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Abstract
Omega-3 is a polyunsaturated fatty acid known to have immunomodulatory functions. In the present study, ameliorative potential of omega-3 in 
experimental carbon tetrachloride (CCl4) toxicity was investigated. Total of 40 adult male Wistar albino rats were allocated into five groups and were 
subcutaneously given once every two days for 6 weeks the followings: Group 1 (Control): 0.5 ml/kg serum physiologic, Group 2 (Omega): 0.5 g/kg 
omega-3, Group 3 (Vehicle): 0.5 ml/kg pure olive oil, Group 4 (CCl4): 0.5 ml/kg CCl4, Group 5 (CCl4 + Omega): 0.5 ml/kg CCl4 plus 0.5 g/kg omega-3. At 
the end of the treatments, blood samples were collected and necropsy was performed for collection of liver tissues. Serum AST, AlT, GGT, TAC, TOC, 
triglyceride, and visfatin levels were detected. liver morphology and immunoreactivities against TGF-α, TGF-β, PPAR-α, and PPAR-γ were assessed. Serum 
AST, AlT, GGT, and TOC levels significantly increased while TAC level decreased in CCl4 given animals as compared to the control group. No significant 
changes were observed in triglyceride and visfatin levels. Immunohistochemical staining revealed increased TGF-α and TGF-β expressions and decreased 
PPAR-α and PPAR-γ expressions in liver of CCl4 given animals. Omega-3 supplementation has prominent effects in correcting the biochemical and 
immunohistochemical parameters studied as well as the tissue morphology. The results of the investigation indicated that omega-3 has ameliorative 
effects on the oxidative tissue degeneration and inflammatory processes induced by CCl4 treatment in rats.
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Karbon Tetraklorür Toksikasyonunda Omega-3’ün Koruyucu Etkisi

Özet
Omega-3 bağışıklığı düzenleyici fonksiyonları olduğu bilinen çoklu doymamış bir yağ asididir. Bu çalışmada, deneysel karbon tetraklorür (CCl4) 
toksikasyonunda omega-3’ün koruyucu potansiyel etkisi araştırılmıştır. Toplam 40 adet ergin erkek Wistar albino rat eşit beş gruba ayrıldı ve 6 hafta 
süresince her iki günde bir olmak üzere subkutan yolla deneklere tarif edilen uygulamalar yapıldı; Grup 1 (kontrol): 0.5 ml/kg serum fizyolojik, Grup 2 
(Omega): 0.5 g/kg omega-3, Grup 3 (Taşıt): 0.5 ml/kg saf zeytin yağı, Grup 4 (CCl4): 0.5 ml/kg CCl4, Grup 5 (CCl4 + Omega): 0.5 ml/kg CCl4 artı 0.5 g/kg 
omega-3. Araştırma süresinin sonunda, kan örnekleri alınan deneklere karaciğer doku örneklerinin toplanması amacıyla nekropsi uygulandı. Serum AST, 
AlT, GGT, TAC, TOC, trigliserid ve visfatin seviyeleri belirlendi. Karaciğer morfolojisi incelendi ve TGF-α, TGF-β, PPAR-α ve PPAR-γ immunreaktiviteleri tespit 
edildi. Kontrol grubu ile karşılaştırıldığında CCl4 verilen hayvanlarda serum AST, AlT, GGT ve TOC seviyelerinin anlamlı derecede arttığı, TAC seviyesinin 
ise azaldığı gözlemlendi. Trigliserid ve visfatin seviyelerinde anlamlı bir değişikliğin olmadığı belirlendi. İmmunohistokimyasal boyamalarda CCl4 verilen 
hayvanlarda TGF-α ve TGF-β immunreaktiviteleri artarken PPAR-α ve PPAR-γ immunreaktivitelerinde azalma dikkati çekti. Omega-3 takviyesinin incelenen 
biyokimyasal ve immunohistokimyasal parametreler üzerine olumlu etki gösterdiği belirlendi. Çalışma sonuçları omega-3’ün CCl4 uygulanan ratlarda 
oluşan oksidatif doku hasarı ve yangısal süreci azaltmada etkili olduğunu göstermektedir.

