Evaluation of Genotoxic and Cytotoxic Activities of Cornsilk (Stigma maydis) Extract of Zea mays L.
ABSTRACT
Allium cepa test was employed to the evaluate genotoxic and cytotoxic potentials of cornsilk of Zea mays L. (Poacae), which is traditionally used as a remedy to various ailments. Macroscopic and microscopic analyses were carried out on Allium cepa  root meristem cells exposed to cornsilk extract concentrations (2.5 mg/mL, 5 mg/mL, and 10 mg/mL).  Tap water and Methotrexate (0.1 mg/mL) were used as negative and positive controls respectively. Significant (p< 0.05) inhibition of root growth by the cornsilk extract was observed which was concentration-dependent when compared with the negative control group. Cytotoxic effects such as suppression of cell division, induction of various chromosomal aberrations and micronuclei (MNC) formations were observed in the A. cepa root tips at all the tested extract’s concentrations. These observed aberrations were considerably significant (p<0.05) relative control group. The aberrations and damages observed following the extract treatment suggest cytotoxic and genotoxic potentials of the cornsilk extract of Z. mays on A. cepa.
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1. INTRODUCTION

 The annual grass plant, Z. mays L. (Poacae) also called maize or corn, with significant nutritive value and phytochemicals (Rouf Shah et al., 2016), is nutritionally used by humans and animals in Nigeria. It is tall with narrow long leaves arranged oppositely on the stem that bears ears-enclosed husks which are modified leaves (Simmonds, 1979). “In addition to nutritional usefulness, different part of the plant; grains, leaves, roots, cornsilks, stalk, and inflorescence are also utilized in herbal medicine as a remedy for several ailments. Cornsilk in particular, is useful as an antidiabetic or diuretic, while its decoction can be used to treat urinary troubles and gallstones” (Foster and Duke, 1990) “as well as in the local therapy of cystitis, gout, kidney stones, malaria, prostate hypertrophy, nephritis and heart disorders” (Hashim, 2012). 
“Different classes of secondary metabolites and compounds have been identified from corn silk” (El-Ghorado et al., 2007), which have been documented to possess potentials as anti-diabetic and hypolipidemic (Guo et al., 2009; Kaup et al., 2011;Zhao et al., 2012; Ghada et al., 2013; Sani 2016; Zhang et al., 2016),  antioxidative stress (Bai et al., 2010; Hu and Deng 2011), diuretic and kaliuresis  (Valazquezet al., 2005), nephroprotective (Sepehri et al., 2011), anti- fatigue (Hu et al., 2010) anti-depressant (Ebrahimzade et al., 2009),  anti-inflammatory (Wang et al., 2011), antioxidant (Alam, 2011; Liu et al., 2011; Dong et al., 2014), anticancer (Tian et al., 2013), α- amylase inhibitory (Chen et al., 2013);  antimalarial and antipyretic (Okokon et al., 2019), anticonvulsant (Okokon et al., 2018) and antiulcer (Okokon et al., 2020 ) activities. However, little or no information exists in the literature about its toxicity profile. Therefore, cytotoxic and genotoxic activities of the cornsilk extract of Z. mays are hereby reported.

