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- ABSTRACT- 

Protective effects of regular exercise and Korea red ginseng against 

high-fat diet-increased renal injury in -galactose-induced aging 

rats 

 

A decline in renal function is seen commonly in aging. Aging further increase oxidative 

stress in the kidney and are associated with reduced renal function. Aging is progressive 

accumulation of oxidative agents. Advanced glycation end products (AGEs) and advanced 

lipoxidation end products (ALEs) formation has been implicated in the aging process. 

Obesity induced by a high-fat diet (HFD) may reduce renal function. However, the impact of 

obese on the age-related renal disease is not well understood. Exercise reduces oxidative 

stress. Korean red ginseng (KRG) has been reported to ameliorate oxidative tissue injury and 

has an anti-aging effect. The purpose of this study was to investigate whether HFD would 

accelerate -galactose (GAL)-induced renal injury and to examine the preventive effects of a 

regular exercise and KRG on GAL/HFD -induced renal injury.  

In the first experiment, age-related renal injury was induced by an administration with 

GAL (100 mg/kg, i.p.) in the absence or presence of high-fat diet (60% kcal as fat) for 9 

weeks. The exercise group was trained on a motorized treadmill for 60 min/day, 5 

times/week over the same period. In the second experiment, in vitro inhibitory effect of KRG 

on AGEs-cross-linking was examined by enzyme-linked immunosorbent assay (ELISA), and 

KRG (200 mg/kg/day) was given to GAL plus HFD-induced aging rats for 9 weeks. 
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Immunohistochemical staining for 8-OHdG (a specific marker of oxidative DNA 

damage) and CMLs (a marker of both glycation and lipoxidation reactions) revealed that 

GAL-treated rats fed a HFD showed aggravated renal injury associated with more 

pronounced renal AGEs/ALEs formation and oxidative DNA damage. In TUNEL assay, the 

numbers of TUNEL-positive cell in the GAL/HFD group were significantly higher than the 

GAL group. The expression of activated caspase-3 protein and Bax/Bcl-2 ratio also were 

significantly increased in the GAL/HFD group than that in the GAL group. Moreover, 

imuunohistochemical staining for synaptopodin and WT-1, well-known podocyte markers, 

revealed that HFD aggravates the loss of podocytes in renal glomeruli. However, the regular 

exercise restored all these renal changes in HFD plus GAL-treated rats.  

KRG inhibited AGEs and collagen cross-link at ten-fold less concentration (IC50=55.65 

ɛg/ml) than aminoguanidine (IC50=563.54 ɛg/ml), a well-known glycation inhibitor. When 

rats were fed with a HFD for 9 weeks in GAL-induced aging rats, renal AGEs accumulation, 

extracellular high mobility group box 1 protein (HMGB1), a signal of tissue damage) and 

receptor for AGE (RAGE) were extensively expressed in renal tissues of the GAL/HFD 

group than that in the GAL group. HMGB1 was clearly translocated from the nucleus to the 

cytoplasm in renal tubular epithelial cells. However, treatment of HFD plus GAL-induced 

aging rats with KRG restored all these renal changes. 

In summary, when rats were fed with a HFD for 9 weeks in GAL-induced aging rats, 

oxidative DNA damage, protein glycations, renal cell apoptosis and cytoplasmic 

translocation of HMGB1 were caused in renal glomerular cells and tubular epithelial cells. 

However, the regular exercise and KRG treatment restored all these renal changes in 
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GAL/HFD-treated rats. Therefore, this study suggested that long-term HFD may accelerate 

the deposition of AGEs/ALEs and oxidative renal injury in GAL-treated rats. This HFD-

increased renal injury in GAL-induced aging rats could be suppressed by regular exercise 

and KRG through the repression of oxidative injury.  

                                                                           

Key words: Age-related renal injury; -Galactose; Exercise; High-fat diet; Korean red 

ginseng; Oxidative stress 
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I. INTRODUCTION  

A. Age-related oxidative renal injury 

Aging as an extremely complex biological phenomenon is demonstrated by 

accumulation of deleterious changes during the time with an increase in the chance of 

disease and death. The free radical and oxidative stress theory of aging is recognized as one 

of the most plausible and promising explanations for the process of aging (Hamid et al., 

2012). The pathology of aging and age-related diseases involves oxidative stress at an early 

stage in its development (Barja, 2004) as confirmed by a decrease in antioxidant defences 

and an increase in oxidative damage (Moreira et al., 2005). Some recent reports suggests that 

oxidative stress can cause functional changes in kidneys leading to renal disorders (Fardoun 

et al., 2006) and cardiovascular disorders (Suh et al., 2001).  