Anahtar sözcükler: CCl4, Omega-3, TGF-α, TGF-β, PPAR-α, PPAR- γ

INTRODUCTION

liver is the primary organ in various metabolic activities. 
However, countless physiological and biochemical functions 

as well as its anatomic localization subject the organ in 
development of infectious and toxic degenerations [1,2]. 
liver may recover after acute degeneration, if not chronic 
inflammation and/or death may develop. The worst result  
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of the chronic inflammation is cirrhosis. liver cirrhosis may 
cause portal hypertension, hepatic encephalopathy, and 
organ failure that may result in death of the patient [3,4].

Carbon tetrachloride (CCl4) is a chemical compound 
frequently used in experimental studies to induce liver 
cirrhosis in laboratory animals as a model for human. 
It is a transparent, non-flammable, easily vaporizable, 
and colorless liquid [5,6]. In mammalian body, CCl4 is first 
metabolized to trichlormethyl (CCl3) by the enzymatic 
reduction of cytochrome p-450 and then converted to 
trichlormethylperoxy radical (OOCCl3) in the presence 
of oxygen [5]. These reactive free radical products of CCl4 
may react with polyunsaturated fatty acids and cause the 
production of reactive oxygen derivatives, which triggers 
lipid peroxidation in biological membranes [7-9]. Oxygen 
radicals can induce a cascade of events that result in 
cellular degeneration, increased Kupffer cell activation in 
liver, and increased expression of some pro-fibrogenic and 
pro-inflammatory factors such as Tumor necrosis factor 
alpha (TNF-α) and Transforming growth factor beta 1 
(TGF-β1) [10]. TGF-β1 functions in conversion of quiescent 
hepatic stellate cells into myofibroblast-like cells and 
suppresses degradation and stimulates production of 
extracellular matrix proteins [10], thereby is important in the 
development of hepatic fibrosis [11].

Omega-3 fatty acids are unsaturated fatty acids that 
have double bounds at the third carbon atom from the 
end of the carbon chain. Omega-3 fatty acids, which 
include dokozaheksanoic asit (DHA), eikozapentaenoic 
acid (EPA) and α-linolenic acid (AlA), are the part of 
cellular membranes and required for normal biological 
functioning. DHA and EPA are members of long chained 
polyunsaturated fatty acids and found in fish oil in large 
amounts [12,13]. Studies on omega-3 fatty acids showed 
that they have anti-oxidant, anti-inflammatory, anti-hyper-
tensive, and anti-apoptotic effects [14,15]. 

Free radicals are known to involve in degeneration of 
cellular molecules and hence play role in aging, cancer, 
arteriosclerosis, and cirrhosis. Omega-3 fatty acids were 
shown to partially protect against these conditions by 
inhibiting development of ischemia, inflammation and 
production of free radicals [2,16-18].

Peroxisome proliferated activated receptors (PPARs) are 
nuclear receptors and found in 3 isoforms, namely PPAR-α,  
-β, and -γ [19,20]. PPAR-α is most frequently expressed 
in organs rich in fat tissue such as liver, heart, skeletal 
muscle, brown adipose tissue and kidney. Monocytes, 
macrophages, lymphocytes, vascular endothelial and 
smooth muscle cells show expression of PPAR-α the most. 
While PPAR-β is expressed mostly in fat tissue, skin and 
brain, PPAR-γ is seen in fat tissue, large intestine, heart, 
kidney, pancreas and spleen [21-23]. PPARs are activated by 
fatty acids and their derivatives. PPAR-α is activated by 
leukotriene B4 while PPAR-β with prostaglandin J2 [24,25]. 

Visfatin is an adipokin having insulin like functions and 
excreted from adipose tissue. Its expression is affected 
by TNF-α and interleukin 6 [26]. It was shown that visfatin 
play roles in lipid metabolism and inflammation [27]. It 
was shown that PPAR-γ ligands could increase the gene 
expression of visfatin in macrophages [28].

