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Abstract
Metals are the major pollutants in aquatic environment. A lot of research literature is
available globally about accumulation of heavy metals in aquatic ecosystems as well as
in different body organs of aquatic animals, especially fish. Heavy metals mainly
generate reactive oxygen species (ROS) in aquatic animals that lead to oxidative stress
production. ROS cause oxidative damage to different animal tissues and cellular
components, like protein and DNA. Aluminum exists in aquatic environments of
Pakistan in concentration higher than permissible limits. So, the present study is
conducted to determine toxic effects of aluminum on DNA in peripheral blood
erythrocytes of fish viz., Cirrhinus mrigala and Ctenopharyngodon idella. For this
purpose, fingerlings of each species were exposed to four sublethal concentrations of
17, 25, 33 and 50%. The effects of aluminum on 96-h LC50 concentrations were
evaluated for a period of 30 days under controlled laboratory conditions. Results
revealed significant toxic effect of this metal on genetic material of fish. Among the
four treatments, 50% sublethal concentration 96-h LC50 of aluminum caused
significantly higher percentage of DNA damage, genetic damage index and cumulative
tail length of comets. Highest frequency of micronuclei was observed in 50%
treatments of 96-hr LC50 exposure of aluminum which was not statistically (p<0.05)
similar to micronuclei frequency caused by 33% of 96-hr LC50 of aluminum in fish.
The findings of this experiment showed that aluminum exposure caused genetic
damage in fish. Moreover, comet assay and micronucleus test appeared to be reliable
indicators of metallic ion toxicity in aquatic animals.
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Introduction
Metals are present as dissolved ions,
suspended and collide ions and solids in
aquatic habitats. Metallic toxicity is
strongly dependent upon biological
processes, redox potential, ionic
strength, pH, activities of organic and
inorganic chelators and scavenging
processes (Larocque and Rasmussen,
1998). Metal pollution gained attention
because of toxicity, accumulation
(Javed, 2004) and harmful effects of
metals in aquatic ecosystems, fish and
human health (Javed, 2006; Mudgal et
al., 2010). Metals can induce DNA
damage in different ways. Elevated
Aluminum (Al) concentration in water
bodies
represents
a
significant
environmental threat due to its toxic
effects on fish (Jabeen et al., 2012). It
turns into more soluble form in acidic
waters and becomes more toxic,
resulting in freshwater fish kill
(Gensemer
and
Playel,
1999).
Aluminum acts as pro-oxidant agent
endorsing biological oxidation both in
vitro and in vivo (Exley, 2004).
Due to growing number of
agricultural, commercial and industrial
chemicals, the rate of genetic disorders,
diseases and mortality of exposed
organisms in the natural habitats is
increased significantly (Livingstone,
2001; Nehls and Segner, 2001). This
stresses the need to study the impacts of
these chemicals on the integrity and
function of cellular DNA in organisms
(Bombail et al., 2001; Kousar et al.,
2018). Genotoxic compounds represent
major ecological challenge because
they may lead to unusual disorders