2. MATERIALS AND METHODS
2.1 Collection and identification of plant material
Collection of the cornsilk of Z. mays L. (Family- Poacae) was done at farms in the Uyo area of Akwa Ibom State, Nigeria in May, 2024. A taxonomist in the Department of Botany and Ecological Studies, University of Uyo, Uyo, Nigeria did the identification and authentication of the plant and a voucher specimen (FPH, 614) was deposited in the herbarium of Faculty of Pharmacy, University of Uyo.
2.2 Extraction
	The cornsilk were washed and air- dried on laboratory table for 2 weeks. The dried cornsilk was size reduced into a powder using an electric. The powdered cornsilk was soaked in 95% ethanol for 72 h and filtered. The removal of the solvent from the resultant filtrate was achieved by evaporation using a rotary evaporator at 40˚C. The dried extract was then stored in a refrigerator at 4˚C until used for the experiment reported in this study.
2.3 Allium cepa test. 
Small-sized onion bulbs (A. cepa), sourced from Itam market, Itu LGA, Akwa Ibom State, Nigeria, were foremostly identified and authenticated by a taxonomist in the Department of Botany and Ecological Study, University of Uyo. The bulbs were thereafter prepared for the study by carefully cutting off dried old roots using a small knife at the bottom base of the bulbs without damaging the root primordia (Grant, 1994; Ikechukwu et al., 2024). The cornsilk extract (20 g) was dissolved in distilled water (200 mL) and diluted to make varying concentrations of the extract (2.5, 5.0 and 10.0 mg/mL respectively) from the stock solution. The different extract test concentrations (2.5 mg/mL, 5.0 mg/mL, and 10 mg/mL) were filled in 50 mL beakers (5 for each test concentration) and arranged serially. One onion bulb was placed with the root primordia touching the surface of the liquid on top of each beaker in the different tested concentrations. Tap water and Methotrexate (0.1 mg/mL) were respectively used as negative and positive controls.   The test samples were changed in the controls and all test concentrations daily. The experiment lasted for a period of 72 hours. Thereafter, the root numbers were counted in all the beakers used in the respective tested concentrations and the mean root number per concentration was calculated.  The mean root lengths per concentration were also calculated after measuring the roots’ length with a metre rule.  The root tips (10 mm) of some roots per bulb were cut off and respectively fixed in 3:1 (v/v) ethanol: glacial acetic acid and 1N HCl in respective sample bottles and stored in a refrigerator (Grant 1994; Ikechukwu et al., 2024).  
2.4 Microscopy
The root tips mixed with 1N HCl  in a test tube were each heated for 6 minutes at 50ºC for proper fixation and maceration. They were thereafter  placed on microscopic slides on a flat background with a forcep and their terminal tips cut off. These were properly mixed by knocking and stirring with a spatula with two drops of 2% (w/v) orcein stain.
Air bubbles were prevented from entry by placing a cover slip  at 45º . thereafter, squashing of the cells was carried out by pressing a filter paper on the cover slip and applying a little pressure with a thumb. A clear fingernail polish was used to seal the cover slip and examination of each slide was carried out under a Light Microscope at a magnification of x40. Any chromosomal aberration was photographed under the microscope. Calculation of mitotic index and frequency of chromosomal aberration was done based on the number of aberrant cells per total cells scored at each concentration of each sample using standard formulas((Bakareet al., 2000; Magnus et al., 2024)). The mitotic inhibition was determined using the following formula:

The  parameters used in evaluating cytotoxicity and genotoxicity are (i) the mitotic index (MI)  (ii) chromatin aberrations (stickiness, bridges, breaks and polar deviation) and MNC were scored  per 500 cells (Bakare et al., 2000; Magnus et al., 2024). 
2.5 Statistical Analysis. 
Data gotten from the reported investigation were statistically analysed using InstatGraphpad software, Version 3.1 (San Diego, USA), by employing standard methods such as one –way ANOVA followed by Tukey-Kramer multiple comparison test. Differences between means were considered significant at 5% level of significance ie p≤ 0.05.




3.0 RESULT

3.1 Effect of Stigma maydis extract on physicochemical characterization of roots of onion  (A. cepa)
The effect of cornsilk extract on root number and length is presented in Table 1. This result demonstrates that all tested cornsilk extract concentrations exhibited significant inhibition on the A.cepa roots growth and length relative to negative and positive control groups. These inhibitions were found to be more pronounced with increasing concentrations of the cornsilk extract with the the highest inhibition of root growth recorded in the highest concentration treatment group. The average root lengths of 4.82±0.12 and 0.10±0.01 cm were recorded or negative and positive control (methotrexate) groups respectively. However, the average root length recorded in the 10 mg/mL treatment group was found to have decreased significantly (p<0.05) relative to that of the negative control; 2.25±0.25 cm for cornsilk extract (Table 1).  The root morphology did not change in the negative control treatment group, but slight yellowing of the root tips was observed at 2.5, 5 and 10 mg/mL of cornsilk extract (Table 1).

Table 1: Cytotoxicity of Stigma maydis extract on levels of the physicochemical parameters (root number and root length) of Onion (A. cepa) roots
	Treatment group
	Concentration of extract (mg/mL)
	Average root Number ± S.D
	Average root length (cm)± S.D 

	Negative control
	Tap water
	26.40±3.82
	4.82±0.12

	Methotrexate
	0.1
	2.10±0.02a
	0.10±0.01a

	Stigma  maydis
	2.5
	16.40±2.40a
	6.33±0.88a

	
	5.0
	8.90±0.92a
	5.50±0.64a

	
	10.0
	6.40±0.60a
	2.25±0.25a


Values are expressed as mean ±SEM (n=5). Significant at p<0.05 when compared to negative control 
3.2 Cytogenetic Analysis. 
The effects of cornsilk extract on the cytogenetic parameters of A. cepa roots are shown in Table 2. Cytogenetic analysis carried out demonstrated that the cornsilk extract exhibited concentration-dependent and significant (p<0.05) suppression of mitotic index when compared to that of the negative control. A mitotic index of 7.60±3.26 was recorded for 10 mg/mL of cornsilk extract of Z. mays relative to 70.80±3.22 recorded in the negative control group (Table 2).


