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[bookmark: _Toc150463299]Abstract
The use of herbal medicines has increased in recent years and has gained much attention in the health sectors, scientific community and the public alike. The safety and quality of these products become questionable even when the efficacy and potency may be guaranteed. In this study the presence of heavy metals in herbal preparations was determined. Ten different herbal preparations were purchased from different parts of Ilorin. Samples were prepared from these preparations and analyzed for the presence of Cadmium (Cd), Iron (Fe) and Lead (Pb) using Atomic Absorption Spectrophotometer. Their concentrations were compared with WHO permissible limits. The concentration of heavy metals (Pb, Fe, Cu, Cr and Cd) in the samples were compared with permissible limit of 10 mg/L, 0.3 mg/L and 0.1 mg/L, 2mg/L and 40mg/L for Pb, Cd, Fe, Cr and Cu respectively. The concentration of lead in herbal samples ranged from 0.010±0.027 and 0.320±0.035mg/L, The highest and the lowest concentrations were found in H3 and H4 samples which were used by traditional healers to treat hypertension and sexual impotency. The concentration of Cadmium in herbal samples ranged from 0.000±0.000 and 0.250±0.065mg/L. It is important to note that seven (7) samples from the herbal preparations analyzed contained iron in concentrations significantly(P=0.01) higher than the 0.1 mg/L permissible limit recommended by WHO. In this study, the concentration of chromium was found in the range of 0.180±0.062 and 0.860±0.027mg/L. The highest amount was reported in the H10 sample while the lowest amount was reported in the H8 sample. The concentration range of copper in tested samples was 0.370±0.006 and 0.010±0.013mg/L as shown in Table 1. Themaximum concentration was reported in the H3 sample while the minimum amount was reported in the H4sample preparation. This result revealed that the concentration of copper in all traditional herbal products was found below the WHO permissible limit (40 mg/L).The results obtained from this study showed that Iron was present in all the samples with some concentrations significantly higher than the WHO permissible limit. Lead, copper and cadmium were present in some of the samples with concentrations below the WHO permissible limit.











































