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ABSTRACT
Natural and man-made chemicals like mercury have been implicated as malefactors in various ailments and are even 
considered genotoxic since long. Methylmercury (MeHg), the organic compound of mercury, is known to cause genetic 
variations in many organisms spanning all spheres of life. The present study was conducted to identify the formation 
of nuclear anomalies on exposure to MeHg in the freshwater air breathing fish Anabas testudineus (Bloch, 1792), using 
micronucleus (MN) assay.  Acute toxicity (LC50) of MeHg was calculated to be 438 μg  l-1 using probit analysis. The fishes 
were exposed to 1/5th concentration of LC50 (87.6 μg l-1 ) and blood samples collected on days 0, 4 and 15 were analysed 
for induction of MN. The percentage of MN formation per 1000 cells was the highest (19.35) in the juveniles on day 15. 
It is concluded that A. testudineus is sensitive to MeHg and micronuclear assay of the species can be used as a potential 
biomarker in the event of contamination in aquatic ecosystems.
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 Small nucleus formed during the process of cell  
division where a chromosome or a piece of a chromosome 
is not incorporated into one of the daughter nuclei forms 
the micronucleus (MN) and is a sign of genotoxicity and  
chromosomal instability. Micronuclei known as   
Howell-Jolly bodies were discovered in the late 19th  
century by William Howell and Justin Jolly (Sears and  
Udden, 2011) but their significance was understood only 
in the mid-20th century (Dawson and Bury, 1961). Till then, 
these were considered to be debris of malformed RBCs 
(Sears and Udden, 2011). The formation of  MN was reported 
to be a reliable test for measuring in vivo DNA damage 
caused by contaminants (Fenech and Morley, 1985). MN 
formed are created from lagging acentric chromosomes 
or chromatid fragments caused by incorrectly repaired 
or unrepaired DNA breaks, or by the non-disjunction 
of chromosomes, hypomethylation of repeat sequences  
situated in pericentromeric DNA or the inconsistencies in 
kinetochore proteins or their assembly, impaired spindle 
apparatus or flawed anaphase checkpoint genes (Fenech 
et al., 2011). MN assays have been developed to test for 
the presence of these structures and to determine their  
frequency in cells exposed to certain chemicals or subjected 
to stressful conditions. The present study was conducted 
to investigate MN induction in the freshwater air breathing 
fish Anabas testudineus (Bloch, 1792), on exposure to 
methylmercury (MeHg).

Median lethal toxicity of MeHg for A. testudineus  
fingerlings (mean total length 7.07±0.7 cm and mean 
weight 6.48±2.112 g)  was determined  as per APHA (2012). 
Acute  lethal toxicity (LC50) was estimated as  438 μg l-1 
using probit analysis after conducting definitive  
toxicity tests.

For the micronuclear (MN) induction experiment, 
two sets of A. testudineus were utilised. Each set of fish 
was of different length and were from the juvenile and 
mature life stages. Twenty-five fish, each of average length  
9.27±0.62 cm and weight 11.96±2.36 g considered 
juvenile, and average length 13.96±0.93 cm and weight 
36.86±10.10 g considered mature, were exposed to 
sublethal concentration (1/5th concentration of LC50 i.e.,  
87.6 µg l-1) of MeHg by immersion method. Twenty-five 
fish, each of the two size-groups, were released in  
toxicant-free water which served as control for the 
respective set. Five fish each were randomly sampled 
from each set exposed to the sublethal concentration of  
87.6 μg l-1, on days 0, 4 and 15. Semi-static renewal of 
water was carried out every four days and the fish were 
subjected to intermittent feeding. Blood was collected from 
the sampled fish by cardiac puncture using a heparinised 
insulin syringe (U-40) holding ultrafine needle, from the 
juvenile, mature and control groups and then smeared 
on to two clean slides each. The slides were processed 
according to the method of Palhares and Grisolia (2002) 
and stained with 5% Giemsa’s stain. From each fish, 6000 
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MN‰ = Number of micronuclei counted
Total number of erythocytes counted)
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Fig. 1. Micronuclear induction in juvenile A. testudineus exposed 
to MeHg at various exposure durations

erythrocytes were counted on slides prepared from each 
group. The frequencies of MN were analysed using a 
binocular microscope (Leica, BME) under oil-immersion 
objective. The extranuclear entity with a round, smooth 
perimeter membrane having no connection with the 
main nucleus which stains similar to the nucleus, 
measuring 1/3rd to 1/10th of the main nucleus (Ayllon and  
Garcia-Vazquez, 2000) was considered an MN. The 
presence of MN was analysed as the number of MN in 
every thousand erythrocytes (MN‰) using the formula 
suggested by Ali et al. (2009).

Statistical significance was analysed using the 
Student’s t-test (p<0.05) on the mean values of the 
experimental and control group data.

