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Abstract 
The present study was carried out to evaluate the ameliorative effect of omega 3 fatty acids on physical 

stress in rats. Twenty-four adult male Sprague-Dawley rats were randomly divided in to four groups of 

six rats in each as group I – control diet, Group II - omega 3 fatty acid supplemented diet, Group III - 

induced physical stress with control diet, Group IV - induced physical stress with omega 3 fatty acid 

supplemented diet. Physical stress was induced by overcrowding of 6 rats per standard cage instead of 4 

rats. Omega 3 fatty acids were supplemented as fish oil @ 3% in the feed. All rats were euthanized as per 

CPCSEA guidelines on 29th day and liver tissues were collected. The organs were snap frozen and stored 

at -20ºC for further analysis of reduced glutathione (GSH), glutathione peroxidase (GPX), superoxide 

dismutase (SOD), thiobarbituric acid reactive substances (TBARS) and protein carbonyls in the liver 

homogenate. Stress group (II) rats showed significant decrease in GSH, SOD, GPx and significant 

increase in TBARS and protein carbonyl levels emphasizing the fact that overcrowding in Group II rats 

induced considerable physical stress that resulted in oxidative damage via ROS production. Group IV 

rats showed significant improvement in GSH, SOD and significant decrease in TBARS, protein 

carbonyls levels whereas GPx was not altered significantly.  

The results of the present study elucidate the physical stress induced ROS production and compromised 

antioxidant defense in rat liver and ameliorative effect of omega 3 fatty acids present in fish oil on 

reversing the oxidative stress through alteration in the level of SOD but not GPx. 
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Introduction 

Stress is a state of disturbed homeostasis due to internal or external sources like physical or 

psychological stimuli known as stressors. It results in enhanced release of catecholamines and 

glucocorticoids due to the activation of sympathoadrenal and hypothalamic-pituitary-adrenal 

(HPA) axis (Joels et al., 2007) [10]. 

Stress results in the generation of free radicals and subsequent oxidative damage (Al-rejaie et 

al., 2012) [1]. Scientific evidence revealed that a diet rich in long chain omega-3 fatty acids 

help in the development of healthy brain, heart and immune system. Eicosapentaenoic acid 

(EPA), Docosahexaenoic acid (DHA) and α-linolenic acid (ALA) are ω-3 EFA that are 

important for structural and biochemical integrity of all cells, including erythrocytes. Omega-3 

fatty acid supplementation has been shown to improve the antioxidant status in both normal 

rodents and disease models in which oxidative stress is increased (Zararsiz et al., 2006) [20].  

Studies have shown that intake of fish oil or omega 3 fatty acids (ω-3 EFA or EFA) can have 

an adaptogenic action in ameliorating the adverse effects of stress (Delarue, 2003 and 

Bradbury, 2004) [5, 4]. 

 

Materials and methods 

Experimental animals 

Twenty-four adult male Sprague-Dawley rats were obtained from NCLAS (National Centre 

for Laboratory Animal Sciences), National Institute of Nutrition, Hyderabad. Animals were 

reared in animal house attached to the Department of Veterinary Pharmacology and 

Toxicology with 12h–12 h dark and light cycle with a temperature of 25–27 °C. Before 

conducting the experiment, rats were kept for acclimatization for 1 week. Institutional Animal 

Ethics Committee (IAEC), College of Veterinary Science, Rajendranagar (I/1/12/06-01-2012) 

approved the experimental protocol. 
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Experimental protocol 

The rats were randomly divided into 4 groups of 6 rats in each 

after the acclimatization period of 1 week. The four groups 

were (1) control animals without stress (G-I); (2) rats with 

induced physical stress (G-II); (3) unstressed rats fed with 

omega fish oil as a source of omega-3 fatty acid (G-III) and 

(4) stressed rats fed with omega-3 fatty acid supplemented 

diet (G-IV). In G-II and G-IV, the physical stress was induced 

by keeping six rats in a standard cage instead of four rats and 

in G-III, G-IV fish oil was added in the feed @ 3%. They 

were maintained as per the CPCSEA guidelines under strict 

supervision. Feed and water were provided ad libitum. 
 

