


PHYTOCHEMICAL PROPERTIES AND LIPID LOWERING EFFECTS OF ETHANOL EXTRACT OF Pterocarpus santalinoides LEAVES ON MALE ALBINO RATS


Abstract
This study evaluated the phytochemical composition and lipid-lowering effect of ethanol leaf extract of Pterocarpus santalinoides in male Wistar albino rats. The quantitative phytochemical analysis of the leaf extract was assessed using Gas Chromatography-Mass Spectrometer (GC-MS). Forty (40) male wistar albino rats were used for this study. The animals were allocated into eight tests groups of five rats per group. Group A was the "Normal control" and received growers mash and water only. Group B was the "Negative control" and received cholesterol and saturated fats diet and water. Group C was the “Positive control" and received cholesterol and saturated fats diet and was treated with 1.14 mg/kg of Atorvastatin. Groups D, E, F and G received cholesterol and saturated fats diet and were administered increasing doses of 100, 200, 300 and 400 mg/kg of P. santalinoides ethanol leaf extract respectively. While Group H received cholesterol and saturated fats diet and were administered 500 mg/kg of P. santalinoides ethanol leaf extract and also 1.14 mg/kg of the standard drug, Atorvastatin. Treatment lasted for 28 days. Thirteen (13) male wistar albino rats were used for the Acute toxicity study. The bodyweight of the rats was checked at weekly interval in all the tests groups. Lipid parameters were determined using standard assay kits, while LDL-cholesterol and VLDL-cholesterol were calculated using established formulae. Phytochemical analysis revealed the presence of several bioactive compounds, with vanillic acid (18.78±0.00), hesperidin (10.24±0.00) and flavone (8.86±0.00) occurring in relatively high amounts. Resveratrol was also contained in the extract (3.32±0.00). The results of the Acute toxicity study of the leaf extract was observed to be slightly toxic at higher doses (2900 and 5000 mg/kg), as the animal was observed to be slightly weak and very weak respectively. The bodyweight of the rats increased significantly (p<0.05) at weekly interval in all the tests groups. However, the increase was observed more in the untreated group compared to the normal, standard and test groups. Hyperlipidaemic untreated rats showed increased total cholesterol, LDL-cholesterol, VLDL-cholesterol and triacylglycerol, with reduced HDL-cholesterol. Administration of the extract improved the lipid profile, particularly by reducing total cholesterol and LDL-cholesterol and increasing HDL-cholesterol in treated groups. The findings suggest that ethanol leaf extract of Pterocarpus santalinoides contains bioactive phytochemicals and may exert lipid-modulating effects in hyperlipidaemic male Wistar rats.
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Introduction 
Pterocarpus santalinoides is a plant indigenous to tropical Western and Southern Africa, as well as South America. Commonly known as "Red sandal wood" in English, "Nturupka" in Igbo, "Gbengbe" in Yoruba, and "Gyadar kumi" in Hausa (Adetunji, 2007; Anowi et al., 2012; Odeh and Tor-Ayiin, 2014). It is an evergreen, small to medium sized tree that belongs to the Family Papilionaceae (Keay, 1989; Adetunji, 2007). This plant belongs to the legume family Fabaceae. It is usually an evergreen tree with a dense crown of more or less drooping, straggling branches (Tropical plant) with compound leaves, flowers and bear fruits in the rainy season (Offor et al., 2015). It is a tree of about 9-12m tall with a trunk up to 1m in diameter and flaky bark. The leaves are pinnate, alternate compound, 5-9 leaflets ovate-elliptic, abruptly acuminate, rounded at the base or slightly cuneate, glabrous, glossy, rather coriaceous with about 8 pairs of prominent main lateral nerves looping away from the margin, leaf stalk slender, glabrous stalk 10-20cm long, leaflet stalk stout 2-5mm long. The leaflets are alternate to almost opposite ovate to elliptical, papery to thinly leathery, sparsely hairy below when young but soon glabrescent with lateral veins. The flowers are orange-yellow, produced in panicles. The fruit is a light brown glabrous pod, 3.5-6cm across including the soft, fleshy narrow wing which extends about three quarters way round the wide margin. The flowers are bright-yellow to orange-yellow, fragrant in axillary racemes and panicles, inflorescence branches, finely hairy, individual flowers with short stalks. Calyx rather narrowly cup-shape, petals densely hairy outside, about 7mm long including the prominent triangular teeth, standard petal about 12mm long and broad. The fruit is an almost orbicular, flattened indehiscent pod, 3.5-6cm, wrinkled brownish hairy with 1-2 seeds. The seed is kidney-shaped 1-1.5cm long, smooth and reddish brown. The fruit is light brown with glabrous seed measuring about 3-6cm across. The fruit contains soft fleshing narrow wing which extends round the body, with a corky and knobby flesh surrounding a hard woody shell (Keay, 1989). The pods are unequally orbicular and flat. The bark is thin greyish brown surface and flaking in small patches, inner bark (slash) is yellowish white to pinkish with red stripes and exudes drops of red gummy fluid. The stem is often short, branched and evergreen (Keay, 1989).  
