
International Journal of Food Science and Nutrition 

170 

International Journal of Food Science and Nutrition 

ISSN: 2455-4898 

Impact Factor: RJIF 5.14 

www.foodsciencejournal.com 

Volume 3; Issue 4; July 2018; Page No. 170-176 

Long-chain omega-3 polyunsaturated fatty acids (LC n-3 PUFAs) inhibit 1IL-β, Cox-2 and TNFα 

proinflammatory cytokines in an experimental liver obesity model of wistar rats  

 

Michely L Nunes1, Gabriela F Hahn2, Vanessa T Bortoluzzi3, Marilene G Porawski1,2 

1 Department of Postgraduate Program in Medicina:Hepatology of the Federal University of Health Sciences of Porto Alegre 

(UFCSPA), Porto Alegre, RS, Brazil. 
2 Department of Postgraduate Program in Biosciences, Federal University of Health Sciences of Porto Alegre (UFCSPA), Porto 

Alegre, RS, Brazil 
3 Department of Biological Sciences Biochemistry, Laboratory Inborn Errors of Metabolism, and Federal University of Rio Grande 

do Sul (UFRGS). Porto Alegre, RS, Brazil 

Abstract 

The obesity is characterized by a state of inflammation of adipose tissue expansion, causing metabolic diseases. Objetive: to 

evaluate the effects of ômega-3 in the inflammatory process in liver tissue of rats on experimental obesity model induced by high-

fat diet for 16 weeks. 40 Wistar rats were used, the animals were dividid in to 4 groups: control (CO), omega-3 control (CO+O), 

obese (O) and Obese plus omega-3 (O+O). Omega-3 has been administered at the dose of 1g/kg by gavage during the last 30 day 

of the diet. The omega-3 significantly reduced triglycerides and cholesterol of obese animals. As measured by TBARS, in SOD 

and CAT activity there was no difference between the groups.The activity of the GPx enzyme was significantly increased in the 

obese animals compared to the (CO+O) group and there was a reduction in the (Obese+O) group. The immunohistochemical 

labeling of TNFα, IL-1 and COX-2 was shown to be decreased in the hepatic tissue of animals (O+O) treated with omega-3 

compared to obese and (CO) groups.. Conclusion: the results seem to indicate that the active compound omega-3 had na 

antioxidante and antiinflammatory in this model. 
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1. Introduction 

The World Health Organization (WHO) points to obesity as 

one of the biggest public health problems in the world. The 

projection is that by 2025, about 2.3 billion adults will be 

overweight, and more than 700 million will be obese. If 

nothing is done, the number of overweight and obese children 

in the world could reach 75 million [1]. 

Overweight and obesity are the fifth leading risk factor for 

death in the world. Each year, at least 2.8 million adults die as 

a result of being overweight or obese. In addition, 44% 

develop diabetes, 23% develop ischemic heart disease, and 

7% to 41% develop some type of cancer related to overweight 

and obesity [1, 2]. 

Obesity has multifactorial causes. Genetic factors contribute 

with less than 10% of cases, and other factors such as eating 

behavior, sedentary lifestyle, and physical activity practice 

have greater influence on excess body fat [3]. 

Body Mass Index (BMI) is the main method for measuring 

obesity. The BMI is obtained by dividing the body mass in 

kilograms by the square of the body height in meters (kg/m2). 

BMI values above 25.0 kg/m2 are considered excess weight; 

values from 25.0 kg/m2 to 29.9 kg/m2 are considered 

overweight, and BMI values ≥ 30.0 kg/m2 are considered 

obesity [4]. This is an international benchmark recognized by 

the WHO, but it does not directly measure body fat, because it 

does not consider the proportion of lean mass, fat mass, fluids, 

and bone structure of the individual [5].  

In obesity there is an increase in the production of cytokines 

such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor 

necrosis factor alpha (TNF-α), which activate the 

inflammatory response in adipocytes by increasing the release 

of free fatty acids from adipocytes and generating a pro-

inflammatory and lipotoxic environment. As part of the 

chronic inflammatory process, hepatic inflammation may 

occur, in which the activation of the inflammatory pathway 

could be a result of steatosis and increased responses to 

oxidative stress in hepatocytes [6].  

