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			Abstract

			The traditional medicines sector in South Africa is still largely unregulated despite legislation aimed at regulating the practice being in place. The HIV and AIDS epidemic has fuelled demand for traditional medicines, with many patients consulting traditional health practitioners who offer different treatments, including herbal immune boosters. This study investigated the mutagenic and antioxidant effects of the widely sold herbal immune booster, uMakhonya®. The Ames test was used for analysis of the genototoxic effects while the adenosine triphosphate (ATP) assay was used to evaluate cell cytotoxicity in peripheral blood mononuclear cells (PBMCs) and THP-1 monocytes. To evaluate the antioxidant effects the malondialdehyde (MDA) quantification, the nitric oxide and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assays were used. UMakhonya® doses of up to 5000 µg/mL were not genotoxic in the Ames test. UMakhonya® was shown to induce dose-dependent cytotoxicity in both PBMCs and THP-1 cells with doses ranging from 500 µg/mL to 1000 µg/mL, showing significant (p<0.05) toxicity. UMakhonya® was able to significantly (p<0.05) reduce nitrite radicals at 100 µg/mL while lower doses were not effective when compared to samples stimulated by lipopolysaccharide only. Non-cytotoxic doses of uMakhonya® showed significant (p<0.05) lipid peroxide scavenging ability in supernatants while this scavenging ability was considerably reduced intracellularly. In the DPPH assay, when both uMakhonya® and ascorbic acid were reconstituted in buffered saline, the traditional herbal remedy showed better radical scavenging abilities. Therefore further studies on the genotoxicity of uMakhonya®, when metabolically activated, and its antioxidant effects in in-vivo models are warranted.
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			Introduction

			Traditional healers have for centuries advocated the value of using a combination of herbal remedies, single extracts and combined extracts to switch on the body’s defence mechanisms, self-healing and protective processes.1 Herbal plants are mostly used for this purpose and are often referred to as bitter tonics, adaptogens, stimulants, immune stimulants, immune boosters and strengthening mixtures. These African tonic plants are used for specific outcomes such as reducing fatigue, improving general health (during or after illness), reducing stress and cleansing the blood. Some aphrodisiacs for men are also made from tonic plants.2 Stress related bio-chemicals are known to play a significant role in immune suppression and mental interventions using traditional methods of healing and can play an important role in relieving the effects of such suppression.3 Therefore the study of the relationship between the effects of immune stimulants on the inflammatory response and the possible induction of oxidative stress and mutagenicity is important. 

			As complementary and alternative medicine has become more popular and attractive in the developed world, there has been an increasing interest by the scientific community to study the safety, efficacy and the mechanism of action of multiple herbal medicine.4 Most of the studied African herbal medicinal extracts are made from a single plant, while most of the traditional medicines are made up of a combination of two or more plants. Scientific information regarding plants used in African traditional medicine in the form of mixtures and their effect on human health or on genetic material is poorly understood. Of those traditional medicines that have been researched and studied, the medicinal plants have been shown to be safe and effective in improving the health status of patients and hence have warranted further research.5 Therefore, the study of the relationship between the effects of immune stimulants on the inflammatory response and the possible induction of oxidative stress and mutagenicity is important. Cellular mechanisms and external factors involved in the production of oxidative stress include the inflammatory response, peroxidation of cell membrane lipids and pro-oxidant activities of toxins.6 Consumption of herbal products has been linked to reduced risk of conditions such as cancer and cardiovascular disease.7 These potential benefits were demonstrated in a recent study of traditional herbal preparations sold in South Africa which showed that these preparations possess high antioxidant potential, reverse transcriptase inhibition or acetylcholinesterase enzyme inhibitory activity greater than 50%.7 These observed activities not only demonstrate the potential benefits of these herbal preparations but necessitate further research studies. 

