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Blood Oxidant/Antioxidant Status in overfed Aging Rats: Comparative Effects of 
Sunflower and Olive-Linseed Mixture Oil Rich Diets* 
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Obesity, one of the most common health 
problems, is associated with glucose and lipid 
metabolism abnormalities, increased cardiovascular 
risk and oxidative stress[1]. Aging is also associated 
with an increase in oxidative stress[2]. Considering 
that older adults are already at risk for oxidant stress, 
the additional metabolic perturbations of obesity 
aggravated the susceptibility to oxidant stress. 
Modulating age-related oxidative stress via dietary 
interventions could reduce free radical production 
and significantly improve health in aging.  

Consumption of vegetable oils is found to 
protect against lifestyle diseases. Sunflower oil, a fat 
source rich in C18:2n-6, has beneficial effects on 
plasma lipid profile but has proinflammatory effects[3]. 
Olive oil, a typical component of the Mediterranean 
diet containing MUFA, is associated with decreasing 
obesity rates. Intake of n-3 PUFA has also been 
associated with positive effects on obesity, metabolic 
syndrome and insulin sensitivity. In addition, 
vegetable oils containing n-3 a-linolenic acid such as 
linseed oil, have been shown to cause less oxidation 
than fish oil containing n-3 PUFA in rats. The effects 
of vegetable oils on oxidant / antioxidant balance in 
aged rats represented a good approach to provide a 
healthier aging[4].  

Experimental obesity can be produced by dietary 
manipulations. Offering rats a variety of snack-type 
foods, normally consumed by humans, in a 
multichoice "cafeteria" arrangement has been shown 
to produce hyperphagia and obesity. This cafeteria 
feeding is believed to be a reliable model for dietary 
obesity in humans, since humans also tend to overeat 
when offered a variety of palatable foods. Cafeteria 
diet induced an increase in lipogenic capacity in 
adipose tissue, impaired glucose homeostasis, altered 
metabolism and oxidative stress[5]. Further 
investigations are necessary to determine the effects 
of dietary oils on redox status in cafeteria fed obese 
rats, and especially aged rats. 

It was, therefore, thought worthwhile to 
undertake a study in order to evaluate plasma and 
erythrocyte markers of oxidant/antioxidant status in 
aging obese rats fed diets enriched or not in 
vegetable oils (sunflower, olive and linseed). The 
purpose of this study was to determine whether 
dietary oils improved or not oxidative stress in aging 
obese rats. 

The study was conducted in accordance with the 
national guidelines for the care and use of laboratory 
animals. All the experimental protocols were 
approved by the Regional Ethical Committee. Aging 
male wistar rats (aged 10 months, n=20), weighing 
400 to 420 g, obtained from Animal Resource Centre 
(Algeria) were randomly assigned to one of 4 
experimental diets. The control group (control, C,   
n=8) was fed standard laboratory chow (ONAB, 
Algeria) supplemented with sunflower oil. In group 2 
(control olive linseed, COL, n=8), rats were on 
standard chow supplemented with the combination 
of olive-linseed oils (2.5% olive oil and 2.5% linseed oil; 
g per 100 g diet). The cafeteria group 3 (diet induced 
obese, CAF, n=8) was fed a palatable rich-fat diet 
supplemented with sunflower oil. In group 4 (diet 
induced obese olive linseed, CAFOL, n=8), rats were 
on cafeteria diet supplemented with olive-linseed oil 
mixture (2.5% olive oil and 2.5% linseed oil). The 
composition of the four diets is listed in Table 1.  

At the end of the experimental period (two 
months), the animals were kept for overnight fasting. 
They were anaesthetized with intraperitoneal 
injection of sodium pentobarbital (60 mg/kg of body 
weight). Blood samples were assayed for biochemical 
parameters.  

Significant differences among the groups were 
analyzed statistically by a one-way analysis of 
variance (ANOVA) and Fisher least significant 
difference tests. 

The cafeteria diet was associated with increased 
body weight and weight gain compared to standard 
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chow, regardless of oil supplementation (Table 2). 
Supplementation with olive-linseed oil mixture 
induced a reduction in body weight and in weight 
gain in both control and obese aging rats. As 
expected, the sunflower oil enriched cafeteria fed 
rats had a higher food and energy intakes compared 

with control animals fed the sunflower oil enriched 
standard chow. Food and energy intakes in the 
control and cafeteria induced obese rats fed with the 
olive-linseed oil (COL, CAFOL) supplemented diets 
were significantly lower than those in the rats fed on 
the standard diets (C, CAF).  