CHAPTER ONE

[bookmark: _Toc150463300]Background

The use of homeopathic and herbal medicines has increased in recent years (Chikezie et al, 2015). This has probably arisen as a result of a number of factors including; disillusionment with conventional drugs, growing confidence in complementary medicine, and a belief that the products are safe, often on the grounds that 'natural' equates to safe (Enuhet al., 2012). Herbal medicine and traditional treatment are the main source of health care and sometimes the only source of care for millions of people in developing countries (WHO, 2013). A survey carried out in Lagos, Nigeria also reported that majority of the respondents use herbal medicines (WHO 2013;Oreagbaet al., 2011). However, the challenges associated with the use of these medicinal plants and herbal products obtained from them include safety and quality even when efficacy and potency are ascertained. The presence of heavy metals in the body can be detrimental to health particularly at concentrations above tolerance level. Most are considered toxic to living organism due to their accumulative tendency in tissues resulting in various disorders (Bakare-Odunola and Mustapha, 2014).  It has been reported that the presence of heavy metals in either orthodox or herbal drugs often compound the original ailments for which they were administered with resultant increased morbidity for the patient (Topliss et al., 2002). There are various sources of contamination that renders the safety and quality of medicine questionable and notable amongst them is that from heavy metals. Contamination of traditional medicines by heavy metals is of major concern because of the toxicity, persistence and bio-accumulative nature of these metals(Osegbe and Amaku, 1985). Examples of heavy metals include Arsenic (As), Lead (Pb), Mercury (Hg), Copper (Cu), Iron (Fe), Cadmium (Cd) and Zinc (Zn). 
Three main sources have been proposed to be responsible for heavy metal contamination of medicinal herbal products (Saeed et al., 2010), viz; contamination during the process of cultivating the medicinal plant itself(Sharma and Dubey, 2005 Tong et al., 2000), unintentional cross contamination during processing, (Chan, 2003)  and the deliberate addition of heavy metals as therapeutic agents (Mohammad et al., 2012; Ernst, 2002). The WHO has formulated guidelines for quality assurance and control of herbal medicine but most traditional practitioners lack this information (WHO, 2007). This sometimes results in medicinal plants and products derived from them being contaminated with various types and concentration of heavy metals. Some reported works established the fact that there are both heavy metal pollution of the environment and contamination of herbal products in Nigeria and the world at large (Nweke and Sanders, 2009). In a study conducted in Nigeria to determine the cadmium (Cd) concentrations of herbal drugs used as antimalarial and that of chloroquine syrup, it was revealed that Cadmium was detected in 100 % of the herbal products and 75 % of the chloroquine syrups (Mohammad et al., 2012). The concentration of Cd in all the herbal products exceeded the WHO limit, while the concentration in all the chloroquine syrups were within the British Pharmacopeia (BP) 2002 limit. Another study reported the concentration of Fe ranged from 65.68-1652.89 µg/g in different products of herbal medicine purchased from various places in Karachi city of Pakistan (Tong et al., 2000).  A lot of cases of poisoning from heavy metal such as cadmium, lead, iron, mercury and manganese remain underreported while some are undocumented due to poor record keeping in the developing nations (Sharma and Dubey, 2005). Therefore, the need for more studies investigating the safety and quality of the herbal products becomes imperative. 
This research focused on various herbal bitters acclaimed to be used for a variety of health conditions within Ilorin Metropolis of Nigeria. The safety and quality of  different manufacturing batches of herbal preparations, in terms of their level of contamination by heavy metals were ascertained. The heavy metals selected for this study include four biologically non-essential elements: Lead (Pb), Cadmium (Cd), Copper (Cu), Chromium (Cr) and one biologically essential element: Iron (Fe) which are some of the heavy metals implicated to be toxic in human.
[bookmark: _Toc150206969][bookmark: _Toc150463301][bookmark: _Toc150206970]1.2 Statement of the problem
The use of herbal medicines has increased in recent years and has gained much attention in the health sectors, scientific community and the public alike. The safety and quality of these products become questionable even when the efficacy and potency may be guaranteed. 
[bookmark: _Toc150463302]1.3 Aims and Objectives of the study
The aim of the study is to determine the presence of heavy metals in herbal preparation obtained from hawkers within Ilorin metropolis.
The specific objectives are
1. To determine the presence of lead, iron, copper, cadmium, and chromium in herbal preparation consume within Ilorin metropolis.
2. To compare the concentration of the heavy metals present in the preparation consume within Ilorin metropolis with WHO permissible concentration. 
[bookmark: _Toc150206971][bookmark: _Toc150463303]1.4 Research Questions	
1. Does heavy metals present in herbal preparation?
2. [bookmark: _Toc150206972]What are the regulatory standard requirements of the heavy metals concentration?
3. Is herbal preparation contaminated?
[bookmark: _Toc150463304]1.5 Significance of the Study
The presence of heavy metals in the body can be detrimental to health particularly at concentrations above tolerance level. Most are considered toxic to living organism due to their accumulative tendency in tissues resulting in various disorders (Bakare-Odunola and Mustapha, 2014). It has been reported that the presence of heavy metals in either orthodox or herbal drugs often compound the original ailments for which they were administered with resultant increased morbidity for the patient (Topliss et al., 2002). There are various sources of contamination that renders the safety and quality of medicine questionable and notable amongst them is that from heavy metals.
[bookmark: _Toc150206973][bookmark: _Toc150463305]1.6 Scope of the study
[bookmark: _Toc150206974]This research focused on various herbal preparations acclaimed to be used for a variety of health conditions within Ilorin Metropolis of Nigeria. The safety and quality of different herbal preparations, in terms of their level of contamination by heavy metals were ascertained. The heavy metals selected for this study include four biologically non-essential elements: Lead (Pb), Cadmium (Cd), Copper (Cu), Chromium (Cr) and one biologically essential element: Iron (Fe) which are some of the heavy metals implicated to be toxic in human.
[bookmark: _Toc150463306]1.7 Operational Definition of Terms
Herbal medicine: this isthe use of plants to treat disease and enhance general health and wellbeing. Herbs can interact with other pharmaceutical medications and should be taken with care.
Herbal preparations: Preparations obtained by subjecting herbal substances to treatments such as extraction, distillation, expression, fractionation, purification, concentration or fermentation. These include comminuted or powdered herbal substances, tinctures, extracts, essential oils, expressed juices and processed exudates. 
Heavy metals:refers to any metallic chemical element that has a relatively high density and is toxic or poisonous at low concentrations. Examples of heavy metals include mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), and lead (Pb).
Quality control is a term used to describe all measures designed to ensure the output of uniform batches of drugs that conform to established specifications of identity, strength, purity, and other characteristics. 
Quality assurance: is a wide range of concept that individually or collectively influences the quality of a product. It also includes sum of the organized arrangement with the objective that medicinal products are of required quality for their intended use. It is a totality of arrangement deliberately designed and intended to ensure that products will be consistent with the quality appropriated for their use. 
Good Manufacturing Practice: commonly referred to as GMP, is the part of quality assurance, which ensures that products are consistently produced and controlled to the quality standards appropriate to their intended use as required by the marketing authorization.
Tablet: A solid unit dosage form of medication with suitable excipients. It comprises a mixture of active substances and excipients, usually in powder form, that are pressed or compacted into a solid dose.
Active pharmaceutical ingredients (APIs): are the active components in a pharmaceutical drug that produce the required effect on the body to treat a condition. APIs are produced by processing chemical compounds. In a biologic drug, the active ingredient is known as a bulk process intermediate (BPI).













