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Abstract 2,3,7,8-Tetrachlorodibenzo-p-dioxin

(TCDD) is a persistent and ubiquitous environmental

contaminant. The health impact of TCDD exposure is

of great concern to the general public. Recent reports

have implied that eicosapentaenoic acid (EPA) might

be a potential chemopreventive agent and influence

hepatotoxicity. The aim of the current study was to

explore the effectiveness of EPA in alleviating the

toxicity of TCDD on primary cultured rat hepato-

cytes. EPA (5, 10 and 20 lM) was added to cultures

alone or simultaneously with TCDD (5 and 10 lM).

Rat hepatocytes were treated with TCDD and EPA

for 48 h, and then cytotoxicity was detected by

[3-(4,5-dimethyl-thiazol-2-yl) 2,5-diphenyltetrazoli-

um bromide] (MTT) assay and lactate dehydrogenase

(LDH) release, while total antioxidant capacity

(TAC) and total oxidative stress (TOS) levels were

determined to evaluate the oxidative injury. The

DNA damage was also analyzed by liver micronu-

cleus assay (LMN) and 8-oxo-2-deoxyguanosine (8-

OH-dG). The results of MTT and LDH assays

showed that TCDD but not EPA decreased cell

viability. TCDD also increased TOS level and

significantly decreased TAC level in rat hepatocytes

in a clear dose dependent manner. On the basis of

increasing doses, the dioxin caused significant

increases of micronucleated hepatocytes (MNHEPs)

and 8-OH-dG as compared to control culture.

Whereas, in cultures treated with EPA alone, TOS

level did not change and the level of TAC signif-

icantly increased. The presence of EPA with TCDD

minimized the toxic effects of the dioxin on primary

hepatocytes cultures. Noteworthy, EPA has a protec-

tive effect against TCDD-mediated DNA damages.

Keywords Eicosapentaenoic acid � TCDD �
Liver � Oxidative stress � Genotoxicity

Introduction

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is an

environmental contaminant that elicits a broad spec-

trum of toxic effects in a species-specific manner

(Dere et al. 2011). It displays a wide spectrum of toxic

effects, including dermal toxicity, reproductive toxic-

ity, immunotoxicity, hepatotoxicity, carcinogenicity,

teratogenicity, neurobehavioral, endocrine, and meta-

bolic alterations (Talorete et al. 2001; Natsume et al.

2005; Hung et al. 2006; Jin et al. 2010). The relative

potencies for TCDD have been reported in previous

studies (Van den Berg et al. 1998). The studies have
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suggested that these effects are mediated by the aryl

hydrocarbon receptor (AhR) and oxidative stress is an

important constituent in the mechanism of TCDD

toxicity. The exposures of mice and rats to different

doses of TCDD have resulted in increases in the

production of reactive oxygen species (ROS), lipid

peroxidation (LPO), and DNA damage (Hassoun et al.

2000; Reyes-Hernánde et al. 2010; Aly and Khafagy

2011). Hence, TCDD has been shown to be responsible

for multi-site cancers in experimental animals (Bock

1994; Grassman et al. 1998). TCDD is also a potent

promoter of cancer in liver (Huff et al. 1994). However,

in vivo and in vitro studies of human and animal cells

have provided inconsistent findings of TCDD geno-

toxicity. On the other hand, there are equivocal

findings of chromosomal aberrations in humans

exposed in vivo to TCDD (IARC 1997) and the

increases in production 8-oxo-2-deoxyguanosine (8-

OH-dG) in the liver of mice (Hung et al. 2006)

Recently, it has been reported that dioxin-like chem-

icals alter expression of numerous genes in liver, but it

remains unknown which lie in pathways leading to

major toxicities such as hepatotoxicity, wasting and

lethality (Forgacs et al. 2010; Moffat et al. 2010).

