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This study was designed to investigate the potential role of selenium on metabolic syndrome induced 
by fructose in rats. Thirty male Wister Albino rats weighing 185 to 225 g were used. The rats were 
randomly divided into 3 groups, 10 rats each. The first group received water only and set as a control 
(GI). The second group received 20% fructose in drinking water daily (GII). Third group (GIII) received 
fructose 20% and 0. 25 mg/0.5 ml distilled water/kg body weight per day selenium in drinking water. 
After 5 weeks of supplementation, rats were sacrificed; blood samples were obtained for different 
biochemical analysis including serum level of glucose; lipids profile were measured including total 
cholesterol, high density lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c) 
and triglyceride (TG). Liver function tests, alanine transaminase (ALT), aspartate transaminase (AST), 
albumin and total protein were carried out. Also, kidney function tests (creatinine, urea and uric acid) 
were estimated in serum. The present study revealed that selenium treatment mitigate the 
complications associated with metabolic syndrome. It is recommended that selenium may be an 
important part of an individual medical nutritional and lifestyle intervention. 
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INTRODUCTION 
 
Unsuitable lifestyle and diets can cause many disorders. 
Epidemiological studies have demonstrated that 
atherosclerosis is caused from several conditions such as 
dyslipidemia, insulin resistance and hypertension which 
refer to the metabolic syndrome. Increasing incidence of 
diabetes with obesity is as a result of changes in nutrition 
and the sedentary lifestyles (Eriksen et al., 2011). 
Metabolic syndrome is usually associated with lipoprotein 
abnormalities     which     serve     as     risk   factors     for 
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atherosclerosis (Avramoglu et al., 2003). 
Fructose is one of the most common sweetener which 

causes weight gain when in high dietary intake (Abdulla 
et al., 2011). In human, fructose when absorbed is not 
changed in the small intestine followed by transportation 
to the liver, which metabolizes in liver and the remainder 
taken up by the kidney and adipose tissue (Cirillo et al., 
2009). Fructose-fed rats developed features of metabolic 
syndrome (Johnson et al., 2010). One difference between 
fructose and glucose is that fructose raises serum uric 
acid. Elevated serum level of uric acid predicts the 
development of obesity and hypertension. This increased 
the    possibility    that  uric    acid   may   have   a   strong 



 

 
 
 
 
pathogenic role in metabolic syndrome (Johnson et al., 
2010). There is evidence that treatment with antioxidants 
improves insulin resistance in fructose fed rats (Roncal et 
al., 2009). 

Selenium (Se) is a trace element, it is toxic if taken in 
excess, creating an imbalance of nutrients in the diet. 
Selenium is an important element in many biochemical 
and physiological processes. Selenium is incorporated as 
seleno-cysteine at the active site of a wide range of 
selenoproteins. The biochemical role for Se is as a part of 
the active site of the enzymes including glutathione 
peroxidase which is known as an endogenous antioxidant 
enzyme (Michiels, 1994) and thioredoxin reductase (TR) 
that catalyzes the NADPH- dependent reduction. TR is a 
major redox protein for many enzymes/transcription 
factors. Also, selenium possesses a number of insulin 
like action (Shao et al., 2002). Also, the beneficial effects 
of Se as an antioxidant in biological systems have been 
returned to its ability to stabilize biomemberanes, to 
scavenge reactive oxygen species, and to reduce the 
peroxidation of unsaturated membrane lipids (Nandhini 
and Anuradha, 2004). 

Because of the important role of oxidative stress in the 
development of insulin resistance, we examined the role 
of antioxidant micronutrient in a model of metabolic 
syndrome, the fructose-fed rat. Several reports suggest 
that high fructose diet leads to the metabolic changes 
observed in metabolic syndrome such as dyslipidemia, 
and insulin resistance are observed which are associated 
with a high risk of cardiovascular diseases (Khan et al., 
2012). In this present study, we intended to investigate 
the preventive role of selenium on high fructose induced 
metabolic syndrome in male Wister rats. 