The data on the induction of MN in mature and 
juvenile A. testudineus exposed to MeHg are presented in 
Fig. 1 and 2. There was an increase in the MN induction 
in both the age groups of fishes exposed to MeHg. The 
increase was significant (p<0.05) in all the experimental 
groups exposed to MeHg and the increase was found 
to be comparativley more in the case of juveniles than 
mature fishes. Induction of MN showed highly significant 
(p<0.01) difference between day 0 and day 4 samples. 
No significant difference in MN induction was observed 
between  day 4 and day 15 samples in the case of juveniles. 
MN induction in mature fish, saw a massive increase from 
the fourth day to the 15th day, whereas for the juveniles, 
there was an abrupt increase in the number of MN on the 
fourth day followed by a steady increase till the 15th day. 
The results showed significant values (p<0.05) on day 4 
and highly significant value (p<0.01) on day 15, compared 
to the control values. The results showed that there are 
more MN formed (per thousand cells) in the juveniles 
during each sampling. Photomicrographs of normal and 
micronucleated erythrocytes recorded are documented in 
Fig. 3 and 4.
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Fig. 2. Micronuclear induction in mature A. testudineus exposed 
to MeHg at various exposure durations
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Fig. 3. Normal erythrocytes of A. testudineus showing elliptical 
shape and ovoid nucleus

Fig. 4. Erythrocyte showing micronucleus (arrow) after exposure 
to MeHg
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Many chemicals in the aquatic environment are 
not only dangerous for the physiology, but also induce 
genetic alterations which may lead to mutations (Russo 
et al., 2004). Species are affected as generations are 
unfit to reproduce and have lowered viability and the 
ones that survive have congenital genetic disorders. 
Mercury is one of the widely present, persistent and 
hazardous environmental contaminants that occur in 
a wide variety of physical and chemical states (WHO, 
1990; Bonacker et al., 2004). The genotoxic effects of 
different mercury compounds on different fish species 
have been demonstrated. Mercury chloride  is known to 
interfere in the regular chromosome segregation during 
cell division by inhibiting the actin tubule polymerisation 
that forms the basic structure of the mitotic spindle 
(Miura and Imura, 1987). Clastogenic effects on human 
chromosomes exposed to MeHg have been reported (Betti 
et al., 1992; Ogura et al., 1996; Amorim et al., 2000). The 
toxic chemicals producing genotoxic effects form reactive 
oxygen species (ROS) as well as electrophilic free-radical 
metabolites which react with DNA, causing disruptive 
changes. Heavy metal exposure forms electrophilic ions 
and radicals, which interact with the nucleophilic sites 
in DNA causing strand breaks and other damages in the 
genes of the organism.

The presence of MN in cells is a reflection of  
structural and/or numerical  chromosomal aberrations  
arising during mitosis (Heddle et al., 1991). Most of the 
studies conducted on MN formation by chemical pollutants 
used intraperitoneal injection of the concerned chemicals 
but in the environment, the chemicals are either dissolved 
or suspended which gives a varied result when compared 
to the laboratory results. The present study utilised  
immersion method and it has been used in laboratory 
experiments like those on Cyprinus carpio for mercury 
(Nepomuceno et al., 1997) and Cheridon interruptus  
interruptus for pyrethroids (Campana et al., 1999).  
Immersion method is considered to provide a realistic 
picture of the environmental pollution and  
bioaccumulation. Basal or natural, or spontaneous levels 
of MN in fish species are relatively low (Ferraro et al., 
2004). In the present study,  baseline or spontaneous MN 
induction in the control group was minimal with mean 
frequency of 0.00286±0.00140. The MN‰ in the control 
group was 2.89. In situ studies with different fish species 
have reported basal MN levels between 0.8 and 2.76‰ 
(Rodriguez-Cea et al., 2003). The rate of MN induction 
in various species shows general peak between the first 
and the fifth days of exposure (Al-Sabti and Metcalfe, 
1995; Grisolia and Cordeiro, 2000) but in this study the 
peaks varied with higher MN at 15 days of exposure. da 
Rocha (2011) showed induction of MN and other nuclear 
abnormalities in erythrocytes of Colossoma macropomum 
(tambaqui) exposed to 2 mg l-1 of MeHg. MN assay in 

erythrocytes is a mutagenicity assay and is less sensitive 
than comet assay (Russo et al., 2004). According to many 
studies, a direct relationship between the MN frequencies 
and heavy metal concentrations in water exists along with 
species sensitivity (Al-Sabti, 1994, 1995; Sanchez-Galan 
et al., 1999, 2001). Significant increase in the frequency 
of MN in fish collected from highly contaminated rivers 
was reported for Barbus plebejus (Minissi et al., 1995),  
Lepidocephalus sp. (Poongothai et al., 1996) and Salmo 
trutta (Sanchez-Galan et al., 1998). Grisolia and Starling 
(2001) reported a high increase in the number of MN in  
C. carpio, Oreochromis niloticus and Tilapia rendali in the 
Paranoa Lake, Brazil, which is a dump for the municipal 
waste waters from the coastal towns. In most studies, 
exposure periods between 24 and 96 h were sufficient 
to produce MN and the erythrocytes are considered as 
genotoxicity biomarkers (Heddle et al., 1991; Ayllon and 
Garcia-Vazquez, 2000). In this study, the selected fish  
A. testudineus had very high levels of MN induction. The 
difference in the induction of MN could be attributed 
to the species of fish selected for the experiments. This  
observation is supported by Rodriguez-Cea et al. (2003) 
who stated that some fish species (e.g., brown trout) are 
more sensitive to genotoxic pollutants than other species 
such as Anguilla anguilla and Phoxinus phoxinus. 

Thus, from the results of the present study, it can 
be concluded that MeHg is a potential genotoxic agent 
and A. testudineus erythrocytes are good biomarkers for  
evaluating the genotoxic potentials of waterborne  
pollutants. The study also confirmed that the frequency 
of MN induction increases with increase in duration of  
exposure to the toxicant and that the juveniles seem to be 
more prone to the damage induced in the nuclear material.
This could be due to the higher rates of cellular division 
and metabolism. Methylmercury is known to be toxic 
to tubulin interfering with spindle fibre formation and 
causing delayed centromeric division as well as reduced 
anaphasic movement (da Rocha et al., 2009).
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