


Assessment of heavy metal contamination in the leaves of the medicinal plant Pterocarpus marsupium Roxb. (Fabaceae) consumed in Senegal: Implication for Human health




ABSTRACT
	Pterocarpus marsupium Roxb. (Fabaceae), known as "Indian Kino," "Vijayasar," or "Malabar Kino," is a deciduous tree with high medicinal value used for centuries in traditional African, Ayurvedic, and Unani medicine. Pterocarpus marsupium is widely used in traditional medicine for its antidiabetic properties, particularly due to its wood and bark extracts which help regulate blood sugar levels. It is also used for its anti-inflammatory and healing properties, contributing to the treatment of wounds, skin infections, and certain digestive disorders. This study aims to characterise the composition of eleven metallic elements in the leaves of this species by atomic absorption spectrometry (AAS) and assess the biohazard risks associated with each detected element, with reference to World Health Organisation (WHO) regulatory thresholds and International Agency for Research on Cancer classifications (IARC). The results reveal a predominance of calcium (59.27 mg/g Dry Matter (DM)), followed by potassium (10.61 mg/g DM) and magnesium (2.02 mg/g DM). Cadmium was quantified at trace levels (0.0010 mg/g DM), while lead and chromium were not detected. The toxicological assessment indicates an overall favourable biohazard profile, with two areas of concern: nickel for topical use in atopic individuals, and cadmium for chronic exposure. These results contribute to the scientific development and safety of medicinal uses of this species. Further investigations into the oral bioavailability of these elements, the effects of traditional preparation methods such as decoction and maceration on their metal concentrations, and the influence of geographical variation on mineral composition are warranted. Such studies would provide a more comprehensive understanding of the potential risks and benefits associated with the medicinal use of Pterocarpus marsupium Roxb. leaves. Moreover, the resulting evidence would contribute to refining health risk assessments and establishing a stronger scientific foundation for their safe, effective, and rational therapeutic application.
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Introduction
The failure of healthcare systems in developing countries is driving populations to rely on medicinal plants. Indeed, in these countries, the WHO estimates that more than 80% of the population depends on herbal medicine for their primary healthcare [1]. The use of plants for several decades in the treatment of chronic diseases demonstrates the fascinating potential offered by the plant world. These medicinal plants are used in their raw form and in large quantities to prepare decoctions, infusions, or powders to treat various illnesses. In this context, the chemical characterization of species used in traditional medicine is crucial for controlling both their efficacy and toxicity. The deciduous plant, Pterocarpus marsupium Roxb. (Fabaceae), is a large tree commonly called Indian Kino or Vijayasar, which has medicinal properties recognized in Asia for millennia. It is one of the most widely used and versatile medicinal plants, with a broad spectrum of biological activities. All parts of the plant are used in traditional medicine to treat various conditions such as diabetes, skin problems, and gastrointestinal disorders. Pterocarpus marsupium has become a subject of interest in modern medicine due to its extensive use in Ayurveda, Unani, and Homeopathic systems [2,3]. Therefore, consumption of this plant should be monitored. The mineral elements present in medicinal plants play a dual role: on the one hand, macro-elements (Ca, K, Mg, Na) and essential trace elements (Fe, Zn, Cu) participate in the biochemical mechanisms underlying therapeutic activities; on the other hand, so-called heavy metals (Pb, Cd, Cr, Ni) can represent significant biohazard risks for users, even at low concentrations [4,5]. Contamination of herbal drugs by these elements, which can occur through soils, runoff water, or domestic or industrial wastewater, is a growing public health concern in Africa [6,7].
Currently, data on the mineral composition of P. marsupium leaves and the assessment of associated biohazard risks are lacking in scientific literature. This study aims to fill this gap by evaluating the levels of eleven metallic elements in dried leaves and by conducting a systematic assessment of the biological risk level of each detected element, with reference to WHO standards [4] and IARC classifications [5].