transmitted to the progeny (Haldsrud
and Krøkje, 2009). In general, metallic
ion genotoxicity appears to be
associated with formation of reactive
oxygen species (Soto-Reyes et al.,
2005). Oxidative stress is ascertained
whenever the rate of reactive oxygen
species
formation
surpasses
its
decomposition by an antioxidant
defense system that would cause
oxidation of fatty acids, proteins and
DNA (Sies, 1993). As a result of
oxidative DNA damage, DNA strand
breaks, which is characterize as a major
class of DNA damage under oxidative
stress and a number of modifications
occurs in DNA bases (Cadet et al.,
1997).
Monitoring
xenobiotics
in
freshwater ecosystems by means of
resident species can help promote
environmental quality as well as human
health. Determination and localization
of the toxicant’s concentration ensure
the safety of animal species that are
important for human health (Nicareta,
2004). Fish can act as a pragmatic
indicator to understand mechanism of
stressors’ toxic effects in aquatic
ecosystems (Vutukuru et al., 2006;
Birungi et al., 2007; Kousar and Javed,
2014a; Ambreen et al., 2019).
Several tests are developed to detect
the genotoxic effect of metals and other
existing genotoxicants in aquatic
ecosystems (Fenech et al., 2003;
Kousar and Javed, 2016). Both
micronuclei and comet assay are more
popular over other assays in aquatic
toxicity research due to their sensitivity
in detecting DNA damage and the short
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required time to complete the study
(Bopp et al., 2008; Kousar et al., 2018).
Micronuclei (MN) are produced from
chromosome fragments or whole
chromosomes that lag at cell division
due to lack of centromere, damage in
centromere or a defect in cytokinesis. In
tissues with actively dividing cells,
micronucleus
records
reflect
clastogenic or aneugenic compounds
(Heddle et al., 1991). Different
approaches are used for evaluation of
DNA strand breakage. Comet assay is
used as one of the best approaches to
study the genotoxic effects of pollutants
on fish (Ambreen et al., 2018; Ilyas et
al., 2018). It is used to estimate DNA
damage in single cell to evaluate the
genetic risk associated with xenobiotic
exposures. It is considered a reliable,
responsive and fast technique (Tice et
al., 2000) for the detecting DNA
single/double-strand breakage and
alkali labile sites, induced in individual
eukaryotic cells by physical and
chemical agents (Kim et al., 2001).
This assay is effectively applied to
peripheral erythrocytes of various fish
species
exposed
to
diverse
genotoxicants (Matsumoto et al., 2006).
It allows investigators to access DNA
damage at individual cell level by
measuring migration of broken DNA
fragments in gel-embedded cells
(Bombail et al., 2001). Micronuclei test
is also used as one of the measures to
assess clastogenic effects of a toxicant
on erythrocytes of fish. It is a standard
method
to
detect
structural
chromosomal aberrations derived from
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initial damage in S-phase (Obe et al.,
2002).
Pakistan faces acute freshwater
pollution problems where only 1% of
industrial water is treated before
discharge into rivers and streams (Khan
et al., 2012). Thus, heavy discharge of
untreated water into rivers of Pakistan
adversely affected the freshwater
fisheries (Jabeen et al., 2012) and
indigenous fish species were on the
verge of extension in rivers of Pakistan
(Rauf et al., 2009). So, comparative
toxicity studies are required to identify
the effects of metal pollution on fish
and devise some proper strategies for
sustainability and conservation of fish
in their natural habitats. Thus, it is
imperative to study selected fish
species’ acute and chronic responses to
toxicity of metallic ions that could
affect fish growth and induce
genotoxicity in their bodies. This work
will help sustainable conservation of
freshwater fisheries in Pakistan.
Materials and methods
Experimental conditions
The experiments were conducted to
determine the extent of DNA damage in
the peripheral erythrocytes of two
freshwater fish species (Cirrhinus
mrigala and Ctenopharyngodon idella)
caused by aluminum. For this purpose,
150-day old fish (n=08) were
acclimatized to laboratory conditions in
cemented tanks before the experiment.
For this experiment, 96-h LC50 of
aluminum determined by Kousar and
Javed (2016) was used to prepare four
sublethal concentrations (17, 25, 33 and
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50%) of aluminum for determination of
their genotoxic effects. Each fish
species was exposed to these four
sublethal concentrations, separately, in
the aquarium containing 60 liters of
water for 30 days. Each test was
conducted with three replications.
Analytical grade aluminum was
selected to test its effect on selected fish
species. For preparation of stock
solutions, appropriate quantity of
aluminum in the form of nitrate
(Al2NO3. 9H2O: Merck) was poured
into 1000 ml flask and the flask was

filled up to 1000 ml with deionized
water. The stock solutions were diluted
to make the required concentrations of
metallic ions for use in this experiment.
Temperature, pH and hardness of each
test medium were maintained at 30oC,
7.5 and 300 mgL-1, respectively. During
the exposure period, the fish were fed
twice daily (34% digestible protein and
3.00 kcal/g digestible energy). Each
species of fish was exposed to the
following four sublethal concentrations
of aluminum (Table 1):

Table 1: Sub-lethal exposure concentration of aluminum metal for Cirrhinus mrigala and
Ctenopharyngodon idella
Fish Species
Concentrations
Metals
Cirrhinus mrigala
Ctenopharyngodon idella
-1
(mgL )
Exposure concentrations (mgL-1)
17% of LC50
15.65
13.81
25% of LC50
23.02
20.31
Aluminum
33% of LC50
30.39
26.81
50% of LC50
46.04
40.62