In this study, the roles of TGF-α, TGF-β, PPARs and 
recently discovered molecule, visfatin, were investigated in 
an experimental hepatic fibrosis model in rats induced by 
CCl4 and also the potential protective effect of omega-3. 
Oxidant and antioxidant capacities as well as enzymatic 
changes in liver tissue in relation to the tissue degeneration 
were investigated by immune-histopathological and bio-
chemical means.

MATERIAL and METHODS

Animal and Treatments

The ethical approval for the research was confirmed 
by Kafkas University Animal Care and Use Committee 
(Registration Number: 2012-71). All procedures were 
conducted in accordance with the ‘Guide for Care and Use  
of laboratory Animals’ published by the National Institutes 
of Health and the ethical guidelines of the International 
Association for the Study of Pain. 

Forty male Wistar-Albino rats weighing 270-300 g at 3 
months of age were used in the study. The rats were 
housed at 20±2°C and 12 h/12 h light/dark cycle through 
the study. Standard pellet diet and tap water were 
provided ad libitum. The animals were divided into five 
groups each containing 8 animals and treated once every 
two days during a 6-week period with subcutaneous 
injections of the followings: Group 1 (Control): 0.5 ml/kg 
serum physiologic, Group 2 (Omega): 0.5 g/kg omega-3 
(18% eicosapentaenoic acid and 12% docosahexaenoic 
acid), Group 3 (Vehicle): 0.5 ml/kg pure olive oil, Group 4 
(CCl4): 0.5 ml/kg CCl4 mixed 1:1 volume with olive oil, and 
Group 5 (CCl4 + Omega): 0.5 ml/kg CCl4 mixed 1:1 volume 
with olive oil plus 0.5 g/kg omega-3.

Biochemical Analysis 

At the end of the 6-week treatment period, intra- 
cardiac blood samples were collected into the serum  
tubes under ether anesthesia. Serum was separated by 
centrifugation of the blood samples at 3000 rpm for 10 
minutes. The samples were maintained at -20ºC until  
further analyses. Serum aspartate aminotransferase  
(AST) (ERBA DDS), alanine aminotransferase (AlT) (ERBA 
DDS), gamma glutamyl transferase (GGT) (TMl), tri-
glyceride (IBl), TAC and TOC (REl Assay Diagnostics, 
Gaziantep-Turkey) were measured colorimetrically using  
a spectrophotometer (Eon Biotex, USA), serum visfatin 
(SUN RED CAT NO: 201-11-0472) levels were determined 
using an ElISA kit. 



79

KARAMAN, ÖZEN, DAĞ
ATAKİŞİ, ÇIĞŞAR, KAYA

Histopathology

Animals were sacrificed by decapitation under ether 
anesthesia. At necropsy, liver samples were collected 
and fixed in 10% buffered formaldehyde solution. After 
routine procedures, paraffin blocks were prepared and 
cut at 5 μ thickness for hematoxylin and eosin staining.  
The liver sections were viewed under light microscope for 
evaluation of pathological changes. 

Immunohistochemistry

Avidin biotin peroxidase method with diaminobenzidine 
substrate color development was used for immunohisto-
chemical staining for PPAR-α, PPAR-γ, TGF-α, and TGF-β in 
liver tissue sections. Antigen retrieval was accomplished 
by 0.01% trypsin treatment at 37°C for 30 min. Antibody 
dilutions were as follow: PPAR-α (abcam ab8934) 2 μg/
ml, PPAR-γ (abcam ab19481) 4 μg/ml, TGF-α (abcam 
ab112030) 5 μg/ml, and TGF-β (abcam ab66043) 5 μg/ml. All 
antibody incubations were done at room temperature for  
1 h. liver sections were finally counterstained with Mayer’s 
hematoxylin and examined under light microscope. 
Immunoreactivity was evaluated based on the density of 
the immunostain as weak, moderate, and strong.

