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1.INTRODUCTION

Silver nanoparticles (Ag-NPs) enter into the environment
from cement manufacturing, weathering of rocks, burning of
fossil fuel, processing of ores, leaching and anthropogenic
activities (Benn and Westerhoff 2008; Awasthi et al. 2013;
Taju et al. 2014). Metallic silver is insoluble, whereas salts
(AgCl, AgNO3) are soluble in water and exists in the form
of colloidal particles (Wijnhoven et al. 2009). Ag-NPs are
considered more toxic than other forms because of more
readily absorbable. When it reaches the aquatic
environment, Ag- NPs most likely to enter the ecosystems
produce a physiological response and genotoxicity in
animals (Luoma et al. 2008; Sohn et al. 2015). The other
genotoxic effects include DNA double-strand breaks, DSBs,
chromosomal aberrations such as acentric and dicentric

chromosomes, chromosomal fragmentation and fusions in
the treated organisms (Igwilo et al. 2006; Ahamed et al.
2008; AshaRani et al. 2008; Khan et al. 2015a). Recently,
the researchers have focused on toxicity of Ag-NPs in
aquatic organisms (Monfared and Soltani 2013;Reddy et al.
2013;Taju et al. 2014Khan et al. 2015;Rajkumar et al.
2015;). Limited information regarding the genotoxicity
toxicity and cytotoxicity of Ag-NPs is available (Wijnhoven
et al. 2009 Khan et al. 2015;). Moreover, fish blood
contained nucleated erythrocytes which can be used to
estimate the damages due to environmental pollution.
Hence, the study has been designed to understand the
sublethal toxicity of silver nano particles on the induction of
micronuclei in the red blood cells of the catfish Clarias
batrachus.

2.MATERIALS AND METHODS

Collection and maintenance of fish: The fresh water fish
Clarias batrachus (14 ± 2 cm length and 30 ± 2 g weight)
were collected locally from Chidambaram and were brought
to the laboratory and kept in a tank size of 60 x 30 x 30 (l x
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b x h) cm, filled with tap water for acclimatization for about
two weeks. During the acclimatization the fish were fed
with minced goat liver on every alternate days. and water in
the tank was also renewed daily and aerated to ensure
sufficient oxygen supply. For the fish used in experiments,
feeding was stopped two days before the start of the
experiments to reduce the quantum of excretory products in
the tank.

Experimental Protocol: Prior to the commencement of the
experiment the median lethal concentration (LC50) for 96 h
was calculated by trimmed Spearman karber method
(Hamilton et al., 1977) and was found to be 168.25 ppm at
95% confidence limit. For the analysis of sublethal toxicity
five groups of 10 fish each were exposed separately to silver
nanoparticle (AgNPs) (16.825ppm; solution prepared in tap
water. The experimental medium was prepared in tap water
having dissolved oxygen 6 ppm, pH 7.5, water hardness
40.44 mg/L and water temperature 28  2 C (APHA,
2008). Each group of 10 fish were exposed to 50 L of the
experimental medium. Parallel groups of 10 fish each were
kept in separate aquaria containing 50 L tap water without
the addition of AgNPs as controls. Feeding was allowed in
the experimental as well as control groups everyday for a
period of 3 h before the renewal of the media throughout the
tenure of the experiment.

Micronucleus test: A thin smear of blood from each
treatment was made onpre-cleaned slide and fixed in
methanol for 20 min afterdrying. The slides were air dried
and stained with Giemsastaining (6%) for 25 min, washed
with tap water, allowedto be dried and examined at 100X
magnification undermicroscope (Nikon with DS-L3
camera). Small, circular orovoid and non-refractive bodies
with the same staining andfocusing pattern as main nucleus
was scored as micronucleiand frequency is each treatment
was calculated with thefollowing formula.

Statistical Analysis: The data obtained were subjected to
standard statistical analysis for each sampling time and their
respective control groups in different groups. Duncan’s
multiple range test (Bruning and Kintz, 1968) was
performed to determine whether the parameters altered
significantly by exposure periods.