[bookmark: _Toc150463307]CHAPTER TWO
[bookmark: _Toc150463308]Introduction

Traditional or folk medicine comprises practices, approaches, knowledge and beliefs not based on scientific evidence that are applied to treat, diagnose and prevent illness within a society. It is defined by a culture’s knowledge and values and thus is context-specific, as are social constructions and negotiations of risk. When modern societies adopt such long-standing health practices outside of their traditional context, these practices become “complementary, non-conventional or alternative medicine” (Crellin, 2001). The extent to which the traditional use of an herb ensures that a corresponding herbal drug is safe, however, is a debachart matter. A new draft regulation published by the Brazilian National Health Surveillance Agency (Anvisa) brought this controversial topic to the center stage. The proposed regulation, which has recently undergone a public consultation for reviews and comments, defines two categories of herbal drugs for registration: “phytotherapeutic medicines” and “traditional phytotherapeutic products” (TPTP) (Anvisa, 2013). A product fits into the latter category if a long-standing (traditional) use is identified that has not been proven unsafe and is recognized in the literature or demonstrated by ethnopharmacological and/or ethno-botanical studies. Once the traditional use is recognized, safety and efficacy data from pre-clinical and/or clinical studies are no longer essential requirements to obtain approval for commercialization. 
The proposed new rules for herbal medicine registration in Brazil are, to some extent, similar to the regulation released by the European Parliament in 2004. According to EC Directive 2004/24, herbal medicines with traditional use that are acceptably safe, albeit not having a recognized level of efficacy, can be classified as “traditional herbal medicines products” (THMP), as detailed by Calapai (2008), Quintus and Schweim (2012) and Silano et al. (2004). In order for a medicinal product,or its corresponding products (i.e., products having the same active ingredients, the same or similar intended purpose, equivalent strength and posology and the same or similar route of administration), to be classified as THMP, it must have been in medicinal use for a period of at least 30 years, of which more than 15 years must relate to the European Union. Herbal drugs in the THMP category undergo a simplified registration procedure. Aspiring herbal products are required to demonstrate the traditional use of the herb, but this requirement is lifted if the product complies with the European positive list established by the Committee on Herbal Medicinal Products (HPMC) (Knöss and Chinou, 2012). Herbal monographs prepared by HPMC are not binding, and member state agencies may not agree with every single aspect of the monograph. For instance, applicants that refer to a HPMC monograph may be required to provide additional points on safety (e.g., on genotoxicity).Drug safety and efficacy In reference to medications, safety is the likelihood of not causing harm under the proposed conditions of use, while efficacy is the capacity to induce a clinical benefit. Both safety and efficacy depend on the drug’s therapeutic indication; in principle, a substance has no clinical usefulness if it is “safe” but lacks efficacy or if it is active on a relevant therapeutic target but its use is unsafe (Bian et al.,2006 ). Although these are recognized as equally essential attributes of any medicine, safety has taken precedence over proof of efficacy in drug regulation history. 
In the US, for instance, the Federal Food Drug and Cosmetic Act of 1938 required that safety of new drugs had to be proven by pre-marketing testing, whereas similar requirements to demonstrate drug efficacy were introduced only 25 years later by the Kefauver-Harris Amendments of 1962. The idea that safety should come first in therapeutic interventions is conveyed by the famous Latin expression “primum non nocere” (“first, not do harm”), the origin of which is uncertain (Smith, 2005). Similarly, the classical version of the Hippocratic Oath that physicians take upon entering medical practice contains a promise that expresses a similar idea (doctors are required to “keep [patients] from harm”).
[bookmark: _Toc150463309]Tradition and safety of herbal medicines
Many supporters of herbal medicines argue that products with a long history of popular use are generally safe when used properly at common therapeutic doses (Fong, 2002). A crucial question underlying this statement is the extent to which the absence of evidence of toxicity could be taken as evidence of the absence of toxicity or safety of herbal medicines. Whether the absence of records of adverse effects is an indication of lack of toxicity depends on the type of toxic effect and the likelihood of observing such an adverse outcome under the conditions prevailing in the traditional usage (Hao et al., 2013). Acute symptoms and short term toxic effects, such as gastro-intestinal disturbances and dermatological effects, are likely to be recognized and associated to herbal medicine. Therefore, the absence of such observations provides some evidence of safety in these particular endpoints. Long-term adverse outcomes, such as cancer, liver and kidney damage, reproductive dysfunctions, birth defects and several morbidities that are more difficult to detect, however, are unlikely to be associated with the popular use of a medicine, unless an adequately designed epidemiology study (preferably, a prospective cohort study) is undertaken (Haliciogluet al., 2011). Thus, the absence of evidence of these adverse effects within the context of traditional usage of herbal medicines is not evidence of the absence of potential to cause them. As far as drugs are concerned, safety is assumed only when the null hypothesis (absence of toxicity) has not been disproved after being challenged by properly designed and comprehensive set of pre-clinical and clinical studies, that had enough statistical power to reject it if it were false (Gurley et al., 2005).
[bookmark: _Toc150463310]Carcinogenic effects of traditional herbal medicines
