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	Objective: Ficus exasperata Vahl (Sandpaper tree) is extensively used in Nigeria to treat diseases, but a dearth of documentation about its toxicity exists. This information is crucial because pollutants can contaminate medicinal plants. This study determined the heavy metal and phytochemical content of methanolic leaf extract of F. exasperata obtained in Birnin Kebbi, Nigeria.
Material and Methods: The lethality of the plant was also assessed using 70 wild shrimps divided equally into seven groups. Group 1 (negative control), groups 2 and 3 (positive controls) were exposed to 500 and 1000 ppm of formaldehyde, respectively; and groups 4-7 were exposed to 1000, 2000, 4000, and 8000 ppm of extracts, respectively, for 96 hours. 
Results: The phytochemistry revealed high levels of flavonoids and saponins and moderate levels of tannins and phenols. The heavy metal analysis revealed non-tolerable levels of cadmium, copper, and lead, while zinc was within the tolerable limit. The negative control recorded 10% mortality, 1000 and 2000 ppm (20% each), 4000 ppm (70%), and 8000 ppm (100%). 
Conclusion: These results inferred safe doses of the plant’s extract in low and medium concentrations but toxic and fatal at high doses over a period of time. Consumers are advised to seek an expert’s guidance before using it.
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Introduction

Plants have been used to treat ailments since the dawn of time. As far back as the time of the earliest cavemen, archaeologists have discovered evidence of plants being used for medical purposes in practically every discovery. Herbal medicine is a part of the human heritage that spans cultures. Herbs have been utilized in traditional medicine in Europe, Asia, and India since the 1800s. Naturopathy, homeopathy, and other holistic treatments were extensively adopted by American doctors in the early 1900s to manage or treat certain diseases [1]. However, herbal medicine practices faded as modern medicine and pharmaceutical drugs advanced. But currently, there is a renaisance in plant-based medicines due to the adverse effects and high cost of synthetic medications. People are turning back to plant medicine as an alternative to synthetic medications because it represents safety [2]. About 90% of the world population currently uses herbal medicines to treat diseases [3]. Changes in lifestyles that favor natural products over synthetic ones may explain why people in developed countries are interested in herbal medicine again [3].
Ficus exasperata Vahl, also called sandpaper tree, is an important plant commonly used in plant medicine. It belongs to the genus Ficus and contains about 850 species of woody trees, shrubs, vines, epiphytes, and hemi-epiphytes [4]. F. exasperata is a rapidly growing tree that is domiciled in the rainforest, savannah, and beside rivers and streams [5]. F. exasperata is a small to medium-sized fig tree belonging to the banyan family, with a height of 20–30 meters (66–98 feet). To anchor itself in the earth and sustain hefty branches, the trunk develops aerial and buttressing roots [6]. F. exasperata contains a wide variety of bioactive compounds such as alkaloids, phenols, flavonoids, saponins, sterols, terpenes, glycosides, tannins, carbohydrates, and proteins [7,8]. The mentioned phytoconstituents and others could be responsible for the efficacy of F. exasperata in treating different diseases worldwide. In Nigeria, Ficus species are used to treat piles, tuberculosis, ulcers, hypertension, microbial infection, hyperlipidemia, as well as asthma, diarrhea, diabetes, stomach aches, and constipation [9, 10].
However, concerns are rife about the safety of many medicinal plants, including F. exasperata, as the form of medicine gains popularity. The bulk of herbal products on the market are not standardized to recognized active ingredients, and quality control methods are not always strictly followed [11]. There have been reported cases of toxicities and hospitalization following the consumption of some medicinal plants or plant products [12]. This suggests that, even though medicinal plants have been used for decades, phytoconstituent analysis and toxicity studies are still required to know their safe doses [13]. This can be achieved through phytochemical and heavy metal analyses of the plants as well as a brine shrimp lethality assay. The brine shrimp assay is rapid, inexpensive, simple (no special equipment or techniques required), and uses a large number of organisms for statistical validation and a small amount of test sample, as little as 2 mg [14]. This study, therefore, employed heavy metal and phytochemical analyses as well as a modified brine shrimp lethality assay to determine the toxicity of F. exasperata leaves obtained in Birnin Kebbi, Nigeria. The plant is often used for medicine in Birnin Kebbi and evirons. However, there is a dearth of information on the toxicity of F. exasperata in the city. Conduction of plant toxicities in each locality is important considering that pollutants are now widespread in the environment, which may potentally accumulate in plants and animals, all based on anthropogenic activities and soil geology.

