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A B S T R A C T 

 
In the environment, anthracene is characterized as being persistent, bioaccumulative and toxic to 
aquatic organisms. Biotransformation of xenobiotic substances, such as anthracene, produces reactive 
oxygen species that may induce DNA strand breaks. The aim of the present study was to evaluate the 
DNA damage in juvenile T. carolinus exposed to different concentrations (8, 16 and 32 µg.L-1) of 
anthracene for 24 h in the dark then subsequently allowed to depurate in clean water for different 
periods of time (48, 96 or 144 h) using the comet assay. Our results show that anthracene is 
genotoxic to T. carolinus and that DNA damage was dose- and depuration/time- dependent. 
Anthracene genotoxicity was observed in all experimental concentrations. Depuration seemed to be 
more efficient in fish exposed to the lowest anthracene concentration and maintained in clean water 
for 96 h. 
 

R E S U M O 
 
Ambientalmente, o antraceno é considerado persistente, bioacumulativo e tóxico para organismos 
aquáticos. A biotransformação de substâncias xenobióticas, como o antraceno, produz espécies 
reativas de oxigênio que podem agir sobre o DNA. O objetivo deste trabalho foi avaliar o dano ao 
DNA em T. carolinus expostos a diferentes concentrações de antraceno (8, 16 e 32 µg.L-1) por 24 h 
no escuro e subsequentemente mantidos em água limpa para depuração por três diferentes períodos 
de tempo (48, 96 e 144 h) através de ensaio cometa. Os resultados obtidos demonstram que o 
antraceno é genotóxico para T. carolinus e o dano ao DNA foi dose- e tempo de depuração- 
dependente. A genotoxicidade do antraceno foi detectada nas três concentrações utilizadas. A 
depuração pareceu ser mais eficiente nos peixes expostos a menor concentração de antraceno e 
mantidos por 96 h em água limpa. 
  
Descriptors: Polycyclic aromatic hydrocarbons (PAH), Anthracene, DNA damage, Reactive oxygen 
species (ROS), Marine fish. 
Descritores: Hidrocarbonetos policíclicos aromáticos (HPA), Antraceno, Dano ao DNA, Espécies 
reativas de oxgênio (EROS), Peixe marinho. 
 
 

INTRODUCTION 
 

Coastal organisms are frequently exposed to 
anthropogenic contaminants originating from 
untreated sewage and/or the influx of organic 
pollutants (PELLETIER et al., 2006). Among the 
organic pollutants found in coastal regions, natural and 
anthropogenic polycyclic aromatic hydrocarbons 
(PAHs) are widely distributed in the environment 
(BOWLING et al., 1983). Volcanoes, forest fires, 
burning wood, combustion of petroleum fuels, 
discharge of industrial and domestic wastewater and 
the leakage of toxic residue are all possible sources of 
PAHs input into the environment (MCELROY et al., 

1989; UNITED STATES, 1995; MEDEIROS; 
BÍCEGO, 2004). Many of these pollutants are 
hydrophobic and can be deposited in coastal sediment 
in areas near pollution sources (BEDDING et al., 
1983; KIENE; CAPONE, 1984; MEDEIROS et al., 
2005) and incorporated into the organisms that live in 
the water column and/or on the seabed. The toxicity of 
petroleum and its derivatives is largely attributed to its 
soluble fraction which contains polar compounds of 
low molecular weight (PACHECO; SANTOS, 2002). 
These compounds, such as the monochromatic 
hydrocarbons (benzene, toluene and xylene) and PAHs 
(naphthalene and anthracene) are extremely toxic, 
carcinogenic and mutagenic (LEE; PAGE, 1997; 
PACHECO; SANTOS, 2002). PAHs affect organisms 



