



Hypolipidemic and Antidiabetic Potential of Hyphaene thebaica Leaf Extracts on Stz/Hfd-Induced Diabetic/Hyperlipidemic Wistar Rats


Abstract
Diabetes mellitus, a global metabolic disorder arising from issues with insulin secretion or action, has led to the exploration of plant-derived products for safe and effective antidiabetic solutions. Hyphaene thebaica, a desert palm native to the Nile Valley, sub-Saharan Africa, and West India, is recognised as a valuable plant. This study aimed to investigate the potential hypolipidemic and antidiabetic effects of Hyphaene thebaica leaf extracts on streptozotocin/high-fat diet-induced diabetic/hyperlipidemic Wistar rats. Secondary metabolite screening confirmed the presence of alkaloids, flavonoids, cardiac glycosides, tannins, terpenoids, saponins, carbohydrates, volatile oils, steroids, and phytosteroids in the extracts. The LD50 of the extracts indicated no lethality. Hyperlipidemia was induced in Wistar rats through a high-fat diet for two weeks, followed by the induction of diabetes mellitus using 35mg/kg streptozotocin. After 72 hours, rats with plasma glucose levels >200 mg/dl were classified as diabetic. Six groups, each with three rats, were utilised, including one untreated diabetic group. Three diabetic groups were orally treated with 150 mg/kg body weight of different extracts (n-hexane, chloroform, and aqueous), while another diabetic group received metformin/lovastatin (100mg/kg). The 28-day treatment significantly reduced (p < 0.05) weight, plasma glucose levels, total triglycerides, and LDL cholesterol, while increasing HDL compared to the control. The antioxidant properties of Hyphaene thebaica extracts are evident, as they effectively reduce lipid peroxidation and enhance antioxidant status in the liver of diabetic rats. These findings collectively highlight the pharmacological significance of Hyphaene thebaica leaves and underscore their potential for therapeutic use.
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Introduction
Diabetes mellitus is an endocrine disease characterised by chronic hyperglycemia with disturbances of carbohydrate, fat, and protein metabolism resulting from defects in insulin secretion, insulin action or both, and is typically associated with failure of pancreatic β cells (Olaokun et al., 2013). There are two major types of diabetes mellitus: type 1 and type 2. In type 1 diabetes, or insulin-dependent diabetes mellitus, the body has little or no insulin secretory capacity and depends on exogenous insulin to prevent metabolic disorders and death. In type 2diabetes, a non-insulin-dependent mellitus, the body retains some endogenous insulin secretory capability; however, its insulin level is low relative to its blood glucose level and/or there is a measure of insulin resistance (Ghazanfar et al., 2014).
Medicinal plants have been known to play a crucial role in addressing diabetes and hyperlipidemia, chronic metabolic disorders affecting carbohydrate metabolism and lipid metabolism, characterised by hyperglycemia and hyperlipidemia, respectively. This reliance on medicinal plants is particularly prevalent, encompassing 65% to 80% of the global population, especially in developing countries, due to herbal medicine's cultural acceptability, compatibility with the human body, and notably fewer side effects associated with it. (Mohamed et al., 2010; Afify et al., 2011). 
Hyperglycemia is a hallmark of diabetes and its complications, leading to micro and macrovascular complications due to oxidative stress (Ogundele et al., 2017; Mustafa et al., 2019). The International Diabetes Federation (IDF) estimated that by 2030, there would be 578 million adults with diabetes, increasing to 700 million by 2045 (IDF, 2019). Current drug therapies for diabetes face limitations in terms of cost, safety, and efficacy (Omonije et al., 2019). Hyperglycemia is a major contributing factor underlying the development of atherosclerotic diseases, and existing drugs for managing hyperlipidemia are associated with side effects and high costs (Aduwamai et al., 2019).
Over an extended period, diabetes and hyperlipidemia have been addressed with various medicinal plants, whose extracts have shown efficacy in enhancing diabetic control while mitigating associated side effects, surpassing synthetic alternatives (Bolkent et al., 2000; Brahmachari, 2009; Abubakar et al., 2023). 
