COMPARATIVE SUB-ACUTE TOXICITY STUDY OF BENIGN PROSTATIC HYPERPLASIA-INDUCED WISTAR  RATS TREATED WITH ETHANOL EXTRACTS OF Artocarpus heterophyllus STEMBARK, LEAF, AND PULP

ABSTRACT
Aims:This study investigated the comparative in vivo sub-acute toxicity and biochemical effects of ethanol extracts of A. heterophyllus (stembark, leaf, and pulp) in benign prostatic hyperplasia (BPH)-induced Wistar albino rats.
Methodology: A total of fifty-five male rats were randomly assigned to eleven groups (n = 5), comprising normal control, negative control (BPH-induced with 5.0 mg/kg testosterone propionate), standard control (finasteride 0.5 mg/kg), and eight treatment groups administered 250 or 500 mg/kg of the plant extracts orally for 21 days. Biochemical assessments were conducted to evaluate hepatic and renal function indices. 
Results:The BPH-induced rats exhibited significant increases (p < 0.05) in serum ALT (22.67 ± 0.62 U/L), AST (23.97 ± 2.28 U/L), ALP (179.50 ± 6.96 U/L), total bilirubin (24.40 ± 0.93 µmol/L), urea (30.43 ± 1.98 mg/dL), and creatinine (7.27 ± 1.01 mg/dL) compared with the normal control group, indicating hepatic and renal dysfunction. Treatment with A. heterophyllus extracts, particularly the stembark at 500 mg/kg, significantly reversed these biochemical alterations, restoring ALT (15.16 ± 0.22 U/L), AST (12.88 ± 0.15 U/L), ALP (129.30 ± 0.94 U/L), bilirubin (15.31 ± 9.32 µmol/L), and urea (23.77 ± 0.26 mg/dL) values toward normal levels. Electrolyte concentrations (Na⁺: 171.90 ± 2.85 mmol/L; K⁺: 5.60 ± 0.35 mmol/L; Cl⁻: 59.25 ± 2.95 mmol/L) remained within physiological ranges across all treatment groups. 
Conclusion:The findings indicate that A. heterophyllus extracts exhibit notable hepatoprotective and nephroprotective effects, thereby highlighting the therapeutic promise and safety of A. heterophyllus, particularly its stembark extract, as a natural agent for mitigating BPH-associated hepatic and renal dysfunctions.
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1.0 INTRODUCTION
Benign prostatic hyperplasia (BPH) refers to a non-cancerous enlargement of the prostate gland and represents the most prevalent urological disorder among ageing men. It affects approximately 50% of males aged 60 years and above, and its incidence is projected to rise in parallel with the growing elderly population. The aetiology of BPH is multifactorial, involving several interrelated factors such as inflammatory mediators, growth factors, sex hormones, dietary influences, neurotransmitters, environmental exposures, and oxidative stress (Achi et al., 2024). The precise causes of benign prostatic hyperplasia (BPH) remain unclear (Ajiboye et al., 2025; Nirujan et al., 2025; Hoseinpour et al., 2025); however, several risk factors have been identified. These include genetic predisposition, obesity, diabetes mellitus, sedentary lifestyle, and erectile dysfunction. Additionally, the use of certain medications—such as anticholinergics, calcium channel blockers, and pseudoephedrine—may exacerbate BPH symptoms. This occurs as the enlarged prostate exerts pressure on the urethra and adjacent urinary structures, leading to obstruction and difficulty in urination (Ajiboye et al., 2025).
Voiding symptoms indicative of benign prostatic hyperplasia (BPH) may present as diminished or intermittent urinary flow, difficulty in initiating urination, splitting or spraying of the urinary stream, and terminal dribbling. In more advanced stages, these symptoms can progress to incomplete bladder emptying and accumulation of residual urine following micturition (Kale et al., 2025). Although the global prevalence of benign prostatic hyperplasia (BPH) is on the rise, developing countries continue to experience challenges in accurate diagnosis (Launer et al., 2021). The comparatively lower reported cases in these regions may be attributed to limited access to healthcare services, variations in the prevalence and epidemiological patterns of BPH across populations, differences in lifestyle factors, and the widespread use of traditional herbal remedies. According to current clinical guidelines, pharmacological management of BPH involves the use of α₁-adrenergic antagonists and the phosphodiesterase-5 (PDE5) inhibitor tadalafil for rapid symptomatic relief, as well as 5α-reductase inhibitors (5-ARIs) to reduce prostate enlargement and disease progression (Gravas et al., 2023).
