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Abstract

Natural products extensive use as a source of primary health care requires routine quality control scientific testing methodologies, to verify the safety, quality and efficacy of commercially available plant products in the best interest of the consumer. This in context of the BRICS nation states will enhance public confidence in the use of such products, as adverse side effects, often associated with the use of traditional/herbal products are generally due to misidentification of plants, lack of standardization and good manufacturing practices, botanical substitution, adulteration, and contamination. The therapeutic effect of plant medicine is alleged to be enhanced by essential trace elements. For this study the focus was two product types; Ginseng as a popular traditional Chinese medicine, used for its adaptogenic and restorative properties, and African Potato products used as an immune booster for patients infected with HIV/AIDS. Different commercial brands of Ginseng and African Potato products were purchased from pharmacies and health stores in Cape Town. Products were evaluated for content validity and contamination for the following trace element and heavy metals, sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), chromium (Cr), nickel (Ni), lead (Pb) and mercury (Hg), lithium (Li). The instrument utilized was the combination tandem system of Inductively Coupled Plasma - Mass Spectrometer (ICP-MS) that is a powerful, accurate, fast and sensitive, analytical technique. The results for Ginseng products show intra-sample and batch-to-batch consistency for Mg, K, Ca, Mn, Fe, Sr, Cd, Pb, and for Hypoxis products this was Mg,
K, Ca, Mn, Co, Cu, Zn, Sr, Cd, Pb. These trace element and heavy metals could be used as 'markers' for product consistency. In conclusion, for the safety, quality and efficacy of these natural products standard operating procedures (SOP) for Good Agricultural Practice (GAP), Good Laboratory Practice (GAP), Good Supply Practice (GSP) and Good Manufacturing Practices (GMP) needs to be established, improved on, implemented and monitored. This approach with technology will help policy-makers and development agencies, within the BRICS nations, to ensure quality products and appropriate enforcement.
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Preamble




This research paper seeks to illuminate an important requirement for laboratory (or improved) systems to monitor the quality and consistency of commercially available products as may be traded among emerging national economies of, Brazil, Russia, India, China and South Africa (BRICS). These plant-based products may previously have been used in traditional setting only, but demand by consumers in both rural and urban setting (migration to city) makes commercialization of such products or product equivalents attractive as enterprising business [1]. This is specifically so in context of the Human immunodeficiency virus/Acquired immunodeficiency syndrome (HIV/AIDS) setting, where the use of Ginseng and African potato is common practices. 


Introduction

The World Health Organization (WHO) estimates that 6080% of people in developing countries use herbal (traditional) medicines [2]. Moreover, the use of over-the-counter (OTC) herbal and other forms of drugs derived from plants products (traditional medicine) has increased dramatically over the past decade, both in developing and developed countries [3].

The upsurge in the use of natural products includes

(i)	Cost effectiveness and availability,

(ii)	perceived safety and lack of side effects,

(iii)	Deteriorated belief in the efficacy and safety of orthodox drugs,

(iv)	Public tendency towards self - medication

Increase in the interest, publicity and sensational journalism [4]. Concern associated with herbal supplements use is the potential exposure to toxic substances, whether as an expected component of the formulation or as an unintended contaminant [5,6].

Natural products extensive use as a source of primary health care should require routine quality control scientific testing methodologies to verify the safety, quality and efficacy of commercially available plant products [7]. This approach will enhance public confidence in the use of such products, which is predominantly in an unregulated environment. Adverse side-effects often associated with the use of traditional/herbal products, are generally due to misidentification of plants, lack of standardization and good manufacturing practices, botanical substitution, adulteration, and contamination. The therapeutic effect of plant medicine is alleged to be enhanced by essential trace elements [8]. Some products may however also contain excessive amounts of trace elements and heavy metals [9]. Trace element and heavy metals could therefore be implicit in causing, contributing or precipitating adverse reaction events [10]. Both trace elements and heavy metals would not necessarily be declared on the product label and consequently becomes an important consideration for this study The importance of measuring heavy metals and trace metals in particular, is presented in a Herbal Supplement book [5], which points to the contamination of herbal supplements from metals, pharmaceuticals and plant poisoning. Further FDA analyses showed that the greatest contamination associated with metals has been observed in the course of inspection of herbal products imported from Asia [11].