                       

by different pathways, the parental and those 
photomodified compounds can act via metabolic 
activation and when taken up on the body surface of 
organisms PAHs can act as photosensitizer in the 
presence of ultraviolet radiation (UVR). In both cases 
the damage to the organism is related to the production 
of reactive oxygen species (ROS) that are highly 
reactive and capable of oxidizing many biological 
macromolecules (TOYOOKA; IBUKI, 2007). In the 
environment, anthracene (ANT) is characterized as 
being persistent, bio-accumulative and toxic to aquatic 
organisms (EUROPEAN CHEMICAL AGENCY, 
2008). Unlike other PAHs, ANT is not classified by 
The International Agency for Research on Cancer 
(IARC) as carcinogenic to human beings (UNITED 
STATES, 1995). ANT, when photo-modified by 
UVR, gives rise to a complex mixture comprising 
more than 20 products, including anthraquinone, 
hydroxianthraquinone, benzoic acid and phenols 
(MALLAKIN et al., 2000). Photo-modified ANT may 
be cytotoxic (SCHIRMER et al., 1998; CHOI; ORIS, 
2003), highly phototoxic (BOWLING et al., 1983; 
ORIS; GIESY., 1987), can break down proteins and 
DNA (TOSHIMA et al., 2004; HASEGAWA et al., 
2006) and also induces changes in cellular structures 
in the skin and gills of fish (ORIS; GIESY, 1985). 
Biotransformation is the process by which fish and 
other organisms eliminate xenobiotic substances, such 
as ANT. This process involves the formation of 
metabolic products, ROS, that may induce DNA 
strand breaks since they are able to modify the 
chromosome structure (clastogenicity) and the 
sequence of base pairs of DNA (mutagenicity), and 
promote the incomplete repair of DNA adducts (AL-
SABTI; METCALFE, 1995; DI GIULIO et al., 1995; 
ULUPINAR; OKUMUS, 2002; AKCHA et al., 2003; 
LEE; STEINNERT, 2003). 

The single cell gel electrophoresis, 
commonly known as the comet assay, is an efficient 
tool for evaluating the effects of toxic substances on 
the DNA of aquatic organisms. It is a sensitive and 
relatively quick method that can be used in almost all 
eukaryotic cells to evaluate genotoxicity in animals, 
indicating the degree of damage to DNA (FRENZILLI 
et al., 2009). The results of the comet assay indicate 
that the higher the genotoxic potential, the greater the 
DNA damage revealed by the extension of the comet 
tail formed by the DNA fragments (COTELLE; 
FÉRARD, 1999). 

The Carangidae family includes a number of 
economically important fish which are abundant in 
tropical and subtropical waters (CRABTREE et al., 
2002). According to Menezes and Figueiredo (1980), 
some species of the genus Trachinotus, among them 
Trachinotus carolinus, are very common on the 
Atlantic coast from the southern United States to 
northern Argentina. The fish selected for this study, 

Trachinotus carolinus (Actinopterygii, Carangidae), 
can tolerate different environmental conditions (JORY 
et al., 1985), is easy to catch and easy to maintain in 
captivity (SANTOS et al., 2006). T. carolinus has an 
opportunistic trophic strategy and wide diet spectrum 
based on crustaceans (Decapoda and Cirripedia), 
cephalochordates, polychaetes and others (NIANG et 
al., 2010). This feeding habit can contribute to the 
ingestion of many organisms that may have been 
previously contaminated. Moreover, it is being used as 
a sentinel organism for genotoxicity of PAHs and 
other pollutants in our laboratory (SANTOS et al., 
2006; ROCHA et al., 2012). The aim of the present 
study was to evaluate the DNA damage in juvenile T. 
carolinus exposed to different concentrations of 
anthracene for a specific period then subsequently 
allowed to depurate in clean water for different 
periods of time using the comet assay. 
 

