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ABSTRACT: The aim of this study was to investigate the effects of calorie restriction (CR) and swimming exercise (SW) 
on oxidative injury in kidney and bladder tissues, in rats with metabolic syndrome (MS). 3-months old rats were divided 
into five; Control, MS, MS+CR, MS+SW, MS+CR+SW. The metabolic syndrome model was created using 10% fructose 
solution in drinking water for three months. Afterwards, SW and 40% CR were applied for six weeks. Blood glucose 
measurements were performed at the beginning, the third month and the end of experiment. After decapitation, blood, 
kidney and bladder samples were collected. Cytokine levels, antioxidant and oxidative stress parameters were 
examined. There was a remarkable change in blood glucose levels in MS+CR+SW group. Fructose-induced increased 
TNF-α and decreased ADP levels in plasma were reversed in CR, SW, and CR+SW groups. MDA levels were increased, 
while SOD and ADP levels were decreased in renal and bladder tissues in MS group. CR and SW significantly reversed 
all parameters in both tissues. Moreover, caspase activity increased in both tissues in MS group. CR decreased the 
caspase activity in kidney tissue, and in bladder tissues caspase activity significantly decreased with both CR and SW. 
Western blot analysis showed an increased caspase-3 protein expression in both tissues which was reversed by CR, SW, 
and CR+SW. The results of our study showed that MS disrupts the balance of pro/anti-inflammatory cytokines in 
plasma and causes oxidant damage in urinary tissues. Calorie restriction and exercise are protective against the damage 
caused by MS. 
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 1.  INTRODUCTION 

Metabolic syndrome (MS) is an important health problem associated with important cardiovascular risk 
factors such as diabetes, obesity, dyslipidemia and hypertension. Oxidative stress and inflammation which 
play role in cellular damage and various organ dysfunctions, have a major role in MS and its clinical 
complications [1]. Urinary tract damage and kidney diseases are some of the clinical complications caused by 
MS [2]. 

Obesity, leading to diabetes and hypertension can initiate kidney disease through disease-associated 
vascular damage and oxidative stress. Although the mechanism has not been fully explained, increasing 
intraglomerular pressure by a compensatory hyperfiltration mechanism to meet the high metabolic 
requirements of increase in body weight damages the kidney tissue. However, the presence of chronic kidney 
disease in obese individuals without diabetes or hypertension has shown that obesity alone can also cause 
kidney disease [3]. The association of increased visceral adipose tissue with renal damage and even high 
mortality in these patients clearly emphasizes the role of visceral adiposity in organ damage [4]. 

On the other hand, epidemiological studies have shown that MS is also associated with BPH and 
bladder dysfunction. Factors such as autonomic hyperactivity and inflammation in the obese patients may 
play a role in these clinical conditions. The inflammation-mediated detrimental effect may be due to endocrine 
and inflammatory activity of adipose tissue through the production of various adipokines which eventually 
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cause inflammation, oxidative stress, abnormal lipid metabolism, increased insulin production and insulin 
resistance [2].  

Since sedentary life and excessive calorie intake are responsible for many cardiovascular diseases 
including MS, clinicians generally prefer and offer several non-pharmacological approaches, like exercise and 
calorie restriction. In the light of these knowledge, in this study, the possible beneficial effects of swimming 
exercise and calorie restriction, and the mechanism of these effects were investigated against damage in the 
urinary organs induced by excessive fructose intake. 

2. RESULTS 

2.1. Blood glucose levels  

As shown in table 1, three months 10% fructose given in drinking water caused significant (p<0.001) 
increase in blood glucose levels in the MS, MS+CR, MS+SW and MS+CR+SW groups.  

Table 1. Blood glucose levels (mg/dl) at the beginning (t1), at the end of third month (t2) and at the end of 
the experiment (t3). C: Control, MS: Metabolic syndrome, CR: Calorie restriction. SW: Swimming exercise. 