Omega-3 type polyunsaturated fatty acids are essential 

nutrients derived from marine or vegetable sources. 

Eicosapentaenoic acid (EPA, 20: 5) and docosahexaenoic acid 

(DHA, 22: 6) are derived from fish such as salmon, tuna, and 

sardines. They exert a wide variety of biological effects being 

studied in a number of distinct clinical conditions, such as 

coronary disease [7], hypertension, hyperlipidemia, cancer, 

diabetes [8], kidney diseases, and inflammatory diseases [9, 10].  

The anti-inflammatory properties of omega-3 fatty acids are 

well established, and a possible antioxidant action has been 

proposed, especially in relation to docosahexaenoic acid 

(DHA); it may interfere with the production of reactive 

oxygen species (ROS) and/or fight them, due to its multiple 
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double bonds [11].  

Thus, omega-3 fatty acid acts by decreasing the formation of 

eicosanoids with inflammatory characteristics, as it competes 

with omega-6 fatty acids for the same enzymatic pathway, 

leading to the inhibition of the TNF-α, IL-1, and IL-6 

synthesis, and reducing the intercellular adhesion molecule-1 

(ICAM-1) expression. [12] It is also a substrate for the 

synthesis of series 3 and 5 eicosanoids that have less 

inflammatory characteristics [13]. 

The incorporation of EPA and DHA into the diet can 

influence the lipid structure of cell membranes and the 

physiological responses that depend on these membranes, 

such as cell signaling mechanisms. The omega-3 

polyunsaturated fatty acid obtained from diet can contribute to 

the reduction of inflammatory processes and decrease the 

incidence of inflammation-related diseases [9, 14].  

The present study used a hyperlipid diet-induced obesity 

model in Wistar rats to study the effects of omega-3 utilization 

on the biochemical and metabolic parameters of the disease. 

 

2 Materials and methods 

The present study was conducted at the Laboratory of 

Behavioral and Metabolic Physiology of the Federal 

University of Health Sciences of Porto Alegre (UFCSPA). A 

total of 40 3-month-old male Wistar rats from UFCSPA were 

used. The body weight of the rats was recorded weekly until 

the end of the experiment. The animals were kept in plastic 

boxes (2 animals per box), at an average temperature of 22° C 

and a cycle of 12 hours light/dark. 

They were divided into four groups (n = 10): a) Group CO: 

fed ad libitum with control diet; b) Group CO+O: fed ad 

libitum with control diet plus omega-3, c) Obese group: fed ad 

libitum with hyperlipidic diet, and d) Group Obese + O: fed ad 

libitum with hyperlipidic diet plus omega-3. The animals 

received diet for 16 weeks; omega-3 treatment was 

administered from the 12th week until the end of the 

experiment. The control and hyperlipidic diets (45% of 

calories in lipids) were obtained from PRAGSOLUÇÕES. 

Sample calculation for a 95% confidence level and a 5% 

sample error determined an n of 10 animals per group. All 

experimental procedures performed on the animals were in 

accordance with the recommendations of the Arouca Law 

(Law No. 11,794, October 8, 2008) and approved by the local 

Ethics Committee (CEUA/UFCSPA number 117/13). This 

was a quantitative experimental study. The bioactive 

compound used to treat the animals was Omega-3 

Catarinense®, (Catarinense Pharma), at a dose of 1 g/kg body 

weight/day, orally. This dose was defined in previous studies 

by our research group (data submitted for publication). At the 

end of the 16-week treatment, the animals were euthanized by 

overdose of anesthetics with xylazine hydrochloride 

(Rompun) and ketamine hydrochloride (Ketalar) were 

removed blood, visceral fat; and hepatic tissue where they 

were stored in the Freezer -80º for further analysis. 

