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Abstract

ackground: The terrestrial and agro-aquatic ecosystems are continuously at the pity of human's negative
Bimpacts. Extensive and indiscriminate application of agrochemicals like heavy metals, industrial wastes,

germicides, drug residues and different feed additives has become serious threats to public health. The
current experimental trial was executed to investigate genotoxic potential of different heavy metals in fresh water
fish (Labeo rohita).

Methods: A total of 120 active, healthy, free from disease and internal parasites fish having three months of age
were procured from local fish breeding center and were kept in glass aquarium having 100 liter water. After two
weeks of acclimatization, fish were arbitrarily distributed and placed in different eight groups (A-H). Prior to start
of experiment, acute toxicity of various heavy metals alone such as lead, cadmium, chromium and in combination
(Pb +Cr), (Cr+Cd), (Cd+Pb) and (Pb+Cr+Cd) mixture were determined in-term of 96-h LCso and lethal doses for
Labeo rohita. After assessment of acute toxicity, all the fish were exposed to three sub-lethal concentrations (5,
7 and 9%) of heavy metals alone and in combinations for a period of 30 days in triplicate experiments.

Results: Different clinical ailments like, increased surface breathing, loss of coordination, rapid opercular
movement, erratic swimming, air gulping, jerking movement and tremors were noted in fish. Histopathological
observations of gills of various fish exhibited severe microscopic alterations. Results on micronucleus assay
exhibited increased frequency of formation of micronuclei in red blood cells, while comet assays showed
significantly increased DNA damage in peripheral erythrocytes in-term of arbitrary units of comets, average
percentile rate of damaged cell and genomic damage index.

Conclusion: From the results of our experimental study, it can be concluded that fresh water fish are useful and
reliable bio-indicators of heavy metal toxicity. Micronucleus and comet assays showed that heavy metals alone
and in combination induced DNA damage in fish.
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Introduction

Chemical contamination due to industrial wastes,
pesticides and heavy metals has been linked as a major
factor to decline the life expectancy of variety of target
and non-target exposed organisms both inhabiting in
terrestrial and aquatic ecosystems [1 - 3]. Due to
advancement in technology, development of industries
and extensive use of synthetic chemicals, many
developing countries in the world are facing
contamination of natural ecosystems [4]. Non-target
aquatic species including fish thriving in fresh water are
commonly exposed to such chemicals and thus become
susceptible to various chemicals toxicity because of
direct contact of their gills tissues. Aquatic environmental
contamination with heavy metals and other toxicants is
of great concern due to extreme toxic effects such as
carcinogenic, mutagenic and cytotoxicity [1, 5]. Studies
have reported that among variety of soil, air, surface
water and groundwater contaminants, heavy metal
toxicity is the main abiotic stress leading to induce
countless abnormalities and disruption of normal
physiological functions of the exposed organisms [1, 6-
8]. It is reported that the heavy metal toxicity is mainly
induced by deposition and bioaccumulation in different
body tissues depending upon the mechanisms of
accumulation, water habitats and other pathways of
exposure including dietary or waterborne exposure [5, 9].
Previous different toxicological studies have shown
exposure to different heavy metals causes mitochondrial
damage, DNA abnormalities, oxidative stress and
programmed death in different visceral tissues of the
organisms [1, 10, 11]. In addition it has been estimated
that exposure to water containing heavy metals causes
infertility and DNA fragmentation [5]. Furthermore, heavy
metal pollution induces harsh effects on aquatic
organisms and alters ecological balance between
biodiversity and ecosystems [12]. Fish are the useful
aquatic bio-indicators and are frequently used as
sentinel organisms because of part of the food chain and
their sensitivity to low concentrations of mutagenic
toxicant compounds [3, 13, 14]. Different levels of water
pollution effluents containing, environmental toxins and
industrial heavy metals induces DNA damage in various
aquatic species including fish [15, 16]. The contaminated
water severely affects the aquatic organisms and
reduces the life span of target and non-target species,
especially fish [17, 18].