The control fish were kept in clean
metal free water for comparison as
negative
control
while
Cyclophosphamide (Sigma) was used
as positive control. The positive control
fish were subjected to an intraperitoneal
injection
of
cyclophosphamide in a 4% saline
solution with a concentration of 20 µgg1
. Blood samples were collected after
five days, and slides were prepared for
analysis of DNA damage. The test
media were replaced weekly and
desired metallic ion concentrations
were maintained throughout the test
duration of 30 days. At the end of 30day exposure to various aluminum
concentrations, the DNA damage in
peripheral erythrocytes of fish was

evaluated using comet
micronucleus test.

assay

and

Comet assay
Fish blood samples were processed for
comet assay according to Singh et al.
(1988) with minor modifications. After
30-day exposure of aluminum, blood
samples were collected from caudal
vein of fish (n=5) through sterilized
syringe. Utmost care was exercised to
avoid the mixing of water and mucus
into the blood samples. Heparin sodium
salt was used for stabilization of the
blood samples. Each blood sample was
centrifuged at 1000rpm for 2 minutes in
order to separate erythrocytes from the
whole blood. The diluted blood sample
(60 μL) was mixed with 200 μL of
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1.7%
low-melting-point
(LMP)
agarose. Then normal melting point
agarose (0.5%) was evenly applied on
the glass slide. Mixture (110 μL) of
blood and agarose was layered on the
slides that were precoated with 0.5%
normal melting point (NMP) agarose.
The slides were covered with a third
layer of 90 μL 0.8% low-melting-point
agarose and covered with glass slips.
After that slides were placed in lysis
buffer at 4 C for 1 hour. Then slides
were placed in comet assay tank (CSLCOM 20; Cleaver, UK; Fig. 1) side by
side. The tank was filled with fresh
electrophoresis solution to a level
approximately 0.25 cm above the
slides. The slides were left in the
solution for 20 minutes to allow
unwinding.
Electrophoresis
was
performed using the same solution at
25V, 300 mA for a period of 25
minutes. At the end, slides were
neutralized gently with tris buffer and
DNA was stained with ethidium
bromide.

migration is an estimate of DNA
damage (Grover et al., 2003). The DNA
damage was quantified by visual
classification of cells into the following
five
categories
of
“comets”
corresponding to the tail length,
undamaged (Type 0), low-level damage
(Type I), medium-level damage (Type
II), high-level damage (Type III) and
complete damage (Type IV). The extent
of DNA damage was expressed as the
mean percentage of cells with medium.
High and complete damaged DNA was
calculated as the sum of cells with
damage Types II, III and IV. Genetic
Damage Index (GDI) was calculated for
each subject by using the following
formula:

Analyses of slides
One hundred and fifty cells (50 per
replicate) were scored and examined
randomly
under
Epi-Fluorescence
microscope (N-400M, American Scope;
UK) equipped with a light source of
mercury short arc reflector lamp filters
for ethidium bromide at 400 X
magnification and low lux (MD-800,
American Scope; UK) camera. Cells
with no DNA damage possess intact
nuclei without a tail, whereas cells with
DNA damage showed comet like
appearance. The length of comet tail
formed due to DNA fragments

Micronucleus test
For micronucleus test, a blood drop
taken from the caudal vein of fish was
directly smeared on slides and air-dried.
Smears were subsequently fixed in
methanol for 10 minutes and stained
with 10% Giemsa solution (Wright’s
stain powder 300mg+Giemsa stain
powder 30mg+Absolute methyl alcohol
100 mL) for 8 minutes (Heddle, 1973).
Slides were prepared and examined in
duplicate. Nuclear abnormalities and
frequency of micronuclei were scored
under oil emersion (100 X) lens of

TriTek CometScoreTM (Summerduck,
USA) software was used to measure the
comet tail length of damaged cells
(Costa et al., 2011; Jose et al., 2011).
Cumulative tail length (µm) was
obtained by adding tail lengths of all
examined cells (n=50 per replicate).
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binocular
CXR3).

microscope

(LABOMED

Scoring cells with micronuclei and
other nuclear abnormalities
Blind scoring of micronuclei and other
nuclear abnormalities were performed
on coded slides. A total of 2,000
erythrocytes (1000/slide) with intact
cellular and nuclear membranes were
examined for each fish specimen. The
frequency of micronuclei and other

