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					ABSTRACT  

					ARTICLE INFO  

					Arsenic is a ubiquitous environmental toxicant present in food, soil, water, and air, and is released  

					into the environment from anthropogenic and man-made sources. The major inorganic forms of  

					arsenic are arsenite and arsenate, while arsenite is more cytotoxic and genotoxic than arsenate.  

					The study was to determine the extent of DNA damage by the ingestion of arsenic (in arsenic  

					trioxide form) in the drinking water of female albino rats at varying concentrations and the  

					ameliorative effect of zinc and selenium on the ingested arsenic trioxide. 90 female Wistar albino  

					rats, 141.5 ± 3.68 g were randomized into 9 groups of 10 rats each and used for this study. The  

					control groups were as follows: no treatment, 50mg/kg of Zn, and 200µg/kg of Se, while the  

					treatment groups were: 20ppm of As, 50ppm of As, 100ppm of As, 200µg/kg of Se + 100ppm of  

					As, 50mg/kg of Zn + 100ppm of As, and 200µg/kg of Se + 50mg/kg of Zn + 100ppm of As. DNA  

					damage and the ameliorative effect of the supplements were assessed using Comet assays. DNA  

					damage increased in the groups administered arsenic in this order: 20ppm < 50ppm < 100ppm.  

					Significant DNA damage was observed in the group administered 100ppm of As (p<0.05), making  

					arsenic a potent carcinogen. Group administered 100ppm As + 200µg/kg Se + 50 mg/kg Zn did  

					not show any significant DNA damage. Oral administration of zinc and selenium was an excellent  

					ameliorative agent both individually and synergistically on the genotoxic effect (carcinogenicity)  

					of arsenic trioxide.  
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					Previous studies suggest that arsenic compounds, during their  

					metabolism in cells, generate reactive oxygen species (ROS) like  

					Introduction  

					Inorganic arsenic compounds, which are found throughout  

					the environment, are now classified as human carcinogens.1,2 Arsenic  

					compounds find a wide range of applications, like a clarifier in the glass  

					industry, wood preservative (copper arsenite), semiconductor (gallium  

					arsenide) industry, desiccant and defoliant in agriculture, and as a by-  

					product of smelting of non-ferrous metals, particularly gold and  

					copper.3,4 Thus, arsenic can be classified as an environmental and  

					occupational hazard. Chronic arsenic toxicity caused by drinking  

					superoxide, hydroxyl radical, and hydrogen peroxide, which are  

					responsible for some of the toxic effects of arsenic.12,13,14 Arsenic  

					exposure has been reported to suppress the functions of the antioxidant  

					defence system, leading to oxidative damage to cellular  

					macromolecules, including DNA, proteins, and lipids. Antioxidants  

					protect the cellular machinery from peroxidative injury inflicted by  

					ROS.15 Neuropathy caused by arsenic toxicity is well known.16 It is  

					known that most of the neurotoxic effects of arsenic are mediated  

					through the generation of ROS.17 Tests for genotoxicity have indicated  

					that arsenic compounds inhibit DNA repair, induce chromosomal  

					aberrations, and sister chromatid exchanges.18 Genotoxic effects of  

					arsenic have been reported in various cell lines and rodents.19  

					Arsenic has been one of the most widely studied metals/metalloids in  

					the last 20 years, and it has been placed at the top of the hazardous  

					substance priority list by the U.S. Agency for Toxic Substances and  

					Disease Registry (ATSDR) for over 15 years.20 Inorganic arsenite  

					(As3+) and arsenate (As5+) are the predominant forms of arsenic in  

					water.21 They also present higher toxicity and display higher mobility  

					in the environment when compared to organic forms of arsenic.22  

					Carcinogenesis is a multi-step process, encompassing cancer initiation,  

					promotion, and malignant progression.23,24 Cancer can arise after the  

					accumulation of mutations in cellular DNA, which could emanate from  

					impaired capacity in DNA repair. Metabolic and other endogenous  

					cellular processes constantly generate ROS and reactive metabolites,  

					which can result in DNA damage.25  

					5,6  

					arsenic-contaminated water has been reported from many countries  

					Smith et al.7 reported that a large population in West Bengal in India  

					and Bangladesh has been to be affected by arsenic. Exposure to arsenic  

					via drinking water is correlated with a significantly elevated risk of skin  

					and bladder cancer.8 It is assumed that an estimated six million people  

					in an area of 38,865 km2 in West Bengal of India are presently drinking  

					arsenic-contaminated water (>50–3000 μg/L).9 This level is well above  

					the World Health Organization (WHO) recommended permissible limit  

					of 10 μg/L. Skin symptoms such as depigmentation and keratosis are  

					the two most common clinical manifestations, whereas neurological  

					disorders appear after long-term exposure to arsenic.10Arsenic may  

					exert its toxicity through reaction with various sulfhydryl groups that  

					exist in the cells.11  
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					There are a number of proposed mechanisms for arsenic-elicited  