Recently, -galactose-induced aging rats have been reported to be a reliable animal 

model for renal aging because rats chronically injected with -galactose for a period of 6 

weeks showed significant similarities with the naturally aged rats in terms of impaired redox 

homeostasis (Aydin et al., 2012). -Galactose is a physiological nutrient and a reducing sugar 

that reacts with free amines of amino acids in proteins to form advanced glycation end 

products (AGEs) through nonenzymatic glycation (Chen et al., 2006). As such, oversupply 

of -galactose could contribute to generation of ROS through oxidative metabolism of -

galactose as well as through glycation end products (Song et al., 1999; Lu et al., 2006). 
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B. AGEs and oxidative stress 

Advanced glycation end products (AGEs) are stable end products of a non-enzymatic 

glycation reaction (Thorpe and Baynes, 2003). AGEs formation is accelerated under 

hyperglycemic condition as well as under oxidative stress. The advanced lipoxidation end 

products (ALEs) are similar adducts but are formed from oxidatevely damaged lipids 

(Vlassara, 2005). Hyperlipidemia leads to intracellular accumulation of fatty acids and 

cholesteryl esters (Weinberg, 2006) and chemical modification, particularly oxidation, of 

both proteins and lipids (Rice-Evans et al., 1996). Reactive carbonyl species (RCS), such as 

aldehydes acrolein, malondialdehyde and glyoxal, react with proteins to generate these stable 

adducts (Ahmed, 2005). Glyoxal is a dicarbonyl compound deriving also from autoxidation 

of Amadori products (glycoxidation) and reacting with lysine residues with formation of NŮ-

carboxymethyllysine (CML), which is therefore both an ALE and an AGE (Uchida, 2000). 

AGEs/ALEs accumulation is associated with aging and several age-associated diseases such 

as Alzheimerôs disease and renal insufficiency (Nass et al., 2007; Thornalley, 2008). The 

receptor for AGEs (RAGE) was shown to be predominantly involved in mediating 

AGE/ALE-induced tissue injury (Yan et al., 2003). The interaction between AGE/ALE and 

RAGE trigger signaling pathways leading to a chronic inflammation and cell damage 

(Moore and Freeman, 2006). Moreover, an increased lipid accumulation in renal tissues 

causes mesangial cell activation resulting in glomerular hypertrophy and matrix deposition, 

podocyte injury and proteinuria (Joles et al., 2000).  
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C. High mobility group box protein-1 and receptor for AGE 

High mobility group box protein-1 (HMGB1), also known as amphoterin, is best known 

as an architectural transcription factor because of its ability to regulate gene activity through 

DNA binding (Reeves and Wolffe, 1996). The receptor for advanced glycation end products 

(RAGE) is a member of the immunoglobin superfamily of cell surface receptors that is 

activated by several ligands including HMGB1 but also by AGEs, S100 proteins, and 

amyloid ɓ-peptide (Aɓ) (Bierhaus et al., 2005). At the time, the consequences of HMGB1 

interaction with RAGE were unknown, but it was discovered later that HMGB1 signaling 

through RAGE promotes chemotaxis and the production of cytokines in a process that 

involves the activation of the transcription factor nuclear factor-əB (NF-əB) (Palumbo et al., 

2007). 

 

D. Role of podocyte in glomerular pathobiology 

Glomerular visceral epithelial cells, which are also called podocytes, function as critical 

size and charge barriers of protein excretion from glomerulus, therefore, injuries in podocyte 

can cause marked proteinuria (Laurens et al., 1995; Pavenstadt, 1998). There is a growing 

body of evidence suggesting that podocyte injury plays an important role in not only 

proteinuria but also the progression to end-stage renal disease in diabetic nephropathy (Hoshi 

et al., 2002) and hypertensive glomerulosclerosis (Kretzler et al., 1994). Floege et al have 

provided data to support the concept that the glomerulosclerosis of aging is ña podocyte 

diseaseò although the mechanism by which this might occur was not elucidated (Floege et al., 

1997). Since podocytes lack the ability of proliferation, they do not recover from their 
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disappearance induced by podocyte injury, resulting in the decrease of podocytes from the 

glomerulus, podocytopenia, which is one of the important processes of glomerulosclerosis. 