Pterocarpus santalinoides is endowed with so many phytochemicals with pharmacological potencies thus making it one of the herbal remedies employed for the treatment of diverse kinds of ailments. Its leaves are eaten as vegetable and used to treat gastro-intestinal diseases, skin diseases, pain and inflammation of lower abdomen, stomach ache, headache, skin diseases, boils, fevers diabetic syndrome and are known to exhibit antipyretic activity (Anowi et al., 2012; Osuagwu and Akomas, 2013). The young tender leaves of the vegetable are edible and are used for cooking soup. Roasted seeds are also edible and also taste like groundnut. However, the raw seed is toxic. Leaves of P. santalinoides are traditionally used as food (vegetable) and as medicine in the treatment of various ailments, including inflammatory and cardiovascular diseases (heart attack and stroke) (Adesina, 1982; Schulz et al., 2001; Okwu and Ekeke., 2003). Research reports in available literature showed that Pterocarpus santalinoides leaf extract possesses hepatoprotective and antioxidant activities, as well as glucose and lipid lowering properties (Offor et al., 2015; Ihedioha et al., 2017, 2018 and 2019). The ethno-medical use of leaves of P. santalinoides in the treatment of diarrhoea and other gastrointestinal disorders, its triglyceride and glucose lowering properties were previously established experimentally (Okpo et al., 2011; Madubuike et al., 2020; Anowi et al., 2012). Moreover, the leaves have anti-microbial activity and contain phytochemicals including alkaloids, tannins, saponins, terpenoids, flavanoids and anthraquinones, which may be responsible for these activities (Ukwueze et al., 2018). Ethanol leaf extract of P. santalinoides possess anti-diabetic and anti-hyperlipidemic potential, which can be useful in the treatment and management of diabetes mellitus and atherosclerosis (Ezeani et al., 2017). 
No form of toxicity has been reported with the folkloric use of the leaves of Pterocarpus santalinoides as vegetable and ethno-medicine in humans, and as fodder or ethno-medicine in livestock (Poppenga, 2007; Tiwari, 2010; Anowi et al., 2012). Acute and chronic toxicity studies on the leaf extracts by different researchers has not reported any substantial toxicity either (Anowi et al., 2012; Ihedioha et al., 2017). Scientific reports on the medicinal use of the leaves of P. santalinoides for the treatment or management of cardiovascular diseases, however, is adequately lacking in the available literature. Based on the various medicinal uses of P. santalinoides especially in the treatment of cardiovascular diseases and the role that serum lipids play in the onset, development, and progression of cardiovascular diseases, it became necessary to evaluate the phytochemical constituents of ethanol leaf extract of P. santalinoides and investigate the effect of the extract on the lipid profile of male albino rats as a gateway to establish it's significance in the management of cardiovascular diseases.
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Figure 1: Leaves of Pterocarpus santalinoides (Muoneke, 2024).
Materials and methods 
Materials
Chemicals and Reagents
All chemicals and reagents used in the study were of analytical grade and were obtained from standard commercial sources.
Study Area
The study was conducted at Chris Experimental Animal Farm and Research Laboratory, Awka, Anambra State, Nigeria. Gas chromatography-mass spectrometry analysis was carried out at Docchy Analytical Laboratories and Environment Services Ltd., Awka, Anambra State.
Ethical Consideration
All experimental procedures were performed in accordance with accepted guidelines for the care and use of laboratory animals. The animals were handled humanely according to established principles of laboratory animal care as described by Akah et al. (2009). Ethical approval for the study was obtained from the Animal Research Ethics Committee (AREC), Nnamdi Azikiwe University, Awka, with reference number NAU/AREC/2025/0003.

