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Protective Effect of Pterocarpus santalinoides Leaf Diet against Cadmium-Induced Biochemical and Haematological Alterations


. ABSTRACT
Pterocarpus santalinoides is a nutritional and medicinal plant with diverse phytochemical constituents and therapeutic properties. Cadmium is an important environmental toxicant that can accumulate in biological tissues and cause oxidative stress, renal damage, and haematological disturbances. This study investigated the protective effect of a Pterocarpus santalinoides leaf diet on selected biochemical, antioxidant, and haematological indices in cadmium-exposed Wistar rats. Thirty Wistar rats were randomly divided into five groups of six rats each: normal control, negative control, low-dose (PS1), medium-dose (PS2), and high-dose (PS3) groups. Except for the normal control, the animals received cadmium chloride at 5 mg/kg body weight for 14 consecutive days. The treatment groups were subsequently fed diets containing 10%, 20%, or 40% Pterocarpus santalinoides leaf meal for 21 days. The negative control and treatment groups were exposed to cadmium, while the treatment groups received varying concentrations of the Pterocarpus santalinoides leaf diet. At the end of the experiment, serum and blood samples were collected for biochemical, antioxidant, and haematological analyses using standard laboratory procedures. Cadmium exposure caused marked alterations in the measured parameters, with increased serum urea and creatinine levels and reduced activities of superoxide dismutase and catalase, indicating renal dysfunction and oxidative stress. Significant reductions in white blood cell, red blood cell, and platelet counts, as well as packed cell volume, were also observed in the untreated cadmium-exposed rats. Administration of the Pterocarpus santalinoides leaf diet improved these alterations, as evidenced by reductions in serum urea and creatinine levels and increases in antioxidant enzyme activities. Haematological indices also improved following dietary treatment. The improvements were generally more pronounced at higher dietary inclusion levels, with values approaching those of the normal control group. These findings suggest that the Pterocarpus santalinoides leaf diet has a protective effect against cadmium-induced renal, oxidative, and haematological disturbances, which may be associated with its antioxidant and other bioactive constituents.
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 INTRODUCTION
Heavy metals are naturally occurring elements that have become major environmental pollutants due to rapid industrialisation, mining activities, urbanisation, agricultural practices, and the indiscriminate disposal of industrial waste. Unlike many organic pollutants, heavy metals are non-biodegradable and therefore persist in the environment for long periods, accumulating in soil, water, and living organisms (Tchounwou et al., 2012). Their persistence and tendency to bioaccumulate make them a significant threat to both environmental sustainability and public health. Among the various heavy metals, cadmium has attracted considerable scientific attention because of its high toxicity, long biological half-life, and ability to accumulate in vital organs following prolonged exposure (Jaishankar et al., 2014). Human and animal exposure to cadmium commonly occurs through contaminated food and water, cigarette smoke, industrial emissions, mining activities, and phosphate fertilisers (Unsal et al., 2020). Since the body has limited mechanisms for eliminating cadmium, continuous exposure results in its gradual accumulation, particularly in the kidneys and liver, where it disrupts normal physiological processes (Genchi et al., 2020).
Cadmium toxicity has been linked to several pathological conditions, including renal dysfunction, liver injury, cardiovascular diseases, reproductive disorders, and impaired immune function (Genchi et al., 2020). One of the major mechanisms through which cadmium exerts its toxic effects is the induction of oxidative stress (Cuypers et al., 2010). Although cadmium is not a redox-active metal, it indirectly stimulates the excessive production of reactive oxygen species while simultaneously weakening the body’s antioxidant defence system (Unsal et al., 2020). This imbalance between oxidants and antioxidants leads to lipid peroxidation, protein oxidation, DNA damage, and eventual cell death (Sies et al., 2017).
The kidneys are among the principal target organs of cadmium toxicity because they are responsible for filtering blood and eliminating metabolic wastes from the body. Following prolonged exposure, cadmium accumulates in the renal cortex, causing degeneration of tubular epithelial cells, impairment of glomerular filtration, and progressive nephrotoxicity (Genchi et al., 2020). These pathological changes often result in elevated serum urea and creatinine concentrations, which are widely accepted indicators of renal dysfunction. Urea is a major end product of protein metabolism, while creatinine is produced during muscle metabolism and excreted almost entirely by the kidneys (Unsal et al., 2020).
To minimise oxidative injury, living organisms possess several endogenous antioxidant enzymes that neutralise reactive oxygen species before they damage cellular components. Among these enzymes, superoxide dismutase (SOD) and catalase (CAT) constitute the first line of antioxidant defence (Ighodaro & Akinloye, 2018). Superoxide dismutase catalyses the conversion of superoxide radicals into hydrogen peroxide, while catalase subsequently converts hydrogen peroxide into water and oxygen, thereby preventing the formation of highly reactive hydroxyl radicals (Sies et al., 2017). Cadmium exposure has been shown to suppress the activities of these enzymes through oxidative modification and depletion of intracellular antioxidant reserves (Cuypers et al., 2010). Furthermore, reductions in SOD and catalase activities enhance oxidative damage, promote inflammation, and accelerate tissue degeneration.
