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Abstract


Background: Genetic damage is one of the most fundamental causes of structural and functional changes in DNA. There are a great number of physical, chemical, and biological agents that, either directly or indirectly, damage the integrity of this macromolecule. Genetic damage may be caused by environmental exposure to genotoxins, radiations, chemicals, micronutrient deficiency, lifestyle factors, and genetic factors.

Methodology: Analysis of micronucleus in buccal cells is used to study the genotoxic effect on workers exposed to fogging sprays during fogging operation. In this study, buccal cells from 31 fogging workers and 24 office workers were collected. The former was the exposed group, while the latter was the control group. The respondents were also required to answer a questionnaire. DNA damage was scored by counting the frequency of micronucleus per 1,000 cells for each sample. Scoring was done by observing the formation of micronuclei after staining using acridine orange.

Results: The result showed that the frequency of micronucleus in the fogging workers was significantly higher than the office workers. Other factors affecting the formation of micronuclei, such as age, smoking status, and years of pesticide exposure, was also investigated in this study. The results proved that there was a significant difference in the frequency of micronucleus among the workers who smoked and workers who did not smoke in the exposed group. In contrast, there were no significant differences for the factors namely age and years of pesticide exposure. There was also a weak positive correlation between working period (years) with the frequency of micronucleus, with r2 = 0.387, p<0.05. Multiple linear regression test also suggested that smoking status and years of pesticide exposure can be the significant predictors for the frequency of micronucleus (p<0.05).

Conclusion: The genotoxic effect that occurs in fogging workers should be further assessed to improve their health and to maintain the safety at the workplace.
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Introduction



The number of death due to dengue fever in Malaysia is at an alarming level with 109 deaths reported from 3rd January 2016 to 14th May 2016 [1]. The Government in collaboration with the Ministry of Health Malaysia have been conducting fogging operation to control the spread of dengue in hotspot areas in Malaysia. Thermal fogging spray is recommended as a control measure to kill the mosquitoes at their adult stage [2]. A few chemicals are frequently used in thermal fogging operations, such asmalathion, fenitrothion, fenthion, and some other pyrethroid pesticides [3]. These pesticides, especially malathion, are associated with a genotoxic effect as they could worsen the damage on chromosomal structure in cells [4]. Research by Koutros et al. [5] also found out that there is an increased and aggressive prostate cancer among workers who use a combination of a few pesticides such as malathion, terbufos, and fonofos.




The mechanism of cancer starts when an individual is exposed to genotoxic agents for a long period of time. This exposure causes chromosomal damage when fragments of chromosomes do not move to the opposite pole during anaphase stage. The nuclear membrane forms around the chromosomal fragments, which eventually develop into a small-sized nucleus known as a micronucleus (plural: micronuclei). Micronucleus formation is also an indication of an increase in DNA damage, which is often encountered in the formation of cancer cells [6]. To identify the formation of micronuclei in cells, micronucleus assay method is used. There are two types of cells that can be used for this method, namely lymphocytes and buccal cells. However, sampling of buccal cells is preferable because it is easier and cheaper than using lymphocytes and causes no pain to the subject [7].



The aim of this research was to study the genotoxic effect in terms of micronucleus formation among fogging workers due to the exposure to fogging chemicalsat which previous studies have found that the effect can be seen on the farmers who handle pesticides to kill the insects and pests. This study reveals new findings in which there were no previous studies that examined the effect on fogging workers. The results are reported in this article by comparing the frequency of micronucleus per 1,000 cells between fogging workers and office workers. Several factors that may potentially contribute to the formation of micronucleus, such as age, smoking status, and years of pesticide exposure were also investigated.



This research study has proven that there is DNA damage that can be seen in the spraying operation workers exposed to genotoxic agents through the formation of micronuclei in their buccal cells. In addition, the findings also prove that there are no significant differences to differentiate between categories of age and duration of pesticides exposure to the fogging workers. Only smoking status that showed a significant difference to distinguish the two groups of workers who smoke and workers who do not smoke.