Blood glucose      C   MS MS+CR MS+SW MS+CR+SW 

t1 100 ± 6.9 92 ± 4.1 80 ± 3.3 84 ± 3.9 85 ± 2.6 

t2 94 ± 3.2 255±13.4 *** 192±6.5 *** 181±9.6 *** 188±15.6 *** 

t3 91 ±  4.1 249±15.3 *** 105±6.7 +++ 125±6.4 *, +++, 92±3.6 +++ 

*p<0.05, *** p<0.001: compared with t1 periods in each groups.  
+++ p<0.001: compared with t2 periods in each groups. 

2.2. Biochemical results 

Plasma TNF-α levels were found to be significantly (p< 0.01) due to 10% fructose in the MS group, while 
in the CR and CR+SW group this cytokine levels were decreased. Although SW could not reduce TNF-a levels, 
it was also not significantly different when compared to the control. On the other hand, ADP levels that were 
reduced in MS group (p<0.001), were found to be increased with all three, CR (p<0.01), SW (p<0.001) and CR 
+ SW (p<0.01) applications (Figure 1). 

 

Figure 1. a) TNF-alpha and b) adiponectin (ADP) levels in plasma. MS: Metabolic syndrome, CR: Calorie 
restriction. SW: Swimming exercise. 

**p<0.01, ***p<0.001: vs control group. +p<0.05, ++p<0.01, +++p<0.001: vs MS group. 
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The MDA levels, a lipid peroxidation index, were significantly higher (p<0.001) in the MS group 
receiving 10% fructose with drinking water, in both kidney and bladder tissues. In kidney CR, SW and both 
CR+SW were effectively reduced (p<0.001) the MDA levels in a similarly. In the bladder tissues CR and 
CR+SW reduced the MDA (p<0.001). When compared to the MS group, MDA levels in the SW group were 
not significantly lower and were not also significant compared to the control group. However, MDA levels of 
SW group was found to be higher (p<0.05) than CR group (Figure 2a and b). 

 

Figure 2. a and b) Malondialdehyde (MDA), c and d) superoxide dismutase (SOD) and, e and f) adiponectin 
(ADP) levels in kidney (right column) and bladder (Left column) tissues.  

MS: Metabolic syndrome, CR: Calorie restriction. SW: Swimming exercise. 
**p<0.01, ***p<0.001: vs control group. +p<0.05, ++p<0.01, +++p<0.001: vs MS group.  
&p<0.05, &&p<0.01: vs MS+CR and group. 

Metabolic syndrome induced oxidative stress, as determined through increased MDA levels caused 
significant reduction in antioxidant enzyme SOD activity (p<0.01, p<0.001) in both tissues. All three 
applications, CR, SW and CR + SW increased the enzyme activity (p<0.05-0.001), however there was a still 
decrease (p<0.05) in bladder tissues in SW group compared to control, and it was also significantly lower 
(p<0.01) than CR group (Figure 2c and d). 

An adipocytokine, adiponectin, was found to be significantly lower (p<0.001) than that of the control 
group in both kidney and bladder tissues, while ADP levels were significantly increased (p<0.05-0.001), 
through CR, SW, and CR+SW (Figure 2e and f). 

As shown in figure 3, caspase-3 activity of kidney and bladder tissues of rats with MS, were significantly 
higher (p<0.05, p<0.001) than the control group. In kidney tissues only CR reduced the caspase activity 
(p<0.05), but in bladder tissues all three treatment modalities reduced (p<0.01) the enzyme activity (Figure 3a 
and 3b). When examined the protein expressions of Caspase-3, semi-quantitative Western blot analysis 
showed that caspase-3 bands at 32 kDa, showed high intensity in both tissues (p<0.001). On the other hand, 
although protein expressions were still higher than the control (p<0.05, p<0.01), CR, SW, and combination of 
CR and SW were reduced these increased expressions significantly (p<0.001, Figure 3c-f). 
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2.3. Histological results 

2.3.1. Kidney 

The control group had a regular alignment of both tubules and glomeruli (Figure 4a) whereas the MS 
group showed gross degeneration in the tubular and glomerular structures, interstitial edema (Figure 4b). In 
the MS+ CR group regression of interstitial edema and reduction of tubular cell desquamation was observed 
(Figure 4c). MS+EG group tubular cell desquamation reduced and interstitial edema was ongoing although 
seemed regressive (Figure 4d). Interstitial edema was slightly ongoing and both glomerular and tubular 
structures were regenerated (Figure 4e). 