2. Materials and methods
Plant material and preparation
The leaves of Pterocarpus marsupium Roxb. were collected in the southern Casamance region at Ziguinchor (12° 33' 50.933" N 16° 15' 50.335" W) in Senegal. Botanical identification was carried out by a botanist from the Fundamental Institute of Black Africa, Cheikh Anta Diop University of Dakar. After harvesting, the leaves were shade-dried at room temperature (25–30 °C, relative humidity < 40%) for 3 weeks, then ground into a fine powder (500 µm sieve). The dried powder was stored in the dark in airtight amber glass bottles until use.
Acid mineralisation and preparation of solutions
Approximately 0.5 g of dry plant powder was subjected to wet acid mineralization using a 65% HNO₃/70% HClO4 mixture (4:1, v/v) at 120 °C for 4 hours. After complete cooling, the residue was resuspended in 25 mL of ultrapure water (resistivity > 18 MΩ·cm, Milli-Q) and filtered through Whatman No. 42 paper. Blank reagents were prepared in parallel. The analytical solutions were prepared from dilutions of 1000 mg mL-1 standard solutions of Na, K, Mg, Ca, Cr, Fe, Ni, Cu, Zn, Cd and Pb (Aldrich, France). All materials used were decontaminated in 10% nitric acid solution for 24 hours. Each assay was performed in triplicate. Results are expressed in mg per gram of dry matter (mg/g DM).
Assay by atomic absorption spectrometry (AAS)
Macro-elements (Ca, K, Mg, Na, Fe) and trace elements (Cd, Cu, Zn, Ni, Pb, Cr) were quantified by air-acetylene flame spectroscopy using a Thermo Fisher 3000 spectrometer, which offers high sensitivity (Table 1).

Table 1. Analytical conditions and calibration curves for Na, K, Mg, Ca, Fe, Ni, Cu, Zn and Cd.

	Mineral
	Wavelength (nm)
	Range of detection (mg/L)
	Correlation coefficient (R²)
	Calibration curve equation

	Sodium
	598
	0.02-0.8
	0.9975
	y = 86.518x + 20.71

	Potassium
	766.5
	0.03-1.6
	0.9983
	y = 0.2374x + 0.0032

	Magnesium
	285.2
	0.003-0.6
	0.9998
	y = 0.661x + 0.00005

	Calcium
	422.7
	0.005-4
	0.9916
	y = 0.0153x + 0.0107

	Chromium
	357.9
	0.03-10
	0.9981
	y = 0.0114x + 0.0156

	Iron
	248.3
	0.05-0.8
	0.9987
	y = 0.0464x + 0.0077

	Nickel
	232
	0.09-8
	0.9997
	y = 0.0248x + 0.0035

	Copper
	324.8
	0.01-4
	0.9989
	y = 0.0347x + 0.0041

	Zinc
	213.9
	0.005.1.6
	0.9909
	y = 0.2102x + 0.0199

	Cadmium
	228.8
	0.004-1.8
	0.9960
	y = 0.336x – 0.0075

	Lead
	217
	0.1-12
	0.9979
	y = 0.0488x + 0.009



Biohazard risk assessment
For each detected element, the estimated daily intake (EDI) by oral route was calculated based on a daily consumption of 5 g of leaf powder, which is the usual dose in traditional herbal medicine, for a 70 kg adult, according to the formula:


where EDI is the estimated daily intake of heavy metals ingested from a medicinal plant in mg/kg day, C is the concentration of metal in medicinal plants measured in mg/kg, IR is the ingestion rate which is measured in mg/day, exposure frequency (EF) in days/year, ED is the exposure duration over years, BW is the body weight of the exposed individual in kg, AT is the time period over which the dose is averaged in days as seen in Table 2 [8].



Table 2. Exposure parameters for the health risk assessment through various exposure pathways for plants.

	Parameter     
	Unit
	Adult

	Body weight
	kg
	70

	Exposure frequency (EF)
	days/years
	350

	Exposure duration (ED)
	year
	30

	Ingestion rate (IR)
	mg/day
	100

	Plant adherence factor (AF)
	mg/cm2
	0.07

	Dermal absorption factor (ABS)
	None
	0.1

	Dermal exposure ratio (FE)
	None
	0.61

	Average time (AT): For carcinogens
	days
	365 x 70

	For Non-carcinogens
	days
	365 x ED



The EDI was then compared to the provisional tolerable daily intake (PTDI) or the applicable WHO/EFSA guideline value [4,9,10]. 
3. Results and discussions
Metal content of Pterocarpus marsupium leaves
Table 3 presents the concentrations of eleven metallic elements measured in the dried leaves of P. marsupium. The results show a mineral composition dominated by macro-elements, with a clear predominance of calcium. Among the potential contaminants, cadmium was detected in trace amounts, while lead and chromium remained below the detection threshold of the method.