			Plants are known to be a rich source of secondary metabolites. Of all current pharmaceutical products, 25–50% are derived from plants.8 Compounds from plants could act as protective agents with respect to human carcinogenesis, acting against the initiation, promotion or progression stages of this process or, perhaps by destroying or blocking the DNA-damaging mutagens outside the cells, thus avoiding cell mutations.9 Many naturally occurring compounds with antioxidant activity are known to protect cellular components from oxidative damage and prevent diseases.10 A number of such compounds can activate the phase II detoxification enzymes, which can remove the toxic elements from the system.11 This study investigated the mutagenic and antioxidant effects of a South African commercial traditional medicinal product, uMakhonya®, which is used as an immune tonic. This product is formulated by combining five different medicinal plants, including Artemisia afra, Menthol, Psidium guajava liquid extract, Chondrus crispus, and Uncaria tomentosa. Artemisia afra is used extensively to treat respiratory ailments and fever, suggesting an ability to increase resistance.2 Menthol is used in foods, topical therapeutic preparations, oral hygiene and dentifrice formulations, and tobacco products by virtue of its pleasant minty flavour and the cooling sensation it imparts when in contact with the skin or oral membranes.12 Psidium guajava leaf, root, and bark extracts are used traditionally for the treatment of diarrhoea, leukorrhea, cholera, external ulcers and skin diseases.13 Seaweed like Chondrus crispus contains bioactive substances like polysaccharides, proteins, lipids and polyphenols, with antibacterial, antiviral and antifungal properties.14,15 Uncaria tomentosa (cat’s claw) is a medicinal plant from the Amazon forest in South America used for treatment of a wide range of diseases, including arthritis, gastritis, osteoarthritis, diabetes, and cancer.16 According to statistics provided by the owner of uMakhonya®, over 16 500 1 L containers of this immune tonic were sold in 2014. 
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			Material and Methods

			Ethical clearances 

			This study received ethical approval from the Biomedical Research Ethics Committee of the University of KwaZulu-Natal (Reference number: BE168/11). Human whole blood samples were kindly donated by the South African National Blood Service (SANBS) (Human Research Ethics Committee Certificate Number: 2012/07).

			Materials 

			The THP-1 monocyte cells were a gift from Mr Saiyur Ramsugit of the discipline of Medical Microbiology, University of KwaZulu Natal. Roswell Park Memorial Institute (RPMI)-1640 medium with L-glutamine, foetal calf serum (FCS), penicillin-streptomycin-fungizone (PSF), L-glutamine, Opti-MEM, Histopaque 1077 and Hepes buffer were purchased from Lonza (Johannesburg, South Africa). The lipopolysaccharide (LPS) from Salmonella typhosa, Peptidogylcan from Staphylococcus aureus, Cyclosporine, 1,1-Diphenyl-2-picryl-hydrazyl (DPPH), Ascorbic acid, 4-nitroquinoline-1-oxide (4-NQO), phorbol 12-myristate 13-acetate (PMA) and Polymyxin B sulphate were purchased from Sigma Aldrich (St Louis, MO, USA). The Promega CellTiter-Glo™ Luminescent Cell Viability assay kit and the Griess Reagent System were purchased from Promega (Fitchburg, WI, USA). The OxiSelect™ TBARS Assay Kit (MDA Quantitation) kit was purchased from Cell Biolabs Inc (San Diego, CA, USA). The automated cell counter was from BioRad (Hercules, CA, USA). Glo-Max Modulus™ Microplate Luminometer was from Turner BioSystems (Sunnyvale, CA, USA). The colometric plate reader was from Zenyth200 (Cambridge, UK). All other reagents and equipment were purchased from standard commercial sources and were of the highest available purity analytical grade.

			Methods

			Preparation of the uMakhonya® formula

			UMakhonya® formulation samples (Batch number: R0101, National Pharmaceutical Product Index (NAPPI) Code: 710345-001) were donated by the owner of the traditional medicine formulation. He was actively involved in the research process and gave the researchers a tour of the industrial plant where the product is formulated and manufactured. Samples of these plants were given to our research group as reference. The herbal plants are listed on the packaging of the formula when sold in supermarkets and each 5 mL of uMakhonya® contains Artemisia afra (90 mg), Menthol (8.5 mg), Psidium guajava liquid extract (0.3 mL), Chondrus crispus (0.08 mL), and Uncaria tomentosa (Cats-claw tincture, 0.06 mL) and the rest is water. The formulation is listed with the Medicines Control Council (MCC) of South Africa and exclusive rights are reserved. It is manufactured by UMakhonya Natural Health Products (Pty) Ltd (Pinetown, South Africa). At the manufacturing phase, the plants are mixed proportionally in a 25 L tank and then extracted using tap water by boiling the contents of the tank at 100 °C overnight. The extract is then cooled, filtered once with a steel sift followed by removal of finer particles using a sifting net and then packaged into 1 L or 5 L containers. 

