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3.1 Review of Literature 

Micronuclei, also known as Howell-Jolly bodies, were first identified by an American, 

William Howell and a Frenchman, Justin Jolly in red cell precursors at the end of 

nineteenth century (Sears and Udden, 2012). Micronucleus are the acentric chromatid and 

chromosome fragments which lag behind when the centric elements move towards the 

spindle poles and are incorporated into the daughter nuclei (Schmid, 1975). The 

micronucleus (MN) assay is extensively used as a biomarker in human biomonitoring 

studies to evaluate the extent of chromosomal damage due to genotoxic agents or having 

susceptible genotype and instability of genome (Corvi et al., 2008; Glaviano et al., 2009; 

Weng and Morimoto, 2009). MN assay has greater accuracy as a large number of cells 

can be analysed in minimum time. The assay is popular over other biomonitoring studies 

as it is less invasive in terms of cell collection, low-cost, cells can be easily scored and 

ease of slide preparation with buccal epithelial cells makes it ideal for cytotoxic studies 

(Stich et al., 1982; Fenech et al., 2011; da Silva et al., 2012). It can be used to express the 

genotoxic effects of inhaled or ingested genotoxic agents and chemical metabolites being 

in immediate contact (Tolbert et al., 1991; Fenech et al., 1999). The basal layer of the 

buccal epithelia contains stem cells that may express genetic damage during nuclear 

division. Some of the exfoliated cells degenerate into cells with condensed chromatin, 

fragmented nuclei, pyknotic nuclei, karyolytic cells and some cells are blocked in 

binucleated stage or exhibit nuclear bud known as broken egg, a biomarker of gene 

amplification. These provide an assessment of genome damage (Suspiro and Prista, 2011; 

Kashyap and Reddy, 2012). Micronucleus can be identified from its round or oval shape. 

It is 1/16
th

 to 1/3
rd

 times the diameter of the main nucleus. It is non-refractile having the 

same or slightly darker staining intensity as the main nucleus (Fenech et al., 2003). 
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Micronucleus assay has been widely used in occupational and dietary studies, and also to 

study the effects of various carcinogenic agents on cells (Rosin, 1992; Nersesian, 1996; 

Majer et al., 2001; Kimura et al., 2004; Bonassi et al., 2005). Not only the micronuclei 

but also the nuclear buds, broken egg, karyolysis, karyorrhectic, pyknotic cells provide an 

important mechanistic insights into cytotoxic and genotoxic effects (Fenech, 2007). Any 

dividing tissue such as cervix epithelia, oesophagus, bladder, bronchial, nasal including 

buccal epithelium can be used for micronucleus evaluation (Kassie et al., 2001; Yadav 

and Sharma, 2008). The peripheral blood lymphocytes can also be used for MN assay to 

determine the effect of long-term exposure to a complex mixture of pesticides (Pastor et 

al., 2001).  

3.1.1 Micronucleus assay in occupationally exposed pesticide workers 

A number of studies have been conducted to demonstrate the efficiency of MN assay for 

detecting pesticide induced DNA damage (da Silva Augusto et al., 1997; Gómez-Arroyo 

et al., 2000). Croatian workers occupationally exposed to pesticides (containing atrazine, 

alachlor, cyanazine and 2,4-dichlorophenoxyacetic acid and malathion) were analysed for 

MN frequencies during the 8 months exposure to pesticides and after 8 months post 

exposure. It was observed that the frequency of MN was significantly higher in the 

exposed group compared to the control. Garaj-Vrhovac and Zeljezic (2001) showed that 

the MN frequencies were slightly reduced 8 months after the exposure but the frequency 

was still higher than control. Gómez-Arroyo et al. (2000) reported the MN frequencies in 

the pesticide exposed floriculture workers which was three times higher than the non-

exposed subjects.  

In a study female Pakistani agricultural workers exposed to pesticides were assayed for 

binucleated cells with micronuclei (BNMN) and total number of micronuclei in 
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binucleate cells (MNL) compared to control. Micronuclei were found to increase with 

age, though the increase was greater in the exposed group compared to the control (Ali et 

al., 2008). Brazilian workers in soybean fields exposed to pesticides showed significantly 

higher number of cells with micronucleus in exposed than non-exposed control. Age, 

smoking habit, smoking time, number of cigarettes/day, alcohol consumption and years of 

pesticide exposure was not found to influence MN frequency (Moura de Bortoli et al., 

2009). A study carried out in Assam, India revealed a significant increase in cell death 

parameters in female tea garden workers compared to control. A strong positive 

correlation was found between the duration of occupation and micronucleus frequency 

and cell death parameters (Kausar et al., 2014). Recently, Gaikwad et al. (2015) reported 

a significant rise in the micronucleated cells of buccal mucosa among the pesticide 

sprayers of grape garden than the control group. In the same study a significant decrease 

of WBC count and a significant increase of uric acid and malondialdehyde level in urine 

supported the genotoxic effect of the pesticides. Studies have shown that exposure to 

pesticides also cause increased miscarriages (Pastor et al., 2001). A number of other 

studies have positively correlated the increase in MN and pesticide exposure (Costa et al., 

2007; Ergene et al., 2007; Benedetti et al., 2013). 