Materials and Method

Materials: Chemicals: Acetic acid, 0.0025% acridine orange (AO), 0.03 M ethylene di amine tetra acetic acid (EDTA), 1% of dimethyl sulphoxide (DMSO), methanol, 0.075 M potassium chloride (KCl), 0.64 M sodium chloride (NaCl), 0.01 M Tris-HCl.

Distribution Of Questionnaires: The questionnaire, which was a modified version of the questionnaire from Program Molek Tani KPKK UKM 2014/2015, was distributed to the subject before collecting the buccal cells. The respondents' sociodemographic data, disease history, employment background, type of mosquito pesticides used, smoking status, and type of personal protective equipment worn during fogging operation were collected using the questionnaire.

Collection of Buccal Cells: Before taking the sample, the subjects were asked to wash their mouth with water to remove any contaminants or food residuals. Buccal cells were collected by gently scrapping the mucosal surfaces on both sides of the cheek using a sterile wooden tongue depressor [8]. This process was carried out for a minute to obtain adequate buccal cells from each subject. The buccal cells collected were then transferred into polypropylene tubes containing 5mL of buffer solution. Each tube was then labelled with the name of the subject.




Fixation and Sample Processing: Buccal cells were washed 3 times in a buffer solution (0.03 M EDTA, 0.01 M Tris-HCl, 0.64 M NaCl) at pH 7 by centrifugation at 2,000 rpm for 10 min. For each of the last wash, the cell pellet was added with 5mL of 0.075 M KCl and 50mL of 1% DMSO. The compounds were then incubated for 30 min at room temperature and then added with Carnoy solution (methanol and acetic acid at a ratio of 3:1). The compounds were centrifuged again at 2,000 rpm for 10 min. The supernatant was then removed, and the cell pellet was added with Carnoy solution and stored at -20 °C for subsequent analysis.

Preparation and Staining of Slides: The cell pellet was washed twice with Carnoy solution at 2,000 rpm for 10 min. At the last wash, the supernatant was removed, and 1mL of the remaining solution was left in the tube. 200 mL of cell suspension was dropped on the slide that had been heated and cleaned. The slides were then allowed to dry for 5-10 min and stained using 0.0025% acridine orange (AO) for microscopic analysis. The slides can be stored in a dry slide storage box and stored in a refrigerator with a temperature of less than 4°C [9]. Staining process was done in a dark room because acridine orange is very sensitive to light. A total of three replicates of cells were prepared for each sample to obtain the average number of micronuclei formed per 1,000 cells.

Scoring of Micronucleus per 1,000 Cells: The presence of micronucleus was observed by using a fluorescent microscope at 200x and 400* magnifications. Several criteria were considered in the scoring, as stated by Bonassi et al. [10]. For the first criterion, the cells with the presence of major and minor nucleus were recognised as micronucleus. The micronucleus was round or oval and had a diameter 3-16 times smaller than the size of the main nucleus. Most cells had only one micronucleus, but it was possible to have more than one micronucleus in one cell. This situation could be seen in subjects who had been exposed to genotoxic agents or radiation in a long term. Micronucleus should also be located in the cytoplasm of the cell. The pattern and colour intensity of the chromatin must also be the same as the main nucleus. Last criterion was that the border must be clearly seen to prove the presence of the nuclear membrane.



Results and Discussion

The frequency of micronucleus per 1,000 cells was recorded as a percentage (%) and expressed as mean ± Standard Error Mean (SEM) for three replicates of the samples (n=3). The sample size for the exposed group and the control group was less than 100. Therefore, Shapiro-Wilk test was chosen to test the normality of the data distribution for the frequency of micronucleus.
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Figure 1: Comparison on micronucleus frequencies between fogging workers (exposed) and office workers (control).





Data distribution was not normal; therefore, Mann-Whitney test was used to compare the frequency of micronucleus between the exposed group and the control group. Figure 1 shows the micronucleus frequencies in the exposed group (0.1117 ± 0.0167), which was significantly higher (p<0.001) compared to the micronucleus frequencies in the control group (0.0047 ± 0.0117). This result was also reflected in the study by Garaj-Vrhovac [11] involving 10 workers involved in the manufacturing of pesticides and 20 control workers who were not directly involved in the production of pesticides. The study found out that there was a significant difference in the micronucleus frequency in both groups, indicating that exposure to pesticides increased the formation of micronucleus in the buccal cells.