in situ TUNEL Method for Apoptosis

Apoptotic cell death in liver was studied by DeadEndTM 

Colorimetric TUNEl System (Promega, Madison, WI, USA). 
Tissue sections cut at 4 μ thickness were processed through 
xylene and alcohol series. After several rinses in phosphate 
buffered saline (PBS), the sections were treated with 
Proteinase K solution for 30 min. Then, the sections were 
placed in an equilibration buffer and incubated with the 
reaction buffer composed of biotinylated nucleotide mix 
and terminal deoxynucleotidyl transferase at 37ºC for 1 h.  
After incubation with sodium citrate solutions, endogenous 
peroxidase activity was blocked by 3% H2O2. The sections 
were incubated with streptavidin horseradish peroxidase 
solution, and color development was accomplished by 
3,3-diaminobenzidine/H2O2. The sections were rinsed in 

distilled H2O, counterstained with 0.1% methyl green, 
rinsed in distilled H2O2, dehydrated in butanol and xylene 
and finally coverslipped with Permount. 

Statistical Analysis

Statistical analysis were performed by the statistical 
package SPSS, version 10.0 (SPSS Inc., Chicago, Il, USA). 
Statistical analysis of data was carried out using one-way 
analysis of variance (ANOVA) followed by Duncan test. 
Results were expressed as mean ± standard error (mean ± 
SE). P values less than 0.05 were considered significant.

RESULTS

Biochemical Findings

The findings of biochemical investigations are 
summarized in Table 1. There were significant changes at 
activities of serum AlT, AST, GGT, TAC, TOC and triglycerides 
in the only CCl4-treated group as compared to the control 
group, indicating that CCl4 caused liver damage (P<0.05). 
No significant changes in visfatin were recorded in any  
of the groups studied.

Histopathological Findings

Normal liver histomorphology was observed in groups 
of control (Fig. 1a), omega, and vehicle (Figures not 
shown). In only CCl4 given group, hydropic degeneration, 
occasional coagulation necrosis, and sinusoidal dilatation 
were observed. Formation of fibrosis starting from the 
portal regions through the parenchyma with presence of 
occasional necrotic hepatocytes and mononuclear cellular 
infiltration was evident. Interlobular areas were widened 
due to development of fibrosis. Pseudolobule formations 
were also recognizable in severely affected regions (Fig. 1b). 
The severity of the histopathological changes decreased 
in CCl4 + Omega given group as compared to the only 
CCl4 given group. The most recognizable findings in CCl4 + 
Omega group were the fatty and hydropic degeneration of 
hepatocytes located close to the portal region. No fibrotic 

Table 1. Serum levels of AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT: Gamma glutamyl transferase, TAC: Total antioxidant capacity, 
TOC: Total oxidant capacity, triglycerides, and visfatin in groups 

Tablo 1. AST: Aspartat aminotranferaz, ALT: Alanin aminotransferaz, GGT: Gama glutamil transferaz, TAC: Total antioksidan kapasite, TOC: Total oksidan 
kapasite, trigliserit ve visfatin serum seviyeleri

Parameter Control Omega Vehicle CCl4 CCl4 + Omega P value

AlT (U/l) 21.32±2.31bc 15.60±1.97c 25.88±4.28bc 47.81±1.02a 32.80±3.75b 0.000

AST (U/l) 77.87±3.55c 80.76±6.66c 84.02±7.6bc 118.36±6.96a 99.50±4.18b 0.000

GGT (U/l) 1.93±0.154bc 1.98±0.296bc 0.80±0.475c 6.23±1.199a 3.30±0.419b 0.001

TAC (μmol Trolox Eq/l) 0.96±0.03a 1.005±0.02a 1.002±0.05a 0.66±0.04c 0.822±0.04b 0.000

TOC (μmol H2O2 Eq/l) 11.52±1.66b 12.71±3.06b 18.80±3.02b 20.80±1.60a 16.73±2.06ab 0.037

Triglycerides (mg/dl) 104.33±6.115b 107.62±5.47b 132.49±12.67a 103.47±3.55b 109.42±6.20b 0.05

Visfatin (ng/ml) 80.64±5.72 67.72±1.08 72.46±2.86 68.74±1.80 70.34±3.88 Ns

Values in a row with different superscripts differ from each other significantly (P<0.05)
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changes were observed in any of the animals in this group. 
Hepatocytes located in midzonal and central areas were 
normal in histomorphology (Fig. 1c).