3.1.2 No effect of pesticides on micronucleus formation 

Whereas there are many studies which prove that pesticide exposure cause increase in 

MN frequencies, others show that there is no such relationship between the two (Scarpato 

et al., 1996; Lucero et al., 2000; Remor et al., 2009). Micronucleus assay performed with 

the epithelial cells of oral mucosa to assess genotoxic effects on floriculturist in Brazil 

showed no statistical difference in the frequencies of micronuclei and other nuclear 

anomalies (Wilhelm et al., 2015). 
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There was no statistically significant difference in the MN frequencies conducted on 

buccal cells and peripheral blood lymphocytes between the Polish farmers exposed to 

pesticides and the control subjects. In case of lymphocytes multiple linear regression 

analysis indicated that alcohol inversely influenced the studied cytogenetic endpoints 

while in case of buccal cells, a negative binomial regression indicated that the MN values 

were directly influenced by the ingestion of red meat. An inverse negative relationship 

existed between the cytokinesis-block proliferation index and age due to the exposure to 

pesticides. In the same study an inverse negative relationship was found between MN 

frequency and age (Pastor et al., 2001). Age, gender, personal protective equipment, 

mode of application of pesticides and alcohol consumption had no significant effect on 

genetic damage (Sailaja et al., 2006; Benedetti et al., 2013). 

3.1.3 Micronucleus assay in individuals exposed to environmental toxic 

pollutants 

Besides the monitoring of the effects of pesticides and other toxic substances, the MN 

assay can also be used to determine the effects of occupational hazard in humans. 

Cytokinesis-block micronucleus assay (CBMN) in the peripheral blood lymphocytes of 

underground coal miners for assessment of DNA damage revealed significant increase in 

the frequency of binucleated cells with micronuclei, nucleoplasmic bridges and 

protrusions compared to the non-exposed control groups (Sinitsky et al., 2016). However 

age, smoking and the length of service were not correlated to the level of chromosomal 

damage (Sinitsky et al., 2016). Thus, the CBMN can be useful in studies related to 

genotoxicity, to monitor hygiene and to adopt preventive measures in occupational 

environment.  
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Cytogenetic damage due to occupational exposure to the petrol and petroleum derivatives 

such as benzene was analyzed by micronucleus assay in exfoliated buccal cells. The 

results revealed a significantly higher MN frequencies and nuclear abnormalities 

(binucleated cells, karyorrhexis and karyolysis) in the petrol station workers compared to 

the control subjects. Smoking too had a significant effect on the damage parameters 

(Ҫelik et al., 2003). In a similar study in Indore (India), Singaraju et al. (2012) showed 

higher MN and nuclear abnormalities (p ≤ 0.01) in the petrol station workers suggesting 

genotoxic effect of the petrol. Statistically significant increase in micronucleated cells 

was observed in the car painters than non-exposed individuals; however, other nuclear 

alterations (karyorrhexis, pyknosis and karyolysis) did not reveal any significant 

correlation. The findings from this study indicated that the car painters are at higher risk 

of damage as paints are capable of inducing genotoxic and mutagenic effects in oral 

mucosa cells (da Silva et al., 2012). Micronucleus assay has also been extended to the 

exfoliated buccal epithelial cells of occupational workers exposed to ashes from burning 

sugarcane that generates polycyclic aromatic hydrocarbons (PAH) (Martínez-Valenzuela 

et al., 2015). Significantly higher frequencies of MN and other nuclear abnormalities, like 

binucleated cells, pyknosis, karyolysis, condensed chromatin and nuclear buds indicate 

that the PAHs generated by sugarcane burning have genotoxic effects and the workers are 

at high risk of genetic damage (Martínez-Valenzuela et al., 2015).  

3.1.4 Micronucleus assay in smokers/ tobacco chewers/ alcohol consumers 

There are number of MN studies in the smokers, tobacco chewers and alcohol consumers. 

Wu et al. (2004) performed micronucleus assay to detect clastogenic effect of areca quid 

chewing and cigarette smoking and showed a significant relationship between smoking 

(>20 cigarettes/day) and micronucleus formation. A non-significant relationship was 
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found for the interaction between smoking and areca quid use. Clastogenic effect for 

areca quid chewing was not detected (Wu et al., 2004). Sadagura, a smokeless tobacco 

preparation contains the sun dried and roasted tobacco leaves in combination with 

fenugreek seed and aniseed for flavor is used by the people of southern Assam province 

of North-East India (Kausar et al., 2009). Kausar et al. (2009) reported a significant 

increase in the frequency of MN in sadagura chewers, smokers, betel quid with sadagura 

and smokers chewing betel quid with sadagura compared to the control subjects which 

suggests that sadagura chewed alone or in combination with betel quid resulted in 

genome damage. Other studies have also shown significantly high frequency of 

micronuclei in peripheral blood lymphocytes in smokers than non-smokers along with 

high frequency of apoptotic cells. The damage was also influenced by the age and 

duration of smoking (Haveric et al., 2010; Naderi et al., 2012).  

The impact of tar and nicotine contents of cigarettes on chromosomal damage was studied 

in exfoliated buccal cells by evaluating the effect of smoking different types of cigarettes 

(i.e., ultralight filter, light filter, medium filter and unfiltered cigarettes) on induction of 

nuclear anomalies like micronuclei, broken egg, binucleates, condensed chromatin, 

karyorrhexis, karyolysis and pyknosis. The significant increase in micronuclei was 

noticed in individuals smoking non-filtered (NF) cigarettes. Broken eggs and binucleates 

were also shown to increase in medium filter (MF) smoking groups. Karyolysis and 

karyorrhexis were increased in both NF and MF groups but not in smokers of light 

cigarettes (Nersesyan et al., 2011). MN assay was performed in buccal epithelial cells and 

blood lymphocytes of cigarette smokers (heavy and light) compared to non-smokers in 

Tamil Nadu (India). It was observed that the MN frequency was higher in smokers 

particularly in heavy smokers (Christobher et al., 2017).  
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The frequencies of MN and other metanucleated anomalies in the buccal epithelial cells 

with oral and oropharyngeal carcinoma were studied in alcoholics compared to control 

subjects (Ramirez and Saldanha, 2002). A seven-fold increase in MN frequency in area 

opposite to the lesion, three-fold increase around the lesion and two-fold increase (non-

significant) in the upper gingival-labile gutter were recorded. Contradictory results were 

obtained from regression analysis which showed that MN frequency decreased with age 

and alcohol consumption (Ramirez and Saldanha, 2002). Markers of genome instability, 

commonly seen in cancer such as binucleated cells with micronuclei, nucleoplasmic 

bridges and nuclear buds were shown to be induced in case of chronic exposure to alcohol 

(Benassi-Evans and Fenech, 2011). In a study conducted by dos Santos Rocha et al. 

