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Dietary composition can influence the development of  Nonalcoholic 

fatty liver disease (NAFLD). The amount and type of dietary fat may 

directly affect liver fat content, with high-fat diets being potentially 

harmful. A higher dietary fat intake is associated with liver 

inflammation and NAFLD.  An Omega-3 fatty acid used in this study 

as a treatment to modulate these metabolic disturbances. This study was 

designed to elucidate the effect of Omega-3 fatty acid on high fat diet 

induced NAFLD  in albino Wister rats. NAFLD induced by allowing 

rats to feed on the high fat diet for 20 weeks. Omega-3 fatty acid was 

used in doses of 0.8 mg/Kg body weight. Plasma glucose , triglycerides 

and non-esterified fatty acids (NEFA) were measured by enzymatic 

method. It can be concluded that administration of high fat diet caused 

NAFLD in rats via abnormal or extensive fat accumulation when 

energy intake exceed energy expenditure. Omega-3 fatty acid 

succeeded in ameliorating the deleterious effects of high fat diet 

induced NAFLD. 
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Introduction:- 
Nonalcoholic fatty liver disease (NAFLD) is rapidly becoming a serious global health problem, as its prevalence has 

risen rapidly in concert with the prevalence of obesity and type 2 diabetes. Estimates of the prevalence of NAFLD 

range widely from 11 to 46 % . It can progress to advanced liver disease in approximately 15–20% of patients. 

Clinical characteristics associated with NAFLD include obesity, hyperlipidemia, diabetes mellitus, and 

hypertension, all of which have been associated with underlying insulin resistance. [1,2] 

 

Aside from weight gain and obesity, dietary composition can influence the development of NAFLD. The amount 

and type of dietary fat may directly affect liver fat content, with high-fat diets being potentially harmful[3]. A higher 

dietary fat intake is associated with liver inflammation and NAFLD[4,5]  

 

While no human studies have linked NAFLD and diets high in saturated fat, evidence from experimental animal 

studies demonstrates that high dietary saturated fatty acid consumption worsens insulin resistance, NAFLD, and 

cardiovascular disease in rodents[6]. 
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Omega-3 fatty acids have recently been proposed as a potential treatment for NAFLD. These fatty acids have proven 

benefit in lowering serum blood glucose, serum triglycerides nonesterified free fatty acids(NEFFA) and in the 

treatment of cardiovascular disease. Interest in their potential in the treatment of cancer, mood disorders and 

cognitive disorders has also emerged.[7]  

 

n-3 polyunsaturated fatty acids (PUFAs), such as docosahexaenoic acid (DHA), have been found to decrease liver 

fat content in children with NAFLD and possess anti-inflammatory effects. Moreover, recent studies indicated the 

benefits of n-3 PUFAs in lipid metabolism modification, dyslipidemia improvement, and hepatic inflammation 

mitigation, which may contribute to the amelioration of NAFLD.[8,9] 

 

The aim of this study is to investigate the biochemical effect of omega-3 fatty acid involved in treatment of  NAFLD 

induced by high fat diet in rats. 

 

Materials and Methods:-  
Materials:-  

Omega-3 fatty acid was purchased from Sedico Co. (Giza, Egypt). Glucose kits were purchased from Spinreact Co. 

(Santa Coloma, Spain), triglyceride kits obtained from Spinreact Co. (Santa Coloma, Spain).  

 

Animals:-  

The present study was carried out on Thirty male Wistar rats of 96 ± 10 gm as body weight range. They were 

obtained from animal house of research institute of ophthalmology (Giza, Egypt). They were housed in groups of 

five rats per cage under controlled environmental condition of air and temperature with a 12 h light- dark cycle. 

Animal were allowed the diet and water in a free manner. Body weight of rats was recorded every two weeks.  

 

Diet:-  

In this experiment there were the standard normal rat chow diet and the high fat diet for induction of obesity in rats. 