Hyphaene thebaica, a desert palm native to the Nile Valley, sub-Saharan Africa, and West India, is recognised as a valuable plant. Known as doum, its trunk has a distinctive dichotomous and arborescent appearance, and the plant is commonly consumed as a beverage in traditional places in sub-Saharan Africa. It is a member of the palm family, Arecaceae, and it is dichotomous and arborescent in nature. Roots of the doum palm are used for the treatment of bilharzias, while the fruit is often chewed to control hypertension (Datti et al., 2020). Research indicates that doum is antimicrobial, antioxidant, and anti-diabetic, with potential to reduce blood lipids (Abdel-Rahim, 2011; Shehu et al., 2014). Medicinal plants have been utilised for the treatment of diabetes and hyperlipidemia, demonstrating improved control and reduced side effects compared to synthetic alternatives (Osigwe et al., 2015). The aqueous extract of doum fruits showed an antioxidant activity; this is due to the substantial amount of their water-soluble phenolic contents (Ghada et al., 2020). Hyphaene thebaica fruit also has hypolipidemic activity as the administration of the fruit decoction significantly lowers blood cholesterol, glucose, triglycerides and total lipids (Dahiru & Nadro, 2022). The ongoing search for more effective and safer anti-diabetic and hypolipidemic agents is a focus of active research, with flavonoids recognised for their diverse biological activities, including anti-diabetic efficacy (Deepa et al., 2018). Hence, the research aimed to evaluate the antidiabetic and hypolipidemic properties of Hyphaene thebaica leaf extract on Wistar rats.
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2.1 Materials
2.1.1Collection and Authentication of Plant Material
The leaves of Hyphaene thebaica used in this study were obtained near the Botanical Garden of Bayero University Kano, Old site, situated in Gwale Local Government area of Kano State, Nigeria (coordinates: 11.982181187809086, 8.47634729581447). The collection was performed at 6.45 a.m., and the leaves were subsequently identified and assigned Accession Number BUKHAN 0012 at the Herbarium Unit of the Department of Plant Science, Bayero University, Kano.
2.1.2 Sample Preparation
After collection, the Hyphaene thebaica leaves were thoroughly washed with distilled water and shade-dried at room temperature for five days. The dried leaves were macerated and blended into a powdery form using an electronic blender (Master Chef, Model MC-B181).
2.1.3 Experimental Animals
Wistar rats of both sexes (Rattus norvegicus) weighing 100.51 ± 6.53 g were procured from Aminu Kano Teaching Hospital (AKTH), Kano, Kano State, Nigeria. The animals were housed in clean wooden cages placed in well-ventilated housing, with a temperature range of 25–27°C, a photoperiod of approximately 12 h light and dark cycle, and a relative humidity of 45–50%. The animals were provided with clean rat pellets (Top Feeds Nigeria Limited, Ibadan, Nigeria) and tap water without any restrictions. The cages were properly cleaned daily.
2.2Methods
2.2 1. Extraction of Hyphaene thebaica (Doum) leaves
2.2.1.1 Soxhlet Extraction Method
The comprehensive Soxhlet extraction procedure was conducted using traditional techniques, employing 50g of powdered H. thebaica leaf samples. The extraction utilised n-Hexane in a ratio of 1:10 (w/v) based on the method described by Peter and Umar in 2018. Subsequently, the n-Hexane solvent was completely evaporated post-extraction to concentrate it in a vacuum through a rotary evaporator at 40°C under reduced pressure. The resulting solvent-free n-Hexane extract was then examined for this study. The plant material was transformed into a dry powder and underwent multiple Soxhlet extractions using solvents of increasing polarity, specifically n-Hexane and methanol. The Soxhlet equipment's extraction chamber was initially filled with 50g of powdered plant material. Hexane, as the extraction solvent, was heated in the flask until the clear liquid contents of the chamber were drained into the flask. The Soxhlet extraction involved subjecting 50g of powdered plant material to four extractions using 200mL of the solvent, following the method outlined by Rahman et al. in 2015. The n-Hexane extract was concentrated under reduced pressure using a rotary evaporator from Buchi Labortechnik AG, Switzerland, set at 40°C, and left in an oven at room temperature for 12 hours, as per the protocol by Ayala-Zavala et al. in 2013. The resulting residue was collected, and any remaining n-Hexane was eliminated by drying at room temperature.