Materials and Method
Collection of plant samples and preparation of extract
Fresh leaves of F. exasperata were harvested from the plant in Birnin Kebbi metropolis in November 2021 and identified by a taxonomist at the Department of Biological Sciences, Federal University Birnin Kebbi, Nigeria. A sample of the authenticated material with voucher no. FUBK123 was retained in the herbarium of the department. After that, the leaves were gently washed to eliminate contaminants and air-dried for one week in the shade. A laboratory mill (manufactured by Norris Limited, Poole, England) was used to grind the dry leaves into powder. Prior to usage, the ground plant material was kept in a desiccator. Fifty grams (50 g) of F. exasperata powder were dissolved in 500 ml of 95% methanol and left for 72 hours. The macerated methanolic extract was filtered through a muslin cloth, and then it was evaporated at 40 °C to a constant dry weight.  

Qualitative and quantitative phytochemical screening  
A stock solution of the extract was prepared by dissolving 0.06 g in distilled water in a 50-ml beaker and making it up to the meniscus with distilled water. The stock solution was tested for the presence of alkaloids, tannins, flavonoids, saponins, terpinoids, phenols, quinone and cardiac glycosides as conducted by Yahaya et al. [12]. The phytochemicals detected in abundance in the extract of F. exasperata were thereafter quantified.

Heavy metal analysis
[bookmark: _Hlk103849518]The levels of copper (Cu), lead (Pb), cadmium (Cd), and zinc (Zn) in F. exasperata extract were determined following the procedures of Yahaya and Okpuzor [15]. One (1) g of the extract was placed in a clean beaker (100 ml) containing an analytical grade of 25 mL of aqua-regia and 5 mL of 30% H2O2. The mixture was digested at 80 °C until it became a homogeneous solution. After cooling, the solution was filtered into a 50-ml beaker and filled to the meniscus with deionized water. A UNICAM atomic absorption spectrophotometer (model 969) was used to measure the levels of the selected heavy metals.

Brine Shrimp Lethality Assay
[bookmark: _Hlk103849568]The brine shrimp lethality assay was conducted as explained by Olowa and Nuñeza [38] but with some modifications. Seventy (70) shrimps were caught from Lagos lagoon and transported into the lab immediately, where they were kept in the lagoon water and air conditioned. A stock solution of the extract of F. exasperata was prepared by dissolving 13.8 g in 100 ml of distilled water. From the stock solution, 1000, 2000, 4000, and 8000 ppm of the extract were prepared. The shrimps were divided into 7 groups of 10 each. Group 1 was made a negative control and kept in the lagoon water; groups 2 and 3 were positive controls and exposed to 500 and 1000 ppm of formadehyde, respectively; and groups 4-7 were exposed to 1000, 2000, 4000, and 8000 ppm of the extracts, respectively. Each group was checked for mortality after 4, 24, 48, 72, and 96 hours.

Quality control and assurance
All the chemicals used were of high purity. All glass and plastic materials were washed and rinsed properly with distilled water and the reagent to be placed in. The accuracy of the heavy metal analysis was ensured by checking for background contamination of the samples in which blank samples were tested along with the test samples. Each heavy metal analysis was replicated thrice, and the level of reproducibility was ensured to be above 95%. As a result, the mean of the three values of each heavy metal was used for further analysis.  


Results 
Qualitative analysis of the plant
Table 1 reveals the phytochemicals detected in the extract of F. exasperata leaves obtained in Birnin Kebbi, Nigeria. Flavonoids and saponins were detected in abundance, tannins and phenols were detected in moderate amounts, cardiac glycosides and terpenoids were detected in trace quantities, and alkaloids were not detected. 

 Table 1: Phytochemicals detected in the extract of Ficus exasperata leaves obtained in Birnin Kebbi, Nigeria 
	Phytochemical
	Inference

	Saponins
	+++

	Flavonoids
	+++

	Tannins
	++

	Phenol
	++

	Cardiac Glycosides
	+

	Terpenoids
	+

	Alkaloids
	-


Note: - stands for absent; + indicates trace amount; ++ means moderate; +++ indicates abundance
 
Quantitative analysis of the plant
The concentrations of flavonoids, saponins, tannins, and phenols, which were detected at moderate or abundant levels (as applicable) during qualitative analysis, are shown in Table 2. Flavonoids had the highest concentration, followed by saponins, phenols, and tannins, respectively. 


Table 2: Mean concentratons of phytochemicals in the extracts of Ficus exasperata leaves obtained in Birnin Kebbi, Nigeria
	Quantifiable Phytochemical
	Concentration (mgml-1)

	Flavanoids
	0.45 ± 0.07

	Saponins
	0.41± 0.13

	Phenols
	0.27 ± 0.03

	Tannins
	0.15 ± 0.02


 
Levels of heavy metals in the plant
The levels of Zn, Cd, Cu, and Pb in the extract of F. exasperata leaves are displayed in Table 3. With the exception of Zn, the heavy metals were present beyond the limits set for individual heavy metals by the World Health Organization (WHO) and Food and Agricultural Organization (FAO). 
 
