


EFFECT OF Pueraria montana AND Coffea arabica AQUEOUS EXTRACT ON HEPATIC AND OXIDATIVE ENZYME ACTIVITY IN ALLOXAN-INDUCED DIABETIC RATS

ABSTRACT
This study investigated the effect of aqueous extracts of Pueraria Montana and Coffea arabica on hepatic function and oxidative enzyme activity in alloxan-induced diabetic Wistar rats. The animals were divided into six groups. Group 1 (normal control), group 2 (negative control), group 3 (positive control – received 500mg/kg of Co mepryl), group 4 (was treated with 500mg/kg body of Pueraria Montana), group 5 (was treated with 500mg/kg of Coffea arabica) and group 6 was treated with 500 mg/kg of combined extracts of Pueraria Montana and Coffea arabica) after diabetic induction in the experimental rats using Alloxan at 150mg/kg. The phytochemical screening was done using spectrophotometric method and the result revealed that both plant extracts contained flavonoid, saponin, cardiac glycosides and alkaloids. The weight of the animals decreased in the groups treated with the extract after treatment and the extracts significantly decreased the glucose level of the experimental animals indicating the potential of the extracts in ameliorating the diabetogenic effect of alloxan. The results also showed that the diabetic rats exhibited significant elevation in liver enzymes (AST, ALT and ALP), indicating liver damage and reduced antioxidant enzyme activity (GSH, CAT, SOD). Treatment with the aqueous extracts of Pueraria montana and Coffea arabica significantly improved liver function by lowering AST, ALT, ALP, and bilirubin levels. The extracts also enhanced antioxidant defense by increasing GSH, CAT, and SOD activities while reducing MDA levels, indicating a reduction in oxidative stress. These findings suggest that Pueraria Montana and Coffea arabica extracts exert hepatoprotective and antioxidant effects, however, the combined extract exerted greater efficacy in lowering glucose and hepatic parameters and elevating oxidative stress markers, indicating a synergistic interaction that could offer greater therapeutic benefits in managing diabetes induced oxidative and hepatic stress.  
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INTRODUCTION
The use of medicinal plants in healing human illnesses is as old as mankind itself, and the awareness of the usage of plants is a result of the many years of struggle against illnesses. The struggle against diseases led man to seek out the therapeutic potentials of leaves, seeds, fruits and other parts of the plants (Biljana, 2012). It is known today that some plants are widely used in folk medicine due to their pharmacological effects on the health of humans or animal body. Pueraria montana, also known as Kudzu is a fast-growing, perennial climbing vine native to East Asia particularly China, Japan and Korea. It belongs to the Fabaceae family and is known for its vigorous growth, with the ability to spread rapidly and cover large areas. The plant has trifoliate leaves, purple to reddish flowers and hairy seed pods. It has been used in traditional Chinese medicine to treat diseases such as diabetes, cardiovascular diseases and other health conditions. The therapeutic properties of this plant can be attributed to its bioactive components (Zhang et al., 2021). Studies have demonstrated that these bioactive compounds can help in managing diabetes by several mechanisms. Isoflavones and flavonoids in Pueraria montana have been found to improve insulin sensitivity by modulating key enzymes involved in glucose and lipid metabolism. They enhance the activity of insulin receptors and increase the uptake of glucose by cells, thereby reducing blood glucose levels. Additionally, these compounds exhibit antioxidant properties, which help mitigate oxidative stress, a common complication in diabetes that contributes to insulin resistance and beta-cell dysfunction (Zhang et al., 2021). 
Coffea arabica commonly known as Arabica coffee is a plant native to Ethiopia and Arabia. It is one of the most widely cultivated and consumed coffee species in the world, accounting for about 60 -70% of global coffee production. This plant has been widely used in traditional medicine and gain popularity in recent years due to its potential health benefits (Kim, 2018).
Diabetes mellitus is recognized as being a syndrome, a collection of disorders that have hyperglycaemia and glucose intolerance as their hallmark, due either to insulin deficiency or to the impaired effectiveness of insulin’s action, or to a combination of these (Brahm et al., 2013). It is one of the chronic noncommunicable diseases, and has emerged as a leading global health problem. It is also a known risk factor for blindness, vascular brain diseases, renal failure and limb amputations (Lebovitz, 2000). According to the International Diabetes Federation atlas guideline report, currently there are 352 million adults with impaired glucose tolerance who are at high risk of developing diabetes in the future. In 2017, it was estimated that 425 million people suffered from diabetes mellitus and the number is expected to rise to 629 million by 2025 (REF). Diabetes mellitus particularly type 2 significantly affects liver function and oxidative stress (REF). 
The liver is a vital organ located in the upper right portion of the abdominal cavity that plays a crucial role in maintaining overall health. It performs a multitude of functions, including detoxification, metabolism, production of bile, and storage of glycogen (Klein, 2019). Liver biomarkers are a set of indicators that can be used to assess the health and function of the liver. These biomarkers (such as aspartate transaminase, alanine transaminase and alkaline phosphatase) can be measured in the blood and can provide valuable information about liver damage, inflammation, or disease progression (REF).
Diabetes Mellitus is a metabolic disorder which can lead to complications such as liver damage and oxidative stress. Pueraria montana and Coffea Arabica extracts are known medicinal plants used for treatment of diseases. However, there are limited research on the effect of combined extract of Pueraria montana and Coffea arabica on hepatic and oxidative enzyme activity in alloxan-induced diabetic albino rats, hence the need for this research.