Apoptosis is known to be the major course of podocytopenia (Kretzler, 2005). Although 

there are several factors influencing apoptosis in podocytes, oxidative stress is one of the 

important causative factors. 

 

 

Fig. 1. Glomerular changes after podocyte injury 

  

E. Exercise and renal injury  

Exercise reduces morbidity and mortality from various cardiovascular and kidney 

diseases in the elderly population (Larson and Bruce, 1987; Odden, 2010). It has beneficial 

metabolic actions including reduction in plasma triglycerides, increases in the high-density 

lipoprotein to low-density lipoprotein ratio and insulin sensitivity, and improves cardiac and 
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renal function (Heath et al., 1983; Sun et al., 2008; Barcellos et al., 2012). Exercise is 

reported to reduce oxidative stress in rats and mice (Navarro et al., 2004; Asghar et al., 2007). 

Moderate exercise by inducing the expression of antioxidant enzymes reduces oxidative 

stress (Gomez-Cabrera et al., 2008). In addition, regular moderate exercise reduces renal 

CML contents in obese Zucker rats (Boor et al., 2009). However, the mechanism as to how 

exercise reduces oxidative stress and AGE/ALE formation is not known.  

  

F. Korean red ginseng and renal injury  

Panax ginseng, one of the best health foods for vitality and combating fatigue, increases 

energy and eliminates chronic fatigue while improving health. Ginseng has been used as a 

tonic for more than 2000 years. It is well known as an energy booster and dietary supplement 

in Asian countries. Among the several kinds of Panax ginseng products, Korean red ginseng 

(KRG) has been found to have the most potent pharmacological effects against immune 

deficiency, metabolic syndrome, and cancer (Park et al., 2012; Paul et al., 2012; Kim et al., 

2013). KRG is produced by steaming and drying fresh ginseng. During this process, 

ginsenosides undergo chemical changes that have the potential to bring about special 

physiologic activities in vivo (Kim, 2001). Currently, more than 30 different ginsenosides 

from KRG have been isolated and characterized, and these ginsenosides are known to have 

different pharmacologic effects (Sun et al., 2009). In addition, KRG extract is reported to 

reduce AGEs formation in hyperglycemic rats (Quan et al., 2013). Although some clinical 

and experimental studies have reported that Panax ginseng has a preventive effect on the 

age-related organ dysfunction and anti-glycation activity (Hwang et al., 2010; Heo et al., 



6 

 

2011; Ramesh et al., 2012; Quan et al., 2013), the effects on age-related renal injury and 

cross-link formation of glycated proteins unknown.  

   

G. Obesity-related renal injury  

Genetic and environmental factors play a role in the development of obesity, and diet is 

one of the main environmental factors that contribute to this disease. Human studies have 

shown that increased fat intake is associated with body weight gain which can lead to obesity 

and other related metabolic diseases. Animal rodent models are therefore useful tools for 

studying obesity as they will readily gain weight when fed high-fat diets (HFD) (Van Heek et 

al., 1997; Buettner et al., 2007). HFD also causes renal lipid accumulation and renal injury 

(Jiang et al., 2005). Renal lipid accumulation may enhance oxidative stress and inflammation 

in the kidney and contribute to the development of renal injury (Trovati and Cavalot, 2004; 

Saiki et al., 2005). Reactive oxygen species (ROS) play critical roles in the development and 

progression of kidney damage (Forbes et al., 2008; Nistala et al., 2008). Obesity-related 

nephropathy is associated with the increase of proinflammatory cytokines, such as tumor 

necrosis factor-Ŭ (TNF-Ŭ) and interleukin-6 (IL-6), due to increased ROS production (Chow 

et al., 2007). Although the links between hypertension, diabetes and age-related renal disease 

are established, the relationship between HFD and oxidative stress in age-related renal injury 

still remain unknown. 