During R&D of conventional drugs, carcinogenic potential is assessed through a battery of in vitro and in vivo short-term genotoxicity tests, and long-term rodent carcinogenicity assays. Carcinogenicity tests in rats and mice are the longest and most costly non-clinical safety studies commonly required for a new drug marketing approval. A waiver of long-term carcinogenicity studies for marketing approval can be obtained if results of short-term genotoxicity tests are negative and the drug is intended to be used continuously for less than three months, or intermittently for less than six months. Long-term carcinogenicity studies have seldom been performed with herbal products, and the data of their genotoxic potential are scant as well (Teschke, 2010). Owing to their limited duration, clinical trials do not shed light on the carcinogenic potential of drugs. In principle, evidence on the carcinogenicity of traditional herbal medicines could be obtained from observational epidemiological studies. Nonetheless, epidemiological studies have rarely been undertaken to address this question.
Liver toxicity associated with herbal medicines Severity of drug-induced liver toxicity (DILI) ranges from mild dysfunction leading to raised serum levels of alanine aminotransferase (ALT) unaccompanied by increases in bilirubin levels and clinical symptoms reversible upon treatment discontinuation, to jaundice and overt hepatic failure that could culminate in liver transplantation or death. DILI can be broadly divided into two types: liver toxicity that depends on the dose and can be predicted by pre-clinical and clinical studies; and an idiosyncratic DILI that is a rare, but severe form of liver damage that occurs only in susceptible individuals (presumably involving immuno-allergic mechanisms) and cannot be predicted by pre-marketing safety studies. Similar to conventional drugs, herbal medicines are capable of causing both predicchart and idiosyncratic DILI (Teschke et al., 2012). 
It should be noted that the degree of evidence for establishing a causal link between intake of a medicinal herb and liver impairment is variable, as it is for conventional drugs. In addition to the difficulties and limitations of pharmacovigilance, the vigilance related to herbal products faces additional problems, such as: self-medication, products that contain a diverse number of different plants, use in combination with classical pharmaceutical agents, the widespread belief that natural products are intrinsically safe so that patients often forget to disclose this information to their physicians, and poor quality issues, including misidentification of the plants, selection of the wrong part of the plant, adulteration, mislabeling, inadequate storage conditions, and contamination by fungi, pesticides, metals and other potential toxins (Larrey and Faure, 2011; Shaw et al., 2012). The fact that several hepatotoxic plants and their constituents have a long-standing use in folk medicine is also consistent with the notion that traditional use on its own does not guarantee the safety of a phytopharmaceutical. 
[bookmark: _Toc150463311]Kinetic interactions of herbal medicines with conventional medicines
Herbal medicines are often used concomitantly with conventional drugs, making potential pharmacokinetic interactions a cause for concern. Herbal drug co-administration with medicines of narrow therapeutic indices (e.g., digoxin, warfarin) raises even deeper safety concerns (Silano et al., 2004). Common herbal medicines known to interact with conventional drugs include St. John’s wort (Hypericum perforatum L.), ginkgo (Ginkgo biloba L.), ginger (Zingiber officinaleRosc.), ginseng (Panax ginseng C.A. Meyer) and garlic (Allium sativum L.). St. John’s wort, an herbal antidepressant, is possibly the most notorious example. It is a potent inhibitor of CYP3A4, and when co-administered with drugs metabolized by this enzyme, it decreases their clearance and increases their plasma concentrations (AUC). Because St. John’s wort also induces the expression of CYP3A4 and the transmembrane transporter protein PgP (P-glycoprotein) in the liver and intestines, previous and repeated administrations have opposite effects; enhancement of clearance and decrease in AUC. The kinetic and clinical effects of a number of drugs that are substrates for CYP3A4 are altered by St. John’s wort, and these drugs include cyclosporine, midazolam, oxycodone, methadone, imatinib, finasteride, bupropion, tracolimus, digoxin, atorvastin, and verapamil, among others (Leach and Moore, 2012).
[bookmark: _Toc150463312]Factors Responsible for Increased Patronage and Self Medication with Herbal Medicine
Essentially, herbal remedies consist of portions of plants or unpurified plant extracts containing several constituents which are often generally believed to work together synergistically. The recent resurgence of public interest in herbal remedies has been attributed to several factors some of which include (i) various claims on the efficacy or effectiveness of plant medicines, (ii) preference of consumers for natural therapies and a greater interest in alternative medicines, (iii) erroneous belief that herbal products are superior to manufactured products, (iv) dissatisfaction with the results from orthodox pharmaceuticals and the belief that herbal medicines might be effective in the treatment of certain diseases where conventional therapies and medicines have proven to be ineffective or inadequate, (v) high cost and side effects of most modern drugs, (vi) improvements in the quality, efficacy, and safety of herbal medicines with the development of science and technology, (vii) patients’ belief that their physicians have not properly identified the problem; hence the feeling that herbal remedies are another option, and (viii) a movement toward self-medication (Bandaranayake, 2006). 