Table 3: Mean levels of heavy metals in the extract of Ficus exasperata leaves obtained in Birnin Kebbi, Nigeria
	Heavy metal
	Levels (mgkg-1)
	Permissible limit [17] 

	Zn
	1.50
	5.00

	Cd
	0.05
	0.01

	Cu
	0.61
	0.20

	Pb
	0.25
	0.01


 
Toxicity of the plant on shrimp
The toxicity of the extract of F. exasperata on the shrimps caught from Lagos lagoon was revealed in Table 4. The negative control group had a 10% mortality, while the groups that were exposed to 1000 and 2000 ppm of the extract each had a 20% mortality, the 4000 ppm group had a 70% mortality, and the 8000 ppm group recorded a 100% mortality.  

Table 4: Mortality recorded by shrimps (n = 10 per group) exposed to different concentrations of leaf extract of Ficus exasperata obtained in Birnin Kebbi, Nigeria
	Group
	Concentration (ppm)
	Mortality (4hrs)
	Mortality (24hrs)
	Mortality (48hrs)
	Mortality (72hrs)
	Mortality (96hrs)
	Percentage Mortality (%)

	1
	-ve 
	0
	0
	0
	0
	1
	10

	2
	+ve 1
	1
	5
	3
	1
	-
	100

	3
	+ve 2
	1
	9
	-
	-
	-
	100

	4
	1000
	1
	1
	0
	0
	0
	20

	5
	2000
	0
	1
	0
	0
	1
	20

	6
	4000
	0
	2
	1
	0
	4
	70

	7
	8000
	0
	3
	3
	0
	4
	100


Note: –ve = negative control group kept only in lagoon water; +ve 1 = positive control 1 exposed to 500 ppm of formaldeyde; +ve 2 = positive control 2 exposed to 1000 ppm of formaldeyde