 
 
MATERIALS AND METHODS 

 
Chemicals  

 
Fructose was purchased from local markets. Selenium (Sigma-
Aldrich,Castle Hill, Australia) was purchased from General Nutrition 
Centers (GNC) market, Jeddah, Saudi Arabia Shop Market. All 

chemicals used were of high analytical grade, product of Sigma 
(US), Merk (Germany) and BDH (England).  

 
 
Animals 

 
Thirty male Wister Albino rats of 12 weeks old, weighing 185 to 225 

g were used at the start of experiment. The rats were purchased 
from King Fahad Medical Research Center in Jeddah. The Animals 
were kept in acrylic cages separately, and maintained on a constant 
12 h light/12 h dark cycle with air conditioning and temperature 
ranging 20 to 22°C and humidity (60%). Rats were fed with 
standard pellet chow with free access to tap water ad libitum for 
one week before the experiment for acclimatization. Animal 
utilization protocols were performed in accordance with the 

guidelines provided by the Experimental Animal Laboratory and 
approved by the Animal Care and Committee of the King Abdulaziz 
University. 
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Induction of metabolic syndrome 
 
Fructose-induced metabolic syndrome was induced in male Wister 
rats by adding fructose solution 20% (w/v) in tap water that was 
prepared every day. 
 
 
Experimental design 
 
Thirty rats were randomly divided into 3 groups of 10 rats each as 
follows:  
 
1. The first group acted as control (C): Rats received standard 

rodent diet and tap water; 
2. The second group acted as metabolic syndrome (F): Rats 
received standard rodent diet and tap water supplemented with 
20% fructose; 
3. The third group acted as treated fructose-fed (F-T): Rats received 
standard rodent diet and tap water supplemented with 20% fructose 
and selenium administered at the dose of 0.25 mg/0.5 ml distilled 
water/kg body weight per day by gavages. Body weight was 
measured every two weeks.  

 
The experiment was carried out for 5 weeks. At the end of the 
treatment period and after an overnight fast (10 to 12 h), blood 
glucose concentrations were measured in tail vein blood using 
glucose meter (Mallick et al., 2007), all animals were scarified under 
light ether anesthesia. Blood samples were collected for serum 
separation. Serum was separated by centrifugation at 3,000 rpm. 
for 15 min and stored at -20°C for further analyses. 

Liver indicator such as activity of alanine aminotransferase (ALT) 

(Bergmeyer et al., 1978), aspartate aminotransferase (AST) (Saris, 
1978), albumin (Glick et al., 1986) and total protein (Lowry et al., 
1951) were measured spectrophotometrically. Lipids profile 
including total cholesterol (Stein 1986), high density lipoprotein 
(HDL) (Burtis and Asshuood, 1999), low density lipoprotein (LDL) 
(Burtis and Asshuood, 1999) and triacylglycerol (TG) (Wahelfed, 
1974) were also determined. Finally, kidney profile such as 
creatinine (Larsen, 1972), urea (Talke and Schubert, 1965), uric 

acid (Bulgar and Johns, 1941) were determined.  
 
 
Statistical analysis  

 
Data were analyzed by comparing values for different treatment 
groups with the values for individual controls. Results are 
expressed as mean ± standard error (SE). The significant 
differences among values were analyzed using analysis of variance 
(one-way ANOVA) followed by Bonferroni as a post-ANOVA test by 
SPSS version 15. For all analyses, p values ≤ 0.05 were considered 
significant. Correlation of variables was tested by the Pearson test. 

 
 
RESULTS 
 
The effects of fructose feeding and selenium 
supplementation on body weight in different groups for a 
period of 5 weeks have been shown in (Figure 1). The 
body weight of F-T rats group decreased significantly (p < 
0.01) compared with those in C and F groups. In contrast, 
fasting serum levels of glucose, TG, LDL-c were 
significantly increased in F rats when compared with 
control (p < 0.01). Fasting serum levels of glucose, TG, 
LDL-c were significantly decreased in F-T rats compared 
with F group (p < 0.01). Moreover, fasting serum levels of
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Figure 1. Effects of fructose feeding and selenium on body weight in experimental groups 

for the period of 5 weeks. GI = control rats, Group II = fructose-fed rats, GIII = fructose 
fed selenium treated rats. *p < 0.05 compared to control rats. 