Bioactive compounds derived from plants have historically served as fundamental sources for the discovery and development of new drugs used in managing various diseases and health disorders (Bassey et al., 2023). Plants represent invaluable natural resources endowed to humanity, serving as vital sources of bioactive compounds that contribute to the discovery of novel molecules with significant therapeutic potential. Among these, triterpenes and steroids are notable phytochemicals utilized in phytotherapy for the management and treatment of various diseases (Belem-Kabré et al., 2024). Traditional medicinal plants are extensively utilized across different regions of the world and are often promoted as effective remedies for a broad spectrum of health conditions, ranging from functional disorders like irritable bowel syndrome to more severe diseases. However, in many instances, the preparation of these herbal formulations lacks adequate standardization, and the absence of rigorous pharmacovigilance systems hinders effective monitoring of potential adverse effects and toxicities associated with their use (Selles et al., 2024). In recent years, there has been growing awareness within the medical community regarding the potential of natural medicines to exert toxic effects on various organs, including the kidneys. While many plants possess therapeutic properties, certain herbal preparations may also produce adverse side effects. Some of these products have been implicated in cellular damage, leading to complications that range from overt tissue injury to subtle cellular alterations such as mutations, diminished or impaired enzyme function, and other forms of cytotoxicity (Ogar & Itam, 2024).
A. heterophyllus, commonly referred to as jackfruit, is a tropical species traditionally valued for its nutritional and medicinal applications. Different parts of the plant, especially the leaves, have been employed in the management of skin ailments, inflammatory conditions, and disorders associated with oxidative stress. The leaves are particularly rich in bioactive constituents such as flavonoids and terpenoids, which possess a wide range of therapeutic properties. Scientific studies have demonstrated that these phytochemicals exhibit significant antioxidant and anti-inflammatory effects, thereby providing pharmacological validation for the plant’s traditional use in mitigating oxidative stress-related conditions (Yuniarti et al., 2025). Comprehensive phytochemical and pharmacological studies on both the edible and non-edible parts of A. heterophyllus—including the pulp, leaves, roots, peels, and seeds—have revealed that nearly all components of the plant possess notable medicinal potential. The pulp, in particular, contains isoprenylated coumarins and isoprenyl ketones, compounds associated with anti-HIV activity. Furthermore, consumption of the pulp has been reported to exert beneficial effects such as reducing inflammation, edema, and cerebral thrombosis, while also enhancing blood circulation (Wang et al., 2024).
The liver is one of the most essential organs in the human body, serving as a central hub for various metabolic processes vital for immune function, energy production, and nutrient storage. It plays a key role in the metabolism of glucose, amino acids, and fatty acids—the primary products of carbohydrate, protein, and lipid digestion. Additionally, the liver stores important substances such as iron, minerals, vitamins, hormones, and glycogen. It also serves as the primary site for the detoxification of toxins and xenobiotics absorbed from the gastrointestinal tract, facilitating their elimination through bile and urine (Shawon et al., 2024). The kidneys play a crucial role in sustaining the body’s internal homeostasis by regulating various physiological processes, including the metabolism and excretion of xenobiotics (Hall et al., 2022). Despite their essential functions, the kidneys are particularly susceptible to xenobiotic-induced damage, largely due to their high exposure to circulating toxicants. This vulnerability stems from the fact that the kidneys receive approximately 20–25% of the total cardiac output through an extensive and highly perfused microvascular network (Claure-Del Granado & Espinosa-Cuevas, 2021).
In many countries, regulatory frameworks for botanical products do not mandate preclinical toxicity evaluations, instead depending largely on historical evidence of safe use. Consequently, regulatory interventions are often initiated only after reports of adverse effects emerge post-marketing. However, the use of botanical preparations may result in unforeseen toxicological consequences, highlighting the importance of ensuring the safety and quality of botanical products as a vital aspect of public health protection (Pearson et al., 2022). This study was therefore carried out to evaluate the hepatoprotective and nephroprotective effects of different parts of A. heterophyllus extracts on Benign Prostatic Hyperplasia -induced hepatic and renal dysfunctions in animal models. 
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Figure 1: A Jack Fruit Tree