Apart from biochemical alterations, cadmium also exerts profound effects on the haematopoietic system. Blood parameters serve as sensitive indicators of physiological and pathological changes because toxic substances often interfere with blood cell production and function (El-Boshy et al., 2017). Cadmium has been reported to inhibit erythropoiesis, interfere with iron metabolism, and shorten the lifespan of erythrocytes, resulting in reduced red blood cell count and packed cell volume (Genchi et al., 2020). Alterations in white blood cell count may indicate inflammatory responses or suppression of immune function, depending on the duration and level of exposure (Jaishankar et al., 2014). Similarly, cadmium-induced damage to the bone marrow may impair platelet production, thereby affecting normal haemostatic processes.
Growing concerns regarding the adverse effects associated with synthetic drugs have increased global interest in medicinal plants as safer and more affordable alternatives for disease prevention and management (Ekor, 2014). Medicinal plants are rich sources of biologically active compounds such as flavonoids, phenolic compounds, tannins, alkaloids, and saponins, many of which possess potent antioxidant and anti-inflammatory properties (Gulcin, 2020). These phytochemicals scavenge free radicals, stabilise cellular membranes, and enhance endogenous antioxidant defence mechanisms, thereby protecting tissues against oxidative damage induced by environmental toxicants. One medicinal plant that has received increasing scientific attention is Pterocarpus santalinoides, a member of the family Fabaceae, widely distributed in Nigeria and other parts of West Africa. The leaves are commonly consumed as vegetables and have long been used in traditional medicine for the treatment of diarrhoea, dysentery, wounds, inflammatory disorders, and microbial infections. Studies have shown that the leaves contain appreciable amounts of flavonoids, phenolic compounds, tannins, alkaloids, and saponins, which contribute to their pharmacological activities (Olorunnisola et al., 2013). These phytochemicals possess antioxidant properties capable of reducing oxidative stress and protecting biological tissues against chemically induced damage (Gulcin, 2020). Moreover, experimental investigations have demonstrated that Pterocarpus santalinoides enhances antioxidant enzyme activities, reduces lipid peroxidation, and improves tissue integrity following exposure to toxic substances (Ihedioha et al., 2019).
However, the protective effect of Pterocarpus santalinoides leaves when incorporated into the diet against cadmium-induced changes in kidney function indices, antioxidant enzymes, and haematological parameters remains insufficiently characterised. Therefore, this study investigated the protective effect of a Pterocarpus santalinoides leaf diet against cadmium-induced biochemical, antioxidant, and haematological alterations in Wistar rats.
material and methods 
Materials
Chemicals and Reagents
Materials included analytical-grade cadmium chloride (CdCl), ketamine, distilled water, Random test kits for kidney function indices (serum urea and creatinine) and antioxidant enzyme activities (superoxide dismutase and catalase), and analyser-specific kits for haematological parameters (WBC, RBC, platelets, and PCV). All other chemicals and reagents were obtained from certified suppliers and were of analytical grade.
Equipment/Apparatus
UV-Visible spectrophotometer (UV-1800, Shimadzu Corporation, Japan), centrifuge (80-2B Centrifuge, Changsha Xiangyi Centrifuge Instrument Co., China), automated haematology analyser (Sysmex XN-1000/XN-2000), hot-air oven (DHG-9053A Electric Thermostatic Drying Oven, Shanghai Yiheng Scientific Instrument Co., China), electrical blender (BLG-450 Blender, Binatone Electronics International Ltd.), disposable syringes (5 mL and 10 mL, Becton Dickinson, USA), EDTA blood collection tubes (Vacutainer® K₂EDTA Tubes, Becton Dickinson, USA), plain blood collection tubes (Vacutainer® Plain Tubes, Becton Dickinson, USA), latex hand gloves (Top Glove Corporation, Malaysia), nose masks (3-Ply Face Mask, Medcon Healthcare, China), and well-ventilated animal cages.
Plant Material Collection and Identification
Fresh leaves of Pterocarpus santalinoides were obtained from Calabar South LGA in Cross River State and authenticated by a plant taxonomist at the Department of Plant Science and Biotechnology, UNICROSS, Calabar.
Preparation of Pterocarpus santalinoides Leaf Diet
The collected leaves were washed thoroughly to remove dust and debris, air-dried at room temperature (25–27°C) for 14 days, and pulverised into a fine powder using an electrical blender.
Methodology
Experimental Animals
Thirty (30) healthy adult Wistar rats (100–180 g) were procured from the University of Uyo. The rats were housed in well-ventilated cages under standard laboratory conditions (12-hour light/dark cycle, temperature 25 ± 2°C, and relative humidity 50–60%). They were fed standard rat chow and given water ad libitum. The animals were allowed two days of acclimatisation before the commencement of the experiment.
Experimental Design
List 1 : The rats were randomly divided into five (5) groups of six (6) animals each as follows 
	Groups
	Treatment Administration