 

 
 

Table 1. Fasting serum glucose and lipid profile levels in experimental rats. 

 

Parameters (mg/dl) Control (n = 10) Fructose (n = 10) F-T (n = 10) 

Glucose 86.1±3.8 176±14 
a
 97±2.0 

b
 

Total cholesterol  78.3±7.0 96.3±3
.
0

a
 74.8±3.3

b
 

HDL  43.6±3.0 34.6±2.1
a
 38.6±0.42 

LDL  132±5.4 208±24 
a
 79.5±5.3

a,b
 

Triglycerides  44.5±5.3 93.3±2.7
a
 42.6±1.9

b
 

 

Values are means ± SE.
a
P < 0.05, compared to control rats. 

b
P < 0.05, compared to fructose fed rats. Control: 

rats received standard diet, Fructose: rats received standard diet and 20% fructose in tap water, F-T: rats 

received standard diet + 20% fructose in tap water + selenium. 
 
 

 

HDL significantly decreased in the F group when 
compared with control rats (p < 0.01), but fasting serum 
levels of HDL increased in F-T rats in comparison with 
the F group (p < 0.01) (Table 1). 

AST, ALT, total protein and albumin serum levels were 
measured to assess liver function. As can be observed in 
Table 2, no significant alterations in activity of AST, total 
protein and albumin serum levels are detected in the 
animal groups treated with high fructose and selenium 
during 5 weeks when compared with the control group 
while serum ALT showed statistical significant difference 
(p < 0.05). The effects of fructose feeding and selenium 
on kidney function parameters are shown in Table 3. 
There was no significant difference in serum urea 
between groups. Serum uric acid levels were elevated in 
fructose-fed rats compared with control rats which 
demonstrate that fructose feeding induce early features 
of metabolic syndrome in rats. Treatment with selenium 
was effective at lowered uric acid. 

To investigate further the role of uric acid, we examined 
the Pearson's correlation coefficients between uric acid 
and other factors in experimental rats. Serum uric acid 
most strongly positively correlated with serum TG (r = 
0.856), glucose (r = 0.738), and LDL-c (r = 0.808), while 
uric acid is negatively correlated with serum HDL-c (r = -
0.253) and ALT (r = -0.047) (Table 4). 
 
 
DISCUSSION 
 
In this study, we examined the positive role of selenium in 
the treatment of metabolic syndrome in fructose-fed rats. 
Treatment of fructose-fed rats with selenium showed 
significant reduction in serum glucose level to near the 
normal values. Previous reports indicate that selenium 
activate a key important protein involved in the insulin-
signal cascade (Stapleton, 2000). Also, selenium cause 
partial restoration  of  mRNA  levels  of  glucokinase  and
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Table 2. The levels of indicator of liver function in experimental rats. 
 

Parameters Control (n = 10) Fructose (n = 10) F-T (n = 10) 

ALT (U/L) 56.5±1.9 74.8±4.3
a
 67.8±2

a
 

AST (U/L) 71.6±2 76.6±3.8 67.6±5.7 

Albumin (g/dl) 4.4±0.09 4.5±0.05 4.4±0.14 

Total protein (g/dl) 7.4±0.14 7.3±0.06 7.5±0.16 
 

Values are means ± SE.
a
P < 0.05, compared to control rats. Control: rats received standard diet, Fructose: rats 

received standard diet and 20% fructose in tap water, F-T: rats received standard diet + 20 % fructose in tap 
water + selenium. 

 
 
 

Table 3. The levels of kidney function parameters in experimental rats. 
 