MATERIAL AND METHODS 
 

Preparation of working solutions: This study 
used ANT (Sigma-Aldrich® CSA 120-12-7), 
molecular weight 178.22 g, diluted in PA ethanol to 
obtain a stock solution with a concentration of 0.32 
g.L-1. Then, aliquots of this solution were diluted 1:1 
and 1:3 for solutions of 0.16 and 0.08 g.L-1, 
respectively. Aliquots of 100 µL of each of these 
solutions were diluted in one liter of sea water to 
prepare the working solutions at concentrations of 32, 
16 and 8 µg.L-1. The choice of ANT concentrations 
was based on studies involving the exposure of fish to 
ANT solutions (BOWLING et al., 1983; ORIS; 
GISEY., 1985, 1987). Solutions of ANT and ethanol 
were replaced after 12 hours and at the end of 24 h 
each group was transferred to clean water. 

Capture and maintenance of fish: Seventy-
five juveniles of T. carolinus, with an average length 
of 42.7 ±3.3 mm and weight of 0.9 ±0.2 g (Table 1), 
were collected at the Lázaro and Enseada beaches 
(Ubatuba, SP, Brazil). To minimize the stress of 
capture the fish were maintained for a minimum of 10 
days in a 500 L tank filled with aerated and filtered 
seawater before being used for experiment. The 
temperature, salinity and pH of the water were 
measured daily and maintained at 23 ±2°C, 35 ±1 PSU 
and pH = 8, respectively. The fish were fed ad libitum 
with commercial fish food (45% protein) but the 
supply was withdrawn 24 hours before the start of the 
experiments. The photoperiod was set at a 12 h 
light/dark cycle. 

Exposure to anthracene: The fish were 
transferred from the maintenance shelter to the 
laboratory under controlled conditions two days before 
the beginning of the experiments. The temperature 
was maintained at 22 ±1°C and salinity at 35 ±1 PSU. 
For each of three depuration periods, a batch of five 
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groups, each of five fish, was used. Three groups of 
each batch were exposed to ANT with nominal 
concentrations of 8, 16 and 32µg.L-1 for ANT uptake; 
one group was exposed to water with ethanol; and the 
last one was kept in ANT-free seawater to be used as 
solvent control (SCtrl) and water control (WCtrl), 
respectively. The exposure was undertaken in a 40 L 
glass tank for 24 h in the dark to prevent any incidence 
of UVR and the ethanol level was kept at 0.01% in all 
the experimental groups, except the water control. 

Depuration: After the 24 h period, the fish of 
each treatment were transferred to a 40 L tank with 
clean water for depuration (RAND, 2008) for 48, 96 or 
144 h. The water was fully renewed every 24 h by 
means of a continuous flow system. At the end of each 
period in clean water, fish of groups of one batch were 
removed from the aquaria for blood samples to 
perform the comet assay. The photoperiod was set at a 
12 h light/dark cycle with fluorescent light. The level 
of ultraviolet radiation (UVR < 0.001 µW.cm-2) of this 
kind of illumination is considered negligible 
(HATCH; BURTON, 1999). 

Comet Assay: All chemicals without makers 
mentioned in the text were purchased from ©Merck 
KGaA (Darmstadt, Germany). In this study the 
alkaline comet assay (SINGH et al., 1988) was 
conducted on the basis of the protocols of Tice et al. 
(2000) and Gontijo and Tice (2003) with 
modifications as described below. Ten microliters of 
blood from each fish were diluted in phosphate 
buffered saline (PBS, pH 7.4), then twenty microliters 
of this suspension were mixed with 120 µL of gel of 
1% low melting point agarose (Sigma-Aldrich® CSA 
9012-36-6) dissolved in PBS and placed on a glass 
slide previously coated with a thin layer of 1.5% 
normal melting point agarose (Sigma-Aldrich® CSA 
9012-36-6) gel. A cover slip was used to spread this 
suspension of blood and gels, which was then allowed 
to solidify at 4 °C in the dark for 20 min., over the 
slide. Then the cover slips were removed and the 
slides were immersed in a lysing solution (2.5 M 
NaCl, 100 mM Na2EDTA, 10 mM Tris, pH 10, Triton 
X-100 and DMSO 10%) for two hours at 4 °C. They 
were then rinsed with distilled water for complete 
removal of the lysing solution. For DNA unwinding, 
slides were placed in the electrophoresis container and 
immersed for 5 minutes in a freshly prepared 
electrophoresis buffer solution (300 mM NaOH, 1 mM 
EDTA, pH > 13) at 4 °C. Electrophoresis was 
performed at 4 °C with a voltage and amperage of 0.80 
V.cm-1 and 230 mA, respectively, for 20 minutes. The 
slides were then neutralized by twice immersing them 
in a neutral buffer (0.4 M Tris, pH 7.5) for 15 minutes 
each. At the end, the slides were immersed in 100% 
ethanol at 4 °C for two hours and allowed to air-dry at 
room temperature. The slides were stained with silver 