Immunohistochemistry

- TGF-α: In the control group, mainly weak immunoreactivity 
against TGF-α antibody was seen throughout the hepatic 
regions (Fig. 2a). Compared to the control, increased 
immunoreactivity was noted in liver of rats given CCl4 only 
(Fig. 2b). The degree of immunoreactivity against TGF-α 

antibody in CCl4 + Omega group was near to (Fig. 2c) that 
observed in the control group. Immunoreactivity in omega 
and vehicle groups was also similar to that of the control 
group (Figures not shown).

- TGF-β: Very weak immunoreactivity against TGF-β was 
observed in the control group (Fig. 3a). In CCl4 only given 
group, cytoplasmic immunoreactivity was observed in the 
hepatocytes throughout the liver sections (Fig. 3b). This 
immunoreactivity was stronger in hepatocytes located 
close to the portal regions. TGF-β immunoreactivity in CCl4 + 

Fig 1. a) Control: Normal liver histomorphology, H&E, b) CCl4: Hepatic fibrosis developing from the portal region through the hepatic 
lobules. Degenerated and occasional necrotic hepatocytes, accumulation of mononuclear cells, and some attempt for ill-formation of 
hepatic lobules, H&E, c) CCl4 + Omega: Periportal fatty and hydropic degeneration, no fibrotic changes, H&E

Şekil 1. a) Kontrol: Karaciğerin normal histomorfolojisi, H&E, b) CCl4: Portal bölgeden hepatik lobüllere doğru gelişen hepatik fibrozis. 
Dejenere ve nekrotik hepatositler, mononüklear hücrelerin toplanması ve bazı hatalı hepatik lobüllerin oluşma çabası, H&E, c) CCl4 + 
Omega: Periportal alanda yağ ve hidropik dejenerasyonu, fibrotik değişiklikler bulunmamaktadır, H&E

Fig 2. TGF-α immunohistochemistry; a) Control: Weak immunoreactivity, b) CCl4: Moderate to strong immunoreactivity, c) CCl4 + Omega: 
Weak immunoreactivity

Şekil 2. TGF-α immunohistokimyası; a) Kontrol: Zayıf immunoreaktivite, b) CCl4: Ortadan güçlüye değişen derecede immunoreaktivite, 
c) CCl4 + Omega: Zayıf immunoreaktivite

Fig 3. TGF-β immunohistochemistry; a) Control: Weak immunoreactivity, b) CCl4: Moderate to strong immunoreactivity, c) CCl4 + Omega: 
Weak immunoreactivity

Şekil 3. TGF-β immunohistokimyası; a) Kontrol: Zayıf immunoreaktivite, b) CCl4: Ortadan güçlüye değişen derecede immunoreaktivite, 
c) CCl4 + Omega: Zayıf immunoreaktivite
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Omega group was prominently reduced compared to the 
CCl4 only given group (Fig. 3c). The pattern and density for 
TGF-β immunoreactivity in group 2 and 3 were similar to 
that of the control group (Figures not shown).

- PPAR-α: Strong immunoreactivity against PPAR-α was 
observed in the control group (Fig. 4a). Immunoreactivity 
was stronger in the periportal region as compared to 
the central region. In CCl4 only given group, mostly no 
immunoreactivity was seen except in few scattered cells 
(Fig. 4b). Weak to moderate immunoreactivity against 
PPAR-α was observed in CCl4 + Omega group (Fig. 4c). 
PPAR-α immunoreactivity in group 2 and 3 were similar to 
that of the control group (Figures not shown).

- PPAR-γ: Moderate to strong immunoreactivity against 
PPAR-γ was noted in the control group (Fig. 5a). In CCl4 
only given group, weak immunoreactivity was observed. 
Immunoreactivity in this group was mostly observed in 
the Kupffer cells though hepatocytes also showed weak 
immunoreactivity (Fig. 5b). Moderate immunoreaction 
was recognized in CCl4 + Omega group (Fig. 5c). PPAR-γ 
immunoreactivity in group 2 and 3 were similar to that of 
the control group (Figures not shown).

