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			Genotoxicity of aqueous extracts

			Tulbaghia violacea (wild garlic) is commonly used in traditional medicine for the treatment of various ailments including fungal infections, gastrointestinal ailments, asthma, fever, colds and pulmonary tuberculosis. We assessed the potential genotoxic effects of water extracts from the leaves, stems and roots of T. violacea using the Allium cepa assay. Extracts at concentrations of 100, 250, 500 and 1000 μg/mL were tested on root meristems of A. cepa. Ethidium bromide was used as a positive control whereas distilled water acted as a negative control. The results reveal that as the concentrations of the water extracts of T. violacea increased, the mitotic indices decreased. Similarly, the percentage of chromosomal aberrations was dependent on the concentration as well as on which part of the plant was used. The six most common chromosome aberrations included laggard chromosomes, chromosome bridges, c-mitosis, sticky chromosomes, formation of binuclei and formation of trinuclei. The presence of micronucleated cells at interphase also increased as the concentration of the water extracts increased. The results confirm that water extracts of T. violacea exert significant genotoxic effects at higher concentrations, with the stem extracts being more toxic than the leaf and root extracts at similar concentrations.

			Significance:

			
					•	Water extracts of T. violacea – a plant commonly used in traditional medicine – were found to have significant genotoxic effects at higher concentrations.

			

			Introduction

			Recently, there has been a significant increase in the number of herbal medicinal products globally. It is estimated that the world’s population will be greater than 7.5 billion in the next 10–15 years, primarily in the southern hemisphere where approximately 80% of the population still relies on a traditional system of medicine based on herbal drugs for primary health care.1-3 There are over 1.5 million medicinal plants that have been investigated and most of them are reported to contain toxic substances.4 Therefore, it should be stressed that the use of any plant for medicinal purposes is not guaranteed to be safe.5 This raises the need for further research on the mode of preparation and toxicology of medicinal plants to gather reliable information on their safety and effective use.6 Tulbaghia violacea Harv., a member of the family Amaryllidaceae (formerly Alliaceae), is commonly known as ‘wild garlic or society garlic’.7-9 The plant is found in the Eastern Cape, KwaZulu-Natal and northern Gauteng in South Africa, and even as far north as Zimbabwe.10 Tulbaghia violacea has traditionally been used extensively in South African traditional medicine for the treatment of HIV/Aids and oral fungal infections. It has also found diverse application in the treatment of gastrointestinal ailments, including as a purgative for treatment of constipation; asthma; fever; colds; and pulmonary tuberculosis10-13; and as an anti-helminthic 14. It has been reported that the odour of T. violacea deters moles.12 Zulu communities in South Africa grow this plant around their homes as it is believed to repel snakes and the bulbs are used to prepare an aphrodisiac.10-12

			However, like any other drug, extensive consumption of medication prepared from T. violacea has been associated with a variety of undesirable symptoms such as abdominal pain, inflammation, gastroenteritis, acute inflammation and sloughing of the intestinal mucosa, cessation of gastrointestinal peristalsis, contraction of the pupils, subdued reactions to stimuli and even fatality.8,11,15 The aim of this study was to evaluate the genotoxicity of the leaf, stem and root extracts of T. violacea by using the Allium cepa assay.
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			Materials and methods

			Plant collection

			Tulbaghia violacea was collected from different indigenous plant nurseries in the Gauteng Province of South Africa, and grown in a greenhouse at the Vaal University of Technology (Gauteng, South Africa). Identification of this plant was done with the assistance of Professor Stefan Siebert, a botanist at AP Goossen’s Herbarium, North-West University, where a unique voucher specimen number ST0008 was deposited.

			Preparation of plant extracts

			Whole plants of T. violacea were uprooted carefully and washed with tap water to remove the soil and debris. The leaves, stems and roots were then separated from each other, cut into small pieces, frozen at -20 °C, lyophilised and eventually pulverised into a fine powder. Crude water extracts from the different parts of the plant were prepared by mixing 10 g of the pulverised plant material with 200 mL distilled water. The mixture was then boiled for 10 min and allowed to cool to room temperature. Thereafter, the mixture was filtered through 0.45 µm Whatman® filter paper. The resultant filtrate was then frozen and lyophilised. A stock solution of each part of the lyophilised crude water extract was prepared at a concentration of 10 mg/mL using distilled water and stored at -20 °C in opaque vessels until they were required. The crude extracts of 10 mg/mL (0.1 g in 10 mL) from the leaves, stems and roots of T. violacea were each reconstituted by dissolving in distilled water to concentrations of 100, 250, 500 and 1000 µg/mL.

