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Evaluation of Genotoxic Effects
of Xenobiotics in Fishes Using
Comet Assay—A Review
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Comet assay is a useful tool on the evaluation of DNA damage, and it can estimate the genetic risk followed by xenobiotic
exposures. This technique has been extensively used to detect DNA lesions in a large number of tissues because its application
requires viable cells that are not necessarily mitotically active. It has been recognized that the use of aquatic organisms
as sentinels is of fundamental importance on environmental biomonitoring studies, and the DNA strand breaks in these
organisms are fast and sensible indicators of pollutant exposure. Additionally, these bioassays detect single or associated
toxic effects of these contaminants and reduce the influence of different environmental variability. The current literature
presents a large number of in vitro and in vivo analyses using Comet Assay with fishes from Brazilian fauna; however, the
use of endemic species is preferential considering the importance of standardization of the methodology that is employed to

detect the DNA damage.

Keywords

INTRODUCTION

The Comet Assay—single cell gel electrophoresis (SCGE)—
is a potential tool emerged for the evaluation of the mutagenicity
of chemicals. This assay is a sensitive, reliable, and rapid method
for detecting DNA single/double strand breaks and alkali-labile
sites in individual eukaryotic cells. Besides, this methodology is
applied in cancer research, genotoxicity evaluation, and chemo-
prevention studies.

Rydberg and Johanson (1978) introduced a method for de-
tection of strand breaks in agarose-embedded single cells under
alkaline conditions (pH > 12). The amount of single-relative to
double-stranded DNA was measured by staining with acridine
orange that emits green and red light, respectively.
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In 1984 Ostling and Johanson described a modified version of
gel-embedded cells with electrophoresis at pH = 9.5. When cells
in this micro electrophoresis assay were y -irradiated, damaged
DNA stretched toward the anode while DNA with few strand
breaks remained circular, giving the appearance of a comet that
originated the name of this technique by Olive et al. (1990).
The neutral conditions of Comet Assay were sensible to detect
DNA single-strand breaks; however, Singh et al. (1988) intro-
duced the alkaline conditions of electrophoresis at pH > 13.
With this modification, the methodology made possible the de-
tection of single- and double-strand breaks, alkali-labile sites,
and uncompleted DNA repair sites.

The SCGE measures primary DNA strand breaks in individ-
ual cells (Singh et al., 1988) with simplicity and low cost. This
simplicity and the sensibility of this assay are well appropriated
to the biomonitoring of chronic levels of exposure using viable
cells in different tissues targets (Belpaeme et al., 1998). The
use of viable cells that are not necessarily undergoing mitosis
makes Comet Assay an important tool on genetic toxicology
and biomonitoring studies.
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Table 1 Comet Assay in biomonitoring studies using fish species as bioindicators

Organism Cell type Localization Contaminant Reference

Leuciscus cephalus Erythrocytes Rhone River (France) Metals Devaux et al., 1998

Pholis gunnellus Erythrocytes Firth of Forth (Scotland) Metals, hydrocarbons, and Bombail et al., 2001
organochlorates

Tilapia rendalli Erythrocytes Igapé II Lake (Brazil) Domestic and industrial drain Lemos et al., 2005

Oncorhynchus mykiss Erythrocytes Biobio River (Chile) Polycyclic aromatic Inzunza et al., 2005

Geophagus brasiliensis
Astyanax sp. B and A. altiparanae

Erythrocytes and kidney cells
Erythrocytes, hepatocytes,
and kidney cells

Salmo trutta fario Erythrocytes

Santa Catarina (Brazil)
Parand (Brazil)

Morcille River (France)

hydrocarbons (HPA)
Domestic drain
Agrotoxics

Beninca, 2006
Ramsdorf, 2007

Mixture of vineyard
pesticides

Bony et al., 2008

The principle of this technique consists into submit cell sus-
pensions embedded in agarose to lyses (this treatment removes
cellular and nuclear membranes and proteins), which turns the
gel-embedded DNA in the form of nucleoids. Following alka-
line treatment and electrophoresis, DNA migrates toward the
anode in a way that is dependent on the number of lesions in
the nucleoids. The extent of migration is visualized in a flu-
orescence microscope after staining of the DNA where intact
nucleoids are circular and damaged nucleoids look like a comet
(Olive et al., 1990). Therefore, the extension of DNA migration
reflects the extent of DNA damage (Fairbairn et al., 1995).