2.0 Materials and Methods
2.1 Sample Collection and Preparation
A healthy A. heterophyllus tree was identified. Fresh samples of leaves, fruit (from which the pulp was collected), and stem bark were collected from the healthy tree.  They were identified by a plant taxonomist, in the Department Of Forestry And Wildlife Technology , School Of Agriclture And Agricultural Technology Federal University Of Technology Owerri with voucher number :FUTO/FWT/ERB/2025/143
  The evaluated samples were prepared separately according to standard operating protocol. Individual samples were washed, air-dried and pulverised via blending, and stored in an airtight inert container till use.
2.1.2 Extraction of plant material
Extraction was done by the maceration method. 1 kg of each plant powder was soaked separately in 3 L of ethanol for 3 days, and was then filtered. The excess solvent was removed under vacuum using a rotary evaporator at 40 oC. Evaporation was continued to near dryness using a water bath at 40 oC. The crude was left to completely evaporate to dryness at room temperature in a beaker covered with clean, thinly perforated foil, and the crude extract was kept in an airtight inert container until use.
2.2 Procurement of Animals
For this study, adult male Wistar rats weighing 90-150 g were used. The animals were procured from the Animal Breeding Unit , Zoology Department , University of Nigeria, Nsukka , Enugu State, Nigeria and were acclimatised in an airy pen at room temperature, fed with standard rat feed, and given water ad libitum for two weeks. The NIH recommendations for the care and use of laboratory animals were followed in the experimental procedures.

2.3 Toxicity Study
After the 14-day acclimatisation period, the animals were randomly divided into 11 groups of 5 rats each and were treated as follows;
Table 1 Benign Prostatic Hyperplasia (BPH) Study Design Experimental Design
	Groups
	Group label
	Number of Rats
	Treatment
	Duration of treatment

	1
	Normal control
	5
	Feed and water
	21 days

	2
	Negative control
	5
	Induced with BPH (5.0 mg/kg per b.w testosterone propionate)
	21 days

	3
	Standard control
	5
	BPH-induced and treated with a standard drug (0.5mg/kg b.w. finasteride)
	21 days

	4
	Test group
	5
	[bookmark: _Hlk204170112]Induced and treated with 250mg/kg body weight of plant leaf extract
	21 days

	5
	Test group
	5
	Induced and treated with 500mg/kg body weight of plant leaf extract
	21 days

	6
	Test group
	5
	Induced and treated with 250mg/kg body weight of plant stem bark extract
	21 days

	7
	Test group
	5
	Induced and treated with 500mg/kg body weight of plant stem bark extract.
	21 days

	8
	Test group
	5
	Induced and treated with 250mg/kg body weight of plant pulp extract
	21 days

	9
	Test group
	5
	Induced and treated with 500mg/kg body weight of plant pulp extract
	21 days

	10
	Test group
	5
	Induced and treated with 250mg/kg body weight of plant leaves, pulp and stem bark extracts
	21 days

	11
	Test group
	5
	Induced and treated with 500mg/kg body weight of plant leaves, pulp and stem bark extracts
	21 days




2.3.1 BPH Induction and Treatments
Benign prostatic hyperplasia was induced in albino rats by intraperitoneal injection using testosterone propionate (5.0 mg/kg per b.w) for 21 days as carried out by Enyindah et al. (2023) with modifications, followed by oral treatment with 0.5mg/kg b.w of Finasteride (group 3), and plant extracts at different doses for another 21 days, and monitored for changes. At the end of the treatment period, all rats were fasted overnight, sacrificed under anaesthesia using chloroform, and blood samples were collected through cardiac puncture into heparin and non-heparin bottles for biochemical analysis.
[bookmark: _Toc125472513][bookmark: _Toc125370267]2.3.2 Sacrifice of animals
At the end of the treatment period, all rats were fasted overnight, sacrificed under mild anaesthesia using chloroform and blood samples were collected through cardiac puncture into heparin and non-heparin bottles for biochemical analysis.
2.4 Biochemical Assay
The biochemical analyses conducted included liver function tests (LFTs), which comprised the determination of serum levels of Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), total protein, albumin, and total bilirubin. The total globulin was determined by subtracting the albumin fraction from the total protein fraction (Chukwudoruo et al., 2021). Similarly, kidney function parameters, such as urea, creatinine, and electrolytes, were assessed using commercially available diagnostic kits, as reported by Gabi et al. (2022).
2.5 Statistical Analysis
The results were expressed as mean ± standard deviation. The statistical evaluation of data was performed using SPSS 7.5 for Windows. Student t-test and ANOVA were carried out on the data, with a value of P<0.05 accepted as significant.