			To prepare the extract for in-vitro studies, the liquid extract was further sterile filtered and then freeze-dried to powder. The powdered plant material was then reconstituted at 10 mg/mL in phosphate buffered saline (PBS) (pH 7.2) and this was further sterile filtered with 0.22 µm filters. Working concentrations ranging between 1000 µg/mL and 10 µg/mL were then made using complete culture media. Endotoxin contamination was measured using the Limulus Amebocyte Lysate QVL-1000TM (Lonza, USA) with a sensitivity of 0.1 endotoxin units per mL. Polymyxin B sulphate (10 µg/mL) was added to reduce the immunostimulatory effects resulting from endotoxin contamination.

			Ames test 

			The bacterial strains used for the mutagenicity testing were the histidine-requiring Salmonella typhimurium tester strains TA98 (detects frameshift mutagens) and TA100 (detects mutagens that cause base-pair substitution) without metabolic activation. Freeze-dried samples of uMakhonya® were reconstituted in deionised water to known concentrations (5000 µg/mL, 500 µg/mL and 50 µg/mL) prior to biological activity testing. The test was carried out using the plate incorporation procedure described by Maron and Ames17. Briefly, 100 µL of bacterial stock was incubated in 20 mL of Oxoid Nutrient Broth for 16 h at 37 °C on an orbital shaker. The overnight culture (100 µL) was added to 2 mL of top agar (containing traces of biotin and histidine) together with 100 µL of test solution (uMakhonya® doses, solvent control or positive control) and 500 µL of PBS (for exposure without metabolic activation). The top agar mixture was poured over the surface of the agar plate and incubated for 48 h at 37 °C. After incubation, the number of revertant colonies (mutants) was counted. All cultures were made in triplicate (except the solvent control where up to five replicates were made) for each assay. The positive control used was 4-nitroquinoline-1-oxide (4-NQO) at a concentration of 2 µg/mL. Substances are considered mutagenic if the number of induced revertant colonies is twice the revertant colonies of the negative control (blank).17 

			Cell culture

			Normal human whole blood was carefully layered onto equal amounts of Histopaque 1077 then centrifuged at 600 g for 30 min at 25 °C. After centrifugation, the buffy coat layer containing PBMCs was isolated and washed twice in PBS (5 mL) and centrifuged again (300 g for 20 min at 25 °C). The final pellets were re-suspended in complete culture media (CCM) at 1x106 cells/mL and then left untreated or incubated for 2 h with 20 µg/mL of cyclosporine A. Without removing the immunosuppressive effect of cyclosporine, the cells were aliquoted to 6 well plates and treated with doses of uMakhonya® ranging from 1000 µg/mL to 10 µg/mL at a ratio of 1:1. The treated PBMCs were then incubated for 24 h at 37 °C, 5% CO2 and 95% humidity. At the end of the incubation period the cells and their supernatants were used for further experiments. 

			THP-1 monocytes were cultured in RPMI-1640 with L-glutamine, 10% FCS and 1% PSF in an incubator set at 37 °C with 5% CO2 and 95% humidity. The cells were passaged every 2–3 days and new media was added. To generate adherent macrophage-like cells, THP-1 cells at a density of 1×106 cells/mL were treated with 0.5 µg/mL phorbol 12-myristate 13-acetate (PMA) for 24 h and rested for a further 24 h before stimulation. Confluent wells of cells (1x105 cells/mL) were left untreated or activated with 10 µg/mL of LPS from S. typhosa for 2 h. Without removing the LPS stimulation, the THP-1 cells were aliquoted to 6 well plates and treated with doses of uMakhonya® ranging from 1000 µg/mL to 10 µg/mL at a ratio of 1:1. Cell viability was evaluated after 24 h using the luminescent cell viability ATP assay kit from Promega (USA) while the supernatants of treated cells were used for the nitric oxide free radical scavenging assay. Cyclosporine A was used a positive control for cytotoxicity and nitric oxide secretion suppression. 

