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Single cell gel electrophoresis as a tool to assess genetic damage in 
Heleobia cf. australis (Mollusca: Gastropoda) as sentinel for industrial 
and domestic pollution in Montevideo bay (Uruguay)

The knowledge of the extent of DNA damage in 
aquatic organisms in polluted areas is an important 
issue because contamination may alter their health 
at sublethal levels. Although molluscs have been 
widely used to monitor water pollution, there 
are no records of in vivo genotoxicity studies. 
Heleobia cf. australis, is distributed in almost all 
Uruguayan coastal ecosystems, including highly 
polluted sites. The comet assay is a damage genetic 
biomarker based on the migration of negatively 
charged DNA fragments produced by mutagenic 
agents in individual cells. Live individuals were 
collected in the Montevideo Bay (impacted area) 
and Laguna Garzón (control) to analyze the 
presence of mutagenic agents in the former site 
through comet assay. Cells from organisms of 
the impacted area showed significantly higher 
levels of genetic damage than those obtained in 
the control population, measured by percentage 
of DNA in the tail. Although preliminary, this 
approach supports the idea that H. cf. australis 
could be used as a sentinel to evaluate the presence 
of mutagenic agents in estuarine environments, 
alerting to the impact of contamination in its early 
stages.
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O conhecimento dos danos no DNA em organismos 
aquáticos de áreas poluídas é uma questão importante, 
já que a contaminação pode vir a alterar os organismos 
em níveis subletais. Apesar dos moluscos terem sido 
amplamente utilizados para monitorar a poluição 
da água, não há registros de estudos in vivo de 
genotoxicidade. Heleobia cf. australis é um pequeno 
gastrópode amplamente distribuído em quase todos 
os ecossistemas costeiros uruguaios, inclusive em 
locais altamente poluídos. O ensaio do cometa é um 
biomarcador genético do dano baseado na migração 
de fragmentos de DNA com carga negativa produzidas 
por agentes mutagênicos. Foram coletados indivíduos 
vivos na Baía de Montevidéu (área impactada) e 
Laguna Garzón (área controle) para analisar a presença 
de agentes mutagênicos que ocasionassem dano 
genético. Células de organismos da área impactada 
apresentaram níveis significativamente mais elevados 
de danos genéticos do que os obtidos na área controle. 
Esse nível de dano foi medido pela porcentagem de 
DNA na cauda. Embora preliminar, esta abordagem 
apoia a noção de que H. cf. australis poderia ser usado 
como sentinela para avaliar a presença de agentes 
mutagênicos em ambientes estuarinos, alertando sobre 
o impacto da poluição em estágios iniciais.
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Descritores: Ensaio cometa, Genotoxicidade, Gas-
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INTRODUCTION
In recent years, the ecological integrity of many 

estuaries and coastal systems has been affected by 
activities related to human population growth and land 
use (NIGRO et al., 2006; NEWTON et al., 2012). The 
Montevideo Bay receives municipal effluents (either 
the untreated discharges or only primary treated 
sewage) of approximately 1.5 million people as well 
as multiple industries including a large thermoelectric 
center, a major petroleum refinery and an active 
port (MUNIZ et al., 2002; 2004a, b; 2005; 2011, 
VENTURINI et al., 2015). At present, recreational 
activities that involve direct contact with water are 
not possible in the Montevideo Bay, mainly due to the 
input of wastes coming from streams and the sewage 
outlets that drain directly into the bay, however they 
do still occur as does the consumption of fish caught 
in the bay.

In polluted areas, the determination of physical 
and chemical variables by analytic methods has 
been prioritized historically (LIVINGSTONE et al., 
1992). Nevertheless, there are several organisms 
that can be used as environmental bioindicators 
(sentinels). The use of biological response to stress 
(or biomarkers) in sentinel species has become a 
major issue in environmental quality evaluation and 
risk assessment (NIGRO et al., 2006). Among the 
numerous ecotoxicological biomarkers proposed 
in the last three decades, those based on responses 
at the molecular and cellular level represent the 
earliest signals of environmental disturbance and 
are commonly used for biomonitoring (COLLINS, 
2004). The single cell gel electrophoresis (SCGE) or 
the comet assay is useful to measure DNA damage in 
eukaryotic cells or disaggregated tissues (CLEMENT 
et al., 2004; MACHELLA et al., 2006; EMMANOUIL 
et al., 2007; GRAZEFFE et al., 2008). The comet 
assay is also a valuable tool in basic research not only 
to analyze the mutagenic action of compounds but 
also the process of the repair of DNA (ASKETA and 
COLLINS, 2013). The assay depends on the relaxation 
of supercoiled DNA in agarose-embedded nucleoids 
and the migration of DNA from individual cells 
exposed to genotoxic agents, which generate an image 
that resembles a comet; the tail is basically formed 
by fragments of DNA (COLLINS, 2013). The comet 
assay has been applied to cells in culture, blood cells 