Collection, Identification and Preparation of Plant Materials
Fresh Pterocarpus santalinoides leaves were collected from a farm in Osumenyi, Nnewi South Local Government Area, Anambra State. The plant specimen was identified, authenticated, and deposite with voucher number: NAUH-052B by the Curator of the herbarium, Mr Iroka Finian, of the Department of Botany, Faculty of Biosciences, Nnamdi Azikiwe University Awka. The freshly collected leaves were thoroughly washed in running tap water and rinsed in distilled water, dried at room temperature (25˚C) for 14 days. The leaves were pulverized using Corona manual grinding machine.
Extraction of Plant Materials
Exactly 300g of the pulverized leaves were soaked in 1500 ml of 70% ethanol. The mixture was stirred at 2hrs intervals. After 24hrs of maceration, it was sieved using a muslin cloth and thereafter filtered using whatmann No 1 filter paper.
The filtrate was concentrated using a water bath (DK420 Techmel and Techmel, USA) adjusted to 50oC. The weight of the extract after concentration was 39.56g.
Percentage Extract Yield = x 100

Weight of Extract          
Weight of dried homogenized sample 
(Barros et al., 2008).

Phytochemistry (GC-Automation)
Extraction of phytochemicals
The sample (1g) was weighed and transferred into a test tube and 15ml of ethanol was added. The test tube was kept in a water bath at 600C for 60 mins. After the reaction time, the reaction products contained in the test tube were transferred to a separatory funnel. The tube was washed successfully with 20ml of ethanol, 10ml of cold water, 10ml of hot water and 3ml of hexane, which were all transferred to the funnel. These extracts were combined and washed three times with 10ml of 10%v/v ethanol aqueous solution. The solution as dried with anhydrous sodium sulfate and the solvent was evaporated. The sample was solubilized in 1000ul of hexane of which 200ul was transferred to a vial for analysis.

Quantification by Gas chromatography mass spectrometer (GC-MS) Analysis
The analysis of phytochemical was performed on a BUCK M910 Gas chromatography equipped with a flame ionization detector. A RESTEK 15 meter MXT-1 column (15m x 250um x 0.15um) was used. The injector temperature was set at 280°C, and 2 µL of sample was injected in splitless mode. Helium was used as the carrier gas at a flow rate of 40 mL/min and a linear velocity of 30 cm/s. The oven temperature was initially maintained at 200°C, then increased to 330°C at a rate of 30°C/min and held for 5 minutes. The detector temperature was maintained at 320°C. Quantification of phytochemicals was carried out using the ratio of the peak area and mass of the internal standard to that of the identified compounds, and results were expressed in µg/g according to Kelly and Nelson (2014).
Experimental Animal Studies 
Ethical Approval 
All experimental protocol was approved by the Animal Research Ethics Committee (AREC), Nnamdi Azikiwe University, Awka. The reference number obtained is NAU/AREC/2025/0003.
Purchase of Experimental Animals 
Fifty-three (53) healthy Wistar male albino rats, aged 10-12 weeks and weighing 121-143g was purchased for use in the study and the animals were placed in aluminum cages and were acclimatized for one week. The animals were given animal pellet (growers mash) meal and unrestricted access to potable water prior to the trials to give them time to adapt.
Determination of LD50 of the extract
The acute toxicity study was conducted in accordance with Lorke’s method (Lorke, 1983). The study was conducted using a total of thirteen (13) male rats and in two phases. 
PHASE 1: Nine (9) rats were divided into 3 groups, that is; each group had 3 rats. Group 1, 2, and 3 animals were given 10, 100, and 1000mg/kg body weight of the extract respectively to establish the range of doses producing any toxic effect. Each rat were given a single dose after at least 7 days of adaption. The treated rats were monitored for twenty four (24) hours for mortality. 
PHASE 2: After 24 hours, further specific doses (1600, 2900, and 5000mg/kg body weight) of the extract were administrated to three (3) rats from each group (one rat per dose) after no mortality was observed in the phase 1 to further determine the correct LD50 value. The rats were again monitored for 24 hours for mortality.
Induction of Hyperlipidemia 
Hyperlipidemia was induced using the method of Matos et al. (2005). This was done by feeding the rats on cholesterol and saturated fat.
Grouping of the Animals 
Forty (40) male albino rats were needed for this study and the rats was divided into eight (8) groups of five (5) animals in each group. The feeding was carried out for a period of 28 days.
The test rats were administered with extracts at increasing doses of 100mg/kg, 200mg/kg, 300mg/kg, 400mg/kg and 500mg/kg of the leaf extract in eight groups of five rats respectively. The grouping was as follows: 
Group A: Rats on growers mash and distilled water only.
Group B: Rats on growers mash with cholesterol and saturated fats diet + distilled water.
Group C: Rats on growers mash with cholesterol and saturated fats diet + 1.14mg/kg of reference drug (Atorvastatin).
Group D: Rats on growers mash with cholesterol and saturated fats diet + 100mg/kg of leaf extract.
Group E: Rats on growers mash with cholesterol and saturated fats diet + 200mg/kg of leaf extract.
Group F: Rats on growers mash with cholesterol and saturated fats diet + 300mg/kg of leaf extract.
Group G: Rats on growers mash with cholesterol and saturated fat diet + 400mg/kg of leaf extract.
Group H: Rats on growers mash with cholesterol and saturated fat diet + 500mg/kg of leaf extract + 1.14mg/kg of reference drug (Atorvastatin). 
Sacrifice and Blood Collection
The animals were anaesthetized with Chloroform, and their blood collected in a plain bottle placed inside a rack via close cardiac puncture methods. The blood was allowed to clot after which it was centrifuged at 4000rpm for 15 minutes and the serum obtained was used for assay. The animals were confirmed dead before they were buried.
Lipid Profile
Total Cholesterol, High-Density Lipoprotein-cholesterol and Triacylglycerol were determined using Randox test kits (Trinder, 1969 and Tietze et al., 1990).
Low-density Lipoprotein-cholesterol (LDL-C) was calculated using a standard formula (Friedewald et al., 1972).
LDL-cholesterol = Total Cholesterol - HDL-cholesterol - Triacylglycerides/5.
The serum VLDL-cholesterol was calculated as 1/5 of the serum triglyceride, where [TG]/5 is an estimate of VLDL-cholesterol and all values are expressed in mg/dl (Tietze, 1996).
Statistical Analysis 
Data obtained from the experiments were analysed using the International Business Machine Corporation Statistical Package for Social Sciences software for windows version 23 (IBM SPSS Statistics). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained were performed by using ANOVA Tests to determine if a significant difference exists between the means of the test and control groups. The limit of significance was set at p<0.05.
Results
Results of Phytochemical Analysis 
Quantitative phytochemical analysis of Pterocarpus santalinoides revealed that vanillic acid is contained in the sample in substantial amount followed by hesperidin and flavone (table 1). Other phytochemicals detected in the leaves of P. santalinoides include ferulic acid, artemetin, gallocatechin, resveratrol, lunamarin, retusin, nobiletin, ellagic acid, tangeretin, epicatechin, butein, apigenin, naringenin, myricetin and daidzein (table 1). 