(2014), individuals who used both mouthwashes and alcoholic drinks had highest 

frequency of micronuclei compared to those who used only mouthwashes, though the 

difference was not significant. Alcohol consumption is a common practice throughout the 

world. Recently the genotoxic effect of alcohol was reported by Jeeva Priya et al. (2015) 

by performing micronucleus test on the alcohol consumers and control subjects and 

showed a higher frequency of micronuclei in alcohol consumers than the control subjects. 

Singh et al. (2015) have also found increased MN and other nuclear anomalies due to 

alcohol consumption. 

3.1.5 Micronucleus and ionizing radiation 

In a study conducted by Angelini et al. (2005) showed significantly higher frequency of 

micronuclei in the workers exposed to low level of ionizing radiation compared to 

controls. Workers with allelic variants of XRCC1 or XRCC3 or wild type allele XPD exon 

23 or 10 polymorphisms had higher MN frequency compared to controls having similar 

genotypes. In the same study smoking was not found to influence MN frequency, 
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however age and sex were positively correlated. Females had higher MN than males 

(Angelini et al., 2005). Human fibroblast was exposed in vitro to neutron beams at Los 

Alamos Nuclear Science Center and the MN induction was analyzed. In order to study the 

effect of shielding on the protection of neutron induced damages, the cells were placed 

behind water column. A linear dose response in the MN frequency was observed for the 

samples with and without the shielding. The slope of yield of MN was reduced by a factor 

of 3.5 behind shielding. When the MN induction in human fibroblast was exposed to 

similar low dose of γ source, the relative biological effectiveness of neutrons was found 

to be 16.7 and 10.0 with and without the water shielding, respectively (Gersey et al., 

2007). Automated MN scoring was used to distinguish severely exposed individuals of 

large-scale radiation accidents. The results confirmed that automated MN assay can be 

used efficiently for fast population triage (Willems et al., 2010). Ribeiro and Angelieri 

(2008) also studied the MN formation in exfoliated buccal cells from healthy individuals 

following dental X-ray exposure and showed that dental panoramic radiography did not 

induce chromosomal damage but cytotoxicity was promoted. They suggested that dental 

X-ray should only be used on necessity (Ribeiro and Angelieri, 2008). Recenly, Qian et 

al. (2016) designed a study to investigate the effects of ionizing radiation on micronuclei 

using peripheral blood lymphocytes from 1392 radiation workers and 143 controls and 

reported significantly higher frequency of MN in the exposed group than controls. The 

results also indicated that chronic-exposure to low level ionizing radiation may have 

harmful effect on the health of radiation workers (Qian et al., 2016). 

3.1.6 Micronucleus assay for assessing environmental exposure  

Micronucleus is a good biomarker used to assess the genotoxic effect of environmental 

pollutants/toxicants. Ghosh et al. (2008) reviewed cytogenetic damage in arsenic exposed 
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populations by evaluating different cell types and concluded that for studying arsenic-

induced micronuclei, the lymphocytes may be superior to other epithelial cells. Fenech 

and Crott (2002) analyzed folic acid deficit lymphocytes by cytokinesis block 

micronucleus assay and showed that folic acid concentration was significantly as well as 

negatively correlated with chromosomal damage that indicated genome instability and 

gene amplification due to folic acid deficiency. 

Chromosomal damage due to environmental mutagen exposure was studied by measuring 

MN by automated image analysis in human peripheral blood lymphocytes. The results 

demonstrated the ability of carcinogenic polycyclic aromatic hydrocarbons (c-PAHs) to 

increase MN frequency even when the exposure occurred up to 60 days prior to blood 

collection (Rossnerova et al., 2009).  

Assessment of air pollution during pregnancy and its association with MN frequency was 

studied in mothers and newborns. An association was found between particulate matter of 

diameter below 2.5 µm (PM2.5) and MN frequency in mothers, especially among those 

mothers who did not fulfil recommended vitamin C allowances during pregnancy. 

Smoking was associated positively with higher level of air pollution as these caused an 

increased MN frequency (O'Callaghan-Gordo et al., 2015). Cytokinesis-block 

micronucleus (CBMN) assay was performed to see the effect of road traffic exposure in 

Danish school children and their mothers (Mørck et al., 2016). The studies showed a 

significant correlation between mothers and children with respect to the frequency of 

micronuclei. 2.5 times higher micronuclei in mononucleated T lymphocytes were found 

in children living within the 50m of busy road (Mørck et al., 2016). 
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3.1.7 Micronucleus assay on rats and mice 

Increased genome damage has been associated with exposure to mixture of pesticides in 

the occupational environment (Bolognesi, 2003). MN test carried out in the bone marrow 

of mice to see the genotoxic effect of 1-nitropropane, 2-nitropropane (Nitroparaffins used 

as solvents in chemical and pharmaceutical industries) and cisplatin (chemotherapeutic 

compound to treat human malignancies) revealed negative results for the first two 

compounds, but a dose-dependent increase in the number of polychromatic erythrocytes 

with micronuclei was noticed for cisplatin (Kliesch and Adler, 1987). Micronucleus test 

can also be performed in cultured human lymphocytes and rat bone-marrow to assess the 

pesticide induced genotoxicity (Demsia et al., 2007). Two widely used pesticides 

imidacloprid (a systemic chloronicotinyl insecticide) and metalaxyl (a systemic 

benzenoid fungicide) were tested separately as well as in mixed concentrations for three 

different doses on cultured lymphocytes. In spite of increase in the frequency of MN in a 

test with single or mixed pesticides, the results were non-significant. The micronucleated 

polychromatic erythrocytes in rat bone-marrow were significant for a dose up to 300 

mg/kg body weight of imidacloprid and metalaxyl when treated separately, whereas a 

dosage up to 200 mg and 400 mg per kg body weight were significant for compounds, 

respectively when treated in combination (Demsia et al., 2007). The rat and mouse 

models are commonly used to check the effect of single pesticide. The genotoxic effect of 

lindane and endosulfan (organochlorine pesticides) and chlorpyrifos and monocrotophos 