nitrate following the procedure described in the study 
by García et al. (2004). 

Analysis of DNA damage: Images of comets 
were photographed using a SAMSUNG SDF 312® 
digital camera attached to a Nikon® optical 
microscope and supported by the Ulead Video Studio 
7 SE Basic® software for the digitalization of the 
images. Using 20X magnification, one hundred 
comets were photographed in different regions of the 
slides, visually analyzed and classified into five 
classes from 0 to 4, depending on the degree of DNA 
damage as described by Gomes et al. (2012). Class 0 
represents undamaged DNA, and class 4 corresponds 
to comets with maximum damage (Fig. 1). The 
damage index (DI) was calculated as the sum of the 
products of the multiplication of the number of comets 
(N) of each class and the denominator digit of the 
class: DI = 0. (N Class 0) + 1. (N Class 1) + 2. (N 
Class 2) + 3. (N Class 3) + 4. (N Class 4). Values of 
DI vary from 0, when all comets are of class 0, to 400 
when all comets are of class 4. 
 

 
 
Fig. 1. Class 0. No damage - head is large and intact; comet 
without tail. Class 1. Slight damage - head is large and little 
affected; short tail whose length is less or equal to one head 
diameter; tail width is less than one head diameter. Class 2. 
Medium damage - head is large and little affected; short tail 
whose length is somewhere between one to two head 
diameters; tail width is less than one head diameter. Class 3. 
Extensive damage - head is reduced; long and large tail; tail 
length is somewhere between two and three head diameters; 
tail width is somewhere between two to three head diameter. 
Class 4. Severe damage - head is greatly reduced; long and 
large tail whose contour is difficult to determine due to 
disperse of small DNA fragments 
 
 

Statistical analysis: The data analyses were 
performed using Statistica 7 (Stat Soft Inc.) software. 
Data were presented as means and standard errors. 
After normality and homogeneity of variance tests, 
nonparametric ANOVA Kruscal-Wallis was 
conducted and multiple comparison Newman-Keuls 
were used to identify groups with differences (ZAR, 
1996). Differences were considered significant at p < 
0.05. 
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Table 1. Mean of total length (TL), mass (M) and standard error (±SE) of the fishes exposed to three 
concentrations of anthracene (8, 16 and 32 µg.L-1) and maintained in clean water for 48 (G 48), 96 (G 
96) and 144 (G144) h for depuration. Corresponding control groups, WCtrl - water control and SCtrl 
- solvent control. 

