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Identification of DNA damage in marine fish Therapon jarbua

by comet assay technique
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Abstract

The marine fish Therapon jarbua was exposed to acute concentration of mercuric chloride (HgCl
2
). In static

acute toxicity bioassays at 24, 48, 72 and 96 hr LC
50 
values were estimated for each concentrations such as

control, 2, 1, 0.5, 0.25 and 0.125 ppm, respectively. DNA damage (single-strand break) was also studied in

gill, kidney and blood tissues at single-cell levels in the specimens exposed to different acute doses of HgCl
2
,

by applying single-cell electrophoresis (comet assay). Dose- dependent responses were observed in DNA

damage in all tissues. A comparison of DNA damage in all tissue at two concentration namely, 0.125 and 0.25

ppm indicated that the gill cells (maximum damage as 249.3  and 289.7 AU) were more sensitive to the heavy

metal exposure than kidney (maximum 225.17 AU) and blood cells (maximum 200.3 AU). This study

explored the utility of the comet assay for in vivo laboratory studies using fish for screening the genotoxic

potential for various agents.
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Introduction

Estuarine and coastal waters are often at the risk of getting

polluted by toxic metals such as mercury from natural as well as

anthropogenic sources (Nanda, 1993; EPA, 1997; Das et al., 2001)

such as mining, combustion of fossil fuels and other industrial release.

Heavy metals such as mercury are highly toxic to both eukaryotic

and prokaryotic cells. The metal’s effects depend on the route of

exposure and the nature of its compounds (Lee et al., 1997).

       Mercuric chloride (HgCl
2
) is a well-known

nephrotoxicant used as a model compound for inducing

nephrotoxicity. The target site for HgCl
2
 is the proximal tubule,

where heavy metals rapidly accumulate, causing severe renal

damage and failure in animals.The major cause of HgCl
2
- induced

toxicity is thought to involve uncoupling of oxidative phosphorylation

and reduced respiratory control in the mitochondria of kidney cells

(Kyu-Bong Kim  et al., 2010; Nagarani et al., 2011). The presence

and behavior of mercury in aquatic systems is of great interest and

importance, since it is the only heavy metal that bioaccumulates and

biomagnifies through the aquatic food web (Nwani et al., 2010;

Nagarani et al., 2011).

Heavy metals possess a high ability for binding phosphates

and a wide variety of organic molecules, including deoxyribose

and heterocyclic base residues of DNA. These interactions may

alter the primary as well as secondary structures of the DNA and

result in mutations. Literature data suggest that mercury damages

DNA. Mercury induces DNA single-strand breaks at low

concentrations in mammalian cells (Rossmann, 1995). Since there

is growing concern over the presence of genotoxins in the aquatic

environment, it is important to develop methods for detection of

genotoxic effects in aquatic organisms (Hayashi et al., 1998). The

genotoxic effects of environmental pollutants can be monitored using

a broad range of both in vitro and in vivo biomarker assays but the

comet assay is gaining popularity over other assays since its

advantages include its sensitivity for detecting low levels of DNA

damage (0.1 DNA break per 109 Da), (Nagarani et al., 2009) and

the short time needed to complete a study.

The level of strand breakage in DNA has been proposed

as a sensitive indicator of genotoxicity and an effective biomarker in

environmental biomonitoring (Balpaeme et al., 1996). Strand break

is a potential biomarker because they are common modification that
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may be produced by a wide range of agents and mechanisms

(Mitchelmore et al., 1998).

The comet assay provides an advantage over other strand

break assays because measurements are made on individual cells.

Scoring these cells on slides provides an independent measure of

the toxicity of a test compound. Dead cells can be identified by their

distinct morphology compared to cells exhibiting DNA damage. The

presence of apoptotic cells can also have an effect on the results of

the comet assay, since the onset of apoptotic fragmentation might

appear as comets (Jha, 2008). Apoptotic cells can, however, be

distinguished on the slides and therefore compensated for in the

methods or in the calculations.