Statistical analyses of data
Data were statistically analyzed by
using Factorial design (RCBD). Means
were
compared
for
statistical
differences through Tukey’s student
Newnan-Keul test. To compare the
frequency of micronuclei and other
nuclear abnormalities between control
and treated fish groups and DNA
damage in fish, the non-parametric
Mann-Whitney U-test was performed.
The relationships among various
parameters were evaluated using
correlation and regression analyses
using MSTAT C software (Steel et al.,
1997).
Results
DNA Damage in Fish Induced due to
Aluminum Exposure
Cirrhinus mrigala
The proportion of damaged nuclei
varied significantly (p<0.05) in
peripheral erythrocytes of Cirrhinus
mrigala
at
different
exposure
concentrations of aluminum, positive

nuclear abnormalities, including binucleated, dumbbell shaped, blebbed,
notched and de-shaped nuclei were
evaluated (per 1,000 cells) by scoring
them at a 1,000 X magnification using a
binocular microscope (LABOMED
CXR3). Micronuclei frequency was
calculated by using the following
formula:

and negative controls. Percentage of
damaged cells (%) was significantly
higher due to exposure of 50% LC50 of
aluminum, followed by 33%, 25%,
positive control, 17% LC50 and negative
control.
However,
non-significant
difference in the damaged cells (%) was
observed between 50% and 33% LC50;
and 25% LC50 and positive control.
Cirrhinus mrigala showed significantly
higher Genetic Damage Index (GDI) as
2.01±0.06 at 50% of aluminum LC50
exposure, followed by that of 33%
(1.85±0.03),
positive
control
(1.70±0.02), 25% (1.62±0.07), 17%
LC50 (1.11±0.07) and negative control
(0.08±0.00). However, the value of
GDI in erythrocytes of Cirrhinus
mrigala did not differ significantly
between 25% aluminum LC50 and
positive control treatments. The
cumulative tail length of comets varied
significantly (p<0.05) due to aluminum
exposure at different concentrations,
positive and negative controls. The
mean tail lengths of comets observed at
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33 and 50% of LC50 were significantly
higher than that of positive control fish
(Table 2).
Table 2: Mean±standard deviation values of DNA damages induced in peripheral erythrocytes of
fish due to aluminum exposure.

Treatments

Exposure
Concentr
ation
(mg L-1)

Undamage
d Nuclei
(%)

Proportions of Damaged Nuclei (%)

Percentage
of Damaged
Cells
(II+III+III)

Genetic
Damage
Index*
(GDI)

Cumulat
ive Tail
Length
(µm)

Type 0

Type I

Type II

Type
III

Type
IV

Cirrhinus mrigala
Negative
0.00
control

93.33±
1.15 a

5.33±
2.31 e

1.33±
1.15 f

0.00±
0.00 f

0.00±
0.00 e

1.33±
1.15 d

0.08±
0.00 e

3.84±
0.33 f

Positive
control

CP
(20 µgg-1)

20.00±
2.00 d

32.00±
2.00 b

18.67±
2.31 d

16.67±
1.15 d

12.67±
1.15 a

48.00±
2.00 b

1.70±
0.02 c

126.28±
0.28 c

17% of LC50

15.65

31.33±
1.15 b

42.00±
2.00 a

13.33±
2.31 e

11.33±
1.15 e

2.00±
2.00 d

26.67±
2.31 c

1.11±
0.07 d

84.43±
0.20 e

25% of LC50

23.02

22.67±
3.06 c

23.33±
4.16 c

29.33±
8.33 b

18.67±
3.06 c

6.00±
2.00 c

54.00±
4.00 b

1.62±
0.07 c

93.04±
0.21 d

33% of LC50

30.39

19.33±
1.15 de

15.33±
2.31 d

32.00±
2.00 a

27.33±
1.15 b

6.00±
2.00 c

65.33±
1.15 a

1.85±
0.03 b

187.04±
1.00 b

50% of LC50

46.04

18.67±
1.15 e

15.33±
2.31 d

22.00±
2.00 c

34.67±
3.06 a

9.33±
1.15 b

66.00±
2.00 a

2.01±
0.06 a

229.85±
1.97 a

91.33±
2.31 a

8.00±
2.00 e

0.67±
1.15 e

0.00±
0.00 f

0.00±
0.00 f

0.67±
1.15 f

0.09±
0.03 f

3.78±
0.48 e

Ctenopharyngodon idella
Negative
0.00
control
Positive
control

CP
(20 µgg-1)