 

2.1 Anthropometric evaluation by the lee index 

The rats were submitted to body weight and naso-anal length 

(NAL) measurements. From these data we obtained the body 

mass index, and the Lee index, which is the ratio between the 

cube root of the body weight (in grams) and the NAL (in 

centimeters) multiplied by 1000. [3√ Body weight (g) / NAL 

(cm)]. The Lee index was used as one of the biometric 

parameters to indicate the nutritional status of the animal; it is 

a satisfactory index for estimating body mass in animals of the 

same age and same nutritional history [15, 16].  

 

2.2 Biochemical evaluation 

The evaluation of glycemia, cholesterol, and triglycerides was 

performed through enzymatic colorimetric tests using 

commercial kits from Labtest. 

 

2.3 Measurement of lipid peroxidation (LP) 

LP was determined by thiobarbituric acid reactive substances 

(TBARS) test, described by BUEGE AND AUST (1978). One 

of the substances generated in the LP is malondialdehyde 

(MDA), which when heated in the presence of thiobarbituric 

acid forms a pink product, measured in the spectrophotometer 

at 535 nm [17].  

 

2.4 Superoxide dismutase (SOD) antioxidant enzyme activity 

The SOD antioxidant enzyme activity assay evaluates the 

enzyme’s ability to inhibit the reaction of superoxide radical 

with adrenaline. A 96-well plate was used with 50 mM 

glycine buffer pH 11, an aliquot of homogenate, and 

adrenaline. The reading was performed at 480 nm. Data were 

expressed in units of SOD per milligram of protein (SOD /mg 

prot) [8]. 

 

2.5 Catalase (CAT) antioxidant enzyme activity 

The activity of the CAT enzyme was evaluated by 

determining the decomposition rate of the hydrogen peroxide 

added to the sample, since the hydrogen peroxide 

decomposition is directly proportional to CAT activity. The 

reading was performed in a spectrophotometer at 240 nm and 

data were expressed in picomoles per milligram of protein 

(pmoles /mg prot) [19]. 

 

2.6 Glutathione peroxidase (GPx) activity 

The activity of the antioxidant enzyme glutathione peroxidase 

was evaluated by the oxidation rate of NADPH in the 

presence of reduced glutathione and glutathione reductase. 

Sodium azide was added to inhibit catalase activity. GPx 

activity was measured in a spectrophotometer at 340 nm, and 

its activity was expressed in mmol/min/mg protein [20]. 

 

2.7 Immunohistochemistry technique 

Immunohistochemistry technique was used to localize and 

quantify interleukin (IL)-1, TNFα, and COX-2 enzyme in the 

hepatic tissue of obese and omega 3-treated animals. The 

hepatic tissue was placed in a fixative solution for 48 hours. 

Afterwards, the pieces were dehydrated, diaphanized, and 

included in a paraffin block. Three-millimeter thick slices 

were made using a microtome. Endogenous peroxidase 

activity was blocked and then incubated with the primary 

antibodies for 24 hours. In sequence, the sections were washed 

in PBS-T (phosphate buffered saline buffer with 0.02% Triton 

X-100) and then, incubated with the secondary antibody at 

room temperature for 60 minutes. Reactions were labeled with 

a diaminobenzidine (DAB, Sigma) solution at 60 mg% and 

counterstained with Harris hematoxylin (Merck) [21]. 
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2.8 Statistical analysis 

The results were expressed as mean ± standard error of the 

mean (Mean ± SEM) for each group. Two-way ANOVA test 

was used for multiple comparison analysis. To analyze the 

significance between the groups studied, the Tukey test was 

used as a post-test. The software Statistical Package for Social 

Science (SPSS) version 17.0 was used. The level of 

significance was 5% (p <0.05).  
 

3. Results 

The characterization of the obesity status of the animals under 

study was performed by monitoring the evolution of the body 

weight of each animal and by calculating the Lee index. This 

test is very similar to the BMI applied in humans, and the 

averages of the classification are shown in (Imge 1). 
 

 
The results are expressed as mean ± SEM (p <0.05) 
a Significant difference of the control group 
bSignificant difference of control group + omega-3 
cSignificant difference of obese group 

 

Image 1: Lee Index Index Chart 

 

At the end of the experiment, the animals that consumed the

high-fat diet had higher body weight and weight gain than 

those who consumed a standard diet. The Lee Index score 

shows that there was an increase in the obese group score 

when compared to the control group. There was a significant 

reduction in the Lee index score in the obese plus omega-3 

group when compared to the obese group.  