  

 TL (mm) ±SE  M (g) ±SE 

 G 48  G 96  G 144   G 48  G 96  G 144  

WCtrl  47.0 ±2.19 51.4 ±2.34 46.4 ±2.32  1.43 ±0.21 1.46 ±0.18 1.11 ±0.17 

SCtrl  51.6 ±2,23 49.4 ±3.19 47.2 ±2.13  1.62 ±0.20 1.31 ±0.21 1.24 ±0.17 

8 µg.L-1 45.0 ±1,26 45.3 ±1.11 50.0 ±2.07  1.06 ±0.09 1.00 ±0.09 1.46 ±0.21 

16 µg.L-1  47.4 ±2,40 48.4 ±2.25 56.0 ±2.43  1.16 ±0.16 1.30 ±0.16 1.88 ±0.25 

32 µg.L-1 51.0 ±1,97 48.4 ±1.91 51.8 ±1.32  1.33 ±0.17 1.19 ±0.13 1.55 ±0.16 

 
 

RESULTS 
 

All the results described below are given in 
Figure 2. After the depuration period of 48 h, the DI in 
groups exposed to ANT are significantly higher (p < 
0.01; H = 18.93 and p < 0.001), averaging about 170 
and 130 times more than the DI in the water and 
solvent controls, respectively. There were no 
significant differences between the DI of the controls 
or between those of the groups exposed to different 
concentrations of ANT solution. 
 

 
Fig. 2. Damage Index (DI) of DNA of T. carolinus exposed 
to three concentrations of anthracene, 8, 16 and 32 µg.L-1, for 
24 hours in darkness and subsequently maintained in clean 
water for 48, 96 and 144 h for depuration. Data were 
presented as mean (n = 5) and standard error. ***p < 0.001; 
Level of statistical difference between DI of groups exposed 
to ANT and DI of their corresponding controls groups; WCtrl 
- water control; SCtrl - solvent control. 
 

As for fish from the 96 h group, the DI of 
fish exposed to ANT at concentrations of 16 and 32 
µg.L-1 were significantly different (p < 0.01; H = 
17.18 and p < 0.001) from each other and also from 
the DI of the WCtrl, SCtrl and 8 µg.L-1 groups. There 

were no significant differences between the DI of the 
WCtrl, SCtrl and 8 µg.L-1 groups. The DI of the 32 
µg.L-1 group is approximately twice and four times 
higher than those of the 16 and 8 µg.L-1 groups, 
respectively. 

After the period of 144 h in clean water the 
DIs of the groups exposed to the two highest ANT 
concentrations (16 and 32 µg.L-1) were significantly 
different (H = 19.77 and p < 0.001) from each other 
and from those of WCtrl, SCtrl and 8 µg.L-1 (p < 
0.01). In the 16 µg.L-1 group the DI increased (~ 60%) 
after 144 h compared with 96 h of depuration. 
However, the DIs after 96 and 144 h were not 
significantly different in the 32 µg.L-1 group. 

The WCtrl and SCtrl groups after depuration 
periods of 96 h and 144 h showed a higher DI than 
those in the 48 h period. However, the DIs of these 
groups in the three periods are 10% lower than the 
maximum value (400) that the DI may reach. In the 
WCtrl group, the DI of the 48 h of depuration was 
significantly different from the DIs of 96 h (p < 0.01) 
and 144 h (p < 0.05). The DI of the SCtrl group at 48 h 
of depuration was significantly different from those at 
96 and 144 h (p < 0.05); however, the results of these 
two last periods were not different from each other. 
The DIs of the 8 and 16 µg.L-1 groups were 
significantly different as between the periods of 
depuration. The 8 µg.L-1 groups showed a pronounced 
reduction in DI (p < 0.01) by reason of the time they 
remained in clean water, representing more than 90% 
of the 144 h period. At the intermediate concentration 
of 16 µg.L-1 the reduction in the DI was significant 
after 48 h of depuration (p < 0.01), reaching 45% after 
96 h. The DI after 144 h increased and reached the DI 
values seen at 48 h of depuration. There was no 
reduction in DNA damage in the 32 µg.L-1 group by 
reason of the periods of depuration. The DI values of 
the group remain close to 400 during all the periods in 
clean water. 
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DISCUSSION 
 

