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- ABSTRACT-

Protective effecs of regular exerciseand Korea red ginseng against
high-fat diet-increased renal injuy in  -galactoseinduced aging

rats

A decline in renal function is seen commonly in agifaging further increase oxidative
stress in the kidney and are associated with reduced renal fun&tiony is progressive
accumulation of oxidative agentddvanced glycation end products (AGEahd advanced
lipoxidation end products (ALEs) formation has been implicatedhe aging process.
Obesity induced by a higlat diet (HFD) may reduce renal functidtowever, he impact of
obese on the agelated renal dsase is not well understooBxercise reduces oxidative
stressKorean red ginseng (KRG) has been reported to ameliorate oxidative tissue injury and
has an antiaging effect. The purpose of this study was to investigate whether HFD would
accelerate -galactosg¢ GAL)-inducedrenal injuryand to examine the preventive effeot a
regular exercisandKRG on GAL/HFD -induced renal injury.

In the first exgriment, gerelated renal injury was induced by administration with
GAL (100 mg/kg i.p.) in the absence or presencehijh-fat diet (60% kcal as fat) for 9
weeks. The exercise group ae trained on a motorized treadmill for 6@in/day, 5
times/week ogr the same perioth the second experimemt, vitro inhibitory effect of KRG
on AGEscrosslinking was examined by enzyntieked immunosorbent asséi¢LISA), and

KRG (200 mg/kg/day) was given to GAL plus Hfluced aging rats for 9 weeks.



Immunohistochmical stainingfor 8OHdG (a specific marker of oxidative DNA
damagé and CMLs (a marker of both glycation and lipoxidation reactiomsyealed that
GAL-treated rats fed a HFD showeabgravatd renal injury associated with more
pronounced renal AGEALES formationand oxidative DNA damagdén TUNEL assaythe
numbers of TUNELpositive cell in the GAL/HFD group were significantly higher than the
GAL group The expression ofctivated caspasg protein and Bax/Bcl2 ratio also were
significantly increased irthe GAL/HFD group than that in the GAL grouMoreover,
imuunohistochemical staining for synaptopodin and-Wivelkknown podocyte markers,
revealed that HFD aggravates the loss of podocytes in glmaéruli. However, the regular
exercise restored atese renal changes in HFD plBAL-treated rats.

KRG inhibited AGEs and collagen crdlésk at tenfold less concentration (k=55.65
eg/ ml) than apheo3g.uadhi ddigknoah Yytaten inkibitdr. When
rats were fed with a HFD for 9 weeks in GAtiduced aging ratsenal AGEs accumulation,
extracellular high mobility group box 1 protein (HMGRBA signal of tisse damage) and
receptor for AGE (RAGE) were extensivedxpressed in renal tissues of the GAL/HFD
group than that in the GAL grouplMGB1 was clearly translocated from the nucleus to the
cytoplasm in renal tubular epithelial celldowever, treatment of Hp plus GAL-induced
aging rats with KRG restored all these renal changes.

In summary, \en rats were fed with a HFD for 9 weeks@AL -induced aging rats,
oxidative DNA damage,protein glycations, renal cell apoptosisand cytoplasmic
translocation of HMGBMwere causedh renal glomerular cells and tubular epithelial cells.

However, the regular exercisend KRG treatmentrestored all these renal changes in



GAL/HFD-treated ratsTherefore this studysuggested thdbong-term HFD may accelerate
the deposition DAGES/ALEs and oxidative renal injury ilGAL-treatedrats. This HFD-
increased renal injury iGAL-induced aging rats could be suppressed by regular exercise

andKRG throughthe repression of oxidative injury.

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

ginseng; Oxidative stress
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ABBREVIATION

AGEs: Advanced glycation ergroducts

ALEs: advanced lipoxidation eraoducts

C ML : -caxbOxymethyllysine

HFD: High-fat diet

HMGB1: High mobility group box 1 protein

HDL.: High-density lipoprotein

LDL: Low-density lipoprotein

IL-6: interleukin6

KRG: Korean red ginseng

NF-a BTranscription factor nuclear facter B

RAGE: receptor foradvanced glycation erproducts

RCS Reactive carbonyl species

ROS: Reactive oxygen species

TG: Triglyceride

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling
TNFFU: tumor nBcrosis factor
WT-1: Wilms tumor antigeii