Table 2: Effects of Stigma maydis extract on the cytogenetic parameters of A. cepa roots 
	Treatment group
	Concentration of extract (mg/mL)
	Total  Number  of cells 
	Dividing cells  
	M.I (%)± S.E

	Negative control
	Tap water
	500
	354
	70.80±3.22

	Methotrexate
	0.1
	500
	14
	2.80±0.10a

	Stigma maydis
	2.5
	500
	88
	17.60±2.25a

	
	5.0
	500
	66
	13.20±1.37a

	
	10.0
	500
	38
	7.60±3.26a



Values are expressed as mean ±SEM (n=5). Significant at p<0.05 when compared to negative control.
The various chromosome and cytological alterations observed in negative control, methotrexate, cornsilk extract-treated groups are depicted in Table 3.  Chromosome aberrations analysis demonstrated that laggard and bridges of chromosomes, polar deviation and nuclear damage were observed in the respective concentration treatments, especially in the highest concentration (Table 3) (Figure 1(A,D,F).  These aberrations were significant (p<0.05) relative to the negative control group. Also, fragmentation or breakage of chromosomes was recorded at 5.0 and 10.0 mg/mL concentrations of the cornsilk extract (Table 3; Figure 1 (F)).  The extract-treated groups exerted sticky metaphase  (Figures 1(B and E) with the highest concentration of the extract (10 mg/mL) having higher frequencies. These abnormalities were found to be concentration-dependent. The increases in total aberrant cells (aberrant cells include chromosome breaks, stickiness and polar deviation) were found to be statistically significant (p<0.05) and concentration-dependent relative to the negative control (Table 3). However, the methotrexate-treated group (positive control) had the highest number of aberrant cells (Table 3). Genotoxic potentials of the cornsilk extract was further exhibited by inducing MNC in the root tip meristem cells of A. cepa. However, this was not concentration dependent as methotrexate and the lowest concentration, 2.5 mg/mL of cornsilk extract-treated groups exerted greater statistically significant (p<.05) numbers of cells with MNC in the experiment relative to the negative control. Furthermore, other types of cell aberrations such as membrane-damaged cells, binucleated cells and nucleus damage (Figures 1 C, D and F) as well as apoptotic cells (Figure 1D)  were observed in different frequencies in the extract-treated groups.


[image: ]
Figure 1: Photomicrograph showing the effects of Stigma maydis extract on cell division activities in A. cepa root meristem cells after treatments under light microscope X40 magnification.  Arrows indicate (A) laggard, bridge and polar deviation (B) metaphase, sticky chromosomes (C) Binucleated cells (D) apoptotic bodies, binucleated cells, cell wall damage (E) sticky metaphase (F) binucleated cell, cell wall and nuclear damage, fragmentation and polar deviation








Table-3: Chromosomal and mitotic aberrations in the root meristematic cells of A. cepa after treatment of extract of Stigma maydis

C

	Treatment group
	Concentration of extract (mg/mL)
	Chromosome  breaks (%)±S.E
	Stickiness (%)
±S.E
	Polar deviation (%)±S.E  
	Aberrant cells (%)±S.E
	MNC (%)± S.E

	Negative control
	Tap water
	-
	0.28±0.02
	0.15±0.01
	2.03±0.13
	-

	Methotrexate
	0.10
	3.23±1.38a
	34.12±2.38a
	15.23±2.34a
	51.12±3.42a
	3.12±0.56a