The increasing utilization of herbs for self-medication by patients or individuals is also attributed to a number of other reasons such as (i) patients being uncomfortable about discussing their medical problems and fear lack of confidentiality in handling their health information, (ii) fear of possible misdiagnosis and wrong treatment by patients with non-specific symptoms or general malaise, and (iii) lack of time to see a physician; this is usually a reason where prior visit did not yield any positive experience (Studdert et al., 1998). Furthermore, patients’ freedom of choice of a practitioner is also encouraging their utilization of alternative treatments and herbal remedies, although many select herbal medicines from a deductive approach based on anecdotal information, that is, “it worked for my friend or relative” (Parle and Bansal, 2006). So also, because of the influence of religion and greater level of spiritual consciousness, many individuals tend to be increasingly disposed to accepting therapeutic value of a treatment based on faith or intuition rather than scientific reasoning (Astin, 1998; Zeil, 1999). Herbal medicines, therefore, become particularly alluring when the body’s natural capacity for self-repair, given appropriate conditions, is emphasized (Parle and Bansal, 2006).
[bookmark: _Toc150463313]Influence of Regulatory Policies on Safety of Herbal Medicines
It has been observed that most of the problems associated with the use of traditional and herbal medicines arise mainly from the classification of many of these products as foods or dietary supplements in some countries. As such, evidence of quality, efficacy, and safety of these herbal medicines is not required before marketing. In the same vein, quality tests and production standards tend to be less rigorous or controlled and in some cases, traditional health practitioners may not be certified or licensed. The safety of traditional and herbal medicines has therefore become a major concern to both national health authorities and the general public (Kasilo and Trapsida, 2011). 
Until 2011, there were three possible regulatory routes by which an herbal product could reach a consumer in the UK. The unlicensed herbal remedy is the commonest route which does not have to meet specific standards of safety and quality neither is it required to be accompanied by safety information for the consumer (Raynor et al., 2011). Recently, the European Union (EU) implemented a directive after a 7-year transition period to harmonize the regulation of traditional herbal medicine products across the EU and establish a simplified licensing system in order to help the public make informed choices about the use of herbal products. This requires that all manufactured herbal products either gain a product license of the type needed to manufacture “conventional” products or become registered as a “traditional herbal medicinal product” (Routledge, 2008; Raynor et al., 2011).
[bookmark: _Toc150463314]Toxicity and Adverse Health Effects of Some Common Herbal Medicines
In most countries, herbal medicines and related products are introduced into the market without any mandatory safety or toxicological evaluation. Many of these countries also lack effective machinery to regulate manufacturing practices and quality standards. These herbal products are continuously made available to consumers without prescription in most cases and the potential hazards in an inferior product are hardly recognized (Bandaranayake, 2006). The general perception that herbal remedies or drugs are very safe and devoid of adverse effects is not only untrue, but also misleading. Herbs have been shown to be capable of producing a wide range of undesirable or adverse reactions some of which are capable of causing serious injuries, life-threatening conditions, and even death. Numerous and irrefutable cases of poisoning have been reported in the literature (Vanherweghem and Degaute, 1998; Cosynset al., 1999; Ernst, 2002). The toxicity evaluation of the polyherbal formula, Yoyo “Cleanser” Bitters®, conducted recently in our laboratory (Ekoret al., 2010), was prompted by an unpublished case report of a young male adult who had been on self-medication with this herbal product and was subsequently admitted to the hospital on account of liver failure. Yoyo “Cleanser” Bitters® is one of the herbal remedies that is widely advertised in the various Nigerian media and as such has gained so much public acceptance over time and continues to enjoy increased patronage among consumers, especially in the southwestern part of the country. Our study revealed that this herbal formula was capable of elevating plasma levels of liver enzymes and inducing hypokalemia following 30 days administration in rats. From our observation, the potassium loss (which is capable of predisposing to dangerous arrhythmias) was a greater risk associated with this herb during this sub-acute exposure or toxicity study. Prior to this study, we had evaluated the safety of “super B blood purifier” and “super B seven keys to power” mixtures in experimental model over a decade ago (John et al., 1997). These herbal mixtures were marketed by a registered Nigerian company which cultivated medicinal plants and manufactured medicinal herbal preparations. The herbal blood tonics were well patronized by common folks who claim their efficacy according to the manufacturer’s stipulation that “they are safe, give strength and cleanse the blood and body of infection.” We obtained the herbal constituents (Entandrophragma utile and Anacardium occidentalis) and investigated the individual plant extract as well as the herbal tonics made from them. Although, all the extracts and tonics proved safe during acute toxicity study, chronic toxicity testing revealed splenic enlargement in 10% of mice that received E. utile or either of the two tonics and one case of lung tumor (John et al., 1997).
[bookmark: _Toc150463315]Challenges Associated with Monitoring Safety of Herbal Medicines
With the enormous global consumption of herbal products and medicines, it is high time they were included in pharmacovigilance systems. In terms of population exposure alone, it is essential to identify the risks associated with the use of herbal medicines, and in this regard, the safety of these products has become an issue of great public health importance (WHO, 2004, 2005b). There is no doubt that the increasing cases of poisoning associated with the use herbal medicines in many parts of the world in recent times, is necessitating the need to ensure thorough toxicity assessment alongside active pharmacovigilance on these products in order to promote their safe use and protect public health (Zhou et al., 2013). 