MATERIALS AND METHOD
 Plant Collection and Identification
The fresh leaves of Pueraria montana and Coffea Arabica were collected from Onne in Eleme Local Government Area of Rivers State, Nigeria. The plants were identified by a Plant Scientist in the Rivers State University, Port Harcourt, Nigeria,
 Quantitative Phytochemicals Screening Test
The quantitative screening was done using spectrophotometric methods (Spectro UV-Visible 2500, manufactured by LaboMed Inc., USA) at Nigeria Institute of Science Laboratory Technology, Ibadan, Oyo State, Nigeria via scanning method in accordance with ISO 17025.
 Purchase of Animals
Thirty (30) wistar rats weighing between 120-200g were purchased from the animal house, Faculty of Pharmacy, University of Port Harcourt. The animals were acclimatized for 14 days.
 The Standard Drug
The Co-mepryl drug which was used as reference drug was purchased from Via plux pharmacy, Port-Harcourt, Rivers State, Nigeria.
 Determination of Therapeutic Dose: 
The rat doses of the extract formulations and orthodox drugs were extrapolated from the human therapeutic doses based on body surface area ratio, using the Paget and Barnes (1964) conversion table, which is based on 70kg as the weight of adult human, and 200g as the weight of rat. The rat dose for each drug was calculated using the formula: Rat dose (mg/kg) = Human dose (mg) x 0.018 x 5 (Gosham et al., 2015). The daily dose of both the standard drug and the Extracts formulations were determined based on Organization for Economic Co-operation and Development’s Guidelines (OCED, 2001). The drugs and extracts formulations were dissolved in water and administered to the rats according to OECD’s Guideline.
 Acute Toxicity of the Extract
This was done using the fixed dose procedures (OECD, 2001), with the aim of determining the LD50 of the extract’s formulations. Six (6) rats were grouped into two groups of three rats each. The rats were fasted overnight, and then given 200mg/kg of each of the extract as follows: Group 1 was given 2000mg/kg of Pueraria montana, Group 2 was given 2000mg/kg of Coffea arabica. They were observed for three (3) days for signs of toxicity and there was none.
 Diabetic Induction
Diabetes was induced by a single intraperitoneal injection of freshly prepared Alloxan (150mg/kg body weight apart from group 1) dissolved in physiological saline, after 12 hours fast.(ACCORDING TO THE METHOD OF …). Diabetes was confirmed after 48 hours in all the rats with fasting blood glucose levels above 14mmol/l(250mg/dl) except group one which was the normal control group. Treatment was administered daily according to the group by means of oral administration for 28 days.