Table 1: Results of quantitative Phytochemical Analysis of P. santalinoides
	Phytochemicals (ppm)
	Mean ± SEM

	Ferulic acid
	4.47 ± 0.00b

	Artemetin
	6.04 ± 0.00b

	Gallocatechin
	2.17 ± 0.00c

	Flavone
	8.86 ± 0.00b

	Reveratrol
	3.32 ± 0.00c

	Lunamarin
	7.68 ± 0.00b

	Retusin
	3.37 ± 0.00c

	Nobeletin
	1.48 ± 0.00c

	Ellagic acid
	2.45 ± 0.00c

	Tangeretin
	3.43 ± 0.00c

	Epicatechin
	5.30 ± 0.00b

	Vanillic
	18.78 ± 0.00a

	Hesperidin
	10.24 ± 0.00b

	Butein
	3.37 ± 0.00c

	Apigenin
	2.36 ± 0.00c

	Naringenin
	6.24 ± 0.00b

	Myricetin
	7.30 ± 0.00b

	Daidzein
	4.17 ± 0.00c

	Apigenin
	0.00 ± 0.00c

	Naringin
	0.00 ± 0.00c

	Silymarin
	0.00 ± 0.00c

	Baicalin
	0.00 ± 0.00c

	Tangeretin
	0.00 ± 0.00c

	Isorhamnetin
	0.00 ± 0.00c

	Sinapinic acid
	0.00 ± 0.00c


Values are mean ± SEM of triplicate determination. Values within the same column bearing different superscript letter were significantly different at p<0.05.
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Results of Acute Toxicity Study 
The result of the acute toxicity (LD50) study is as recorded in table 2. Single dose administration of ethanol extract of P. santalinoides revealed that at a dose of 10, 100, 1000 and 1600 mg/kg no sign or symptom of toxicity was observed. However, single administration of the extract at a dose of 2900 and 5000 mg/kg bodyweight revealed that the extract might be slightly toxic as the animal was observed to be slightly weak and very weak respectively.
Table 2: Result of the acute toxicity (LD50) test of ethanol extract of Pterocarpus santalinoides
	Dose (mg/kg)
	Observations
	Mortality

	First Phase
	
	

	10
	It was normal
	0/3

	100
	It was normal
	0/3

	1000
	It was normal
	0/3

	Second Phase
	
	

	1600
	It was normal
	0/1

	2900
	It was slightly weak
	0/1

	5000
	It was very weak
	0/1



Results of Effects of Treatment on Bodyweight
The body weight of the rats increased at weekly interval in all the groups (table 3). However, the increase was observed more in the untreated group compared to the normal control and test groups. There was a significant increase (p<0.05) in the bodyweight of the rats in all the groups from week 2 to week 4 compared with week 0. Also, a significant increase (p<0.05) in bodyweight was seen from week 3 to week 4 in all the groups apart from group H (Rat Chow + Chol + Fat + 1.14 mg/kg statin) compared with week 1 and week 2.

Table 3: Effect of daily administration of ethanol extract of P. santalinoides on bodyweight of Hyperlipidemic Wistar rats expressed as mean ± SEM.
	
Groups
	Bodyweight (g)

	
	Week 0
	Week 1
	Week 2
	Week 3
	Week 4

	Group A: Rat Chow only (Normal Control)
	129.20 ± 2.96 
	137.60 ± 0.93a
	141.60 ± 1.60a
	150.40 ± 1.57abc
	160.60 ± 2.69abc

	Group B: Rat Chow+Chol+Fat
	131.80 ± 1.96 
	142.00 ± 2.68 
	151.80 ± 3.25a
	172.20 ± 6.61abc
	189.20 ± 3.48abc

	Group C: Rat Chow+ Chol +Fat+ 1.14mg/kg Statin
	130.80 ± 3.23 
	137.40 ± 3.30
	144.60 ± 3.81a
	147.80 ± 3.51a
	163.75 ± 5.53ab

	Group D: Rat Chow+ Chol +Fat+ 100mg/kg P. santalinoides
	128.40 ± 2.06
	135.80 ± 3.40 
	146.00 ± 3.81a
	152.25 ± 3.82ab
	163.75 ± 5.53abc

	Group E: Rat Chow+ Chol +Fat+ 200mg/kg P. santalinoides
	130.60 ± 1.96
	138.80 ± 2.63
	147.20 ± 1.96a
	160.75 ± 3.20ab
	165.50 ± 11.08abc

