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ABSTRACT

The genotoxic effects of a herbicide containing CuSO4 were assessed using the micronucleus
assay in Channa punctatus. The study involved intraperitoneal administration of three different
doses (1.0, 3.0, and 5.0 mg/kg body weight) and exposure to varying concentrations of copper
sulphate (15, 25, and 35 ppm) in laboratory aquaria. Peripheral blood smears stained with 15 to
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20% Giemsa (pH=7.0) were examined. Apart from micronuclei, the herbicide induced other nuclear
and cytoplasmic abnormalities. The findings suggest a direct impact of increasing CuSO4
concentration on the biological samples of Channa punctatus. This fish species is commonly found
in freshwater habitats like ponds, ditches, wetlands, and rice fields, especially in Odisha, India. India
is crucial for maintaining aquatic biodiversity. The study highlights the potential detrimental effects
of improper use of CuSO4 containing pesticides in agriculture on Channa punctatus and
emphasizes the need for careful management of such chemicals to protect aquatic ecosystems.

Keywords: Channa punctatus; copper sulphate; Micronucleus (MN) Assay; genotoxic potential;

peripheral blood smear.
1. INTRODUCTION

Copper sulphate (CuSOa4, 5H20) is a significant
copper salt with broad-spectrum herbicidal and
weedicidal properties, particularly against aquatic
weeds Banerjee et al, [1] and as a molluscicide
[2]. Metal pollution has escalated due to human
technological advancements, including industrial
activities, mining, advanced agriculture,
household waste, and motor traffic. These
activities are considered major sources of metal
pollution, leading to metal accumulation in
aquatic organisms like fish, persisting in water
and sediments [3]. Fish, being vital animal
protein resources, serve as suitable bio-
indicators of metal contamination due to their
position at the top of the aquatic food chain.
Metals induce oxidative stress, and assessing
oxidative damage and antioxidant defenses in
fish reflects metal contamination in aquatic
environments [4]. Copper, in small quantities, is
an essential trace metal for various fish
metabolic functions, incorporated into enzymes
such as peroxidase, xanthine oxidase, invertase,
glucose oxidase, and protease papain and
bromelain [5,6]. Although copper is used as a
chemotherapeutic agent in aquaculture, elevated
copper levels in aquatic environments stem from
sewage, industries (electroplating, mining,
metallurgy), and agricultural wastes [7]. The rise
in population, industrialization, and agricultural
production has led to increased freshwater
systems impairment due to contaminants in
wastewater releases [8,9]. Several insecticides
have exhibited genotoxic potential on various
freshwater  fish  species. For instance,
acephate  induces DNA damage and
nuclear abnormalities in Clarias batrachus
[Jagyanseni et al, 2022], and in Heteropneustes
fossilis, it causes DNA damage and
changes in hematological parameters [10].
This study aims to evaluate the genotoxic
effects of copper sulphate on the freshwater fish
Channa punctatus using the micronucleus
assay.

2. MATERIALS AND METHODS
2.1 Test Chemical

Analytical-grade copper sulphate CuSO4,5H20
(99% pure) from Fine-chem (India) Ltd was
utilized in the experiment. Glass double-distilled
(g. d.d) water served as the solvent.

2.2 Dose

Intraperitoneal administration (i.p.) of three
different doses (1.0, 3.0, and 5.0 mg/kg body
weight) was conducted on Channa punctatus.
Additionally, fish were exposed to copper
sulphate concentrations of 15, 25, and 35 ppm in
laboratory aquaria.

2.3 Experimental Animal

Live fish weighing 70 to 100 g were obtained
from domestic ponds. Before chemical treatment,
the fish were acclimatized in laboratory aquaria
for 2 to 3 days and fed commercial fish food
twice daily. Proper aeration and daily water
changes were ensured in the aquaria, and any
feed remains, excretory waste, or dead animals
were promptly removed to prevent stress and
contamination.

2.4 Time

Blood smear slides were prepared after 24, 48,
and 72 hours of exposure.

2.5 Experimental Protocol

There are overall two treatment groups. For each
treatment group healthy, active and strong
individuals were selected. In one treatment
group; a batch of fish was injected i.p with
different doses of copper sulphate dissolved in
sterile, distilled water. The injected animals were
kept in aquaria containing tap water.
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In another set, fish were released into different
aquaria containing different concentration of
copper sulphate and kept for varying period of
time (see Table: 2). Tap water is used for
dilution. The animals kept in tap water served as
control. Four fish were used for each sampling
period and for each concentration level. After
treatment, animals were euthanized at 24, 48,
and 72 hours. Peripheral blood smear slides
were prepared from blood collected via caudal
incision, following procedures outlined by Al-
Sabti K, [11] and Das et al, [12] with some
modification. The full procedure was as followed.