					carcinogenesis, including, but not limited to, elevated oxidative stress,  

					diminished DNA repair, dysregulated cell proliferation and apoptosis,  

					and aberrant DNA methylation and histone post-translational  

					modifications.26  

					Selenium and zinc are two essential micronutrients that have well-  

					known functions, such as alleviating oxidative stress and protecting  

					DNA from reactive oxygen species (ROS) attack. Thus, investigations  

					on the role of zinc and selenium micronutrition in preventing neoplastic  

					diseases have gained considerable research interest.27 Zinc is the most  
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					abundant trace intracellular element, playing an important role in both  

					genetic stability and function. Several studies reported that the elderly  

					population of Europe has considerable zinc deficiency as a result of  

					perturbation of zinc homeostasis caused by aging.27,28 Selenium is  

					another essential trace element that is vital for various cellular processes  

					and also frequently used in cancer prevention. It has an antineoplastic  

					feature, largely because it can inhibit ROS production, thereby  

					preventing oxidative DNA damage.29 In addition, both selenium and  

					zinc have a role in the efficient progression of the DNA repair system,  

					thereby alleviating DNA damage, which could otherwise result in  

					cancer development.30  

					and slides were lowered into cold, freshly prepared lysing solution.  

					Slides were protected from light and refrigerated for 2 hours at 40C.  

					Electrophoresis of slides  

					After 2 hours of lysing, the slides were gently removed from the lysing  

					solution. The slides were then placed side by side on the horizontal gel  

					box near one end of the electrophoresis Coplin jar.  

					The buffer reservoir was filled with freshly made electrophoresis buffer  

					(pH>13) until buffer level completely covered the slides. Slides were  

					allowed to stay in the alkaline buffer for 20 minutes to allow for the  

					unwinding of the DNA. Then, power supply of 24 volts (0.74 V/cm)  

					was turned on, the current was adjusted to 300 mA by raising the buffer  

					level, and the slides were electrophoresed for 30 minutes before the  

					power supply was turned off.  

					Slides were gently lifted from the buffer and placed on a drain tray.  

					Drop-wise coating was done on the slides with neutralization buffer and  

					allowed to stay for 5 minutes. Slides were drained and coating with  

					neutralization buffer was repeated two more times. Slides were drained  

					and kept in cold 100% methanol for 20 minutes for dehydration.  

					Air drying of the slides was done and they were placed in an oven at  

					500C for 30 minutes and then stored in a dry area. When needed, the  

					slides were rehydrated with chilled distilled water (dH2O) for 30  

					minutes, stained with Giemsa stain, and covered with fresh coverslips.  

					Materials and Methods  

					Reagents  

					Arsenic trioxide: CAS registry no: 1327-53-3, low melting agarose  

					(LMA) (37°C), normal melting agarose (NMA) (40–42°C),  

					Dimethylsulfoxide (DMSO), Disodium EDTA , Ethidium Bromide,  

					Phosphate Buffered Saline (PBS) (i.e. Ca2+, Mg2+ free), Sodium  

					Chloride (NaCl), Sodium Hydroxide (NaOH), Triton X-100, Trizma  

					Base, Giemsa stain, Methanol, Tris, HCl and distilled water (dH2O).  

					Coverslips (No. 1, 24 x 60 mm), Micro-centrifuge Tubes, Micro-pipette  

					and Tips, Microscope Slides, Conventional/Micro gel electrophoresis  

					(MGE) slides, Coplin jar (opaque), Horizontal Gel Electrophoresis  

					Apparatus, Electrophoresis Power Supply, and Microscope Slide Tray  

					(aluminium).  

					Assessment of DNA damage  

					For visualization of DNA damage, observations were made of Giemsa-  

					stained DNA using a 40X objective on an inverted microscope.  

					An image analysis system software linked to a CCD camera to assess  

					the quantitative and qualitative extent of DNA damage in the cells by  

					measuring the length of DNA.  