	 Stigma maydis
	2.5
	-
	15.25±0.62a
	-
	20.32±2.39a
	1.34±0.08a

	
	5.0
	1.67±0.33a
	31.02±6.24a
	0.35±0.03a
	33.28±4.21a
	1.04±0.16a

	
	10.0
	2.44±0.86a
	46.53±5.88a
	1.38±0.22a
	60.43±5.38a
	0.96±0.05a


Values are expressed as mean ±SEM (n=5). Significant at p<0.05 when compared to negative control 
4.0 DISCUSSION
In this report, the toxic potentials of cornsilk extract were investigated using A. cepa test by analyzing its effect on onion root growth and morphology. The tested concentrations of the extract exhibited various degrees of effects which were visible on the various parameters evaluated such as root length and number, mitotic index as well as various types of chromosomal aberrations were found to be statistically significant relative to the control group.  Stigma maydis extract exhibited significant inhibition of mitotic activities in the A. cepa roots in the various tested concentrations (2.5, 5.0 and 10.0 mg/mL) with mitotic indices of 17.60%, 13.20% and 7.60%  respectively relative to the negative control). Similarly, methotrexate exerted a more significant inhibition in A. cepa meristematic cells with a mitotic index (MI) of  (2.80%). The observed inhibition of A. cepa root growth increased as the mitotic index decreased. Toxic effects on the organism are prominent when mitotic index decreases below 22% relative to the negative control  (Antonsie-Wiez, 1990; Auva and Sanjib 2022),  while sublethal effects are exhibited at mitotic index below 50% (Panda and Sahu, 1985; Levine and Holland 2018). and is referred to as cytotoxic limit value (Sharma, 1983). “The mitotic index gives information on the percentage of dividing cells in the cell cycle which are in M-Phase and its decreases could be considered as cellular death or suppression in the cell proliferation kinetics” (Rojas etal., 1993). “Low mitotic activity could result from  DNA synthesis inhibition or inhibition of G2 phase of the cell cycle, hindering the cell from entering mitosis” (Sudhakar etal., 2001). “Some herbal extracts with potentials to suppress or inhibit mitosis, DNA synthesis and nucleus proteins, were previously reported” (Mercykutty and Stephen, 1980; Schulz and Kirschner, 1986;As et al., 2006; As et al., 2007; Akinboro and Bakare, 2007). The Stigma maydis extract may have interacted with the DNA to cause disruption of the cell cycle processes and malfunctioning of the chromatin materials, thereby lowering the mitotic index as observed. The results obtained suggest the extract’s potential to cause inhibition of root growth and cell division of A. cepa. Thus, the extract is likely to possess cytotoxic compounds with potentials to inhibit DNA synthesis and  cell division in the roots. This is supported by the presence of sticky metaphase  (Babich et al., 1997), often  attributed to the effect of pollutants and chemical compounds on the integrity of DNA, protein or both, through interaction with building blocks of DNA (G¨om¨urgen, 2005;T¨urkoglu, 2007). Changes in chromosome structure due to breaks or exchange of chromosomal material are known as chromosomal aberrations (CA), most of which are lethal and inheritable (Swierenga et al., 1991). Some fragments of the chromosomes were observed in all the extract concentrations- treated groups which reflect chromosome breakages typical of induction of anaphase/telophase bridges (Sharma and Sen 2002). This suggests the extract potential to suppress chromatin organization or DNA replication, thereby interfering with the cell cycle processes. MNC formation was observed in A. cepa root cells exposed to 2.5–10 mg/mL concentrations of the S. maydis extract, though mostly in the group treated with 2.5 mg/mL of the cornsilk extract. However, the decreased MNC frequency observed in A. cepa roots treated at the highest concentration of the extract (10 mg/mL), maybe due to high cytotoxicity. MNC formation is one of the cytogenetic effects of tested chemicals. that can lead to cellular death (Albertini et al., 2000, Krishna and Hayash, 2000). Documented reports of MNC-induction by  various plant extracts such as Heinsia crinata, Lasianthera africana and Justicia insularis (Ikechukwu et al.,2024), Hippocratea africana (Jonny et al., 2023), Setaria megaphylla (Okokon, et al., 2023), Solanum anomalum fruit (Okopide et al., 2024), Croton zambesicus (Osigwe et al., 2025a) and Stachytarpheta cayenensis (Osigwe et al., 2025b) have been published.
 The results also indicated that cells with damaged membranes were observed in all the concentrations, further supporting the cytotoxic potential of the extract.   Multinucleated and binucleated cells observed in extract-treated groups could result from the inhibitory action of the extract on cell plate formation which involves microtubules, resulting in the prevention of cytokinesis. Other effects such as ghost cells were noted to be present in the treated groups especially in 10 mg/mL treated groups (Figure 1B). The phytochemicals in the extract could have damaged the nucleus and other cytoplasmic structures of the cells, thereby rendering them unstainable  (As et al., 2009; Garg et al., 2022). Apoptotic bodies were observed in the study in various frequencies suggesting the extract’s ability to cause cell death which is mostly observed at high concentrations of toxic substances and stresss (Park et al., 2023).
Research has revealed the isolation of phytochemical constituents of the extract; such as monoterpenes, diterpenes, flavoids, polyphenols among others (El-Ghorab et al., 2007) in the cornsilk extract of Z. mays. Their presence in the cornsilk extract among other constituents may have contributed significantly to the effects observed in this investigation.
5.0 CONCLUSION
 It can be concluded from the results of this study that cornsilk extract exhibits cytotoxic and genotoxic effects on A. cepa roots. This finding could place a caution on its proper use (as well as other medicinal plants earlier reported) in ethnomedicine. However, these findings could shift from toxicity towards the continued search for new agents / herbal alternatives with antiproliferative potentials in anticancer research. These findings could encourage further research in the anticancer activity of these plant extracts and could be utilized to a positive advantage for the development of novel herbal anticancer remedies. 
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