Previously several published studies have proved that
the micronucleus assay is reliable, important and useful
technique to investigate the mutagenic changes induced
by drugs and different environmental pollutants in red
blood cells of various organisms [3, 19, 20]. DNA
damage assessment using comet assay is regarded the
most unique technique to determine the genotoxic
potential of toxicants [21, 22]. Therefore, monitoring of
deleterious effects of xenobiotics/pollutants in local
species is crucial which can assist in the estimation of
quality of the environment and to lower the exposure of
environmental contaminants in human [5]. In Pakistan
the fresh water fish are mainly affected by various
contaminants present in untreated water [23, 24]. Acute

and chronic toxic effects of various heavy metals may
influence development of target and non-target species
owing to metal accumulation in their bodies. Therefore,
this work was aimed to investigate the deleterious effects
of different heavy metals alone, in binary and their
tertiary mixtures on fresh water fish (Labeo rohita).

Methods

The current experimental trial was executed at laboratory
of department of Zoology, Government Sadiq College
Women University Bahawalpur. All the experimental
research work was performed according to the
guidelines regarding use of laboratory animals for
research devised by ethical Committee of the
Government Sadiq College Women University
Bahawalpur.

Fish management and Chemicals

A total of 120 fresh water fish (Labeo rohita) having three
months of age and about 200-225 body weight (gm) were
collected from the local fish breeding center Bahawalpur.
All the fish were transported in plastic bags
supplemented with sufficient amount of oxygen to the
experimental laboratory and were placed in glass
aquariums having 100 liter water. All the fish were
acclimatized prior to start of the trial. Feed (34% DP and
3.0Kcal/gm DE) was provided to experimental fish daily.
During acclimatization period, water of the entire
aquarium was changed on daily basis. For sufficient
amount of oxygen supplementation to fish, all the
aquariums were equipped with oxygenators with
constant air pumps. Analytical grade of different heavy
metals such as lead (98% pure; CAS-Nr: 7558-95-4),
cadmium (99% pure; CAS-Nr: 7440-43-9) and chromium
(98% pure; CAS-Nr: 10060-12-5) were selected to test
their effects on fish. For acute toxicity tests the stock
solutions were diluted to make required concentrations
of metallic ions. All the chemicals used in this
experimental research were obtained from Sigma-
Aldrich (St. Louis Missouri, USA) and Merck (Germany).
Physico-chemical features of water were measured prior
to start and at the end of experiment (Table 1).

Experimental design and treatment

After 15 days of acclimatization period all the test
specimens (active fish) free from clinical ailments,
disease, behavioral changes and parasites were
haphazardly picked and placed in eight groups (A-H).
Each experimental group contained 15 fish. The fish of
group A served as control group and were kept
separately on normal feed in parallel to other groups.
LCso and lethal doses of different heavy metals and their
binary and tertiary mixtures for Labeo rohita was
determined prior to start of experiments (table 2). Heavy
metals alone and in combinations were mixed in clean
distilled water and fish kept in all groups (B-H) except A
were exposed to various concentrations (5, 7 and 9% of
LCso) for a period of 30 days. All the fish were carefully
monitored twice a day to observe any clinical and
behavioral signs.

Histopathological and Genotoxic studies
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After 30 days of exposure all the experimental fish were
killed by a sharp blow of head for tissue collection. About
2 ml blood sample was collected with the help of 26
gauge hypodermic needle in EDTA vacutainers
separately from each test specimen. For micronucleus
assay thin smear were prepared from fresh blood
collected without anticoagulant. All the smears were air
dried, fixed in ethanol and stained by using Giemsa stain
[25]. All the smears were examined with the help of light
microscope  using oil immersion lens. For
histopathological changes gills tissues were obtained
from all the fish separately, preserved in 10% neutral
buffered formaldehyde solution. After few days of fixation
all the gills tissues were processed using standard
procedures [13, 26]. Briefly, about 4-5 pm thick
microscopic slices from gills were obtained using semi-
automatic microtome, embedded in paraffin wax,
mounted in DPX and stained with hematoxylin and eosin
[27].