 

Figure 3. Caspase-3 activities in a) kidney and b) bladder tissues. Caspase-3 protein expressions in kidney 
(c and e) and bladder (d and f) tissues. 

MS: Metabolic syndrome, CR: Calorie restriction. SW: Swimming exercise. 
*p<0.05, **p<0.01, ***p<0.001: vs control group.  
+p<0.05, ++p<0.01, +++p<0.001: vs MS group. 

2.3.2. Bladder 

The control bladder tissues were regularly aligned (Figure 5a) whereas in the MS group there was 
severe fatty edema in the muscle and lamina propria besides desquamation of epithelium (Figure 5b). In the 
MS+CR group the edema in the lamina propria seemed regressive (Figure 5c). MS+EG group fatty edema in 
the muscle tissue reduced but ongoing in the lamina propria (Figure 5d). MS+CR+EG group demonstrated 
prominent regression of fatty edema besides epithelial desquamation (Figure 5e). 
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Figure 4. (a) Control group, regular morphology of both glomerulus (arrow) and tubulus (arrowhead), 
interstitial area (*), (b) MS group, severely degenerated interstitium (arrowhead) and glomerulus (*), 
desquamation of tubular cells (arrows), (c) MS+CR group, reduction in the interstitial edema (arrowhead), 
slight regeneration in the tubular (arrow) and glomerulus (*) structure, (d) MS+EG group, tubular cellularity 
maintained (arrow) and so the glomeruli (*), (e) MS+CR+EG group, regression of the degeneration of 
tubules (arrow) and glomeruli (*) some focal tubular areas showed slight degeneration (arrowhead). HE 
staining. 

 

Figure 5. (a) Control group, regular alignment of bladder epithelium (arrow) and lamina propria (*), (b) MS 
group, desquamated epithelium (arrow) and fatty edema in muscle and lamina propria (*), (c) MS+CR 
group, regression of fatty edema in muscle tissue (*) although ongoing in the lamina propria, (d) MS+EG 
group, regression of fatty edema in the muscle tissue (*) and regenerated epithelium (arrow), (e) MS+CR+EG 
group, epithelium gained its integrity (arrow) and reduced edema in both mucle (*) and lamina propria. 

3. DISCUSSION 

Metabolic syndrome (MS) is characterized by the presence of hyperinsulinemia or insulin resistance 
where some vascular risk factors such as dyslipidemia, hypertension or central obesity are accompanied. 
Furthermore, hypercoagulability, endothelial dysfunction and inflammation were also seen in these same 
individuals [5, 6]. Increasing evidence supports the idea that these key components of MS are also risk factors 
for urinary tract diseases and thus there is a link between MS and many common urological conditions [7, 8]. 
On the other hand it is well known that oxidative stress plays an essential role in these individual components 
of MS [9]. Accordingly in this study we have investigated the antioxidative and tissue protective effects of 
calorie restriction and swimming exercise, on the urinary system of the rats with experimentally induced 
metabolic syndrome 

It has been observed that the increase in visceral adipose tissue above normal causes many disturbances 
in lipoprotein metabolism [10]. This causes an increase in intraabdominal fatty tissue, insulin resistance, 
diabetes and cardiovascular diseases and eventually MS. In addition, adipose tissue, which secretes bioactive 
adipocytokines such as TNF-α and adiponectin (ADP), which has a central role in the development of insulin 
resistance, has a major role in the metabolic syndrome [11]. 

Environmental factors such as excessive feeding or immobility lead to an increase in visceral fatty 
tissues and a consequent decrease in plasma adiponectin levels. It has been demonstrated that the decrease in 
adiponectin levels can cause oxidative stress, diabetes mellitus, hypertension and dyslipidemia [11]. In our 
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study, in rats subjected to high-fructose diet, plasma TNF-α levels increased while a decrease in ADP levels 
was observed. In the study by Rodriguez et al., it has been shown that restoration of insulin sensitivity with 
diet and exercise had lead to a regulation of blood pressure and a decrease in lipid and inflammatory cytokine 
levels [12]. Similar to these studies, our study also showed that the increase in TNF-α and the decrease in ADP 
due to MS were prevented with both calorie restriction and exercise. 