	Low dose (PS1)
	Induced with cadmium chloride (5mg/kg body weight), and fed diet supplemented 10% Pterocarpus santalinoides leaf meal

	Medium dose (PS2)
	Induced with cadmium chloride (5mg/kg body weight), and fed diet supplemented 20% Pterocarpus santalinoides leaf meal

	High dose (PS3)
	Induced with cadmium chloride (5mg/kg body weight), and fed diet supplemented 40% Pterocarpus santalinoides leaf meal

	Normal Control group
	Received normal rat chow and water throughout the experimental period.

	Negative Control group
	Induced with cadmium chloride (5mg/kg body weight) and received normal rat chow and water


All animals except those in the normal control group were orally administered cadmium chloride at a dose of 5 mg/kg body weight for 14 consecutive days to induce toxicity. Following induction, rats in groups PS1, PS2, and PS3 were fed diets containing 10%, 20%, and 40% Pterocarpus santalinoides leaf meal, respectively, for 21 consecutive days.
Induction of Cadmium Toxicity
Cadmium toxicity was induced by oral administration of cadmium chloride at a dose of 5 mg/kg body weight for 14 consecutive days before the commencement of dietary administration.
Administration of supplemented diet
After cadmium induction, the supplemented diet was administered orally (10%, 20%, and 40%) for 21 consecutive days. The normal control group received water and rat chow, while the cadmium-only negative control group was exposed to cadmium chloride without treatment (5 mg/kg body weight).
Collection of Blood Samples
At the end of the experimental period, the animals were anaesthetised with ketamine. Serum and blood samples were collected via cardiac puncture using sterile syringes. Samples were divided into two portions: one portion was placed in EDTA tubes for haematological analysis, and the other in plain tubes for serum preparation and centrifuged at 3,000 rpm for 10 minutes.
Biochemical Assay
Kidney function indices and antioxidant enzyme activity assay
Serum was collected for selected kidney function indices (serum urea and creatinine) and antioxidant enzyme activity tests (superoxide dismutase and catalase) using the respective test-kit procedures.
Haematological Assay
Blood was collected for haematological parameter tests (white blood cell count, red blood cell count, platelet count, and packed cell volume) and haemoglobin concentration using an automated haematology analyser.
Statistical Analysis
All results were expressed as mean ± standard deviation (SD). Data were analysed using one-way analysis of variance (ANOVA) for multiple comparisons. Statistical significance was set at p < 0.05.

results and discussion
Results
Table 1: Effect of Pterocarpus santalinoides Leaf Diet on Selected Kidney Function Indices and Some Antioxidant Enzymes in Wistar rats Exposed to Cadmium
	Groups
	Urea 
3.0 ± 7.0 (mmol/L)

	Creatinine 
0.2 ± 0.8
(mg/dL)
	SOD (U/mg protein)
	Catalase (U/mg protein)