Thin smears of peripheral blood from the caudal
region were made on grease-free clean slides
and allowed to air-dry. Slides were fixed in
absolute methanol for 10-15 minutes and air-
dried. Staining was performed in 15-20%
Giemsa solution at pH 7.0 for 60 to 90 minutes.
Slides were gently washed in tap water
and air-dried. All slides were coded before
screening. 4000 erythrocytes (1000 per slide)
were examined under oil immersion. Non-
refractile particles resembling nuclei in all
aspects except size were considered
micronuclei.

3. RESULTS AND DISCUSSION
3.1 General Toxicity

No external toxicity symptoms were observed
following injection (mg/kg) or whole-body

exposure to different concentrations (ppm) of the
chemical.

3.2 Qualitative

The location and size of micronuclei varied
among cells, with generally one micronucleus per
cell observed. Micronuclei were predominantly
dot-shaped, ranging from 1/5 to 1/25th the size of
the principal nucleus (C. punctatus). Throughout
the study, both small and large micronuclei were
observed in treated individuals. In addition to
micronuclei induction, various other nuclear
anomalies such as sickle-shaped, thinning in
mid-region of nuclei, and enucleated cells were
recorded.

3.3 Quantitative

In Channa punctatus injected intraperitoneally
with the chemical, the frequency of micronuclei
(MN) significantly increased across all doses and
exposure durations compared to respective
controls (Table 1) [*P<0.05, **P<0.01 (Student's
t-test)]. Dose-response analysis revealed
significant  variations (F=14.78; degree of
freedom (d.f.)=36.3; **P<0.01), with a linear
increase in micronuclei frequency observed with
increasing doses [Y-intercept (b) =0.64;
Coefficient of correlation (r) =0.869; **P<0.01].
However, no significant variation was noted in
time-response analysis [F=1.87; d.f. =36.2;
P>0.05] (ANOVA).

Table 1. Incidence of micro nucleated peripheral blood cells of fish Channa punctatus injected
ip with copper sulphate

Dose Time No. of %o aberration No. of nuclear %o aberration
(mg/kg) (hrs) micronucleus +S.E. abnormalities +S.E
(MN) (NA)

Control 24 2 0.05+0.06 2 0.13+0.07
48 2 0.11+0.07 2 0.12+0.08
72 2 0.12+0.08 3 0.17+0.06
24 5 0.32+0.06* 3 0.18+0.12
48 5 0.31+0.07* 5 0.32+0.06

1 72 6 0.37+0.07* 5 0.324+0.15
24 6 0.36+0.07** 4 0.26+0.11
48 7 0.44+0.08** 5 0.33+0.06

3 72 8 0.51+0.11* 5 0.31+0.07
24 6 0.38+0.08** 5 0.30+0.06
48 7 0.44+0.07** 5 0.31+0.08

5 72 9 0.57+0.12** 6 0.35+0.07

Results are mean%o+S.E of four fish; Result is significantly different from the control at”
P<0.05,"P<0.01(Student’s t-test); 16000 cells were scored for each point (4000/fish)
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Table 2. Incidence of micro nucleated peripheral blood cells of fish Channa punctatus exposed
to copper sulphate contaminated water

Dose(ppm) Time(hrs) No. of MN %o aberration + S.E. No. of NA %o aberration + S.E
24 1 0.04+0.06 2 0.12+0.08
48 2 0.11+0.07 2 0.11+0.07
Control 72 2 0.12+0.08 3 0.19+0.06
24 3 0.19+0.06* 3 0.17+0.05
48 6 0.36+0.07* 5 0.32+0.06
15 72 6 0.37+0.08* 5 0.30+0.12
24 4 0.24+0.10** 5 0.32+0.07
48 6 0.37+0.08** 5 0.38+0.17
25 72 8 0.49+0.11* 6 0.26+0.10
24 3 0.17+0.07** 4 0.32+0.10
48 7 0.42+0.08** 5 0.32+0.10
35 72 9 0.55+0.17** 7 0.43+0.07