			Pre-treatment

			The Allium cepa L. (onion) bulbs were grown in distilled water at room temperature for 2–3 days. When the roots were 2–6 mm in length, the bulbs were treated with different concentrations of the crude extracts (100, 250, 500 and 1000 μg/mL; n=4 for each) for 24 h. Another set of the onions was placed in ethidium bromide (100, 250, 500 and 1000 μg/mL; n=4 for each) to serve as the positive control while a further set (n=4) was grown in distilled water to serve as the negative control. The root growth was measured, and the solutions were changed daily. The onion with the poorest growth from every concentration (100, 250, 500 and 1000 μg/mL) and controls (positive and negative) was excluded from the experiment and the remaining three onions were prepared for microscopy.16,17

			Slide preparation

			For each bulb, five root tips at approximate lengths of 10 mm were harvested and fixed in ethanol/glacial acetic acid solution 3:1 (v/v) for 10 min. After fixation, the root tips were washed a few times with distilled water. They were then hydrolysed with 1 N HCl at 60–70 °C for 5 min. The roots were then washed a few times with distilled water. The terminal 1–2 mm of the root tip was cut and placed on a glass slide. The excess liquid was sucked up using blotting paper. A drop of freshly prepared acetocarmine was placed on the root tips and left for 5–10 min at room temperature. Using a glass coverslip, the stained root tips were squashed to form a smear and the excess stain was blotted with paper towel. The sides of the coverslip were sealed with clear fingernail polish. Three slides were prepared per bulb with a total of nine slides per concentration.

			Observation of slides

			The slides were observed under a light microscope at 200x and 400x magnification. A light microscope (Olympus, Tokyo, Japan) with a digital camera was used to obtain images of the chromosome aberrations. Photomicrographs (10 images per slide) were prepared and a minimum of 1000 cells per slide were analysed (nine slides were observed for each treatment). The mitotic index, presence of micronuclei and chromosome aberrations in mitotic phases were calculated by examining and counting a minimum of 1000 cells per slide (nine slides were observed for each treatment). The experiment was replicated three times with three roots for each replicate. Therefore, nine slides were prepared for each treatment group. The mitotic index, percentage cells with micronuclei and aberrant cells were obtained using Equations 1, 2 and 3, respectively.

			[image: 299320.png]	Equation 1

			 [image: 299396.png]	Equation 2

			[image: 299342.png]	Equation 3

			ImageJ analysis

			Images obtained from the light microscope were converted to 8-bit greyscale using ImageJ software (version 1.46r, Bethesda, MD, USA). The thresholds of the images were then adjusted to obtain the best fit for different particle aggregates in each cell and the total number of cells was calculated. A total number of nine slides for each concentration of plant extract (100, 250, 500 and 1000 μg/mL) was analysed. From each slide, 10 images were assessed, amounting to a total of 90 images per concentration of plant extract. The mean data for each concentration were used for further analysis.

			Data analysis

			The mean and standard error of the mean for each of the treatment groups were calculated. Data obtained from the microscopic and ImageJ analyses were analysed using a multiple t-test to determine significant differences between treatment groups and the negative control (p<0.05).
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			Results

			Root growth, mitotic index and chromosomal aberration analysis

			Table 1:	Effects of different concentrations of leaf, stem and root extracts of Tulbaghia violacea on root length, mitotic indices and chromosomes in Allium cepa roots 

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Treatment concentration (µg/mL)

						
							
							Phenotypic index

						
							
							% Chromosomal aberrations ± SEM

						
							
							% Aberrant cells ± SEM

						
					

					
							
							Total number of cells ± SEM

						
							
							Mean root length (mm) ± SEM

						
							
							Mitotic index ± SEM

						
							
							Bridges

						
							
							Stickiness

						
							
							Laggards

						
							
							c-mitosis

						
							
							Binucleus

						
							
							Trinucleus

						
					

					
							
							Leaf extracts 

						
					

					
							
							Control 

						
							
							1207 ± 48.53

						
							
							0.99 ± 0.28

						
							
							61.83 ± 6.50

						
							
							1.00 ± 0.19

						
							
							4.11 ± 0.77

						
							
							0.33 ± 0.19

						
							