2.2.1.2 Cold Maceration Method
Maceration was conducted in a sealed conical flask over 7 days at room temperature with periodic agitation, following the approach described by Dhawan et al. in 2017. Using 1000g of powdered leaf samples of H. thebaica for each solvent (Aqueous, methanol, and chloroform) in a ratio of 1:10 (w/v), the extraction was performed in separate aliquots. The marc was filtered using Whatman No.1 filter paper, and the filtrate underwent concentration through open-air evaporation. The resulting concentrate (extract) was weighed, and the percentage yield was calculated before labelling and storage at 4°C in a refrigerator until further use. The solvent-free Aqueous, methanol, and Chloroform extracts obtained were similarly evaluated.
2.2.2 Phytochemical analysis
Phytochemical analysis of Hyphaene thebaica (Doum) leaves was conducted following established methods by Harborne (1973), Trease and Evans (1989), Sofowora (1993), and El-Olemy et al. (1994). Saponins were identified by the formation of froth after heating the extract with water. Tannin's presence was indicated by a greenish precipitate upon adding 5% FeCl3. Alkaloids were detected through the formation of a reddish-brown precipitate using Wagner’s reagent. Flavonoids were identified by a yellow colour after adding 10% NaOH. Tannins were again confirmed by observing a brownish-green or blue-black colouration with 5% ferric chloride. Carbohydrates were indicated by a purple colour after mixing the extracts with alpha naphthol solution and concentrated H2SO4. Steroids were detected by the formation of a reddish-brown interface with chloroform and H2SO4. Phytosterols were confirmed by a brown ring after mixing the extracts with chloroform and concentrated sulfuric acid. Volatile oils were screened by a white precipitate upon mixing the extracts with dilute HCl. Terpenoids were identified through a reddish-brown colouration with chloroform and concentrated H2SO4. Cardiac glycosides were confirmed by a brown ring at the interface with glacial acetic acid containing ferric chloride. Saponins glycosides were identified by a bluish-green precipitate with Fehling solution A and B. The presence of saponins was indicated by persistent foaming after shaking the extracts with distilled water. Liquid-liquid partition of the dried methanolic extracts using hexane and ethyl acetate solvents was carried out as described by Rajbir et al. (2008), and the eluents were pooled and dried using a rotary evaporator.
2.2.4 Acute Toxicity Study of Extract of Hyphaene thebaica in Albino Rats
Acute Toxicity Study of Extract Hyphaene thebaica in Albino Rats was carried out using the method outlined by Lorke in 1983. In the initial phase of the experiment, twelve rats were categorised into four groups of three rats each. Groups 1, 2, and 3 received doses of 1000, 100, and 10mg/kg of Hyphaene thebaica extract, respectively, while group 4 served as the control. The rats were closely monitored for signs of toxicity and mortality over a 24-hour period. Subsequently, in the second phase, four rats were assigned to each extract, labelled 1, 2, 3, and 4, and were orally administered variable doses (2000, 3000, 4000, and 5000mg/kg) of Hyphaene thebaica extract.
2.2.5 Induction of type 2 diabetes and hyperlipidemia
The induction of type 2 diabetes and hyperlipidemia in rats involved a two-week period of feeding a high-fat diet. The diet composition included 84.3% standard rat chow, 5% lard, 10% yolk powder, 0.2% cholesterol, and 0.5% bile salt, following the protocol by Xie et al. (2005). After the high-fat diet phase, the animals underwent an overnight fast and were injected with a low dose of streptozotocin (35mg/kg), dissolved in 0.1 M sodium citrate buffer at pH 4.5, as described by Wu et al. (2012). Three days post-STZ injection, overnight fasting blood samples were collected from the retroorbital sinus, serum blood glucose and lipid profile determined using AccuCheck glucometer and CardioCheck meter, respectively. Rats with fasting blood glucose levels exceeding 250mg/dl were considered diabetic, while those with fasting blood hyperlipidemia levels of 200mg/dl or higher were classified as hyperlipidemic animals for further study
