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The present study was carried out to evaluate the genotoxicity of pesticides using 

micronucleus, nuclear and other cytoplasmic abnormalities in Danio rerio (Cyprinidae) 

from river Changa-Manza flowing through the Terai region of West Bengal, India. The 

fishes were collected from the river Changa-Manza and micronucleus assay was performed 

in the laboratory by using standard protocol. The micronuclei, notch, nuclear blebbing, 

cytoplasmic abnormalities like unusual cytoplasmic vacuoles around nucleus in fish species 

(Danio rerio) were investigated. Frequencies for single micronucleus induction 0.82 ± 

0.138 %, notch 0.30 ± 0.05 %, nuclear blebbing 0.114 ± 0.037 % and large number of 

cytoplasmic abnormalities (presence of vacuoles) were observed. Findings of the 

experiment also confirmed that the micronucleus test acts as a useful tool in determining the 

potential genotoxicity of pesticides in erythrocytes of fish species. 

 

 

 

1. Introduction 
 

Pesticides are used to control pests and it persists in the soil, 

water and food, and leads to toxicity related issues to both 

humans and animals (Schulz 2004; Carvalho 2006; Moraes et 

al. 2009). Pesticides can reach surface water through runoffs 

from treated plants and soil. Further, the surface water 

contamination may have an eco-toxicological effect on 

aquatic flora and fauna as well as on human health, if used for 

public consumption (Forney and Davis 1981; Leonard 1988 

and Miyamoto et al. 1990). The rivers of Terai region of West 

Bengal like Changa, Manza, Deomoni and Tepu are already 

contaminated with pesticides (Singh et al. 2015; Singh et al. 

2017). 

Measurement of cytogenetic damage by micronucleus 

presents an incredibly important assay in detection of 

pollution stress and load in aquatic ecosystems resulting in 

the decline of populations of particular species (Dixon et al. 

2002; Barsiene˙ et al. 2013). The micronucleus assay was 

developed by Schmidt (1975). It is an in vivo and in vitro 

short-time screening method, is sensitive, and is an 

extensively used tool for detecting mutagenic and genotoxic 

effects of chemicals in the environment. Micronucleus test 

along with nuclear abnormalities is an extensively applied 

method among currently available assays due to its proven 

suitability for fish species (Cavas and Ergene-Gozukara 

2003; Kirschbaum et al. 2009; Hussain et al. 2018). Nuclear 

abnormalities (notched nuclei, blebbed, lobbed, budding, 

fragmenting nuclei and bi-nucleated cells) are considered as 

high quality indicators of cytotoxicity (Ayllon and Garcia-

Vazquez 2000, 2001; Kirschbaum et al. 2009).  

During the telophase of mitosis or meiosis micronuclei 

are formed, when nuclear envelope is reconstituted around 

the chromosomes of the daughter cells (Udroiu 2006). 

Micronuclei are the result of chromosome acentric fragments 
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or whole chromosomes that, through incomplete migration, 

have been excluded from the main core. They represent a loss 

in chromatin as a result of damage to either chromosome 

structure or the mitotic apparatus (Fenech 2000; Grisolia and 

Cordeiro 2000; Bombail et al. 2001; Grisolia and Starling 

2001).  

Fishes can be the sentinel organisms that indicate the risk 

of human exposure due to drinking water contaminated with 

genotoxic chemicals (Al-Sabti and Metcalfe 1995). Different 

fish cell types were considered for the micronucleus analysis: 

gill, fin, kidney and hepatic cells and peripheral erythrocytes 

(Al-Sabti and Metcalfe 1995, 1998; Archipchuk 2005). 

Branchial epithelium is the primary target for all the water-

borne contaminants, showing high sensitivity for the 

cytogenetic effects induced by environmental contaminants 

(Hayashi 1998). The nucleated erythrocytes are the most 

commonly and widely used cells in the piscine MN test.  

So, the present study was conducted to investigate the 

presence of micronucleus and other nuclear and cytoplasmic 

abnormalities in erythrocytes of Danio rerio collected from 

pesticide exposed river Changa-Manza of Terai region of 

West Bengal. The pesticides that are used indiscriminately in 

the tea gardens eventually go into the river water by means of 

surface runoffs affecting the fish species and humans who 

consume these fishes collected from the river. It is therefore 

important to conduct such studies as to see the damage caused 

by these pesticides in the fishes. 

 
2. Materials and methods 
 

2.1. Experimental animals 
 

Danio rerio (Family-Cyprinidae) were collected from river 

Changa-Manza in the Terai region of West Bengal (latitude 

26º 58' 30.7" N and longitude 88 º 26' 94.9" E). The fish were 

brought to the laboratory in live condition and used for 

subsequent experiment.  