19.33±
1.15 c

18.67±
4.16 d

29.33±
1.15 b

20.00±
5.29 c

12.67±
1.15 a

62.00±
5.29 c

1.88±
0.10 c

116.22±
0.23 c

17% of LC50

13.81

32.00±
2.00 b

48.00±
2.00 a

12.67±
2.31 d

4.67±
1.15 e

2.67±
3.06 e

20.00±
2.00 e

0.98±
0.11 e

69.22±
0.27 d

25% of LC50

20.31

10.00±
0.00 d

38.00±
2.00 b

40.00±
2.00 a

8.00±
0.00 d

4.00±
0.00 c

52.00±
2.00 d

1.58±
0.02 d

120.23±
0.51 c

33% of LC50

26.81

4.00±
0.00 e

20.67±
1.15c

21.33±
1.15 c

50.67±
1.15 b

3.33±
1.15d

75.33±
1.15 b

2.29±
0.04 b

190.11±
1.08 b

50% of LC50

40.62

5.33±
1.15 e

6.67±
1.15 e

22.67±
1.15 c

54.67±
1.15 a

10.67±
1.15b

88.00±
2.00 a

2.59±
0.06 a

213.87±
0.95 a

*GDI = {Type I + 2(Type II) + 3(Type III) + 4(Type IV) / Type 0 + Type I + Type II + Type III + Type
IV}; CP=Cyclophosphamide. Means with different letters in a single column for each variable are
significantly different at p<0.05.

Ctenopharyngodon idella
Peripheral blood erythrocytes of this
fish showed significantly variable
proportions of damaged nuclei that
were affected due to different exposure
concentrations of aluminum, negative
and positive controls. The fish exhibited
a
significantly
(p<0.05)
higher
percentage of damaged cells with the
mean value of 88.00±2.00% due to
exposure of 50% aluminum LC50 than
that
of
the
positive
control

(62.00±5.29%).
Maximum
and
minimum GDI values were observed at
50% LC50 exposure of metal and
negative control, respectively. The
cumulative tail length of comets,
induced in the peripheral erythrocytes
of fish varied significantly (p<0.05)
within the mean values of 213.87±0.95
and 3.78±0.48µm between 50%
aluminum LC50 and negative controls,
respectively.
Exposure
of
50%
aluminum LC50 caused significantly
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higher damaged cells, GDI and a
cumulative tail length of comets, in the
erythrocytes of Ctenopharyngodon
idella, than those of the positive control
(Table 1).
Nuclear abnormalities in fish induced
due to aluminum exposure
Cirrhinus mrigala
Exposure of aluminum at 50% LC50 to
Cirrhinus mrigala caused significantly
higher induction of micronuclei with

the mean frequency of 32.16±0.03%.
The sum of other nuclear abnormalities,
observed under various concentrations,
varied significantly with the mean higher
frequency of 24.13±4.35% observed due
to 33% LC50 exposure that was
significantly more than that observed in
positive control fish (Table 3).

Table 3: Chronic exposure effects of aluminum on micronuclei frequency (mean ± standard
deviation) and other nuclear abnormalities in peripheral blood erythrocytes of Cirrhinus
mrigala.
Negative
control

Positive
control

17% of
LC50

25% of
LC50

33% of
LC50

50% of
LC50

21.00

241.00

198.00

270.00

501.00

658.00

1.01±0.05 f

11.55±0.12 d

9.80±0.04 e

13.29±0.02 c

24.93±0.10 b

32.16±0.03 a

Other nuclear abnormalities (%)
0.29±0.07 e
Binucleated cells

1.15±0.06 b

1.09±0.00 c

0.49±0.01 d

1.44±0.03 a

0.00±0.00 f

Total number of cells
with micronuclei
Micronuclei
frequency (%)

Cells with dumbbell
shaped nucleus

0.14±0.05 f

3.79±0.10 d

1.53±0.02 e

5.02±0.03 b

4.13±0.06 c

5.47±0.11 a

Cells with blebbed
nucleus

0.43±0.10 f

1.49±0.13 e

2.38±0.17 d

6.89±1.00 b

2.64±0.01 c

7.38±0.13 a

Cells with notched
nucleus

0.34±0.04 f

6.85±0.15 a

0.45±0.02 e

2.26±0.11 d

3.53±0.05 b

2.64±0.10 c

De-shaped cells

0.67±0.10 f

5.27±0.02 b

1.24±0.18 e

1.77±0.19 d

12.39±0.02 a

2.10±0.09 c

Total frequency of
other nuclear
abnormality (%)

1.87±0.20 f

18.54±2.44 b

6.68±0.70 e

16.44±2.60 d

24.13±4.35 a

17.60±2.91 c

Total number of cells
with other nuclear
abnormality

39.00

387.00

135.00

334.00

485.00

360.00

Total number (±SD)
of analyzed cells

2081.00±1.35

2087.00±1.22

2020.00±1.76

2032.00±2.66

2010.00±3.63

2046.00±2.00

Means with different letters in a single row are significantly different at p<0.05.