The presence of heavy metals is an example of this concern as case reports have described adverse effects or death, secondary to metal toxicity from supposedly safe 'all natural' products [5,6]. The detrimental health outcomes in the longer-term might arise as is illustrated by the following examples; Cadmium (Cd) has a long biological half-life and ingestion over a lifetime results in substantial body burden due to storage in the liver and kidneys, Lead (Pb) replaces Calcium (Ca) leading to osteoporosis and may potentiate other genotoxins to induce cancer., while Mercury (Hg) crosses the blood brain barrier and the placenta, inducing neurological damage, and Nickel (Ni) is a known carcinogen and shows wide variability to induce tumors [5].

There is no reason to suspect an offending herbal supplement to be of risk of over exposure to heavy metals until the consumer shows signs oftoxicity. Therefore, measuring the presence ofthese metals in herbal (traditional) supplement products may verify their quality and consistency [5] and reduce the risk associated with unintentional or intentional metal exposure. In this context the revival of interest in the development and discovery of new plant-based medicines [12] is essential. Commercial Ginseng and Hypoxis supplement products are regarded as herbal or plant- derived medicines used in primary healthcare, self-medication. These were selected due to their popularity in complementary and alternative medicine practices [13]. Ginseng is a popular traditional Chinese medicine, used for its adaptogenic and restorative properties, and African Potato products is an immune booster for patients infected with HIV/AIDS [14]. The aim of the study was to determine, whether the applicability in use of trace elements and heavy metals in assessing inter-and-intra product batch consistency, and if the fingerprint profiles could be used as an operational quality control approach for reference standard batch-to-batch consistency for specific brand types.

Materials and Methods

Ginseng and Hypoxis (African potato) commercial product brands were purchased from various pharmacies and health stores in Cape Town, South Africa, with the strategy where possible, of having different batch numbers of the same product. This amounted to 11 products, (Ginseng n=6 and Hypoxis n=5). There was no prior knowledge of the concentrations for the respective trace elements and heavy metals. The selection of these products allowed for inter-and-intra batch analysis of the trace elements and heavy metal composition. The products were evaluated for content validity and contamination for the following trace element and heavy metals, magnesium (Mg), potassium (K), calcium (Ca), iron (Fe), manganese (Mn), lithium (Li), sodium (Na), chromium (Cr), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), strontium (Sr), cadmium (Cd), mercury (Hg) and lead (Pb). The sample digestion procedure prior to analysis followed the accurate weighing of the sample material. The acid digestion was adapted from the Karbochem Research and Development Laboratory. This followed combination of HCL/HF (1:4), Nitric acid and Perchloric acid as part of the procedure.

Inductively Coupled Plasma Mass Spectrometry Methodology

The trace element and heavy metal content in the products were determined, using the analytical combination tandem system technique of ICP-MS Inductively Coupled Plasma - Mass Spectrometry (ICP-MS). ICP-MS is a powerful, accurate, fast and sensitive analytical technique. The Perkin-Elmer 6000 ICP- MS instrument and analytical sample preparation procedures were used for the above analysis (Courtesy: Department of Geochemistry, University of Cape Town) [15,16].

Statistical Analysis

Upon completion of data capturing and analysis of the respective investigations, the following computer-based programmes were used for statistical analysis and graphic representation: Windows-based Microsoft® Office Excel 2003 SP1 (Excel© 1985-2003 Microsoft Corporation), Win Nonlin Standard Edition Version 1.5 (Win Nonlin© 1984-1997, Scientific Consulting, Inc.), and Graph Pad Prism® Version 2.01 (Graph Pad Software© 1994, 1995, 1996 Graph Pad Software, Inc.). Descriptive data were calculated as means and standard deviations and the coefficient of variation (CV) was computed. Statistical significance was determined where the p value was ≤0.05. Consistency was accepted where both duplicate sample determination were ≤20% CV for each trace and heavy metal investigated. The percentage CV criteria were based on the upper limit of acceptable analytical precision, and within the permissible statistical window for bioequivalence assessment [17-19]. 

Results

Products investigated


Table 1:    Ginseng and Hypoxis products investigated.
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AFNG-Aspen Formule Naturelle Ginseng, NFNG-Natrodale Formule Naturelle Ginseng, BG- Bettaway Ginseng. IH- Inkomfe Hypoxis, TAPH- Trazure African Potato Hypoxis.