The relation between MS and inflammation has previously been proved with the increase in 
proinflammatory cytokines and c-reactive protein, which is a nonspecific marker of inflammation. Obesity, 
while causing an increase in adipose tissue, also causes a release of chemokines and consequently 
macrophages infiltrate the tissues and start the inflammatory process. On the other hand, this inflammatory 
process causes an increase in free radical production. Ultimately, the relation between metabolic syndrome 
and oxidative tissue damage can help us understand both the pathophysiology of this syndrome and also the 
effects on remote tissues. Another marker that is widely used to determine oxidative damage is MDA, which 
is also known as thiobarbituric acid reactive substances (TBARs) and is a final product of lipid peroxidation. 
In our study, the increased MDA levels in both kidney and bladder tissues in rats with MS proves the presence 
of oxidative stress in these tissues. Another marker of inflammation is SOD, whose activity is inversely 
correlated with MDA levels. SOD activity, as a marker of antioxidant activity, decreases due to depletion in 
cases of inflammation. In literature, it has been shown that acute exercise could increase oxidative stress but 
however, it has also been shown that regular committed exercise could cause a decrease in the oxidative 
parameters caused by acute exercise and could also trigger the production of antioxidants [13]. Therefore the 
authors recommend that regular committed exercise should be undertaken as a regular life-style modification 
recommendation [13]. 

Regular exercise increases the antioxidant enzyme activities such as SOD and GSH activities and 
therefore prevents the unwanted effects of oxidative stress [14]. Regular low/moderate-intensity exercise has 
also been proven to provide a significant improvement (recovery) in glucose intolerance and decrease obesity-
associated organ dysfunctions [14].  

Calorie restriction, an important lifestyle modification requirement apart from regular exercise, has 
been recommended to combat the aging and aging dependent neurodegenerative and cardiovascular diseases. 
The application of calorie restriction plays an important role not only in weight control but also in the fight 
against oxidative tissue damage. 

It is well known that changes in the redox status increase oxidative stress and trigger caspase activation 
and consequently, cells are destroyed either by necrosis or apoptosis. ROS can induce apoptosis by cleavage 
of poly (ADPribose) polymerase (PARP), increasing mitochondrial permeability and thus release of 
cytochrome C, and activating caspases. Since apoptosis is related to oxidative events and oxidative stress is an 
important process due to MS, it is reasonable that the increase in MDA caused by MS can lead to caspase 
activation [15]. In our study MS induction caused a significant increase in oxidative injury determined through 
the increase in MDA levels, and the decreases in antioxidant enzyme activities and triggered caspase activation 
and expression.  

4. CONCLUSION 

Metabolic syndrome is a world-wide important health problem with various concomitant organ 
dysfunctions due oxidative stress and inflammation. In this study, urinary system tissue damage caused by 
MS was demonstrated with increased oxidative stress biomarkers and decreased antioxidant enzyme levels in 
kidney and bladder tissues. Also, in this study, calorie restriction and exercise were proven to decrease the 
oxidative stress and provide tissue protection against MS-induced inflammatory process.  

With further clinical studies, these important lifestyle modifications such as calorie restriction and 
exercise, can be implemented in treatment strategies of metabolic syndrome to prevent urinary system tissue 
damage. 

5. MATERIALS AND METHODS 

5.1. Animals and ethics 

Male Sprague-Dawley rats weighing 250-300 grams were used for the experiments. Animals were 
supplied from the animal facility at Marmara University (MU) Experimental Animal Implementation and 
Research Centre. All experimental protocols were performed according to the MU Animal Care and Use 
Committee (Protocol number: 82-2.2012.mar). 
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Animals were randomly divided into five groups (10 rats in each). Control (C), metabolic syndrome 
(MS), MS+ calorie restriction (CR), MS + swimming exercise (SW), and MS+CR+SW groups. 

