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Abstract 

The micronucleus and DNA fragmentation assays have been used progressively more to evaluate genotoxicity of 

many compounds in contaminated aquatic atmosphere. The objective of the current study was to investigate the 

genotoxic effect of 2-chloro-4-ethylamino-6- isopropylamino-1, 3, 5-triazine in Poecilia sphenops. Fish were exposed 

to atrazine (2.5, 1.25, 0.83 μg/L) and control also maintained simultaneously for 100days. Erythrocyte and liver cells 

were sampled on 100 days of exposure for assessment of micronuclei induction in blood erythrocytes and DNA 

damage using single cell gel electrophoresis assay. Frequency of micronucleated erythrocytes in the peripheral blood 

cells with an increase in concentration of the atrazine were observed in treated fish. Comet assay revealed a 

significant DNA damage in treated atrazine. These findings may provide evidence for atrazine induced genotoxicity 

that could be useful for investigating the effects of toxic blooms on wild fish populations. 
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Introduction 

     There is a growing concern over the widespread use 
of herbicides that contaminate the aquatic 
environment. As a consequence of agriculture runoff, 
rains, irrigation waters, wetland applications, etc., 
herbicides are released into aquatic ecosystems. 

Among the various herbicides used, atrazine (2-chloro-
4-ethylamino-6- isopropylamino-1, 3, 5-triazine), 
because of its high stability and persistence in the 
aquatic environment attracts special attention. 
 
     The DNA damage which is induced by atrazine 
exposure could be evaluated by using the comet assay 
[1,2]. The comet assay [alkaline single-cell gel 
electrophoresis (SCGE)] is a widely used technique to 
detect DNA damage due to environmental stress and 
has been used for the analysis of biomarkers of 
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environmental pollution [3]. DNA from unexposed and 
arsenic-exposed liver cells exhibited distinct ladder 
indicating maximum DNA damage [4]. Arsenic can 
build apoptosis in neuroblastoma cells characterized 
by morphological changes and nucleo-somal DNA 
fragmentation [5]. The presence of different potent 
genotoxic substances in the aquatic environment has 
led to the development and adaptations of many 
modern and reliable techniques for quick monitoring. 
Random amplification of polymorphic DNA–
polymerase chain reaction (RAPD–PCR) is emerging as 
an important and useful method in the field of eco-
toxicology studies [6]. Exposure to genotoxic agents 
can give rise to alterations of DNA structure that can 
lead to abnormal changes of DNA fingerprint. 
 
     The micronucleus assay in peripheral erythrocytes 
provides a probable approach to monitor the effects of 
environmental genotoxic agents in fish. The 
micronucleus assay in erythrocytes of fish was widely 
used as a marker for environment pollutant [7]. It has 
reported that using the micronucleus assays for 
genotoxicity studies [8]. In the present study, 
investigates the genotoxicity changes of micronucleus 
and DNA in the case of affected by 2-chloro-4-
ethylamino-6- isopropylamino-1, 3, 5-triazine 
herbicide on Poecilia sphenops.  
 

Material and Methods 

Test Species 

Poecilia sphenops. 
Live bearing Poecilia sphenops (Black molly) was 
chosen for this study. 
 
     Healthy Poecilia sphenops adult males were 
procured from the local aquarist. They were 
acclimatized for a maximum period of 15 days in the 
laboratory condition. The adult fishes with an average 
weight of 1.03± 0.25gm and average length of 4.66 ± 
0.29 cm were used. Based on the 96hrs LC50 values, a 
set of 20 fish were then exposed to each of the three 
sub-lethal concentrations of the atrazine (1.25, 2.5 and 
5g/L) for 100days and used for the study. A set of 20 
fish were also simultaneously maintained as control 
(0mg/L). 
 

Sample Preparation for Micronucleus Test  

     At the end of 100 days of atrazine exposure, 
Peripheral blood samples were obtained from the 
caudal vein of the Poecilia sphenops and smeared on 
clean slides. After fixation in pure ethanol for 20 min, 
slides were kept to air-dry and then the smears were 
stained with 10% Giemsa solution for 25 min. 

Observations were made using an Olympus research 
microscope. 
 
