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Abstract: Triclosan (TCS) is used as an antimicrobial agent and has been widely dispersed and 
detected in the aquatic environment. However, it remains uncertain whether TCS is genotoxic or not. 
In this study, the acute toxicity of TCS in goldfish (Carassius auratus) was studied. Then, based on 
the results for acute toxicity, other goldfish were exposed to various concentrations of TCS (control, 
DMSO control, and 1/4, 1/2, and 1/8 LC50) for 14 days, and the effects on genetic toxicity were 
evaluated using micronucleus (MN) and nuclear abnormalities (NA) frequencies in peripheral blood 
and the comet assay in the liver of the goldfish. In addition, malondialdehyde (MDA), reduced 
glutathione (GSH), catalase (CAT), and total antioxidant capacity (T-AOC) in the liver were assayed 
to evaluate oxidative stress and the possible mechanism of genotoxicity. The 96 h median lethal 
concentration of TCS was 1111.9 µg/l. After 14 days of exposure, the MN and NA frequencies were 
significantly increased in peripheral blood of the TCS-treated groups compared with the solvent 
control, and the comet tail moment and MDA in the liver in the highest dose of TCS groups were also 
significantly high. Meanwhile, an evident change in GSH, CAT, and T-AOC of the liver was found as 
the TCS exposure concentration increased. The results showed that TCS caused oxidative stress 
and a genotoxic response in goldfish, suggesting that it presents a potential ecotoxicological risk to 
aquatic ecosystems.
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Introduction

Pharmaceuticals and personal care products (PPCPs), 
an emerging class of environmental pollutants, are some 
of the most extensively used antibacterial agents, which 
are used not only for preventive and curative in humans 
and animals but also for the promotion of growth in 
poultry and aquatic animals species [11]. Triclosan (TCS; 

2, 4, 4’-trichloro-2’-hydroxydiphenyl ether) is one of the 
main known PPCPs, and it is added to a wide variety of 
consumer products (e.g., toothpastes, hand sanitizers, 
soaps, deodorants, air fresheners, textiles, shoes, and 
cosmetics) [32]. Widespread use of this compound could 
lead to large-scale disposal of it in gray water via local 
sewer systems and ultimately result in it being found in 
river water and sediment [30, 34].
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TCS can accumulate and subsequently cause adverse 
effects on nontarget organisms in the aquatic environ-
ment [5]. Toxicology research has confirmed that TCS 
is highly toxic to fish [7, 17, 19, 20]. The reproductive 
and developmental toxicity of TCS has been evaluated 
in some aquatic species under controlled laboratory con-
ditions. The results concerning the early life-stage toxic-
ity of TCS in rainbow trout (Oncorhynchus mykiss) 
showed that no statistical differences were observed in 
mean time to egg hatch among groups exposed to differ-
ent concentrations of TCS in a water environment [28]. 
TCS exposure impairs lipid metabolism in zebrafish 
(Danio rerio) embryos [17], and has significant terato-
genic effects on early-life stages of zebrafish [27]. It has 
been reported that TCS has potentially estrogenic and 
weak androgenic effects on Japanese medaka (Oryzias 
latipes) fry [14, 19] and can alter the swimming speed 
of fish [25]. Genotoxicity and mutagenicity studies using 
classical prokaryotic and eukaryotic systems have been 
reported [31], and researchers have concluded that TCS 
is neither genotoxic nor mutagenic according to the 
available evidence. however, there is some evidence to 
suggest that TCS may be genotoxic in some types of 
organisms and/or cell types. acute toxicity experiments 
using hemocytes from zebra mussels (Dreissena poly-
morpha) that were exposed to environmentally relevant 
concentrations of TCS provided evidence concerning the 
genotoxicity of TCS after only 24 h of exposure [3]. The 
genotoxicity of TCS has also been evaluated in the algal 
species Closterium ehrenbergii [8]. at concentrations of 
0.25 mg/land greater, the genetic toxicity of TCS was 
apparent. Researchers have also tested the genotoxicity 
and cytotoxicity of TCS in animal cell lines. The results 
showed that genetic damage accrued as a result of ex-
posure to TCS at higher concentrations [20]. in sum-
mary, the genetic toxicity of TCS may be related to the 
species, dose of TCS, and exposure time.