taken from animals or humans, haemolymph cells from 
mollusks and insects, sperm, disaggregated animal 
tissues, yeast, nuclei released from plant tissue; in 
fact, any eukaryotic cell type that can be obtained as a 
single cell or nuclear suspension seems to be amenable 
to comet assay analysis (COLLINS et al., 2008).

The benthic fauna is an important component of 
estuaries, playing vital roles in the decomposition 
of detritus, nutrient cycling and energy. The close 
association among benthos and substrate could be 
severely affected by organic and chemical pollutants 
accumulated in the sediment (HYLAND et al., 
2005). Mollusks are classical sentinel organisms, 
which have been widely used for monitoring marine 
pollution because they live and feed in these habitats 
(O’CONNOR, 2002). One of the main reasons for their 
suitability as sentinels is their ability to accumulate 
numerous pollutants from their natural environment 
(HUNG et al., 2001).

The small snail Heleobia cf. australis was chosen 
for this study because it is a common estuarine 
organism distributed in almost all Uruguayan coastal 
ecosystems (MUNIZ et al., 2012; GIMÉNEZ et al., 
2005, 2014) but specially because it is dominant in 
impacted areas, being the only living organism found 
in the inner zones of Montevideo Bay (DANULAT 
et al., 2002; MUNIZ et al., 2011). Several authors 
have studied gastropods of the family Hydrobiidae, 
including Hydrobia acuta, Hydrobia ulvae, Hydrobia 
ventrosa and Heleobia australis, and have demonstrated 
alterations in population structure and dynamics, 
life cycle, production, morphology, reproduction and 
growth in response to biotic and abiotic changes in 
coastal aquatic ecosystems (GRAZEFFE et al., 2008). 
All these reasons make H. cf. australis appropriate 
for the determination of the anthropic impact on this 
ecosystem.

In this study, we analyze for coastal estuarine 
zones the suitability of Heleobia cf. australis as an 
environmental sentinel for coastal estuarine zones, to 
determine whether the organisms from Montevideo 
Bay respond to the present impact and polluted status. 
In this regard, the comet assay was adapted to analyze 
the genetic effects of contaminants in H. cf. australis. 
The protocol was validated through the in vivo 
exposure of individuals to increasing concentrations 
of hydrogen peroxide using individuals from the bay 
(a highly impacted area) and individuals from Garzón 
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Lagoon as controls. To be useful as sentinels, the DNA 
damage exhibited by organisms needs to be related 
to the impact level of the site in which they live and 
both populations have to show similar responses to the 
action of gentotoxic agents in the validation test.

MATERIAL AND METHODS
The Montevideo Bay (Figure 1), covering an area 

of around 12 km2, is part of the Rio de la Plata estuary, 
between 34º52’-34º56’ S and 56º10’-56º15’ W; its 
water depth reaches 5 m except in navigation channels 
(9-11m depth). The Rio de la Plata is a microtidal 
environment and its hydrodynamics is controlled 
mainly by wind forcing and river flow (O’ CONNOR, 
1991; GUERRERO et al., 1997). The sediments are 
constituted of silt and clay (MUNIZ et al., 2002). The 
snail samples were taken using a 0.05 m2 van Veen 
grab in August 2010. Ten samplings were taken in 
several areas of the inner Montevideo Bay to constitute 
a composite sample of the animals (Figure 1). Garzón 
Lagoon’s population was used as control because of 
its low anthropogenic impact (DEFEO et al., 2009, 
MUNIZ et al., 2012). Also ten replicates were taken 
to obtain the snails (Figure 1). All the samples were 
sieved through 0.5 mm mesh in situ with water 
from the site and the live individuals were collected 
and transported to the laboratory in this water. The 
genotoxic effects were evaluated at molecular level 
by single cell gel electrophoresis (Comet assay). 
After dissection, all tissues were macerated due to the 
extremely small size of this species, (5 mm average) 
(CARECEDO and FIORI, 2012) and trypsinizated 