     Five slides were prepared from each group of fish. 
Thousands erythrocytes were scored from each slide 
under 100- fold magnification to determine the 
frequency of notched nuclei, lobed nuclei, budding, 
fragmenting and also micronucleated cells, which was 
calculated as per 1000 cells (%). NAs were classified 
according [9]. 
 

Sample Preparation for DNA Fragmentation  

     At the end of 100 days of exposure, Poecilia 
sphenops were dissected and liver, were dissected the 
obtained tissue samples homogenized with 200 µl of 
homogenizing buffer using eppendorf and incubated at 
55ºC. After incubation, the samples were centrifuged at 
10,000 rpm for 10 minutes. Transfer the supernatant 
to the fresh tube and added the phenol: chloroform: 
Isoamylalcohol in the ratio of 25:24:1. The mixture was 
gently inverted and centrifuged again at 12,000 rpm for 
15 Minutes. Transfer the supernatant to the fresh tube, 
mix with equal volume of 0.3M Sodium acetate and 
triple the volume of 100% ice cold ethanol. The 
mixture was stored at deep freezer for 30 min. Again 
centrifuge the mixture at 14,000 rpm for 30 minutes. 
Discard the supernatant. Wash the pellet with 100 µl of 
70% ethanol. Again centrifuge at 14,000 rpm for 10 
minutes. Discard the ethanol solution allow to air dry. 
The precipitated DNA was dissolved in 30 µl of TE 
buffer and stored in deep freezer [10].  
 

Agarose Gel Electrophoresis 

     Running the DNA in 0.8% agarose gel checked the 
purity of isolated DNA. Sample was loaded on the slot 
0.8% agarose gel containing ethidium bromide. The 
electrophoresis was carried out until the dye migrate 
approximately 3-4 cm from the well. Purity also 
assessed by sharpness of the band and free from any 
companioned bands. 
 

Result 

     The frequencies of micronuclei nuclear 
abnormalities are observed in erythrocytes of Poecilia 
sphenops exposed to atrazine. The frequencies of 
micronuclei, observed in erythrocytes of Poecilia 
sphenops, atrazine to the tested three sub lethal 
concentrations of the Atrazine herbicide showed 
differences among themselves. The kinds of the nuclear 
alterations (Figure 1 & 2) most frequently observed in 
erythrocytes of Poecilia sphenops exposed to the 
Atrazine are binucleated cells, cells with ‘‘blebbed’’ 
nuclei, cells along with ‘‘lobed’’ nuclei.  
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Figure 1: Atrazine Induced Micronucleus and Nuclear 
Alterations in Erythrocytes of Male Poecilia sphenops. 
(Nu-Nucleus, Nc-Normal cell, MMN –Multiple 
Micronucleus, Vn- Vacuole nuclei, Mn-Micronucleus, M-
Microcyte, C-Cariolysis, Ac-Altered cell.) 
 
 

 

 Figure 2: Atrazine Induced Micronucleus and Nuclear 
Alterations in Erythrocytes of Female Poecilia 
sphenops.(N-Nucleus, Nc- Normal cell, Vn- Vacuole 
nuclei, M-Microcyte, Nf-Nuclear fragmentation, Mn –
Micronucleus, BE-Binucleated Erythocytes, C-
Cariolysis) 
 
     In this study, it is also investigated whether atrazine-
induce DNA damage. After exposure of Poecilia 
sphenops with different concentrations of atrazine, 

liver cell DNA is isolated. This isolated DNA is run on 
0.8% agarose gel and the photograph is taken under UV 
light. As shown in Figure 3 & 4, chromosomal DNA is 
detected on the upper portion of the gel in control fish 
sample. The results predict that DNA fragmentation 
patterns are detected in DNA extracted from cells 
treated with atrazine, but no DNA fragmentation are 
detected in controls. 
 

 

 Poecilia sphenops. (M- DNA Ladder 1000bp, 1- 
2.5ppm, 2-1.25ppm, 3- 0.83ppm, 4- Control.) 
Figure 3: Atrazine induced DNA Fragmentation in Liver 
of Male. 
  