Data distribution was not normal; therefore, Mann-Whitney test was used to compare the frequency of micronucleus by age category in the exposed group. The range for the age was 28-39 years old. The median value (32 years) was taken as the midpoint to distinguish between these two age categories. Figure 2 shows the micronucleus frequency for the exposed groups aged >32 years (0.1044 ± 0.0190), which was slightly lower compared to the group aged>32 years (0.1253 ± 0.0273).However, the mean values between these two groups were not statistically different. This may be due to the small range of age between 28 and 39 years old, leading to a relatively weak statistical power analysis, thus making it difficult to observe the difference between these two age categories. These findings are also supported by Remor et al. [12] who found out that there was no statistically difference between the groups aged ≤38 years and >38 years.
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Figure 2: Comparison between two age categories in the exposed group.




Data distribution was not normal; therefore, Mann-Whitney test was used to compare the frequency of micronucleus by smoking status. Figure 3 shows the micronucleus frequency in the smoker group (0.1383 ± 0.0195), which was significantly higher (p<0.05) than the non smoker group (0.0954 ± 0.0075). This result was supported with the study conducted by Sarto et al [13] who found that workers who smoked had a two-time higher micronucleus frequency than the workers who did not smoke. The study by Bhalli et al [14] also shows that smoking is an additional factor, other than exposure to pesticides that enhances the formation of micronuclei in buccal cells.
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Figure 3: Comparison on smoking status between smokers and non smokers in the exposed group.




Data distribution was normal; therefore, independent samples t-test was used to compare the frequency of micronucleus by years of pesticide exposure. The range for pesticide exposure was 3-15 years. The median value (8 years) was taken as the midpoint to distinguish the two categories namely ≤8 years and >8 years. Figure 4 shows the micronucleus frequency among the workers who worked≤8 years (0.1060 ± 0.0232), which was lower but not significant (p>0.05) than the workers who worked>8 years (0.1338 ± 0.0533). DNA damage that occurs on buccal cells are associated with continuous use of pesticides. The severity of the damage depends on duration and intensity of exposure [15]. The longer and more frequent is the individual exposed to pesticides, the higher can the formation of micronucleus be found on buccal cells. 
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Figure 4: Comparison between two age categories in the exposed group.







The data distribution was normal; therefore, the data were analysed using Pearson correlation test. The finding indicated that there was a weak positive correlation between the frequency of micronucleus and the working period (years) among the exposed workers (Table 1). This finding supports the claim that the longer is the period of pesticides exposure, the higher is the frequency of micronucleus per 1,000 cells.


Table 2 shows the results for multiple linear regressions to identify the factors influencing the frequency of micronucleus per 1,000 cells. The study found out that smoking status and years of pesticide exposure were the significant predictors for the frequency of micronucleus per 1,000 cells, while age did not show any significant correlation. Twenty-six percent of the increase in the frequency of micronucleus per 1,000 cells was influenced by smoking status, while 15% of the increase in the frequency of micro nucleus per 1,000 cells was influenced by the years of pesticide exposure. In addition, the study also found that a total of 40% of the change in the frequency of micro nucleus was caused by a combination of three factors namely age, smoking status, and period of work. Next, 60% of the change in the frequency of micronucleus per 1,000 cells may be due to other factors not examined in this study, such as alcohol consumption, diet, and radiotherapy.





Table 1: Correlation between micronucleus frequency and years of pesticide exposure.
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Table 2: Result for analysis of multiple linear regression.
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Conclusion

This study has proven that there was a significant difference in the micronucleus frequency per 1,000 cells between the fogging workers and the office workers. The findings also proved that there were no significant differences to differentiate the categories in terms of age and years of pesticide exposure. Only smoking status showed a significant difference to distinguish smokers and nonsmokers in exposed group of workers. This research also suggested that smoking status and years of pesticide exposure can be the significant predictors in determining the frequency of micronucleus per 1,000 cells.
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