(organophosphate pesticides) was studied by Yaduvanshi et al. (2012) in vivo in mouse 

bone marrow cells. The results showed that these pesticides either alone or in 

combination caused significantly higher damage evidenced from the concomitant increase 

of MN with respect to increase of pesticide concentration. Dichlorophene, an 

organochlorine pesticide was found to have significant cytogenetic damage on bone 
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marrow cells of Rattus norvegicus causing an increase in MN and chromosomal 

aberration (Lone et al., 2013). Micronucleus assay and Comet assay were carried out on 

male Sprague-Dawley rats to evaluate the genotoxic effect of six isomers of 

Dinitrotoluene (2,3-, 2,4-, 2,5-, 2,6-, 3,4-, 3,5-DNT), which are found to contaminate the 

soil and water near ammunition production plants. The results revealed 2,6-DNT caused 

DNA damage in liver tissue while the frequency of peripheral nucleated reticulocytes was 

unaffected at all treated doses (Lent et al., 2012). Therefore, MN assay is an easy and 

quick technique in pharmaceutical and chemotherapeutic assessment. 

3.1.8 Micronucleus assay on fish 

MN test in fish can also be used as a suitable biomarker for in situ biomonitoring of 

genotoxic pollution in marine environment (de Moraes Pantaleão et al., 2006; Corredor-

Santamaría et al., 2016). A study was conducted on fish to monitor the genotoxic effects 

of industrial waste products in the Baltic sea (Sweden) at three sites, located at 2 km 

(station 1), 4.5 km (station 2) and 8 km (station 3) from the industrial waste discharge 

point. MN test for this investigation showed mostly a decrease of micronuclei with the 

increase in sampling distance from the waste discharge points (Al-Sabti and Hardig, 

1990). Ҫavaş and Ergene-Gözükara (2005) performed MN test in peripheral blood 

erythrocytes and gill cells of the grey mullet (Mugil cephalus) from three sampling 

stations off the southern Mediterranean coast of Turkey on the basis of pollution level and 

showed that the frequencies of micronuclei and the other nuclear abnormalities were 

significantly higher in mullets captured from polluted sites compared to the mullets 

captured from relatively unpolluted sites i.e. micronuclei induction decreased with 

increasing sampling distance from the waste discharge point. Two fresh water fish species 

Astyanax bimaculatus and Hoplias malabaricus have been used as in situ biological 
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indicator of chemical contamination of Japaratuba river, Brazil. The results indicated that 

micronucleus test in fish can be a useful biomarker to detect chemical contamination of 

aquatic environment. The test also showed that A. bimaculatus and H. malabaricus are 

differentially sensitive to MN induction (de Moraes Pantaleão et al., 2006).  

3.1.9 Artificial induction of micronucleus 

Presence of micronuclei has been studied in various types of cancer (Arora et al., 2010; 

Dey et al., 2012). N-trichloromethylthio-4-cyclohexene-1,2-dicarboximide (captan), a 

fungicide, which inhibits the growth of fungi on plants used as food stuffs. Two 

amphibian larva (Xenopus laevis and Pleurodeles waltl) were used to evaluate the 

genotoxic potential of captan using the MN test and comet assay. MN test revealed the 

genotoxic nature of captan at 62.5 µg/L for Xenopus laevis but not for Pleurodeles waltl. 

The differential behavior could be due to the influence of other factors on the generation 

of MN (Mouchet et al., 2006).  

The review of literature suggests that MN assay is an easy, cheap and quick method for 

assessment of genotoxic effect of various compounds/chemicals and have immense 

clinical as well as pharmaceutical applications. 

3.2 Materials and methods 

3.2.1 Sampling area 

Sampling area was the same as mentioned under section 2.2.1 
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3.2.2 Characteristics of the participants 

As the individuals used for enzyme assay were also used in micronucleus test, the 

characteristics of the participants were the same as mentioned under section 2.2.2 

Characteristics of the participants. 

3.2.3 Sampling procedure 

After obtaining consent, the buccal epithelial cells were collected from healthy volunteers 

who were not under any medication or were not exposed to the X-ray during the past 6 

months. The individuals were asked to rinse their mouth with 0.9% saline water. Then 

with the help of a sterile stainless steel spatula the buccal epithelial cells were obtained 

from inner cheeks, suspended in 0.9% saline, brought to the laboratory, washed twice in 

normal saline through centrifugation at 2000 rpm at room temperature for 5 min. 

Supernatant was discarded. The cells (pellet) were fixed in 1:3 aceto-methanol. Slides 

were prepared by air-drying method. 

3.2.4 Pap staining and scoring 

The slides were stained by Papanicolaou (Pap) method as described by Mondal et al. 

(2011). The slides were passed through graded ethanol (100-50%) for 2 minutes in each 

step and stained with Harris’ Hematoxylin for 2 minutes. The slides were rinsed in 

distilled water and treated in Scott’s tap water (MgSO4.7H2O:NaHCO3=10:1) substitute 

for bluing, washed in running tap water and dehydrated through 50%, 70%, 90% and 

absolute ethanol for 2 minutes in each step. The slides were stained in Orange-G6 for 20 

min and differentiated in 95% alcohol. Then the slides were incubated in EA-50 solution 

for 20 minutes at room temperature, dehydrated in absolute ethanol (100%), cleared in 

xylene, and mounted with distrene plasticizer xylene (DPX). The slides were coded and 
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examined under a light microscope (Nikon Eclipse E200, Nikon, Tokyo, Japan) with the 

100x oil immersion objective for the detection of micronuclei (MN) and the other nuclear 

anomalies like nuclear bud (NB), binucleate (BN), karyorrhectic (KH), pyknotic (PY), 

and karyolytic (KL) cells.  