Single cell preparation and comet assay

Comet assay technique was performed under alkaline
conditions on peripheral red blood cells [19, 28]. Briefly,
thin smear of melted normal (1%) and low melting point
agarose (0.75%) was made on frosted glass slide from
each fish. The prepared slides containing cells were
solidified and immediately kept in fresh lysing solution.
After that the slides were placed in electrophoresis tank.
The electrophoresis was conducted for 25 min at 20V. All
the slides were neutralized and stained with ethidium
bromide stain and were observed under fluorescent
microscope. A total of 1500 cells were observed for DNA
damage.

Statistical analysis

Data collected in this study was subjected to statistical
analysis using ANOVA. To determine statistical
difference group means were compared through Tukey’s
test [29] at P<0.05 level.

Results

Physical observations

In present study, no mortality, physical and behavioral
alterations were observed in the fish of the control group.
All the fish kept in this group remain active, healthy and
did not show any abnormal signs while the fish treated
with different levels of heavy metals in different groups
exhibited various physical changes. Due to heavy metals
treatments variety of behavioral and clinical disorders
like trembling of fins, increased opercular movement,
loss of balance, irregular swimming, swallowing of air,
increased mucous secretion, loss of coordination and
increased surface breathing. Results on light
microscopic observation of histological sections from gill
tissues of various fish of control group showed normal
structures while various microscopic alterations were
observed in gills of various fish due to heavy metals
treatments. Severity of occurrence of various
histopathological abnormalities in gills of treated fish
(Labeo rohita) is presented in table 3. Fish exposed to
individual metals showed minute changes like

curling/twisting of gills and disorganized primary and
secondary lamellae. Severe abnormalities in gills
sections of heavy metal treated fish like lamellar fusion,
necrosis of primary and secondary lamellar epithelial
cells, uplifting of lamellae and congestion were observed
during the experimental trial. The lamellar
disorganization, atrophy, curling of secondary lamellae
and necrosis of lamellar epithelial cells were observed in
fish exposed to different metals (Figure 1). Disruption
and disorganization of primary lamellae, disruption of
cartilaginous core, congestion, necrosis of lamellar
epithelial cells and infiltration of leukocytes in gills of fish
exposed to heavy metals were observed.

Different nuclear abnormalities in red blood cells of fish
exposed to various concentrations of heavy metals alone
and in combinations are presented in table 4. The
frequency of formation of micronuclei, condensed nuclei,
lobed nuclei, nuclear remnants and blabbed nuclei was
significantly increased in fish exposed to various
concentrations of heavy metals alone and in different
combinations (Figure 2). The results showed significantly
increased nuclear abnormalities in red blood cells of fish
exposed to individual metals, binary and tertiary metal
mixtures. Results also revealed that the nuclear
abnormalities in red blood cells of fish exposed to binary
and tertiary metal mixtures were significantly higher than
the fish exposed to individual metals.

The results on comet assay (Figure 3) showed
increased percentile rate of DNA damage in erythrocyte
of treated fish, higher frequency of genomic damage
index (GDI) and arbitrary units of comets in comparison
to untreated control group (Table 5). The results showed
increased frequency of DNA damage in fish due to
various metals (alone) and their mixtures (binary and
tertiary). Results showed that the percentile rate of DNA
damage in erythrocyte of treated fish with tertiary mixture
was higher as compared to other treatments and control
group. The results showed non-significant GDI in
erythrocytes of fish due to lead, chromium and binary
mixtures treatments.