Eicosapentaenoic acid (EPA) is an omega-3 fatty

acid. Oils from cold-water fish are reported to be rich

in (n-3) polyunsaturated fatty acids, in particular EPA

and docosahexaenoic acid (DHA) (Eicher and McVey

1995). Evidence presented over the past 20 years has

shown that long-chain polyunsaturated fatty acids are

beneficial for health (Kruger et al. 2010). Diets rich in

n-3 polyunsaturated fatty acids have been associated

with a reduced risk of several types of cancer

(Slagsvold et al. 2010). EPA was found to be useful

for prevention and treatment of heart failure (Kitam-

ura et al. 2011). EPA exhibited significant neuropro-

tective potential in neurological injuries (Dyall and

Michael-Titus 2008). This fatty acid can act as

hepatoprotective agent (Roy et al. 2007; El-Mowafy

et al. 2011). In the last years, there has been a renewed

interest in the biological activities of EPA. It has

therapeutic properties, such as anti-inflammatory,

immunomodulatory, antioxidant, and anti-tumour

activities, among others (Mandal et al. 2010; Gapeyev

et al. 2011; Li et al. 2011). Moreover, in a recent

study, EPA was found the most effective fatty acid in

free radical-scavenging potential (Richard et al.

2008). For this reason, in various tissues it attracts

the attention of scientists in the search for new

therapeutic usage. Antioxidants play an important role

in inhibiting and scavenging free radicals, thus

providing protection to humans against infectious

and degenerative diseases. (Nader et al. 2010).

According to the above data, TCDD is involved in

the production of hepatic oxidative stress and supple-

mentation with EPA may protect the animals from the

harmful effects of TCDD. However, no attention was

paid to the effects of EPA in hepatoprotection against

TCDD; in addition, nothing is known on the effects of

EPA upon LMNs in hepatocyte cultures. In our present

study, we examined the effects of EPA on the viability

of cells in TCDD-induced liver injury (with LDH and

MTT assays). We also evaluated the role of EPA on

antioxidant capacity (with TAC and TOS analysis) and

DNA damage (with LMN rates and 8-OH-dG levels)

after TCDD-treatment of hepatocyte cultures.

Materials and methods

Test compounds and chemicals

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD; CAS

No. 1746-01-6) and eicosapentaenoic acid (EPA;

CAS No. 10417-94-4) were purchased from Sigma-

Aldrich� (USA). All other chemicals used in the

experiments were also purchased from Sigma-

Aldrich� and Fluka� (Germany).

Animals

Male rats of Sprague–Dawley strain (obtained from the

Medical Experimental Research Center, Atatürk Uni-

versity, Turkey), of 200–300 g body weight, were used

throughout the present studies. They were allowed water

and standard laboratory chow ad libitum and maintained

under standard light, temperature, and relative humidity

conditions. All experiments were performed in accor-

dance with the Guide for the Care and Use of Laboratory

Animals (1996). The study protocol was also approved

by the local ethical committee.

Hepatocyte isolation and cultivation

Rats were sacrificed by CO2 overdose, and the livers

were removed immediately. Isolated hepatocytes from

rats were prepared by the collagenase perfusion tech-

nique (Wang et al. 2002). The liver was perfused
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through the hepatic portal vein with calcium-free Hanks

balanced salt solution to remove blood for about 10 min

at a flow rate of 2.5 mL/min. As soon as the liver became

grayish brown in color, a second buffer solution

containing collagenase (Hank’s balanced salt supple-

mented with 4 mM calcium chloride and 0.5 mg

collagenase/mL) was perfused at the same rate until

the liver appeared to have broken up. After treatment the

liver minced into 3- to 4-mm pieces with a sterile scalpel.