 

 

Poecilia sphenops. (M- DNA Ladder 1000bp, 1- 2.5ppm, 
2-1.25ppm, 3- 0.83ppm, 4- Control.) 
Figure 4: Atrazine induced DNA Fragmentation in Liver 
of Female 
 

Discussion 

     Molecular markers of the biological effects of 
contaminants on organisms (Biomarkers) can be used 
as diagnostic and prognostic early warning tests to 
detect and assess the effects of pollution, particularly 
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low concentrations of complex mixtures of 
contaminants, on environmental quality [11]. In the 
present study, genotoxicity are evaluated through 
micronuclei and DNA fragmentation assay, for atrazine 
impact in Poecilia sphenops. Present results point out 
that the DNA damage in liver of Poecilia sphenops 
increases with increasing atrazine concentration, 
indicating that atrazine-induces DNA damage in 
Poecilia sphenops and the levels of micronuclei 
formation imposed by atrazine could be quantified by 
micronuclei assay. 
 
     Fragmentation of DNA in the form of a ladder due to 
endonucleolytic attack is reportedly considered as an 
apoptosis and DNA damage related event. DNA 
fragmentation was considered as one of the later steps 
in apoptotic program [12]. DNA ladder formation is 
observed in liver of Poecilia sphenops exposed to 
atrazine. The present study with Poecilia sphenops 
could confirm the genotoxicity of atrazine, which is 
evaluated by the evidence of fragmentation of the 
genetic material. These results support previous 
studies have evaluated the genotoxic effect of atrazine 
herbicides induce DNA fragmentation in different 
organisms [13,14]. Moreover, DNA fragmentation is 
evidenced in the present study by DNA gel 
electrophoresis in Atrazine treated Poecilia sphenops 
liver.  
 
     The toxicological effect of atrazine originates from 
its oxidizing action. Once entered in to the cell, in the 
presence of cellular reductants, it induces DNA 
fragmentation or DNA strands breakage, which is 
considered to be premutagenic change [15]. The DNA 
fragmentation or DNA strand breaks are also 
considered to be a kind of lesion that is potentially 
premutagenic; the production of breaks in the DNA 
strands being related to mutagenic and carcinogenic 
properties of chemicals [16,15].  
 
     The main mechanism of action of Atrazine for the 
induction of cytotoxicity and genotoxicity is probably 
due to an increase of oxidative stress. There is an 
elevated DNA fragmentation in the liver of Poecilia 
sphenops, associated with increased ROS and the 
consequent oxidative stress due to atrazine which can 
be responsible for the observed DNA damage. These 
results support previous studies have evaluated the 
nanoparticles induce cellular damage through ROS 
production and also cause genetic damage. The DNA 
fragmentation in fish tissues evidence that 
nanoparticles induce DNA damage [17]. Further the 
genotoxicity effect of atrazine in Poecilia sphenops was 
confirmed by micronuclei studies. The micronucleus 
test in peripheral erythrocytes provides a possible 
approach to monitor the effects of environmental 

genotoxic agents in fish. The micronucleus assay in 
erythrocytes of fish was widely used as a marker for 
environment pollutant [18]. The pesticide cause 
significant damage in the red blood cells of Channa 
punctatus even at a lower concentration [19]. 
 
     Genotoxicity of atrazine herbicide for all tested 
concentrations can be verified by the results which is 
significantly different from the control test. The highest 
concentration of atrazine (2.5ppm) exposed to Poecilia 
sphenops shows the highest rates of cells with 
micronuclei, indicating the high mutagenicity of the 
atrazine. The result of present studies suggests that 
there is high frequency of micronuclei and nuclear 
abnormalities in Poecilia sphenops exposed to the 
different concentrations of atrazine. It also observed 
that atrazine induce high rate of micronuclei frequency 
and nuclear abnormalities in Oreochromis niloticus 
[20]. A study reported that commercial formulation of 
atrazine treatment significantly induces micronucleus 
formation in Carassius auratus [21].  
 

Conclusion 

     The finding of the present study demonstrates that 
Atrazine herbicide possess DNA damaging potential in 
Poecilia sphenops. DNA fragmentation and the 
micronucleus test as genotoxicity endpoints and 
reported significant increases in the frequencies of 
both micronuclei and DNA fragments following 
exposure to atrazine. These findings may provide 
evidence for atrazine induced genotoxicity that could 
be useful for investigating the effects of toxic blooms on 
wild fish populations. 
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