			Cell viability assay

			The luminescent cell viability ATP assay kit from Promega uses recombinant luciferase to catalyse the following reaction: 

			ATP + d-Luciferan + O2 → Oxyluciferan + AMP + PPi + CO2 + Light (560 nm). 

			When ATP is the limiting component in the reaction, the intensity of the emitted light is proportional to the concentration of ATP. Based on these principles, the levels of ATP in cyclosporine immunosuppressed PBMCs, unstimulated, and LPS-stimulated THP-1 cells treated with doses of uMakhonya® were analysed according to the manufacturer’s instructions. Briefly, a sample (100 µL) of 24 h treated/control cell suspension was pipetted into three different wells of a white opaque 96-well plate. The working CellTiter-GloTM Reagent (cat number: G7570) was prepared immediately before use and was added to the wells with treated cells at 100 µL per well. The plate was shaken on a plate shaker for 2 min at 150 g. This plate was then incubated in darkness for 10 min at room temperature. Background signals of cell culture media and uMakhonya® doses (negative control) were subtracted from each average read. A dose response curve was also generated for the ATP levels using RLU versus different concentrations of samples. The cell viability assay was performed in triplicate and repeated three times before the follow up assays were undertaken. 

			Nitric oxide free radical scavenging activity

			The Griess reagent system from Promega (USA) was used to measure nitrite (NO2-), which is one of two primary, stable and nonvolatile breakdown products of NO. To perform the assay, 50 µL of separate supernatants from peptidoglycan stimulated, cyclosporine treated (20 µg/mL) and control PBMCs were plated in triplicate 96 well plates. The samples were left to equilibrate to room temperature after which 50 µL of Sulfanilamide solution was dispensed to all experimental samples and incubated for 10 min at room temperature away from light. The NED solution (50 µL) was then dispensed to all sample wells and the plate incubated for another 10 min at room temperature protected from light again. Absorbance was then measured within 30 min in a Zenyth200 plate reader at 540 nm. Nitrite standards at doses ranging from 100 µM to 1.56 µM were included as part of the samples and were used to draw a reference curve. All samples and standards were prepared in triplicate and the experiments were repeated twice.

			Malondialdehyde quantification

			To measure lipid peroxide levels in treated PBMCs and supernatants, the thiobarbituric acid reactive substances (TBARS) assay was used. Firstly, the treated and control PBMCs in PBS were homogenised on ice and supernatants were centrifuged at 10 000 g for 5 min to remove insoluble particles. Cyclosporine A, at 20 µg/mL, was used as a positive control for lipid peroxidation. MDA standards (100 µL of each sample) at doses ranging from 125 µM to 7.8 µM were added into separate microcentrifuge tubes followed by 100 µL of sodium dodecyl sulphate lysis solution. The tubes were mixed thoroughly and incubated for 5 min at room temperature. The TBA reagent (250 µL) was added to each sample and standard and the tubes were incubated at 95 °C for 1 h. After this, the tubes were cooled in an ice bath and then centrifuged at 700 g for 15 min. The samples and standards supernatants (200 µL per well of a 96 well plate) were analysed using a Zenyth200 spectrophotometer at 532nm. All samples and standards were read in triplicate and each experiment was repeated twice. A blank control was included to sub­strate background noise. 

			1,1-Diphenyl-2-picryl-hydrazyl free radical scavenging activity

			The DPPH assay was performed according to Sharma and Bhat18 with a few deviations. Non-cytotoxic doses of uMakhonya® ranging from 10 µg/mL to 100 µg/mL as determined by the ATP cell viability assay on both PBMCs and THP-1 cells were used for this assay. Briefly, samples (3000 μL of different non-cytotoxic doses of uMakhonya®, PBS or positive control) and methanolic DPPH solution (1000 μL, 200 μM) were combined and kept in the dark at 37 °C for 30 min. The absorbance of samples was measured at 517 nm on a Zenyth200 plate reader. All tests were performed in triplicate. Ascorbic acid was used as a positive control and was reconstituted in PBS at a concentration of 1 mM (175 µg/mL). 