Apoptosis

No apoptotic cell death was detected by in situ TUNEl 

method in any of the groups including CCl4 (Figures not 
shown).

DISCUSSION

liver acts as the center of many important biological 
activities such as synthesis and/or storage of substances in 
the body. Hence, it might be considered that it is the most 
important organ in many metabolic activities. During the 
metabolic activation and/or detoxification of substances 
degenerative changes may take place resulting acute 
or chronic toxicity. Fatty accumulation and cirrhosis can 
also develop as a result of long lasting activities [1,29,30]. 
Despite the efforts of medical treatments, the medical 
management of the cases with liver degenerations might 
be insufficient and require other regimens [31]. The use 
of herbal substances and/or other non-classical medical 
treatments might be considered as a supplemental 
application [32,33]. In this study, the effect of omega-3 
supplementation was assessed in the CCl4-mediated 
experimental liver degeneration model in rats.

CCl4-induced liver injury is a well-known animal model 
in hepatic toxicity studies [6,15,33,34]. The mode of toxicity 
induced by CCl4 is that it is metabolically converted to 
CCl3 by cytochrome P450, and CCl3, under molecular oxygen 
rich environment, reacts with cellular proteins and poly-
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Fig 4. PPAR-α immunohistochemistry; a) Control: Strong immunoreactivity, b) CCl4: Very weak immunoreactivity, c) CCl4 + Omega: Weak 
to moderate immunoreactivity

Şekil 4. PPAR-α immunohistokimyası; a) Kontrol: Güçlü immunoreaktivite, b) CCl4: Oldukça zayıf immunoreaktivite, c) CCl4 + Omega: 
Zayıftan ortaya değişen derecede immunoreaktivite

Fig 5. PPAR-γ immunohistochemistry; a) Control: Moderate to strong immunoreactivity, b) CCl4: Very weak immunoreactivity, c) CCl4 + 
Omega: Moderate immunoreactivity

Şekil 5. PPAR-γ immunohistokimyası; a) Kontrol: Oratadan güçlüye değişen derecede immunoreaktivite, b) CCl4: Oldukça zayıf 
immunoreaktivite, c) CCl4  + Omega: Orta derecede immunoreaktivite
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unsaturated fatty acids to form more toxic trichlormethyl 
peroxy radicals and other oxygen radicals such as O2

−, OH,  
and H2O2. Adduct formation with membrane phospholipids 
are primarily important in cellular degeneration through 
development of lipid peroxidation [5]. Disrupted membrane 
integrity is the main cause of cellular degeneration and 
resulting necrosis observed microscopically. CCl4-induced 
liver degeneration and necrosis of hepatocytes were 
previously described by others [5,6,35-37]. In the present study, 
severe necrotic changes were as well observed due to CCl4 
treatment. Direct damage of lipid membranes as a result 
of free radicals is responsible for cellular degeneration. 
Increased TOC and decreased TAC levels support the 
notation that oxidative cellular degeneration is the cause  
of liver degeneration and necrosis.

Mononuclear cell infiltration and fibrosis was described  
in experimental CCl4 toxicity studies [5,7,15,35,36]. Same findings 
were also noted in the present study. Additionally, fatty 
degeneration observed in many hepatocytes in CCl4 
given animals in the current study can be explained by 
interruption of triglyceride passage to blood and as a 
result their accumulation inside the cells resulting cellular 
vacuolation. Some studies also described apoptotic 
cellular death in experimental CCl4 toxicities [38,39]. Such 
a cellular death was not observed in the present study. 
Severe cellular degeneration probably did not allow the 
development of apoptotic pathways as necrotic changes 
was the dominant cellular change in the CCl4 given rats.