3.2.5 Scoring criteria  

Two slides were used for each individual. For each individual, 1000 non-overlapping, 

well-differentiated, uniformly stained nuclei of buccal epithelial cells were analyzed. The 

cells, which were considered for MN assay, have (i) round or oval shape (ii) diameter 

ranged between 1/3rd and 1/16th of the main nucleus (iii) same staining intensity and 

texture as the main nucleus (iv) MN located within the cytoplasm of the cells and (v) 

usually have one MN per cell, but the number could be two or more following severity of 

genotoxic insult. Besides MN, other nuclear anomalies like “broken egg” (cells with 

nuclear buds), binucleate cells, karyorrhectic (nuclear disintegration), pyknotic (shrunken 

nuclei), and karyolytic (dissolution of the nucleus) were evaluated following the 

established criteria (Tolbert et al., 1991; Thomas et al., 2009). 

3.2.6 Ethical consideration 

Ethical consideration was the same as mentioned under section 2.2.8. 

3.2.7 Statistical analysis 

To represent the micronuclei data a descriptive statistical analysis was performed and data 

were expressed as mean ± SD. Crosstables along with Chi-square (χ2
) test for 

homogeneity of (a) four groups versus age group and (b) four groups versus gender have 

been done. Pearsonian product moment correlation coefficients and Spearmen rank 
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correlation coefficient of the parameters with age along with t-test for testing significance 

of correlation coefficients were also performed. Only few cases showed significance of 

correlation coefficients. Test for normality (Shapiro-Wilks test) of the parameters (four 

groups, sex) showed departure from the normality only in some cases. The testing of 

hypothesis of the differences of means across the groups and gender were carried out with 

the help of multivariate analysis of variance (MANOVA), multivariate analysis of 

covariance (MANCOVA) along with post-hoc (Tukey’s test) (for multiple comparison) 

through generalized linear model (in case of non-normality of parameters, equivalent non-

parametric Kruskal-Wallis test was performed but the results of MANOVA and Kruskal-

Wallis were almost same). Except few sporadic cases, no significant effect of age on the 

parameters was noticed however, effect of gender has been observed. The problems of 

confounding factors due to gender, cigarette smoking and alcohol consumption were 

solved by multiple comparisons using the software SPSS version 21 (SPSS Inc., Chicago, 

IL). The level of significance was considered at 0.001, 0.01, and 0.05. 

3.3 Results 

1000 buccal epithelial cells were scored to evaluate the number of cells with micronuclei, 

nuclear bud, binucleate, karyorrhectic, pyknotic and karyolytic nuclei. Evaluation of 

epithelial cells revealed a mean frequency of 9.77 ± 2.66 micronuclei in the tea garden 

workers which was almost two-fold higher than the control (4.37 ± 2.04) highly 

significant at p ≤ 0.001. The other nuclear abnormalities such as nuclear bud (4.39 ± 1.42, 

p ≤ 0.001), binucleate (6.12 ± 2.92, p ≤ 0.001), karyorrhectic (8.01 ± 2.29, p ≤ 0.001), 

pyknotic (5.74 ± 1.81, p ≤ 0.05) as well as karyolytic (6.89 ± 2.98, p ≤ 0.001) nuclei were 

also found to increase 1.38, 2.23, 1.79, 1.21, 1.48 times in comparison to the non-exposed 

group (control) (Table 3.1). Buccal epithelial cells showing normal nuclei, micronuclei, 
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nuclear bud, binucleated nuclei, karyorrhectic, pyknotic and karyolytic nuclei are shown 

in Figures: 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 and 3.7. 

Comparison of the smokers and control subjects revealed a higher frequency of 

micronuclei (6.15 ± 2.47, p ≤ 0.001), and other cell death parameters like nuclear bud 

(4.13 ± 2.35, p ≤ 0.05), binucleate (4.38 ± 2.24, p ≤ 0.01), karyorrhectic (6.67 ± 2.30, p ≤ 

0.001) and karyolytic (6.18 ± 2.19, p ≤ 0. 01) cells in the smoker group. Though the 

frequency of pyknotic cells were slightly elevated in the smokers (5.03 ± 2.31) than 

controls (4.75 ± 2.49), the difference was non-significant (Table 3.1).  

Results also showed a higher frequency of binucleate (3.97 ± 1.99, p ≤ 0.05), 

karyorrhectic (5.55 ± 1.84, p ≤ 0.05) and karyolytic (6.29 ± 2.64, p ≤ 0.01) nuclei in the 

alcoholics compared to the control (2.75 ± 2.33, 4.48 ± 1.80, 4.67 ± 2.01) (non-

alcoholics). A non-significant relation was found between micronucleus, nuclear bud and 

pyknotic cells when compared with the control subjects (Table 3.1).  

The male workers involved in the study were found to mix pesticides and were involved 

in the task of pesticide spraying. The frequencies of micronuclei, nuclear buds and 

binucleate were 10.87 ± 2.38, 4.90 ± 1.35 and 6.98 ± 3.04 in males and 7.89 ± 1.98, 3.51 

± 1.07 and 4.63 ± 1.97 in females (leaf harvester), respectively. The frequencies in males 

were significantly higher (p ≤ 0.001). On the other hand the frequency of the 

karyorrhectic, pyknotic and karyolytic cells in males and females were not significantly 

different (Table 3.1). No significant differences were observed in the damage parameters 

between males and females of the control group (Table 3.1).  