 Administration of Aqueous Extract
The daily administration of the plant aqueous extract (500mg/kg) was carefully given to each of the rats in group 4,5 and 6 for twenty-eight (28) days. After which they were sacrificed and their blood sample were collected in EDTA for analysis and the pancreas were collected in Heparin bottles for histology evaluation.
 Experimental Design
Thirty mature albino rats were separated into 6 groups of 5 rats per group and treated as follows
GROUP 1: Normal control fed with normal rat feed and water
GROUP 2: Diabetic rats fed with water without treatment
GROUP 3: Diabetic rats treated with standard drug Co mepryl 500mg/kg body weight
GROUP 4: Diabetic rats treated with extract I at 500mg/kg body weight
GROUP 5: Diabetic rats treated with extract II at 500mg/kg body weight
GROUP 6: Diabetic rats treated with combined extract at 500mg/kg body weight

 Data Analysis
The data from the results were subjected to statistical analysis using SPSS Software. All data were presented as mean ± standard deviation. Data were analysed with one-way analysis of variance (ANOVA), with Tukey post hoc analysis. Results were compared among groups and considered significant at p≤0.05.
 RESULTS
 Table 1: Quantitative screening for phytochemical constituents of Pueraria Montana and Coffea Arabica (mg/ml)

	[bookmark: _Hlk195175426]COMPONENTS 
	Pueraria Montana
	Coffea Arabica

	Flavonoid 
	30.00 ± 0.05 
	12.01 ± 0.05 

	Polyphenol 
	         - 
	11.03 ± 0.00 

	Saponins 
	6.7 ± 0.00 
	0.99 ± 0.00 

	Tannins	
	         - 
	7.00 ± 0.02 

	Cardiac glycoside 
	27.01 ± 0.01 
	67.00±0.01 

	Alkaloids 
	55.67± 0.01 
	2.00 ± 0.01 

	Terpenoids 
	         - 
	1.69 ± 0.02 

	Phenol 
	         - 
	2.00 ± 0.01 

	Steroids 
	         - 
	       - 

	Carotenoids 
	         - 
	       - 

	Puerarin 
	37.00±0.01 
	       - 


The values are in triplicate determination of mean±standard deviation.  . 


Table 2: Plasma glucose level of Alloxan-induced diabetic rats after 28days of treatment
	Groups
	Initial glucose level
(mmol/L)
	After induction
(mmol/L)
	After treatment
 (mmol/L)

	Group 1
	3.45±0.01 
	3.45±0.01 
	3.45±0.01 

	Group 2
	3.63±0.00
	31.20±0.01a 
	27.00±0.00b 

	Group 3
	4.03±0.01
	15.05±0.40a 
	6.10±0.20b 

	Group 4
	3.56±0.20
	24.20±0.20a 
	5.15±0.00b 

	Group 5
	3.60±0.22
	14.25±0.20a 
	5.55±0.06b 

	Group 6
	4.13±0.00
	21.23±0.00a 
	5.20±0.00b 


Values are expressed as mean± standard deviation. 

Table 3: Hepatic Parameters Levels Present in Alloxan-Induced Diabetic Rats after 28 Days     of Treatment 
	GROUPS
	AST (µ/L)
	ALT (µ/L)
	ALP(µ/L)
	TP(g/dL)
	ALB(g/dL)
	TB(mg/dL)
	CB(mg/dL)