There was a significant increase of epididymis and visceral fat 

in the obese group when compared to the other groups. In the 

obese plus omega-3 group there was a significant reduction in 

relation to the obese group (Image 2). 
 

 
The results are expressed as mean ± SEM (p <0.05) 
a Significant difference of the control group 
bSignificant difference of control group + omega-3 
cSignificant difference of obese group 

 

Image 2: Fat and Epididymal visceral fat 

 

There was no significant difference between groups in the 

glycemia assessment. In plasma cholesterol levels, there was a 

significant reduction in the obese group when compared to the 

control group and obese plus omega-3, and in triglycerides 

there was a significant reduction in the obese group plus 

omega-3 compared to the obese group. (Table 1) 

 

Table 1: Plasma levels of glucose, cholesterol and triglycerides 
 

Parameters   
Groups 

 
Control CO+O Obese Obese+O 

Glycemia (mg/dL) 129,37±4,18 135,97±7,18 151,08±5,89 133,32±6,06 

Cholesterol (mg/dL) 61,95±4,18 51,06 ±2,74 67,01±5,56b 46,22±3,78c 

Triglycerideos (mg/dL) 70,34±2,33 82,45±5,04 99,74±8,84a 70,86±4,26c 

Results are expressed as mean ± SEM (p <0.05) 
a Significant difference of the control group 
b Significant difference of control group + omega-3  
c Significant difference of obese group 

 

3.1 Determinations of lipid peroxidation (TBARS) and the 

activity of SOD, CAT and GPx enzymes in hepatic tissue 

There was an increase in lipid peroxidation measured by 

TBARS but not significant among the groups (Table 2). SOD 

activity presented no significant difference between the 

groups; the activity of the GPx was significantly increased in 

the obese animals when compared to the CO+O group, and 

reduced in the (Obese +O) group. In the enzymatic activity of 

CAT, there was no significant difference between groups 

(Table 2) 

 
Table 2: Measurement of lipoperoxidation (TBARS) and activity of enzymes, SOD, CAT and GPx in hepatic tissue 

 

Parametrs   
Groups 

 
Control CO+O Obese Obese+O 

TBARS (nmol/mg) 0,99±0,959 0,88±0,112 1,26±0,218  1,08±0,156 

SOD(U/mg) 21,10±3,269 19,02±1,735 17,35±1,872 15,68±1,833 

GPx(U/mg) 12,77±2,265 11,90±2,254 47,27±5,457 a,b 40,11±6,747 a, b 
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CAT(pmol/mg) 28,81±4,500  21,31±7,937 17,32±3,495 23,46±4,139 

Results are expressed as Mean ± SEM (p <0.05) 
a Significant difference of the control group 
b Significant difference of control group + omega-3  
c Significant difference of obese group  

 

3.2 Immunohistochemical labeling of COX-2, IL-1β and 

TNF-α. 

Figure 1 and Image 3 show the labeling intensity of the COX-

2 enzyme in the liver; this labeling is identified by brown 

staining around the hepatocytes. An increase in COX-2 

labeling in the liver of obese animals was observed when 

compared to control animals; in obese animals treated with 

omega-3, a significant reduction in enzyme labeling was 

observed when compared to obese animals and control group 

plus omega-3. 
 

 
 

Fig 1: Photomicrography of the hepatic tissue of obese animals with 

the immunohistochemical labeling of the enzyme (COX-2) increased 

200X. 
 

 
The results are expressed as mean ± SEM (p <0.05) 
a Significant difference of the control group 
bSignificant difference of control group + omega-3 
cSignificant difference of obese group 

 

Image 3: Quantification of the immunohistochemical labeling of the 

enzyme cyclooxygenase (COX-2) 
 

  Figure 5 and Fig 6 show the labeling intensity of IL-1β 

Interleukin in the liver; this labeling is identified by brown 

staining around hepatocytes. A significant increase in IL-1β 

labeling in the liver of the obese group is observed when 

compared to the control group; in animals of the obese group 

plus omega-3 there was a reduction in the labeling of this 

cytokine when compared to the obese group. 
 