8-OHdG: 8hydroxyguanine



l. 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 nost plausible and promising explanations for the process of ddiagid et al.,
2012. The pathology of aging and agelated diseases involves oxidative stress at an early
stage in its developmeliBarja, 2004 as confirmed by a decrease in antioxidant defences
and an increase in oxidative damédiykoreira etal., 2005. Some recent reporssiggests that
oxidative stress can cause functional changes imelisl leading to renal disorddisardoun

et al., 2009 and ardiovascular disorde(Suh et al., 2001

Recently, -galactosénduced aging rats have been reported toabeeliable animal
model for renal agindpecauseaats chronically injected with -galactose for a period of 6
weeks showd significant similarities with the naturally aged rats in terms of impaired redox
homeostasigAydin et al., 2012 -Galactosds a physiological nutrient and a reducing sugar
that reacts with free amines of amino acids in proteins to form advanced glycation end
products (AGESs) through nonenzymatic glycat{@hen et al., 2006 As such, oversupply
of -galactosecould contribute to generation of ROS through oxidative metabolism of

galactoseas well as through glycation end produ@seng et al., 1999.u et al., 200%



B. AGEs and oxidative stress

Advanced glycation end products (AGESs) are stable end products of-enngnatic
glycation reaction(Thorpe and Baynes, 20P3AGEs 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 damiguesl
(Vlassara, 2006 Hyperlipickemia leads to intracellular accumulation of fatty acids and
cholesteryl ester§Weinberg, 200B and chemical modification, particularly oxidation, of
both proteins and lipidRice-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 Amador.i products (glycoxidation) and r ec
carboxymethyllysine (CML), which is thefore both an ALE and an AG@&chida, 200D
AGESs/ALEs accumulation is associated with aging and severadssgpeiated diseases such
as Al zhei mer 6s di s e aNass efaah, 20QTTRROMaIdy, 200B Fhef f i c i
receptor for AGEs (RAGE) was shown to be predominantly involved in mediating
AGE/ALE-induced tissue injurgYan et al., 2008 The interaction between AGE/ALE and
RAGE trigger signaling pathways leading to a chronic inflammation and cell damage
(Moore and Freeman, 2006Moreover, an increased lipid accumulation in renal tissues
causes mesangial cell activation resulting in glomerular hypertrophy and matoisitotep

podocyte injury and proteinur{doles et al., 2000



C. High mobility group box protein-1 and receptor for AGE

High mobility group box proteil (HMGB1), dso 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, 1996Jhe receptor foadvanced glycation end products
(RAGE) is a member of the immuoglobin superfamily of cell surface receptors that is
activated by several ligands including HMGB1 but also by AGEs, S100 proteins, and
amy | epiedp t i d(Bierhaus et)al., 20054t the time, the consequences of HMGB1
interaction with RAGE were unknaw but it was discovered later that HMGBL1 signaling
through RAGE promotes chemotaxis and the production of cytokines in a process that
involves the activation of the transcription factor nuclear fast& (o NBfPalumbo et al.,

2007)

D. Role ofpodocytein glomerular pathobiology

Glomerular visceral epithelial cells, which are also called podocytes, function as critical
size and charge barriers of protein excretion from glomerulus, therfiomrées inpodocyte
can causenarked proteinuriglLaurens et al., 199%avenstadt, 1998 There is a growing
body of evidence suggesting that podocyte injury playsngportant role innot only
proteinuria but also the progression to-stage renal disease in diabetic nephropéttoshi
et al., 2002 and hypertensive glomerwdoderosis(Kretzler et al., 1994 Floege et ahave
provided data to support the conceptthah e gl omer ul oscl erosi s of
di seaseod0 although t hmghtaoteue waa madlusidatedFlpegevdi al.c h t |

1997. Since podocytes lack the ability of proliferation, they do not recover from their
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disappearance induced by podocyte injuryulteésy 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 podocytopéfiiatzler, 200%. Although

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

important causative factors.