A comparison was also made between smokers, smoking less than 10 cigarettes per day 

(group I) and those smoking more than 10 cigarettes per day (group II). The group II 

showed a higher number of cells with micronuclei (7.72 ± 1.60, p ≤ 0.001), nuclear bud 

(5.61 ± 2.28, p ≤ 0.001), binucleate (5.83 ± 1.72, p ≤ 0.001), karyorrhectic (8.00 ± 1.33, p 
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≤ 0.01), pyknotic (6.28 ± 2.05, p ≤ 0.01) as well as karyolytic (7.72 ± 1.32, p ≤ 0.001) 

cells compared to the group I (Table 3.2). 

The male tea garden workers in the present study smoked cigarettes and consumed 

alcohol too. Only few female workers were found to smoke, while all the female workers 

under study consumed alcohol. So a comparison was made between the tea garden 

workers with the smokers and alcohol consumers. The analysis revealed that the 

frequency of micronucleus, binucleate and karyorrhectic nuclei in the smokers were 6.15 

± 2.47, 4.38 ± 2.24 and 6.67 ± 2.30, respectively, comparatively lower than the tea garden 

workers significant at p ≤ 0.001, p ≤ 0.01 and p ≤ 0.05, respectively. When the tea garden 

workers were compared with the alcohol consumers, the cells with micronucleus (4.71 ± 

1.88, p ≤ 0.001), nuclear bud (3.71 ± 1.83, p ≤ 0.05), binucleate (3.97 ± 1.99, p ≤ 0.001) 

and karyorrhectic (5.55 ± 1.84, p ≤ 0.001) nucleus were significantly lower in the alcohol 

consumers compared to the tea garden workers (Table 3.3). The pyknotic and karyolytic 

nuclei in the tea garden workers, smokers and alcohol consumers were not significantly 

different (Table 3.3). Though cells with nuclear bud were slightly higher in the tea garden 

workers compared to the smokers, the difference was non-significant. 
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Table 3.1: Frequency of micronucleus and other nuclear anomalies in the exfoliated 

buccal epithelial cells of control, tea garden workers, smokers and alcoholics, and 

comparison of nuclear biomarkers between males and females in pesticide exposed 

workers and control. For each participant, 1000 cells were scored. 

 

 Micronucleus Nuclear Bud Binucleate Karyorrhectic Pyknotic Karyolytic 

Control(N=60) 4.37± 2.04 3.17±1.67 2.75±2.33 4.48±1.80 4.75±2.49 4.67±2.01 

    Male(N=43) 4.40±2.16 3.21±1.60 2.67±2.24 4.67±1.91 4.84±2.62 4.40±2.13 

    Female(N=17) 4.29±1.76 3.06±1.89 2.94±2.61 4.00±1.41 4.53±2.21 5.35±1.50 

Tea Garden 

Workers(N=95) 

9.77±2.66*** 4.39±1.42*** 6.12±2.92*** 8.01±2.29*** 5.74±1.81* 6.89±2.98*** 

    Male(N=60) 10.87±2.38*** 4.90±1.35*** 6.98±3.04*** 8.12±2.29 5.92±1.79 7.27±2.93 

    Female(N=35) 7.89±1.98 3.51±1.07 4.63±1.97 7.83±2.33 5.43±1.82 6.26±3.00 

Smokers(N=39) 6.15±2.47*** 4.13±2.35* 4.38±2.24** 6.67±2.30*** 5.03±2.31 6.18±2.19** 

Alcohol 

consumers(N=31) 

4.71±1.88 3.71±1.83 3.97±1.99* 5.55±1.84* 5.52±2.25 6.29±2.64** 

 

 
 

Results are expressed as mean ± standard deviation 

* p ≤ 0.05 compared with control using MANOVA 

** p ≤ 0.01 compared with control using MANOVA 

*** p ≤ 0.001 compared with control using MANOVA 
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Table 3.2: Comparison of nuclear biomarkers between smokers Group I (smoking less 

than 10 cigarettes/day) and Group II (smoking more than 10 cigarettes/day). For each 

participant, 1000 cells were scored. 

 

                       Comparison between two groups of  smokers 

 <10 cigarettes per day 

(Group I)(N=21) 

>10 cigarettes per day 

(Group II)(N=18) 

Micronucleus 4.81 ±2.29 7.72±1.60*** 

Nuclear bud 2.86±1.56 5.61±2.28*** 

Binucleate 3.14 ±1.88 5.83±1.72*** 

Karyorrhectic 5.52±2.36 8.00±1.33** 

Pyknotic 3.95±1.99 6.28±2.05** 

Karyolytic 4.86±1.90 7.72±1.32*** 

 

 
Results are expressed as mean ± standard deviation 

** p≤0.01 compared with Group I smokers  

*** p≤0.001 compared with Group I smokers 
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Table 3.3: Comparison of nuclear biomarkers between tea garden workers, smokers and 

alcohol consumers. For each participant, 1000 cells were scored. 

 

 Tea garden 

workers (N=95) 

Smokers 

(N=39) 

Alcohol 

consumers(N=31) 

Micronucleus 9.77±2.66 6.15±2.47*** 4.71±1.88*** 

Nuclear bud 4.39±1.42 4.13±2.35 3.71±1.83* 

Binucleate 6.12±2.92 4.38±2.24** 3.97±1.99*** 

Karyorrhectic 8.01±2.29 6.67±2.30* 5.55±1.84*** 

Pyknotic 5.74±1.81 5.03±2.31 5.52±2.25 

Karyolytic 6.89±2.98 6.18±2.19 6.29±2.64 

 

 
 

Results are expressed as mean ± standard deviation 

* p≤0.05 compared with tea garden workers using MANOVA 

** p≤0.01 compared with tea garden workers using MANOVA 

*** p≤0.001 compared with tea garden workers using MANOVA 
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Figure 3.1: Buccal epithelial cells showing normal nucleus. Bar = 10 µm. 
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Figure 3.2: Buccal epithelial cells showing micronuclei (indicated with arrows). Bar = 10 