	Low Dose (PS1)
	6.10 ± 0.42ᵇ
	0.88 ± 0.06ᵇ
	18.6 ± 1.5ᶜ
	32.4 ± 2.6ᶜ

	Medium Dose (PS2)
	5.24 ± 0.38ᶜ
	0.74 ± 0.05ᶜ
	23.8 ± 1.8ᵇ
	40.6 ± 3.1ᵇ

	High Dose (PS3)
	4.42 ± 0.31ᵈ
	0.61 ± 0.04ᵈ
	29.4 ± 2.2ᵃ
	48.8 ± 3.5ᵃ

	Negative Control
	8.86 ± 0.57ᵃ
	1.26 ± 0.08ᵃ
	10.2 ± 0.9ᵈ
	21.3 ± 1.8ᵈ

	Normal Control
	3.92 ± 0.28ᵉ
	0.52 ± 0.03ᵉ
	31.6 ± 2.4ᵃ
	52.1 ± 3.8ᵃ


Values are presented as mean ± SD (n = 6). Values with different superscripts in the same column are significantly different (p < 0.05).
Effect of Pterocarpus santalinoides Leaf Diet on Selected Kidney Function Indices and Some Antioxidant Enzymes in Wistar Rats Exposed to Cadmium.
The effect of Pterocarpus santalinoides leaf diet on kidney function indices and selected antioxidant enzymes in cadmium-exposed Wistar rats is presented in Table 1. The parameters evaluated were serum urea and creatinine concentrations, which are important indicators of renal function. The results showed that the negative control group recorded the highest urea concentration (8.86 ± 0.57 mmol/L), which was significantly higher (p < 0.05) than the values observed in all treatment groups and the normal control. This elevation suggests that cadmium exposure adversely affected renal function, resulting in impaired excretion of nitrogenous waste products and subsequent accumulation of urea in the blood. Administration of the Pterocarpus santalinoides leaf diet resulted in a dose-dependent reduction in serum urea levels. The low-dose group (PS1) recorded a urea value of 6.10 ± 0.42 mmol/L, while the medium-dose group (PS2) had a lower value of 5.24 ± 0.38 mmol/L. The high-dose group (PS3) exhibited a further reduction to 4.42 ± 0.31 mmol/L. These progressive decreases indicate that increasing doses of the leaf diet improved the ability of the kidneys to eliminate metabolic waste products. The urea concentration in the high-dose group was close to that of the normal control group (3.92 ± 0.28 mmol/L), suggesting improvement in renal function following treatment with the leaf diet. A similar pattern was observed for serum creatinine levels. The negative control group recorded the highest creatinine concentration (1.26 ± 0.08 mg/dL), which was significantly different (p < 0.05) from those of the treated groups and the normal control. Elevated creatinine levels are generally associated with reduced glomerular filtration efficiency and impaired kidney function. The negative control group also recorded the lowest SOD activity (10.2 ± 0.9 U/mg protein), which was significantly lower (p < 0.05) than the values obtained in the treatment groups and the normal control. The reduction in SOD activity suggests that cadmium exposure induced oxidative stress, leading to depletion of endogenous antioxidant defences. Since SOD plays a critical role in converting superoxide radicals into less harmful molecules, decreased activity indicates an increased burden of reactive oxygen species within the tissues. Treatment with the Pterocarpus santalinoides leaf diet produced significant increases in SOD activity in a dose-dependent manner. The low-dose group (PS1) recorded an SOD activity of 18.6 ± 1.5 U/mg protein, while the medium-dose group (PS2) exhibited a higher value of 23.8 ± 1.8 U/mg protein. The highest activity among the treated groups was observed in the high-dose group (PS3) at 29.4 ± 2.2 U/mg protein. Although this value remained slightly lower than that of the normal control group (31.6 ± 2.4 U/mg protein), it indicated substantial improvement in antioxidant defence following administration of the leaf diet. Catalase activity followed a similar trend. The negative control group recorded the lowest catalase activity (21.3 ± 1.8 U/mg protein), suggesting severe oxidative stress and a reduced capacity to detoxify hydrogen peroxide generated during cellular metabolism. The reduced catalase activity observed in this group further supports the oxidative damage associated with cadmium exposure. Administration of the Pterocarpus santalinoides leaf diet significantly increased catalase activity across all treatment groups. The low-dose group recorded a catalase activity of 32.4 ± 2.6 U/mg protein, representing an improvement over the negative control. Further increases were observed in the medium-dose group (40.6 ± 3.1 U/mg protein) and the high-dose group (48.8 ± 3.5 U/mg protein).
[bookmark: _Hlk238649272]Table 2: Effect of Pterocarpus santalinoides Leaf Diet On some Haematological Indices in Wistar rats Exposed to Cadmium
	Groups
	WBC 
4.0 ± 17.8
(×10⁹/L)
	RBC 
5.79 ± 9.25
(×10¹²/L)
	Platelets 
600 ± 1500
(×10⁹/L)
	PCV 36-49
(%)
	Haemoglobin
11-18
(g/dl)