 

H. Aims of study 

This study aimed to investigate examine whether HFD would aggravate the age-related 
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renal injury induced by GAL. In addition, we evaluated the renoprotective effects of exercise 

and KRG in the GAL/HFD-induced aging rats. 
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II. MATERIALS AND METHODS  

 

A. KRG preparation 

KRG extracts were provided by Korea Ginseng Corporation (Daejon, Korea). The KRG 

extracts contained the following seven glycosides, known as ginsenosides (mg/g): Rg1 (0.71), 

Rb1 (4.62), Rg3(s) (2.14), Re (0.93), Rc (2.41), Rb2 (1.83), and Rd (0.89).  

 

B. Animals and experimental design  

Male SD rats (8-weeks old) were used in this study. They were all individually housed in 

a temperature-controlled room with a 12-h light/dark cycle and had free access to drinking 

water. This animal experiment is divided into two experiments. The first experiment is to 

investigate whether HFD would accelerate oxidative renal injury in -galactose (GAL)-

induced aging rats and to examine the renopreventive effects of a regular exercise. After 

acclimation for 2 weeks, the rats were divided into four groups: (1) normal control rats 

(CON, n = 8), (2) -galactose-induced oxidative stressed rats (GAL, n = 8), (3) HFD + -

galactose-induced oxidative stressed and obese rats (GAL/HFD, n=8) and (4) HFD + -

galactose-induced oxidative stressed and obese rats exercised regularly on a treadmill (EXE, 

n=8). The rats in the CON and GAL groups were fed a standard laboratory chow (3.34 kcal/g, 

PMI Nutrition International, MO, USA). To induce obesity, the rats in the GAL/HFD and 

EXE groups were fed a high-fat diet containing 60% kcal fat (5.24 kcal/g, D12492, Research 

Diets, NJ, USA) for 9 weeks. To induce oxidative stress, the rats in the GAL, GAL/HFD, 
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EXE groups were injected intraperitoneally with -galactose (100 mg/kg/day), while the rats 

in the CON group were injected with an equal volume of the vehicle (0.9% saline). The rats 

in the EXE groups were subjected to a treadmill exercise for 8 weeks (12 meter·/min
-1
 ·60 

min
-1
, 15 degree grade, 5 days/week) according to a published protocol (Asghar et al., 2002), 

and the rats in other sedentary groups were not exercised. The exercise training was begun 1 

week after the onset of HFD feeding.  

The second experiment is to to investigate whether HFD would accelerate AGE/ALE-

related renal injury in GAL-induced aging rats and to examine the renopreventive effects of a 

long-term treatment of KRG. The rats in the GAL group, the GAL/HFD group and the KRG 

group were injected intraperitoneally with GAL (100 mg/kg/day), while the rats in the CON 

group were injected with an equal volume of the vehicle (0.9% saline). The treatment of 

KRG was begun 1 week after the onset of HFD feeding, and KRG was administered orally to 

the rats for 8 weeks. The body weight was monitored consecutively. All experimental 

procedures were performed under the supervision of our Institutional Animal Care and Use 

Committee. 

 

C. Analysis of metabolic data  

The body weight was monitored consecutively. One day before autopsy, the animals 

were fasted for 15 h at least and immediately anesthetized and killed. Blood samples were 

collected from the tail vein, and total cholesterol, triglyceride (TG), High-density lipoprotein 

cholesterol (HDL) and Low-density lipoprotein cholesterol (LDL) were measured using an 

automated analyzer (Wako, Tokyo, Japan). 
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D. In vitro assay of the cross-linking of glycated proteins 

For the AGEs cross-linking inhibition assay, AGE-BSA (TransGenic Inc, Kobe, Japan) 

was incubated in either the presence or absence of KRG or aminoguanidine, a well-known 

AGE inhibitor, in collagen-coated 96-well plates. Collagen-AGE-BSA cross-linking was 

detected using a mouse anti-AGEs antibody (6D12, Wako, Osaka, Japan), a horseradish 

peroxidase-linked goat anti-mouse IgG antibody and a H2O2 substrate containing the ABTS 

chromogen. The inhibition of collagen-AGE-BSA cross-linking was expressed as the percent 

decrease in optical density (OD = 410nm). We calculated the IC50 concentration (µg/ml) as 

the concentration at which collagen-AGE-BSA cross-linking was inhibited by 50%. 