	Group F: Rat Chow+ Chol +Fat+ 300mg/kg P. santalinoides
	137.60 ± 2.69
	146.40 ± 2.42a
	155.20 ± 2.22ab
	171.00 ± 8.00abc
	185.50 ± 6.50abc

	Group G: Rat Chow+ Chol +Fat+ 400mg/kg P. santalinoides
	131.80 ± 1.71 
	141.00 ± 3.39
	149.40 ± 3.47a
	159.80 ± 4.24ab
	165.33 ± 9.21abc

	Group H: Rat Chow+ Chol +Fat+ 500mg/kg P. santalinoides+Statin
	131.40 ± 2.54 
	140.00 ± 3.43
	 148.20 ± 3.43a
	155.50 ± 13.50a
	155.50 ± 17.50a


aSignificant increase w.r.t. bodyweight on Week 0; bSignificant increase w.r.t. bodyweight on Week 1; cSignificant increase w.r.t. bodyweight on Week 2.
Results of Lipid Profile Test
There was a significant increase (p<0.05) in the total cholesterol concentration of group B (hyperlipidemic untreated) compared to the normal control (Group A) and test groups. In the course of treatment, a significant decrease (p<0.05) in the total cholesterol concentration of both the groups treated with the standard drug and the ethanol extract of P. santalinoides compared with the hyperlipidemic untreated (table 4). 
Table 4: Effect of daily administration of ethanol extract of P. santalinoides on lipid profile parameters of Hyperlipidemic Wistar rats expressed as mean ± SEM.
	Groups
	TCHOL (mg/dl)
	TRIG (mg/dl)
	HDL (mg/dl)
	LDL (mg/dl)
	VLDL (mg/dl)

	Group A: Rat Chow only (Normal Control
	118.21 ± 15.62
	45.29 ± 2.30
	30.82 ± 3.73
	78.33 ± 15.17
	9.06 ± 0.46

	Group B: Rat Chow+CHOL+Fat
	290.87 ± 37.93a
	83.62 ±10.88
	11.55 ± 2.18
	262.60 ± 35.82a
	16.72 ± 2.18

	Group C: Rat Chow+CHOL+Fat+ 1.14mg/kg Statin
	110.28 ± 20.59d
	62.71 ± 6.91
	17.50 ± 3.55
	80.24 ± 21.84d
	12.54 ± 1.38

	Group D: Rat Chow+CHOL+Fat+ 100mg/kg P. santalinoides
	175.08 ± 26.19d
	66.20 ± 18.62
	32.90 ± 10.10c
	128.94 ± 32.62d
	13.24 ± 3.72

	Group E: Rat Chow+CHOL+Fat+ 200mg/kg P. santalinoides
	220.57 ± 53.41
	83.62 ± 26.52
	21.35 ± 7.89
	182.49 ± 56.54
	16.72 ± 5.30

	Group F: Rat Chow+CHOL+Fat+ 300mg/kg P. santalinoides
	215.06 ± 45.50
	70.56 ± 15.68
	19.43 ± 8.93
	181.52 ± 57.56
	14.11 ± 3.14

	Group G: Rat Chow+CHOL+Fat+ 400mg/kg P. santalinoides
	164.05 ± 47.78d
	69.69 ± 21.67
	23.45 ± 7.08
	126.66 ± 50.67d
	13.94 ± 4.33

	Group H: Rat Chow+CHOL+Fat+ 500mg/kg P. santalinoides+Statin
	153.02 ± 57.90d
	70.56 ± 10.46
	19.43 ± 7.88
	119.48 ± 67.87d
	14.11 ± 2.09