(trypsin-EDTA 1X solution, 0.025%) in Hanks’ salt 
solution (HBSS, GIBCO®) (Ca+2 and Mg+2 free). After 
digestion, the enzyme was deactivated by diluting 
with 4 ml of 0.025% HBSS solution. The resulting 
digestion product was recovered by 2.5 ml syringes; 
the cell suspension was centrifuged at 2000 rpm for 
5 min and the pellet used for the Comet assay. Cell 
viability was evaluated by trypan blue exclusion, using 
those samples with a survival rate of 90% or higher. 
Further, the procedure for the Comet assay was carried 
out in accordance with WILSON et al. (1998). Slides were 
stained with propidium iodide (IP) and observed under 
an Olympus fluorescence microscope (240X). Damaged 
nuclei became comets due to DNA migration towards 
the anode. The DNA damage was quantified by Comet 
ScoreTM (USA) software, as the percentage of DNA which 
migrated into the comet tail (tail DNA) as is suggested by 
the comet assay interest group (http://www.cometassay.
com/). Seventy animals of each site (Montevideo Bay and 
Garzón Lagoon) were obtained. Ten animals per tube were 
macerated - covering all the sizes found in each place (7 
tubes). Two slides per tube were obtained. Fifty nuclei per 
slide were scored, using nuclei that presented the same 
size and the same total amount of DNA (KOSMEHL et al., 
2008); the mean was calculated for the total nuclei. Before 
undertaking the comparison between Montevideo Bay and 
Garzón Lagoon, a validation test using hydrogen peroxide 
(H2O2) was conducted following RANK and JENSEN 
(2003) to compare the responses of both populations. 
Eighty animals from each population were used as follow: 
the animals were exposed to increasingly concentrated 
solutions in appropriate water of the mutagen (0, 10, 
50, 100 µM) for 15 minutes at 15ºC (twenty for each 

Figure 1. Areas of sample collection (solid circle shows the inner part of the Montevideo Bay and solid square shows Garzón Lagoon).
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concentration) and the comet assay was undertaken under 
the same conditions as described above. All data were 
analyzed by parametric statistics (Student’s test) after 
looking at the normalization and homogeneity of variance 
of the variable (ZAR, 2008).

RESULTS
The results of the validation assessment for each 

population are shown in Figure 2. For a 100 µM 
concentration, the cells attained almost the 50% of DNA 
damage in both cases (i.e., of animals from Montevideo 
Bay and Garzón Lagoon). Differences in DNA damage 
analyzed by single cell electrophoresis were statistically 
significant between doses for both populations, however 
both showed similar responses to the action of H2O2 (they 
did not show significant differences at p < 0.05) thus 
showing similar responses to the same genotoxic agent.

The samples of H. cf. australis from Montevideo 
Bay (impacted site) showed levels of DNA damage 
of around 16.6% (tail DNA). However, the maximum 
value registered was 84.4%. The samples from Garzón 
Lagoon (the control site) showed an average value of 
5.6%. The maximum value registered was of 73.1%. 
In figure 3 it is observed that the DNA damage for 
Montevideo Bay samples is higher (statistically 
significant at p < 0.05) than those of Garzón Lagoon, 
thus indicating a higher impact at the former site.

DISCUSSION
The study area is located in Montevideo Bay, a 

semi-enclosed urban bay that receives large amounts 

Figure 2. DNA damage levels in response to increasing doses of 
hydrogen peroxide. Bars indicate SE.

Figure 3. DNA damage per site (Montevideo Bay and Garzón 
Lagoon) with SE (p < 0.05; n = 70 per site). * Significant differences 
between the two sites are shown.

of domestic and industrial sewage through the 
Pantanoso and Miguelete streams and which also con-
tains Montevideo Harbour, the electric plant’s water 
stream and the refinery (MUNIZ et al., 2004a,b). In 
previous studies, the inner zone of Montevideo Bay 
presented heterogeneity in its sediment composition, 
silt being the dominant fraction. This zone presented 
higher temperatures than the adjacent coastal zone, low 
salinity, acid bottom waters (pH 5.97), a tendency to 
anoxic conditions by low redox potential (< 200 mV) 

and higher levels of chromium (530.8 mg kg-1 annual 
average for the whole inner Bay) and lead (324.1 mg 
kg-1 annual average for the whole inner Bay) (MUNIZ 
et al., 2002; MUNIZ et al., 2004b).