Table 3. Metal content of Pterocarpus marsupium Roxb . leaves ( mg /g dry matter). ND: not detected.
	Metal
	Quantity (mg/g DM)

	Sodium (Na)
	1.0374 ± 0.0066

	Potassium (K)
	10.6087 ± 0.0241

	Magnesium (Mg)
	2.0203 ± 0.0005

	Calcium (Ca)
	59.2670 ± 0.0005

	Chrome (Cr)
	< LD

	Iron (Fe)
	0.0995 ± 0.0005

	Nickel (Ni)
	0.0172 ± 0.0008

	Copper (Cu)
	0.0161 ± 0.0006

	Zinc (Zn)
	0.0247 ± 0.0001

	Cadmium (Cd)
	0.0010 ± 0.0001

	Lead (Pb)
	< LD



Calcium (Ca) is the predominant element at 59.27 mg/g DM, representing over 81 % of the total mass of minerals measured in the plant's leaves. It is followed by potassium (K, 10.61 mg/g DM), which accounts for 14.5% of the total mineral mass, while magnesium (Mg, 2.02 mg/g DM) and sodium (Na, 1.04 mg/g DM) represent 2.76% and 1.42%, respectively. These four macro-elements constitute the bulk of the plant's mineral profile (99.78%). Among the trace elements that make up 0.22% of the mineral content, iron (Fe) has the highest concentration (0.0995 mg/g DM), followed by zinc (Zn, 0.0247 mg/g DM), nickel (Ni, 0.0172 mg/g DM), and copper (Cu, 0.0161 mg/g DM). Cadmium (Cd) was detected and quantified at 0.0010 mg/g DM, while the levels of lead (Pb) and chromium (Cr) remain below the detection limits of the analytical method used in this study.
Biohazard risk assessment
The estimated daily intake (EDI) of minerals when consuming P. marsupium leaves and the provisional tolerable daily intake (PTDI) of the metal concerned, according to the reference thresholds of the WHO or other organizations, are indicated in Table 4 [11-19].

Table 4. EDI and PTDI of metal elements in the leaves of Pterocarpus marsupium Roxb.

	Metal
	EDI (µg/Kg/day)
	PTDI (mg/Kg/day)

	Sodium
	30.45
	28.57 [11]

	Potassium
	311
	50 [11] 


	Magnesium
	59.3
	6 [12] 

	Calcium
	1739.83
	17.15 [12] 

	Chrome
	ND
	0.0033 [13] 

	Iron
	2.92
	0.800 [14] 

	Nickel
	0.50
	0.005 [15] 

	Copper
	0.47
	0.5 [16] 

	Zinc
	7.25
	1 [17] 

	Cadmium
	0.029
	0.00083 [18] 

	Lead
	0.00
	0.0036[19] 