Table 1 reflects the Ginseng and Hypoxis (African potato) products investigated (Table 1). The products were evaluated for content validity and contamination for the following trace elements and heavy metals; Mg, K, Ca, Fe, Mn, Li, Na, Cr, Co, Ni, Cu, Zn, Sr, Cd, Hg and Pb

Statistical evaluation of ginseng and hypoxis formulas

Samples of Ginseng and Hypoxis formulas (10 tablets or capsules) were randomly selected and evaluated for their mass (in mg) consistency statistically, using the unpaired-t-test (Table 2). The coefficient of variation ranged from 1.3 to 7.2% for the respective samples. There was a significant difference between the average mass of G5 and G6 (BG different batches) (p =0.042), and H1 and H2 (IH different batches) (p =0.017). The samples from the same batches (Ginseng and Hypoxis) were not statistically significantly different. Table 3 summarises the trace element and heavy metals that show intra-sample batch consistency, intra-batch variability, and inter-batch consistency (Table 3). These trace elements and heavy metals may be used as markers, as part of specific product assessment and quality.


Table 2:    Comparison of mass for the Ginseng and Hypoxis samples (n=10 in each).
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The coding and details of each sample are shown in Table 1.
 


Table 3:    Trace element and Heavy metal Inter-and-Intra batch consistency.
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Assessment for consistency based on ≤20%CV values. AFNG-Aspen Formule Naturelle Ginseng; 

NFNG-Natrodale Formule Naturelle Ginseng; BG-Bettaway Ginseng; IH- Inkomfe Hypoxis; 

TAPH- Trazure African Potato Hypoxis




Trace elements and heavy metals in ginseng and hypoxis

Ginseng commercial products assessed showed Table 4 the highest concentrations measured for, Mg (7.20mg/g), K (11.74mg/g), Ca (79.11mg/g), Fe (7.14mg/g), Na (113.98νg/g), Ni (4.47νg/g), Zn (59.14νg/g), Sr (99.29νg/g) in AFNG, and Hg (4.14νg/g) in BG. Hypoxis commercial products assessed showed Table 4 the highest concentrations measured for Li (48.87νg/g), Co (3.79νg/g), Cu (17.44νg/g), Cd (0.72νg/g) and Pb (49.82νg/g) in IH, and Mn 466 (νg/g) in TAPH. Chromium was not detected in either of the Ginseng and Hypoxis commercial products analysed (Table 4). 


Table 4:    Highest element concentrations in Ginseng and Hypoxis Products
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AFNG- Aspen Formule Naturelle Ginseng; BG- Bettaway Ginseng; TAPH- Trazure African Potato Hypoxis; IH-Inkomfe Hypoxis. Cmax are the highest concentrations in mg/g for Mg, K, Ca and Fe and in |jg/g for Mn, Li, Na, Cr, Co, Ni, Cu, Zn, Sr, Cd, Hg, Pb measured for commercial









Phyto-pharmaceutical enhancing indications and toxicity

Table 5 summarizes selected trace elements and heavy metals measured in Ginseng and Hypoxis commercial products, their phyto-pharmaceutical enhancing indications, recommended daily upper limits and potential toxic effects in humans due to elevated levels [20,21].

Comparative highest concentration assessment

In the context of the recommended upper levels for selected trace elements and heavy metals as presented in Table 5, the highest concentration in each product type were determined as presented in Table 6 as an illustration using results obtained in Table 4. This illustration points to the equivalent number of commercial Ginseng and Hypoxis product tablets or capsules that have to be consumed to achieve concentrations of Mg, K, Ca, Fe, Mn, Na, Cu and Zn that may potentially cause adverse events. It is particularly noteworthy to point out that at least nine Ginseng tablets or capsules are needed to be consumed to achieve the upper limit of 40mg/day for iron (Fe). This is highly relevant since consumers can take higher dosages of product than recommended or prescribed. However, toxicity and adverse effects must be carefully monitored and evaluated from the perspective of synergy among the product's ingredients, i.e., their individual and combined effect(s). 


