg/kg/day for 21 days using an oral gavage syringe and at the end of the experiment, after an overnight fast, all experimental animals were anesthetized via inhalational anesthesia using Chloroform (API FDA, UK), in an enclosed plastic container. 
Blood collection and analysis of biochemical parameters in serum 
Blood samples were collected into plain tubes via orbital sinus puncture before the animals were sacrificed. Serum was obtained from the samples and dispensed into labelled tubes. Serum total protein (TP) concentration was determined based on biuret method as described by Itzhaki and Gill (1964) using Randox diagnostic kit, serum albumin concentration was determined based on the Bromocresol Green method as described by Rodkey (1965), serum alkaline phosphatase (ALP) levels were determined based on the official AACC reference method as done by Tietz et al., (1983) using Agape diagnostic kit, serum alanine aminotransferase (ALT) levels were determined based on the colorimetric method as done by Reitman and Frankel (1957) using agape diagnostic kit, while serum aspartate transaminase (AST) level were quantitatively determined according to the IFCC method for aspartate aminotransferase (Bergmeyer et al., 1976) as done by Huang et al., (1994) using agape diagnostic kit. 
The oxidative stress markers were determined as follows; Catalase activity was determined according to Claiborne (1985) method as done by Nilantika and Mahuya (2013), glutathione peroxidase (GPX) activity was measured according to the procedure of Rotruck et al., (1973) as done by Lubos et al., (2011) and super oxide dismutase (SOD) activity was determined according to Misra and Fridovich (1972) method as adopted by Manafa et al., (2017). 
Statistical Analysis
Data obtained from the study was expressed as mean ± SEM. The differences between the groups were analyzed using one-way analysis of variance (ANOVA) followed by Turkey post hoc test for multiple comparisons using SPSS statistical tool version 25 (IBM corp.). Values of p < 0.05 were considered significant in all analyses.







Results
Effect of MLEAP on blood glucose levels, serum biochemical parameters and oxidative stress markers
The result as shown in Figure 1, demonstrated that HFD co-administered with STZ significantly increased the blood glucose levels of untreated animals compared to the control group (P<0.05). The A. precatorius treated group, had a statistically significant (P <0.05) decreased serum glucose level compared to the control and the other groups. Over the 21-day treatment/observation period, the diabetic control had a 50.5% increase in mean blood glucose levels as against the insignificant 1.2% increase of the normal control. The Metformin and the MLEAP treatment groups had a significant decrease in blood glucose levels with a –16.8% and -25.7% decrease respectively while the Metformin + MLEAP had an insignificant -1.5% decrease in blood glucose levels of HFD-STZ induced type 2 DM in experimental animals over 21 days of treatment. 



Fig 1: Mean blood glucose levels (mmol/L) of animals before induction and during experiment

	Group

	Urea
	Creatinine

	Normal 
Control
	27.0 ± 0.4
	0.3 ±0.0

	Diabetic 
Control
	45.3 ± 0.8a
	0.6 ±0.1

	Metformin 
Treated
	32.2 ± 0.9
	0.3 ±0.0

	MLEAP 
Treated
	30.6 ± 0.6
	0.4± 0.0

	MLEAP+
Metformin
Treated
	41.8 ± 0.5a
	0.6 ±0.1


Table 1 Serum Urea and Creatinine Levels (mmol/L)
Note: Values are Mean ± SEM (n=5). Values different alphabet superscript are significant at p> 0.05.





	Group 
	Albumin (g/dL)
	ALP (U/L)
	ALT
 (U/L)
	AST
 (U/L)
	Total Protein (g/dL)

	Normal 
Control
	3.7 ± 0.1
	45.9 ± 8.1
	32.7 ± 0.8
	33.4 ± 1.5
	6.8 ± 0.2

	Diabetic 
Control
	2.7 ± 0.1a
	98.4 ± 3.9a
	55.9 ±7.0a
	86.2 ± 4.6a
	3.5 ± 0.1a


	Metformin 
Treated
	2.9 ±0.1a
	77.3 ± 2.5 a
	32.6 ± 2.1
	98.8 ± 3.4a
	4.3 ± 0.3

	MLEAP 
Treated
	3.2 ±0.1
	53.8 ± 6.2
	32.8 ± 0.9
	65.0 ± 2.8
	6.2± 1.4


	MLEAP+
Metformin
Treated
	3.1 ±0.1
	74.8 ± 1.6 a
	35.7 ±0.5
	87.7 ± 1.3a
	3.5  ± 0.1a


Table 2. Serum Albumin, ALP, ALT, AST and Total Protein levels 
Note: Values are Mean ± SEM (n=5). Values different alphabet superscript are significant at p> 0.05
	Group

	CAT
(u/mL)
	GPx
(u/mL)
	MDA
(u/mL)
	SOD
(u/mL)

	Normal 
Control
	75.2 ± 2.4
	0.4± 0.0
	2.9 ± 0.1
	35.4 ± 4.6

	Diabetic 
Control
	33.4 ± 3.1a
	0.2 ± 0.0
	3.4 ± 0.0
	20.4 ± 1.5a

	Metformin 
Treated
	38.4 ± 2.4 a
	0.3 ± 0.1
	2.7 ± 0.0
	13.8 ± 1.9a

	MLEAP 
Treated
	58.3 ± 2.5
	0.3 ± 0.0

	3.1 ± 0.0
	49.2 ± 3.6b

	MLEAP+
Metformin
Treated
	37.8 ± 2.5 a
	0.2 ± 0.0
	2.9 ± 0.1
	17.8 ± 0.4a


Table 3. Serum CAT, GPx, MDA and SOD Levels
Note: Values are Mean ± SEM (n=5). Values different alphabet superscript are significant at p> 0.05.