							4.54 ± 1.35

						
							
							47.00 ± 4.19

						
							
							0.33 ± 0.19

						
							
							4.72 ± 0.49

						
					

					
							
							100

						
							
							1186 ± 39.94

						
							
							0.84 ± 0.20

						
							
							58.66 ± 7.24

						
							
							1.67 ± 0.58

						
							
							5.20 ± 1.18

						
							
							1.11 ± 0.80

						
							
							5.00 ± 1.07

						
							
							94.11 ± 9.26*

						
							
							0.44 ± 0.22

						
							
							9.07 ± 1.12*

						
					

					
							
							250

						
							
							1221 ± 39.24

						
							
							0.58 ± 0.18

						
							
							43.71 ± 2.93

						
							
							2.11 ± 1.31

						
							
							5.33 ± 0.88

						
							
							1.22 ± 0.73

						
							
							10.89 ± 5.40

						
							
							116.44 ± 18.68*

						
							
							10.56 ± 5.79

						
							
							12.00 ± 1.68*

						
					

					
							
							500

						
							
							1118 ± 53.12

						
							
							0.20 ± 0.19

						
							
							27.78 ± 6.60*

						
							
							2.22 ± 1.28

						
							
							10.00 ± 1.39*

						
							
							2.33 ± 0.88

						
							
							11.33 ± 5.84

						
							
							117.56 ± 24.05*

						
							
							11.33 ± 4.95*

						
							
							13.84 ± 1.32*

						
					

					
							
							1000

						
							
							1263 ± 12.04

						
							
							 0.19 ± 0.02*

						
							
							24.54 ± 5.44*

						
							
							5.00 ± 0.38*

						
							
							10.78 ± 2.72*

						
							
							2.89 ± 0.68*

						
							
							13.22 ± 4.83*

						
							
							163.56 ± 11.86*

						
							
							11.56 ± 5.36*

						
							
							16.39 ± 1.87*

						
					

					
							
							Stem extracts

						
					

					
							
							Control 

						
							
							1207 ± 39.43

						
							
							0.99 ± 0.28

						
							
							61.83 ± 6.50

						
							
							1.00 ± 0.19

						
							
							4.11 ± 0.77

						
							
							0.33 ± 0.19

						
							
							4.54 ± 1.35

						
							
							47.00 ± 4.19

						
							
							0.33 ± 0.19

						
							
							4.72 ± 0.49

						
					

					
							
							100

						
							
							1116 ± 66.67

						
							
							0.51 ± 0.13

						
							
							40.86 ± 9.43

						
							
							1.89 ± 0.22

						
							
							6.11 ± 0.29

						
							
							0.56 ± 0.11

						
							
							6.56 ± 0.78

						
							
							99.44 ± 9.14*

						
							
							0.78 ± 0.29

						
							
							10.20 ± 1.43*

						
					

					
							
							250

						
							
							1269 ± 24.36

						
							
							0.31 ± 0.34

						
							
							33.64 ± 3.86*

						
							
							4.44 ± 0.22*

						
							
							7.00 ± 2.17

						
							
							3.44 ± 0.73*

						
							
							8.00 ± 0.69*

						
							
							129.11 ± 10.20*

						
							
							7.22 ± 5.92

						
							
							12.56 ± 1.01*

						
					

					
							
							500

						
							
							1186 ± 2.83

						
							
							0.27 ± 0.05

						
							
							32.57 ± 3.14*

						
							
							5.11 ± 0.87*

						
							
							13.44 ± 1.25*

						
							
							5.00 ± 1.58*

						
							
							8.79 ± 1.97

						
							
							159.22 ± 30.20*

						
							
							9.67 ± 8.53

						
							
							16.97 ± 2.09*

						
					

					
							
							1000

						
							
							1303 ± 24.45*

						
							
							 0.06 ± 0.05*

						
							
							19.69 ± 6.67*

						
							
							6.89 ± 1.98*

						
							
							15.56 ± 4.15*

						
							
							7.00 ± 2.27*

						
							
							13.00 ± 1.71*

						
							
							209.44 ± 45.57*

						
							
							20.44 ± 4.80*

						
							
							20.91 ± 3.04*

						
					

					
							
							Root extracts

						
					

					
							
							Control 

						
							
							1207 ± 39.43

						
							
							0.99 ± 0.28

						
							
							61.83 ± 6.50

						
							
							1.00 ± 0.19

						
							