A. Healthy glomerulus B. After podocyte injury

Glomerular
capillary

Podocyte — \ \

_c,t’ { ¢

Podocyte
foot process

Proximal tubule

Prosimal iutar o8 s 10 protein

o
o \ ‘ proteinuria o

Fig. 1. Glomerular changesafter podocyte injury

E. Exerciseand renal injury

Exercise reduces morbidity and mortality from various cardiovasanar kidney
diseases in the elderly populatiirarson and Bruce, 198©Ddden, 201 It has beneficial
metabolic actions including reduction in plastriglycerides, increases in the higlensity

lipoprotein to lowdensity lipoprotein ratio and insulin sensitivity, amgproves cardiaend
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renal function (Heath et al., 1983Sun et al., 2008Barcellos et al., 20)2 Exercise is
reported to reduce oxidative stress in rats and (Negarro et al., 20Q4Asghar et al., 2007
Moderate exercise by inducing the expression of antioxidant enzymes reduces oxidative
stress(GomezCabrera et al., 2008In addition, regular moderate exerciseuwss renal

CML contents in obese Zucker rgBoor et al., 200p However, the mechanism as to how

exercise reduces oxidative stress and AGE/ALE formation is neirkno

F. Korean red ginsengand renal injury

Panax ginsengone 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 yearsidtwell known as aenergy booster and dietary supplement
in Asian countries. Among the several kinddPahax ginsengroducts, Korean red ginseng
(KRG) has been found to have the most potent pharmacological effects against immune
deficiency, metabolicydrome, and cancgPark et al., 201;2Paul et al., 201;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 vivaqKim, 2001). Currently, more than 30 different ginsenosides
from KRG have been isolateand characterized, and these ginsenosides are known to have
different pharmacologic effec{Sun et al., 2009 In addition, KRG extract is reported to
reduce AGEs formation in hyperglycemic ré@uan et al., 2093 Although some clinical
and experimental studies have reported Betax ginsendias a preventive effect on the

agerelated organ dysfunction and agtycation activity(Hwang et al.,, 201,0Heo et al.,
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2011 Ramesh etl., 2012 Quan et al., 2013 the effects on ageelated renal injury and

crosslink formation of glycated proteins unknown.

G. Obesity-related renal injury

Genetic and environmental factors play a iialéhe 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 metaboldiseases. Animal rodent models are therefore useful tools for
studying obesity as they will readily gain weight when fed iggtdiets (HFD) (Van Heek et
al., 1997; Buettner et al., 2007). HFD also causes renal lipid accumulation and renal injury
(Jiang ¢ 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 irveéogment and
progression of kidney damage (Forbes et al.,, 2008; Nistala et al., 2008). @®bledayl
nephropathy is associated with the increase of proinflammatory cytokines, such as tumor
necrosis factet) ( FUNF and 6r(L-8) rduedauirnosiased ROS production (Chow
et al., 2007)Although the links between hypertension, diabetes andelgid renal disease
are established, the relationship between HFD and oxidative stressrilatgd renal injury

still remain unknown.

H. Aims of study

This study aimed to investigate examine whether HFD would aggravate thelaigel

6



renal injury induced by GAL. In addition, we evaludhtkee renoprotective effects of exercise

andKRG in the GAL/HFD-induced aging rats.



II. MATERIALS AND METHODS

A. KRG preparation
KRG extracts were provided l§orea Ginseng CorporatigiDaejon, Korea). The KRG
extracts contained the following seven glycosides, known as ginsenosides (mg/g): Rgl (0.71),

Rb1 (4.62), Rg3(s) (2.14), Re (0.93), Rc (2.41), Rb2 (1.83), and.B2) (0

B. Animals and experimental design

Male SD rats (8veeks old) were used in this study. They were all individually housed in
a temperatureontrolled room with a 1B light/dark cycle and had free access to drinking
water. This animal experiment idivided into two experiments. The first experiment is to
investigate whether HFD would accelerateidative renal injury in -galactose(GAL)-
induced aging ratand to examine theengreventive effec of a regular exerciseAfter
acclimation for 2 weeksthe rats were divided into four groups: (1) normal control rats
(CON, n = 8), (2) -galactose@nduced oxidative stressed rats (GAL, n = 8), (3) HFD-+
galactosenduced oxidative stressed and obeds (&AL/HFD, n=8) and (4) HFDr -
galactosdnduced aidative 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@#/HFD and
EXE goups were fed a higfat 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/HFD,
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EXE groups were injected intraperitoneally witlgalactose (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 weksigter/min' 60

min?, 15 degree grade, 5 days/week) according to a published prAsgbiar et al., 2002

and the rats in other sedentary groups were notieeel. The exercise training was begun 1
week after the onset of HFD feeding.