			Statistical analysis

			Data analysis was done in Microsoft Excel to obtain descriptive statis­tics. The different levels of significance within the separate treated groups were analysed using one-way analysis of variance (ANOVA) and the differences between the treated cells, the untreated cells and the negative control samples were analysed using GraphPad Prism (version 5) software with the Tukey-Kramer multiple comparison test. Differences of p≤ 0.05 were considered statistically significant.
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			Results

			Ames test

			Results obtained from the mutagenicity test of uMakhonya® using S. typhimurium TA98 and TA100 strains were expressed as a mean ± s.e.m. (Table 1) and are based on a number of induced revertant colonies. Based on Table 1, uMakhonya® doses of up to 5000 µg/mL were not mutagenic in the Salmonella/microsome tester strains TA98 and TA100 when compared to the negative control and 4-NQO. The positive control, 4-NQO, induced significantly (p< 0.05) higher numbers of colonies and therefore demonstrated its mutagenic activities. 

			Table 1:	Number of histidine positive colonies (revertants) (mean ± s.e.m.) in Salmonella typhimurium strains TA98 and TA100 produced by uMakhonya®. 4-nitroquinoline-1-oxide (4-NQO) was used as a positive control and deionised water was used as a solvent control. In both test systems uMakhonya® was shown to be non-mutagenic. 

			
				
					
					
					
					
				
				
					
							
							Test sample name 

						
							
							Concentration (µg/mL)

						
							
							TA98

						
							
							TA100

						
					

					
							
							UMakhonya®

						
							
							5000

						
							
							15.5±8.0

						
							
							88.8±10.9

						
					

					
							
							500

						
							
							14.6±2.3

						
							
							87.4±12.5

						
					

					
							
							50

						
							
							15.6±4.1

						
							
							90.5±7.6

						
					

					
							
							4 NQO 

						
							
							2

						
							
							373.8±59.4

						
							
							893.7±100.1

						
					

					
							
							Solvent 

						
							
							

						
							
							13.0±3.0

						
							
							97.6±8.9

						
					

				
			

			

			Cell viability assay

			The cytotoxicity of uMakhonya® was evaluated in normal human PBMCs and malignant THP-1 monocytes to establish noncytotoxic doses for the antioxidant assays. In PBMCs immunosuppressed with 20 µg/mL of cyclosporine, uMakhonya® induced a dose dependent cytotoxic effect with high doses (1000 µg/mL and 500 µg/mL) significantly (p<0.05) increasing immunosuppression. Lower doses were less cytotoxic and these were used for the evaluation of MDA levels (Figure 1). 

			[image: 284434.png]

			Figure 1:	Cytotoxic effects of uMakhonya® doses on isolated PBMCs im­mu­no­suppressed with 20 µg/mL of cyclosporine A. 

			THP-1 monocytes stimulated with LPS from S. typhi and then treated with doses of uMakhonya® showed a similar trend to PBMCs. Higher doses were significantly (p< 0.05) cytotoxic to stimulated and unstimulated monocytes. At these higher doses uMakhonya® was more cytotoxic than the immuno­suppressive drug cyclosporine (Figure 2). Supernatants from stimulated monocytes treated with lower doses were used for the evaluation of nitrite radicals as a measure of the radical scavenging potential of uMakhonya®.
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			Figure 2:	Cell viability of LPS stimulated THP-1 monocytes treated with doses of uMakhonya® ranging from 1000 µg/mL to 10 µg/mL. 

			Nitric oxide free radical scavenging activity

			Nitrite (NO2-) is one of two primary, stable and non-volatile breakdown products of NO. Stimulation of THP-1 monocytes with LPS significantly (p<0.05) increased the secretion of NO as represented by levels of NO2-. Treatment of LPS stimulated THP-1 monocytes with non-cytotoxic doses of uMakhonya® did not significantly (p> 0.05) change the levels of nitrite radicals in treated supernatants with the highest dose tested (100 µg/mL) showing potential radical scavenging potential but this was not significantly (p>0.05) different from LPS stimulated THP-1 monocytes (Table 2). 

			Table 2:	Evaluation of nitrite as a measure of nitric oxide secretion from LPS stimulated THP-1 monocytes. 

