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ABSTRACT

Objective: The objective of the study was to execute systematic heavy metal assessment of the plant to ensure its safe usage in herbal medicine or as 
nutraceuticals. Blepharis maderaspatensis (L.)Heyne ex Roth commonly called as Nethiramooli in Tamil is a widely distributed medicinal herb with a 
long history of traditional usage in the treatment of many ailments.

Method: The plant material was collected from Thanjavur, Tamil Nadu, India, duly authenticated and heavy metal content investigated by inductively 
coupled plasma optical emission spectrometry.

Results: Results indicated that the toxic metal, mercury was not detectable even in traces; other metals such as cadmium, chromium, molybdenum, 
manganese, nickel, and lead were found at very low quantities while trace elements such as iron, zinc, copper, and cobalt in fairly significant concentrations.

Conclusions: These results thus substantiate the safe usage of this plant and may be used to set new standards for prescribing the dosage of the 
herbal drugs prepared from it, ensuring a better understanding of the risks associated with its usage.

Keywords: Blepharis maderaspatensis, Herbal drug, Heavy metal toxicity, Heavy metal analysis, Inductively coupled plasma optical emission 
spectrometry.

INTRODUCTION

Plants serve as a source of medicine for people all over the world [1]. The 
principal systems of medicine practiced in India include Ayurveda, Siddha, 
and Unani-Tibb. These systems utilize drugs of natural origin constituting 
plants, animals, and mineral preparations [2]. Herbal medicines include 
herbs, herbal materials, herbal preparations, and finished herbal products. 
Herbs include crude plant material such as leaves, flowers, fruit, seeds, 
stems, wood, bark, roots, rhizomes, or other plant parts, which may be entire, 
fragmented, or powdered [3]. There are reports indicating undesirable side 
effects due to long-term consumption of these medicines without proper 
advice that may be due to the presence/accumulation of heavy metals. Any 
toxic metal may be called heavy metal, irrespective of their atomic mass 
or density [4]. The term “heavy metal” refers to natural metallic elements 
with a density >5 g/cm3. Heavy metals belong to a set of ill-defined subset 
of elements that exhibit metallic properties. These include the transition 
metals, some metalloids, lanthanides, and actinides [5].

Plants usually accumulate heavy metals by absorbing them from the 
soil in which they grow. This includes elements such as mercury (Hg), 
lead (Pb), arsenic (As), cadmium (Cd), copper (Cu), nickel (Ni), zinc (Zn), 
cobalt (Co), manganese (Mn), chromium (Cr), iron (Fe), and Antimony 
(Sb) [6]. Plants are the main link in the transfer of heavy metals from 
the contaminated soil to humans. Heavy metals consist of both biological 
and non-biological essential metals. Biological essential heavy metals 
include Co, Cu, Cr, Fe, magnesium (Mg), Mn, molybdenum (Mo), Ni, 
selenium, and Zn that are essential nutrients required for various 
biochemical and physiological functions [7]. Non-biological essential 
heavy metals exhibit negative effects of acute and chronic toxicity even 
when present in very low concentrations [8], and these non-essential 
heavy metals include Cd, Pb, Hg, and As especially prevalent in nature 
due to their high industrial use. These metals serve no biological 
function, and their presence in tissues reflects contact of the organism 
with its environment. They are toxic even at low doses [9,10].

Blepharis maderaspatensis (L.)Heyne ex Roth belongs to the family 
Acanthaceae., other names of the plant are Kodali soppu (Kannada), 
Elumbotti (Malayalam), and Kooravaal Chedi, and Kozhimookkan 

(Tamil). This plant exhibits increased potency as internal and external 
medicine. The aerial parts of the plant are considered an indigenous 
remedy for wounds and fusion of broken bones by the tribal people of 
Tamil Nadu [11]. Other traditional uses of this plant include the usage 
of plant ash for dropsy, swellings, edema, gout, dry alcoholic extracts as 
potent diuretic, and crushed and mixed plant parts for venereal diseases. 
The juice of leaves may be administered for throat troubles and asthma; 
leaf paste ground with egg and onion applied for bone fractures  [12]. 
Further, antioxidant [13], antimicrobial [14], anti-inflammatory, and anti-
nociceptive [15] properties have also been proved. However, there is an 
inbuilt health risk associated with many herbal plants due to the presence 
of harmful heavy metals. The World Health Organization has already 
made it compulsory that before exporting, herbal products should be 
tested for their heavy metal content so that heavy metals remain within 
permissible limits [16]. Still systematic study and reports on the mineral 
composition of many indigenous plant foods are to be established [17]. 
It is imperative, therefore, to study the heavy metal contents in the 
plant material before human consumption and eventually it has become 
mandatory for Ayurvedic and Siddha preparations/formulations to 
enlist and detail their elemental contents  [18]. Hence, the biosorption 
concentration of the different elements in the dry powder of ariel parts 
of Blepharis maderaspatensis (L.) Heyne ex Roth was studied using the 
inductively coupled plasma - optical emission spectroscopy (ICP-OES).