3.0 RESULTS
3.1 Effect of Plant Parts Extract of A. heterophyllus on Hepatic Parameters
The results in Table 2 show that the negative control group exhibited the highest levels of liver enzymes (ALT, AST, and ALP) compared to the control, indicating hepatic stress or damage due to BPH induction. Treatment with Finasteride and the different extracts of A. heterophyllus (leaf, stem bark, and pulp) resulted in a general reduction in enzyme levels, suggesting recovery of liver function. Among the treated groups, the stem bark extract at 500 mg/kg showed enzyme values (ALT: 15.16 ± 0.22, AST: 12.88 ± 0.15, ALP: 129.30 ± 0.94) closest to the control group, indicating strong hepatoprotective potential. The leaf and pulp extracts also showed moderate reductions in enzyme levels compared to the negative control, demonstrating dose-dependent improvements. LDH levels fluctuated across treatments, with higher values in the 500 mg/kg leaf and stem bark groups, possibly indicating increased metabolic activity.

Table 2. Results showing the effect of oral treatments on the liver enzymes in the experimental rats.
	Treatment
	Liver Enzymes

	
	ALT
	AST
	ALP
	LDH

	Control
	15.14 ± 0.30a
	13.15 ± 1.05a
	138.60 ± 6.97a
	136.40 ± 4.35a

	Negative control
	22.67 ± 0.62b
	23.97 ± 2.28b
	179.50 ± 6.96b
	132.80 ± 3.06ab

	Fansteride (5 mg)
	18.60 ± 1.05c
	16.90 ± 1.43c
	152.70 ± 3.78c
	128.90 ± 1.27ab

	Leaves (250 mg)
	18.43 ± 0.92cd
	17.08 ± 0.76c
	158.40 ± 2.86c
	124.60 ± 4.93b

	Leaves (500 mg)
	17.85 ± 0.84cd
	17.20 ± 0.48c
	147.10 ± 4.19ac
	163.20 ± 7.16c

	Stem (250 mg)
	16.51 ± 0.47ad
	14.83 ± 0.80ac
	134.30 ± 3.43a
	133.30 ± 3.91ab

	Stem (500 mg)
	15.16 ± 0.22a
	12.88 ± 0.15a
	129.30 ± 0.94a
	159.40 ± 0.76c

	Pulp (250 mg)
	18.17 ± 0.53cd
	17.77 ± 0.89c
	143.10 ± 2.61ac
	136.60 ± 4.64ab

	Pulp (500 mg)
	17.81 ± 0.26cd
	17.68 ± 0.32c
	140.50 ± 0.76a
	136.50 ± 1.78ab

	Ext. Combination (250 mg)
	16.34 ± 0.63ad
	16.02 ± 0.25ac
	140.70 ± 2.63a
	137.10 ± 2.48ab

	Ext. Combination (500 mg)
	14.50 ± 0.37a
	13.90 ± 0.54a
	135.90 ± 1.28a
	138.10 ± 2.63ab


Values are mean ± standard deviation (n = 3). Values with different superscript letters per column are statistically significant (p<0.05).



Table 3  shows that the negative control group had significantly higher total and direct bilirubin concentrations (24.40 ± 0.93 and 17.21 ± 0.60 mg/dL, respectively) compared to the normal control, indicating hepatic dysfunction and possible cholestatic damage induced by BPH. Treatment with the ethanol extracts of A. heterophyllus (stem, leaf, and pulp) led to a marked reduction in bilirubin levels, approaching the normal control values, suggesting hepatoprotective potential of the extracts. Similarly, total protein, globulin, and albumin levels were significantly reduced in the negative control group, reflecting impaired hepatic synthetic function. Administration of the extracts, particularly the stem bark at 500 mg/kg, improved these protein parameters, showing total protein (9.39 ± 0.16 mg/dL), globulin (4.20 ± 0.17 mg/dL), and albumin (5.19 ± 0.05 mg/dL), values comparable to the normal control. These improvements were dose-dependent and comparable to the standard drug (Finasteride).