aSignificant increase w.r.t. Normal Control; bSignificant decrease w.r.t. Normal Control; cSignificant increase w.r.t. Group B (hyperlipidemic untreated); dSignificant decrease w.r.t. Group B (hyperlipidemic untreated).
There was no significant increase or decrease (p>0.05) in the triacylglycerols concentration recorded in the test groups compared with the control group. The test groups showed decrease in the triacylglycerols concentration in comparison with group B (hyperlipidemic untreated). There was a significant decrease (p<0.05) in the HDL cholesterol of group B compared to group A. There was a significant increase (p<0.05) in the HDL of group D (100mg/kg) compared to group B (hyperlipidemic untreated). Groups C, E, F, G, and H also showed increase in the HDL cholesterol in comparison with group B (negative control)
There was a significant increase (p<0.05) in the LDL cholesterol concentration of the hyperlipidemic untreated compared to the normal control and tests groups. In the course of treatment, there was a significant decrease (p<0.05) in the LDL cholesterol concentration of groups treated with the standard drug and the ethanol extract of P. santalinoides when compared with the negative control. There was no significant increase or decrease (p>0.05) in the VLDL cholesterol recorded in the test groups compared with the control groups. The test groups showed decrease in the VLDL concentration in comparison with group B (hyperlipidemic untreated).
Discussion 
The GC-MS analysis identified nineteen (19) phytochemical compounds in Pterocarpus santalinoides leaf extractas shown in table 1. The compounds identified include flavonoids, alkaloids and phenolics. Among the identified bioactive compounds vanillic acid (18.78±0.00), followed by hesperidin (10.24±0.00), and flavone (8.86±0.00) had the highest retention time and percent area. Plants that naturally produce and hoard secondary metabolites like phenols, alkaloids, steroids, terpenoids, flavonoids, saponins, glycosides and tannins that fight disease and have been shown to have therapeutic effects because of their anti-oxidant, anti-microbial, anti-diabetic, anti-inflammatory, immune modulation, enzyme modulation, DNA intercalation (Perron and Julia, 2009; Samy et al., 2011) and presence of phytochemicals give plants their colour, flavour, smell and texture which contribute to their antioxidant activity, hormonal action, stimulation of enzymes, interference with DNA replication and antibacterial effect among others (Okochi et al., 2024). Heterogeneous phytoconstituents of crude extracts have been reported to have synergistic effect (Mazunder and Gupta, 2005). The identification of a variety of phytochemicals in the ethanol extract of Pterocarpus santalinoides leaf reveals the medicinal properties inherent in this plant. These phytochemicals, most especially flavonoids, have been reported to possess the ability to reduce free radical formation and scavenge free radicals in vivo (Okochi et al., 2025), and this is important in the management of diseases associated with inflammation, oxidative stress such as atherosclerosis and other cardiovascular diseases (Ferguson, 2001). 
Flavonoids are potent water-soluble antioxidants and free radical scavengers, which prevent oxidative cell damage and have strong anti-cancer activity (Okwu, 2004). Flavonoids exhibit a wide range of biological activities like anti-microbial, anti-inflammatory, anti-angiogenic, anti-diabetic, analgesic, anti-allergic, cytostatic, anti-cancer, anti-viral, and anti-oxidant properties (Owoyele et al., 2008). Hesperidin is used in a treatment of type-2 diabetes, cancer and cardiovascular diseases, neurological and psychiatric disorders (Syahputra et al., 2022; Shamsudin et al., 2022). Flavone have a variety of beneficial biochemical and antioxidant properties linked to diseases such as cancer, alzheimer’s disease, atherosclerosis, and others (Lee et al., 2009). Myricetin is recognised mainly for its iron-chelating, anti-oxidant, anti-inflammatory and anti-cancer properties (Ong and Khoo, 1997). Artemetin, has excellent oral bioavailability and drug-likeness values (Lee et al., 2018), and it possesses numerous bioactivities, such as anti-malarial, anti-inflammatory, anti-oxidative, anti-mutagenic, and anti-carcinogenic capabilities (Panche et al., 2016; Sichaem et al., 2021). Animal and in vitro data also demonstrate nobiletin's potential ability to suppress bone loss, inhibit cancer, lower cholesterol, reduce atherosclerosis, and improve hyperglycemia and insulin resistance (Wu et al., 2017; Goh et al., 2019). Epicatechins have proven diverse benefits to human health, reducing the risks of diabetes mellitus and cardiovascular diseases. Their pharmacological effects are anti-hyperlipidaemic, anti-inflammatory, anti-oxidative, anti-carcinogenic, and cyto-protective (Nakayam et al., 1993; Brown and Arthur, 2001). Research on epigallocatechin revealed information about its cardiovascular and antihypertensive activity, which enables it to prevent platelet aggregation, lower cholesterol and inhibit lipid peroxidation (Brown and Arthur, 2001; Imanishi et al., 2002). Butein exhibits anti-tumor activity against a variety of human tumor cells, including colon carcinoma, osteosarcoma, breast carcinoma, hepatocarcinoma, and lymphoma (Jayasooriya et al., 2018; Park et al., 2023). Previous studies based on in vivo and in vitro research reported that apigenin has the potential to suppress various types of cancers through the induction of apoptosis and cell-cycle arrest, suppressing cell migration and invasion, and inhibiting angiogenesis (Rahmani et al., 2022). Naringenin promotes carbohydrate metabolism, increases antioxidant defense, scavenges reactive oxygen species, modulates the activity of the immune system (Rashed, 2021). It also has the ability to cross the blood-brain barrier, and therefore exerts a variety of positive neuronal effects (Chung et al., 2019). These versatile properties of naringenin can be helpful in the prevention and combating of such disorders as obesity, hyperlipidemia, hypertension, atherosclerosis, diabetes, cancer