Discussion
This study determined the levels of phytochemicals and heavy metals in the extracts of F. exasperata leaves obtained in Birnin Kebbi, Nigeria, and also determined their toxicity using a modified brine shrimp lethality assay. F. exasperata is commonly used in traditional medicine in Nigeria, but there is a dearth of documented information about its toxicity. This study, therefore, aimed to determine the safe doses of the plant in order to prevent unintended fatalities among its users.
[bookmark: _Hlk103847048][bookmark: _Hlk103847098][bookmark: _Hlk103847145][bookmark: _Hlk103847223][bookmark: _Hlk103847266][bookmark: _Hlk103847321][bookmark: _Hlk103847498][bookmark: _Hlk103847550]Tables 1 and 2 show that the plant is rich in phytochemicals, which justifies its efficacy in treating or managing several diseases mentioned earlier. However, the extract of the plant contained high levels of flavonoids and saponins, which may accumulate to toxic levels if the plant is taken constantly for a prolonged period of time. High doses of saponins may cause loss of appetite, diarrhea, malnutrition, and hepatic failure, among other health effects [18-20]. High levels of flavonoids can induce mild to moderate histopathological alterations in the liver and kidneys [21]. The results of the current study are consistent with almost all available studies on the plant. Notably, Kofie et al. [22] detected the mentioned phytochemicals in F. exasperata obtained from Kwame Nkrumah University of Science and Technology, Kumasi, Ghana. Ajayi et al. [23] also detected these phytochemicals in F. exasperata leaves obtained in Ilesha, Osun State, Nigeria. Nworu et al. [24] reported similar findings in F. exasperata obtained in Nsukka, Enugu State, Nigeria. However, the mentioned studies and the current study showed varying levels of the phytochemicals, which could be caused by several factors. According to Kumar et al. [25], temperatures and wind patterns (which vary worldwide) affect precipitation, which in turn affects plant architecture, flowering, fruiting, and phytochemical composition. The varied levels of the phytochemicals can also be caused by the different physiological and developmental stages of the F. exasperata used in each study, in which flowering plants produce more phytochemicals [26]. Environmental stress, mostly from pollutants like heavy metals and microorganisms, can also cause some phytochemicals to build up in plants [27]. 
[bookmark: _Hlk103847619][bookmark: _Hlk103847683][bookmark: _Hlk103847741][bookmark: _Hlk103847839][bookmark: _Hlk103847890][bookmark: _Hlk103847952][bookmark: _Hlk103847992][bookmark: _Hlk103848038][bookmark: _Hlk103848118]Furthermore, Table 3 reveals that the plant extract contains non-permissible levels of Cd, Cu, and Pb, which again indicates that the plant can induce health hazards in consumers. In minute quantities, some heavy metals perform biological functions [28]. But at certain levels, they can build up in the body and deplete antioxidants, producing free radicals and other health risks [29]. The kidneys, liver, pancreas, lungs, bones, and testicles are the main targets of Cd toxicity [30]. Pb is neurotoxic and can cause mental retardation, particularly in children [30]. Pb and Cd can also increase the risk of cardio-vascular diseases [31]. Excessive Cu buidup in the body can cause respiratory and reproductive disorders [32]. The results of the present study are in line with those of Sunmola et al. [33], who detected non-permissible levels of Cd and Pb in the samples of F. exasperata obtained at Covenant University, Ota, Ogun State, Nigeria. Agrahari et al. [34] also detected non-permissible levels of Pb (the only heavy metal evaluated in the study) in the samples of F. exasperata obtained in Gorakhpur City, Uttar Pradesh, India. However, the results contrast with those of Tadesse et al. [35], who detected permissible levels of the majority of the heavy metals assessed in F. exasperata obtained in the Awash River Basin, Ethiopia. Ladipo and Doherty [36] also detected permissible levels of selected heavy metals in the samples of F. exasperata obtained in Mushin, Lagos, Nigeria. These inconsistencies could be due to varying heavy metal-emmiting anthropogenic activities in the various localities in which the studies were conducted. It could also be caused by the varied geology of the localities. Because Birnin Kebbi (the study area of the current study) is not industratilized, the most probable source of these heavy metals in the plant is its natural deposits in the soil as well as agricultural inputs. Vehicular emissions and dust from minning activities could also be the sources of the heavy metals.
[bookmark: _Hlk103848191][bookmark: _Hlk103848245][bookmark: _Hlk103848288]Table 4 indicates that 1000 and 2000 ppm doses of the extracts of the plant induced low mortality among the exposed shrimps when compared with the negative control. On the other hand, 4000 and 8000 ppm doses progressively induced high mortality, with 8000 ppm being more lethal and even causing the death of all the exposed shrimps at the end of the experiment. Furthermore, the results also revealed that a single high dose of the plant may not elicit side effects, as no death was recorded after a single high dose of the plant. But prolonged high dose consumption of the plant can induce toxic effects, as shown by the increasing mortality recorded by the shrimps with increasing duration of exposure. These findings suggest that low to medium doses of the plant extract in the range of 1000 to 2000 ppm may be safe for consumption, especially when heavy metal contamination is prevented. The result of the current study is consistent with that of Shemishere et al. [37], who reported non-lethality of a single low-to high dose of methanol extract of F. exasperata on some treated rats. But Shemishere et al. further observed that after repeatedly dosing the rats for 14 days, biomarkers of organ damage were observed in the groups that received high doses (3000–5000 mg/kg body weight). In a mouse experiment, Bafor and Igbinuwen [38] demonstrated the safety of a single dose (2.5 to 20 g/kg) of the extract of F. exasperata and the risk of prolonged consumption of the plant. Furthermore, Oyetayo et al. [39] reported a higher mortality percentage of brine shrimps with increasing concentrations of the extract of F. exasperata.
Conclusion
It can be concluded from the results that F. exasperata obtained in Birnin Kebbi is rich in phytochemicals such as flavonoids, saponins, tannins, phenols, cardiac glycosides, and terpenoids. The presence of the mentioned phytochemicals justifies the plant’s effectiveness in treating or managing several diseases mentioned in the literature. However, it contains high levels of flavonoids and saponins, suggesting that constantly consuming high doses of the plant for an extended period may induce toxity. Furthermore, the plant contained non-permissible levels of Cd, Cu, and Pb, demonstrating the plant's potential toxicity. The shrimp lethality assays confirmed these assertions in which low to medium doses (1000 to 2000 ppm) of the extract of the plant tend to be safe, while prolonged high doses (4000 to 8000 ppm) tend to be injurious. 
Recommendations
The following are recommended based on the findings of this study: 
· Prolonged use of high doses of the plant should be avoided.
· The plant should be used under the guidance of an expert.
· F. exasperata can be cultivated or grown at home to enable its monitoring to prevent environmental stress such as contaminants, which may increase its heavy metal and phytochemical content.  
· A strategy to reduce heavy metals and some phytochemicals in the extracts of the plant to safe doses should be devised or used if it has been devised. 
· More studies should be carried out to ascertain our claims.
 
List of abbreviations
Cu = copper; Pb = lead; Zn = zinc; Cd = cadmium; WHO = World Health Organization; FAO = Food and Agricultural Organization
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