The micronucleus (Mn) and nuclear abnormalities 
(na) assays, two of the most popular environmental 
genotoxicity tests, have served as indicators of cytoge-
netic damage [6, 18, 22]. The comet assay, a sensitive 
and fast method for Dna strand break testing in indi-
vidual cells, has been widely used as a genotoxicity test 
in fish [23, 40]. It is reported that the MN frequency of 
zebrafish exposed to a high dose of TCS was slightly 
higher than that of zebrafish exposed to a low dose of 
TCS, though the difference was not significant [6]. The 
Mn and comet assays have demonstrated that TCS in-

duces genetic toxicity in zebra mussels [3].
Therefore, this study was conducted to evaluate the 

effects of TCS on genetic toxicity in goldfish using a 
chronic (14 days) assay. in this assay, at the end of the 
exposure period, Mn, na, and comet assays were per-
formed to evaluate genetic toxicity. The oxidative stress 
levels in the liver were also examined to investigate the 
possible mechanism of genotoxicity.

Materials and Methods

Test chemicals
TCS (CAS NO. 3380–34-5; molecular weight,289.541; 

289.541;>98.0% purity) was obtained from Wako Pure 
Chemical industries Ltd., Tokyo, Japan, and dissolved 
in dimethyl sulfoxide (DMSO, Wako Pure Chemical 
industries). TCS stock solution (2,000 mg/l was stored 
in the dark at 4°C and used to prepare the experiment 
solutions by serially diluting it to the required concentra-
tions. DMSO in the experiment solution was kept at 
0.1%.

Test organisms
Management of the fish used in the experiments con-

formed to the Rules of experimental animal Manage-
ment, which are used for protection of experimental 
animal welfare and managed by the Chinese government. 
The fish were caught with the permission of the Luoyang 
Department of environmental Protection and approved 
by the Luoyang ethical Committee. They were handled 
in such a way as to relieve stress and discomfort.

Six hundred goldfish (Carassius auratus) with body 
lengths of 6.8 to 7.5 cm and body weights of 10.1 to 13.2 
g were bought from the new village aquarium market 
in the Luolong District of Luoyang. Tap water was aer-
ated continuously for 72 h to remove redundant chlorine, 
and the temperature and ph were determined to ensure 
that the water was suitable for the experiments. The fish 
were first acclimatized in 58 × 28 × 36 cm aquariums 
with light for 10 to 12 h each day at 21 ± 1°C for 10 
days. They were fed daily with freshly hatched brine 
shrimp, and residual feeds and faces were removed. The 
water was replaced in a timely manner. Five hundred 
fish to be used in preliminary, acute, and chronic ex-
periments were then randomly selected.

Acute toxicity test
acute toxicity tests in our experiment were performed 
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with reference to the procedure in a previous study [21]. 
Six groups of different TCS exposure concentrations 
based on the preliminary experiments (0.6000, 0.6900, 
0.7935, 0.9125, 1.0494, and 1.2068 mg /l) were set. Each 
group (n=10) was assayed in triplicate. Meanwhile, con-
trols and solvent controls using DMSO were also pre-
pared for the tests. The 96 h acute toxicity tests were 
performed with no feeding in each aquarium, which 
contained 10 fish and 20 l water. Half of the solution in 
each aquarium was replaced daily with fresh solution. 
The toxic effects on the fish were observed carefully, and 
dead fish were removed in a timely manner. The goldfish 
were exposed to TCS for 4 consecutive days and solvent 
control groups were kept in 0.1% (v/v) DMSO solutions. 
The LC50 at 96 h was calculated by the modified Kaber 
method (95%confidence interval).

The concentrations of TCS in the present experimen-
tal solutions were determined during the exposure by 
highperformance liquid chromatography with ultraviolet 
detection. analysis of the results revealed that the deg-
radation of TCS in the tested tanks for 96 h was lower 
than 2%.