Table 5:    Phyto-pharmaceutical enhancing indications and toxicity.
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*UL, upper limit- Dietary Reference Intake (accessed 2017, November 2017). Available from http://en.wikipedia.org/wiki/Dietary_Reference Intake


Table 6:    Illustrative equivalent upper limit tablet or capsule determination.
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AFNG- Aspen Formule Naturelle Ginseng; BG- Bettaway Ginseng; TAPH- Trazure African Potato Hypoxis; IH-Inkomfe Hypoxis




Fingerprint profiles of Ginseng and Hypoxis products

Using the trace element and heavy metal analysis data of the commercial Ginseng and Hypoxis products, comparative fingerprint plots were created using logarithmic concentration values. This allowed for comparative profiles of the complete data-set as well as an assessment of product and manufacturing processing consistency. All the trace elements and heavy metals assessed may be classified as contaminants, as they were not described on the label content of the products. Certain trace elements and heavy metals, within given product sample batches showed consistency, in the replicate samples tested. These specific elements could be used as 'markers' for product and batch -to- batch consistency testing.

Ginseng

Top left (AFNG): The fingerprint profile (Figure 1) was established from quadruplicate samples from two respective batches of AFNG. Based on the criteria of ≤20% CV and Mg, K, and Ca showed intra-sample consistency. Calcium was the only trace element with acceptable inter-batch sample consistency. Intra-batch variability were observed for Fe, Mn, Li, Na, Co, Ni, Cu, Zn, Sr, Cd, and Pb. Cr and Hg was not detected in any of the specific samples. 




[image: ]

Figure 1:     Fingerprint profile of Ginseng and Hypoxis products investigated.












Centre left (NFNG): The fingerprint profile (Figure 1) was established from quadruplicate samples from two respective batches of NFNG. K, Fe and Mn showed intra-sample consistency K, Fe, Mn also showed inter-batch sample consistency. Intrabatch variability was observed for Mg, Ca, Li, Na, Cr, Co, Ni, Cu, Zn, Sr, Cd, Hg and Pb. Cr and Hg were not detected in any of the specific samples.

Bottom left (BG): The fingerprint profile (Figure 1) was established from quadruplicate samples from two batches of BG. Pb showed intra-sample batch consistency. Intra-batch variability was observed for Mg, K, Ca, Mn, Li, Na, Co, Ni, Cu, Zn, Sr, and Cd. No Cr, Fe and Ni were detected in the specific samples.

Hypoxis

Top right (IH): The fingerprint profile (Figure 1) was established from six replicates from three respective batches of IH. Mg, K, Mn, Zn showed intra-sample batch consistency, and inter-batch sample consistency was observed for Mg and Mn. Intra-batch variability is observed for Ca, Fe, Li, Na, Co, Ni, Cu, Sr, and Cd. No Cr, Fe and Ni were detected in the specific samples.

Centre right (TAPH): The fingerprint profile (Figure 1) was established from quadruplicate samples from two respective batches of TAPH. Mg, K, Ca, Mn, Sr had intra-sample batch consistency, and inter-batch sample consistency was observed for Mg, K, Ca, Mn and Sr. Intra-batch variability was observed for Co, Ni, Cu, Sr, and Cd. Li, Na, Cr, Fe and Hg were not detected in the specific samples tested.

Summary of results

The descriptive data (Table 2) for the Ginseng and Hypoxis tablet or capsule samples generally showed good consistency for mass, as there was no significant difference between samples. However, there were significant differences in mass in the BG product batches G5 and G6 (p=0.042), and Inkomfe Hypoxis product batches H1 and H2 (p=0.017) respectively Table 3 provides a summary of Ginseng and Hypoxis products assessed with respect to the trace element and heavy metals that show intra-sample batch consistency, those that show intra-batch variability, and those that show inter-batch sample consistency. Table 4 provides a comparative assessment of the highest overall element concentrations in the respective Ginseng and Hypoxis products. These findings were used to establish Table 6, which illustrates the upper limit concentration of a given trace element or heavy metal individually, that would be accomplished when consuming a given number of tablets or capsules. The findings suggest the importance of the individual effects of the elements investigated, but also the combined, synergistic effect that may arise. Further, the study shows that; none of the commercial Ginseng and Hypoxis products investigated contained Cr, and the trace elements and heavy metals identified for each specific product, could be used as specific markers for inter and intra batch-to-batch consistency. Further the fingerprint profile(s) can be utilized as important visual tools to assist the process of establishing product quality and consistency on an ongoing basis.