There is a large number of possibilities to evaluate and mea-
sure the extension of DNA damage obtained in Comet Assay.
Kobayashi et al. (1995) suggest the evaluation of the damage by
the relation between the nucleus ratio and the extent of comet
tails formed during DNA migration (classified from 0—no DNA
damage to 3—maximum level of DNA damage). This analysis
can be performed visually or by the use of special softwares.

According to Bauch et al. (1999), the interest in Comet Assay
as atool for detection of DNA damage and DNA repair increased
significantly since 1984; however, the question concerning the
protocol for this methodology was confuse in literature. There
were at least three different protocols: Ostling and Johanson
(1984), Singh et al. (1988), Olive et al. (1990) and, more re-
cently, Speit and Hartmann (1999); however, it is of common
sense in literature that the alkaline version of Comet Assay is
always preferential, given its sensibility to detect a large number
of DNA damage.

De Boeck et al. (2000) made the alert about the experimental
variability in this assay, especially in the electrophoresis step.
When a large number of samples are obtained simultaneously,
different electrophoreses are required. Therefore, it is necessary
to include a standard pool of cells in each electrophoresis, which
ensures the homogeneity of the procedure along the time.

ECOLOGICAL BIOMONITORING

The impact of toxic materials on the integrity and functioning
of cellular DNA has been investigated in a large number of

reviews in fisheries science

organisms in environmental conditions (Bombail et al., 2001).
The DNA strand breaks reflect the exposure to environmental
pollutants in a rapid and sensible manner (Martinez and Cdlus,
2002).

Monitoring xenobiotic agents in aquatic environment using
resident species can benefit environmental quality as well as
human health. The localization and determination of pollutant
concentrations can ensure the life of these species and an en-
vironmental health that is of importance for human feeding,
supplying, and leisure (Nicareta, 2004).

Biomonitoring is a promising tool for identification of pollu-
tants that modify human and environmental health, mostly with
organisms exposed to these pollutants (bioindicators) using bi-
ological system assays (biomarkers) (Da Silva et al., 2003).

Although its primary application is in detecting genotoxic-
ity in mammalian cells (Rydberg and Johanson, 1978), Comet
Assay is now widely used for detection of genotoxic agents in
aquatic environments, as clearly demonstrated by Sasaki et al.
(1997) using the mollusk species Patunopecten yessoensis and
Tapes japonica.

A considerable number of biomonitoring studies using
Comet Assay in fish species were published in the last 10 years.
Some are presented in Table 1.

In Brazil, biomonitoring studies in aquatic species are in-
creasing in the last years. The most important detected envi-
ronmental contamination in lakes and fountains is in the South
region, which used Tilapia rendali (Lemos et al., 2005), Geoph-
agus brasiliensis (Beninca, 2006), and Astyanax sp.B andA.
Altiparanae (Ramsdorf, 2007) as bioindicators.

GENOTOXICITY ASSAYS

Bioassays allow the study of toxic effects of some contam-
inants in an isolated or associated way, which decrease signif-
icantly the influence of environmental variables. The extrap-
olation of the results of the environmental context helps us in
understanding the factors that affect the environment and human
health (Ramsdorf, 2007).

The use of aquatic organisms, mostly endemic species, is of
fundamental importance in biomonitoring studies. However, its
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Table 2 Use of Comet Assay for detection of genotoxic agents in aquatic environments

Organism Cell type Contaminant Reference
Oncorhynchus mykiss and Erythrocytes, hepatocytes, Aflatoxin B Abd-Allah et al., 1999
Ictalurus punctatus and kidney cells
Hoplias malabaricus Erythrocytes Leed Cestari et al., 2004
Hoplias malabaricus Erythrocytes TBT and Leed Ferraro et al., 2004
Hoplias malabaricus Erythrocytes Metilmercury Lopes-Poleza, 2004
Oncorhynchus mykiss Fibroblasts RTG-2 Nitrocompounds and Nehls and Segner, 2005
benzo(a)pyrene
Centropomus parallelus Erythrocytes B —naftoflavon Di Paolo, 2006
Eigenmannia virescens Erythrocytes Benzene Biicker et al., 2006
Prochilodus lineatus Erythrocytes Diesel oil Vanzella, 2006
Oreochromis niloticus Erythrocytes Chromo Matsumoto et al., 2006
Gambusia affinis Erythrocytes Residual hydrocarbons Caliani et al., 2008
Channa punctatus Lymphocytes, gill and Organophosphate pesticide Ali and Kumar, 2008
kidney cells

use requires standard protocols for detection of DNA damage
(Ferraro et al., 2004).