Genetic toxicity and oxidative stress after chronic 
exposure

On the basis of the results of the 96 h acute toxicity 
tests, the concentrations of TCS were set up at three 
levels: 0.1399 mg/l (1/8 LC50), 0.2798 mg/l (1/4 LC50), 
and 0.5596 mg/l (1/2 LC50). Blank and solvent controls 
were also prepared. half of the solution in each aquari-
um was replaced with fresh solution each day, and then 
the fish were fed. The residual food and excrement were 
removed by siphon. after 14 days of exposure, periph-
eral blood samples were obtained from the caudal vein 
of 5 random fish from each group and smeared onto 
pre-cleaned slides for determination of Mn and na. 
Meanwhile, a small portion of the liver in fish of each 
group (n=5) was used to perform the comet assay, and 
the other liver of the same fish as mentioned above were 
immediately snap-frozen in liquid nitrogen and then 
stored at −80°C in a refrigerator for measurement of 
oxidative stress markers.

Analysis of micronuclei (MN) and other nuclear 
abnormalities (NA)

Mn and na were assayed according to a previous 
study protocol [4]. In brief, smears were fixed in absolute 
methanol for 10 min, air-dried, and stained with 10% 

giemsa solution for 8 min, washed with PBS, and dried 
at room temperature. The frequencies of Mn and na 
were evaluated (per 1,000 cells) by scoring at a 1000× 
magnification usingOlympus CX 31 (Japan) bright-field 
microscopes. a total of 5,000 erythrocytes from periph-
eral blood with intact cellular and nuclear membranes 
were examined for each fish specimen.

Based on the finding of previous research and our 
experimental results, we defined four types of the nucle-
us of normal erythrocytes in the peripheral blood of fish: 
mature nuclei, immature nuclei, cell cleavage-stage 
nuclei, and equally constricted nuclei (Figs. 1a–D). Mn 
includes small micronuclei, large micronuclei, and 
double micronuclei (Figs. 1e–g). na includes unequal-
ly constricted nuclei, abnormal located nuclei, vacuolat-
ed nuclei, double nuclei, irregular nuclei, bulging nuclei, 
notched nuclei, and fragmented nuclei (Figs. 1h–O).

Liver comet assay
The comet assay was performed as per established 

protocols [40]. Briefly, livers from each fish were put 
into 1.5 ml centrifuge tubes, rinsed with phosphate buff-
ered solution (PBS) three times, and then digested to 
single cells with 400 µl trypsine. after digestion, the 
cells were dispersed into 800 µl Dulbecco’s Modified 
Eagle Medium (DMEM) and filtered through a 74 µm 
nylon cloth into 1.5 ml centrifuge tubes. Then, cells were 
collected by centrifugation for 5 min at 1,000 rpm and 
resuspended in DMeM medium. after adjusting the 
density of cells, the other cell suspensions were pro-
cessed in the comet assay.

Thirty microliters of cell suspension was mixed with 
90 µl 0.65% low melting agar (LMA) at 37°C and cov-
ered with a fully frosted slide precoated with a layer of 
100 µl 1% normal melting agar (NMA). After solidifica-
tion, slides were immersed into lysate (2.5 mol/l naCl, 
100 mmol/l EDTA, 10 mmol/l Tris, NaOH [pH 10.0] 1% 
Na-sarcosinate, 10% DMSO, and 1% Triton X-100) for 
1.5 h. Slides were then incubated in an electrophoresis 
tank containing 300 mmol/l naOh and 1 mmol/l eDTa 
for 20 min and subjected to electrophoresis for 20 min 
at 25 V (300 ma). Then, slides were neutralized (0.4 
mol/l Tris, pH 7.5), stained with 40 µl gelred (0.2 µl/
ml, and viewed using a fluorescence microscope 
(Te2000-u, eclipse, nikon) equipped with a CCD cam-
era. Nonoverlapping cells were captured at ×400 mag-
nification. At least 100 cells per slide were analyzed 
using the Comet assay Software Project (CaSP).
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Assay of oxidative stress marker in liver
Preparation of liver homogenate was performed as per 

established protocols [41]. in brief, the whole prepara-
tion process for goldfish liver homogenate was per-
formed on ice. First, the livers were thawed, washed with 
0.86% normal saline at 4°C, dried, weighed, and put into 
a tissue grinder immediately with 0.01 mol/l Tris–hCl 
buffer solution at pH 8.0 using a mass ratio of 1:9. The 
homogenate was collected in centrifuge tubes and cen-
trifuged at 1,006 × g for 20 min. The supernatant was 
collected for determining the level of total antioxidant 
capacity (T-aOC), reduced glutathione (gSh), catalase 
(CaT), malondialdehyde (MDa), and protein.