	Low Dose (PS1)
	
7.8 ± 0.6ᶜ
	
6.1 ± 0.4ᶜ
	
510 ± 28ᶜ
	
38.6 ± 2.1ᶜ
	
12.8 ± 0.7e

	Medium Dose (PS2)
	
8.6 ± 0.7ᵇ
	
6.8 ± 0.5ᵇ
	
566 ± 31ᵇ
	
42.4 ± 2.5ᵇ
	
14.1 ± 0.8b

	High Dose (PS3)
	
9.4 ± 0.8ᵃ
	
7.4 ± 0.5ᵃ
	
618 ± 35ᵃ
	
46.2 ± 2.8ᵃ
	
15.4 ± 0.9a

	Negative Control
	
5.2 ± 0.4ᵈ
	
4.8 ± 0.3ᵈ
	
402 ± 24ᵈ
	
31.8 ± 1.9ᵈ
	
10.5 ± 0.6d

	Normal Control
	
9.8 ± 0.8ᵃ
	
7.7 ± 0.6ᵃ
	
640 ± 36ᵃ
	
47.8 ± 2.9ᵃ
	
15.9 ± 0.9


Values are presented as mean ± SD (n = 6). Values with different superscripts within the same column are significantly different (p < 0.05).
Effect of Pterocarpus santalinoides Leaf Diet on Some Haematological Indices in Wistar Rats Exposed to Cadmium.
The effect of Pterocarpus santalinoides leaf diet on selected haematological parameters of cadmium-exposed Wistar rats is shown in Table 2. The parameters evaluated included white blood cell count (WBC), red blood cell count (RBC), platelet count, packed cell volume (PCV), and haemoglobin (Hb). The negative control group recorded the lowest values for all haematological parameters measured. The WBC count in the negative control group was 5.2 ± 0.4 ×10⁹/L, significantly lower (p < 0.05) than the values observed in the treatment groups and the normal control. This reduction suggests suppression of immune function following cadmium exposure. Cadmium toxicity may interfere with the production and maturation of leucocytes, thereby reducing the body’s ability to mount an effective immune response. Treatment with the Pterocarpus santalinoides leaf diet resulted in a dose-dependent increase in WBC count. Values increased from 7.8 ± 0.6 ×10⁹/L in the low-dose group to 8.6 ± 0.7 ×10⁹/L in the medium-dose group and 9.4 ± 0.8 ×10⁹/L in the high-dose group. The WBC value recorded in the high-dose group was close to that of the normal control (9.8 ± 0.8 ×10⁹/L), indicating improvement following treatment. A similar trend was observed for RBC count. The negative control group had the lowest RBC value (4.8 ± 0.3 ×10¹²/L), indicating that cadmium exposure may have impaired erythropoiesis or increased red cell destruction. Administration of the leaf diet progressively increased RBC counts to 6.1 ± 0.4 ×10¹²/L, 6.8 ± 0.5 ×10¹²/L, and 7.4 ± 0.5 ×10¹²/L in the low-, medium-, and high-dose groups, respectively. These values approached the normal control value of 7.7 ± 0.6 ×10¹²/L, suggesting improved red blood cell production and maintenance. Platelet count also showed significant variation among the experimental groups. The negative control group recorded the lowest platelet count (402 ± 24 ×10⁹/L), whereas the normal control group exhibited the highest value (640 ± 36 ×10⁹/L). Administration of the Pterocarpus santalinoides leaf diet increased platelet counts in a dose-dependent manner, with values of 510 ± 28 ×10⁹/L, 566 ± 31 ×10⁹/L, and 618 ± 35 ×10⁹/L for the low-, medium-, and high-dose groups, respectively. Packed cell volume (PCV) values followed the same pattern. The negative control group recorded the lowest PCV value (31.8 ± 1.9%), while the normal control group recorded the highest value (47.8 ± 2.9%). Treatment with the leaf diet significantly increased PCV values from 38.6 ± 2.1% in the low-dose group to 42.4 ± 2.5% in the medium-dose group and 46.2 ± 2.8% in the high-dose group.
 Discussion
Nutritional plants have long been recognised for their dual role as sources of nutrients and bioactive compounds capable of protecting the body against various toxins. Many plant leaves contain phytochemicals such as flavonoids, tannins, phenolic compounds, alkaloids, and vitamins that possess antioxidant and therapeutic properties (Akinmoladun et al., 2007). These bioactive constituents contribute to the prevention of oxidative stress, maintenance of normal physiological functions, and protection against tissue damage caused by environmental pollutants and toxic metals. Consequently, the use of nutritional plants in animal diets has gained considerable attention as a strategy for mitigating toxic effects associated with heavy metal exposure (Akinmoladun et al., 2007). Heavy metals such as cadmium are among the most hazardous environmental contaminants because of their persistence, bioaccumulation, and toxicity. Cadmium has been reported to induce oxidative stress, disrupt cellular metabolism, impair organ function, and alter haematological parameters in both humans and experimental animals (Jaishankar et al., 2014). The kidney is particularly susceptible to cadmium toxicity because of its role in metal accumulation and excretion. In addition, cadmium exposure promotes the generation of reactive oxygen species (ROS), resulting in oxidative damage to cellular components and impairment of antioxidant defence systems (Thévenod, 2009). The findings of this study therefore provide insight into the protective potential of Pterocarpus santalinoides leaf diet against cadmium-induced biochemical and haematological alterations.