The second experiment is to itovestigate whether HFD would acceler&&E/ALE-
related renal injury ilGAL-induced aging ratand to examine theengreventive effedof a
long-term treatment of KRG 'he rats in the GAL group, thHeAL/HFD group and the KRG
group were injected intraperitoneally wi@AL (100 mg/kg/day), while the rats in the CON
group were injected with an equal volume of the vehicle (0.9% saline). The treaimen
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 consecuti&ilyexperimental
procedures were performed under the supervision of our Institutional Animala@drUse

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, antotal cholesterol, triglyceride (TG), Higlensity lipoprotein
cholesterol (HDL) and Lovdensity lipoprotein cholesterol (LDL) were measured using an

automated analyzer (Wako, Tokyo, Japan).

9



D. In vitro assay of the cros$inking of glycated proteins

For the AGEs crostinking inhibition assay, AGEBSA (TransGenic Inc, Kobe, Japan)
was incubated in either the presence or absence of KRG or aminoguanidinekaowell
AGE inhibitor, in collagercoated 96well plates. CollagehGE-BSA crosslinking was
detected using a mouse aWtGEs antibody (6D12, Wako, Osaka, Japan), a horseradish
peroxidasdinked goat antmouse IgG antibody and a&®, substrate containing the ABTS
chromogen. The inhibition of collagexGE-BSA crosslinking was expressed as the petcen
decrease in optical density (OD = 41@)). We calculated the ¥gconcentration (ug/ml) as

the concentration at which collag&GE-BSA crosslinking was inhibited by 50%.

E. Immunohistochemical staining

Immunohistochemistry was performed as previoushgctibed (Sohn et al., 2007
Antibodies were a mouse ai®@ML (TransGenic, Kobe, Japarg,mouse aAGEs (6D12,
Wako, Osaka, Japgna mouse an8-hydroxygluanie (8OHdG) antibody (Santa Cruz
Biotechnology, CA, USA)a rabbit anti high mobility group box 1 protein (HMGB1, 1:200,
Epitomics, CA, USA),a rabbit antRAGE and a rabbit ansynaptopodin (Santa Cruz
Biotechnology, CA, USA). For detection of CMIAGES, 8-OHdG and synaptopodin, the
sections were incubated with the Envi-si on
diaminobenzidine tetrahydrochloride. Negative controls for immunohistochemistry were run
by incubating the sections with nonimmune serumesrdtof the primary antibody. The

intensity of immunohistochemical staining of CML aneDBIdG was analyzed in eight

10



randomly selected mfrareas of renal cortex, and the positive signal areas of synaptopodin
was determined per one glomerulus in a total ofjid@eruli 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 perforwigid a kit
(DeadEnd apoptosis detection system, Pr ome
instructions. Apoptotic cells were detected with Fg@hjugated streptavidinSanta Cruz
Biotechnology, CA, USA The second sequence of staining using tadofti-Wilms tumor
antigenl (WT-1, Santa Cruz Biotechnology, CA, U$Avas performed on the same section
with tetramethyl rhodamine isothiocyanate (TRIT®@hjugated goat antabbit 1gG
antibody Santa Cruz Biotechnology, CA, U$ATo prevent croseeactvity between two
staining sequences the slides were incubated with normal mouse K@ ,(CA, USA)
after the first staining. For morphometric analysis, the positive cell numbers-&f pione

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

G. Apoptosis analysis

To evaluate apoptosis in renal tissues, the TUNEBEay was performed with a kit
according to the manufacturerds instructi ol
conjugated streptavidin. The number of TEINpositive cells per unit area (Mjrwas then

determined in counted in a total of 5 fields.
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H. Statistical analysis
Comparisons between groups were performed usingwamyeanalysis of variance
(ANOVA) followed by Tukey's multiple comparison test usinga@hPadPrism 4.0software

(Graph pad, CA, USA).