Liver antioxidant profile 

Liver antioxidant parameters including GSH, GPx, SOD, 

TBARS and Protein carbonyls were estimated by following 

standard methods using double beam UV/Vis 

spectrophotometer (Tech Comp UV 7500; Tech Comp Ltd. 

Kowloon Bay, Hongkong). Thiobarbituric acid reacting 

substances (TBARS) were estimated by the method of 

Balasubramanian et al. (1988) [13]; Superoxide dismutase 

(SOD) by the method of Madesh and Balasubramanian (1998) 

[13]; Reduced glutathione (GSH) by the method of Moron et 

al. (1979) [16]; Protein carbonyls by the method of Levine et 

al. (1990) [12] and Glutathione peroxidase (GPx) by the 

method of Paglia and Valentine (1967) [17].  

  

Statistical analysis 
The data were subjected to statistical analysis by applying one 

way ANOVA using statistical package for social sciences 

(SPSS) version 15. Differences between means were tested 

using Duncan’s multiple comparison test and significance 

level was set at P<0.05. 

 

Results 

The concentration of TBARS (n moles MDA/mg protein) and 

protein carbonyls (n moles/mg protein) in liver were 

significantly higher in group II when compared to all other 

groups. The concentration of TBARS in group III was 

significantly low when compared to all other groups. The 

concentration of GSH (µ moles /mg protein), mean activity of 

GPx (U/mg protein) and SOD (U/mg protein) in liver were 

significantly lower in group II as compared to all other 

groups. The GSH concentration & SOD activity in group III 

showed a significantly higher value among all the four 

groups. The values of GPx activity were statistically similar in 

group I, III & IV. 

 

Table: Mean values of TBARS, GSH, GPx, SOD and Protein Carbonyls in experimental groups of rats on 29th day 
 

Group 
TBARS (n moles 

MDA/mg protein) 

GSH (µ moles /mg 

protein) 

GPx (U/mg 

protein) 

SOD (U/mg 

protein) 

Protein Carbonyls concentration 

(PC; n moles/mg protein) 

I 0.59±0.00B 11.00±0.01B 0.18±0.02A 12.34±0.16B 2.63±0.15B 

II 0.69±0.00A 10.80±0.00C 0.13±0.01B 11.04±0.12C 3.09±0.10A 

III 0.54±0.00D 11.35±0.05A 0.19±0.01A 13.40±0.06A 2.63±0.13B 

IV 0.59±0.01C 11.11±0.06B 0.19±0.02A 12.39±0.15B 2.63±0.15B 

Values are mean ± standard error (n=6) 

Means with different alphabets as superscripts differ significantly (p<0.05). 
 

 
 

Fig 1: Mean values of TBARS concentration in experimental groups 

of rats 
 

 
 

Fig 2: Mean values of GSH concentration in experimental groups of 

rats 

 
 

Fig 3: Mean Values of GPx activity in experimental groups of rats 

 

 
 

Fig 4: Mean values of SOD activity in experimental groups of rats 
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Fig 5: Mean values of Protein Carbonyls concentration in 

experimental groups of rats 

 

Discussion 

The activities of antioxidant enzymes are reduced in stressed 

individuals due to free radical induced DNA damage that 

results in impaired expression of antioxidant enzyme genes 

and associated decrease in the concentration of antioxidant 

enzyme proteins. The stress marker TBARS in the rat liver 

homogenate was significantly higher in group II as compared 

to group I in the present study, which is in agreement with the 

findings of Bindu (2014) [3], who reported significantly higher 

concentration of MDA in the liver tissue of rats exposed to 

overcrowding stress. The stress marker TBARS level showed 

a significant decrease in fish oil supplemented group III as 

compared to control group. Iraz et al. (2005) [7] reported 

similar results of lower mean MDA levels in erythrocytes of 

rats that received dietary supplementation of fish oil when 

compared to control rats.  