The literature reports in vitro and in vivo Comet Assay in
fish species. For in vivo experiments, the test substance is in-
jected or mixed with water or food (Cotelle and Ferard, 1999).
Table 2 shows several studies using Comet Assay for detection
of genotoxic agents in aquatic environments.

In 1999, Abd-Allah et al. published a pioneer study using
Comet Assay in two fish species, the rainbow trout Oncorthyn-
cus mykiss (sensitive) and the channel catfish Ictalurus puncta-
tus (resistant), where they demonstrated the genotoxic effects of
Aflatoxin-B.

The SCGE has been widely used in peripheral blood ery-
throcytes because this cell type is easily handled once cellular
dissociation is not required (Belpaeme et al., 1998).

In Brazil, a large number of studies employed the freshwater
fish Hoplias malabaricus for genotoxicity assays (Cestari et al.,
2004; Ferraro et al., 2004; Lopes-Poleza, 2004).

The use of chromosomal aberrations and SCGE to evalu-
ate the genotoxic effects of Pb(NO3), demonstrated that H.
malabaricus is an important bioindicator to clastogenicity es-
timation of xenobiotics (Cestari et al., 2004). Lopes-Poleza
(2004) evaluated the genotoxic effects of methyl mercury
(CH3Hg+) using chromosomal aberration (kidney), micronu-
clei, and Comet Assay in erythrocytes. The results showed
that mercury accumulates preferentially in target tissues than
in blood and that assays using peripheral blood erythrocytes
were not sensible enough to demonstrate the genotoxic effects
of this metal.

Ferraro et al. (2004) also evaluated the mutagenic potential of
tributyltin (TBT) and inorganic lead (PblI) using Comet Assay
on micronuclei and chromosomal aberrations. Lead exhibited
high mutagenic effects in all assays; however, TBT demon-
strated clastogenic properties but was not positive for Comet
Assay, at least in the cell types analyzed.

Other fish species from Brazilian fauna were used in the anal-
ysis of genotoxic potential of the S-isoflavone (BNF) by Comet
Assay in exposed erythrocytes from Centropomus parallelus (Di

reviews in fisheries science

Paolo, 2006). The results showed a pattern of increased DNA
damage in exposed erythrocytes than in controls; however, this
tendency was not statistically significant.

Biicker et al. (2006) studied the mutagenicity and genotox-
icity of benzene exposure (50 ppm) in the electric fish species
Eingenmannia virescens from Brazilian Amazon using Comet
Assay and micronucleus tests (MNs). Although the results from
MNs were not positive in the erythrocytes analyzed, the results
from Comet Assay suggested a slight increase in the number of
cells with higher classes of DNA damage according to exposure
time, denoting a time-dependent effect. These results suggested
that Comet Assay is more sensible than MNss.

In the South region in Brazil, Vanzella (2006) used the Comet
Assay and MNs in the fish species Prochilodus leneatus to
evaluate the genotoxicity of the soluble fraction of commer-
cial diesel oil (FSD). The animals were exposed to 50% dilu-
tion in water in acute (6, 24, 96 hr) or sub-chronic (15 days)
ways. The results clearly showed the presence of aneugenic
and clastogenic compounds in the FSD tested. Consequently,
these two methodologies together in this study were suitable and
advantageous.

CONCLUSIONS

Some characteristics of Comet Assay are significantly advan-
tageous when compared to other methodologies in the detection
of DNA damage: it can be performed in a fast way with low costs
and complexity and does not require cells undergoing mitotic
division; however, the cells might be viable; the number of cells
analyzed for detection of DNA damage is relatively short when
compared to other methodologies. On the other hand, the stan-
dardization of this methodology in different laboratories, cell
types, and diversity of environments represents some difficulty
that should to be taken into account. Thus, studies of genotox-
icity in target tissues from organisms in aquatic environments
are of fundamental importance for the standardization of this
methodology as a routine practice.
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