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatment type

						
							
							Untreated THP-1 cells

						
							
							LPS (10 µg/mL) stimulated THP-1 cells

						
							
							Cyclosporine A (20 µg/mL)

						
							
							uMakhonya® (100 µg/mL)

						
							
							uMakhonya® (50 µg/mL)

						
							
							uMakhonya® (10 µg/mL)

						
					

					
							
							Nitrite (µM) (mean ± s.e.m.)

						
							
							1.03± 0.0045

						
							
							2.12± 0.0069

						
							
							2.00± 0.0068

						
							
							1.63± 0.0025

						
							
							2.24± 0.0023

						
							
							2.12±0.00

						
					

				
			

			

			Malondialdehyde quantification

			Immunosuppression of PBMCs with cyclosporine was meant to in­crease lipid peroxidation and changes in levels of peroxides after treatment with uMakhonya® were a measure of the possible antioxidant effects of this traditional medicinal product. In PBMCs, treatment with uMakhonya® doses increased lipid peroxides and this was significant (p<0.05) at the lowest dose (10 µg/mL) when compared to PBMCs treated with cyclosporine only. In supernatants, uMakhonya® doses significantly (p<0.05) decreased lipid peroxides at all doses tested when compared to supernatants from PBMCs treated with cyclosporine A only. Lipid peroxide levels from supernatants of immunosuppressed PBMCs were similar to those of untreated supernatants (Figure 3). Therefore uMakhonya® increased intracellular levels of lipid peroxides while displaying potent abilities to scavenge for these radicals in the surrounding media of the treated PBMCs.

			1,1-Diphenyl-2-picryl-hydrazyl free radical scavenging activity

			The DPPH assay is one of the quick methods used to evaluate antioxidant activity on DPPH, a stable free radical and widely used index. DPPH salt at 200 µM in methanol was mixed with non-cytotoxic doses of uMakhonya® in PBS ranging from 100 to 10 µg/mL and the changes in absorbance were measured as an indicator of free radical scavenging activity. Ascorbic acid was reconstituted in the same medium as uMakhonya® (PBS) to ensure that the results of the free radical scavenging activities were comparable. Ascorbic acid had a reduced antioxidant effect when dissolved in PBS with a plateau being reached at 80 µM (14 µg/mL) at 25% reduction of DPPH. Therefore, the IC50 for free radical scavenging activity for ascorbic acid was not reached when PBS was used as reconstitution medium (Figure 4a). There was a dose dependent increase in DPPH reduction by uMakhonya® with the highest dose tested (100 µg/mL) showing significantly (p<0.05) better antioxidant potential than ascorbic acid at 14 µg/mL. Similarly to ascorbic acid, uMakhonya® also did not reach an IC50 dose when doses shown to be noncytotoxic to PBMCs and THP-1 monocytes used were tested (Figure 4b).

			[image: 285553.png]

			Figure 3:	Effects of noncytotoxic doses of uMakhonya® on levels of lipid peroxides in cyclosporine treated peripheral blood mononuclear cells (PBMCs) and their supernatants. 
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			Figure 4:	Reduction of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) salt (200 µM) as a measure of (a) the antioxidant potential of ascorbic acid doses (b) and uMakhonya® doses
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			Discussion

			We tested the possible mutagenic and antioxidant effects of uMakhonya®, one of the popular commercial immune boosters based on traditional medicine knowledge. Even though it is a difficult task to convince manufacturers or herbalists to reveal the ingredients as well as the recipes of their products as they are well guarded secrets,7 this study collaborated with the owner of the traditional medicinal product. Novel potential drugs are usually screened for their possible mutagenic activities in many systems, including the Salmonella typhimurium microsome assay.19 Using the Ames test, uMakhonya® doses of up to 5000 µg/mL were not mutagenic in the Salmonella/microsome tester strains TA98 and TA100 when compared to the solvent negative control and 4-NQO (Table 1). These results showed that uMakhonya® can be assumed to have no direct in-vitro mutagenic effects when not metabolically activated. Similar results were shown in a study of commercial traditional herbal products sold in KwaZulu Natal where the Ames test results revealed that all 14 herbal preparations were non-mutagenic towards the Salmonella typhimurium strains TA98 and TA100 without metabolic activation.20 Mutagenic effects of any extract can be manifested in two other ways: the extract can be promutagenic by requiring metabolic activation or comutagenic by enhancing the mutagenic response of a known mutagen, irrespective of being mutagenic or not.21 Therefore, the risk assessment of uMakhonya® is not complete until this traditional medicinal product is tested for promutagenic and comutagenic effects. 