							4.11 ± 0.77

						
							
							0.33 ± 0.19

						
							
							4.54 ± 1.35

						
							
							47.00 ± 4.19

						
							
							0.33 ± 0.19

						
							
							4.72 ± 0.49

						
					

					
							
							100

						
							
							1263 ± 16.01

						
							
							0.66 ± 0.67

						
							
							58.88 ± 5.52

						
							
							2.56 ± 1.09*

						
							
							9.22 ± 0.68*

						
							
							1.78 ± 0.99*

						
							
							6.56 ± 1.31

						
							
							94.00 ± 9.26*

						
							
							0.67 ± 0.33

						
							
							9.09 ± 1.02*

						
					

					
							
							250

						
							
							1287 ± 23.93

						
							
							0.56 ± 0.12

						
							
							37.24 ± 9.07*

						
							
							3.33 ± 0.19*

						
							
							9.78 ± 1.06*

						
							
							3.78 ± 0.78*

						
							
							7.44 ± 1.42*

						
							
							124.11 ± 21.57*

						
							
							16.66 ± 2.31*

						
							
							12.83 ± 1.06*

						
					

					
							
							500

						
							
							1250 ± 22.82

						
							
							0.37 ± 0.15

						
							
							31.08 ± 3.14*

						
							
							3.78 ± 0.29*

						
							
							10.00 ± 1.61*

						
							
							4.11 ± 0.78*

						
							
							8.89 ± 0.99*

						
							
							137.00 ± 58.28*

						
							
							20.22 ± 1.16*

						
							
							14.72 ± 1.82*

						
					

					
							
							1000

						
							
							1189 ± 24.45

						
							
							0.09 ± 0.05*

						
							
							22.59 ± 6.67*

						
							
							5.44 ± 0.22*

						
							
							10.33 ± 1.66*

						
							
							4.33 ± 0.51*

						
							
							12.67 ± 1.02*

						
							
							169.89 ± 17.83*

						
							
							22.44 ± 5.43*

						
							
							18.93 ± 1.98*

						
					

					
							
							Ethidium bromide 

						
					

					
							
							Control 

						
							
							1207 ± 39.43

						
							
							0.99 ± 0.28

						
							
							61.83 ± 6.50

						
							
							1.00 ± 0.19

						
							
							4.11 ± 0.77

						
							
							0.33 ± 0.19

						
							
							4.54 ± 1.35

						
							
							47.00 ± 4.19

						
							
							0.33 ± 0.19

						
							
							4.72 ± 0.49

						
					

					
							
							100

						
							
							1229 ± 9.75

						
							
							0.12 ± 0.07*

						
							
							8.65 ± 6.48*

						
							
							1.33 ± 0.00

						
							
							4.22 ± 1.16

						
							
							0.78 ± 0.48

						
							
							8.44 ± 1.25*

						
							
							155.00 ± 8.51*

						
							
							1.44 ± 1.50

						
							
							13.93 ± 1.56*

						
					

					
							
							250 

						
							
							 1248 ± 19.49

						
							
							0.04 ± 0.03*

						
							
							2.20± 0.14*

						
							
							2.00 ± 1.26

						
							
							9.56 ± 2.51*

						
							
							0.89 ± 0.29

						
							
							9.33 ± 1.33*

						
							
							190.89 ± 11.28*

						
							
							2.56 ± 2.17*

						
							
							17.04 ± 2.35*

						
					

					
							
							500

						
							
							1167 ± 47.46

						
							
							0.05 ± 0.04*

						
							
							1.60 ± 0.80*

						
							
							3.00 ± 1.20

						
							
							10.11 ± 1.76*

						
							
							1.00 ± 0.17

						
							
							12.33 ± 2.52*

						
							
							196.11 ± 14.83*

						
							
							4.11 ± 10.94

						
							
							19.42 ± 1.56*

						
					

					
							
							1000

						
							
							1133 ± 68.38

						
							
							0.00 ± 0.00*

						
							
							1.48 ± 0.09*

						
							
							3.44 ± 0.95*

						
							
							14.00 ± 2.03*

						
							
							4.89 ± 0.62*

						
							
							19.89± 5.02*

						
							
							202.22 ± 11.77*

						
							
							4.22 ± 10.93*

						
							
							21.91 ± 1.45

						
					

				
			

			

			Values shown are the mean±SEM; n=3. 