The comet assay, which in different modifications may reflect

variety of DNA damages was successfully applied to fish (Toyoizumi

et al., 2008; Cavalcante et al., 2008; Caliani et al., 2009) and other

aquatic animals (Petridis et al., 2009; Binelli et al., 2009).

The ubiquitous occurring marine fish, Therapon jarbua,

were exposed to mercury chloride to determine whether the Hg

caused DNA damage, as measured by the comet (single cell gel

electrophoresis) assay. More specifically, the aim was to evaluate

the applicability of single cell gel electrophoresis test (SCGE), for

assessing the level of DNA damage caused by HgCl
2
 in marine

fishes.

Materials and Methods

Fish and treatment: Therpon jarbua of average weight 4.2- 4.5

g was caught from Mandapam, southeast coast of India. The fishes

were kept in an aquarium for some 7 d to acclimatize them to laboratory

conditions and had access to feeds (boiled egg and chick liver).

The fish were maintained at a temperature of 29 ± 2°C (12:12 L: D),

pH of 7.5 and an oxygen concentration of 4.2 mg l-1. Water was

changed every other day to minimize contamination from metabolic

wastes. LC
50
 values (20 fish in each concentration, for control,

0.125, 0.25, 0.5, 1, 2 ppm) were calculated from the data obtained

in acute toxicity bioassays by Finney’s (1971) method of probit

analysis. The animals were futher divided into 3 groups with 10 fish

in each group. Group 1 served as the control. Fishes in group 2

and 3 were exposed to mercuric chloride (0.125, 0.25 ppm) for the

duration of 96 hr for conducting DNA damage assay.

Single cell gel electrophoresis / Comet assay: The blood

sample (100 µl) was collected from caudal vein using heparinised

syringe and transferred to fresh tube with phosphate buffered saline.

Equal amount of histopack (Sigma) were added and centrifuged at

3000 rpm for 10 min at 4°C. The lymphocyte layer was separated

and dissolved in chilled phosphate buffered saline (PBS). The

tissue (50 mg) was washed three times with ice-cold PBS and

transferred to ice-cold homogenation  buffer (1X Hank’s balanced

salt solution, 20 mM EDTA,10% dimethyl sulfoxide DMSO, pH 7-

7.5). The tissue was cut into small pieces using scissors and finally

homogenized to obtain a single cell suspension. The cell suspension

was centrifuged at 3000 rpm at 4°C for 5 min and the supernatant

was discarded. Viability of the blood and tissue cells was evaluated

by trypan blue exclusion test method (Anderson et al., 1998) and

the sample showing > 84% cell viability were processed for the

comet assay. The comet assay was performed according to Singh

et al. (1988) with some modifications of Tice et al. (2000). Briefly, 20

�l of cell suspensions were sandwiched between low melting point

agarose and normal melting point agarose. After cell lysis, slides

were gently placed in a horizontal electrophoresis chamber filled

with freshly prepared chilled buffer (300 mmol l-1 NaOH, 1 mmol l-1

EDTA, pH 13) to unwind DNA for 20 min. Electrophoresis was

performed under 0.6 V cm-1 and 300 mA for 24 min. Lysis, DNA

unwinding and electrophoresis were performed at 4°C. After the

electrophoresis, the slides were washed in a neutralization buffer.

The slides with ethidium bromide were analyzed for comet tails

under fluorescence microscope (magnification 100 X) with an

excitation filter of 510-560 nm. Images of 100 randomly selected

cells (fifty counts on each duplicate slide) were analyzed for each

sample. Mean score and standard deviation were calculated for

each comet classes: No tail visible (class 0); low damage-tail length

not more than 30 µm and with low fluorescence and head still round

and brightly fluorescent (class 1); medium damage—tail length

between 30 and 50 µm and head and tail about equally brightly

fluorescent (class 2); high damage-tail length between 50 and 70

µm and bright and head small and weakly fluorescent (class 3);

and extreme damage-tail length more than 70 µm and head not a

round unit anymore (class 4). Comets where the head had

disintegrated fully with only the tail visible was deemed to be apoptotic

and were not counted. For the positive control, the slides were

exposed to 100 µmol of hydrogen peroxide for 15 min directly after

layering of cells and before lysis. The negative control cells were

exposed to Milli-Q water without any chemicals added.