Following mechanical dissociation, the cells were filtered

through gauze (100 lm) and centrifuged at 1350 rpm for

5 min. Then, the hepatocytes were collected in medium

containing bovine serum albumin and bovine insulin. The

cell suspension was filtered through gauze (100 lm)

again and allowed to sediment for 20 min to eliminate

cell debris, blood, and sinusoidal cells. The cells were

then washed three times by centrifugation at 50 g, tested

by Trypan blue dye exclusion for viability (always in the

range of 82-93%). The hepatocytes were then suspended

in a mixture of 75% Eagle’s minimum essential medium

and 25% medium 199, supplemented with 10% fetal calf

serum containing streptomycin (100 lg/ml), penicillin

(100 IU/ml), bovine insulin (10 lg/ml), bovine serum

albumin (0.2%) and NaHCO3 (5 mM). For the experi-

mental procedure, hepatocytes were plated in tissue cul-

ture plates. The medium was changed 3-4 h later. The effect

of TCDD and EPA was studied after 48 h of exposure in

cultures maintained with a medium deprived of fetal

calf serum but supplemented with hydrocortisone (3 9

10-6 M) hemisuccinate (Rakba et al. 1999). Hepatocytes

were cultured for an additional 8 h before treatment.

Treatments

After 8 h of plating, when primary hepatocytes got

adhered and attained their epithelial morphology, culture

medium was aspirated and replaced with an equal volume

of the medium supplemented with different TCDD (5 and

10 lM) and EPA (5, 10 and 20 lM) concentrations

followed by incubation in CO2 incubator for 48 h

(n = 7). This investigation stems from the previous

works (Bechoua et al. 1999; Katic et al. 2010).

MTT assay

Cytotoxicity was assessed by measuring the

formation of a formazan from 3-(4,5-dimethylthia-

zol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

spectrophotometrically test, modified after Mosmann

(1983). Hepatocytes were incubated with 0.7 mg/ml

MTT for 30 min at 37 �C at the end of the experiment.

After washing with PBS the blue formazan was

extracted from cells with isopropanol/formic acid

(95:5). Cytotoxicity was photometrically determined

at 560 nm (Lewerenz et al. 2003).

LDH assay

Lactate dehydrogenase (LDH) activity was measured in

the culture medium as an index of cytotoxicity, employ-

ing an LDH kit (Bayer Diagnostics�, France) adapted to

the auto analyzer (ADVIA 1650, USA). Enzyme activity

was expressed as the extra-cellular LDH activity per-

centage of the total activity on the plates.

TAC and TOS assays

The automated total antioxidant capacity (TAC) and

total oxidant status (TOS) assays were carried out in

the culture medium by commercially available kits

(Rel Assay Diagnostics�, Turkey) in plasma samples

obtained from blood cultures for 2 h (Erel 2004).

LMN assay

Liver MN assay was done by using the method of

Suzuki et al. (2009). Immediately prior to evaluation,

10–20 ll of hepatocyte suspension was mixed with an

equal volume of acridine orange (AO)—40,6-diami-

dino-2-phenylindole dihydrochloride (DAPI) staining

solution (0.5 mg/ml AO; 10 lg/ml DAPI) for fluores-

cent staining. Approximately 10–20 ll of the mixture

was dropped onto a glass slide and covered with a cover

glass. Samples of well-isolated hepatocytes were

evaluated with the aid of a fluorescence microscope

counting the number of MNHEPs in 2000 hepatocytes

for each animal. MNHEPs were defined as hepatocytes

with round or distinct MNs that stained like the

nucleus, with a diameter of 1/4 or less than that of the

nucleus, and confirmed by focusing up and down, and

taking into account hepatocyte thickness (performed

by one observer: F. Geyikoglu).

Nucleic acid oxidation

DNA oxidation was determined by measuring the

amount of 8-OH-dG adducts. DNA was digested by

incubation with DNAase I, endonuclease, and
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alkaline phosphatase (Schneider et al. 1993). The

amount of 8-OH-dG was measured by high-perfor-

mance liquid chromatography (HPLC) with electro-

chemical detection as described previously (Floyd

et al. 1986; Caraceni et al. 1997).

Statistics

The experimental data were analyzed using one-way

analysis of variance (ANOVA) and Duncan’s tests to

determine whether any treatment significantly dif-

fered from the controls or each others. Results are

presented as mean ± SD values and the level of 0.05

was regarded as statistically significant.

Results

Figure 1 shows the results of cytotoxicity measured

by MTT assay. When assayed in vitro on hepatocyte

cells using the MTT assay, the values for the 5 and

10 lM TCDD-treated cells ranged from 1.3 and 2.4

fold lower than that for the control cells, respectively.