 
 

Fig 2: Photomicrography of hepatic tissue of animals with the 

immunohistochemistry staining of the cytosine IL-1β, increase of 

200X. 

 

 
The results expressed with mean ± SEM (p <0.05) 
a Significant difference of the control group 
bSignificant difference of control group + omega-3 
cSignificant difference of obese group 

c Difference in the obese group 
 

Image 5: Quantification of the immunohistochemical labeling of 

cytokine interleukin 1 beta (1ILβ) 

 

Figure 3 and Image 6 show the labeling intensity of tumor 

necrosis factor (TNF-α) in the liver; this labeling is identified 

by brown staining around the hepatocytes. An increase in   

TNF-α labeling in the liver of obese animals was observed 

when compared to the control group; in obese animals treated 

with omega-3 there was a reduction in the labeling of this 

cytokine when compared to the obese group.  
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Fig 3: Photomicrography of the hepatic tissue of animals with the 

immunohistochemical staining of the cytokine TNF-α, increase of 

200X. 
 

 
The results are expressed as (mean ± SEM), (p <0.05) 
a Significant difference of the control group 
bSignificant difference of control group + omega-3 
cSignificant difference of obese group 

 

Image 6: Quantification of immunohistochemical marking of tumor 

necrosis factor (TNFα), increase of 200X. 
 

4. Discussion 

Omega-3 improves the metabolic profile of obese individuals 

through action on different mechanisms, that include 

alterations in the adipose tissue gene expression; changes in 

adipokine release; reduced appetite; changes in carbohydrate 

metabolism; increased fat oxidation; increased energy 

expenditure (possibly through thermogenesis); increased 

muscle anabolism; and finally, influence on epigenetics [22, 23].  

In the present study, obese animals treated with omega-3 lost 

weight significantly, as evidenced by the reduction in the Lee 

index and the reduction in the amount of epididymal and 

visceral fat. The Lee index can be used as an accurate and 

rapid way to determine obesity in rats submitted to a weight-

gain method. Bernardis and Patterson described that 

determination of obesity in rats proposed by Lee [15] correlates 

with fat mass [16].  

The animals submitted to the hyperlipid diet presented a 50% 

increase in the epididimal and visceral fat, and the treatment 

with omega-3 for 4 weeks after the induction of obesity 

promoted a significant reduction of 50% in the amount of 

body fat. A 1993 study reported the reduction of body fat 

deposition in rats receiving omega-3 when compared to 

animals receiving a high-fat diet, but unlike our study, these 

animals were not previously obese [24].  

Plasma levels of cholesterol and triglycerides were also 

significantly reduced in obese animals treated with omega-3, 

and we did not observe changes in glycemia in the different 

groups. These results demonstrate that omega-3 was able to 

decrease body fat deposition, and improved the lipid profile of 

obese animals. Other studies have also demonstrated the 

beneficial effects of omega-3 on improved lipid profile [25], 

decreased triglycerides [26], and increased HDL-c in obese rats. 
[27, 28] Studies using 3T3-L1 adipocyte cell line showed that 

treatment with EPA markedly reduced the size of lipid 

droplets and the total lipid accumulation in the cells, probably 

by suppressing the genes involved in lipid accumulation 

without altering lipolytic genes [29].  

It has also been shown that treatment with EPA induces the 

expression of genes involved in mitochondrial biogenesis and 

oxidative metabolism, increasing lipid catabolism [30, 31].  

And with this, they decrease the synthesis of the lipid droplets 

and, consequently, the total accumulation of lipids. These 

combined effects may be responsible for the reduction of fat 

mass observed in obese animals treated with omega-3. This 

effect is relevant because increased visceral fat leads to a 

number of metabolic changes, such as adipokine production 

and/or decreased cortisol metabolism, which may result in an 

increase in blood pressure and peripheral resistance to insulin 

action [32, 33]. When the large amount of free fatty acids from 

this fat reaches the liver, it leads to an increase in 

gluconeogenesis, a decrease in muscle glucose uptake, and a 

decrease in the hepatic metabolism of insulin [33].  