Discussion

Excessive release of industrial effluents (pesticides,
fungicides, herbicides and heavy metals) causes a
serious threat to environment, domestic animals and
public health [30, 31, 32]. It is interesting to know that
variety of chemicals including industrial effluents and
heavy metals may not show obvious adverse effects
when they are present in lower concentrations in the
ecosystem but their long-term and continuous exposure
cause variety of abnormalities in exposed organisms [33,
34, 35]. Monitoring and assessment of toxic effects of
industrial and environmental pollutants is of vital
importance to reduce the release of such type of
chemicals into the environment and to enhance the life
expectancy of target and non-target species of life
including human being. Different physical, nervous and
behavioral signs including fin tremors, mucus secretion,
erratic swimming, and operculum movements observed
in present study might be due to due disruption CNS
activities and obstruction of chloride channels in brain.
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Parameters Values

PH 7.4+0.01

Electrical conductivity at 25 °C (umhos/cm) 409.0 +3.51

Dissolved oxygen (mg/L) 7.76 £ 0.15

Water temperature (°C) 25.1+0.43

Total dissolved solid (mg/L) 176.8 +3.29

Alkalinity (mg/L) 174.2 +0.39

Chlorides (mg/L) 9.89 £ 0.02 :
Total hardness (CaCOs, mg/L) 172.5+1.82

Potassium (mg/L) 1.5+0.10 . ‘R‘ by
Sodium (mg/L) 118+0.29 Figure 1: Photomicrograph showing nuclear changes in red blood cells of

Table 1: Physio—chemical investigation of water used fish C=condensed nuclei; Arrows= micronuclei and arrow head=lobed
for test specimens. nuclei.

Metals L Cso concentration Mean+ S.D Lethal concentration Mean+ S.D
R1 R2 R3 R1 R2 R3

Pb 73.0258 71.9718 70.8815 71.97+0.41 176.842 179.353 146.806 176.85+0.21
Cd 155.722 154.906 151.032 154.92+ 0.31 342.296 350.078 362.701 350.07+0.22
Cr 89.3607 80.5470 72.2712 80.54+0.61 161.085 173.028 164.137 164.137+0.21
Cd+Cr 62.8672 62.7569 62.9491 62.8673+0.45 130.876 136.938 129.217 130.870+0.31
Cr+Pb 70.2876 66.3805 65.5631 66.38+0.68 138.096 139.032 147.202 139.032+0.51
Pb+Cd 75.1675 78.1895 79.2958 78.18+0.45 163.855 156.951 151.585 156.05+0.41
Pb+Cd+Cr 47.4839 45.1670 45.1509 45.93+0.21 113.985 114.237 112.552 113.985+0.43

Table 2: Mean LC50 and lethal doses of different heavy metals and their binary and tertiary mixtures for Labeo rohita.

Histopathological Groups

Alterations A(control) B(Cd) C(Cr) D(Pb) E(Pb+Cd) F(Pb+Cr) G(Cd+Cr) H(Pb+Cd+Cr)
Telangiectasia - ++ + + ++ 4+ ++ o+
Curling of secondary - +++ ++ ++ +H++ o+ +++ ++++
lamellae

Lamellar disorganization - ++ ++ 4+ -+ 4+ ++++ ++++
Epithelial uplifting of - +++ ++ ++ +++ 4 +HH+ +++
lamellae

Epithelial necrosis - ++ +++ +++ +H++ +++ +H++ +H++
lamellar fusion - ++ ++ + 4+ 4+ 4+ 4+
Lamellar atrophy - 4+ ++ 4+ -+ o+ 4+ ++++
congestion - ++ ++ + +++ ++ +H++ +H++
uplifting of lamellae - +++ ++ + ++++ ++++ +++ ++++

Absent (-); Mild (+); moderate (++); severe (+++); very severe (++++)
Table 3: Severity of various histopathological alterations in gills of fish (Labeo rohita) exposed to various concentrations of heavy
metals.