 

E. Immunohistochemical staining 

Immunohistochemistry was performed as previously described (Sohn et al., 2007). 

Antibodies were a mouse anti-CML (TransGenic, Kobe, Japan), a mouse anti-AGEs (6D12, 

Wako, Osaka, Japan), a mouse anti-8-hydroxygluanine (8-OHdG) antibody (Santa Cruz 

Biotechnology, CA, USA), a rabbit anti- high mobility group box 1 protein (HMGB1, 1:200, 

Epitomics, CA, USA), a rabbit anti-RAGE and a rabbit anti-synaptopodin (Santa Cruz 

Biotechnology, CA, USA). For detection of CML, AGEs, 8-OHdG and synaptopodin, the 

sections were incubated with the Envision kit (DAKO, CA, USA) and visualized by 3,3ô-

diaminobenzidine tetrahydrochloride. Negative controls for immunohistochemistry were run 

by incubating the sections with nonimmune serum instead of the primary antibody. The 

intensity of immunohistochemical staining of CML and 8-OHdG was analyzed in eight 



11 

 

randomly selected mm
2
 areas of renal cortex, and the positive signal areas of synaptopodin 

was determined per one glomerulus in a total of 40 glomeruli using Image J software (NIH, 

MD, USA). 

 

F. Double staining for TUNEL and Wilms tumor antigen-1 

In order to confirm the apoptotic cell death in renal podocytes, a sequential 

immunostaining was performed. The first staining of TUNEL was performed with a kit 

(DeadEnd apoptosis detection system, Promega, WI, USA) according to the manufacturerôs 

instructions. Apoptotic cells were detected with FITC-conjugated streptavidin (Santa Cruz 

Biotechnology, CA, USA). The second sequence of staining using rabbit anti-Wilms tumor 

antigen-1 (WT-1, Santa Cruz Biotechnology, CA, USA) was performed on the same section 

with tetramethyl rhodamine isothiocyanate (TRITC)-conjugated goat anti-rabbit IgG 

antibody (Santa Cruz Biotechnology, CA, USA). To prevent cross-reactivity between two 

staining sequences the slides were incubated with normal mouse serum (DAKO, CA, USA) 

after the first staining. For morphometric analysis, the positive cell numbers of WT-1 per one 

glomerulus in a total of 40 glomeruli was determined using Image J software. 

 

G. Apoptosis analysis 

To evaluate apoptosis in renal tissues, the TUNEL assay was performed with a kit 

according to the manufacturerôs instructions. Apoptotic cells were detected with peroxidase 

conjugated streptavidin. The number of TUNEL-positive cells per unit area (mm
2
) was then 

determined in counted in a total of 5 fields.  
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H. Statistical analysis 

Comparisons between groups were performed using one-way analysis of variance 

(ANOVA) followed by Tukey's multiple comparison test using GraphPad Prism 4.0 software 

(Graph pad, CA, USA). 
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III. Results 

 

A. Body weight and blood lipid profile 

Body weights at the beginning and at the end of the experiment are shown in Fig. 2. The 

body weight in the GAL group was slightly increased compared to the control group. In rats 

received both the GAL and HFD, body weight was significantly increased compared to the 

control rats and reduced by exercise training. Total cholesterol, TG and LDL levels were 

significantly increased in the GAL/HFD group (P<0.01 vs. CON group). EXE group showed 

significantly reduced in total cholesterol, TG and LDL levels as compared to the GAL/HFD 

group. However, no differences in lipid levels were noted between the CON group and the 

GAL group (Fig. 3). 
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Fig. 2. Initial and f inal body weights of each experimental group 

CON, normal control rats; GAL, -galactose-induced oxidative stressed rats; GAL/HFD, 

high fat diet plus -galactose-induced oxidative stressed and obese rats, EXE, high-fat diet 

plus -galctose-induced oxidative stressed and obese rats exercised regularly. Values in the 

bar graphs represent means Ñ SE, n = 8. #p<0.01 compared with GAL group; Àp<0.01 

compared with GAL/HFD group. 
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Fig. 3. Blood lipid levels of each experimental group 