In evaluation of liver degeneration, liver function tests  
are commonly applied. Biochemical markers such as AlT, 
AST, GGT, albumin etc, can therefore provide priceless 
clinical clues about the development and degree of liver 
injury [40,41]. Upon hepatocellular degeneration release of 
these substances into the circulatory system increases as 
a result of the loss of membrane integrity. CCl4 has been 
previously shown to cause increased serum levels of AST 
and AlT [1,32,36,42,43]. In the present study, serum AlT and 
AST levels were significantly higher in CCl4 given rats as 
compared to the control. AlT is normally found higher 
in liver and kidney tissues whereas AST is higher in heart 
and skeletal muscles. Therefore, significant increase in  
serum AlT level correlates with liver injury. It has also been 
reported that AST level might increase in the early phase of 
liver degeneration and then the level could decrease with 
time [40,41]. In the present study increased levels of both AlT 
and AST clearly shows the presence of liver injury.

GGT is expressed in liver hepatocytes located close to 
the bile ducts, as well as renal proximal tubules, pancreas 
and small intestines. Serum GGT level mostly reflects the 
liver GGT level, and hence increased serum GGT level is 
usually an indicator of liver injury [40,41]. In the present study, 
increased serum GGT level may indicate the presence of 
degeneration in those hepatocytes located close to the 
portal regions. In histopathological observations, fibrotic 
changes and periportal degenerations in hepatocytes 

correlates the findings of biochemical analysis. Therefore, 
increased serum AlT, AST, and GGT levels as well as 
histopathological observations indicate the presence of 
liver injury in CCl4 given rats.

In estimating the presence of cellular degeneration 
in general, detection of reactive oxygen species is used 
commonly [15,33,36,43]. However, detection of individual oxidant 
and/or antioxidant products can be very difficult as well 
as time and money consuming. Besides, analyzing the 
individual results from different oxidant and antioxidant 
products can be very complicated. Therefore, measuring 
total oxidant and antioxidant capacities and making 
comparisons are much in use and practical today. Even TAC 
and TOC can be used in monitoring the treatment in use for 
a given disease or experimental study [44,45]. In the present 
study, TOC increased while TAC decreased in CCl4 given 
animals as compared to the control. The role of oxidative 
stress in CCl4-induced hepatic toxicity has been previously 
shown as well [1,46,47]. On the other hand, in a CCl4 toxicity 
study, unchanged TAC level has also been recorded though 
presence of increased TOC [48]. Omega-3 supplementation 
in the current investigation significantly increased the  
level of TAC as compared to the CCl4 only given group. In 
addition, TOC level reduced, though not significantly, in the 
omega-3 supplemented group. These findings, together 
with the results of serum AlT, AST, and GGT levels, clearly 
indicated that omega-3 supplementation reduced the 
oxidative degenerative effects that are induced by CCl4.

liver is a key organ in lipid metabolism and plays 
important roles in fatty acid uptake, conversion, oxidation, 
and synthesis. It has been shown that CCl4 administration 
increases cholesterol and triglycerides levels [1,49-51]. In the 
current investigation, an increase in triglyceride level was 
observed only in the vehicle group in that olive oil was 
given to the rats. However, no significant changes were 
observed among the other groups. Therefore, the result of 
this investigation contradicts the previous studies. It has 
been suggested that the increase in hepatic triglyceride 
content in olive oil given mice might be due to the 
disrupted mitochondrial fatty acid oxidation [52]. This might 
be the case in the present study.

In regulation of lipid metabolism, adipocytokines, which 
are released from the adipose tissue, may be critical. They 
have been also shown to be responsible for differentiation of 
stem cells to myofibroblast-like cells, which produces large 
amount of extracellular matrix substances [4,31,53]. Therefore, 
some of the adipocytokines have been suggested to 
be responsible in development of hepatic fibrosis [53,54]. 
Visfatin, which is a newly discovered adipocytokine found 
in adipocytes, hepatocytes, lymphocytes, monocytes and 
neutrophils, was studied to investigate its relationship 
with liver injury in the present study. The role visfatin in 
acute and chronic liver degenerations and fibrosis has not 
been well studied before and there are some controversial 
results. While it has been shown that visfatin concentration  
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is lower in cirrhotic patients [55], in other studies no 
correlation was found between fibrosis and serum visfatin 
level [56,57]. We also did not detect any significant changes in 
serum visfatin level on any of the groups studied indicating 
that visfatin has no apparent role on the omega-3 
supplementation or the liver injury induced by CCl4. 