Adipocyte size is an important determinant of the secreted 

adipokine profile, with large adipocytes predominantly 

releasing pro-inflammatory factors such as MCP-1 and IL-6, 

and reducing anti-inflammatory adipokines including leptin 

and adiponectin [34].  

There is evidence that omega-3 improves the insulin signal 

transduction in adipocytes, which in turn affects insulin-

stimulated glucose uptake by regulating GLUT4 expression 
[35]. In vitro studies on cultured adipocytes demonstrated that 

treatment with EPA (200 M, 96 h) increased glucose uptake in 

rat adipocytes. In addition, adipocyte culture from rats 

supplemented with fish oil for one week showed increased 

levels of GLUT4 and GLUT1 with consequent insulin-

stimulated glucose uptake [36]. According to a study by 

Rossmeisl and colleagues, the reduction of adipose tissue and 

the improvement of the inflammatory profile associated with 

omega-3 can improve insulin sensitivity in obese animals and 

thus contribute to the maintenance of glycemia. In the present 

study, this improvement in the glycemic profile was not 

observed [37].  

In the present study, we observed that in the lipid peroxidation 

measured by TBARS, there was no significant difference 

between the studied groups. The SOD activity showed no 

significant difference between the groups. The activity of the 

enzyme glutathione peroxidase was significantly reduced in 

obese animals treated with omega-3. Regarding the activity of 

the CAT enzyme, there was no significant difference between 

the groups. According to the results, it seems that when there 

is an increase in lipid peroxidation, a protective effect of the 

tissues occurs, that is, the bioactive compound omega-3 had 

antioxidant action in the path of lipogenesis. [38] In the present 

study we observed a significant increase of the COX-2, IL-1β 

and TNFα cytokines in the hepatic tissue of the obese animals 
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and a significant reduction in the obese animals treated with 

omega-3, indicating an anti-inflammatory action of the 

omega-3 in this model. In addition to membrane maintenance, 

polyunsaturated fatty acids (PUFAs) present in phospholipids 

are also precursors of eicosanoid synthesis. Besides modifying 

the profile of eicosanoids involved in inflammatory processes, 

omega-3 PUFA affects the production of many inflammatory 

proteins including cytokines and adhesion molecules. [39]  

It has been accepted for many years that the final step in the 

synthesis of EPA and DHA fatty acids occurs in the 

endoplasmic reticulum; predominantly in liver cells 

Polyunsaturated fatty acids EPA and DHA are precursors of 

lipid mediators called resolvins and protectins. The route of 

production of these mediators also involves the 

cyclooxygenase and lipoxygenase enzymes, which have anti-

inflammatory and immunomodulatory characteristics [40].  

Resolvins and protectins have been shown to be anti-

inflammatory and immunomodulatory. Resolvins E1 and D1, 

and protectin D1 may inhibit transendothelial migration of 

neutrophils, preventing the infiltration of these immune cells 

at the site of inflammation [41, 42].  

Resolvin E1 may further inhibit the production of IL-1, and 

protectin E1 inhibits IL-1 and TNF-α production. Thus, these 

lipid mediators may help in the resolution phase of 

inflammation and in limiting tissue damage [40]. According to 

the results of this model of experimental obesity, omega-3 

promotes improvement in lipid profile and acts as an 

antioxidant action, reducing inflammatory processes. 

However, it is necessary to carry out more studies to prove the 

efficiency of this bioactive compound in these metabolic 

routes. 
 

5. Conclusion 

The study concludes that omega-3 supplementation reduces 

weight gain to adiposity, improves lipid profile and reduces 

inflammatory markers in the liver of rats with obesity induced 

by a hyperlipid diet, but in this study there was no beneficial 

effect on the glycemic profile. However, more studies are 

needed to understand the mechanism of action of omega-3 in 

the model of obesity. 
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