Anthrecene is a common contaminant of 
estuaries, coastal areas and other aquatic ecosystems. 
The concentrations used in the present study can be 
considered environmentally realistic since they are 
lower than the aqueous solubility range (< 35 µg.L-1 at 
25°C) of the substance (NEFF, 1979), and have been 
found in sediments and water columns in estuaries 
polluted with petrochemical products. For example, 
anthracene concentrations of 32 µg/g of organic 
content (OC) have been found in sediments of 
Santander Bay, Spain (VIGURI et al., 2002), and 
anthracene concentrations ranging from 3.55 to 24.4 
µg.L-1 have been found in pore water of the Jiulong 
River Estuary and in Western Xiamen Sea, China 
(MASKAOUI et al., 2002). Ren et al. (2010) 
monitored the PAH level of the surface seawater of the 
East and South China Seas by continuous sampling of 
seawater along the shipping lane and found that the 
concentration of anthrecene was 0.0083 mg.mL-1, the 
highest among 16 priority PAHs investigated. In the 
northwestern part of the Japan Sea, Chizhova et al. 
(2013) reported the value of 0.34±0.06 ng.L-1. In 
seawater around England and Wales, Law et al. (1997) 
reported that the values varied from < 1 to 157 ng.L-1. 
In the estuary around the cities of Cubatão and Santos, 
where the nearby industrial complex is found, the 
ANT concentration in the sediment can vary from 4.83 
to 7.55 ng.g-1 and can even reach 2,164 ng.g-1 
(BÍCEGO et al., 2006). 

Our results clearly indicate that, in the 
absence of RUV, ANT is genotoxic to the coastal fish 
T. carolinus and that DNA damages, as seen from the 
comet assay, were dose- and depuration/time- 
dependent. The absence of fish mortality during the 
study indicates that anthracene is not lethal to this 
species under experimental conditions. Exposure to 
anthracene for 24 h was sufficient to demonstrate the 
genotoxic effect of this PAH, as shown by the 
significant differences in the DIs of groups exposed to 
ANT as compared to those of the control groups. The 
high value of the DI in the groups exposed to ANT 
and subsequently maintained for 48 h in clean water 
may be related to the fact that this period was 
insufficient for T. carolinus to undergo depuration. 
The 96 hours were sufficient for fish from the 8 µg.L-1 
group to depurate the ANT almost completely, and 
partially sufficient for the 16 µg.L-1 group. In the 32 
µg.L-1 group even 144 h was insufficient to bring 
about anthracene depuration. A similar duration for 
ANT depurations was found for other aquatic 
organisms. After exposure to ANT (12 µg.L-1) in the 
dark for 24 h, 144 h of depuration were necessary for 
Lepomis macrochirus to survive the subsequent period 
of exposure to UVR (BOWLING et al., 1983). 
Amphipods exposed to 16 µg.L-1 for 24 h survived 23 

days in contact with UVR after 120 h of depuration 
(GOMES et al., 2009). 

The high DIs in the group of fish maintained 
for 48 h in clean seawater may be related to the 
biotransformation of PAHs into potentially genotoxic 
intermediates such as ROS that interact with DNA 
promoting strand breaks in this molecule 
(VANZELLA et al., 2007). Vieira et al. (2008) 
suggested that ANT biotransformation is capable of 
promoting oxidative stress in Pomatoschistus microps. 
In their work, fish exposed for 96 h to the PAH 
solutions (0.25, 0.5, 1, 2 or 4 µg.L-1) showed an 
increased activity of enzymes, such as catalase, 
superoxide dismutase, glutathione reductase and 
glutathione peroxidase, which protect the fish from the 
oxidative damage caused by reactive oxygen species. 