The concentration of protein carbonyls in liver revealed a 

significantly higher value in stress group (G-II) as compared 

to control group (G-I). This might be due to the compromised 

antioxidant defenses resulting in increased production of 

ROS. This higher value of protein carbonyls in stress group is 

in accordance with the findings of Ji et al. (1990) [9] and Sohal 

et al. (1995) [19], who reported that carbonylation level 

increases as a direct consequence of a diminished activity of 

the primary antioxidant defense systems. The concentration of 

protein carbonyls in group III showed a comparable value to 

control group. This is in accordance with the findings of 

Patten et al. (2013) [18] who reported that omega-3 

supplementation induced a non-significant trend toward a 

decrease in the levels of protein carbonyls in ethanol-exposed 

Sprague-dawley rats. 

The stress group (G-II) had a significantly lower reduced 

glutathione (GSH) in liver as compared to control group (G-

I), which is in agreement with the findings of Bindu (2014) [3], 

Khataibeh et al. (2013) [11] and Jafari et al. (2014) Khataibeh 

et al. (2013) [11] reported a significant decrease in liver GSH 

concentration in rats exposed to acute restraint stress as 

compared to non-stress control rats. Jafari et al. (2014) [8] 

reported reduced GSH level in rats due to physical stress on 

the 1st and 15th day of the experiment as compared to the 

control rats, which was restored to normal level in stressed 

group after 30 days. The decreased GSH level might be due to 

the presence of ROS produced by the stress, the increased 

activity of Glutathione S-Transferase and limited GSH 

synthesis (Jafari et al., 2014) [8]. The reduced glutathione 

concentration in group III showed a significant increase as 

compared to control group. These findings are in agreement 

with the findings of Meganathan et al. (2011) [15]. Probably, 

the increase in GSH level in group III might be due to 

antioxidant action of omega-3 fatty acids, which emphasizes 

the ameliorative action of omega-3 fatty acids on oxidative 

stress by maintaining GSH homeostasis (Meganathan et al., 

2011) [15]. 

The mean activity of GPx in the liver homogenate of group II 

showed significant decrease when compared to that of groups 

I, III and IV. However, there was no change in GPx activity in 

group III as compared to that of control group. This confirms 

the findings of Mattei et al. (2011) [14], who reported no 

significant variation in GPx activities in rat forebrains with 

experimental treatment viz., control, astaxanthin fed group, 

fish oil fed group and combined ASTA/Fish oil fed group. 

The results of the present study indicate that GPx activity is 

significantly lowered in physical stress induced group but 

omega 3 fatty acids present in fish oil had no beneficial action 

in restoring the adverse effect of physical stress.  

The activity of SOD in liver revealed a significant decrease in 

group II as compared to group I. This is in agreement with the 

findings of Bindu (2014) [3] and Khataibeh et al. (2013) [11]. 

Khataibeh et al. (2013) [11] reported significant decrease in the 

activity of SOD in rats with restraint stress as compared to 

control rats. The activity of SOD in group III showed a 

significant increase as compared to control group. This was in 

agreement with the findings of Hussein et al. (2014) [6], who 

reported that fish oil supplementation, significantly increased 

SOD in treated diabetic group as compared to diabetic group 

without fish oil supplementation, although it was still 

significantly lower as compared to non-diabetic control group 

in albino rats (Hussein et al., 2014) [6]. The increase in the 

levels of SOD is presumably because of antioxidant action of 

omega-3 fatty acids that helps to attenuate oxidative stress 

(Meganathan et al., 2011) [15]. 

 

Conclusion 

The findings of the present study conclude that physical stress 

enhanced the generation of reactive oxygen species with 

subsequent depletion of antioxidant defenses and eventual 

oxidative stress resulted in damage to liver. Increased levels 

of TBARS, protein carbonyls and decreased levels of GSH, 

GPx and SOD are indicative of stress in Group II rats. 

Supplementation of omega-3 fatty acids (fish oil) in the diet 

was found to be beneficial in countering the oxidative damage 

of physical stress by increasing antioxidant defense through 

elevation SOD activity but not GPx. 

 

Ethical compliance  

The study was in compliance with the Institute Animal Ethics 

Committee, CVSc, Rajendranagar 
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