Statistical analysis: The DNA damage was analyzed using comet

Score and comet 1.1 version software.

Results and Discussion

Fish serve as useful genetic models for the evaluation of

pollution in aquatic ecosystems (Akiyama et al., 2001). A dose-

dependent increase and a time-dependent decrease were observed

in mortality rate such that, as the exposure time increased from 24 to

96 hr the median lethal  concentration  reduced (Table 1). The LC
50

values of HgCl
2
 (20 numbers for each concentration for control,

0.125, 0.25, 0.5, 1, 2 ppm) were calculated from the data obtained

in acute toxicity bioassays using probit analysis. The LC
50
 values

(with 95% confidence limit) was 1.339 (0.959-0.227), 0.649 (0.452-

0.921), 0.411 (0.296-0.570) and 0.310 (0.228-0.421) at 24, 48,

72 and 96 hr, respectively. After 96 hrs, the percentage of mortality

were found to be 0, 0, 40, 80,100 and 100 in respective

concentrations from control to 2 ppm. Genotoxicity assessments

needs the live samples hence, the concentrations below 50% were

selected for single gel electrophoresis studies. The LC
50
 values

reported in the present study for HgCl
2
 were lower than the values

reported in cat fish (0.35 ppm) and Channa punctatus was 1.21

(0.68-2.15) by Pandey et al. (2005). In the present study, the LC
50
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value for HgCl
2
 was also higher than the values reported in

rainbow trout (0.22 ppm), striped bass (0.09 ppm) and brook

trout (0.075 mg l-1). Comparison of values reported earlier with

those obtained in the present study may not be meaningful because

various factors may influences bioassay techniques like difference

in fish weight, size, species, and other environmental factors like

temperature, salinity and dissolved oxygen. Even in single species

there was variability in size, age and condition of the test species

along with experimental factors (Pandey et al., 2005). There are

a number of works, but non-systematic, on mercury levels in fish,

particularly with regard to tissue concentrations, which indicate on

whether they are safe to eat or not. Thus fish have been selected

for studies more as a vector of human exposure than as an

ecological target of Hg (Siddique and Afzal, 2005). Although acute

toxicity studies on the effects of HgCl
2
 on fish have been done

earlier (Panday et al., 2005; Nagarani et al., 2009; Ramsdorf et

al., 2009).

The fish specimens, exposed to 0.125 and 0.25 ppm of

HgCl
2
, exhibited significantly higher DNA damage (p < 0.01) in their

tissues than the control samples. The DNA damage was measured

as tail DNA % in gill, kidney and blood tissues of the control and

treatment groups and the results are presented in Fig. 1. The

number of cells in each damage grade, the percentage of damaged

cells and the DNA damage score of each group are shown in Table

2. The fish exposed to HgCl
2
 (in- vivo) was found to induce more

damage to an extent of 56% in 0.25 ppm concentration. The study

also showed a significant effect (p < 0.01) of HgCl
2
 concentration at

induction of DNA damage in all the tissues.

The mean score were measured as arbitrary units (AU) in

all class of comet scores using comet version 1.1 software. With

regard to the variation in DNA damage between the tissues, the gill

tissue exhibited comparatively higher DNA damage than other tissues

at all the concentrations. The highest AU value of (289.7 AU) DNA

damage was observed in gill tissues exposed to 0.25 ppm HgCl
2
,

Table 2 : Comet assay scores in tissues and lymphocytes of fish, Therapon jarbua treated with mercuric chloride (HgCl
2
) for 96 hrs. For each treatment

1000 nuclei were scored (n = 1000 cell treatment-1)