2.2.5.1 Experimental Design
The experimental design consisted of rats induced with a high-fat diet/streptozotocin (HFD/STZ) along with normal rats divided into six groups, each comprising a minimum of three rats (n=3). The study spanned a period of 4 weeks, during which different concentrations of Hyphaene thebaica extracts were orally administered using an intragastric tube. Metformin and lovastatin, dissolved in distilled water, were used as standard drugs for diabetes and hyperlipidemia, respectively.
Phase I (Extract) Experimental Design:
Group I – Distilled water only
Group II – HFD/STZ + Distilled water
Group III – HFD/STZ + 100 mg/kg body weight of Metformin/Lovastatin
Group IV – HFD/STZ + 150 mg/kg body weight of n-Hexane extract of H. thebaica leaves
Group V – HFD/STZ + 150 mg/kg body weight of aqueous extract of H. thebaica leaves
Group VI – HFD/STZ + 150 mg/kg body weight of chloroform extract of H. thebaica leaves
2.2.6 Biochemical Analysis
2.2.6.1 Serum Blood Glucose Determination
Fasting glucose levels were determined using the protocol outlined by ADA (2020). Prior to the experiment, rats were fasted overnight to ensure accurate fasting glucose measurements. Rats were gently restrained, and their tail veins were cleaned with an alcohol swab using aseptic techniques. A lancet device was employed to make a small incision, and a drop of blood was collected, ensuring minimal stress to the animals. The blood sample was immediately applied to a glucometer-specific test strip, and the glucometer displayed the fasting glucose level, which was recorded.
2.2.6.2 Lipid Profile Estimation
Lipid profiles were determined following the method described by Bolodeoku (2019). Blood samples were obtained from rats after an appropriate fasting period, and the tail veins were cleansed with an alcohol swab. A lancet device was used to obtain blood samples with minimal discomfort to the animals. The blood sample was applied to a Cardiochek-specific test strip, and the results of the lipid profile, including total cholesterol, triglycerides, and high-density lipoprotein (HDL) cholesterol, were obtained using a CardioChek analyser. LDL-C was calculated using the formula by Friedewald et al. (1972), and the Atherogenic Index of Plasma (AIP) was calculated using the formula by Dobi and Frohlich (2003).
LDL-C (mg/dl) = (HDL-C) - ((TG))/5
AIP = Log(TG/HDL_C)
2.3 Data Analysis
Data were presented as mean ± standard deviation of triplicate experiments, analysed using one-way analysis of variance and Tukey’s post hoc test. Statistical significance was considered at p < 0.05 using Statistical Package for Social Sciences (SPSS) version 20.0. This comprehensive approach provides a thorough understanding of the phytochemical composition and functional groups in Hyphiene thebaica, laying the foundation for further interpretation and applications
3.1 RESULTS
The study explored the phytochemical composition and biological activities of Hyphaene thebaica extracts. The phytochemical analysis (Table 1) revealed the presence of various compounds, including flavonoids, cardiac glycosides, phytosteroids, terpenoids, volatile oils, tannins, carbohydrates, alkaloids, and steroids. Notably, saponin glycosides and saponins were absent.
 Acute toxicity evaluation (Table 2) demonstrated the safety of the extracts, with no mortality observed and only mild toxicity signs, such as weakness and shivering, at higher doses in Phase 2. The effects of the extracts on serum glucose levels (Table 3) indicated promising antidiabetic potential. Group III (Metformin) showed a substantial reduction in fasting glucose levels, while Groups IV (Aqueous) and V (n-Hexane) demonstrated significant (p<0.05) decreases compared to the hyperlipidemic/diabetic control. Of all the extracts, the chloroform extract was the most effective in terms of decreasing blood glucose level.
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Table 1. Qualitative Phytochemical contents of the extract of Hyphaene thebaica
	Phytochemicals
	Hyphaene thebaica Extract