However, the three doses of EPA (5, 10 and 20 lM)

improved cellular in vitro activities against the

toxicity of TCDD. And no cytotoxicity was observed

for control cells.

5 and 10 lM TCDD-induced hepatocellular dam-

ages were clearly evidenced by five and 12-fold

increases in LDH compared with the observations of

the controls (Fig. 2). Although LDH was not affected

by different doses of EPA alone, the decrease of the

level of enzyme reached statistical significance at 5,

10 and 20 lM doses of EPA against TCDD toxicity.

Table 1 shows the effects of EPA on biochemical

parameters in the tissue cells of all experimental

groups. The hepatic TAC level decreased (p \ 0.05)

in the TCDD administered group. On the contrary,

TOS level was increased by the effect of TCDD. The

control hepatocytes maintained optimal value of the

antioxidant status. On the other hand, the cells treated

with 5, 10 and 20 lM of EPA alone showed increases
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Fig. 1 MTT reduction in

rat hepatocyte cultures

maintained 48 h in the

presence of 2,3,7,8-

tetrachlorodibenzo-p-dioxin

(TCDD), eicosapentaenoic

acid (EPA) and their

combinations. TCDD 1:

5 lM TCDD; TCDD 2:

10 lM TCDD; EPA 1:

5 lM eicosapentaenoic

acid; EPA 2: 10 lM

eicosapentaenoic acid; EPA

3: 20 lM eicosapentaenoic

acid; bars shown by the

same letter are not

significantly different from

each other at a level of 5%,

using Duncan’s test. Also,

this is valid for the relative

combinations of letters. For

example, the bar shown by

the letters bc is not different

from b, c and ab bars, but

different from a or d bars.

In other words, the bars
having the different letters
are different from each

other.Values are

means ± standard deviation

(n = 7)
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in the levels of TAC. However, TOS levels were

unchanged in both control and EPA treated groups.

Moreover, application of EPA at all doses signifi-

cantly (p \ 0.05) increased the reduced TAC ratio by

TCDD.

Table 2 shows the results of the LMN assay in rat

hepatocyte cultures. The tested doses of TCDD

induced statistically significant increases in formations

of MNHEPs although EPA (at all doses) did not change

the MNHEP numbers as compared to the control

group. Moreover, EPA applications minimized the

increased MNHEP rates by TCDD (Figs. 3 and 4).

The status of 8-OH-dG in liver cells of control and

experimental groups is presented in Fig. 5. Firstly, the

hepatocyte levels of 8-OH-dG, a sensitive marker of

oxidative DNA damage, were quantified with regard to

TCDD treatment. It was observed that TCDD signif-

icantly increased 8-OH-dG concentrations in liver

cells. Whereas, EPA at increasing doses did not have

any affect on 8-OH-dG levels. Moreover, EPA
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Fig. 2 Extracellular level

of lactate dehydrogenase

(LDH) in rat hepatocyte

cultures maintained 48 h in

the presence of 2,3,7,8-

tetrachlorodibenzo-p-dioxin

(TCDD), eicosapentaenoic

acid (EPA) and their

combinations.

Abbreviations are as in

Fig. 1

Table 1 Extracellular total antioxidant capacity (TAC) and

total oxidative stress (TOS) levels in cultured rat hepatocytes

maintained 48 h in the presence of 2,3,7,8-tetrachlorodibenzo-

p-dioxin (TCDD), eicosapentaenoic acid (EPA) and their

combinations

Treatments TAC (mmol Trolox

Equiv./L)

TOS (lmol H2O2

Equiv./L)