					The amount of migration per cell, the number of cells with increased  

					migration, the extent of migration among damaged cells, and viability  

					were measured.  

					Animals  

					Ninety healthy female albino Wistar rats were procured from the  

					Laboratory Animal Centre, College of Medicine, University of Lagos,  

					Lagos, weighing 141.5 ± 3.68 g. They were acclimatized for a week  

					before the experiments. The rats were maintained on a day and night  

					schedule (12 hours light: 12 hours dark). Commercial laboratory rat  

					chow (pellet feed form) and water were given to the rats ad libitum.  

					Experimental Design  

					The 90 rats were randomised into 9 groups of 10 rats each and were  

					treated via oral gavage as shown below for 8 weeks.  

					Control groups  

					Statistical Analysis  

					The assay described above has been repeated in triplicate. Results were  

					reproducible, and the mean value of each parameter was used in the  

					statistical analyses in this result session at an alpha (α) value (p<0.05).  

					Slides were viewed with the inverted microscope, scored using ImageJ,  

					and a Microsoft Excel sheet was used to calculate the mean. Statistical  

					analysis [analysis of variance (one-way ANOVA)] was done on the  

					mean of each group using GraphPad Prism 8.  

					Group 1: Control (No treatment (only food and water))  

					Group 2: Control for Zinc (food + Water + 50mg/kg Zinc)  

					Group 3: Control for Selenium (food + Water + 200µg/kg Selenium)  

					Treatment groups  

					Group 4: 20ppm Arsenic in water  

					Group 5: 50 ppm Arsenic in water  

					Group 6: 100 ppm Arsenic in water  

					Results and Discussion  

					Group 7: 200µg/kg Selenium + 100 ppm Arsenic in water  

					Group 8: 50 mg/kg Zinc + 100ppm Arsenic in water  

					Group 9: 200µg/kg Selenium + 50mg/kg Zinc + 100ppm Arsenic in  

					water.  

					Figures 1 and 3 show that 100ppm of arsenic caused more DNA damage  

					to the cells compared to a lower dose of 20ppm of arsenic. Figure 5  

					shows a significant increase in DNA damage between the experimental  

					and the control groups at p < 0.001. Zinc (50mg/kg) was able to  

					ameliorate the effect of the arsenic (100ppm) as well as selenium  

					(200µg/kg), as shown in Figures 5 and 6. The combined ameliorative  

					effect of zinc and selenium (group 9) on arsenic was observed in Figure  

					7, indicating their ability to reduce DNA damage caused by the toxic  

					effect of arsenic.  

					Arsenic exposure has been reported to suppress the functions of the  

					antioxidant defence system, leading to oxidative damage to cellular  

					macromolecules, including DNA, proteins, and lipids. Antioxidants  

					protect the cellular machinery from peroxidative injury inflicted by  

					ROS.15  

					Cell Isolation/Treatment  

					DNA damage assessment was done by using alkaline single cell  

					electrophoresis (comet assay) according to the method of Singh and  

					Coy.31. A Single cell suspension from liver tissue was prepared  

					following the procedure of Singh et al.31  

					The liver samples from the nine (9) treatment groups were collected in  

					separate vials. The samples were cleaned with normal saline solution,  

					minced manually, and then centrifuged at 8,500rpm for 1 minute.  

					Trypsin (0.5mL of 0.005%) was added to each of the samples for  

					digestion at 370C for 5 minutes. An equal volume of 0.5mL of FBS  

					(Fetal Bovine Serum) was added to quench the trypsin. 5µL of cell  

					suspension was mixed with 75µL of 0.5% LMA. This was done for each  

					of the treatment groups.  