Table 1. Composition of experimental Diets 

 Control Diet (C) 
Control Olive 

 Linseed Diet (COL) 
Cafeteria Diet 

(CAF) 
Cafeteria Olive  

Linseed Diet (CAFOL) 

Energy sources (% energy)     

Protein 20 20 16 16 
Carbohydrate 60 60 24 24 
Fat 10 10 50 50 
Sunflower oil 10 - 10 - 

Olive oil - 05 - 05 
Linseed oil - 05 - 05 
Vitamin E (mg/100g) 5 3 5.50 3.50 

Energy (Kcal/100g) 386 386 523 523 
(% fatty acids)     

SFA 29 20 44 34 
C18:1 n-9 21 28 28 31 

C18:2 n-6 46 36 27 23 
C18:3 n-3 3 15 1 12 
C20:4 n-6 1 1 0 0 

n-9 / n-3 7 1.87 28 2.58 
n-6 / n-3 15.66 2.46 27 1.92 

Note. The control and cafeteria diets, in powder form, were supplemented with the purified oils as 
indicated. SFA: saturated fatty acids. Fatty acid composition was analyzed by gas liquid chromatography, INSERM 
UMR 866, “Lipids Nutrition Cancer”, University of Burgundy, France. 

Table 2. Body Weights and Biochemical Parameters of the Rats 

Control Rats  Cafeteria Obese Rats   

C COL  CAF CAFOL 

P (ANOVA) 

Body weight (g) 541.66±6.73c 501.43±6.76d  616.67±8.13a 565.71±6.1b 0.0001 

Weight gain (g)    166±9.77b   131±6.31c  250.25±9.11a     185±14.22b 0.001 

Food intake (g/day/rat)  44.38±1.67b  31.88±1.04d  52.28±2.07a  36.75±1.17c 0.001 

Energy Intake (Kcal/day/rat) 171.66±8.89b 123.05±6.01c  277.51±13.08a 192.52±8.9b 0.001 

Glucose (g/L)   1.02±0.08b   0.81±0.06c   1.45±0.04a   1.14±0.06b 0.001 

Cholesterol (g/L)   1.29±0.03b   0.80±0.03c   1.86±0.03a   1.22±0.04b 0.001 

Triglycerides (g/L)   1.14±0.03b  0.57±0.01c   1.97±0.03a   0.58±0.01c 0.001 

Vitamin C (µmol/L)  12.67±1.02c 25.00±1.13a   5.00±0.46d 20.07±1.80b 0.001 

GSH (nmol/g Hb)   6.36±0.82a 4.57±0.80b   3.66±0.75c  6.23±0.67a 0.001 

Hydroperoxides (µmol/L)   0.83±0.03b 0.58±0.03d   1.70±0.05a 0.68±0.04c 0.001 

Carbonyl proteins (µmol/L)   0.95±0.04b 0.72±0.03c   1.83±0.06a 0.71±0.04c 0.010 

Note. Values are presented as means ± standard deviations (SD). C: aged rats fed control diet. COL: aged 
rats fed control olive-linseed diet. CAF: aged obese rats fed cafeteria diet. CAFOL: aged obese rats fed cafeteria 
olive-linseed diet. Values with different superscript letters (a, b, c, d) are significantly different (ANOVA). 
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Plasma glucose, cholesterol and triglyceride 
levels were significantly higher in aging cafeteria 
induced obese rats fed (CAF) than control group (C). 
Olive-linseed oil supplementation induced a 
significant reduction in glycemia and in lipidemia in 
both control and obese rats.  

Plasma vitamin C levels were reduced in CAF rats 
compared to control rats (Table 2). Olive-linseed oils 
supplementation induced an increase in vitamin C 
amounts in aging rats, both obese and controls 
(CAFOL and COL) compared to sunflower oil 
supplementation. Cafeteria diet induced a decrease 
in erythrocyte reduced glutathione levels (GSH) in 
aging obese rats. Olive-linseed oil supplementation 
increased GSH levels in obese rats (CAFOL) but not in 
control rats (COL). Plasma hydroperoxide and protein 
carbonyl levels were enhanced in CAF rats compared 
to control rats. Olive-linseed oils supplementation 
induced a reduction in hydroperoxide and protein 
carbonyl amounts in both aging obese and control 
rats (CAFOL and COL). 

Erythrocyte catalase and SOD activities were 
increased in CAF rats compared to controls (Figure 1). 
Olive-linseed oils supplementation induced a 
reduction in catalase activities in both obese and 
control rats (CAFOL and COL). However, olive-linseed 
oil supplementation induced a fall in SOD activity only 
in aging obese rats (CAFOL). 