Control 5.1 ± 0.5c 8.3 ± 2.1a

TCDD 1 4.1 ± 0.6d 11.4 ± 2.6c

TCDD 2 3.4 ± 0.4e 16.4 ± 2.9e

EPA 1 5.2 ± 0.6c 8.4 ± 3.1a

EPA 2 5.8 ± 0.5b 8.3 ± 2.5a

EPA 3 6.3 ± 0.7a 8.2 ± 2.4a

TCDD 1 ? EPA 1 4.3 ± 0.4d 10.8 ± 3.1c

TCDD 1 ? EPA 2 4.9 ± 0.6c 9.5 ± 2.7b

TCDD 1 ? EPA 3 5.2 ± 0.5c 8.5 ± 2.7a

TCDD 2 ? EPA 1 3.8 ± 0.6e 14.8 ± 3.4d

TCDD 2 ? EPA 2 4.3 ± 0.7d 12.6 ± 3.1cd

TCDD 2 ? EPA 3 4.5 ± 0.5d 10.3 ± 2.5c

Abbreviations are as in Fig. 1. Means shown by the same letter are not

significantly different from each other at a level of 5%, using Duncan’s test
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significantly decreased 8-OH-dG concentrations in

TCDD-treated hepatocytes in a dose related manner.

Discussion

TCDD increases oxidative stress in hepatic and brain

tissues of rats (Hassoun et al. 2000; Shertzer 2010).

The greater expression of oxidative stress in liver

exposed to TCDD may be due to inactivation of the

antioxidant enzymes (Jin et al. 2007). Our study

clearly demonstrates that a decreased ability to

scavenge ROS may result from TCDD exposure,

contributing to oxidative stress and thus to TCDD

hepatotoxicity. Recent studies have indicated that the

oxidative stress develops when the levels of antiox-

idants are lowered (Tapiero et al. 2004; Banudevi

Table 2 Results of liver micronucleus (LMN) assay in cul-

tured rat hepatocytes maintained 48 h in the presence of

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), eicosapentaenoic

acid (EPA) and their combinations

Treatments MNHEP (%)/2000 HEP

Control 0.3 ± 0.1a

TCDD 1 0.9 ± 0.3c

TCDD 2 1.7 ± 0.4d

EPA 1 0.2 ± 0.1a

EPA 2 0.3 ± 0.1a

EPA 3 0.2 ± 0.1a

TCDD 1 ? EPA 1 0.8 ± 0.2bc

TCDD 1 ? EPA 2 0.6 ± 0.2b

TCDD 1 ? EPA 3 0.5 ± 0.2b

TCDD 2 ? EPA 1 1.4 ± 0.5d

TCDD 2 ? EPA 2 1.1 ± 0.4c

TCDD 2 ? EPA 3 0.9 ± 0.3c

HEP Hepatocyte, MNHEPs number of micronucleated hepatocytes.

Abbreviations are as in Fig. 1. Means shown by the same letter are not

significantly different from each other at a level of 5%, using Duncan’s test

Fig. 3 A sample hepatocyte from 20 lM of eicosapentaenoic

acid (EPA)-treated culture (healthy cell without MN)

Fig. 4 A sample hepatocyte from 10 lM of 2,3,7,8-tetrachlo-

rodibenzo-p-dioxin (TCDD)-treated culture (arrow shows MN

formation in micronucleated cell)
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Fig. 5 8-oxo-2-deoxyguanosine (8-OH-dG) adducts in rat

hepatocyte cultures maintained 48 h in the presence of

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), eicosapentaenoic

acid (EPA) and their combinations. Abbreviations are as in

Fig. 1
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et al. 2005; Oztopcu-Vatan et al. 2009). Individual

antioxidants can be considered very sensitive in

revealing a pro-oxidant challenge (Regoli and Win-

ston 1999). And it is emphasized that antioxidants

(both enzymatic and non-enzymatic) play a central

role in cellular oxidant defense systems that protect

cells against damage induced by free radicals, such as

superoxide anion and hydrogen peroxide (H2O2)