T-aOC, gSh, MDa, CaT, and protein were measured 
by using T-aOC, gSh, MDa, CaT, and protein deter-
mination kits according to the manufacturer’s protocol 
(nanjing Jiancheng Bioengineering institute, nanjing, 
China). T-aOC was measured by the method of ferric 
reducing-antioxidant power assay method and detected 
at 520 nm with a spectrophotometer. T-aOC level was 
expressed as U/mg prot, with mg prot defined as mg 
protein in homogenate. gSh was determined spectro-
photometrically by monitoring the chromophoric product 
resulting from reaction of the 5, 50-dithiobis-(2-nitro-
benzoic acid) with gSh in the presence of reduced 
nicotinamide adenine dinucleotide phosphate (naDPh) 
and glutathione reductase at 412 nm. gSh content was 
expressed as mg/g prot. Degree of lipid peroxidation in 

liver tissue homogenates was determined in terms of 
thiobarbituric acid reactive substances (TBaRS) forma-
tion with maximal absorbance at 532 nm by following 
the protocol. The concentration of MDa in the liver in 
fish was calculated by comparing the absorbance to that 
produced by the control standard 1,1,3,3-tetraethoxypro-
pane and expressed as nmol/mg prot. CaT activity was 
measured using the ammonium molybdate spectropho-
tometric method, which is based on the fact that am-
monium molybdate can rapidly terminate the hydrogen 
peroxide (h2O2) degradation reaction catalyzed by CaT 
and react with the residual h2O2 to generate a yellow 
complex, which can be monitored by its absorbance at 
405 nm using a spectrophotometer. Values of CaT activ-
ity are expressed as u/mg prot.

Statistics analysis
Data analyses were performed using the SPSS Statis-

tics software (Ver17.0, SPSS Inc., Chicago, IL, USA). 
Data were expressed as means ± SD. One-way anOVa 
and LSD multiple comparisons were applied to evaluate 
the significance of differences. Differences were consid-
ered statistically significant when 0.01<P<0.05 and 
highly significant when P<0.01.

Fig. 1. erythrocytes with normal and abnormal nuclei. (a) Mature nuclei, (B) immature nuclei, (C) cell-cleavage stage nuclei, (D) 
equally constricted nuclei, (e) small micronuclei, (F) large micronuclei, (g) double micronuclei, (h) unequally constricted nuclei, 
(I) abnormal location of nuclei, (J) vacuolated nuclei, (K) double nuclei, (L) irregular nuclei, (M) bulging nuclei, (N) notched 
nuclei, and (O) fragmented nuclei
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Results

Acute toxicity of TCS in goldfish
Goldfish in each group showed different intoxication 

symptoms during the first 6 h of the exposure experi-
ment. In higher TCS exposure groups, goldfish were 
fully mobilized shortly after contact with the solution. 
Their opercula moved rapidly, attacking along aquari-
ums. After 2 h, some goldfish seemed to show signs of 
toxicity and lost their balance, and their whole bodies 
occasionally shook. After 4 h, the goldfish swam slowly 
and appeared to flock together at the bottom of the 
aquariums. After 8 h, some of the fish were dead. By 
contrast, the symptoms appeared later in the low TCS 
exposure groups but the intoxication characteristics were 
the same as those in the high concentration groups. Dead 
fish were found after exposure for 32 h.

The mortality of goldfish was increased with the in-
crease in TCS concentration within 96 h and the linear-
ity of this relationship was remarkable. The 96 h mortal-
ity rates were 60%, 50%, and 10% at the concentrations 
of 1.2068 mg/l, 1.0496 mg/l, and 0.7935 mg/l, respec-
tively. However, no dead fish was found at the lower 
concentration (0.6900 and 0.6000 mg/L). The 96 h LC50 
value of TCS was calculated as 1.1119 mg/L for goldfish, 
with a 95% confidence interval from 1.0121 to 1.3558 
mg/L.