It is well known that during aging, metabolic 
dysfunctions take place, leading to altered lipid and 
glucose metabolism. The free radical theory of  
aging has provided one of the suggested mechanisms 
 

 

Figure 1. Erythrocyte antioxidant enzyme 
activities in the study rats. Values are 
presented as means ± standard deviations 
(SD). Values with different superscript letters 
(a, b, c) are significantly different (P<0.05). 

to explain the age-related diseases. In fact, aging is 
associated with oxidative stress[2]. All these 
alterations are also observed in obesity, and they 
would be worsened in the aging – obesity association. 
Under some experimental conditions, it has been 
shown that reducing free radical production can 
significantly increase lifespan. These observations 
have suggested the possibility of modulating 
age-related genes via pharmacological or dietary 
interventions. The beneficial effects of MUFA and n-3 
PUFA on metabolic diseases are widely studied but 
their effects on obesity during aging remain to be 
examined. In this study, experimental obesity was 
produced by cafeteria diet in aging rats. Aging rats 
fed this cafeteria diet (CAF) had an increase in food 
and energy intakes and were heavier than rats fed 
control standard diet (C), in agreement with our 
previous studies on younger rats[5]. CAF also induced 
hyperglycemia and hyperlipidemia in aging rats.  

These obese aging rats presented also an 
oxidative stress. In fact, the elevated levels of plasma 
hydroperoxides and protein carbonyls suggested an 
increased in lipid peroxidation and protein oxidation 
in these aging obese rats, in agreement with previous 
studies[6]. In addition, levels of erythrocyte GSH, one 
of the most important cellular antioxidant defense 
mechanisms, were reduced in obese rats compared 
to controls. A fall in GSH content of aging tissues and 
also in obesity has been previously established. 
Hyperphagia-induced obesity by cafeteria diet also 
promotes a decrease in GSH levels. 

The levels of plasma vitamin C were lower in 
obese aging rats than controls. In our study, low 
levels of vitamin C could reflect their high utilization 
rate, suggesting that this vitamin may be used to 
reduce oxidative stress in obese rats.  

Aging obese rats showed also high catalase and 
SOD activities. Reactive oxygen species often 
stimulate the production of antioxidant molecules. 
The increase in plasma lipid peroxidation and protein 
oxidation in obesity seen in the present study was 
associated with enhanced erythrocyte antioxidant 
SOD and catalase activities in obese rats suggesting 
an upregulation of these enzymes. Other studies 
have previously reported increased activity of 
superoxide dismutase (SOD) and catalase (CAT) and 
decrease in GSH with age reflecting increased 
oxidative stress in higher age groups[7]. Significant 
redox imbalance was observed in aged rats fed 
sunflower oil[8]. 

In this study, we have chosen to test a 
combination of two oils largely used in the 
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Mediterranean diet, olive oil and linseed oil, to mimic 
human consumption. Olive-linseed oils 
supplementation had beneficial effects including 
lower body weight, decreased plasma glucose and 
lipids and reduced oxidative stress. These 
observations corroborated with previous reports on 
MUFA and n-3 PUFA[4]. The observed beneficial 
effects could be attributed to both olive oil and 
linseed oil.  

The positive effects of n-3 PUFA-based diets on 
less weight gain, lipid and glucose metabolism, such 
as lower plasma cholesterol, triglyceride, glucose and 
insulin levels have been described extensively before, 
and were explained by reduced resorption of dietary 
calories, enhanced insulin secretion from pancreatic 
beta-cells, enhanced thermogenesis and increased 
fatty acid oxidation[9].  

It has been demonstrated that olive oil-rich or 
ALA-rich diets decrease the rate of peroxidation and 
production of free radicals[9-10]. Olive oil has exerted 
marked antioxidant effects due to high oleic acid and 
phenolic compounds[10]. We have found that 
sunflower oil possess the highest content of vitamin E. 
The beneficial effects of olive and linseed oils on 
redox balance were then not related to oil vitamin E 
contents but possibly to fatty acid composition or 
phenolic contents. 

In this study, the reduction in plasma 
hydroperoxide and carbonyl protein levels after 
olive-linseed oils supplementation could be due to an 
increase in the body’s antioxidant capacity leading to 
reduced lipid and protein oxidation. In addition, GSH 
levels were increased by oil supplementation in 
obese rats. Vitamin C was high suggesting that this 
vitamin was less used related to low oxidative stress 
after oil supplementation. SOD and catalase activities 
were reduced by olive and linseed oils suggesting low 
oxidative stress in CAF group.  
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