					Genotoxicity tests have indicated that arsenic compounds inhibit DNA  

					repair, induce chromosomal aberrations, and sister chromatid  

					32  

					exchanges.18, Genotoxic effects of arsenic have been reported in  

					various cell lines and rodents.19  

					A review by Tchounwou et al18 made it clear that arsenic and arsenic-  

					containing compounds are human carcinogens. Exposure to arsenic,  

					especially at a low level to inorganic arsenic, has been associated with  

					an increased risk of several cancers, including lung, kidney, bladder,  

					and skin cancers, and, if examined properly, cancerous growth in the  

					affected organs might be revealed.33,34,35 In this study, as shown in  

					Figure 1, the groups administered 50ppm and 100ppm arsenic show the  

					extent of DNA damage caused by arsenic toxicity. This implies that  

					The mixture of the cell suspension and the LMA was layered on top of  

					the base slides (which had earlier been coated with NMA) and a cover  

					slip was placed thereafter. The samples were done in triplicate and  

					slides were carefully arranged in tray. Cover slips were gently removed  

					after agarose had hardened in a space of 10 minutes. A third agarose  

					layer (90µL of 1% LMA) was added to the slide. Cover slips were  

					replaced and slides returned to tray until the agarose layer hardened  

					(about 10 minutes). Cover slips were again gently removed from slides,  
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					arsenic is cancerous and goes in line with De Bont et al.,25 who state  

					that DNA damage plays a major role in mutagenesis and carcinogenesis.  

					To limit the effect of toxic arsenic, there is a need for adequate nutrition  

					because detoxification of arsenic is enhanced by nutrition that offers  

					protection by the methylation of arsenic through S-adenosylmethionine,  

					which derives its methyl group from the diet, and antioxidants that  

					protect against free radical species.36 Adequate nutrition, especially  

					food rich in B-vitamins like folate and B-12, can help to detoxify the  

					effects of arsenic by increasing arsenic methylation for easy excretion.37  

					Several in vivo and in vitro studies have shown that adequate nutrition  

					is indeed vital for cells to function properly, given that nutrients have  

					numerous active ingredients, such as proteins, essential minerals,  

					vitamins, and carbohydrates. Clearly, the percentage of deaths,  

					especially cancer deaths, may be remarkably reduced by paying  

					attention to healthy nutrition.28  

					Figure 3: Tail length against the concentrations of  

					administered arsenic and supplements in each group  

					Figure 1: Comet length (indicates DNA damage) against the  

					concentrations of administered Arsenic and supplements in  

					each group. NOTE: 1ppm = 1mg/L  

					Figure 4: Tail DNA against the Concentrations of  

					Administered Arsenic and supplements in each group.  

					Selenium and zinc are two essential micronutrients that have well-  

					known functions, such as alleviating oxidative stress and protecting  

					DNA from reactive oxygen species (ROS) attack. Thus, investigation  

					on the role of zinc and selenium micronutrition in preventing neoplastic  

					diseases has gained considerable research interest.27, 28  

					In addition, both selenium and zinc have a role in the efficient  

					progression of the DNA repair system, thereby alleviating DNA  

					damage, which could otherwise result in cancer development.30  

					Although many in vivo and in vitro studies were performed to determine  

					the effect of separate administration of these two elements on different  

					cell types, tissues, and organs, their joint effects on these tissues and  

					organs are poorly known. It is also important to know the interactions  

					that may occur between selenium and zinc as a result of their  

					bioaccumulation in tissues, especially in amelioration of arsenic  

					toxicity and also on the DNA repair process, despite their substantial  

					antioxidant effects on ROS scavenging via the glutathione  

					peroxidases/thioredoxin  

					reductases  

					enzymes  

					and  

					metallothionein/thionein system, as shown by Moran38 and Maret.39  

					In Figure 5, an increase in DNA damage (measured by the Olive  

					moment) was seen in the group administered 100ppm Arsenic in  

					drinking water when compared with the group administered 50ppm and  

					20ppm. The DNA damage is traceable to the corresponding increase in  

					concentration of heavy metal (arsenic) used in the induction of the DNA  

					fragmentation or damage. Group 8, which received zinc (50mg/kg), was  

					able to ameliorate the DNA damage caused by the 100ppm dosage in  

					group 6, while group 8 exhibited no statistically significant difference  

					at an adjusted P value of 0.4148 when compared with the negative  

					control group. The ability of zinc to ameliorate the DNA damage caused  

					by 100ppm of arsenic could be as a result of the antioxidant property of  

					zinc. However, reduced olive moment value was observed in the group  

					Figure 2: Comet DNA against the concentrations of  

					administered arsenic and supplements in each group.  
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					administered 20ppm at an adjusted P value of 0.0004 when compared  

					with the negative control group. This shows that at 20ppm arsenic, there  

					was no DNA damage that was caused on the cells.  

					!"  

					!"  

					SNT-  

					#A%C'E#)G+IEC-.'GL.M  

					#N%CO.P+G+IEC-.'GL.MC4R+'-S  

					#T%CO.P+G+IEC-.'GL.MC4PEME'+UVS  

					#:%CA;;<<ZC)"C>!C?@ABC  

					!"  