(Cerutti et al. 1994; Valko et al. 2005; Turkez and

Geyikoglu 2010). In the present study, important

parameters, TAC and TOS are used to monitor the

development and extent of liver damage due to

oxidative stress. It is observed that TAC is signif-

icantly lowered in TCDD-treated rat hepatocytes. As

known, TAC comes from non-enzymes like glutathi-

one (GSH), as well as enzymes such as superoxide

dismutase (SOD), catalase (CAT) and glutathione

peroxidase (GSH-Px) (Murri et al. 2010). GSH is the

most abundant and important intracellular antioxidant

in animal cells (Kidd 1997). It detoxifies endogenous

ROS and/or exogenous oxidative damage (Vina

1990). In mice, exposure to TCDD results in a

significant depletion of GSH by oxidative stress in

liver (Slezak et al. 2002). GSH is only one part of the

antioxidant defense system for liver because there is

abundant SOD and CAT in this organ. Therefore,

TCDD toxicity can be decreased by SOD and CAT in

neutralizing ROS (Wiseman and Chow 2000). SOD is

the primary step of the defense mechanism in the

antioxidant system against oxidative stress. It cata-

lyzes the dismutation of superoxide radicals (O2
-)

into molecular oxygen (O2) and H2O2 (Fouchecourt

and Riviere 1995; Kakarla et al. 2005). Endogenous

H2O2 may be converted to H2O by CAT (Svistunenko

2005). CAT activity is also decreased in hepatocytes

during TCDD treatment and its activity is inhibited

by O2
- (Kono and Fridovich 1982). The suppression

of these enzyme activities has been linked to

induction of oxidative stress and hepatotoxicity

(Latchoumycandane et al. 2003; El-Tawil and Elsai-

eed 2005). In addition, the observed decreases in

GSH-related enzyme activities indicate that TCDD

may induce oxidative stress in rat liver by altering

GSH metabolic mechanisms at the cellular level

(Twaroski et al. 2001). The observed decline in the

activity of GSH-Px in TCDD-treated hepatocytes

may be ascribed to the reduction in the level of the

glutathione and an increase in the level of peroxides

(Twaroski et al. 2001). Thus, the balance of this

enzyme system may also be essential to remove

superoxide anion and peroxides generated in hepato-

cytes. The relative potency of TCDD is also

estimated by comparing the different dose levels for

a particular response. The dose dependency of TAC

suppression in liver is driven by the range of dose–

response data available in our study. The studies

provide some evidence that TCDD toxicity generally

is related to its increasing dose in tissues (Slezak

et al. 2002; Latchoumycandane et al. 2003; Hoffman

et al. 1998).

In humans and rodents, a mode of action of TCDD

involves events that stem from the initial binding of

TCDD to the aryl or aromatic hydrocarbon (Ah)

receptor. The Ah receptor is an intracellular protein

that acts as a signal transducer and activator for gene

transcription (Safe 1990; DeVito et al. 1995). Besides,

it is suggested that the relative potency of TCDD in

cells may be modulated by binding to other proteins

(DeVito et al. 1995). This study supports that TCDD

toxicity is highly correlated with the decreasing TAC

in liver. In present study, the decreased antioxidant

status against increased TOS may be due to TCDD-

induced protein carbonylation in rat hepatocytes as a

result of oxidative stress or direct inhibition of the

enzyme activities by ROS. Protein damage may cause

the decline in enzyme activities of the antioxidant

system and probably the electron transporting system,

then leading to excessive ROS generation in hepato-

cytes (Meister and Anderson 1983).

TCDD-induced oxidative stress causes 8-OH-dG

and single strand breaks in DNA from liver and brain

tissues of rats (Hassoun et al. 2000; Hassoun et al.

2001). In our study, 8-OH-dG significantly increases

by the effect of TCDD. In addition, LMN test was

performed for the first time and revealed that TCDD

exposure increased the rate of MNHEPs in hepato-

cytes. MN assay is a reliable test indicated chromo-

somal damage (Yilmaz et al. 2008; Eroglu et al.