Groups/ Treatment Exposure Levels Nuclear abnormalities (%) in red blood cells
Micronuclei Condensed nuclei Lobed nuclei Nuclear remnants Blabbed nuclei
5% of LCso
A(control) 0.00 0.25+0.03 0.16+0.02 0.37+0.01 0.49+0.04 0.26+0.008
B(Cd) 7.74 0.27+0.03 0.19+0.005 0.49+0.06 0.87+0.07 0.33+0.005
C(Cr) 4.02 0.36+0.02 0.45+0.21 0.69+0.09 0.95+0.04 0.68+0.10
D(Pb) 3.59 0.37+0.09 1.3+0.018 0.97+0.02 1.49+0.23 0.860.01
E(Pb+Cd) 3.90 0.67+0.17 2.10+0.49 1.55+0.02 1.66+0.06 0.89+0.03
F(Pb+Cr) 331 2.19+1.18* 1.77+0.98* 1.60+0.49* 1.96+0.04* 0.86+0.05*
G(Cd+Cr) 3.14 2.83+0.78* 2.32+0.81* 2.08+0.45* 1.85+0.09* 0.76+0.03*
H(Pb+Cd+Cr) 2.29 3.79+0.94* 2.94+0.59* 1.72+0.06* 1.87+0.07* 0.82+0.07*
7% of LCso
A(control) 0.00 0.33+0.04 0.16+0.02 0.41+0.04 0.51+0.05 0.28+0.009
B(Cd) 10.84 0.37+0.03 0.19+0.005 0.72+0.04* 0.97+0.01* 0.37+0.01*
C(Cr) 5.63 0.56+0.01* 0.45+0.21* 0.80+0.12* 1.48+0.57* 0.72+0.11*
D(Pb) 5.03 0.68+0.09* 1.32+0.01* 1.23+0.49* 1.69+0.10* 1.25+0.44*
E(Pb+Cd) 5.47 0.87+0.05** 2.10+0.49** 1.960.18** 1.99+0.05** 1.94+0.05**
F(Pb+Cr) 4.64 2.60+1.56** 2.29+0.05** 2.18+0.44** 2.23+0.17** 1.63+0.48**
G(Cd+Cr) 4.40 3.21+0.52** 3.15+0.46** 2.71+0.27** 1.95+0.04** 1.760.03**
H(Pb+Cd+Cr) 321 3.79+0.94** 3.42+0.62** 1.95+0.04** 2.22+0.11** 2.09+0.52**
9% of LCso
A(control) 0.00 0.37+0.01 0.18+0.01 0.48+0.09 0.53+0.04 0.38+0.03
B(Cd) 13.94 0.38+0.05* 0.24+0.03* 0.97+0.02* 1.64+0.54* 0.44+0.06*
C(Cr) 7.24 0.76+0.01* 0.52+0.26* 0.96+0.05* 1.25+0.05* 1.09+0.04*
D(Pb) 6.47 0.80+0.04* 1.75+0.06* 1.23+0.50* 1.33+0.07* 1.61+0.36*
E(Pb+Cd) 7.03 0.98+0.05** 2.55+0.45** 2.04+0.15%* 2.19+0.02** 2.18+0.05**
F(Pb+Cr) 5.97 3.14+1.35%* 2.82+0.06** 2.46+0.26%* 2.55+0.08** 2.13+0.38**
G(Cd+Cr) 5.65 4.03+0.70** 3.37+0.52** 3.03+0.08** 2.22+0.29%* 2.04+0.04**
H(Pb+Cd+Cr) 4.13 4.84+0.74** 3.94+0.82** 2.18+0.11** 2.55+0.16** 2.51+0.21**