Ctenopharyngodon idella
In Ctenopharyngodon idella, aluminum
exposure at 50% of 96h LC50 induced
significantly higher mean micronuclei
frequency of 38.07±0.29%, while it was
the lowest as 2.41±0.05% in the

negative control treatment. All other
nuclear
abnormalities,
except
binucleated nuclei, were significantly
higher due to 50% LC50 exposure. Mean
total frequency of other nuclear
abnormalities was significantly higher
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due to 50% LC50, followed by 33%,
positive control, 25%, 17% LC50 and
negative control (Table 4).
Table 4: Chronic exposure effects of aluminum on micronuclei frequency (mean ± standard
deviation) and other nuclear abnormalities in peripheral blood erythrocytes of
Ctenopharyngodon idella.
Negative
control

Positive
control

17% of
LC50

25% of
LC50

33% of
LC50

50% of
LC50

50.00

372.00

180.00

410.00

612.00

764.00

Micronuclei frequency (%)

2.41±0.05 f

18.41± 1.18 d

9.00±0.88 e

20.05±0.28 c

29.78±0.11 b

38.07±0.29 a

Other nuclear abnormalities (%)
Binucleated cells

0.10±0.01 f

3.46±0.21 a

1.00±0.03 e

1.37±0.42 d

1.56±0.18 c

2.29± 0.28 b

Cells with dumbbell shaped nucleus

0.19±0.02 f

5.05±0.04 b

3.00±0.10 e

3.23±0.21 d

4.18±0.21 c

5.98±0.03 a

Cells with blebbed nucleus

0.87±0.05 f

3.71±0.03 e

4.00±0.22 d

5.13±0.38 c

5.45±0.08 b

7.42±0.10 a

Cells with notched nucleus

0.39±0.02 f

5.39±0.03 b

3.00±0.10 e

4.25±0.05 d

4.57±0.39 c

6.88±0.22 a

De-shaped cells

0.53±0.01 e

3.86±0.21 d

4.00±0.04 d

5.67±0.18 c

6.42±0.10 b

10.16±0.10 a

Total frequency of other nuclear
abnormality (%)

2.07±0.30 f

21.47±0.87 c

15.00±1.22 e

19.66±1.71 d

22.19±1.83 b

32.74±2.85 a

Total number of cells with other
nuclear abnormality

43.00

434.00

300.00

402.00

456.00

657.00

2075±3.86

2021±2.92

2000±4.65

2045±3.37

2055±2.77

2007±3.51

Total number of cells with micronuclei

Total number (±SD) of analyzed cells

Means with different letters in a single row are significantly different at p<0.05.

Discussion
Due to industrial advancement, a
variety of toxic chemicals, including
metals, are released into aquatic
environments of Pakistan (Jabeen et al.,
2012; Atique et al., 2020). Toxic
pollutants not only disturb the physicochemical properties of water bodies
(Khanom et al., 2020; Saeed et al.,
2020) but also influence the aquatic
food chain to cause physiological and
cytogenetic alterations in the aquatic
animals (Barbosa et al., 2010; Kousar et
al., 2018; Zaib-Un-Nisa et al., 2021).
The responses of the two fish
species to induce GDI in their
erythrocytes were statistically nonsignificant under the exposures of
aluminum. ROS generation and
inhibition of DNA repair would lead to
genomic instability and oxidative stress