The development as well as implementation of the regulation of traditional or herbal medicines in different parts of the world is often confronted with several challenges. Challenges often encountered and common to many countries are those related to regulatory status, assessment of safety and efficacy, quality control, safety monitoring and inadequate or poor knowledge about traditional, complementary/alternative, and herbal medicines within national drug regulatory authorities (WHO, 2005b). 
[bookmark: _Toc150463316]Challenges Related to the Regulatory Status of Herbal Medicines
The definition and categorization of herbal medicines vary from one country to another. Depending on the regulations applying to foods and medicines, a single medicinal plant may be categorized as a food, a functional food, a dietary supplement, or a herbal medicine in different countries. This introduces serious difficulty in the definition of the concept of herbal medicines for the purposes of national drug regulation while at the same time also confusing patients and consumers (WHO, 2005b). In the United States, for example, natural products are regulated under the Dietary Supplement Health and Education Act (DSHEA) of 1994 (U.S. Food and Drug Administration, 2012). By definition, a dietary supplement is a product that is ingested and is intended to supplement the diet and contains a “dietary ingredient.” The dietary ingredients in these products may include vitamins, minerals, herbs, or other botanicals (U.S. Food and Drug Administration, 2011). Under the DSHEA, additional toxicity studies are generally not required if the herb has been on the market prior to 1994 (National Institute of Health (NIH) Office of Dietary Supplements, 2011). In this regard, the FDA bears the burden to prove that a herbal medicinal product or “dietary ingredient” is toxic or not safe for use. Additional major challenge in many countries is the fact that regulatory information on herbal medicines is often not shared between regulatory authorities and safety monitoring or pharmacovigilance centers (WHO, 2004). 
[bookmark: _Toc150463317]Challenges Related to the Assessment of Safety and Efficacy
There is no gainsaying the fact that the requirements as well as the research protocols, standards and methods needed for the evaluation of the safety and efficacy of herbal medicines are much more complex than those required for conventional or orthodox pharmaceuticals (WHO, 2005b; Zhou et al., 2013). A single herbal medicine or medicinal plant may contain hundreds of natural constituents, and a mixed herbal medicinal product may contain several times that number. Suppose every active ingredient were to be isolated from individual herb from which the herbal medicine is formulated or produced, the time and resources required would be tremendous. Such an analysis may practically be impossible especially where an herbal product is a mixture of two or more herbs (WHO, 2005b). 
[bookmark: _Toc150463318]Challenges Related to Quality Control of Herbal Medicines
The quality of the source materials used in the production of herbal medicines determines to a large extent the safety and efficacy of these herbal remedies. Generally, the quality of source materials is dependent not only on intrinsic (genetic) factors, but also on extrinsic factors like environmental conditions, good agricultural, and good collection practices (GACP) for medicinal plants, including plant selection and cultivation. It is the combination of these factors that makes it difficult to perform quality controls on the raw materials of herbal medicines (WHO, 2004, 2005b). According to good manufacturing practice (GMP), correct identification of species of medicinal plants, special storage, and special sanitation and cleaning methods for various materials are important requirements for quality control of starting materials. 
One of the major challenges often encountered in the quality control of finished herbal medicinal products, especially mixture herbal products, is the difficulty in ascertaining the inclusion of all the plants or starting materials (WHO, 2005b). Thus, the general requirements and methods for quality control of finished herbal products remain far more complex than for other pharmaceuticals (WHO, 2003, 2004, 2005b). To ensure safety and efficacy of herbal medicines, therefore, WHO continues to recommend the institution of quality assurance and control measures such as national quality specification and standards for herbal materials, GMP for herbal medicines, labeling, and licensing schemes for manufacturing, import and marketing, in countries where herbal medicines are regulated (WHO, 2004). 
[bookmark: _Toc150463319]Challenges Related to Safety Monitoring of Herbal Medicines
In recent years, issues relating to increasing use of herbal products in developed countries, dependence of many people living in developing countries on plants as a major source of medicines coupled with absence or weak regulation of herbal medicines in most countries and the occurrence of high-profile safety concerns, have increased awareness of the need to monitor safety and deepen understanding of possible harmful as well as potential benefits associated with the use of herbal medicines (Rodrigues and Barnes, 2013). Adverse events arising from consumption of herbal medicines are attributable to several factors among which include the use of the wrong species of plant by mistake, adulteration of herbal products with other, undeclared medicines, contamination with toxic or hazardous substances, overdosage, misuse of herbal medicines by either healthcare providers or consumers and use of herbal medicines concomitantly with other medicines. Although, the assessment of the safety of herbal medicines has become an important issue for consumers, regulatory authorities, and healthcare professionals, analysis of adverse events related to the use of these products is much more complex than in the case of conventional pharmaceuticals (WHO, 2005b; Zhou et al., 2013). 