Values (mean * SD) in columns having asterisk (*) are significantly (P < 0.05) different from control group while values in columns
having asterisks (**) are significantly (P < 0.05) different from control group and values having asterisk (*).
Table 4: Frequency of various nuclear abnormalities in erythrocyte of Labeo rohita exposed to heavy metals.
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Groups/ Exposure Level Frequency (%) of damaged cells Overall Genetic Arbitrary units
Treatment (mg/L) frequency of damage (A.U)*
damaged cells index (GDI)*
(H+11+1V)
Type | Type Il Type I Type IV
5% of LCso
A(control) 0.00 2.22+1.2 2.25+1.4 0.71+0.13 0.011+0.11 1.3+0.05 0.11+12 2.13+11
B(Cd) 7.74 23.5+2.1* 9.40£1.15* 2.35+0.00* 0.97+0.15* 12.72+1.55* 0.564+0.03* 53.30+2.00*
C(Cr) 4.02 25.5%1.1* 10.19+1.1* 2.74+0.00* 1.18+0.01* 14.11+1.11* 0.59+0.05* 58.85+1.55*
D(Pb) 3.59 26.22+1.1* 10.27+1.1* 3.25+1.00* 1.73+0.18* 15.26+1.11* 0.62+0.08* 63.45+1.15*
E(Pb+Cd) 3.90 24.81+1.1* 9.74+1.011* 3.44+0.95* 2.14+0.92%* 15.26+1.11* 0.63+0.74* 63.26+1.65*
F(Pb+Cr) 331 23.21+1.3* 8.24+1.151* 3.85+0.76* 3.35+0.77** 15.44+1.16* 0.66+0.08* 64.6+1.61**
G(Cd+Cr) 3.14 24.23+1.1* 9.14+1.101* 4.15+0.00* 4.38+1.00** 17.67£1.15** 0.70+0.09** 72.4+2.11**
H(Pb+Cd+Cr) 2.29 23.82+1.1* 9.22+1.091* 5.95+1.0** 4.85+1.09** 20.0£1.3** 0.75+0.09** 79.5+2.09**
7%o0f LCso
A(control) 0.00 3.12+1.12 1.26+1.14 0.81+0.14 0.02+0.14 1.4+0.15 0.17+16 3.23+1.11
B(Cd) 10.84 245+1.1* 16.41+1.15* 5.44+1.55* 2.47+0.00* 24.32+1.25* 0.86+014* 83.5+2.1*
C(Cr) 5.63 26.33+1.1* 17.30+1.11* 6.04+1.09* 3.22+0.12* 26.57+1.57* 0.90+0.07* 91.9+2.0*
D(Pb) 5.03 26.4+1.15* 18.41+1.2* 6.61+1.10* 3.42+1.11* 28.44+1.51* 0.92+0.07* 96.7+2.00*
E(Pb+Cd) 5.47 25.2+1.15* 18.5+1.18* 6.86+1.12* 3.86+1.01* 28.44+1.51* 0.93+0.98* 98.4+2.1*
F(Pb+Cr) 4.64 25.9+1.41* 19.353+1.1* 7.1767+1.1* 4.07+1.06** 30.60+1.58** 0.95+0.06* 102.5+2.8**
G(Cd+Cr) 4.40 26.7+.16* 20.15+1.5* 7.94+1.12* 3.82+1.00* 31.92+1.15** 0.96+0.07* 106.1+2.5*
H(Pb+Cd+Cr) 321 25.3+1.18* 21.90+1.14* 8.26+1.06%* 3.70+1.08* 33.86+1.56** 0.99+0.08** 108.7+3.01**
9 %of LCso
A(control) 0.00 3.32+1.32 3.27+1.45 0.91+0.23 0.11+1.12 1.33+1.15 0.13+122 2.23+1.51
B(Cd) 13.94 31.2+1.1* 25.5+1.5* 23.3+1.1* 6.09+1.1* 55.01+1.15* 1.84+016* 166.7+2.5*
C(Cr) 7.24 31.6+1.1* 26.1+1.1* 24.1+1.6* 6.3+1.01* 56.55+1.87* 1.74+0.18* 181.4+2.1*
D(Pb) 6.47 32.3+1.1* 26.3+1.1* 25.2+1.2* 7.241.2* 58.75+1.54* 1.76+0.17* 189.5+2.0*
E(Pb+Cd) 7.03 32.7+1.2* 25.5+1.1* 25.4+1.1* 6.4+1.1* 58.75+1.54* 1.74+0.11* 185.8+2.8*
F(Pb+Cr) 5.97 33.2+1.4* 26.1+1.2* 26.2+1.4* 6.9£1.1* 59.40+1.78* 1.73+0.29* 192.2+3.7**
G(Cd+Cr) 5.65 34.3+1.1* 27.2+1.1* 26.8+1.1* 7.2+1.1* 61.36+1.56** 1.77+0.15* 198.4+2.5**
H(Pb+Cd+Cr) 4.13 35.2+1.5* 26.3+1.2* 29.6+1.1** 8.0£1.1* 61.97+1.63** 1.79+0.18* 202.8+3.1**