CON, normal control rats; GAL, -galactose-induced oxidative stressed rats; GAL/HFD, 

high fat diet plus -galactose-induced oxidative stressed and obese rats, EXE, high-fat diet 

plus -galctose-induced oxidative stressed and obese rats exercised regularly. Values in the 

bar graphs represent means Ñ SE, n = 8. #p<0.01 compared with GAL group; Àp<0.01 

compared with GAL/HFD group. 
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B. CML accumulation in renal tissues 

To determine whether HFD accelerate renal injury, we performed the 

immunohistochemical staining for CML as a marker for AGE/ALE, in renal tissues. As 

shown in Fig. 4, the immunoreactivities of CML in the GAL and GAL/HFD groups were 

significantly higher compared to the CON group. The expressions of CML were mainly 

distributed in the regions of the glomerulus and renal tubules. Especially, high expression of 

CML was observed in the proximal tubular epithelial cells. Moreover, the staining intensity 

of the GAL/HFD group was significantly higher than the GAL group, which indicated that 

the HFD had an accelerating effect on the renal accumulation of AGE/ALE and oxidative 

renal injury induced by GAL. Next, we evaluated whether the regular exercise were found 

preventive effect on the accumulation of CML in renal tissues. The regular exercise 

suppressed the accumulation of CML compared to the GAL/HFD group (Fig. 4B). 
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Fig. 4. Renal NŮ-carboxymethyllysine (CML) accumulation.  

(A) Representative CML immunohistochemistry in renal tissues. Original magnifications: 

X200 (Scale bar; 50 ɛm). (B) Quantitative analysis of CML immunostaining signal intensity. 

The intensity of immunohistochemical staining of CML was analyzed in eight randomly 

selected mm
2
 areas of renal cortex. CON, normal control rats; GAL, -galactose-induced 

oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-induced oxidative stressed 

and obese rats, EXE, high-fat diet plus -galctose-induced oxidative stressed and obese rats 

exercised regularly. Values in the bar graphs represent means ± SE, n = 8. *p<0.01 compared 

with CON group; #p<0.01 compared with GAL group; Àp<0.01 compared with GAL/HFD 

group. 
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C. Oxidative DNA damage in renal tissues 

To determine whether HFD would interact with GAL to accelerate the age-related 

oxidative renal injury, we examine the oxidative DNA damage in renal tissues by 

immunostaining of 8-OHdG. The oxidation of guanine to form 8-OHdG acts as a marker of 

oxidative DNA damage (Beckman and Ames, 1997). As shown in Fig. 5, the 8-OHdG 

marker exhibited nuclear and/or perinuclear localization in the renal tubular epithelial cells. 

The immunoreactivity of 8-OHdG in the GAL and GAL/HFD groups were significantly 

higher compared to the CON group. Moreover, the staining intensity of the GAL/HFD group 

was significantly higher than the GAL group, which indicated that the HFD had an 

accelerating effect on the age-related oxidative renal injury induced by GAL. The regular 

exercise suppressed the expressions of 8-OHdG compared to the GAL/HFD group (Fig. 5B). 
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Fig. 5. Detection of oxidatively modified DNA.  

(A) Representative 8-OHdG immunohistochemitry in renal tissues. Original magnifications: 

X200 (Scale bar; 50 ɛm). (B) Quantitative analysis of 8-OHdG immunostaining signal 

intensity. The intensity of immunohistochemical staining of 8-OHdG was analyzed in eight 

randomly selected mm
2
 areas of renal cortex. CON, normal control rats; GAL, -galactose-

induced oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-induced oxidative 

stressed and obese rats, EXE, high-fat diet plus -galctose-induced oxidative stressed and 

obese rats exercised regularly. Values in the bar graphs represent means ± SE, n = 8. *p<0.01 

compared with CON group; #p<0.01 compared with GAL group; Àp<0.01 compared with 

GAL/HFD group. 



20 

 

D. Apoptosis assay in renal tissues 

TUNEL staining used widely as a marker for apoptosis (Charriaut-Marlangue and Ben-

Ari, 1995). In the CON group, a TUNEL-positive nucleus was barely detected. In the GAL 

and GAL/HFD groups, many TUNEL-positive cells were observed in renal glomeruli and 

tubular epithelial cells. The numbers of TUNEL-positive cells in the GAL/HFD group were 

significantly higher than the GAL group. However, the regular exercise prevented the 

increase in the positive cells that was seen in the CON group (Fig. 6). 
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Fig. 6. In situ detection of fragmented DNA.  