It is also recognized that evaluation of safety is complicated by factors such as the geographical origin of plant material, different processing techniques, route of administration, and compatibility with other medicines (Zhang et al., 2012). Furthermore, there is lack of the knowledge and/or poor emphasis on the importance of taxonomic botany and documentation by most manufacturers of herbal medicines and this poses peculiar challenges during identification and collection of medicinal plants used for herbal remedies (Farah et al., 2000). In order to eliminate the confusion created by the common names, it is necessary to adopt the most commonly used binomial names (including their binomial synonyms) for medicinal plants. For example, Artemisia absinthium L., which contains an active narcotic derivative and capable causing CNS disorders and generalized mental deterioration, has at least 11 different common names. Seven of the common names bear no resemblance to its botanical name. Because common names are mainly used, Heliotropiumeuropaeum(heliotrope), which contains potent hepatotoxic pyrrolidine alkaloids, is often confused with Valerian officinalis (garden heliotrope), known to contain valepotriates with sedative and muscle relaxant properties. This explains why it is important to provide the exact scientific name of the plant, the plant part used, and the name of the manufacturer when reporting adverse drug reactions of herbal medicines. Therefore, effective monitoring of safety of herbal medicine will require effective collaboration between botanists, phytochemists, pharmacologists, and other major stake-holders.
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[bookmark: _Toc150463322]3.1 Equipment and reagents
Buck Accusys model 211 Atomic Absorption Spectrophotometer (AAS) equipped with corresponding hollow cathode lamp (Lead, Cadmium and Iron) at the time of analysis, De-ionized water, H2SO4 , HNO3, NO2 . All experiments were performed using analytical grade of the reagents. 
[bookmark: _Toc150463323]3.2 METHODS
[bookmark: _Toc150463324]3.2.1 Collection of samples
Five locations were selected using convenience sampling method from the three local Government Areas that make up Ilorin metropolis, viz: Ilorin South, West and East local Government Areas. Herbal preparations were purchased from hawkers. Five different herbal preparation having two batches were selected for this study and were coded H1, H2, H3, H4, H5, H6, H7, H8, H9, and H10. The herbal preparations were collected in a clean container and keep for further evaluation.
[bookmark: _Toc150463325]3.2.2 Preparation of calibration curve
De-ionized water was used in preparing solutions. Stock solutions of each metal Pb, Fe (undifferenciated), and Cd were prepared by dissolving each solid metal sample (1.0 g) in 10 mL 1:1 nitric acid solution. The solution was transferred into a 1000 mL volumetric flask and made 
up to mark with de-ionized water. Standard solutions were prepared from each metal stock solution of 1000 mg/L.5 A 100 mL quantity of the standard solution of each metal was adjusted to pH of 2.5 by adding 1M nitric acid. Each standard solution andblank was transferred into an individual 250 mL separating funnel. 1 mL ammonium pyrrolidine dithiocarbamate was added followed by the addition of 10 mL methyl isobutyl ketone and the solution was shaken vigorously for 2 minutes and allowed to settle. The aqueous layer was discarded; while the organic layer was then aspirated directly into the flame and the absorbance was recorded using an Atomic Absorption Spectrophotometer equipped each with hollow cathode lamp, at 283.2 nm, 248.3 nm and 228.8 nm wavelengths for Pb, Fe and Cd respectively. The nebulizer, atomizer and burner were flushed each time with de-ionized water after each sample was aspirated before the next. The stability of the equipment was checked at intervals by introducing the highest working standard solution and the blank.5 
[bookmark: _Toc150463326]3.2.3 Sample pre-treatment
A 10 mL quantity of each herbal bitter sample was measured into a digestion flask and digested with 10 mL of tri-acid mixture (HNO2 :HClO4 :H2SO4 ) in the ratio 25:4:2 i.e. 8.1 mL HNO3, 1.3 mL HClO4 , 0.6 mL H2SO4 on a hot plate under a fume cupboard at 100oC until dense white fumes appeared. The flask was allowed to cool, a quantity of de-ionized water was added and digested until a clear solution was obtained. The solution was cooled and filtered into a 100 mL volumetric flask and made up to mark with de-ionized water. 19 This pre-treatment was done in triplicate for each sample and a total of thirty (30) digests were obtained. 
[bookmark: _Toc150463327]3.3 Sample analysis
The digested samples were analyzed using BUCK ACCUSYS 211 Atomic Absorption Spectrophotometer equipped with hollow cathode lamp, at 283.2 nm, 248.3 nm and 228.8 nm wavelengths for Pb, Fe and Cd respectively. The absorbance for each metal (Pb, Fe, and Cd) in each digested sample was recorded and concentration of metal determined from the calibration curve. 
[bookmark: _Toc150463328]3.4 Statistical analysis
The results were expressed as the mean ± S.E.M. Data was analyzed using GraphPad Prism (Version 7). Statistical analysis was carried out using Student's t-test to compare heavy metal content in the herbal bitters with the WHO permissible limit. The statistical significance was taken at P < 0.01
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[bookmark: _Toc150463330]4.1 RESULTS
The concentration of heavy metals (Pb, Fe and Cd) in the samples were compared with permissible limit of 10 mg/L, 0.3 mg/L and 0.1 mg/L, 2mg/L and 40mg/L for Pb, Cd, Fe, Cr and Cu respectively. The concentration of lead in herbal samples ranged from 0.010±0.027 and 0.320±0.035mg/L, The highest and the lowest concentrations were found in H3 and H4 samples which were used by traditional healers to treat hypertension and sexual impotency. The concentration of Cadmium in herbal samples ranged from 0.000±0.000 and 0.250±0.065mg/L. It is important to note that seven (7) samples from the herbal preparations analyzed contained iron in concentrations significantly higher (P=0.01) than the 0.1 mg/L permissible limit recommended by WHO, 2006. In this study, the concentration of chromium was found in the range of 0.180±0.062 and 0.860±0.027mg/L. The highest amount was reported in the H10 sample while the lowest amount was reported in the H8 sample. The concentration range of copper in tested samples was 0.370±0.006 and 0.010±0.013mg/L as shown in Table 1. Themaximum concentration was reported in the H3 sample while the minimum amount was reported in the H4sample preparation. This result revealed that the concentration of copper in all traditional herbal products was found below the WHO permissible limit (40 mg/L).