	Flavonoids
	+

	Cardiac glycosides
	+

	Saponins glycosides
	-

	Phytosteroids
	+

	Saponins
	-

	Terpenoids
	+

	Volatile oils
	+

	Tannins
	+

	Carbohydrates
	+

	Alkaloids
	+

	Steroids
	+


[bookmark: _Toc135693826]Key; + = present and - = absent
Table 2. Acute toxicity study of the plants’ extracts in rats (Phase 1and2)
	Dose (mg/kg)       
	No. of animals used
	Mortality
	Toxicity signs

	Phase 1

	10
	3
	0
	No sign observed

	100
	3
	0
	No sign observed

	1000
	3
	0
	No sign observed

	Phase 2

	2000
	1
	0
	No sign observed

	3000
	1
	0
	Weak and inactive

	4000
	1
	0
	Shivering and inactive

	5000
	1
	0
	No sign observed
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Table 3. Effect of oral administration of different Hyphiene thebaica extracts on serum glucose level in HFD/STZ-induced hyperlipidemic/diabetic Wistar rats

	Groups 
n=5
	Treatment
	Fasting glucose level (mmol/L)
	

	
	
	After induction 
	7th Day
	14th Day 
	21st Day
	28th Day

	[bookmark: _Hlk135407014] I
	Normal Control
	5.79±0.50
	5.30±0.20a
	5.11±0.21a
	4.85±0.63a
	5.28±1.20a

	 II
	Hyperlipidemic/diabetic
	13.84±0.59b
	16.17±1.43c
	17.79±0.65c
	18.53±0.06d
	15.43±0.86d

	 III
	Metformin
	14.2.17±0.82b
	6.47±0.13a
	6.17±0.06a
	5.88±0.57a
	8.33±1.03b

	 IV
	Aqueous
	14.57±1.50b
	13.03±0.35b
	12.63±0.55b
	11.17±0.95c
	11.97±0.61c

	  V
	n-Hexane
	13.9.60±1.55b
	14.00±0.62,b
	12.60±0.61b
	11.60±0.53c
	11.10±1.01c

	 VI
	CHCL3
	14.27±1.80b
	12.13±1.05b
	14.87±58.14b
	9.93±0.38b
	9.35±0.87b,


Values are Mean ± Standard Deviation of triplicate determinations. (n=5); Values with different superscript down the coloumn are significant different at p<0.05.
[bookmark: _Toc135693829]Table 4. Effect of oral administration of different extracts of Hyphiene thebaica on lipids profile in HFD/STZ-induced hyperlipidemic/diabetic rat.
	[bookmark: _Hlk135686011]Groups 
	Treatment
	TC
(mmol/L)
	HDL
(mmol/L)
	TG
( mmol/L)
	LDL
( mmol/L)
	AIP

	 I
	Normal Control
	3.71 ± 0.15a
	1.84 ± 0.24
	1.61 ± 0.06b
	1.54 ± 0.11
	0.058a

	 II
	Hyperlipidemic/diabetic
	6.75 ± 0.12c
	1.14 ± 0.12
	1.81 ± 0.09b
	5.25 ± 0.42a
	0.201e

	 III
	Atorvastatin
	4.08 ± 0.64a,b
	1.53 ± 0.18
	1.24 ± 0.08a
	2.62 ± 0.65
	0.091b,c

	 IV
	Aqueous
	5.23 ± 0.68c
	1.29 ± 0.07
	1.64 ± 0.09b
	3.46 ± 0.88
	0.104c

	  V
	n-Hexane
	6.17 ± 0.28c
	1.21 ± 0.05
	1.82 ± 0.1b
	3.95 ±  0.56
	0.177d

	 VI
	CHCL3
	4.27 ± 0.79b
	1.44 ± 0.21
	1.32 ± 0.10a
	2.72 ± 0.78
	0.038a


Values are mean ± Standard error of the mean (n = 5); Values with different superscript down the coloumn are significant different at p<0.05; TC:Total Cholesterol; HDL:High density Lipoprotein-cholesterol; TG:Triglycerides; LDL: low density lipoprotein-cholesterol; AIP:Atherogenic Index of Plasma; AIP<0,11 - low risk; AIP (0.11 - 0.21) intermediate risk; AIP>0,21 increased risk.