Comet class
Number of cells with comet class

0 1 2 3 4 AU

Treatments

Control

Gill 981.3 ± 6.86 23.33 ± 5.01 4.67 ± 1.07 0 0 3.24 ± 0.276

Kidney 975 ± 8.02 20.67 ± 1.503 3.67 ± 0.84 0 0 2.802 ± 0.36

Blood* 96.3 ± 3.5 2.3 ± 1.2 1.0 ± 1.4 1.0 0 6.0± 6.8

0.125 ppm

Gill 142.3 ± 3.5 185.7 ± 3.67 159.3± 2.4 307.3 ± 0.56 225.7 ± 2.45 249.3 ± 13.59

kidney 354 ± 1.25 172± 6.67 299.3± 7.92 140 ± 1.23 60.67 ±1.57 139.8± 5.23

Blood* 63.3 ± 1.2 12.7 ± 0.4 5.3 ± 0.4 7.3 ± 0.9 11.3± 0.4 90.6 ± 2.8

0.25 ppm

Gill 50.67 ±5.03 76.7± 1.84 126± 4.58 405.7± 2.57 329.6 ± 1.84 289.7 ± 1.717

kidney 96 ± 0.58 205.3 ± 4.68 303± 1.513 334.3± 6.577 171.6±2.1 225.17 ± 3.32

Blood* 36.0 ± 0.8 1.3 ± 102 12.0 ± 0.8 17.6 ± 0.4 27.0 ± 1.6 200.3± 17.7

n = 100 cells treatment-1, 0 to 4 represents the class of DNA damage, AU= Arbitrary unit, Values differ significantly (p value < 0.001) between all tissue

Table 1 : Mortality and LC
50 
valueof fish, Therapon jarbua exposed to mercuric chloride (HgCl

2
)

Concentration of
Number of fish

Exposure time (hr)

HgCl
2 
(mgl-1) 24 48 72 96

Control 20 0 0 0 0

0.125 20 0 0 0 0

0.25 20 0 0 2 4

0.5 20 1 5 7 8

1 20 2 6 9 10

2 20 8 10 10 10

LC 
50 
value 1.339 0.649 0.411 0.310

95% confidence limits 0.959-0.227 0.452-0.921 0.296-0.570 0.228-0.421
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followed by the kidney cells (225.17 AU).  The blood cells exhibited

the highest degree of DNA damage of 200.3 AU (for 100 cells in

0.25 ppm concentration).

The comet assay under alkaline conditions (pH>13) (Singh

et al., 1988) is able to detect DNA damage (i.e. single strand breakage

or other lesions) such as alkali- labile sites, DNA cross- links (Tice,

1995) and incomplete excision repair events. In the same group

erythrocytes were distributed in different DNA damage degrees,

indicating that comet assay was able to detect the intercellular differences

in DNA damages of heterogeneous mixture of cells. The distributions

of the damage grades in all metal treated groups were significantly

different from the control (p < 0.001). DNA damage scores expressed

as arbitrary units (AU) increased as the exposure concentrations of

different doses of HgCl
2
 increased, and the dose-effect relationship

(refers to relationship between concentration and AU).

All HgCl
2
 treated groups showed a statistically significant

increase in average tail length values over controls. The mean

score ranged between 90.6 and 289.7 AU in treated fish. The

obtained values differed significantly from the mean control

erythrocytes value (6.0 AU). As the concentration of HgCl
2
 increased

the percentage of DNA in tail also increased significantly with p value <

0.5 between different dose and within the tissues it was found to be

p value < 0.001.

The mechanism of genotoxicity induced by Hg compounds

is quite complex. Heavy metals meet directly with DNA as metals

are positively charged ions or electrophiles and easily form

complexes with DNA by binding with negatively charged centres or

nucleophilic sites to cause mutagenesis (Mahara Valverde et al.,

2001).

This study offers considerable advantage over the other

cytogenetic methods such as chromosome aberrations, sister

chromatide exchange and the micronucleus test used to detect DNA

damage, because for the comet assay, the cells need not to be

mitotically active. Based on experimental evidence obtained, we

suggest that DNA damage of tissues in marine fish Therapon jarbua

may potentially be used as a bioindicator for detecting genotoxicants

in coastal waters.
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