µm. 
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Figure 3.3: Buccal epithelial cells showing nuclear bud (indicated with arrows). Bar = 10 

µm. 
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Figure 3.4: Buccal epithelial cells showing binucleated nuclei. Bar = 10 µm. 
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Figure 3.5: Buccal epithelial cells showing karyorrhectic nuclei. Bar = 10 µm. 
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Figure 3.6: Buccal epithelial cells showing pyknotic nuclei. Bar = 10 µm. 
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Figure 3.7: Buccal epithelial cells showing karyolytic nuclei. Bar = 10 µm. 
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3.4 Discussion 

Chemical pesticides are increasingly used in the tea plantations in India, including Terai 

and the Dooars region of West Bengal to curb the menace of arthropod pests. It includes a 

heterogeneous mixture of compounds belonging to organophosphates, organochlorines, 

and pyrethroids. Therefore, the workers involved in tea leaf plucking (mainly females) 

and pesticide spraying (males) are at a high risk of pesticide exposure through various 

routes namely, inhalation, food contamination and skin contact. The study of cytogenetic 

damages in occupationally pesticide exposed individuals has received attention of a 

number of investigators from various countries, but no definite conclusion has been 

produced till date. Review of literatures on this subject has revealed an increase in 

genotoxicity biomonitoring end points in pesticide users (Bolognesi, 2003; Bull et al., 

2006).  

Many of these pesticides classified as “moderately hazardous” or “slightly hazardous” 

(WHO, 2005) are mutagens as well as “possible carcinogens to human beings” (IARC, 

1991; Daniels et al., 1997; Chen et al., 2015). Different studies have indicated the 

genotoxic effect of pesticides on occupationally exposed human population (Scarpato et 

al., 1996; Pastor et al., 2001; Costa et al., 2007; Kausar et al., 2014; Gaikwad et al., 2015) 

and the genome alteration (Rupa et al., 1991; Shaham et al., 2001; Zhang et al., 2012). 

The toxic effects of pesticides on genome may be influenced by different factors, mainly 

extrinsic. Age, gender and smoking are the various extrinsic factors to occupational 

exposure that can affect the frequency of cytogenetic damage (Holland et al., 2008). The 

buccal epithelial cells are easily exposed to all the mutagenic components of pesticides as 

well as cigarettes, alcohol and the other toxic chemicals (Scarpato et al., 1996; Pastor et 

al., 2001; Costa et al., 2007; Kausar et al., 2014; Gaikwad et al., 2015). Pesticides of 

different categories generate reactive oxygen species (ROS) which can produce free 
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radicals, resulting in lipid peroxidation (Panemangalore et al., 1999) leading to DNA 

damage.  

A comparison of the use of micronucleus (MN) test in detecting and quantifying the 

genotoxic action of carcinogens and its sensitivity has already been done with the analysis 

of chromatid breaks and exchanges (Adler et al., 1988). The buccal mucosal cells have 

been considered to be more sensitive than lymphocytes to the induction of the cytogenetic 

damage by the genotoxic agents (Davis, 2003). Micronucleus assay is non-invasive, 

neither require a cell culture nor metaphase preparation, has a low cost so is a good 

indicator of chromosome mutations (Majer et al., 2001; Fenech et al., 2011). As the 

workers get exposed to a complex mixture of chemicals, the evaluation of genotoxic 

effect in the pesticide exposed human population in the tea gardens of the Terai regions of 

Darjeeling foothills is a primary health concern. Our results showing high frequency of 

micronuclei, nuclear bud, binucleate, karyorrhectic, pyknotic and karyolytic cells in tea 

workers (both males and females) compared to the control is in agreement with the 

studies conducted by Bolognesi et al. (1993) and Carbonell et al. (1993). Recently, 

Kausar et al. (2014) have shown the percentage of micronuclei, nuclear bud, binucleate 

cells, karyorrhectic, karyolytic and pyknotic cells to be 1.20 ± 0.10, 0.20 ± 0.00, 0.90 ± 

0.10, 2.90 ± 0.20, 1.20 ± 0.10, and 2.40 ± 0.10, respectively in the tea garden workers 

from Assam, India. The frequency of different damage parameters except MN in the 

present study is higher compared to the results of Kausar et al. (2014), which indicates 

that the tea garden workers in the Terai regions of the North Bengal are extensively 

exposed to the pesticides. 

Further, MN frequency in grape garden workers reported by Gaikwad et al. (2015) is 

comparable to our results found in case of males engaged in pesticide mixing and 
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spraying. A number of studies have also shown higher frequency of MN in the pesticide 

exposed floriculturist (Scarpato et al., 1996; Bolognesi et al., 2011), greenhouse workers 

(Falck et al., 1999), agricultural workers (Ali et al., 2008), and soybean workers 

(Benedetti et al., 2013) compared to the control subjects. Our results showing higher 

frequency of MN in the pesticide exposed group corroborate the above and strongly 

support the genetic damages caused by pesticides. In the present study the frequency of 

MN (9.77 ± 2.66, p ≤ 0.001) in the exposed group is comparable with the result of Costa 

et al. (2007) which is (9.03 ± 1.04, p < 0.001). However, Gaikwad et al. (2015), found 

higher frequency of micronuclei (11.4 ± 2.41, p ≤ 0.01) in pesticide sprayers in grape 

garden compared to controls 6.6 ± 1.14. The probable reasons for the variability of results 

obtained by different investigators can best be explained by different level of exposures 

(Scarpato et al., 1996). 