Table of concentration of Iron (Fe), Lead (Pb), Cadmium (Cd), Copper (Cu), and Chromium (Cr)

	Sample code
	Concentration in mg/mL
	
	
	
	
	
	

	
	Pb
	Fe
	Cd
	Cu
	
	Cr
	

	H1
	0.030±0.000 

	0.007±0.021

	0.250±0.065
	0.140±0.021
	
	0.450±0.056
	

	H2
	0.160±0.053
	0.130±0.067
	0.220±0.041
	0.150±0.004
	
	0.720±0.046
	

	H3
	0.320±0.035
	0.230±0.028
	0.000±0.000
	0.370±0.006
	
	0.540±0.026
	

	H4
	0.010±0.027
	0.056±0.051
	0.000±0.000
	0.010±0.013
	
	0.640±0.085
	

	H5
	0.210±0.030
	0.120±0.072
	0.160±0.058
	0.050±0.017
	
	0.260±0.031
	

	H6
	0.130±0.002
	0.230±0.084
	0.000±0.000
	0.060±0.012
	
	0.730±0.063
	

	H7
	0.100±0.001
	0.270±0.063
	0.000±0.000
	0.070±0.009
	
	0.760±0.084
	

	H8
	0.160±0.068
	0.040±0.086
	0.000±0.000
	0.250±0.021
	
	0.860±0.027
	

	H9
	0.140±0.021
	0.310±0.047
	0.170±0.063
	0.330±0.005
	
	0.270±0.063
	

	H10
	0.240±0.052
	0.2400±0.071
	0.000±0.000
	0.130±0.012
	
	0.180±0.062
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[bookmark: _Toc150463332]5.1 DISCUSSION
The concentration of lead in herbal samples ranged from 0.010±0.027 and 0.320±0.035mg/L (Table 1). The highest and the lowest concentrations were found in H3 and H4 samples which were used by traditional healers to treat hypertension and sexual impotency. The WHO maximum permissible limit for lead in traditional herbal preparations is 10 mg/L(WHO, 2007). Hence, all samples analyzed were within this permissible limit. Maghrabi reported similar results from different samples of herbal drugs marketed in Saudi Arabia, with the levels of Pb below the WHO permissible limit (Maghrabi, 2014). However, contrary to this finding, the concentration of lead above the WHO maximum permissible limit was reported in previous studies (Anim et al., 2012; Mousavi et al., 2014; Mulaudzi et al., 2017; Zamir et al., 2019).The presence of this amount of lead in the herbal bitters may not pose health threat, although human users should be advised not to use these products over a long period of time. This result is similar to the findings obtained from a study carried out in Ghana on hazardous concentration of lead in traditionally used herbal drugs. Lead is one of the most toxic heavy metals and progressive exposure may cause poor muscle coordination, gastrointestinal symptoms, brain and kidney damage, hearing and vision impairments, and reproductive defects. Lead bioaccumulates in biological tissues; patients who use medicinal herbs with even low concentrations of Pb over a long period of time might be at risk of chronic Pb toxicity and should be monitored for any signs of lead poisoning (Nourmoradiet al., 2013). The WHO maximum permissible limit of cadmium in traditional herbal products is 0.3 mg/L(WHO, 2007). 
The concentration of Cadmium in herbal samples ranged from 0.000±0.000 and 0.250±0.065mg/L. A study conducted in Zaria, Northern Nigeria showed that cadmium (Cd) concentration exceeded the WHO limit by 100 % in all the herbal drugs used as antimalarial.Similar findings have been reported in Jordan and Bangladesh (Zamir et al., 2015). However, high levels of cadmium above the WHO permissible limit have been reported in South Africa (Mulaudzi et al., 2017), Iran (Mousavi et al., 2014), and Nigeria (Afierohoet al., 2018). An intake of high levels of cadmium is known to be very toxic and carcinogenic. Its ingestion at lower levels can accumulate in the kidneys, resulting in renal tract impairment, lung damage, and fragile bones (Mulaudzi et al., 2017).
It is important to note that seven (7) samples from the herbal preparations analyzed contained iron in concentrations significantly higher than the 0.1 mg/L permissible limit recommended by WHO, 2006. Another study reported the concentration of iron to be between 0.0001 and 1.12 ppm in different herbal medicine purchased from various places in Karachi city of Pakistan and KwaZulu Natal Province, South Africa (Bakare-Odunola and Mustapha, 2014). Previous studies have shown that when consumers take above the permissible safe limit of iron, either from nutritional sources, or from orthodox or herbal drugs, untoward reactions may occur (WHO, 2007).  Also, cases of iron ingestion leading to toxicity or poisoning have been reported in some studies (Oreagbaet al., 2011). Iron toxicity may cause gastrointestinal effects such as vomiting, diarrhea, melena, and abdominal pain which may occur and progress to life threatening hemorrhagic gastritis, perforation, and peritonitis.26 Such cases of acute gastroenteritis may contribute to early cardiovascular toxicity through fluid and blood loss which manifests as decreased cardiac output, cardiac arrest and shock (Mousavi et al., 2014 Mulaudzi et al., 2017; Zamir et al., 2019). Also, metabolic acidosis and CNS manifestations such as depressed sensorium, ranging from mild obtundation to profound coma are commonly seen with severe iron overdose. Iron preparations are beneficial in the management of iron deficiency anaemia and a deliberate addition by the manufacturer of the herbal bitters cannot be overruled. The high concentrations of Fe found in the preparations may be due to factors such as contamination during the process of cultivating and/or harvesting the medicinal plants, and unintentional cross contamination during production. Critical evaluation is recommended to be carried out to detect the source(s) of iron contamination in the samples of herbal preparation analyzed. Public awareness and or enlightenment about the adverse effects of iron overload in herbal preparation may be extremely needful (Mulaudzi et al., 2017; Zamir et al., 2019).
In this study, the concentration of chromium was found in the range of 0.180±0.062 and 0.860±0.027mg/L (Table 1). The highest amount was reported in the H10 sample while the lowest amount was reported in the H8 sample. The level of chromium in herbal products was above the WHO recommended permissible limits (2 mg/kg) (WHO, 2007). This might be due to contamination of the raw materials used in manufacturing and contamination during the harvesting and manufacturing process of herbal plants. Similar results of high levels of chromium have been reported in a study conducted in South Africa. Exposure to high levels of chromium can result in respiratory tract problems, lung cancer, dermatitis, and permanent nose damage (Mulaudzi et al., 2017). The health risk due to metal contamination, in general, depends on the average daily dietary intake. Chromium is lethal and toxic to humans even at lower concentrations.
The concentration range of copper in tested samples was 0.370±0.006 and 0.010±0.013mg/L as shown in Table 1. Themaximum concentration was reported in the H3 sample while the minimum amount was reported in the H4sample preparation. This result revealed that the concentration of copper in all traditional herbal products was found below the WHO permissible limit (40 mg/L) (WHO, 2007). Similar results were reported in Brazil, Nigeria, and Ghana (Anim et al., 2012). Copper is an essential element for the human metabolic system. It regulates various biological processes like redox reactions, energy production, connective tissue formation, iron metabolism, and synthesis of neurotransmitters. However, chronic exposure to a high concentration of copper causes irritation of nasal mucosa, vomiting, nausea, diarrhea, kidney, and liver damage (Zamir et al., 2019).


[bookmark: _Toc150463333]CONCLUSION
The results obtained from this study showed that iron was present in all the samples with some concentrations significantly higher than the WHO permissible limit. Lead and cadmium were present in some of the samples with concentration below the WHO permissible limit. This study recommends that regulatory bodies should ensure herbal products are free from heavy metal contaminants and safe for human consumption.
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