5.2. Metabolic syndrome 

Metabolic syndrome was induced by giving drinking water to rats containing 10% fructose (wt/vol) for 
12 weeks. For calorie restriction, after determining the daily food intake of the animals, daily food intake was 
limited to 40% for 6 weeks. In the exercise groups, rats were subjected to moderate swimming exercise. For 
this purpose, the rats were floated in the heated water pool for 30 minutes a day, 3 days a week during the 6-
week period during which they exercised. 

5.3. Blood glucose levels 

At the beginning of the experiment, at the end of the 3rd month and at the end of the experiment blood 
glucose levels were measured using a glucometer.  

5.4. Biochemical analysis 

After decapitation, blood and tissue (kidney and bladder) samples were taken. Blood samples were 
analyzed for adiponectin (ADP) and TNF-α levels while oxidative stress indicators, malondialdehyde (MDA) 
and ADP levels and superoxide dismutase (SOD) and catalase-3 activities were examined in tissue samples. 
Tissues were also examined for morphological evaluation. 

Serum and tissue adiponectin (ADP) levels were determined according to the kit procedure using the 
commercial kit (sc-26496, Santa Cruz), and TNF-α levels were quantified using enzyme-linked immunosorbent 
assay (ELISA) kits (Biosource Europe S.A. Nivelles, Belgium).  

The MDA levels in kidney and bladder tissues were assayed as a product of lipid peroxidation through 
monitoring thiobarbituric acid reactive substance formation. Results are expressed as nmol MDA/g tissue 
[16]. 

Superoxide dismutase (SOD) activity in tissue samples was measured according to the method 
described by Mylroie et al. [17]. A standard curve was prepared routinely with bovine SOD (Sigma Chemical 
Co, Saint Louis, USA; S-2515, 3000 U) as reference. Absorbance readings were taken at 0 and 8 min of 
illumination and net absorbances were calculated. 

Caspase-3 activity assay was performed using the caspase-3 cellular activity assay kit (Calbiochem, San 
Diego, CA) according to the manufacturer’s instructions. The DEVDpNA cleavage activity was calculated as 
pmol/min/mg protein. Protein concentration in tissue samples was determined using Bradford method [18]. 

Caspase-3 protein expression was measured directly by Western blot using a monoclonal rat 
anticaspase-3 and cleaved caspase-3 (clv-cas3) antibodies. Samples were homogenized with cell lysis buffer 
and then centrifuged sample supernatant was collected for determining immunobloting assay. Samples 
resolved on 12% SDS-PAGE and transferred to nitrocellulose membrane. The membrane was blocked with 5% 
nonfat skimmed milk powder then washed with TBST and incubated overnight with primary antibody (1:500 
monoclonal rat anti-caspase-3 sc-56055; anti-b-actin, sc-47778 from Santa Cruz Biotechnology, clv-casp3 9664 
from Cell Signaling). The membrane was incubated with HRP conjugated secondary antibody for 2 h. After 
the incubation, membrane was developed with chemiluminescence reagents (sc-2048, Santa Cruz 
Biotechnology L kit) and exposed to Fuji Super RX fi lm (47410, Tokyo, Japan). Protein bands were analyzed 
using “Image J Programme Optical Density Analysis Software” (NIH, USA). Signals were normalized with 
respect asdft to β –actin. 

 
5.5 Histological analysis 
Tissues were fixed in 10% formalin solution and dehydrated in degraded ethanol series and cleared in toluene. 
Paraffin-embedded samples were cut with 5μm thickness by rotary microtome and stained with hematoxylin-
and-eosin (H&E). Sections were evaluated and photographed under Olympus BX51 light microscope 
(Olympus Co., Ltd., Tokyo, Japan). 

5.6. Statistical analysis 

Statistical analysis was performed using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, 
USA). Each group consisted of six animals. All data are expressed as the mean ± SEM. Groups of data were 
compared with ANOVA followed by Turkey’s multiple comparison tests. Statistical significance was accepted 
as p < 0.05. 
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