Biological responses to environmental pollution 
are often barely interpretable due to the mixture 
of pollutants from different sources that can trigger 
varied responses (ROCHER et al., 2006). Analyze 
the impact of pollution in estuarine environments is 
very important, especially at molecular levels where 
the impact of contaminants could not be detected by 
traditional tools (diversity index, sizes and morphology 
analysis, community composition and others). If DNA 
damage are not repaired they can trigger a cascade of 
biological consequences at cellular, organ and finally 
at the population and community level (LEE and 
STEINERT, 2003).

DNA damage is associated with reduced growth, 
reduced survival and abnormal development 
(STEINERT, 1999). The present study assessed the 
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genotoxic effects of pollutants in a zone with high 
levels of anthropogenic activity, using H. cf. australis 
as a sentinel organism, through the comet assay as 
biomarker for the first time in the literature.

The validation analysis revealed that both 
populations have similar responses under the effect 
of the same mutagen and under the same conditions 
as well as a very clear dose-response effect showing 
increased DNA damage with increased concentrations 
of H2O2.

Several investigations have reported that the trace 
metals in the marine environment can cause serious 
disturbance in the physiological status of some species 
of marine organisms at molecular level with long-term 
effects on entire communities (TRANNUM et al., 2004; 
RHEE et al., 2007, 2009; DEASI et al., 2010; SARKAR, 
2011). Genotoxic agents such as polycyclic aromatic 
hydrocarbons (PAHs), persistent organic pollutants 
(POPs) and heavy metals (KRISHNA KUMARI et al., 
2006) cause sublethal damage that tends to accumulate 
in organisms and generate alterations in communities 
(WALKER, 2009; SARKAR et al., 1997; SARKAR 
et al., 1994). SARKAR et al. (2014) demonstrated 
that the DNA integrity of the gastropod M. granulate 
off the coast of Goa (India) was drastically reduced 
due to the impact to genotoxic pollutants prevalent at 
the site, provoked by the extensive tourist activity as 
well oil spills related to the shipping activity in the 
proximities.

Montevideo Bay presents high levels of those 
contaminants and the prevalence in the estuarine 
ecosystem of these agents is causing damage to the 
genetic material of H. cf. australis, either directly or 
indirectly. As a sentinel, our findings indicate that the 
rest of the biota that integrates the community may 
be affected at least at molecular level in such a way 
as to compromise the composition and survival of the 
aquatic community and the health of the people who 
fish in this zone.

Our results are below the values (35.9%) found 
by NIGRO et al. (2006) for mussels in the estuary of 
the River Cecina (Tuscany, Italy) which also exhibits 
a high level of urbanization and industrial pollution as 
well as Cr, Pb and Hg. However, the values found for 
their controls (Palmaria Island, 150 km north of the 
study area) are higher (26.7%) than the values for our 
control zone (5.6%) (Garzón Lagoon) that is located 

230 km east of Montevideo Bay. STEINERT et al. 
(1998a,b) found high DNA damage expressed as comet 
tails in mussels collected at San Diego Bay with high 
concentrations of metals in somatic and germ cells as 
compared with those from a nearby reference site. This 
first approximation supports the contention that H. cf. 
australis could be used as a sentinel for the evaluation 
of the health status of estuarine environments in the 
early stages of xenobiotic action. Its presence in 
impacted areas is probably due to several factors such 
as an efficient DNA repairing system and/or a good 
detoxification mechanism that calls for demonstration 
in future investigations.

H. cf. australis could be used as a good model 
for laboratory testing because these small snails are 
easy to maintain, need little space and present a good 
dose-response at molecular level, as the H2O2 assay 
demonstrated. Although there are few data on the 
metabolism, cell cycle and DNA repair processes 
in invertebrates, it is essential to detect mutagenic 
effects in these organisms in order to evaluate the 
impact of pollution in an aquatic ecosystem (JHA, 
1998; GRAZEFFE et al., 2008). In this sense, this 
study makes a useful contribution to knowledge of the 
subject.
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