Macro-elements and pharmacological profile
Sodium (1.04 mg/g DM) warrants particular attention in a West African context. Although its content is modest, the accumulation of sodium from multiple dietary and medicinal sources may contribute to cardiovascular risk in patients with hypertension or heart failure, especially if the plant is used chronically [4]. This warning should be included in any therapeutic guidelines for the use of this species.
Potassium (10.61 mg/g DM) is essential for blood pressure regulation [20], neuromuscular excitability [21], and acid-base balance [22]. Its biohazard risk is low in a healthy individual with normal renal function. However, in patients with chronic renal insufficiency or those taking angiotensin-converting enzyme (ACE) inhibitors, hyperkalemia may occur with prolonged and intensive use, representing a clinical signal that should not be overlooked [9]. 
Magnesium (2.02 mg/g DM), a cofactor of more than 300 enzyme systems involved in carbohydrate and lipid metabolism [23], may contribute to the well-documented antidiabetic activity of P. marsupium [24]. No biohazard risk is expected at standard therapeutic doses.
The predominance of calcium (59.27 mg/g DM) in the leaves of P. marsupium is the most remarkable result of this study. High calcium levels have been reported in other African and Asian medicinal Fabaceae, suggesting that this family preferentially accumulates this element in its leaf tissues [25,26]. Calcium plays a structural role in the rigidity of the cell wall [27], a role in cell signaling [28] as a secondary messenger, and an enzymatic role as a cofactor for many proteases [29]. In terms of biohazard risk, hypercalcemia is only conceivable at daily intakes exceeding 2,500 mg/day, which is far greater than the maximum possible intake from P. marsupium leaf preparations at usual therapeutic doses [12].
Essential trace elements, biological benefits and safety limits
Iron (0.0995 mg/g DM), zinc (0.0247 mg/g DM), and copper (0.0161 mg/g DM) are essential trace elements involved in numerous enzymatic systems, particularly antioxidant defenses [30-32]. These concentrations fall within the ranges typically reported for medicinal plants in the region and remain well below the upper tolerable limits for conventional doses [25,26]. Their contributions to the antioxidant properties of Pterocarpus marsupium, although widely documented in the literature [33], still justify further work.
Despite the low dose of nickel (Ni, 0.0172 mg/g DM) in Pterocarpus marsupium leaves, monitoring must be carried out to prevent patients from being contaminated by this highly toxic metal. In fact, divalent nickel (Ni²⁺) is classified as a possible carcinogen by the IARC and is one of the most common contact allergens in dermatology [34]. When taken orally, the calculated EDI (0.5 g/Kg/day) remains significantly lower than the WHO PTDI of 5 g/kg/day [15]. However, the use of poultices made from fresh or dried leaves in traditional African medicine increases the risk of skin sensitization, even at low doses. This risk is higher in users with atopic skin [34,35].
Toxicological assessment of heavy metal
Cadmium (Cd), detected at 0.0010 mg/g dry matter (DM), is classified as a carcinogen by the IARC, with well-established irreversible nephrotoxicity linked to its renal tubular accumulation [5,35]. The WHO's PTDI is 0.83 g/kg/day. The calculated EDI value of 0.029 g/kg/day, is approximately 30 times lower than the PTDI [4]. The acute risk is therefore zero. Nevertheless, the strictly cumulative nature of cadmium in the body necessitates rigorous analytical monitoring of batches intended for long-term use, as well as adherence to good harvesting practices. Recent African studies have shown that medicinal plants from mining areas can have Cd levels exceeding WHO limits by 4 to 5 times [6,7].
The absence of lead (Pb) in the samples analyzed is a particularly favorable result. The IARC and WHO agree that there is no safe dose of lead for humans, due to its developmental neurotoxicity, reproductive toxicity, and impact on cognitive functions, particularly in children and pregnant women [5]. Its absence indicates that the collection site is located far from sources of anthropogenic lead pollution. Similarly, the absence of chromium (Cr) rules out the risk associated with hexavalent chromium Cr6+, a genotoxic and carcinogenic form as classified by the IARC [5], which should be distinguished from trivalent chromium Cr3+, which is essential for carbohydrate metabolism at very low doses [37].
In summary, the biohazard profile of the P. marsupium leaves analyzed in this study is generally favourable for conventional therapeutic use. The results are comparable to those reported for other medicinal Fabaceae from West and Central Africa collected from uncontaminated soils [25, 6, 36] 25,26,36. The only points of concern identified relate to nickel for use in poultice form in users with atopic skin, cadmium for prolonged use and sodium in patients with cardiovascular risk.
5. Conclusion
This study provides quantitative data on the profile of eleven metallic elements in the leaves of Pterocarpus marsupium Roxb. and constitutes one of the first assessments of the biological risks associated with their medicinal use. The predominance of calcium (59.27 mg/g DM), potassium (10.61 mg/g DM), and magnesium (2.02 mg/g DM) gives these leaves undeniable nutritional and pharmacological value, consistent with the documented antidiabetic and anti-inflammatory activities of this species. The absence of lead and chromium, combined with a cadmium content approximately 30 times lower than the WHO PTDI, attests to the satisfactory phytosanitary quality of the samples studied. These results support the safe use of the leaves of Pterocarpus marsupium Roxb. at conventional therapeutic doses, subject to three practical recommendations: systematic analytical monitoring of cadmium and nickel levels for all batches intended for prolonged use; advising against topical use in patients with a documented nickel allergy; and cardiovascular caution in hypertensive individuals with intensive use. Further studies on the oral bioavailability of these elements, the impact of traditional preparation methods (decoction or maceration) on their metal content, and the geographical variability of the mineral composition would be necessary to refine the risk assessment and strengthen the basis for a rational medicinal use of Pterocarpus marsupium Roxb. leaves.
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