Discussion

Plant-derived phytochemicals, trace elements and minerals may potentially boost the therapeutic efficacy of complimentary and traditional medicines in foods (CTMF). The large potential of the phyto-pharmaceutical industry in South Africa may be jeopardized by lack of quality control testing procedures and efficient product regulation. It is also important to recognize the individual or collective (combined or synergistic) impact of various trace elements and heavy metals might have on human health and disease, particularly when use in conjunction with conventional drug treatment regimens [14,22,23].

There are many organizations and regulatory bodies that monitor and control the phyto-pharmaceutical industry in South Africa to ensure consumer confidence and satisfaction, including the Direct selling association and Health products association. Validation processes that are key to ensuring the quality, safety and efficacy of natural products include Standard Operating

Procedures (SOPs) for Good Agricultural Practice (GAP), Good Laboratory Practice (GLP), Good Supply Practice (GSP) and Good Manufacturing Practices (GMP). The aforementioned principles and fundamentals need to be established, implemented, regulated and monitored. The findings in this study reveal the need for such measures to be instituted. This study emphasizes that prudent and novel approaches are necessary to ensure that commercially available herbal (traditional) supplement products comply with standard safety and efficacy. It further suggests, that constituents such as trace elements and minerals, along with other constituents in supplement products, should have unique 'fingerprints' to ensure an enabling 'quality control tool for GAP, GMP and GSP, in the interest of consumer safety and satisfaction.

Further, trace element and heavy metal content on Ginseng and Hypoxis supplement labels are not declared. The lack of knowledge of the presence of these elements may have negative consequences as the metals accumulate in the same target organs (e.g. liver and kidney), suggesting that their respective toxicities may be additive. This links to a study by Grippo et al. [10] that shows that the lowest concentration of metal was mostly found in single-ingredient supplements compared to multiple component supplements that generally had higher metal concentrations. According to the studies data, multiple-component supplement products would have a greater probability of contributing to adverse effects [10]. The number of case reports describing toxicity linked to the use of herbal products provides strong evidence that the presence of heavy metals in alternative medicine is a matter of serious concern [5]. The findings also point to the important requirement for qualitative and quantitative assessment of these herbal (traditional) products, to minimize risk to health and wellness, and as suggested by Tovar et al. [2] and Dasgupta et al. [5]. Herbal products are often exported to high-consumption markets, thus spreading the risk of heavy metal toxicity [5]. Whilst findings in this study, based on the Ginseng and Hypoxis products allow for a marker of quality, this does not imply that other similar products may not present higher concentration levels as contaminants, and hence the importance for 'a quality control tool'.

'Finger print' profiling of the trace and heavy metal composition of Ginseng and Hypoxis commercially available products as was used in this study, has the potential to be used as a reference standard against which subsequent manufactured batches can be validated. The proposed (trace elements and heavy metal concentration) approach has the potential to contribute to standardizing consistency the production and quality of traditional herbal medicines brand types. The trace elements and heavy metal respective concentration should be consistent for every brand type. In accordance with this, the two products Ginseng and Hypoxis were systemically analyzed to determine trace element and heavy metal collective profiles that would have practical relevance for herbal product quality assessment.

Limitation of Study

The assessment at the time was developed as a proof of concept, using specific the Ginseng and Hypoxis brand of products. This would need to be expanded to other brands in this category that is currently in the market. The period of the study (concluded 2013), and specific products analysed may not represent the current product range. It therefore should not be assumed that that the status quo as presented in this study is the same or similar, as the trace element and heavy metal situation may have 'worsened', as a result of the ongoing changes, and with specific reference to Ginseng and Hypoxis range of products in the South Africa market. Ongoing research, hence needs to be accomplished, that will clarify and provide a possible legislative shift in regulation and policy, in the interest of the health and wellness of the consumer.

Conclusion

Fingerprint profiles were established for each of the Ginseng and Hypoxis products investigated. Firstly, the fingerprint profiles approach showed reliability as a marker (a quality control tool)to evaluate overall product quality in directly in assessing consistency, and as 'established' for specific brand types. Secondly, to assist more convincingly the potential for metal associated-drug interactions that may previously not have been associated with consumption of the specific products in this study. Further, policy-makers, development agencies and legal frameworks, within and outside the BRICS countries who are responsible for indigenous knowledge systems, would be able to use the trace element and heavy metal 'platform' to share best practice research experiences. This to ensure efficacy and safety of product consumption specifically in the HIV/AIDS setting, but also more generally, the product assessment for a range of herbal (traditional) commercially available products.
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