Table 3: Results showing the effect of oral treatments on the liver protein and bilirubin concentrations in the experimental rats.
	Treatment
	TOTAL BILIRUBIN
	DIRECT BILIRUBIN
	TOTAL PROTEIN
	GLOBULIN
	ALBUMIN

	Control
	16.06 ± 0.54a
	11.76 ± 0.33a
	10.00 ± 0.37a
	4.19 ± 0.15ae
	5.81 ± 0.35a

	Negative control
	24.40 ± 0.93b
	17.21 ± 0.60b
	5.29 ± 0.85b
	1.88 ± 0.19b
	3.76 ± 0.54b

	Fansteride (5 mg)
	17.63 ± 1.42ac
	13.28 ± 0.93ac
	8.74 ± 0.21c
	4.42 ± 0.40a
	4.32 ± 0.20b

	Leaves (250 mg)
	18.53 ± 0.70c
	14.79 ± 0.52c
	7.57 ± 0.27d
	3.34 ± 0.20c
	4.23 ± 0.07b

	Leaves (500 mg)
	17.22 ± 0.34ac
	14.06 ± 0.60c
	7.57 ± 0.39d
	2.59 ± 0.38d
	4.98 ± 0.65ac

	Stem (250 mg)
	16.11 ± 0.24a
	13.57 ± 0.27ac
	8.30 ± 0.19cd
	3.01 ± 0.09cd
	5.29 ± 0.24c

	Stem (500 mg)
	15.31 ± 9.32a
	12.54 ± 0.52a
	9.39 ± 0.16c
	4.20 ± 0.17ae
	5.19 ± 0.05c

	Pulp (250 mg)
	18.07 ± 0.29ac
	13.90 ± 0.55ac
	6.65 ± 1.13bd
	2.72 ± 0.73cd
	3.93 ± 0.40b

	Pulp (500 mg)
	17.25 ± 0.37ac
	13.48 ± 0.31ac
	7.54 ± 1.39bcd
	2.98 ± 0.51cd
	4.56 ± 0.88bc

	Ext. Combination (250 mg)
	17.11 ± 0.16ac
	13.94 ± 0.26ac
	7.31 ± 0.50bd
	3.24 ± 0.62cd
	4.06 ± 0.53b

	Ext. Combination (500 mg)
	16.50 ± 0.16 a
	13.03 ± 0.09a
	8.66 ± 0.71cd
	3.77 ± 0.09ce
	4.88 ± 0.62bc


Values are mean ± standard deviation (n = 3). Values with different superscript letters per column are statistically significant (p<0.05).
3.2 Effect of Plant Parts Extract of A. Heterophyllus  On Renal Function Parameters
The results indicate that oral administration of ethanol extracts of A. heterophyllus stembark, leaf, and pulp ameliorated renal and electrolyte disturbances in BPH-induced Wistar albino rats. The negative control group showed markedly elevated urea (30.43 ± 1.98 mg/dL) and creatinine (7.27 ± 1.01 mg/dL) levels, signifying renal impairment resulting from BPH induction. However, treatment with the extracts and the standard drug, Finasteride, significantly reduced these parameters, demonstrating a nephroprotective potential of the plant extracts. Electrolyte analysis revealed that sodium and chloride levels were abnormally high in the negative control, indicating renal-associated imbalance, but these values were normalised in treated groups, particularly in rats given the stembark and combination extracts. Potassium and bicarbonate levels remained relatively consistent across all groups, showing no signs of major electrolyte disruption
Table 4 Results showing the effect of oral treatments on the renal and electrolyte parameter concentrations in the experimental rats.
	Treatment
	Urea
	Creatinine
	Sodium
	Potassium
	Bicarbonate
	Chloride

	Control
	18.11 ± 0.26a
	4.60 ± 0.25ac
	169.00 ± 3.66a
	5.33 ± 0.10ab
	20.50 ± 2.58a
	57.89 ± 2.10a