[bookmark: _Toc149231095]4.0 DISCUSSION
The methanol extract of Hyphaene thebaica was subjected to qualitative screening to determine the presence of several phytochemical elements. The analysis revealed the presence of flavonoids, phenols, alkaloids, saponins, steroids, terpenoids, cardiac glycosides, and tannins. This statement aligns with the findings reported by Kasolo et al. (2010) and Kawo et al. (2009). According to Dolara et al. (2005), tannins are a type of polyphenol that possess a significant capacity to inhibit the growth of bacterial cells by obstructing crucial enzymes involved in microbial metabolism, including proteolytic macerating enzymes. The administration of methanol extracts from Hyphaene thebaica leaves at a dosage of 5000 mg/kg did not result in any observable signs of toxicity, including convulsions, vomiting, bleeding, or breathing difficulties, during the duration of the trial. There were no instances of animal mortality during the monitoring period, and no significant alterations in the morphology of major organs were observed, as indicated in Table 2. This observation is consistent with the findings of Kasolo et al. (2010). During several phases of the present investigation, a rat model with diabetes and hyperlipidemia caused by STZ/HFD was established with the administration of STZ at a dosage of 35 mg/kg body weight. This induction method potentially leads to pancreatic damage. It has been shown that the compound STZ can cause specific cell death and shrinkage in the β-cells of the islets of Langerhans by creating reactive oxygen species. This process ultimately leads to the partial or complete impairment of insulin manufacturing and the subsequent onset of hyperglycemia (Sundaram et al., 2013). When a leaf extract from Hyphaene thebaica was administered to rats, from the result it was observed that there was a significant (p<0.05) increase in the level of fasting blood glucose in HFD/STZ-induced diabetic rats compared to initial values. Oral administration of the extracts (150mg/kg b.wt) daily for a period of 28 days to HFD/STZ-Induced diabetic rats significantly (p<0.05) decreased the level of fasting blood glucose compared to untreated diabetic rats, and this effect was comparable to that of metformin. Of all the extracts, the chloroform extract was the most effective in terms of decreasing the fasting blood glucose. From the result, after 4 weeks of extract administration, there was a significant (p<0.05) decrease in serum TC, TG and LDL levels, but a significant (p<0.05) increase in HDL in the rats treated with various concentrations of the leaf extracts of Hyphaene thebaica compared to the hyperlipidemic control rats. Chloroform leaf extract was the most effective in terms of decreasing serum TC, TG and LDL levels, and increasing serum HDL level. On the other hand, the CHCL3 group had the lowest AIP value (0.038), while the Hyperlipidemic/diabetic group had the highest AIP value (0.201), indicating an increased risk compared to other groups.
CONCLUSION
The research concludes that the chloroform leaf extract of H. thebaica possesses antidiabetic and hypolipidemic activity. The antidiabetic property is mediated through its antioxidant properties by improving the level of antioxidant enzymes and minimising hyperglycaemia, thereby stimulating the production of more insulin from remnant and recovered pancreatic β cells. The leaves of Hyphaene thebaica exhibit noteworthy medicinal properties, attributed to a rich array of secondary metabolites including alkaloids, flavonoids, cardiac glycosides, tannins, terpenoids, saponins, carbohydrates, volatile oils, steroids, and phytosteroids. This diverse phytochemical composition underscores the therapeutic potential of the plant. The acute toxicity study establishes the safety of methanol extracts, with no observed toxicity or mortality at a dosage of 5000mg/kg. Moreover, the fraction demonstrates promising antidiabetic effects, lowering blood glucose levels and enhancing insulin sensitivity in HFD/STZ-induced diabetic rats. Additionally, the extracts exhibit hypolipidemic effects, mitigating hyperlipidemia and suggesting potential applications in managing lipid disorders. The antioxidant properties of Hyphaene thebaica extracts are evident, as they effectively reduce lipid peroxidation and enhance antioxidant status in the liver of diabetic rats. These findings collectively highlight the pharmacological significance of Hyphaene thebaica leaves and underscore their potential for therapeutic use.
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