			*Represents statistically significant groups compared to the negative control (distilled water) according to a two-sample assuming equal variance t-test; p<0.05.
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			The root length, mitotic indices (MI) and chromosomal aberrations for the various concentrations of the water extracts of the leaves, stems and roots of T. violacea on A. cepa are shown in Table 1. The results show that as the concentration of the crude extract increased, there was a significant (p<0.05) decrease in mean root length, mitotic indices and percentage of aberrant chromosomes. The mitotic index decreased significantly (p<0.05) with the leaf extracts at 500 μg/mL and 1000 μg/mL with values of 27.78% and 24.54%, respectively. Leaf extracts at 100 μg/mL and 250 μg/mL produced mitotic indices of 43.71% and 58.66%, respectively. For the stem extracts, the higher concentrations (250 500, 1000 μg/mL) produced a significant reduction in mitotic indices with values of 33.64%, 32.57% and 19.69%, respectively, when compared to the non-significant 40.56% for 100 µg/mL. Similarly, water extracts of the roots at 250, 500 and 1000 µg/mL significantly decreased mitotic indices to 37.24%, 31.08% and 22.59%, respectively, whereas the 100 µg/mL treatment produced no significant change (MI=58.88%). These values were low when compared to the mitotic index for the negative control (distilled water) which was 61.83%. For the positive control (ethidium bromide), all the tested concentrations produced a significant reduction in the mitotic index, with the lowest MI value of 1.48% produced by the highest concentration of 1000 μg/mL. Chromosome aberrations were observed in all stages of mitosis (prophase, metaphase, anaphase and telophase). Figure 1a–l depicts illustrations of normal phases of cell division as well as the six common aberrations observed in the A. cepa assay. These aberrations include laggards (Figure 1b), chromosome bridges (Figure 1d), c-mitosis (Figure 1f), sticky chromosomes (Figure 1h), binuclei (Figure 1i) and trinuclei (Figure 1j). The most common chromosomal aberrations were represented by c-mitosis, binuclei formation and sticky chromosomes (Figure 1e–j). The percentage of aberrant cells was 4.72% for the negative control (distilled water), when compared to 21.91% for the highest concentration of 1000 µg/mL for the positive control (ethidium bromide).

			The percentage of micronucleated cells was generally higher at 1000 µg/mL for the stem (3.74%), followed by the root (3.71%) and finally the leaf (3.68%) crude extracts (Table 2).
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			[image: 299913.png] 

			Figure 1:	Chromosome aberrations observed in Allium cepa meristematic cells exposed to water extracts of Tulbaghia violacea: (a) normal anaphase, (b) laggard chromosome, (c) normal telophase, (d) chromosome bridge, (e) normal prophase, (f) c-mitosis, (g) metaphase anaphase, (h) sticky chromosomes, (i) binucleus, (j) trinucleus, (k) normal interphase and (l) micronucleus indicated by arrow. The presence of micronuclei (l) was observed in the roots treated with the different extracts of T. violacea and most were significantly different (p<0.05) when compared with the negative control (Table 2).
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			Table 2:	Percentage micronuclei in Allium cepa after treatment with different concentrations of extracts from different plant organs of Tulbaghia violacea

			
				
					
					
					
				
				
					
							
							Treatments

						
					

					
							
							Concentration (µg/mL)

						
							
							Mean number of interphase cells examined ± SEM

						
							
							% Micronucleus ± SEM

						
					

					
							
							Leaf extracts

						
					

					
							
							100

						
							
							876 ± 53.34*

						
							
							1.20 ± 0.30*

						
					

					
							
							250

						
							
							653 ± 128.32

						
							
							1.24 ± 0.60

						
					

					
							
							500

						
							
							577 ± 9.34

						
							
							1.41 ± 0.27*

						
					

					
							
							1000

						
							
							464 ± 57.97

						
							
							3.68* ± 1.42*

						
					

					
							
							Stem extracts

						
					

					
							
							100

						
							
							589 ± 80.99*

						
							
							2.07 ± 0.51*

						
					

					
							
							250

						
							
							736 ± 75.81*

						
							
							2.26 ± 0.80*

						
					

					
							
							500

						
							
							602 ± 34.26

						
							
							2.86 ± 0.63*

						
					

					
							
							1000

						
							
							539 ± 115.33

						
							
							3.74 ± 0.93*

						
					

					
							
							Root extracts

						
					

					
							
							100

						
							