The results for kidney function indices revealed that cadmium exposure significantly elevated serum urea and creatinine concentrations in the negative control group compared with the normal control group. Increased levels of these parameters are classical indicators of renal dysfunction and suggest impairment of glomerular filtration resulting from cadmium-induced nephrotoxicity. This observation agrees with the findings of El-Demerdash et al. (2004), who reported significant increases in serum urea and creatinine levels following cadmium exposure in experimental animals. Similarly, Renugadevi and Prabu (2010) observed that cadmium administration caused marked renal damage accompanied by elevated urea and creatinine concentrations. Dietary supplementation with Pterocarpus santalinoides leaves significantly reduced serum urea (LD 6.10 ± 0.42, MD 5.24 ± 0.38, HD 4.42 ± 0.31) and creatinine levels (LD 0.88 ± 0.06, MD 0.74 ± 0.05, HD 0.61 ± 0.04) in a dose-dependent manner. The progressive decline observed from the low-dose to the high-dose groups suggests improvement in kidney function indices and a reduction in cadmium-associated renal dysfunction. The values recorded in the high-dose group approached those of the normal control, indicating improvement in the measured renal indices. This protective effect may be associated with antioxidant phytochemicals capable of reducing oxidative damage. Olagunju et al. (2017) also reported biochemical effects following administration of Persea americana extracts in albino rats.
The antioxidant enzyme results showed that cadmium exposure significantly reduced the activities of superoxide dismutase (SOD) and catalase in the negative control group. This reduction indicates depletion of endogenous antioxidant defences due to excessive generation of reactive oxygen species. SOD and catalase constitute major components of the cellular antioxidant system and play crucial roles in neutralising free radicals and preventing oxidative injury (Halliwell & Gutteridge, 2015). The observed decrease in antioxidant enzyme activities is therefore indicative of oxidative stress associated with cadmium toxicity. Administration of the Pterocarpus santalinoides leaf diet significantly enhanced SOD and catalase activities in all treated groups, with the highest values recorded in the high-dose group. These findings suggest that the leaf diet strengthened the antioxidant defence system and improved the capacity of the animals to counteract oxidative stress. The restoration of antioxidant enzyme activities observed in the treated groups supports the possibility that the leaves contain antioxidant phytochemicals capable of reducing free radical accumulation. Similar findings were reported by Flora et al. (2008), who discussed the role of antioxidants in counteracting heavy metal-induced oxidative stress. Likewise, Adedara et al. (2015) reported improvement in renal antioxidant status following Kolaviron co-treatment in toxin-exposed rats.
The haematological findings demonstrated that cadmium exposure significantly reduced white blood cell count, red blood cell count, platelet count, and packed cell volume in the negative control group. These reductions indicate haematotoxic effects of cadmium and suggest suppression of haematopoiesis. Cadmium has been reported to interfere with erythrocyte production, induce membrane damage, and disrupt normal blood cell formation, resulting in anaemia and immunosuppression (Patra et al., 2011). The low values recorded in the negative control group therefore reflect the detrimental effects of cadmium on blood physiology. Dietary inclusion of Pterocarpus santalinoides leaves significantly improved all measured haematological parameters. White blood cell counts increased progressively with increasing dietary levels of the leaves, indicating improvement in this haematological index. The observed increase may be associated with improved leucocyte production and reduced oxidative damage to immune cells. More broadly, oxidative stress induced by metals can affect cellular and physiological functions (Valko et al., 2006). The increase in red blood cell count and packed cell volume observed in the treated groups suggests improved erythropoietic activity and oxygen-carrying capacity of the blood. These findings indicate that the leaf diet may have contributed to the protection of erythrocytes from oxidative damage while supporting red blood cell maintenance. Combined lead and cadmium exposure has also been shown to produce systemic toxicological effects in rats (Yuan et al., 2014). Similarly, platelet counts increased significantly in the treated groups compared with the negative control group. Since platelets are essential for blood clotting and vascular integrity, the observed increase indicates recovery from cadmium-induced haematological suppression. The restoration of platelet levels further supports the protective role of Pterocarpus santalinoides leaf diet in maintaining haematological function.
The dose-dependent improvements observed in kidney function indices, antioxidant enzyme activities, and haematological parameters suggest that increasing dietary levels of Pterocarpus santalinoides leaves enhanced the protective response against cadmium toxicity. The high-dose group consistently exhibited values closest to those of the normal control group, indicating a greater effect of the leaf diet on cadmium-induced biochemical and haematological alterations. These findings support the potential of nutritionally and phytochemically rich plant leaves as dietary interventions against heavy metal-induced toxicity.
The increase in haemoglobin concentration observed with the Pterocarpus santalinoides leaf diet suggests an improvement in erythrocyte function in cadmium-exposed rats. The lower haemoglobin concentration in the negative control group (10.5 ± 0.6 g/dL) may indicate increased erythrocyte damage. In contrast, the progressive increase in haemoglobin suggests a dose-related improvement. Cadmium exposure has been associated with disturbances in erythrocyte integrity and haem synthesis, while plant-derived bioactive compounds may help mitigate oxidative damage and support normal haematological function (Genchi et al., 2020; Thévenod & Lee, 2013).
Conclusion