	GROUP 1
	50.33±0.58a

	24.00±0.00b

	49.00±0.00b

	65.00±0.00b

	37.67±0.58b

	10.33±0.2
	7.47±0.58b


	GROUP 2
	54.67±0.58a

	40.00±0.00a
	53.67±0.58a

	59.00±0.00a

	34.67±0.58a

	11.67±0.58a

	8.07±0.58a


	GROUP 3
	57.67±0.58b

	52.00±0.00b

	37.00±0.00b

	71.33±0.58b

	44.67±0.58b

	11.97±0.58b

	9.27±0.58b


	GROUP 4
	59.00±0.00b

	63.00±0.00b

	36.00±0.00b

	71.67±2.31b

	46.67±0.58b

	12.27±0.58b

	9.63±0.58b


	GROUP 5
	38.00±0.00b

	40.33±0.58a

	37.00±0.00b

	59.67±0.58a

	40.67±0.58b

	7.67±0.58b

	4.77±0.58b


	GROUP 6
	27.00±0.00b

	29.00±0.00b

	35.00±0.00b

	74.67±0.58b

	44.33±0.58b

	5.97±0.58b
	3.87±0.58b



Values are expressed as mean± standard deviation Values with superscript b are significantly   different when comparing group 2 (positive control) with others ( p≤0.05).

Table 4: Oxidative Parameters Level Present in Alloxan-Induced Diabetic Rats after 28 Days of Treatment
	GROUPS
	GSH (mg/dL)
	GPx
(µ /L)
	CAT
(µ/mg protein)
	SOD
(µ/mg protein)
	MDA (nmol/mg protein)

	GROUP 1
	2.39±0.12b

	0.07±0.00a

	2.66±0.00b

	0.28±0.00b

	0.53±0.00b


	GROUP 2
	2.27±0.00a

	0.07±0.00a

	6.63±0.00a

	0.36±0.00a

	0.41±0.00a


	GROUP  3
	2.83±0.01b

	0.08±0.00a

	3.30±0.00b

	0.32±0.00a

	0.45±0.00a


	GROUP 4
	2.38±0.00b

	0.07±0.00a

	7.11±0.00b

	0.39±0.00a

	0.27±0.00b


	GROUP 5
	2.67±0.00b

	0.08±0.00a

	0.08±0.00a

	0.40±0.00a

	0.27±0.00b


	GROUP 6
	3.26±0.00b

	0.10±0.00a

	3.41±0.20b

	0.42±0.00b

	0.25±0.00b



Values are expressed as mean± standard deviation Values with superscript b are significantly different when comparing group 2 (positive control) with others at p≤0.05.