in fish (Rossman, 2003). Metals can
also act through the redox cycle to
induce ROS, which possibly causes
DNA strand breakage (Ventura-Lima et
al., 2009).
Pereira et al. (2013) observed
genotoxic effects of cadmium and
aluminum on embryonic cells of
zebrafish using comet assay that
showed significantly higher doublestrand breakages due to aluminum than
cadmium exposure. DNA damage in
aluminum exposed organisms may lead
to cytotoxic, mutagenic or carcinogenic
gene modifications in their cells
(Kumar et al., 2010). This higher
genotoxic potential of aluminum may
be attributed to its ability to oxidize
purines and pyrimidines (Niu et al.,
2005; Jackson and Bartek, 2009).
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The percentage of damaged cells, GDI
and cumulative tail length of comets
increased
significantly
with
concomitant exposure concentration,

based on their 96-h LC50. In general,
the impacts of various treatments /
metals to cause damage in cell nuclei,
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Figure 1: Relationships between exposure concentrations of aluminum and different genetic
damages induced in peripheral erythrocytes of fish.

GDI and cumulative tail length of
comets varied significantly, that
followed the order: 50%> 33%>
positive control> 25%> 17% LC50>
negative control treatment. Comet assay
gained popularity in ecotoxicological
studies and successfully detected DNA
damage in aquatic organisms (Frenzilli
et al., 2009), especially in fish
(Kosmehl et al., 2008; Pereira et al.,
2010). Comet assay allows examination
of whole-genome at any step of cell
cycle, rather than just during mitosis
(Sunjog et al., 2012; Bae et al., 2020).
Metals produce ROS either through
redox cycling or by impairing
antioxidant defense system of the
animals (Stohs and Bagchi, 1995). In
addition to that Fenton reactions are
important for generating ROS (Valko et
al., 2005). Single strand breakage
occurred either due to the direct attack
of ROS on the deoxyribose or its
indirect effects on intermediate steps of
the excision repair pathway leading to
disruption of the repair process of
oxidized DNA bases. This all ultimately
ends up in double-strand breakage
during the process of replication
(Hedge et al., 2008). Coogan et al.
(1991) detected DNA damage in

catfish, Heteropneustes fossilis, due to
both single and double-strand breakage
of DNA, DNA-protein and DNA-DNA
cross links as a result of chromium
interaction with DNA (Fairbairn et al.,
1995) or due to significant interaction
of metal with ROS or this may be the
resultant of excision repair enzyme
blockage (Speit and Hartman, 1995).
Generally, the DNA damage resulting
from metal toxicity is broadly used as
biomarker of biological effects of
toxicants (Van-Der Oost et al., 2003;
Moon et al., 2020). With increasing
DNA damage in the cell nucleus, more
broken DNA fragments migrate
towards the tail region of the comet
resulting in an increased amount of
fluorescence in the tail region, as well
as enlargement of tail length
(Mitchelmore and Chipman, 1998) as
observed during present investigation.
Comet tail length is appeared as a basic
parameter in quantifying DNA damage
in peripheral fish erythrocytes. GarcíaMedina et al. (2010) reported aluminum
concentration-dependent increase in
DNA damage in lymphocytes of
Cyprinus carpio. Higher DNA damage
in erythrocytes of mosquito fish,
Gambusia holbrooki, is also observed
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due to aluminum toxicity by Ternjej et
al. (2010).
During the present investigation,
mean sensitivity of both fish species in
terms of percentage of damaged cells,
GDI and cumulative tail length of
comets varied significantly due to
exposure to different concentrations of
metal.
Cirrhinus
mrigala
was
significantly more susceptible to
metal’s toxicity among the two fish
species. They had significantly higher
percentage of DNA damaged cells, GDI
and a cumulative tail length of comets.
Different
fish
species
showed
significantly variable responses towards
metal’s toxicity, due to differences in
their genetic susceptibilities, ability of
DNA repair (Wojewódzka et al., 1998),
the number of alkali-labile sites,
concentration of antioxidant enzymes
and fish metabolic rate (Buschini et al.,
2004). Nagpure et al. (2008) observed
species specific variations for comet tail
lengths in erythrocytes of Labeo rohita
and Puntius puntio. Significant higher
tail DNA percentages in Cirrhinus
mrigala
indicate
its
higher
susceptibility to metal under study, than
the other fish species. Kopjar et al.
(2008) reported that DNA damage in
comet tail length, induced in peripheral
erythrocytes of Balkan loach (Cobitis
elongata), increased significantly due to
toxicity
of
industrial
effluents
containing arsenic, copper, mercury,
chromium, manganese and strontium.
The variability in DNA damage due
to various metals in different fish
species may be attributed to different
metallothionein levels which is a