METHODS

Collection of the sample
The Aerial parts (excluding flowers) of B. maderaspatensis (L.) Heyne ex 
Roth were collected from Thanjavur, Tamil Nadu, India. About 100 gm 
of the plant sample was weighed and washed thoroughly with distilled 
water. Subsequently, it was dried in the shade to remove the moisture 
content associated with the plant material and powder. The particles 
with size <1 mm were sieved and collected for further analysis.

Collection and authentification of plant materials
As the plant has been widely used in food and therapeutics, 
there is a need for authentication and standardization of the 
plant material [19]. The plant was taxonomically identified by 
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Dr. Jayaraman, Plant Taxonomist, PARC, Tambaram, Chennai (Voucher 
specimen:PARC/2016/3248).

Instrumentation
The traces of heavy metals were detected through ICP-OES. ICP-OES 
is a spectroscopic technique suitable for detection and quantification 
of trace elements in plant samples. The technique is based on the 
unprompted emission of photons from atoms and ions that have been 
excited in a radiofrequency discharge [20].

Chemicals
Chemicals used were of analytical grade (Sigma and Merck). Deionized 
double distilled water was used to prepare all solutions.

Stock solution
The spike stock solution was prepared from the same stocks as the 
calibration standards using the 2% HNO3 and 0.5% HCl acid matrix. 
Stock solutions of metal ions were prepared from their nitrate salts. The 
working standards for all metals studied were prepared by dissolving 
an appropriate amount of metallic salts in deionized water.

Sample preparation
The Thermo-iCAP 6000 Series model was used for ICP-OES heavy metal 
analysis. The instrument was calibrated with multi-element standard 
solution in 2% HNO3. The concentration ranges of calibration samples 
in µg ml-1 were As – 0–0.2, Cd – 0–4, Co – 0–15, Cr – 0–15, Cu – 0–50, 
Fe – 100–800, Mo – 0–5, Mn – 0–15, Ni – 0–15, Pb – 0–15, Zn – 0–50, and 
Hg– 0–50. The plant samples were ashed in muffle furnace following 
Bulgarian standard 17365–94. The 0.5 g sample was heated stepwise to 
up to 350°C for 4 h. The same was ashed at 525°C for 1 h. After cooling 
the ashes of the plant, samples were dissolved in 20 ml of 1.5% HNO3, 
and it then analyzed [20].

Quality control and assurance protocols were carried out to ensure 
accuracy and reliability of the results. Estimations were performed in 
triplicates and result duly represented as mean±standard deviation of 
three determinations.

RESULTS

Quantitative determination of 12 elements inclusive of Hg, Cr, Mo, Mn, 
Ni, Pb, Fe, Zn, Cu, Co, As, and Sb in the Aerial parts of B. maderaspatensis 
(L.) Heyne ex Roth (excluding flowers) was analyzed in this study using 
ICP-OES. The acceptable limits for the various elements were studied 
and compared with the measured values. Since the benefit of metal 
residues in pharmaceutical products is uncertain unless administered 
therapeutically, they should be removed to the extent possible to 
meet product specifications, good manufacturing practices, or other 
quality-based criteria [21]. The reference values for normal and toxic 
concentrations of heavy metals in plants have been shown in Table 1.

ICP-OES determination of elemental contents of B. maderaspatensis (L.) 
Heyne ex Roth indicated the presence of nine elements Cu, Ni, Pb, Cr, 
Mn, Zn, Mo, Co, and Fe to be present in substantial amounts and within 
permissible limits. Non-essential heavy metals including Hg, As,, and Sb 
were not detected even in traces in the plant.

DISCUSSION

With the ever-increasing use of herbal medicines and the global 
expansion of the herbal medicines market, safety has become a major 
concern for both health authorities and the public. The World Health 
Organization recommends that the medicinal plants which form the 
raw materials for the finished products may be checked for the presence 
of heavy metals, pesticides, bacteria, and other contaminants  [3]. 
Evidence from various countries implies that toxic heavy metals 
and undeclared prescription drugs in Asian herbal medicines might 
constitute a serious health problem [22,23]. Thus, the estimation 
of heavy metals is highly essential for raw drugs or plant parts used 
for the preparation of compound formulation drugs [24]. Numerous 

countries and several pharmacopeia references have published limits 
on allowable concentrations of heavy metals, stated in mg/kg or ppm, 
for finished food products, and/or dietary supplement type products, 
or ingredients used in these products [25].