and even alzheimer’s disease (Hartogh and Tsiani, 2019; Naeini et al., 2021; Rauf et al., 2022). The chemical structure of daidzein is similar to mammalian estrogens and it exerts a dual-directional function by replacing/interfering with estrogen and the estrogen-receptor (ER) complex. Therefore, daidzein exerts protective effects against some diseases which are linked to the regulation of estrogen such as breast cancer, osteoporosis, diabetes, cardiovascular diseases (Sun et al., 2016). Tangeretin has been reported to reduce blood sugar (Sundaram et al., 2014), inhibit inflammation (Hagenlocher et al., 2017), and oxidation (Lee et al., 2016). In addition, it prevents hyperlipidemia (Lin et al., 2011), and heart diseases (Vaiyapuri et al., 2013). Studies have shown that isorhamnetin has a wide range of pharmacological effects on cardiovascular diseases (Zhao and Liu, 2008) and possesses the potential of preventing neurodegenerative diseases (Ishola et al., 2019), such as Alzheimer’s disease. Retusin has been found to possess the highest antioxidant activity in a series of ten isoflavones. Its ability to deactivate radical species has been studied (Utkina and Kulesh, 2012).
Phenolics are characterized by their anti-oxidant, anti-inflammatory, anti-carcinogenic, and other biological properties, hence they are protective against oxidative stress and some other disease conditions (Park et al., 2001). Consumption of food rich in phenolics over time helps to prevent and treat diabetes, cancer, osteoporosis, cardiovascular disease, neuro-degenerative illnesses, and other conditions (Mutha et al., 2021). Numerous scientific studies indicate various pharmacological properties of vanillic acid: anti-inflammatory, anti-bacterial, cardio-protective, hepato-protective, anti-tumorigenic, free radical scavenging, anti-oxidant and even anti-venomous (it has been determined that vanillic acid selectively and specifically inhibits the anti-coagulant effect of some snake venom proteins activities (Girawale et al., 2022; Caetano et al., 2023). Ferulic acid presents potential therapeutic effects useful in treating cancer, diabetes, and lung cardiovascular diseases (Bao et al., 2023; Ishtiaq et al., 2023). Resveratrol, in recent decades, has attracted significant attention from medical chemists, diet nutritionists, and health professionals because of its many beneficial effects, including anti-angiogenic, immuno-modulatory, anti-microbial, neurological, anti-cancer, anti-diabetic, and cardiovascular diseases (CVD) prevention (Abuamero et al., 2016; Oliveira et al., 2017). Numerous studies have shown that Ellagic acid may be involved in regulating a spectrum of cellular signaling pathways to prevent, mitigate, or slow down the progression of chronic disorders, including cancer, diabetes, and cardiovascular diseases (Lin et al., 2019; Amor et al., 2020). 
The pharmacological effects of some alkaloids includes, anti-malarial, anti-asthma, anti-cancer, anti-arrhythmic, cholinomimetic, vasodilatory, anti-bacterial and anti-diabetic activities (Wooley, 2001), many alkaloids have been used in traditional and modern medicine, and also serve as starting point for drug delivery. Lunamarin has been reported to have free radical scavenging activity (Ugoeze et al., 2020). In addition, lunamarin has shown some in vitro anticancer (Manu and Kattan, 2009), antiestrogenic (Sreeja and Sreeja, 2009), and immunomodulatory activities (Manu and Kuttan, 2009).
The result of the acute toxicity (LD50) study as recorded in table 2 revealed that the single low dose from the critical 24hours post administration of ethanol extract of Pterocarpus santalinoides showed no sign or symptom of toxicity. However, single administration of the extract at higher doses of 2900 and 5000mg/kg bodyweight revealed that the extract might be slightly toxic as the animal was observed to be slightly weak and very weak respectively. Prolonged administration of the P. santalinoides extract at higher doses (400 and 500mg/kg) was observed to toxic, as the animals showed weakness and decrease in physical activities. The rate of feed and water consumption by the rats in the groups treated with higher doses of the extract also decreased relatively to the control and tests groups treated with lower doses of the extract. The reason for this could be attributed to the changes in metabolic activities of the treated animals elicited by constituents of the extract. Bioaccumulation of the extract due to prolonged use, resulted in deaths of the animals. The result of this study is in tandem with the report by Agbafor et al. (2017) reporting that administration of aqueous extract of P. santalinoides fresh leaves to albino rats produced a decrease in physical activities relative to the untreated group (control). The result of this study is also consistent with the reports by Ezeani et al. (2017) and Ihedioha et al. (2017) that repeated doses and prolonged use of P. santalinoides leaf extract is toxic as the animals showed weakness and decrease in physical activities.
The bodyweight of the rats increased significantly (p<0.05) at weekly interval in all the groups (table 3). The body weight gain recorded in all the PSMLE-treated groups as well as the control groups is attributable to normal growth of the rats with age. However, the increase was observed more in the untreated group compared to the normal control and tests groups. This increase in body weight was observed to be as result of the high cholesterol and saturated fats diet. Obesity is predisposed to hyperlipidemia as is evidenced in the higher weight gain observed in the hyperlipidemic untreated group. Madubuike et al. (2020) recorded continuous increases in body weight of rats treated with methanol extract of P. santalinoides, there was however, no significant (p>0.05) difference observed between the untreated control and the MEPS-treated groups throughout the duration of the study. Ihedioha et al. (2021) reported that the significantly higher body weights recorded for PSMLE-treated rats suggests that treatment with P. santalinoides led to higher weight gain. It is hypothesized that this higher body weight/weight gain may be the result of the reported presence in extracts of P. santalinoides of beneficial micronutrients and phytochemicals (Anowi et al., 2012; Odeh and Tor-Anyim, 2014; Ihedioha et al., 2019), which may have enhanced growth and weight gain.