Induction of MN and NA in peripheral blood
After 14 days of exposure, the activities in control fish 

were similar to those in the solvent control. Compared 
with the solvent control, total loss of equilibrium in fish 
was observed in the 0.1399 mg/l TCS-treated group, 
while goldfish in the 0.2798 and 0.5596 mg/l TCS-
treated groups swam slowly. Furthermore, 30% of the 
fish were dead in the 0.5596 mg/l TCS-treated group, 
but there were no dead fish in the other groups.

MN and NA rates in peripheral blood of goldfish ex-
posed to TCS are shown in Table 1. There were no sig-
nificant differences in MN and NA rates between the 
control and solvent control. The rates gradually increased 
with the increase in TCS dosage. Dose-response relation-
ships were found between Mn and na rates of erythro-
cytes in peripheral blood and TCS concentration. There 
were significant differences in MN and NA rates between 
the TCS-treated groups and solvent control (P<0.01).

Assay of liver DNA damage (comet assay)
The parameter used to quantify the extent of Dna 

damage using the comet assay was the tail moment. The 
results for liver tail moment of goldfish exposed to TCS 
are shown in Fig. 2. There were no significant differ-
ences in tail moment of the hepatocytes between the 
control and the solvent control. however, the tail mo-
ment of hepatocytes in the 0.5596 mg/l TCS-treated 
group was significantly increased compared with that of 
the solvent control (P<0.05).

Influence of TCS exposure on lipid oxidative damage in 
the liver

Lipid peroxidation is a process that is detected by the 
extent of the peroxide-forming free radicals mechanism 
and the peroxide-removing antioxidant system. MDa in 
liver homogenates was used as an indicator of lipid 
oxidation. The MaD levels in liver homogenates of 
goldfish exposed to TCS are shown in Fig. 3. There were 
no significant differences in MDA level between the 
control and solvent control. however, the MDa levels 
in the 0.2798 and 0.5596 mg/l TCS-treated groups were 
significantly increased compared with that of the solvent 
control (P<0.01).

Influence of TCS exposure on the antioxidant system in 
the liver

as shown in Fig. 4a, the T-aOC levels in the liver 
homogenates of the control and solvent control fish were 
1.73 ± 0.98 and 1.32 ± 0.22 U/mg prot, and there were 
no significant differences between the control and solvent 
control. TCS at 0.1399 and 0.2798 mg/l led to a slight 
induction, but the changes were not significant (P>0.05). 
However, the T-AOC levels in the 0.5596 mg/l TCS-
treated groups were significantly decreased compared 
with that of the solvent control (P<0.05). The CaT ac-
tivities in the 0.2798 and 0.5596 mg/l TCS-treated 

Table 1. Mn and na frequencies in peripheral blood eryth-
rocytes of goldfish exposed to TCS

group MN rate (%) NA rate (%)

Control 0.48 ± 0.11 0.83 ± 0.09
Solvent control 0.59 ± 0.14 0.91 ± 0.13
0.1399 mg/l 1.22 ± 0.18** 1.81 ± 0.08**
0.2798 mg/l 1.63 ± 0.22** 2.34 ± 0.16**
0.5596 mg/l 1.81 ± 0.11** 2.88 ± 0.26**

Asterisks indicate statistically significant differences from 
the solvent control group (**P<0.01). Data are presented as 
the mean ± SD (n=5).
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groups were significantly increased compared with that 
of the solvent control (P<0.01), while there was no sig-
nificant difference between the control and the solvent 
control (P>0.05) (Fig. 4B).The GSH contents in the 
0.1399 and 0.2798 mg/l TCS-treated groups were sig-
nificantly increased compared with that of the solvent 
control (P<0.01), while there was no significant differ-
ence between the control, solvent control, and 0.5596 
mg/l TCS-treated group (P>0.05) (Fig. 4C).