(A) Representative TUNEL staining in renal tissues. Original magnifications: X200 (Scale 

bar; 50 ɛm). (B) Quantitative analysis of TUNEL-positive cells. CON, normal control rats; 

GAL, -galactose-induced oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-

induced oxidative stressed and obese rats, EXE, high-fat diet plus -galctose-induced 

oxidative stressed and obese rats exercised regularly. Values in the bar graphs represent 

means ± SE, n = 8. *p<0.01 compared with CON group; #p<0.01 compared with GAL 

group; Àp<0.01 compared with GAL/HFD group. 
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E. Expression of Bax and Bcl-2 in renal tissues 

To determine the mechanism underlying the anti-apoptotic effects of regular exercise, 

we measured the expression of pro-apoptotic Bax protein and anti-apoptotic Bcl-2 protein in 

renal glomeruli and tubular epithelial cells. The results revealed that Bax and Bcl-2 were 

mainly expressed in the cytoplasm of renal glomeruli and tubular epithelial cells, and the 

intensity of Bax expression in the GAL and GAL/HFD groups was higher than that in the 

control group (Fig. 7). The intensity of Bcl-2 expression in the GAL and GAL/HFD groups 

was lower than that of the control group. However, the regular exercise were restored the 

expression of these proteins compared to the GAL/HFD group (Fig. 8). 
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Fig. 7. Renal Bax and Bcl-2 expression. 

Representative Bax and Bcl-2 immunohistochemistry in renal tissues. Bax pro-apoptotic 

protein in the GAL and GAL/HFD groups was higher than that in the control group. Bcl-2 

anti-apoptotic protein in the GAL and GAL/HFD groups was lower than that of the control 

group. Original magnifications: X200 (Scale bar; 50 ɛm). CON, normal control rats; GAL, 

-galactose-induced oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-

induced oxidative stressed and obese rats, EXE, high-fat diet plus -galctose-induced 

oxidative stressed and obese rats exercised regularly.
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Fig. 8. Quantitative analysis of Bax and Bcl-2 immunostaining signal intensity. 

(A) Bax pro-apoptotic protein. (B) Bcl-2 ant-apoptotic protein. (C) Ratio of pixel counts of 

immunoreactivity of Bax and Bcl-2. Ratio of pro-apoptotic to anti-apoptotic protein 

determines the fate of renal survival or apoptosis. CON, normal control rats; GAL, -

galactose-induced oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-induced 

oxidative stressed and obese rats, EXE, high-fat diet plus -galctose-induced oxidative 

stressed and obese rats exercised regularly. Values in the bar graphs represent means ± SE, n 

= 8. *p<0.01 compared with CON group; #p<0.01 compared with GAL group; Àp<0.01 

compared with GAL/HFD group. 
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F. Caspase-3 activation 

Caspases are a family of at least 10 proteases that are important effectors in apoptotic 

signaling and play a key role in the apoptotic pathway. Caspase-3 activation is needed for a 

highly specific proteolytic cleavage of a functionally important nuclear repair enzyme, PARP, 

known as a substrate of activated caspase. As shown in Fig. 9, the activated caspase-3 in the 

GAL and GAL/HFD groups were significantly higher compared to the CON group. However, 

the regular exercise suppressed the activation of caspase-3 compared to the GAL/HFD group 

(Fig. 9). 
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Fig. 9. Activation of caspase-3. 

(A) Representative activated caspase-3 immunohistochemitry in renal tissues. Original 

magnifications: X200 (Scale bar; 50 ɛm).ɛm. (B) Quantitative analysis of activated caspase-

3 immunostaining signal intensity. CON, normal control rats; GAL, -galactose-induced 

oxidative stressed rats; GAL/HFD, high fat diet plus -galactose-induced oxidative stressed 

and obese rats, EXE, high-fat diet plus -galctose-induced oxidative stressed and obese rats 

exercised regularly. Values in the bar graphs represent means ± SE, n = 8. *p<0.01 compared 

with CON group; #p<0.01 compared with GAL group; Àp<0.01 compared with GAL/HFD 

group. 




















































