  

 

2.2. Micronucleus test 

 

Iso-nutritious mash (M) and pellet (P) feed (22% crude 

protein) were prepared by using two protein inputs from The 

peripheral blood smears were obtained on a clean glass slide 

through the gills blood by means of a gill imprint following 

dissection or blood smears from the gills. The slides were 

air-dried for 24 h, fixed in methanol for 10 min, followed by 

10% Giemsa (v/v) staining (phosphate buffer pH 6.8) for 30 

minutes. Finally, the slides are analyzed with conventional 

microscopy to evaluate and quantify the presence of 

micronuclei (Beninca 2006). 1000 erythrocytes were 

counted. To detect micronuclei in erythrocytes, the slides 

were analyzed using a 1000 X oil-immersion lens (Ali et al., 

2008) and scored for presence of both typical micronuclei 

and nuclear alterations manifested as changes in the normal 

elliptical shape of the main nuclei (Ayllon and Garcia-

Vazquez 2000). 

Micronucleus Frequency (%) = Number of cells with 

micronuclei X 100 / Total number of cells counted.  

 

2.3. Statistical analysis 

 

Statistical analysis of the data was carried out using Kyplot 

2.0 beta and MS excel. Mean and SD were calculated. The 

data was represented as mean ± standard deviation.  

 

3. Results 
 

Figures 1 and 2 shows micronuclei, notch formation, nuclear 

blebbing, cytoplasmic abnormality like unusual cytoplasmic 

vacuoles around nucleus in fish species (Danio rerio) caught 

from the river Changa-Manza of Terai region of West 

Bengal. It is obvious that peripheral erythrocytes are 

sensitive for the damage induced by the aquatic 

contaminants. 
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Fig. 1 Micronucleus 

test for Danio rerio 

collected from the 

polluted experimental 

area of the River 

Changa manza 

indicating (a) 

micronucleus (MN), 

(b) notch (N) and MN, 

(c) nuclear blebbing 

(NB)and ( d) MN 
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Fish harvested from this polluted experimental site of the 

river indicated frequencies for single micronucleus induction 

0.82 ± 0.138 %, notch 0.30 ± 0.05 %, nuclear blebbing 0.114 

± 0.037 % and large number of cytoplasmic abnormalities 

(presence of vacuoles). 

 

4. Discussion 
 

Bioindicators offer early warning of environmental damage, 

integrated effect of a variety of environmental stresses on the 

health of an organism and the population, community, and 

ecosystem, relationships between the individual responses of 

exposed organisms to pollution and the effects at the 

population level, early warning of potential harm to human 

health based on the responses of wildlife to pollution and the 

effectiveness of remediation efforts in decontaminating 

waterways (Villela et al. 2006). Fish is a useful genetic model 

for the evaluation of pollution in aquatic ecosystems 

(Mitchell and Kennedy 1992). The erythrocyte micronucleus 

test has been used with different fish species to monitor 

aquatic pollutants displaying mutagenic features (De Flora et 

al. 1993; Saotome and Hayashi 2003; Pantaleao et al. 2006). 

The results obtained in the present study supports the fact 

demonstrated by Kligerman (1982) that fish inhabiting 

polluted waters have greater frequencies of micronuclei. 

Ali et al. 2008 showed that fish gills without 

Cyclophosphamide treatment showed higher frequencies of 

micronuclei than kidneys, whereas, fish kidney erythrocytes 

treated with the drug showed higher frequencies of 

micronuclei. Micronucleus assay showed similar findings of 

single micronucleus induction (MN) as 50.00 ± 6.30 %, 

double MN 14. 40 ± 2.56 %, while nuclear abnormalities 

(NA) were found as 150.00 ± 2.92 % which is higher than 

found in our study. These higher frequencies of MN induction 

and NA were found to be the cause of reduction of 96% of the 

population of this fish species in an experimental area of the 

River Chenab (Hussain et al. 2018). 

Grisolia et al. (2009) showed means and standard 

deviations of micronuclei from fish species from Lake 

Paranoa, City of Brasilia, Geophagus brasiliensis (0.86 ± 

1.24), Cichla temensis (1.86 ± 1.75), Astyanax bimaculatus 

lacustres (1.13 ± 2.14), Hoplias malabaricus (1.80 ± 1.30), 

Oreochromis niloticus (0.87 ±1.23),  Cyprinus carpio (0.94 ± 

1.59), Steindachnerina insculpita 0.71 ± 0.92 which is 

comparable to the findings in our study (0.82 ± 0.138 %). The 

presence of micronucleus and nuclear/cytoplasmic 

abnormalities indicates the pollution levels of the rivers. 

 

5. Conclusion 
 

The results of the present investigation raised a severe 

concern about the potential danger to aquatic organisms 

especially to fish and indirectly to humans by pesticide 

exposure.  Micronucleus is a biomarker that best correlates 

with xenobiotic load. Micronucleus assay is a simple, easy to 

prepare, low cost technique that can be performed rapidly in 

the laboratory. The analysis is simpler and faster than 

chromosomal aberrations. This methodology is highly 

applicable in the routine of mutagenesis studies. Research on 

environmental biomonitoring requires fast results and 

reproducibility. 
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