	Negative control
	30.43 ± 1.98b
	7.27 ± 1.01b
	187.20 ± 5.65b
	5.12 ± 0.18ab
	14.34 ± 1.17b
	81.77 ± 3.18b

	Fansteride (5 mg)
	19.39 ± 1.04a
	4.49 ± 0.14a
	165.40 ± 2.61a
	5.09 ± 0.52ab
	17.66 ± 0.69c
	61.64 ± 1.32a

	Leaves (250 mg)
	25.21 ± 0.31c
	5.10 ± 0.24c
	170.60 ± 3.68a
	5.06 ± 0.08ab
	17.48 ± 0.14c
	62.92 ± 9.39ac

	Leaves (500 mg)
	23.69 ± 0.37cd
	4.62 ± 0.30ac
	170.80 ± 2.48a
	4.98 ± 0.15ab
	17.58 ± 0.54c
	67.15 ± 1.45c

	Stem (250 mg)
	21.82 ± 0.76d
	4.66 ± 0.17ac
	175.80 ± 4.36a
	5.19 ± 0.04ab
	18.13 ± 0.31ac
	67.52 ± 2.07c

	Stem (500 mg)
	23.77 ± 0.26cd
	5.34 ± 0.28c
	171.90 ± 2.85a
	5.60 ± 0.35ab
	16.86 ± 0.36d
	59.25 ± 2.95a

	Pulp (250 mg)
	25.52 ± 3.15cd
	5.19 ± 0.24c
	168.40 ± 1.86a
	4.93 ± 0.31a
	16.94 ± 0.31d
	66.79 ± 0.58c

	Pulp (500 mg)
	22.47 ± 0.45d
	5.04 ± 0.17ac
	171.50 ± 3.71a
	5.25 ± 0.12ab
	17.74 ± 0.17c
	68.20 ± 7.30ac

	Ext. Combination (250 mg)
	21.17 ± 0.38d
	4.72 ± 0.21ac
	172.60 ± 4.24a
	5.20 ± 0.23ab
	18.90 ± 0.14ac
	61.74 ± 2.30ac

	Ext. Combination (500 mg)
	25.05 ± 3.94cd
	6.01 ± 0.62d
	171.10 ± 2.66a
	5.80 ± 0.60b
	20.71 ± 0.17a
	59.45 ± 0.89a


Values are mean ± standard deviation (n = 3). Values with different superscript letters per column are statistically significant (p<0.05). 
.