Discussion of Findings
Phytochemicals are secondary metabolites of plants and they possess therapeutic properties (Manta et al., 2016). The result of shows that flavonoids, saponins, cardiac glycosides and alkaloids were found in both plant samples. Flavonoids were detected at significantly higher levels in Pueraria montana compared to Caffea arabica. Flavonoids are well-known for their antioxidant, anti-inflammatory, and anti-carcinogenic properties, making them crucial in disease prevention and health promotion. The higher flavonoid content in Pueraria montana suggests it may offer stronger protective effects against oxidative stress and inflammation, which are linked to chronic diseases such as cardiovascular disorders and cancer (Jeanelle and Rui, 2004). 
Polyphenols were only present in Caffea arabica  and absent in Pueraria montana. Polyphenols are potent antioxidants with several health benefits, including anti-inflammatory, anti-diabetic, and cardioprotective effects. The absence of polyphenols in Pueraria montana does not necessarily diminish its health potential, given its rich content of other bioactive compounds, but it highlights the unique contribution of Caffea arabica in antioxidant activity primarily due to polyphenols. 
Saponins were found in higher concentration in Pueraria montana than in Caffea arabica. Saponins are known for their cholesterol-lowering effects, immune-boosting properties, and potential anti-cancer activities. The presence of saponins both samples suggest they may have cardiovascular benefits and potential as an anti-cancer agent, enhancing their value as medicinal plants (Manta et al., 2016).
Tannins were detected in Caffea arabica but were not present in Pueraria montana. Tannins possess antimicrobial, anti-inflammatory, and antioxidant properties, contributing to the prevention of infections and the promotion of wound healing. The presence of tannins in Caffea arabica supports its potential use in managing infections and inflammatory conditions. Cardiac glycosides were significantly lower in Pueraria montana compared to Caffea arabica. Cardiac glycosides are compounds known for their positive effects on heart function, commonly used in the management of heart failure and arrhythmias. The high content of cardiac glycosides in Caffea arabica suggests it may be particularly beneficial for cardiovascular health, offering potential therapeutic uses in heart disease management (Yadav and Munin, 2011).
Alkaloids were present in both Pueraria montana and Caffea arabica, with Pueraria montana having a higher concentration. Alkaloids are bioactive compounds with a broad spectrum of pharmacological activities, including analgesic, anti-malarial, anti-diabetic, and anti-cancer properties. The presence of a high level of alkaloids in Pueraria montana emphasizes its potential medicinal uses, particularly in pain management and as anti-cancer agents (Yadav and Munin, 2011). 
The results from this study shows that the body weight changes in wistar rats after 28 days of treatment with various substances, showing distinct patterns in weight gain or loss across different groups. Group 1 (negative control) exhibited a slight weight gain of 14.5g, consistent with normal feeding and growth in the absence of treatment. On the other hand, Group 2 (diabetic-induced rats) experienced significant weight loss, dropping by 20.75 g, likely due to the metabolic disruptions associated with diabetes. Research has shown that diabetes can lead to rapid weight loss due to factors such as increased catabolism and insulin deficiency, which impairs the body’s ability to utilize glucose for energy. In Group 3, diabetic rats treated with Co-mepryl, a standard antidiabetic drug, experienced a weight loss of 5.25. Group 4, treated with Pueraria montana, displayed a significant weight loss of 16.5 g, which could indicate either insufficient glucose regulation or other side effects of the treatment. Group 5 (treated with Caffea arabica) and Group 6 (treated with a combination of Pueraria montana and Caffea arabica) showed minimal weight loss (3.25g and 10.5g, respectively), suggesting that these treatments had a stabilizing effect on body weight, particularly in comparison to the diabetic-induced group. The result observed in this study is in consonance with the findings of Reem et al., (2024) who reported that the extract of Equisetum ramosissimum decreased the body weight of experimental animals.
Diabetes is considered among the top five causes of death in most developing nations (Rashid et al., 2020). Table 3 presents the plasma glucose levels of alloxan-induced diabetic rats after 28 days of treatment, showing significant changes before and after treatment. Group 1, the negative control, maintained stable glucose levels throughout the experiment, confirming that the animals were not affected by diabetes or any treatment. Group 2, the positive control, exhibited a dramatic rise in glucose levels after alloxan induction, reaching 31.20 mmol/L. This is consistent with the hyperglycemic effects of alloxan, which destroys insulin-producing pancreatic beta cells, leading to a diabetic state. Following 28 days, the glucose levels in Group 2 decreased to 27.00 mmol/L, indicating a slight reduction but remaining within a hyperglycemic range; this is reflective of unmanaged diabetes. Group 3, treated with the standard antidiabetic drug Co-mepryl, showed a significant reduction in glucose levels, dropping from 15.05 mmol/L after induction to 6.10 mmol/L post-treatment. This marked decrease highlights Co-mepryl's