							713 ± 39.91*

						
							
							1.57 ± 0.16*

						
					

					
							
							250

						
							
							674 ± 111.10

						
							
							1.66 ±0.08*

						
					

					
							
							500

						
							
							588 ± 79.76

						
							
							1.98 ± 1.16

						
					

					
							
							1000

						
							
							370 ± 39.94

						
							
							3.71 ± 0.64*

						
					

					
							
							Ethidium bromide

						
					

					
							
							100

						
							
							914 ± 29.28*

						
							
							0.40 ± 0.05

						
					

					
							
							250

						
							
							914 ± 47.40*

						
							
							0.41 ± 0.13

						
					

					
							
							500

						
							
							934 ± 24.64*

						
							
							0.92 ± 0.68*

						
					

					
							
							1000

						
							
							939 ± 35.99*

						
							
							1.11 ± 0.30*

						
					

					
							
							Distilled water

						
					

					
							
							 

						
							
							464 ± 57.97

						
							
							0.31 ± 0.08

						
					

				
			

			

			Values shown are the mean±SEM; n=3. 

			*Represents statistically significant groups compared to the negative control (distilled water) according to a two-sample assuming equal variance t-test; p<0.05.
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			Discussion

			Root length and mitotic indices

			A decrease of over 45% in root length indicates the presence of toxic substances18, which can be regarded to have a sub-lethal effect on plants19. In our study, the decrease of over 45% in root length was dependent on the concentration of the extracts and was variable for the different plant organs. For example, inhibition of root growth by the leaf and root extracts occurred at concentrations above 250 μg/mL, whereas that of the stem extracts occurred at concentrations above 100 μg/mL (Table 1). Therefore, although the leaf and root extracts showed potential toxicity at concentrations above 250 µg/mL, the stems may be considered toxic at concentrations above 100 µg/mL.

			Similarly, any substance that reduces the mitotic index to below 22% of the negative control is considered to cause lethal effects on test organisms while a reduction below 50% has sub-lethal effects20 and is called the cytotoxic limit value. We have adopted this system of categorisation in this study. In general, treatment of the A. cepa roots with distilled water (negative control) was non-toxic whereas that with ethidium bromide (positive control) was toxic at all tested concentrations with MI values below 22%. Ethidium bromide has been found to be an extremely effective cytoplasmic mutagen which results in the loss or alteration of DNA and RNA.21 It was found that a low concentration of 100 µg/mL for the leaf extracts produced no toxic effect on the roots as shown by the relatively high mitotic index of 58.66% (Table 1). However, concentrations higher than 100 µg/mL produced a sub-lethal effect as the mitotic indices were below 50% (Table 1). Similar results were obtained for the root extracts (Table 1). For the stem extracts, concentrations of 100, 250 and 500 µg/mL produced a sub-lethal effect on A. cepa whereas the 1000 µg/mL concentration produced a lethal effect with an MI value of 19.69%. The lower mitotic indices, especially for the higher concentrations of the crude extracts, may be as a result of the direct genotoxic effects of the extracts. Several factors can decrease the mitotic index, such as obstruction of the onset of prophase, the arrest of one or more mitotic phases, or a slowing of the rate of cell progression through mitosis.22 Similar reasons may be applicable for the decreased mitotic indices observed in this study. Microscopic analysis revealed a concentration-dependent reduction in mitotic indices (Table 1) with significant differences (p<0.05) between the treated groups and the positive control (ethidium bromide) and the negative control (distilled water) value of 61.83%.