Discussion

The Mn test is one of the most widespread and prom-
ising tests of environmental genotoxicity [13, 29, 40]. 

in recent years, other na have also served as an indica-
tor of cytogenetic damage [4–6, 35]. in the present study, 
based on the results of 96 h acute toxicity testing, a 
chronic (14 days) TCS exposure experiment was per-
formed to evaluate the genetic toxicity and oxidative 
stress of TCS in goldfish. Our results showed that 0.1399, 
0.2798, and 0.5596mg/l TCS induce oxidative stress and 
increases in MN and NA and that only 0.5596 mg/l TCS 
causes an increase in tail moment after chronic (14 days) 
TCS exposure.

Mn is produced from chromosome fragments or 
whole chromosomes that lag at cell division due to lack 
of a centromere, damage in the centromere, or a defect 
in cytokinesis. The MN test in fish has the potential to 

Fig. 2. Dna damage determined by tail moment of the hepatocytes 
in goldfish exposed to TCS for 14 days. Asterisks indicate 
statistically significant differences from the control group 
(*P<0.05). Data are presented as the mean ±SD (n=5).

Fig. 3. MDA levels in the liver of goldfish exposed to TCS for 14 
days. Asterisks indicate statistically significant differences 
from the control group (**P<0.01). Data are presented as 
the mean ± SD (n=5).

Fig. 4. Antioxidant system markers in the liver of goldfish exposed to TCS for 14 days. (A) T-AOC, (B) CAT, and (C) GSH. Asterisks 
indicate statistically significant differences from the control group (*P<0.05; **P<0.01). Data are presented as the mean ± SD 
(n=5).
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monitor clastogenic and aneugenic effects of environ-
mental agents in the aquatic environment. Moreover, 
MN has been scored in fish erythrocytes as a measure of 
clastogenic activity [1]. na may complement the scoring 
of Mn in conventional genotoxicity surveys [4–6, 10]. 
in our study, Mn and na frequencies in TCS-treated 
groups were significantly increased. These results 
showed that TCS may be genotoxic in goldfish. In a 
previous study, the results for MN in zebrafish exposed 
to TCS showed that the Mn frequency was slightly 
higher at a high TCS dose than that at a low dose [27]. 
acute toxicity experiments using hemocytes from zebra 
mussels that were exposed to environmentally relevant 
concentrations of TCS (0.29, 0.58, and 0.87 µg/l) pro-
vided evidence of genotoxicity after only 24 h of expo-
sure [2]. The genotoxicity of TCS in hemocytes was 
evaluated with the comet assay, the micronucleus assay, 
and the halo test, a measure of the apoptotic frequencies, 
while cytotoxicity was assessed with the neutral red 
retention assay. The genetic damage accrued in the he-
mocytes was significant at all three concentrations of 
TCS and followed a concentration-dependent and time-
dependent pattern. The genotoxicity of TCS has also 
been evaluated using the comet assay in artemia salina 
[39], Tetrahymena thermophila thermophile [15], and 
the algal species Closterium ehrenbergii [8]. exposure 
of Artemia salina to 171.1 µg/l TCS for 96 h resulted in 
a significant increase in genotoxic biomarkers. Further-
more, 1.0 µg/l TCS can lead to statistically significant 
Dna damage in Tetrahymena thermophila after 2 h of 
exposure. Algal cells were exposed to TCS for 96 h at 
concentrations in the range of 0.125–1 mg/l. at concen-
trations of 0.25 mg/l and greater, the genetic toxicity of 
TCS was apparent, with the antimicrobial exerting its 
toxicity in a dose-dependent manner. Complete dissolu-
tion of the nucleus was observed at concentrations of 0.5 
and 1 mg/l. Meanwhile, the genotoxicity of TCS has 
been tested in animal cell lines [20]. KB and Vero cell 
lines were treated with two concentrations of TCS, the 
50% inhibition concentration (9.84 and 10.42 mg/l re-
spectively) and the maximum concentration of TCS in 
personal care products (6.66 mg/l). in both cell lines, the 
number of comet cells increased as the concentration 
and duration of exposure to TCS increased. These results 
indicated TCS has genotoxic effects. However, a battery 
of 24 in vitro and in vivo mutagenicity and genotoxicity 
tests designed to evaluate the full range of potential to 
produce mutagenic or genotoxic effects in prokaryotic 