The standard normal chow diet (ATMID Company, Egypt) consists of soybean, Corn, soybean oil, calcium 

carbonate, dicalcium phosphate, sodium chloride, lecithin, methionine, and vitamin/mineral mixture.  

The high fat diet consists of 25% fat "beef tallow" + 10% sucrose + 20% corn starch + 45% normal chow with 30% 

sucrose in drinking water according to[10] with modification.  

 

Experimental design and animal grouping:-  

The rats were divided randomly into three groups of ten rats each and treated as follows: 

Group I:- (normal control): rats were fed on a normal chow diet for 20 weeks and administered water as a vehicle 

via oral gavage.  

 

Group II:- (High fat diet group): rats were fed on the high fat diet for 20 weeks and administered water as a vehicle 

via oral gavage.  

 

Group III:- (omega-3-fatty acid treated group): rats were fed on the high fat diet for 20 weeks and administered fish 

oil daily for the last two consecutive weeks via oral gavage in a dose accounting for (0.8 gm/ kg body weight) of 

Omega-3fatty acid[11, 12] The rats were weighed then sacrificed at the end of the experiment after about 18 hours 

fasting to minimize variation in lipid pattern during two successive days after blood samples have been collected 

from retro - orbital veins into tubes containing EDTA and centrifuged at 1500 RPM for 30 minutes. An aliquot of 

the separated plasma was used for immediate estimation of fasting blood glucose. Second aliquot was kept on  -20ºC 

for triglyceride  and NEFA analysis. All animal procedures were performed upon approval from the Ethics 

Committee of Beni-Suef University and in accordance with the recommendations of the proper care and use of lab 

animals.  

 

Biochemical Analysis:-  

Fasting blood glucose was carried out by enzymatic method (Spinreact, Santa Coloma,Spain). The triglyceride  level 

was determined according to the enzymatic method (Spinreact, Santa Coloma, Spain). And  NEFA levels were 

determined according to the (Duncombe) method described by  (Duncombe 1964[13]. 
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Statistical Analysis:-  

Data were presented as means ± SEM values. The results were analyzed statistically by one-way analysis of 

variance (ANOVA) with subsequent multiple comparisons using Tukey multiple comparison Post-Hoc test. The p-

values less than 0.05 were considered significant. Correlations between variables were assessed by Pearson's 

correlation test. All calculations were made using the computer program SPSS 16.0 (SPSS, Chicago, III, USA). The 

data were graphed using GraphPad Prism 6 (GraphPad Software, Inc., USA). 

 

Results:-  
Metabolic Markers:-  

Fasting plasma glucose level:-  
The fasting plasma glucose level was significantly increased in high fat diet treated group when compared to that of 

the normal control group as shown in table (1). Treatment with omega-3 fatty acid significantly reduced fasting 

plasma glucose elevation as shown in table (1) and fig. (1). 

 

Table 1:-  fasting plasma glucose, triglyceride and non-esteriefied fatty acid levels in the rat of various studied 

groups. 

  

 

 

 

 

 

 

 

 

 Normal control High fat diet group Omega-3 fatty acid treated 

group 
Fasting plasma glucose level  93.01 ± 3.89 

135.26 ± 2.54
#
 102.69 ± 4.12

*
 

Plasma triglyceride 84.01 ± 15.80 
145.26 ± 18.78

#
 85.55 ± 7.12

*
 

Plasma NEFA 52.07 ± 5.89 
95.26 ± 4.54

#
 62.69 ± 4.12

*
 

 Data are means ± SEM.  

 Data are expressed as mg/dl.  

 #p < 0.05 compared with the normal control group.  

 * p < 0.05 compared with the high fat fed group.  
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Figure 1:- Changes in fasting plasma glucose level in different groups. 

 

Plasma triglycerides level:-  

The plasma triglycerides level was significantly increased in high fat diet treated group when compared to that of the 

normal control group as shown in table (1). Treatment with omega-3 fatty acid succeeded in significantly reducing 

plasma triglycerides level as shown in table (1) and fig. (2). 