molecular biomarker used extensively
in aquatic organisms (Andrews, 2000).
It works as metal-chelating agent that
plays an important role in detoxifying
metals in aquatic organisms, through
oxygen-free radical scavenging actions
and metal binding (Kalpaxis et al.,
2004). Higher aluminum accumulation
in Ctenopharyngodon idella stimulated
the production of reactive oxygen
species that ultimately leads to
oxidative stress in fish (FrenándezDávila et al., 2012) as observed during
the present investigation.
Micronucleus test is commonly used
to estimate biological impacts of water
pollutants on genotoxic damage in fish
(Ergene et al., 2007). Micronuclei are
cytoplasmic
chromatin
containing
bodies
developed
from
broken
chromosome sections or from the
chromosomes that could not be
incorporated into daughter nuclei (Fagr
et al., 2008). Various metallic ions act
as valuable genotoxins at particular
concentrations just because of their
ability to bind to thiol groups and
induce instability in the spindle
formation in cells (Patra et al., 2004).
During the present investigation, the
extant of micronuclei and other nuclear
abnormalities in their peripheral
erythrocytes of both fish species varied
significantly
due
to
aluminum
exposure. The 50% LC50 exposure of
aluminum-induced significantly higher
micronuclei in fish erythrocytes than
positive control. It is also reported to
cause oxidative damage to the proteins
and enzymes due to its high affinity for
their sulfhydryl groups (Bhattacharya
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and Bhattacharya, 2007). Yadav and
Trivedi (2009) assessed mutagenic
potential of mercuric chloride, arsenic
trioxide and copper sulphate in vivo
using spotted snakehead fish, Channa
punctata. A previous study indicated a
relationship
between
genotoxicity
response variability and metabolic and
pharmacokinetic factors in animals (AlSabti and Metcalfe, 1995). In general,
such nuclear abnormalities can be
considered good indicators of genotoxic
damage, and therefore, they may
complement micronuclei scoring in
routine genotoxicity surveys. Ahmed et
al. (2011) observed concentration
dependent increase in micronuclei
frequency in the erythrocytes of
Oreochromis mossambicus. In Channa
punctatus, the frequency of micronuclei
was found significantly higher due to
arsenic exposure while it was lower in
control treatment fish (Patowary et al.,
2012).
Cirrhinus
mrigala
appeared
significantly more sensitive and
induced a higher frequency of
micronuclei
in
its
peripheral
erythrocytes than Ctenopharyngodon
idella. So, the induction of other
nuclear
abnormalities
in
the
erythrocytes of fish species followed
the
order:
Cirrhinus
mrigala>
Ctenopharyngodon
idella.
Micronucleus test showed inter species
variability in micronuclei frequency as
reported by Buschini et al. (2004), Kim
and Hyun (2006), Kumar et al. (2008)
and Barbosa et al. (2010). These
variations may occur due to difference
in metabolic indices of different fish
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species, DNA repair ability, as well as
cell proliferation in tissues. Genotoxic
damage mainly depends on the type of
pollutant involved and fish species
exposed to that pollutant (Ali et al.,
2008). Ambreen and Javed (2016)
reported concentration and timedependent genotoxic damage in
peripheral blood erythrocytes of fish,
Cyprinus carpio, exposed to metals
mixture. Similarly, Kousar and Javed
(2014b) reported that arsenic exposure
could cause concentration dependent
DNA damage in peripheral erythrocytes
of L. rohita, C. mrigala and Gibelion
catla. Galindo et al. (2010) reported
that aluminum exposure caused
significant increase in frequency of
other nuclear abnormalities, while
micronuclei frequency did not vary
significantly in the erythrocytes of
streaked prochilod of South America,
Prochilodus lineatus. The DNA
damage, determined in terms of
percentage of damaged cells, GDI,
cumulative
tail
length
(µm),
micronuclei frequency (%), and
frequency
of
other
nuclear
abnormalities (%) showed significant
direct relationships with the metallic
ion concentrations. Summak et al.
(2010) reported a significant positive
correlation (r=0.980) between metal
concentrations and frequency of nuclear
abnormalities in Oreochromis niloticus.
Results exhibited variable genotoxic
damage
in
peripheral
blood
erythrocytes of both fish species.
Moreover, it is concluded that
micronucleus and comet assay can be
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used as reliable tools to determine
genotoxic effects of pollutants in fish.
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