effectiveness in regulating blood glucose and restoring closer-to-normal levels in diabetic rats. Similarly, Groups 4 and 5, treated with Pueraria montana and Caffea arabica, respectively, experienced notable drops in glucose levels after treatment. Group 4 showed a decline from 24.20 mmol/L to 5.15 mmol/L, while Group 5 dropped from 14.25 mmol/L to 5.55 mmol/L, indicating the hypoglycemic potential of both herbal extracts. The potential of plant extracts such as Pueraria montana and Caffea arabica in reducing glucose levels could be attributed to their effectiveness in inhibiting various key enzymes involved in hyperglycemia (Rashid et al., 2020). Group 6, treated with a combination of Pueraria montana and Caffea arabica, experienced a reduction in glucose levels from 21.23 mmol/L to 5.20 mmol/L after treatment. This suggests a synergistic effect between the two extracts in lowering blood glucose. Combining herbal remedies often enhances their pharmacological effects, as seen in this case, where the combined treatment produced a comparable result to that of the standard drug Co-mepryl. The result recorded in this study is in tandem with the findings of Rashid et al., (2020) who reported that plant extracts such as Rhazya stricta have the potency of decreasing glucose levels of animals, thus useful in treating diabetic conditions. 
Liver is an important organ and a central organ for many of the metabolic functions of the body, elimination of toxic and waste substances from the body. Evaluation of hepatic biochemical parameters is very useful in assessing the functional integrity of liver during subacute exposure of chemical substances or natural products or plant extracts (Sabah et al., 2020). Table 4 shows hepatic parameters levels present in alloxan-induced diabetic rats after 28 days of treatment. AST levels in G1 (50.33±0.58) are significantly different from other groups. G6 has the lowest value (27.00±0.00), suggesting a considerable decrease. AST is a marker of liver and heart health; a decrease may indicate reduced liver damage or cellular injury in G6. The value of ALT increased in group 3 (52.00±0.00), group 4 (63.00±0.00) and group 5 (40.33±0.58) when compared to group 2 (40.00±0.00) but decreased in group 6 (29.00±0.00). The increased levels in G3 and G4 may suggest liver inflammation or damage, whereas G6 shows recovery or less damage. From the result obtained, it was also observed that the levels of ALP decreased in all the treated groups when compared to group 2 (negative control). This enzyme is often associated with bile duct obstruction, bone diseases, or liver damage. Protein levels are crucial for liver function assessment. The result of the TP in this study shows that the lowest TP (59.00±0.00) was recorded in group 2 while G6 has the highest value (74.67±0.58). The albumin level was higher in all treated groups when compared to group 2. Similar trend was observed in the levels of TB and CB as they were both higher in groups 3 and 4 when compared to group 2 but decreased in groups 5 and 6. High bilirubin levels are associated with jaundice and liver disease, so the decrease in G6 might suggest improved liver clearance or health. The potential of the extracts to decrease some hepatic parameters indicates that they could possess hepatoprotective functions and this result is in agreement with the findings of Offor et al., (2015) who reported that the leaf extract of Annona muricata decreased notable hepatic parameters.
Antioxidants are compounds that protect the body from oxidative stress by neutralizing free radicals (Mohan et al., 2022). Antioxidant activities of substances are measured by their ability to scavenge hydrogen peroxide radicals, hydroxyl radicals, ferric ions and superoxide ions. Table 5 shows the oxidative parameters level present in Alloxan-induced diabetic rats after 28 days of treatment. From the result obtained, it was observed that the levels of GSH, GPx and SOD increased in treated groups when compared to group 2 while the levels of Catalase and MDA decreased in treated groups when compared to group 2. The observed increase in the antioxidant parameters such as glutathione (GSH) glutathione peroxidase (GPx) and superoxide dismutase (SOD) in the groups treated with the extracts may be attributed to their bioactive components such as flavonoids and alkaloids, highly known for their antioxidant properties. 

 Conclusion
The phytochemical result showed that both plants contain bioactive components such as flavonoid, alkaloids, saponins and cardiac glycosides which are known for their medicinal values. The extracts reduced the body weight and blood glucose levels of the experimental animals, indicating its potential of ameliorating the diabetogenic effect of alloxan. The extracts notably decreased hepatic parameters such as AST, ALP, total and conjugated bilirubin, indicating that the extracts could be potent hepatoprotective agents. Additionally, the extracts enhanced antioxidant defense by elevating the concentration of GSH, GPx and SOD. Importantly, the combined extract exerted greater efficacy in lowering glucose and hepatic parameters and elevating oxidative stress markers, indicating a synergistic interaction that could offer greater therapeutic benefits in managing diabetes induced oxidative and hepatic stress.  The study recommends that long-term toxicological studies should be conducted to assess the safety profile of both extracts, particularly at higher doses, to ensure their viability as safe therapeutic agents.
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