			Cell defences against oxidative stress are also known to decrease through changes in gene expression. The greatest protection against mutagenic activity observed in the promutagenic assay may be related to the activation of cytochrome P450 which mediates the oxidation of promutagens. Cytochromes function as antioxidants which scavenge and neutralise compounds that generate oxygen radicals, free radicals and reactive oxygen species.9 Most medicinal plants are known to possess innate antioxidant activities without the need for metabolic activation. Antioxidants from dietary and medicinal plant sources, particularly those containing phenolic compounds, have significant antioxidant activity.6 Mutagenic and antimutagenic activities have been linked to the presence of certain phytochemical substances such as flavonoids and tannins.9 The lack of direct cytotoxicity of uMakhonya® at doses of up to 5000 µg/mL observed in the Ames test was contrasted with direct cytotoxicity on isolated immune cells to establish non-cytotoxic doses for radical scavenging activities. In immunosuppressed PBMCs, uMakhonya® induced a dose-dependent cytotoxic effect at high doses above 100 µg/mL thus increasing immunosuppression significantly (Figure 1). A similar trend was observed in LPS stimulated THP-1 macrophages with similarly high doses as cytotoxic as the immunosuppressive drug cyclosporine A (Figure 2). UMakhonya® doses ranging from 10 µg/mL to 100 µg/mL were chosen to assess the antioxidant activities of this traditional medicine product. 

			Engagement of cellular receptors by LPS in stimulated immune cells leads to synthesis of new proteins through alteration in the pattern of gene expression.22 NO synthesis and secretion increases considerably after exposure to immunological stimuli such as bacterial LPS.23 Secretion of NO was induced by stimulation of THP-1 monocytes with LPS from S. typhi followed by treatment with doses of uMakhonya® for 24 hours. The Griess reagent system measures nitrite radicals as a reflection of the amount of NO secreted by cells. Treatment with non-cytotoxic doses of uMakhonya® showed a dose dependent effect on the levels of nitrite radicals in treated supernatants with the highest dose tested (100 µg/mL) showing possible radical scavenging potential by significantly (p<0.05) decreasing nitrite radicals when compared to LPS stimulated THP-1 monocytes. NO is a physiological mediator produced by many cells involved in immunity and inflammation. When generated in high concentrations, NO is rapidly oxidised to reactive nitrogen oxide species (RNOS) that mediate most of the immunological effects of NO. RNOS can reduce thiols to modify key signalling molecules such as kinases and transcription factors.24 Cyclosporine A, a known inhibitor of induced nitric oxide synthase, did not cause a significant (p>0.05) decrease in nitrite radicals when compared to LPS stimulated THP-1 cells. This may be related to the dose of cyclosporine A used which in this case was not effective in suppressing NO secretion. From the observed results, uMakhonya® did not show potent antioxidant activity, with only the highest non-cytotoxic dose showing nitrite radical scaven­ging potential.

			The antioxidant activity of a given extract depends not only on its chemical constituents but also on the type of generated radical it can neutralise.6 For this reason we also tested the radical scavenging activity of uMakhonya® using the TBARS and DPPH assays. The occurrence of lipid peroxidation in biological membranes causes impairment of membrane functioning, changes in fluidity, inactivation of membrane-bound receptors and enzymes, and increased non-specific permeability to ions such as calcium (Ca2+).25 Lipid peroxidation was induced by treating PBMCs with cyclosporine A followed by incubation with various non-cytotoxic doses of uMakhonya®. This traditional medicinal product showed significant antioxidant potential by reducing lipid peroxides in supernatants of immunosuppressed cells to levels of the untreated control supernatants. Such antioxidant activity was not seen inside the immunosuppressed PBMCs treated with several doses of uMakhonya®. In the DPPH assay uMakhonya® showed a dose dependent increase in radical scavenging activity with the highest dose (100 µg/mL) showing the greatest potential (Figure 4b). The radical scavenging profile of ascorbic acid reached a plateau at 80 µM (14 µg/mL) without reaching an IC50 concentration when this known antioxidant was reconstituted in PBS (Figure 4a), the same medium used to reconstitute freeze dried samples of uMakhonya®. Other studies have shown that ascorbic acid has IC50 values of 11.8 µM18 and 56 µM26 when dissolved in methanol. Therefore, the use of an aqueous solution like PBS to dissolve both ascorbic acid and uMakhonya® might limit their radical scavenging activities. 