Parameters Control (n=10) Fructose (n=10) F-T (n=10) 

Creatinine (mg/dl) 0.54±0.016 0.45±0.01
a
 0.42±0.01

a
 

Urea (mg/dl) 22.5±0.99 24.3±1.6 22.8±1.2 

Uric acid (mg/dl) 0.76±0.04 1.5±0.11
a
 0.66±0.07

b
 

 

Values are means ± SE.
a
P < 0.05, compared to control rats. 

b
P < 0.05, compared to fructose-fed rats. Control: rats 

received standard diet, Fructose: rats received standard diet and 20% fructose in tap water, F-T: rats received 
standard diet + 20 % fructose in tap water + selenium. 

 
 
 

Table 4. Pearson correlation coefficient (r) in experimental rats. 
 

Parameters Total cholesterol Triglycerides HDL LDL ALT Glucose 

Glucose 0.476* 0.846** 0.487* 0.636** 0.153 - 

Creatinine  - 0.301 -0.197 0.613** 0.224 -0.587* -0.361 

Albumin  0.566* 0.164 -0.290 0.055 0.112 0.125 

Weight gain 0.199 0.14 -0.075 0.483* 0.087 0.213 

Uric acid 0.421 0.856** -0.253 0.808** -0.047 0.738** 
 

*p < 0.01 **p < 0.001. 

 
 
 

pyruvate kinase enzymes. It also decreases the elevated 
level of mRNA and the activity of phosphoenol pyru-vate 
carboxy kinase enzyme (Becker et al., 1996). Finally, it 
has the ability to maintain the expression of the lipogenic 
enzymes, glucose-6-phosphate dehydrogenase (G6PDH) 
and fatty acid synthase (FAS) (Berg et al., 1995). 

Selenium is a crucial factor in maintaining antioxidant 
defense and it can also act as a pro-oxidant properties. 
Selenium supplementation was able to reverse features 
of metabolic syndrome in fructose-fed rats (Surai, 2002). 
The mechanism by which selenium exerts its beneficial 
changes on physiological functions may be through Se-
containing proteins. Because of it being an integral part of 
the active site of a widely dispersed enzyme glutathione 
peroxidase, it helps to save low levels of cellular 
peroxides that damage cell membranes (Purshad and 
Natt, 2007). 

Results of this study showed that fructose-fed rats 
could induce dyslipidemia in fasting rats. Previous studies 
in rats showed the same results (Shahraki et al., 2011). 
Fructose   feeding  stimulates  the  hepatic  production  of 

triglycerides by stimulating de novo fatty acid synthesis 
and by promoting the re-esterification of circulating non-
esterified fatty acids. Increasing the levels of triglycerides 
and fatty acids reached the muscle and interferes with 
the utilization of glucose and impairs insulin action 
(Haidari et al., 2002). 

There is strong evidence that uric acid may have a 
pathogenic role in metabolic syndrome. Hyperuricemia 
has been found to predict the development of obesity and 
diabetes (Nakagawa et al., 2006). Most authors consider 
hyperuricemia in metabolic syndrome to be the 
consequence of elevated serum insulin levels which 
stimulate renal reabsorption of uric acid (Facchini et al., 
1991). 

Although the role of uric acid in the metabolism of 
triglycerides is still unknown, uric acid might be involved 
in either the reduction or increase production of clearance 
of triglycerides. This decrease in fructose-fed rats has 
been attributed to a reduction in lipoprotein lipase activity 
in endothelial cells. Also, the increase in de novo purine 
synthesis in fructose-fed  rats  may  be  linked  to  hepatic 
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fatty acid synthesis, resulting in increase production of 
triglycerides (Nakagawa et al., 2006). 

Finally, selenium supplementation to fructose-fed rats 
prevents not only oxidative stress but also renal structural 
injury as well (Reddi and Bollineni, 2001). Also, the 
ameliorating effect of selenium on the kidney and liver of 
fructose-fed rats may be due to its antioxidant as well as 
its insulin mimetic action which influence polyol pathway, 
thus selenium treatment may delay or prevent the 
development of metabolic features (Treska et al., 2002). 
 
 

Conclusion 
 
Fructose produced metabolic syndrome may result in 
setting of energy restriction. Furthermore, we 
demonstrated that the selenium treatment is 
recommended for more investigation in diabetic patients 
in future study. 
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