It has also been observed that heavy metals have low excretion rates 
which could result in damaging effects on humans even at very low 
concentrations. Among heavy metals, researchers have found Pb to be 
the commonly occurring metal, followed by Hg and As [10]. Intense, 
high-dose exposure to lead causes acute symptomatic poisoning, 
characterized by colic, anemia, and depression of the central nervous 
system that may result in coma, convulsions, and death. The most 
critical consequence of low level lead toxicity in utero and during 
childhood is damage to the developing brain and nervous system. 
The immune, reproductive and cardiovascular systems are also 
adversely affected by relatively low levels of exposure to lead - that is, 
<10 µg/dl [26]. Inorganic Hg may be found in few herbal preparations, 
and this may be a major toxic metal that can seriously affect the nervous 
system and lead to violent muscular spasms and even death. Pregnant 
and nursing women should also be cautious as Hg may contaminate 
breast milk [27]. As is also present as a contaminant in many traditional 
remedies and nutritional herbal supplements, can be a serious health 
hazard. As is carcinogenic and its exposure leads to cancer and other 
toxic manifestations, including cardiovascular diseases, dermal effects, 
renal effects, hepatic effects, hematological effects, gastrointestinal 
effects respiratory diseases, neurological problems, and reproductive, 
and developmental effects [28]. Ni has been reported to cause contact 
dermatitis, nasal, sinus and lung cancers, renal disorders, chronic 
bronchitis, acute respiratory distress syndrome, and pulmonary fibrosis. 
Cr is also known to cause nephrotoxicity, nasal and lung ulcers, and skin 
ulcers [18]. Users of Ayurvedic medicine may be at risk for heavy metal 
toxicity, and hence testing of such formulations for toxic heavy metals is 
made mandatory [29]. This study indicated the complete absence of Pb, 
Hg, and As in B. maderaspatensis (L.) Heyne ex Roth while Ni and Cr were 
present in traces, assuring its safety for human consumption.

Metals such as Zn, Cu, Fe, and Mn are essential nutrients; they are 
important for the physiological and biological functions of the human 
body. However, an increase in their intake above certain permissible 
limits can also become toxic [3,25]. In the present analysis, the 
concentration of Cu, Ni, Pb, Cr, Mn, Zn, Mo, Co, and Fe was 1.486, 1.511, 
1.109, 0.005, 20.19, 0.730, 0.001, 0.065, and 31.14 mg/g, respectively 
(Table  2). The results indicate that all the metals are below the 
permissible limits. In general, a number of health problems have been 
linked to excessive uptake of dietary heavy metals including a decrease 
in immunological defenses, cardiac dysfunctions, fetal malformations, 
impaired psychosocial and neurological behaviors, gastrointestinal 
cancers, and many others [30]. Thus, on the basis of this experimental 

Table 1: Reference values for normal and toxic concentrations of 
heavy metals in plants

Element Normal concentrations 
 (mg kg−1)

Toxic concentration  
(mg kg−1)

Cu 3–15 20
Ni 0.1–5 30
Pb 1–5 20
Hg <0.1–0.5 5
Cr <0.1–1 2
Mn 15–100 400
Zn 15–150 200
Mo 0.1–0.5 10–50
Co 0.05–0.5 30–40
Fe 50–250 (>500)
As 10–60c <2
Sb <2–29 5–10 g
Aleksandra Stanojkovic‑Sebic et al., 2015 [20]. Cu: Copper, Ni: Nickel, Pb: Lead, 
Hg: Mercury, Cr: Chromium, Mn: Manganese, Zn: Zinc, Mo: Molybdenum, 
Co: Cobalt, Fe: Iron, As: Arsenic, Sb: Antimony
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outcome, it may be concluded that the plant B. maderaspatensis (L.) 
Heyne ex Roth which has vast ethnomedicinal values is found to be 
safe and may not produce metal toxicity on consumption during their 
therapeutic application, hence, could be used in drug development.

CONCLUSION

It is indispensable to maintain safety and efficacy of the herbal plants 
and their products to avoid serious health problems. In general, routine 
check and frequent analysis of herbal plants are required to avoid the 
risk of exceeding the intake beyond the tolerance limits as mentioned in 
the standards. Hence, in the present study, an attempt has been made to 
analyze the heavy metal composition of B. maderaspatensis (L.) Heyne 
ex Roth by ICP-OES and thereby ensure the safety and efficacy of its use 
as a potential herbal medicine.
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Table 2: Heavy metal content of B. maderaspatensis (L.) Heyne 
ex Roth

Elements Observed Mean±SD (mg)
Cu 1.486±0.077
Ni 1.511±0.075
Pb 1.109±0.130
Hg ‑
Cr 0.005±0.001
Mn 20.19±1.578
Zn 0.730±0.114
Mo 0.001±0.000
Co 0.065±0.003
Fe 31.14±1.226
As ‑
Sb ‑
Results are expressed as the mean of 3 triplicates±standard deviation.  
 B. maderaspatensis: Blepharis maderaspatensis, Cu: Copper, Ni: Nickel, Pb: Lead, 
Hg: mercury, Cr: Chromium, Mn: Manganese, Zn: Zinc, Mo: Molybdenum, 
Co: Cobalt, Fe: Iron, As: Arsenic, Sb: Antimony