 

Plasma non- esterified fatty acid level:-  

The plasma non-esterified fatty acid level was significantly increased in high fat diet treated group when compared 

to that of the normal control group as shown in table (1). Treatment with omega-3 fatty acid succeeded in 

significantly reducing plasma non- esterified fatty acid level as shown in table (1) and fig. (3). 
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Figure 2:- Change in plasma triglycerides in different groups. 
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Figure 3:- change in plasma non -esterified fatty acid in different groups. 

  

Discussion:- 
NAFLD can be considered the hepatic manifestation of the metabolic syndrome. Component of metabolic syndrome 

include insulin resistance, dyslipidemia, type 2 diabetes, hypertension and hypertriglyceridemia[13,14]. When the 

liver gets fatty because of NAFLD, the ability of insulin to inhibit hepatic glucose production is impaired. This 

hepatic insulin resistance leads to a slight increase in plasma glucose concentrations and stimulation of insulin 

secretion. The present study demonstrated that the level of fasting plasma glucose the high fat diet treated group was 

significantly increased compared to a normal control group. These data were in harmony with the previous study 

[15]which reported that a significance increase in fasting plasma glucose level with a defect in insulin signaling 

occurred in adipose tissue after HFD intake in rats compared with  of control rats. 

 

The present study found that treatment with omega-3 fatty acid, there was a significant decrease in the raised level 

of plasma glucose compared to HFD treated group. This in agreement with the previous studies [16,17] ,which 

reported that omega 3 fatty acid enhanced glucose uptake and improve insulin resistance in HFD-induced NAFLD 

in rats as omega -3 fatty acid may improve insulin signal transduction in adipocytes, affecting in turn , insulin-

stimulated glucose transporter (GLUT4) in both skeletal muscule and adipose tissue accompanied with lower 

glycemia and insulinemia [18] . Moreover, omega-3 fatty acid could regulate both  the activity and expression of the 

liver glucose-6-phosphatase, wich could explain the protective effect with respect to the excessive hepatic glucose 

output induced by a high fat diet [19]. 

 

Hypertriglyceridemia and high levels of non-esterified fatty acids (NEFA) in the MetS promote abnormal 

accumulation of lipids within the liver, in a form of steatosis or non-alcoholic fatty liver disease (NAFLD) 
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(12).Thus, NAFLD affects up to 90% of obese people and nearly 70% of the overweight subjects, and it is thought 

to be the hepatic event in the MetS. In addition, NAFLD is commonly associated with MetS risk factors such as 

obesity, IR, hypertension and dyslipidemia[20]. Data presented in this study indicated that HFD intake resulted in a 

significant increase in the level of triglycerides and NEFA in rats compared to those of normal control. The 

observation of the current study was in accordance with those of the previous studies [21,22]which reported that 

there is an elevation of both triglycerides and NEFA in NAFLD in rats. The mechanisms governing the 

accumulation of TGs in hepatic cells include changes in hepatocellular metabolism, [23,24] propagating an 

imbalance between uptake and de novo fatty acid synthesis, VLDL formation and subsequent export, and oxidation 

capacity  [25].The present study also revealed that treatment with omega-3 fatty acid showed significant reduction in 

the level of triglycerides and NEFA in plasma compared to those of HFD treated group. This is in agreement with 

the previous [26,27]which supports the triglyceride-lowering properties of omega-3 fatty acid and decreased NEFA 

level in plasma. This could be explained by changes in transcription of several nuclear receptors are reported to 

mediate the TG-reducing effects of omega-3 fatty acid: sterol regulatory element binding proteins (SREBP), liver X 

receptor-alpha (LXRα), retinoid X receptor alpha (RXRα), farnesoid X receptor (FXR), and peroxisome 

proliferator-activated receptors (PPARs), and each play prominent roles in controlling lipid metabolism. Also  the 

reduction of NEFA  by omega-3 fatty acid due to suppressing in gene expression involved in new fatty acid 

synthesis and by inducing fatty acid oxidation in different tissues , such as, liver, skeletal muscle and white adipose 

tissue [28,29] 
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