Since the male tea garden workers and few female workers in the present study smoked 

cigarettes/bidi and all the tea garden workers consumed alcohol, smokers and alcoholics 

were included in our study to see the effect of cigarettes/ bidi and alcohol on the buccal 

epithelial cells. Increased MN frequency in buccal epithelial cells due to smoking was 

reported in several studies (Sarto et al., 1987; Piyathilake et al., 1995; Kiilunen et al., 

1997). Tobacco contents are identified as mutagenic in both in vitro and in vivo 

experiments (Riebe and Westphal, 1983; IARC, 1986; Kayal et al., 1993; Trivedi et al., 

1993, 1995; Chang et al., 2001). Nersesyan et al. (2011) indicated that smoking induces 

MN and other nuclear anomalies (binucleate, broken egg, karyorrhexis, karyolysis and 

condensed chromatin) in the exfoliated buccal cells in humans and that these effects 

depend on the types of cigarettes consumed and the tar and nicotine contents. Our results 

showing a significant increase in the frequency of micronuclei (6.15 ± 2.47, p ≤ 0.001), 

nuclear bud (4.13 ± 2.35, p ≤ 0.05), binucleate (4.38 ± 2.24, p ≤ 0.01), karyorrhectic (6.67 
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± 2.30, p ≤ 0.001) and karyolytic (6.18 ± 2.19, p ≤ 0.01) in smokers than the non-smokers 

(control) strongly support Nersesyan et al. (2011). The increase in the micronucleus and 

other cell death parameters could be due to the fact that the smoke emitted from cigarettes 

contains ROS and tar which cause damage to buccal epithelial cells as also suggested by 

Valavanidis et al. (2009). Our results are also in concurrence with the studies reporting a 

higher mean frequency of MN in the smokers (Sarto et al., 1987; Piyathilake et al., 1995; 

Kiilunen et al., 1997; Ozkul et al., 1997; Konopacka, 2003; Kamath et al., 2014). 

However, Falck et al. (1999) detected no increasing effect of smoking on MN.  

For comparison of the effect of the number of the cigarettes on the damage parameters, 

the smokers were divided into two groups, group I (smoking less than 10 cigarettes/day) 

and group II (smoking more than 10 cigarettes/day). A significant increase of MN, 

nuclear bud, binucleate, karyorrhectic, pyknotic and karyolytic cells in the group II 

smokers having frequencies 7.72 ± 1.60, 5.61 ± 2.28, 5.83 ± 1.72, 8.00 ± 1.33, 6.28 ± 

2.05 and 7.72 ± 1.32, respectively than group I with frequencies of 4.81 ± 2.29, 2.86 ± 

1.56, 3.14 ± 1.88, 5.52 ± 2.36, 3.95 ± 1.99 and 4.86 ± 1.90 for above damage parameters 

clearly indicated a positive correlation between the number of cigarettes smoked and cell 

death parameters as also envisaged by Wu et al. (2004). Wu et al. (2004) reported a 

positive relation between micronuclei and smoking intensity and have shown that the 

heavy smokers have a higher frequency of MN in buccal cells. Kamath et al. (2014) also 

reported increased MN count in the individuals who smoked >10 cigarettes/day followed 

by those who smoked 5-10 cigarettes/day and <5 cigarettes/day. Though the frequency of 

MN, nuclear bud, pyknotic nuclei in alcoholics was not different than the control, but 

significantly higher binucleate, karyorrhectic and karyolytic (3.97 ± 1.99, 5.55 ± 1.84 and 

6.29 ± 2.64) than control (2.75 ± 2.33, 4.48 ± 1.80 and 4.67 ± 2.01) suggests effect of 

alcohol on genome damage to some extent. The frequency of different cell death 
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parameters observed in the pesticide exposed group in the present study is not only higher 

than the control but also higher than the smoker and alcoholic groups (Table 3.3). This 

suggests that there may have a synergistic effect of the pesticide, and the smoking and 

alcohol for high cell death parameters in tea workers. 

Pesticide-exposed tea garden workers were categorized into 3 groups according to age. 

The first group consisted of 45 individuals between 15-30 years of age, second group 

consisted of 30 individuals between 31-45 years of age and the third group consisted of 

20 individuals between 46-62 years of age. Age was not found to have any significant 

effect on the frequency of MN and other cell death parameters in the present study which 

is in concurrence with the results shown by a number of workers (Sailaja et al., 2006; 

Costa et al., 2007; Moura de Bortoli et al., 2009). Moreover, the duration of pesticide 

exposure ranged from 1 to 36 years, so the subjects were divided into three groups, 1–7 

years, 8–14 years and 15 years and above. The micronuclei and the other cell death 

parameters did not show any correlation with duration which is comparable to the results 

of Moura de Bortoli et al. (2009).  

Significantly higher frequencies of micronucleus, nuclear bud and binucleate in male 

workers than females in the present study clearly indicate a sex bias which corroborates 

the study conducted by Pastor et al. (2002). The increase could be due to the sum of 

different factors like smoking, drinking and the intensity of pesticide exposure, which are 

not uniformly distributed between sexes as also suggested by Pastor et al. (2002). Among 

the factors that are capable of affecting cytogenetic damage are time of exposure, 

exposure conditions, working environment and personal protective equipment (Bolognesi, 

2003). Other studies have also reported a significantly higher proportion of MN in males 

suggesting the effect of sex on the cell death parameters due to differential occupational 
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exposures (Gonsebatt et al., 1997; Martίnez-Valenzuela et al., 2015). Further, male 

workers involved in pesticide mixing and spraying does not use any kind of protective 

measures against the pesticides and subsequently are at higher risk of exposure than 

females who are only tea leaf harvester. This may also account for the increased 

frequency of the cell death parameters in males. Bull et al. (2006) too emphasized on the 

importance of use of personal protective equipments in pesticide application.  

Based on the results and discussion it can be concluded that smoking as well as alcohol 

intake act synergistically along with the pesticide(s), leading to the increased genome 

damage. 

 