3.RESULTS

Mature and normal erythrocytes cells were large, oval
andnucleated with 7–15µm in size. The exposed specimens
showed significantlyincrease in the frequency of
micronuclei when compared to control specimens. The Ag
NPs induced micronuclei is shown in Fig 1

On transferring the fish into sublethal concentration of Ag
NPs solution the exposed specimens showed a frequency of
1.91 after 10 days. The frequency (%) increased as 3.79,
4.35, 5.16 and 6.31 after 20,30,40 and 50 days respectively
(Table 1). Maximum frequencywas recorded after 50 days

of treatment (Fig 2)Theinduction of MN gradually increased
with the time ofexposures

4.DISCUSSION

Nanoparticles (NPs) are widely used to produce novel
materials with uniquephysicochemical properties, which
become an environmental concern in the event ofunintended
release into the environment. The increasing commercial
application of NPs,with at least one dimension of ≤100 nm,
is currently showing inventory listings of
1,317nanotechnology-based consumer products in 30
countries (WoodrowWilsonDatabase, 2011), while the
production of engineered NPs is expected to reach
approximately60,000 tons in 2011 (Jovanović et al.,
2011Matranga and Corsi, 2012). The propertiesof NPs that
contribute to biological perturbations strongly depend on
their size,mineralogy, crystallinity, and surface reactivity
which is directly connected to NP
toxicity through redox reactions, production of oxygen or
nitrogen free radicals, thedissolution of NPs, release of toxic
ions, the sorption and transport of metal ions orxenobiotic
pollutants (Choi et al. (2010 Bottero et al., 2011).)
mentioned that NPs may induce deterimental effects in
aquaticsystems as well as aquatic organisms. Despite their
widespread use in medicine,cosmetics, renewable energies,
electronic devices, and environmental remediation(Fabrega
et al., 2011; Matranga and Corsi, 2012), there is limited data
on the safety andtoxicity of Ag-NPs especially those
relating to its DNA interaction (Flower et al., 2012).The
effective levels of Ag-NPs range from μgl–1 to mgl–1
including the variety of aquaticorganism type, particle type,
and exposure conditions (Hsin et al.,2008Farmen et al.,
2012;).

Ag-NPs are widely used in commercial production due to
large number of nanoproducts (Khan et al. 2015a). In fish,
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the micronuclei test of blood erythrocytes is usually
preferred because the fish erythrocytes are nucleated in
nature.In this study the maximum frequency of MN was
recorded on 50 days of exposure to sublethal concentrations
of Ag NPs. MNfrequencies in erythrocytes increased with
increasing the duration of exposure. Das andNanda (1986)
reported a dose-dependent and timedependentincrease in the
induction of micronucleiin peripheral blood of
Heteropneustesfossilis.Yadav and Trivedi (2009) found that
frequenciesof micronuclei were increased in Channa
punctataafter 96 h of exposure to heavy metal. Nepomuceno
et al. (1997) have suggested that thehigher pollutant
concentration might inhibit normalcell division, damage
erythrocyte chromosomes, andinterrupt DNA duplication,
causing micronucleifrequencies to increase.
Themicronucleifrequencies tend to even out and fish might
promotesome defensive mechanism to reduce some of
themetal residues in the body. The percentage of
micronuclei increased with the duration of exposure to
sublethal concentration of Ag-NPs and this indicates
genotoxicity. In conclusion, based on the results obtained
from the present study, it was found thatexposure to Ag-NPs
produced significant adverse effects on the erythrocytesof
catfish, presenting as micronuclei induction. The use of fish
as biomarkers for pollution is of increasing importance and
canpermit the early detection of waterpollution. These
organisms respond to toxic agentsin a way that is similar to
that of higher vertebrates,which can allow for the
assessment of substances thatare potentially hazardous to
humans. Therefore, theneed to understand the toxicological
mechanisms of Ag-NPs in fishes as well as todetermine the
genotoxic effects of metal nanoparticles is necessary
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