3.3 Discussion
Herbal medicine serves as a natural alternative therapy widely utilised in primary healthcare systems, particularly within developing nations. In Africa, it is estimated that approximately 70–80% of patients rely on traditional medical practices for treatment. Globally, nearly 25% of modern pharmaceuticals have originated from plant sources. Plants produce a diverse array of metabolites, some of which possess therapeutic benefits, while others may exhibit toxic effects. Similarly, pharmaceutical agents can be beneficial at specific doses yet harmful at higher concentrations. Therefore, it is essential to conduct comprehensive safety evaluations of herbal preparations purported to have medicinal value to establish their safety profiles for both human and animal use (Alelign et al., 2021).
This study was designed to compare the in vivo sub-acute toxicity of Wistar albino rats with benign prostatic hyperplasia treated with ethanol extracts of A. heterophyllus stem bark, leaf, and pulp. Sub-acute toxicity evaluation is essential for determining the biochemical and target organ effects of test agents or extracts, as such alterations are often undetectable in acute toxicity studies. Conducting sub-acute toxicity assessments in rodents yields critical insights into the potential adverse effects associated with the administration of compounds or plant extracts. The resulting toxicological data are instrumental in establishing suitable dosage levels for subsequent long-term investigations (Izunya et al., 2024).
The liver is a crucial organ in animals, receiving approximately 25% of the total cardiac output, thereby making it the organ with the highest blood supply. As the primary site for drug metabolism, it is continually exposed to various xenobiotics entering the body. Given the liver’s diverse physiological roles, no single assay can comprehensively assess its overall function. The liver function biomarkers examined in this study serve as valuable diagnostic indicators for identifying hepatic impairment. Damage to hepatocytes leads to the release of intracellular constituents into the bloodstream, signifying cellular injury (Ofeniforo et al., 2025). Both alanine aminotransferase (ALT) and aspartate aminotransferase (AST) function to catalyse the transfer of an amino group from an amino acid to α-ketoglutarate, yielding glutamate and another corresponding product. Specifically, ALT acts on alanine to produce pyruvate, while AST acts on aspartate to generate oxaloacetate. ALT is primarily involved in the glucose–alanine cycle, whereas AST participates in the malate–aspartate shuttle within cellular metabolism. Alkaline phosphatase (ALP), on the other hand, catalyses the removal of phosphate groups from various proteins and nucleotides and serves as a key biomarker of hepatobiliary dysfunction. Consequently, variations in serum levels of ALT and AST are widely recognised as standard indicators of hepatocellular injury and hepatotoxicity (Yassin et al., 2021).
In this study, the BPH-induced group (negative control) showed significant increases in serum ALT (22.67 ± 0.62 U/L) and AST (23.97 ± 2.28 U/L) compared to the control (15.14 ± 0.30 U/L and 13.15 ± 1.05 U/L, respectively). This increase suggests liver damage, most likely attributable to oxidative stress (Allameh et al., 2023), induced by androgen exposure. Alkaline phosphatase (ALP) activity increased from 138.60 ± 6.97 U/L in the normal control to 179.50 ± 6.96 U/L in the BPH-induced group, indicating hepatic dysfunction. Similarly, elevated lactate dehydrogenase (LDH) activity in the BPH group signified cellular damage and enhanced membrane permeability. Administration of A. heterophyllus extracts significantly mitigated these alterations in a dose-dependent fashion. Among the treatments, the stembark extract at 500 mg/kg exhibited the strongest protective effect, normalising ALT, AST, and ALP levels to 15.16 ± 0.22 U/L, 12.88 ± 0.15 U/L, and 129.30 ± 0.94 U/L, respectively. The leaf and pulp extracts likewise produced significant enzyme reductions comparable to those observed with finasteride, indicating notable hepatoprotective potential. The normalisation of hepatic enzymes by the extracts could be attributed to their high content of bioactive compounds such as flavonoids and phenols, which exhibit antioxidant and free radical-scavenging properties (Agu et al., 2024). Therefore, the observed reduction in enzyme activity across treated groups indicates that A. heterophyllus extracts do not exert hepatotoxic effects but rather promote liver protection against BPH-induced oxidative damage.
Albumin, the predominant soluble protein in plasma or serum, constitutes approximately 50–60% of total serum proteins. It is chiefly synthesised in the liver and catabolized in the liver, muscles, and kidneys. As a multifunctional protein, serum albumin plays vital roles in numerous physiological processes. Bilirubin, though often viewed as a waste product, also exhibits beneficial properties such as antioxidant, anti-inflammatory, and cell-signalling activities (Rafaqat et al., 2023). Although bilirubin is not a direct indicator of the liver’s synthetic function, its conjugation and excretion are closely linked to hepatic metabolic and excretory processes. As the end product of heme catabolism, bilirubin circulates in the bloodstream bound to albumin, undergoes conjugation in the liver, and is subsequently excreted in bile. Elevations in serum bilirubin are classified as either direct (conjugated) or indirect (unconjugated) hyperbilirubinemia. Direct hyperbilirubinemia commonly results from impaired hepatic excretion, as observed in conditions such as cholestasis, Dubin–Johnson syndrome, or Rotor syndrome, while indirect hyperbilirubinemia generally arises from hepatocellular injury or excessive hemolysis (Kalas et al., 2021). Moreover, hepatic disorders often lead to a reduction in functional hepatocytes, consequently elevating bilirubin concentrations (Thakur et al., 2024).