			Lipid peroxides are one of the aldehyde products of reactive oxygen species degradation of membrane lipids and these aldehydes can cause cross links in nucleic acids leading to DNA damage.27 The results of this study showed that uMakhonya® did not induce significant intracellular lipid peroxidation while showing significant radical scavenging activities in the supernatants of treated immunosuppressed PBMCs and in the DPPH assay. A recent study of a South African traditional herbal product with similar claims to uMakhonya® but of unknown composition, showed promising antioxidant potential in the DPPH assay, ferric reducing power and β-carotene-linoleic acid model system.7 Different studies have shown that the individual medicinal plants constituting uMakhonya® possess both antioxidant and antimutagenic activities. Dichloromethane and 90% methanol extracts of A. afra did not show mutagenicity in strain TA98 with and without metabolic activation.28 Volatile oils from A. afra have also been shown to possess considerable antioxidant effects in preventing the discoloration of β-carotene and linoleic acid and also showed significant radical scavenging potential in the lipid peroxidation assay.29,30 C. crispus displayed antioxidant activities in the DPPH and ferric-reducing antioxidant power (FRAP) assays and contained phenolics, condensed tannins and flavonoids.30,31 C. crispus extracts have not been shown to possess any genotoxic effects.33 P. guajava leaves and bark extracts showed concentration-dependent scavenging activity on hydrogen peroxide, superoxide and DPPH.34 Pre-treatment with an aqueous guava leaf extract was found to be effective in inactivating the mutagenicity of direct-acting mutagens 4-nitro-o-phenylenediamine and 2-aminofluorene in the tester strains of Salmonella typhimurium.35 Freeze-dried extracts of U. tomentosa have been shown to have significant antioxidant activities in scavenging free radicals in the DPPH and ABTS assays.36 U. tomentosa extracts were able to inhibit 90% of the mutagenic effect of hydrogen peroxide and did not show significant genotoxicity.37 U. tomentosa showed significant antioxidant activities in the trolox equivalent antioxidant capacity (TEAC), peroxyl radical-trapping capacity (PRTC), and superoxide radical scavenging activity (SOD) assays and these were attributed to the total phenolics and tannins content of the extract.38 Menthol has been shown to have no genotoxic effects in both in-vitro and in-vivo animal models.39 Mentha pepirita extract which contains menthol has also been shown to have antioxidant and antiperoxidant properties.40 Although all these herbal plants have been proven to have antimutagenic and antioxidant effects, it is not easy to predict their behaviour when combined together. Herbalists have known for centuries the value of using a combination of herbal remedies, single extracts and combined extracts to switch on the body’s defence mechanisms, self-healing and protective processes.1
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			Conclusion

			This was the first study to look at the mutagenic and antioxidant effects of the immune booster, uMakhonya®, which is prepared by combining five different traditional medicinal plants. The hot water extract of uMakhonya® did not show significant mutagenicity in the Salmonella/microsome tester strains TA98 and TA100 when compared to the solvent negative control and 4-NQO positive control. In immunosuppressed PBMCs supernatants uMakhonya® showed significant radical scavenging activity in reducing lipid peroxides but this ability was reduced in the PBMCs. UMakhonya® showed a dose dependent reduction in nitrite radicals in LPS stimulated THP-1 monocytes. In the DPPH assay, uMakhonya® showed better radical scavenging activity than ascorbic acid when both were re-dissolved in aqueous PBS. Therefore uMakhonya® extract was not mutagenic and showed promising antioxidant activity in immune cells. Future studies should focus on the mutagenic effects of this product during metabolic activation and in-vivo antioxidant effects. 
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