			Most of the chromosomal aberrations observed were in the metaphase and anaphase stages. This finding is in agreement with the results of Armbruster et al.23 who treated wheat root tips with the herbicide dithiopyr and with those of Kaymak and Pinar24 for the herbicide tebuconazole in A. cepa. Both studies concluded that structural aberrations of spindle formation may result in cell division disturbances. The most common aberrations that were present in all the tested plant extracts and controls included binucleated cells, sticky chromosomes and c-mitosis, followed in frequency by laggards, chromosomal bridges and trinucleated cells (Figure 1a–j). The occurrence of aberrant cells was concentration and extract dependent, because as the concentration increased, the number of aberrant cells also increased and varied depending on the extract used. Overall, the highest percentages of aberrant cells were observed after treatment with the stem extracts in comparison with treatment with leaf and root extracts. Laggard chromosomes (Figure 1b) are usually a result of the failure of the chromosomes to attach to the spindle fibre and to move to either of the two opposite poles.25 Chromosome bridges were observed in the anaphase and telophase stages and were more frequent at higher concentrations of T. violacea crude extracts, with the highest number of bridges observed after treatment with stem extracts (Figure 1d). The formation of chromosome bridges may be attributed to chromosomal stickiness and the subsequent failure of chromosome separation during anaphase.26,27 C-mitosis (Figure 1f) results when dissociating disulfide bonds prevent spindle microtubules from assembling28 and is an indication of a weak toxic effect which may be reversible18,29. The number of cells with c-mitosis after treatment with extracts from all plant parts surpassed that of the negative control for all concentrations (100, 250, 500 and 1000 µg/mL) of T. violacea treatment, which confirms the mitodepressive effect of T. violacea crude extracts on spindle fibres. Sticky chromosomes (Figure 1h) are usually a consequence of a physiological effect resulting from depolymerisation of DNA, partial dissolution of nucleoproteins, breakage and exchanges of the basic folded fibre units of chromatids and the stripping of the protein covering of DNA in chromosomes.30 Their presence is an indication of a highly toxic and irreversible effect, probably leading to cell death.31,32 The formation of binucleated or trinucleated (Figure 1i and 1j) cells may be attributed to the inhibition of cytokinesis.33 It is clear from this study that the crude water extracts from the leaves, stems and roots of T. violacea possess chromotoxic and mitodepressive properties. These properties are evident from the reduction in the active mitotic index and manifestation of spindle formation, respectively.34
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			The percentage of aberrant cells (Table 1) was dependent on the concentration of the extract and from which plant part it was derived. The highest proportion (20.91%) of aberrations occurred with the highest concentration of the stem extracts whilst the lowest proportion (16.39%) occurred with the highest concentration (1000 μg/mL) of the leaf extracts. The aberrations as a result of the root extracts were intermediate between those observed for the stem and leaf extracts. In our previous study35 we found that most of the phytocompounds were present in the leaves of T. violacea and recommended use of the leaves as a way of conserving the species. The results of this study suggest that, to prevent genotoxic effects, concentrations lower than 1000 ug/mL should be used for therapeutic purposes. One of the anomalies observed in this study is that the negative control (water) also induced a low number of chromosomal aberrations. There are thousands of cells in the meristematic zone of the roots that are undergoing mitosis at any one time. It is possible that errors in cell division may be expected under these circumstances. The presence of ions in the water may also cause minor chromosomal aberrations.18 The presence of ions in the negative control was overlooked in this research and should be considered in future research. Nonetheless, there was a significant difference in the number of chromosomal aberrations after treatment with the plant extracts compared to that after treatment with the negative control (distilled water).

			The presence of micronuclei-bearing cells (Figure 1l) may be a consequence of clastogenic (chromosome breakage) or aneugenic (chromosome lagging and interference on the spindle behaviour) effects.36,37 The higher percentage of micronucleated cells after treatment with the stem extracts than that after treatment with the leaf and root extracts (Table 2) confirms that the stem extracts had the greatest genotoxic effect on the cells as also indicated by the number of chromosomal aberrations. The positive control (ethidium bromide) which was expected to produce the highest percentage of micronucleated cells actually produced the lowest percentage. This result may have been because of more cells in interphase after treatment with the positive control than those observed after treatment with the T. violacea plant extracts. This observation may also be attributed to the fact that ethidium bromide prevents subsequent replication of DNA by arresting cell division.38
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			Conclusion

			We assessed the potential genotoxic effects of water extracts of the leaves, stems and roots of T. violacea using the A. cepa assay. Generally, high concentrations of the extracts showed potential genotoxic effects, evidenced by the sub-lethal and lethal effects of the different concentrations of the extracts on the roots, the reduced mitotic indices, the abnormal chromosome behaviour and the presence of micronuclei. Extracts of the stem were generally more toxic than those of the leaves and roots. It can thus be concluded that T. violacea plant extracts cause mitodepressive and chromotoxic effects in plant genomes and induce various types of chromosomal aberrations which reveal potential toxicity of the plant, particularly at high concentrations. Although these results provide a good initial indication of the toxicity of T. violacea plant parts, a direct link to the toxicological effect of the extracts in humans was not established. There is thus a need to conduct in vivo cytogenetic studies to ascertain the mechanisms behind the in vitro findings of the A. cepa assay.
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