Results are mean%.+S.E of four fish; Result is significantly different from the control at” P<0.05,”P<0.01(Student’s
t-test); 16000 cells were scored for each point (4000/fish)

In dermal exposure experiments on C. punctatus,
the frequency of MN induced by different doses
significantly increased compared to respective
controls (Table 2). A notable rise in MN incidence
was observed in all treated groups after 48 and
72 hours of exposure [*P<0.05; **P<0.01;
(Student's t-test)]. Significant  variations
were also observed in different doses (F=9.81;
df. = 36.3; *P<0.01) and exposure time
(F=8.80; d.f. =36.2; **P<0.01) (ANOVA).
Additionally, a linear increase in micronuclei
frequency with dose was evident (b=0.008;
r=0.947; *P<0.05).

4. DISCUSSION

The safety of our aquatic environment is
paramount, as it directly impacts our health and
food security. Therefore, evaluating its
genotoxicity is  crucial for  sustainable
development. Genotoxic pollutants have the
potential to cause gene mutations, posing risks
to future generations if left unregulated [13].
While fish may be the first to suffer from these
pollutants, humans are next in line. Peripheral
blood sampling is an effective method for bio-
monitoring projects, enabling multiple samples to
be collected from the same individuals without
sacrificing those individuals [14]. Unfortunately,
the micronucleus (MN) assay has not received
sufficient attention in environmental
biotechnology and management, leading to a
lack of understanding regarding the lethal and
sub-lethal effects of certain eco-genotoxicants.
These pollutants have been found to be eco-toxic
in developed countries [15]. The analysis of DNA
changes in aquatic creatures has been a widely
accepted method for evaluating the genotoxic

potential of contaminants in the environment.
This method is appropriate for identifying
exposure in a broad variety of species [16-19]. It
has been proposed that genotoxicity testing be
an essential part of environmental risk
assessment programmes due to its significance
as a highly important fish biomarker [20].
Additionally, the micronucleus (MN) assay has
been extensively employed as a comprehensive
technique to assess chromosomal damage,
which is specifically scored in once-divided bi-
nucleated cells with micronuclei and other
abnormalities in the cell. One well-liked early
cytotoxicity biomarker that indicates
chromosomal breakage and/or complete loss of
chromosome is the frequency of micronuclei [21].
Fish are wused as indicator organisms in
genotoxicity research for a variety of significant
reasons [22,23]. These include their place in the
food chain, their nutritional worth to people, their
capacity to bio-accumulate harmful substances,
their susceptibility to minute amounts of
mutagenic substances, and even their aesthetic
value. The erythrocyte micronucleus test has
been applied to a variety of fish species in order
to monitor aquatic contaminants that exhibit
mutagenic properties [24]. In our study genotoxic
potential of cupper sulphate on Channa
punctatus has been shown using micronucleus
assay. The comet assay has been used to
investigate the genotoxicity of copper sulphate to
planaria, which indicates increased levels of DNA
strand breaking and inhibition of DNA repair in
planaria preexposed to methylmethan
sulphonate [25]. The induction of micronuclei in
the blood of Channa punctatus exposed to
copper has also been reported to exhibit a dose-
dependent rise and a time-dependent decline
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[26]. It has been reported that CuSO4 was able
to induce Channa punctatus to form a
micronucleus [27]. The gills and erythrocytes of
Labeo bata fish raised in sewage-fed fish farms
that also contain copper and other heavy metals
have been discovered to have a genotoxic
potential for copper [28-30]. In present study, it
has been seen that appearance of micronucleus
and nuclear abnormalities increased in Channa
punctatus with increase in time and
concentration of copper sulphate in different
treatment groups [31-33].

5. CONCLUSION

Crop production must be intensified to keep up
with our fast expanding population. Therefore, it
is crucial to manage pests and insects that result
in crop output losses. The use of pesticides in
the production cycle has become essential in
order to eradicate plant diseases and pests that
can significantly lower the amount of products
that can be harvested. Furthermore, a
contaminated environment containing a high
concentration of pesticides has negatively
impacted a number of aquatic living organisms.
Our study unequivocally demonstrates the
clastogenic effects of copper sulphate on
Channa punctatus, raising serious concerns
about the potential health implications for
humans and other aquatic organisms reliant on
aquatic ecosystems and its use in agriculture.
Further research employing different test
systems is necessary to reconcile the
contradictory results observed in various test
systems
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