					!"  

					!!  

					SNT-  

					#A%C'E#)G+IEC-.'GL.0  

					#N%CO.P+G+IE -.'GL.0 4R+'-S  

					#T%CN8VV:C)"C;!C<Z>?@  

					#A%CA8VV:C)"C;!C<Z>?@  

					#B%CA88VV:C)"C;!C<Z>?@  

					#C%CA8:aEFaCR!CGCA88VV:C)"C;!C<Z>?@  

					%'  

					"E  

					"'  

					E

					!"  

					#a%CN;;ZEcGecCPBIg;ZcGecCR!IA;;<<ZC)"  

					!!  

					!"  

					'E  

					"$  

					"E  

					$

					!!!  

					E

					'

					!" !# !$ !% !& !'  

					!)G+I-  

					!"  

					!#  

					!$  

					!%  

					!&  

					!)G+I-  

					Figure 5: Genotoxic effect of Arsenic in drinking water as  

					compared with group 2 on female Albino rats. [* p <0.01; ** p  

					< 0.001; *** p < 0.0001; ns = Not significant].  

					Figure 7: Genotoxic effect of Arsenic in drinking water as  

					compared with groups 2 and 3 on female Albino rats. [* p  

					<0.01; ** p < 0.001; *** p < 0.0001; ns = Not significant].  

					The olive tail moment, which is the parametric quantitative measure of  

					the extent of DNA damage in an Olive Moment Comet Assay is  

					increase in the group administered 100ppm arsenic in water as shown  

					in Figures 5 and 6; which signifies a corresponding increase in DNA  

					fragmentation or damage when compared with group administered  

					50ppm and 20ppm. When the treatment groups were compared, it was  

					found that zinc (group 7 in Figure 5) has a greater ability to reduce the  

					DNA damage that was induced by 100ppm arsenic in water (group 6)  

					than selenium (group 8 in Figure 6). Figure 7 depicts the statistical  

					pictorial graph of the three (3) control groups, in which the negative  

					control (group 1), the positive control groups (group 2 and 3 for zinc  

					and selenium, respectively), and group 9 (which received the combined  

					supplements) show no statistically significant difference when  

					compared together. But when group 1 (negative control) was compared  

					with group 6 (the experimental group with the highest concentration of  

					100ppm Arsenic in water), there was a significant increase in DNA  

					damage at (P < 0.01), while the comparison of group 6 and group 9  

					show more synergistic effect of zinc and selenium in amelioration of  

					the DNA damage caused by the action of the 100ppm arsenic  

					administered. This indicates that the DNA-damaging effect of Arsenic  

					in living organisms, as experimented with female albino rats in this  

					project, can be mitigated using zinc and selenium. According to Yildiz  

					et al.,40 selenium and zinc can singly provide an effective progression  

					of the DNA repair system, thereby decreasing cancer development that  

					originated from DNA damage, while their synergistic effect on DNA  

					repair is largely unknown.  

					In the research carried out by David Banji et al.,41, they proved that DNA  

					fragmentation was protected by zinc as well as selenium. Likewise, in  

					the review by Zwolak,42, who suggested that selenium has an  

					antagonistic effect on arsenic toxicity through the action of selenium-  

					dependent antioxidant enzyme, and its ability to increase arsenic  

					methylation was also proposed as a mechanism by which selenium  

					reduces arsenic toxicity. Thus, co-administration of selenium and zinc  

					(group 9), as shown in Figure 7, proves that selenium and zinc can be  

					used synergistically for the detoxification of arsenic toxicity due to their  

					ability to prevent DNA damage and adverse effects caused by 100ppm  

					arsenic trioxide given to the rats.  

					Conclusion  

					In line with previous research carried out on arsenic as a genotoxic  

					agent, the data obtained from this current study further lends credence  

					to this fact that both zinc (50µg/kg) and selenium (200µg/kg) when used  

					singly and synergistically can be used as therapeutic agents to  

					ameliorate the debilitating effect of arsenic poisoning (within the  

					threshold concentration of 50ppm and 100ppm. The findings of this  

					research further expand our horizon of knowledge that zinc and  

					selenium do not exhibit antagonistic effects, but rather a synergistic  

					effect, when used as therapeutic agents to ameliorate arsenic poisoning  

					in animal models and, in extension, for clinical application.  
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