*GDI = {Type I + 2(Type II) + 3(Type 11I) + 4(Type IV) / Type 0 + Type I + Type I + Type III + Type IV}

*A.U (Arbitrary Unit) = Type I + 2(Type II) + 3(Type III) + 4(Type 1V)

Table 5: Frequency of DNA damage in erythrocyte of Labeo rohita exposed to heavy metals.

Figure 2: Photomicroghraph of different sections of gills showing

different  histopathological = abnormalities in  different
concentrations of heavy metals. Arrows=curling secondary
lamellae; dcc=disorganized of cartilaginous core; Arrows head=
necrosis of rsecondarylamella epithelial cells.

Previous similar clinical and behavioral changes due to
various toxicants have also been observed in various
fresh water fish [33, 36 - 38].

Blood and gill tissues in fish are sensitive and are
known as useful markers for toxicity assessment [39, 40].
Histologically, gills sections from treated fish exhibited
atrophy of secondary lamellae, pyknosis of lamellar
epithelial pillar cells, disruption and disorganization of
primary and secondary lamellae, lamellar degeneration,
congestion, aneurysm and curling of secondary
lamellae. Previously, due to metal poisoning similar
histopathological disorders in gills of fish including

-

Figure 3: Photomicrograph showing DNA damage (arrows) in

different groups of fish exposed to heavy metals and intact DNA
(arrow heads). Ethidium bromide staining: X1000.

atrophid lamellae, lamellar fusion, uplifting of lamellae
and disruption of primary and secondary lamellae have
also been observed in gills of J. multidentata [41]
Jenynsia multidentata [42] and tilapia [13]. In contrast to
our findings, interstitial edema and increased oxidative
stress has also been observed in gills of the fish exposed
to heavy [8, 43]. The histological changes in gills of
exposed fish could be due to increased generation of
reactive oxygen species and inflammatory responses.

In present study increased frequency of nuclear
abnormalities in erythrocyte of treated fish was
observed. The significantly increased frequency of
formation of micronuclei, condensed nuclei, blabbed
nuclei, nuclear remnants and lobed nuclei in erythrocyte
of fish exposed to heavy metals could be due to
activation of DNase caspases resulting in degradation of
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gelsolin, tubulin, fodrin and vimentin proteins [44-46].
The nuclear alterations in red blood cells of fish might
also be due to oxidative stress [47, 48]. Previously in
published literature, higher frequency of formation of
micronuclei, increased DNA damage and increased
percentage of tail DNA due to heavy metals in gills and
red blood cells of exposed Labeo rohita has also been
observed [1].

It is reported that increased oxidative stress may lead
to the DNA damage in erythrocytes of exposed fish. In
addition, studies have shown that oxidative stress
causes genomic instability and is responsible for inability
of fish to repair its DNA [19, 25]. Moreover, the increased
percentile rate of erythrocyte with nuclear abnormalities,
arbitrary units of comets and GDI in exposed Labeo
rohita can also be due to long term exposure to individual
and mixture metals resulting increased generation of free
radicals and oxidative stress [47]. The increased
arbitrary units of comets, GDI and percentage of
damaged cells in fish exposed to metals (mixture) might
be due to interactions of heavy metals leading to toxic
effects [49] in fish. In present study increased comet tail
was observed in fish exposed to metals has also been
determined [45, 48]. Moreover, increased frequency of
DNA damage might also be related to oxygen free radical
scavenging actions on metal binding, metal-chelating
agent due to oxidative stress and poor detoxification
mechanisms of metals in exposed fish [50].

The results of current experimental research
suggested that exposure to heavy metals even at low
level (alone) and in combination (mixtures) induced
physical, histopathological and genomic abnormalities in
fresh water fish (Labeo rohita).
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