In the present study, the negative control group displayed significant increases in total (24.40 ± 0.93 µmol/L) and direct (17.21 ± 0.60 µmol/L) bilirubin levels compared to the normal control (16.06 ± 0.54 µmol/L and 11.76 ± 0.33 µmol/L, respectively), indicating hepatic impairment associated with BPH-induced oxidative stress and inflammation. Conversely, the concentrations of total protein and albumin were markedly decreased in the negative control (5.29 ± 0.85 g/dL and 3.76 ± 0.54 g/dL) relative to the normal control (10.00 ± 0.37 g/dL and 5.81 ± 0.35 g/dL), reflecting compromised protein synthesis. Administration of A. heterophyllus extracts ameliorated these alterations, with the stembark extract (500 mg/kg) exhibiting the most pronounced restorative effect (total protein: 9.39 ± 0.16 g/dL; albumin: 5.19 ± 0.05 g/dL; total bilirubin: 15.31 ± 9.32 µmol/L). The leaf and pulp extracts also improved these biochemical parameters, albeit to a lesser extent.
These results support the findings by Okolo et al. (2023). In their study, they found that A. heterophyllus has ameliorative effects on hepatotoxicity seen in testosterone propionate-induced prostatitis in male Wistar albino rats. This effect was evident from the assessment of liver marker enzymes and histopathological examinations, which revealed that co-administration of aqueous leaf and seed extracts of A. heterophyllus at doses of 100, 200, and 300 mg/kg resulted in a significant reduction in hepatic enzyme levels relative to the negative control group. Such findings demonstrate the hepatoprotective efficacy of these plant extracts.
Renal function indicators, including urea and creatinine, together with serum electrolytes such as sodium, potassium, bicarbonate, and chloride, serve as vital parameters for evaluating nephrotoxicity and electrolyte homeostasis. Serum urea and creatinine, in particular, are key biomarkers of renal dysfunction and should therefore be routinely monitored to assess kidney health (Akpotaire & Seriki, 2023). In the present study, the negative control group showed marked elevations in urea (30.43 ± 1.98 mg/dL) and creatinine (7.27 ± 1.01 mg/dL) relative to the normal control (18.11 ± 0.26 mg/dL and 4.60 ± 0.25 mg/dL, respectively), indicating renal stress associated with BPH induction. Administration of A. heterophyllus extracts significantly mitigated these increases, with the stembark extract (500 mg/kg) lowering urea and creatinine levels to 23.77 ± 0.26 mg/dL and 5.34 ± 0.28 mg/dL, respectively. Similarly, the combination extract (250 mg/kg) produced further reductions (21.17 ± 0.38 mg/dL and 4.72 ± 0.21 mg/dL), comparable to those observed with finasteride treatment (19.39 ± 1.04 mg/dL and 4.49 ± 0.14 mg/dL). These findings indicate that the extracts promote renal clearance and protect against nephron damage.
Electrolyte values remained within normal physiological ranges across all treatment groups, demonstrating that A. heterophyllus administration did not impair electrolyte or acid–base balance. Sodium concentrations ranged from 165.40 to 175.80 mmol/L, potassium from 4.93 to 5.80 mmol/L, bicarbonate from 16.86 to 20.71 mmol/L, and chloride from 57.89 to 68.20 mmol/L. The stability of these parameters suggests preserved renal tubular integrity and effective ionic regulation. This agrees with previous studies by Ogundipe et al. (2025), who reported that aqueous extract of A. heterophyllus mitigates the nephrotoxic effect of gentamicin by modulating markers of renal function, oxidative stress and inflammation. Similarly, reported that ethyl acetate fractions of A. altilis and A. heterophyllus can protect the kidney from damage. The nephroprotective capacity reported in their study was supported by normalised kidney index values.
Conclusion
This study revealed that ethanol extracts of A. heterophyllus stem bark, leaf, and pulp possess significant protective and restorative effects on hepatic and renal functions in BPH-induced Wistar albino rats. The administration of these extracts effectively normalised liver enzyme activities (ALT, AST, ALP, and LDH), serum protein and bilirubin concentrations, as well as renal biomarkers (urea and creatinine), indicating enhanced organ function and systemic homeostasis. Among the various fractions evaluated, the stembark extract exhibited the greatest efficacy, with ALT (15.16 ± 0.22 U/L) and AST (12.88 ± 0.15 U/L) levels closely resembling those of the control group, demonstrating pronounced hepatoprotective activity. The findings reiterate the safety and therapeutic potential of A. heterophyllus extracts, particularly the stembark, as a promising natural intervention for BPH-associated hepatic and renal impairments. Notwithstanding, further investigations are warranted to isolate the active phytoconstituents and elucidate their specific mechanisms of action.
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