TGF-α and TGF-β expression in liver were investigated 
immunohistochemically to estimate the roles of these 
cytokines in liver injury [15,43]. TGF-α is known to be 
present in healthy liver as well as many other organs. It is 
a strong mitogen and thought to play role in hepatocyte 
regeneration after hepatic injury. Harada et al.[58] stated 
that TGF- α expression is closely related to severity of liver 
dysfunction. TGF-α is able to activate hepatic stellate cells, 
and that triggers the development of hepatic fibrosis [59]. It 
has been shown that following CCl4 treatment expression 
of TGF-α rapidly increases and after few days prominently 
decline indicating that TGF-α play role early in the liver 
degeneration [38]. Similar finding and continously increased 
expression of TGF-β1 was also described by Tian et al.[60]. 
We have detected increased TGF-α immunoreactivity in 
rats given only CCl4, and the immunoreactivity was near 
to control group in omega-3 supplemented animals 
indicating that omega-3 has beneficial effects in inhibiting 
the degenerative effects of CCl4.

TGF-β has been described as an important cytokine 
in development of hepatic fibrosis. Sources of TGF-β in 
liver has been described primarily to be Kupffer cells and 
stellate cells [61]. TGF-β is known to be the most profibrotic 
cytokine and its expression significantly increases in 
hepatic cirrhosis [57]. It has been shown in a rat model of 
CCl4 toxicity that TGF-β mRNA expression significantly 
increases as the Kupffer cell number increase indicating 
that these cells are primarily responsibly in development 
of hepatic fibrosis [14]. In the present investigation, TGF-β 
immunoreactivity increased in CCl4 given animals, and 
omega-3 supplementation lowered the immunoreactivity 
to the level that was observed in the control group.

In the present investigated, we have studied the 
expression of PPARs in liver tissue. All three isoforms of 
PPAR, -α, -β, and -γ, are known to have important regulatory 
roles in not only inflammatory processes but also lipid 
biosynthesis, glucose metabolism, cellular proliferation 
and differentiation [19,62]. It has been suggested that PPAR-α 
plays a role in hepatic steatosis, and ciprofibrate, which is 
a potent ligand for PPAR-α, has a potential to prevent the 
negative effects, indicating that PPAR-α overexpression 
or activation is important in amelioration of degenerative 
changes in liver [63]. PPAR-γ overexpression in liver has also 
been suggested to be important and inhibits the fibrotic 
changes in liver [34,64]. The number of PPAR-γ expressing cells 
has also been shown to decrease by CCl4 treatment [34,42]. 
In the current investigation, immunohistochemical reactivity 
of both PPAR-α and PPAR-γ, increased in omega-3 supple-
mented rats compared to the only CCl4 injected animals. 

Therefore, our results correlate the findings of previous 
studies [42,65,66] indicating CCl4 treatment prominently 
reduce the expression of PPAR-γ, and that omega-3 
supplementation has beneficial effects in reducing the 
development of degenerative changes induced by CCl4.

In conclusion, we have observed that intraperitoneal 
injection of CCl4 at a dose of 0.5 mg/kg in rats causes fatty 
degeneration and necrosis as well as fibrosis especially in 
the periportal region in liver. Biochemical analysis for AST, 
AlT and GGT confirmed the hepatic injury. Decreased TAC 
and increased TOC levels indicated that the degenerative 
changes in liver were mediated by oxidative pathways. 
Visfatin, a recently discovered adipocytokine known to play 
role in fat metabolism, was shown to have no significant 
effect in hepatic fibrosis in the given experiment. On the 
other hand, increased TGF-β and decreased PPAR-α and 
PPAR-γ expressions were recognized to be associated with 
development of hepatic fibrosis in CCl4-treated animals. 
Omega-3 supplementation, on the other hand was shown 
to normalize the above-mentioned parameters studied, 
indicating clearly that it has beneficial effect in amelioration  
of the degenerative changes induced by CCl4. It seems that 
the protective effect of omega-3 is mediated primarily  
by inhibiting the lipid peroxidation.
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