and eukaryotic systems indicated that neither TCS nor 
its metabolites are mutagenic or genotoxic [31]. Of these 
24 experiments, only 3 yielded weakly positive respons-
es for the endpoints evaluated. Two of these 3 assays 
used in vitro systems, whereas the third was an in vivo 
test. The few weakly positive results were not consistent 
with respect to the type of genetic alterations observed, 
and the observations have not been duplicated in the 
same or equivalent assays. Moreover, toxicogenomics 
analysis unequivocally shows that TCS is identified as 
a compound acting through non-Dna reactive mecha-
nisms [12]. Therefore, in order to further confirm the 
genetic toxicity of TCS, a comet assay was performed 
in the liver of goldfish in our study. A measurement of 
tail moment was used to quantify the extent of Dna 
damage, as tail moment is generally used in this ecotox-
icity field [38, 40]. We found that the tail moment at the 
highest dose of TCS was significantly so this result also 
showed that TCS is genotoxic in goldfish.

a previous study indicated that the genotoxicity of 
TCS in zebra mussels was probably due to a combination 
of oxidative stress and/or a direct effect on DNA [2]. In 
a follow-up study, we assayed the oxidative stress level 
in the liver of goldfish. An imbalance between reactive 
oxygen species (ROS) and antioxidant defenses in favor 
of the former has been defined as oxidative stress. Anti-
oxidant defense in a living aerobiont is connected with 
a series of intracellular antioxidant enzymes and nonen-
zymatic antioxidant systems, the roles of which are to 
intercept and inactivate ROS [36]. CaT is one of the 
important enzymes in the antioxidant system, and it can 
eliminate the h2O2 produced with ROS catalyzed by 
SOD, alleviating the damages to organisms [26]. Our 
results showed that CaT activities in the liver were in-
creased significantly in the 0.2798 (1/4 LC50) and 0.5596 
mg/l (1/2 LC50) TCS groups. When CaT activity was 
induced, it was beneficial in that it eliminated excess 
h2O2, protecting cells from oxidative damage. gSh is 
an important nonenzymatic antioxidant in animals and 
is capable of preventing damage to important cellular 
components caused by ROS such as free radicals and 
lipid peroxides [33]. The GSH contents in the 0.1399 
mg/l (1/8 LC50) and 0.2798 mg/l (1/4 LC50) TCS expo-
sure groups were significantly increased in the present 
study. This showed that GSH was induced in the 0.2798 
mg/l (1/4 LC50) and 0.1399 mg/l (1/8 LC50) TCS expo-
sure groups, and this was beneficial for eliminate of 
excess ROS. However, the response at 0.5596 mg/L TCS 
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decreased dramatically, which showed that excessive 
ROS may cause lipid peroxidation in the liver. T-aOC 
refers to the total antioxidative capacity. T-aOC was 
significantly decreased in the 0.5596 mg/l (1/2 LC50) 
TCS exposure group, suggesting an imbalance between 
ROS and antioxidant defenses. MDa is a product of 
lipid peroxidation, which can be used to evaluate the 
oxidative damage in lipids [24, 37]. In the present study, 
the MDA levels in the livers of goldfish exposed to 
0.2798 (1/4 LC50) and 0.5596 mg/l (1/2 LC50) TCS were 
significantly increased compared with that of the solvent 
control. Our study showed that TCS led to an imbalance 
between oxidants and antioxidants in the livers of gold-
fish, resulting in lipid and DNA damage. A previous 
study also demonstrated that TCS exposure caused in-
creases in of ROS content (%) and glutathione transfer-
ase (gST) enzymatic activity in the monogonont rotifer 
[16].

Based on the results of the Mn, na, and comet assays 
and evaluation of oxidative stress in our study, we con-
clude that TCS caused oxidative stress and genotoxicity 
in the goldfish and that oxidative stress is associated with 
genotoxicity in goldfish exposed to TCS. Due to the wide 
use of TCS, the levels of TCS in aquatic environments 
have been found range from nanograms/liter to micro-
grams/liter [9], which are below the concentrations in 
this experiment. however, its risk to the aquatic organ-
isms cannot be ignored.
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