The reduction in DNA damage found after 
96 h of depuration is evident in fish that were exposed 
to concentrations of 8 and 16 µg.L-1. Possible causes 
for this result may be the effect of the depuration of 
the ANT and the ability to repair DNA. This effect is 
more pronounced in fish submitted to the lowest 
concentration of ANT and that remained in clean 
water for the longest period, i.e., 144 h. Their DNA 
damage decreased dramatically, reaching a DI value 
close to that of the control groups. The repair of DNA 
strand breaks in most cell types is a quick process that 
occurs within minutes and can be detected with the 
comet assay and other repair enzymes, such as the 
base excision performed by endonuclease-III 
(COLLINS, 2004). The capacity for DNA repair in 
fish after being submitted to genotoxic agents is 
known for several species. Phorate, an 
organophosphate pesticide, is genotoxic to Labeo 
rohita. Specimens contaminated by this pesticide 
when maintained in water free of pollution also 
showed the ability to repair DNA damage 
(MOHANTY et al., 2011). Using the comet assay, 
Groff et al. (2010) detected a reduction in DNA 
damage to the erythrocytes of Neotropical fish 
(Arapaima gigas and Colossoma macroporum) 12 
hours after exposure to UVR-B (ultraviolet radiation 
B) and suggest that nucleotide excision repair is 
involved in DNA repair. 

The increase in DNA damage in the 16 
µg.L1 group maintained for 144 h in clean water, as 
well as the occurrence of a large DI in the 32 µg.L-1 
group over the three depuration periods, may be 
related to the concentrations employed. The two 
highest concentrations used, although they were sub-
lethal within a 24 h exposure period, may have 
affected the physiological status of the animal so as to 
impair both the depuration ability and the DNA repair 
mechanism. Amado et al. (2006) found low activity of 
catalase and glutathione-S-transferase and extensive 
DNA damage in Micropogonias furnieri collected 
from polluted areas during the winter and suggest that 
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these fish were subjected to pollutant levels sufficient 
to reduce immune activity and also profoundly to 
affect the mechanism of DNA repair, causing 
irreversible genetic damage. 

The absence of mortality observed in our 
study, in the absence of UVR, corroborates previous 
data obtained on other fish species or cell cultures and 
also from other animals. ANT is not lethal either to 
Lepomis spp. exposed for 48 h to the 4, 12, 20 or 28 
µg.L-1 concentrations or to Lepomis macrochirus 
exposed to ANT (12.7 µg.L-1) or its photo-products for 
72 h in darkness (BOWLING et al., 1983; ORIS; 
GIESY, 1985). ANT and two of its photo-products 
(anthraquinone and 1.2 - dihydroxiantraquinone) 
proved not to be not significantly toxic to the 
Poeciliopsis lucida hepatocyte cell line (PLHC-1) in 
the absence of UVR (CHOI; ORIS, 2003). In addition 
to these results, ANT has been shown not to be toxic 
to other organisms (mosquito larvae, water fleas, frog 
embryos or amphipods) when kept in the dark 
(KANGAN et al., 1985; GOMES et al., 2009). 

In the present study, the DIs of fish from 
WCtrl and SCtrl maintained for 96 and 144 h in clean 
water were much lower than those in the groups 
exposed to ANT for the same periods. However, these 
DI were significantly higher than that for the 48 h 
period. This finding is probably related to the stress of 
staying in aquaria during the experiments. 

This study shows also that T. carolinus can 
be used to evaluate the genotoxic effects of pollutants 
derived from petroleum. Rocha et al. (2012) showed 
that this fish suffered significant damage to its DNA 
after being fed with shrimp exposed to benzo(a)pyrene 
concentrations, thus reinforcing its usefulness for 
genotoxicity studies. 
 
 

CONCLUSION 
 

The present study demonstrated that 
anthracene exhibits genotoxicity to T. carolinus. This 
effect is dose dependent. Fish subjected to 8 µg.L-1 of 
ANT required 96 h for depuration, while those 
subjected to higher concentrations (16 and 32 µg.L-1) 
do not complete the depuration process even after 144 
h. The comet assay gave results consistent with 
expectations and reinforce its use as an effective tool 
for the analysis of pollutant action in DNA. 
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