The significant increase (p<0.05) in serum total cholesterol and LDL-cholesterol concentration of the negative control group in comparison to the normal control and other test groups that was placed on high cholesterol and saturated fats diet are indications of alterations in serum lipid profile (table 4). The significant decrease (p<0.05) in the total cholesterol and LDL-cholesterol concentration of the groups treated with the ethanol extract of P. santalinoides in favourable comparison with the standard drug, Atorvastatin, are indictive of their effectiveness in the treatment of hyperlipidemia. The elevation LDL-cholesterol represents risk factor for coronary heart diseases. In the course of treatment, there was a significant decrease (p<0.05) in the total cholesterol and LDL-cholesterol concentration of the group treated with the standard drug and the ethanol extract of P. santalinoides. The significant decrease (p<0.05) in the HDL-cholesterol of the negative control compared to the normal control is indicative of hyperlipidemia induced by high fat and cholesterol feeding. In the course of treatment with ethanol extract of P. santalinoides there was a significant increase (p<0.05) in the HDL-cholesterol concentration of group D compared to group B. The HDL-cholesterol concentration of the groups treated with the standard drug and the ethanol extract of P. santalinoides also increased in comparison to the hyperlipidemic untreated group. The ethanol extract of P. santalinoides also reduced the triacylglycerol and VLDL-cholesterol levels in the test groups when compared to the negative control. The lipid lowering effects of P. santalinoides may be due to their inhibition of fatty acid synthesis (Suba et al., 2004).  The results of this study is in tandem with Madubuike et al. (2021) report that methanol extract of P. santalinoides leaves significantly (p<0.05) increased the HDL and significantly (p<0.05) decreased the serum total cholesterol and triacylglycerol levels on lipid profile of the treated wistar rats. The lipid modulatory effect of P. santalinoides suggest that the extract may limit cholesterol biosynthesis and boost endogenous production of LDL receptors whose role is to incorporate LDL into hepatocytes, resulting in decreased LDL/HDL ratio observed in the extract-treated rats (Kumari et al., 2016). The phytochemical constituents of the P. santalinoides leaves are largely responsible for their lipid lowering ability. These phytochemicals, most especially flavonoids, have been reported to possess the ability to reduce free radical formation and scavenge free radicals in vivo (Robak and Gryglewski, 1988; Pietta, 2000). Ihedioha et al. (2018) also reported significant increase in serum HDL-cholesterol and decrease in serum LDL-cholesterol, triacylglycerols and VLDL-cholesterol of serum lipid profile for guinea pigs (Carvia porcellus) treated orally with aqueous leaf infusion of P. santalinoides. Low HDL-cholesterol had been identified as an additional clinically important cardiovascular risk factor. The beneficial effects on cardiovascular outcome of agents that act mainly by raising HDL-cholesterol have been reported (Barter et al., 2007; Drexel, 2006). Based on the results of this present study, it was observed that the oral administration of P. santalinoides ethanol leaf extract as used in this study led to significant positive effects of increase of serum HDL-cholesterol and decrease of serum LDL-cholesterol. These are clinically relevant positive effects that can help in the prevention and management of diseases associated with inflammation and oxidative stress such as dyslipidaemia-induced atherosclerosis and other cardiovascular diseases (Ferguson, 2001). The leaves of pterocarpus santalinoides can therefore serve nutritionally as a therapy for the management of cardiovascular diseases as well as a raw material for the isolation and preparation of bioactive compounds for the same purpose.
Conclusion
The findings of this study show that the ethanol leaf extract of Pterocarpus santalinoides contains a range of phytochemical constituents, including flavonoids, phenolics, and alkaloids, with vanillic acid, hesperidin, and flavone occurring in relatively higher amounts among the identified compounds. The diverse range of bioactive compounds identified contribute to the various nutritional, therapeutic and pharmacological properties associated with this plant. The extract reduced serum total cholesterol, LDL-cholesterol, VLDL-cholesterol and triacylglycerol levels in treated groups and improved HDL-cholesterol concentration, with notable response observed at 100 mg/kg for HDL-cholesterol. These effects may be associated with the bioactive phytochemicals present in the leaves. The results support the potential lipid-modulating activity of Pterocarpus santalinoides ethanol leaf extract in experimental hyperlipidaemia. However, additional studies are required to clarify its mechanism of action, confirm the dose-response relationship, and evaluate its safety and efficacy in more advanced experimental models.
Limitation
[bookmark: _Hlk218868534][bookmark: _Hlk229240739][bookmark: _Hlk221624953][bookmark: _Hlk226454370][bookmark: _Hlk226813079]This study was limited to male Wistar albino rats and was conducted over a period of 28 days; therefore, the findings may not fully reflect long-term effects, sex-related differences, or responses in other biological models. Although phytochemical constituents were identified and quantified, the study did not isolate the specific phytochemicals responsible for the observed activity, so the effect may be due to the combined action of multiple constituents. Further studies are therefore needed to address these limitations and provide a more comprehensive evaluation of the extract.
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