2011) and MNHEPs production as 8-OH-dG is one of

the key pieces of evidence for the possible involve-

ment of antioxidant activity in oxidative DNA

damage (Lee et al. 2010). ROS can alter vital cell

components like polyunsaturated fatty acids, proteins

and nucleic acids (Halliwell and Gutteridge 1990)

The increased production of reactive oxygen species,

lipid peroxidation, and DNA and membrane damage

are always associated with TCDD exposure (Shertzer

et al. 1998; Hung et al. 2006). In the present study,
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the TCDD also elicited severe instances of liver

damage (incresing LDH). LDH in serum as a

biological marker for liver damage increased (Park

et al. 2010). Cell necrosis leads to a rise in

concentration of the LDH enzyme in serum and

tissue. LDH released into the medium provides an

index of cell death and membrane permeability to

LDH and an increase in LDH activity in the medium

occurs as a result of cell membrane disintegration and

enzyme leakage (Yokogawa et al. 2004). Thus, it is

obvious that the degenerative effects of TCDD

become more prominent with the increase in the

LDH level. In addition, cytotoxicity, the degree to

which a chemical can cause cell damage, is assessed

in this study by the means of MTT assay. As shown

in Fig. 1, the MTT assay results revealed that TCDD

was cytotoxic to human liver. Overall, TCDD

significantly decreases (P \ 0.05) the viability of

hepatocytes. Consistent with our finding, MTT assay

demonstrated that the viabilities of human adreno-

cortical, pancreatic and mammary cells were signif-

icantly decreased after TCDD treatment (McDougal

et al. 1997; Bradshaw et al. 2002; Koliopanos et al.

2002; Andersson et al. 2005. It is reported that the

detrimental effects in hepatic tissue of TCDD may

lead to disruption in the functional integrity of

hepatocytes (Sakamoto et al. 1995; Boverhof et al.

2006; Czepiel et al. 2010; Kopec et al. 2010). Thus,

TCDD is known to be responsible for the carcino-

genic effects associated with oxidative DNA damage

(Hung et al. 2006). Studies have been carried out on

the role of antioxidant components in the detoxifica-

tion of TCDD and limited efficacy of Ah receptor

agonists has been established being unable to provide

sufficient protection without use of antioxidants

(Hung et al. 2006). In this investigation, EPA alone

significantly increased TAC capacity and decreased

TOS level. Moreover, EPA, which has not previously

been used as detoxifier, is demonstrated to display

beneficial effects on MNHEPs and 8-OH-dG, by

returning their values close to those of the control

group after TCDD insult. This suggests the antiox-

idant activities of EPA.

Sohma et al. (2007) found that EPA supplementa-

tion led to an increase of SOD mRNA expression in

rat hepatocytes, thereby it protected cells by scav-

enging superoxide radicals. Again, it was indicated

that EPA exerted antioxidative action by reducing the

cellular levels of ROS and by maintaining higher GSH

levels and antioxidant enzyme activities (Kim and

Chung 2007). EPA has been tested for the galactos-

amine induced liver damage in mice and results

indicated that EPA was able to present hepatoprotec-

tive effects (Roy et al. 2007). Also, protective effect of

EPA was determined against valproate (a drug

prescribed for epilepsy, bipolar affective disorder

and migraine) hepatotoxicity (El-Mowafy et al. 2011).

In the present study, the EPA has also a pronounced

effect on the relative potency of TCDD. Noteworthy,

it prevents liver damages (with LDH and MTT

assays). Taken together these findings constitute

evidence that the antioxidative properties of the

EPA contribute to the prevention of hepatocyte

degenerations and hepatic DNA damages induced by

TCDD in rats and this suggests that changes in TAC

are related to decrease of oxidative stress. Because

effective antioxidants are free radical scavengers that

interfere with radical chain reactions, it is possible to

protect cellular DNA from oxidative stress by sup-

plementation with antioxidants (Lee et al. 2010).

In summary, our findings clearly reveal that TCDD

induces generation of DNA damages and also leads to

cell deaths together with hepatocyte damages by a

mechanism involving oxidative stress. Our results show

that EPA in increasing doses is a promising source for

the development of potential protectors against TCDD-

induced oxidative stress and especially against

MNHEPs and 8-OH-dG; thus, it may reduce the risk

of carcinogenesis in liver. Because of the effects of EPA

on TAC and TOS levels, this finding may provide new

insight into the development of therapeutic and

preventive approaches against TCDD toxicity.
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