Table 1. demonstrated that HFD co-administered with STZ significantly increased serum urea and creatinine levels when compared to the normal control group (P<0.05). This increase in serum urea and creatinine levels was also observed  in the MLEAP + Metformin treated group. While the groups treated with MLEAP and Metformin  respectively, were not  significantly different from the normal control group 
The effect of MLEAP administration on serum biochemical parameters compared to the normal control, diabetic control, and metformin treated groups is shown in Table 2. The table showed that, except for the value obtained for the albumin and TP, all serum biochemical parameters studied had higher values for the diabetic control group when compared to the other groups. Furthermore, noted in the table are the significant differences (p < 0.05) in the obtained values of Albumin, ALP, ALT, AST, and TP in the MLEAP treated group when compared to the metformin treated group.
Table 3. demonstrated that HFD co-administered with STZ significantly decreased serum CAT, and SOD levels in the diabetic control, metformin treated and MLEAP + Metformin treated groups when compared to the normal control and MLEAP group (P<0.05). The result also showed a statistically significantly (P <0.05) increased serum SOD level in the MLEAP treated group when compared to the normal control group. The GPX and MDA levels remained relatively unchanged.
Discussion 
This study demonstrated the antidiabetic effect of MLEAP in experimental type 2 DM in Wistar rats and further confirms previous studies by other researchers. This study showed that induction of type 2 DM using HFD/STZ resulted in  hyperglycaemia, oxidative stress, and metabolic dysfunctions in the liver and kidney as seen in the untreated diabetic group. However, administration of MLEAP in a not well understood mechanism of action, significantly decreased the FBG level of hyperglycaemic rats. This findings are consistent with previous reports that showed that A. precatorius leaves are a rich source of phytocemicals with hypoglycaemic properties (Barot et al., 2024). Also an in-vitro study on the antidiabetic properties of A. precatorius by Lankatillake et al., (2024) reported that it promoted insulin-stimulated glucose uptake in myotubes via the protein kinase B/phosphoinositide 3-kinase pathway. While an earlier in-vivo study by Boye et al., (2021) showed that it increased serum insulin secretion and GLP-1 but decreased serum glucagon, thus lowering blood glucose levels. 
Although the study demonstrated that when administered separately, MLEAP and Metformin significantly lowered the FBG levels of the hyperglycaemic rats. Co-administration of MLEAP and Metformin had no effect on the FBG levels of hyperglycaemic rats. This could be probably due to an antagonistic effect of some of the bioactive compounds in the plant extract and the drugs (Caesar and Cech, 2019) thus reducing the efficacy of both agents in lowering the blood glucose levels of the hyperglycaemic rats.
Serum total proteins, albumin, liver enzymes (ALT, AST and ALP), urea and creatinine levels are important markers in ascertaining the metabolic functions of the liver and kidney (Madaki et al., 2019). Induction of hyperglycaemia using HFD/STZ resulted in a significant decrease in serum albumin and total protein levels. Decrease in serum albumin level in the untreated diabetic rats could results from poor metabolism of albumin in the liver due to defective insulin secretion and absorption as well as oxidative stress (Gunanithi and Sakthidasan, 2021). However, administration of MLEAP normalized albumin and total protein in the experimental animals and this could be due to inhibition of increased proteolysis thus resulting in decrease in serum urea level, this is also corroborated by Taofeek et al., (2024).
Low levels of SOD and Catalase have been linked to DM particularly T2DM (Promyos et al., 2023) as seen in the diabetic group. Administration of MLEAP increased SOD and Catalase levels when compared to the diabetic group. The increased serum SOD and Catalase level demonstrated that MLEAP has the potential to induce production of endogenous antioxidant like SOD and Catalase. Studies have shown that A. precatorius leaves are rich in flavonoids, saponins, and tanins (Qian, et al., 2022). These phytochemicals have been known to either act as exogenous antioxidant, activate antioxidant enzymes, or inhibit enzymes that cause metal chelation (Chaudhary et al., 2023). The bioactive secondary plant metabolites are capable of exerting free radical scavenging activities by interacting with diverse cellular components including membrane transporters, protein kinases, membrane-bound NADPH oxidases, lipoxygenases and some transition metals (Boye et al., 2021) thus, potentially protecting against oxidative stress.
Conclusion
This study employed the use of high fat diet and low dose streptozotocin (35mg/kg BW) to induce T2DM in experimental animals, thus assessing the effect of MLEAP on the experimental animals. This study showed that MLEAP normalized blood glucose in the hyperglyceamic rats. It also attenuated the attendant dyslipidemia, oxidative stress and metabolic dysfunctions in the liver and kidney of experimental rats when compared to the controls and standard groups and the observed action of MLEAP is likely due to the effect of one or more constituents of the phytochemicals in the plant. Further molecular and biochemical studies in elucidating the active compound(s) in the plant responsible for lowering blood glucose level and its mechanism of action is recommended.
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