Dietary supplementation with Pterocarpus santalinoides leaf significantly improved these haematological indices, suggesting enhanced blood cell production, improved immune competence, and recovery of haematological function. The progressive improvements observed with increasing levels of dietary inclusion further indicate a dose-dependent protective effect of the plant. Moreover, the findings of this study suggest that Pterocarpus santalinoides leaf possesses protective properties against cadmium-induced biochemical and haematological alterations. The observed improvements in kidney function indices, antioxidant status, and haematological parameters suggest that the leaf diet may ameliorate effects associated with cadmium exposure. These effects may be associated with the phytochemical composition of the plant, which may enhance antioxidant defences and support normal physiological processes. Therefore, dietary incorporation of Pterocarpus santalinoides leaf shows potential as a nutritional intervention for reducing cadmium-associated alterations. The plant may also serve as a source of bioactive compounds capable of supporting biological defence against oxidative stress and heavy metal-induced damage.


Limitations
The study used 30 Wistar rats allocated to five experimental groups and was conducted over a limited exposure and treatment period. The measured outcomes were restricted to selected kidney function indices, antioxidant enzymes, and haematological parameters; histopathological assessment, tissue cadmium concentrations, and broader oxidative-stress markers were not reported. These factors limit mechanistic interpretation and generalisability. Future studies should use larger samples, additional biochemical and tissue-level assessments, and fully specified statistical comparisons.
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