12



[ll. Results

A. Body weight and blood lipid profile

Body weights at the beginning and at the end efetkperiment are shown in F&.The
body weight in the GAL group was slightly increased compargdeaontrol group. In rats
received both th&AL and HFD, body weight was significantly increased compared to the
control rats and reduced by exercise training. Total cholesfE®land LDL levels were
significantly increased in th@ AL/HFD group (P<0.0¥s. CON group). EXE group showed
significantly reduced in total cholesterol, TG and LDL levels as compared ®&Ah#HFD
group. However, no differences in lipid levels were noted between the dZ@lg and the

GAL group (Fig.3).
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Fig. 2. Initial and final body weights of each experimental group
CON, normal control rats; GAL, -galactosénduced oxidative stressed ratSAL/HFD,
high fat diet plus -galactosdénduced oxidative stressed and obese rats, EXE;fhigtliet
plus -galctoseinduced oxidativestressed and obese rats exercised regularly. Values in the

bar graphs represent means N SE, n = 8.

compared witltGAL/HFD group.
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CON, normal control rats; GAL -galactoseénduced oxidative stressed ratSAL/HFD,

high fat diet plus -galactosdénduced oxidative stressed and obese rats, EXE;fhigtliet

plus -galctoseinduced oxidative stressed and obese rats exercised regularly. Values in the
bar graphs rape s e n't means N SE, n = 8. #p<0.01 ¢

compared witltGAL/HFD group.
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B. CML accumulation in renal tissues

To determine whether HFDaccelerate renal injury we performed the
immunohistochemical staining for CML as a marker for EAGLE, in renal tissuesAs
shown in Fig. 4the immunoreactivities of CMIin the GAL and GAL/HFD groups were
significantly higher compared to th€ON group. The expressions of CML were mainly
distributed in the regions of the glomerulus and renal tubkkgsecially, high expression of
CML was observed in the proximal tubular epithelial cédlereover, the staining intensity
of the GAL/HFD groupwas significantly higher than the GAL group, which indicated that
the HFD had an accelerating effect on theateaccumulation of AGE/ALE and oxidative
renal injury induced bYGAL. Next, weevaluatedwvhether he regular exerciseere found
preventive effect orthe accumulation of CMLin renal tissuesThe regular exercise

suppressed the accumulation of CML compaeetithe GAL/HFD group (Fig.4B).
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Fig. 4. Renal N ttarboxymethyllysine (CML) accumulation.

(A) Representative CML immunohistochemistry in renal tiss@fginal magnifications:
X200 (Scale bar5 0 )eg(By Quantitative analysis of CML immunostainingrsal intensity.

The intensity of immunohistochemical staining of CML wasalyzed in eight randomly
selected mmareas of renal cortexCON, normal control rats; GAL,-galactosenduced
oxidative stressed rat§AL/HFD, high fat diet plus -galactosénduced oxidative stressed

and obese rats, EXE, higat diet plus -galctoseinduced oxidative stressed and obese rats
exercised regularlyalues in the bar graphs represent means + SE, n = 8. *p<0.01 compared
with CON group; #p<0.01 compared with GAL group Ap<0. 01 cGAbHFDr e d
group.
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C. Oxidative DNA damage in renal tissues

To determine whether HFD would interact wiBAL to acceleratehe agerelated
oxidative renal injury, we examine the oxidative DNA damage in renal tissues by
immunostaining b8-OHdG. The &idation of guanine to form-®HdG acts as a marker of
oxidative DNA damaggBeckman and Ames, 1987As shown in Fig.5, the 80HdG
marker exhibited nuclear and/or perinuclear |@zdion in the renalubular epithelial cells
The immunoreactivity of £HAG in the GAL and GAL/HFD groups were significantly
higher compared to theéON group.Moreover, the staining intensitf the GAL/HFD group
was significantly higher than theSAL group, which indicatedhat the HFD had an
accelerating effect othe agerelatedoxidative renal injurynduced byGAL. The regular

exercise sup@ssed the expressions®0OHIG compared tde GAL/HFD group (Fig.5B).
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Fig. 5. Detection of oxidatively modified DNA.

(A) Representative 8HdG immunohistochemitry in renal tissu€giginal magnifications:

X200 (Scale bar 5 0 )e(B) Quantitative analysis of-®@HdG immunostaining signal
intensity. The intensity of immunohistochemical staining -@8dG was analyzed in eight
randomly selected mfrareas of renal cortex. CON, normal control rats; GAlgalactose

induced oxidative stressed rats; GAL/HFD, high fat diet phgalactosénduced oxidative
stressed and obese rats, EXE, Haghdiet plus -galctoseinduced oxidative tsessed 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
GAL/HFD group.
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D. Apoptosis assay in renal tissues

TUNEL staining usd widely as a marker for apoptogGharriautMarlangue and Ben
Ari, 1995). In the CON group, a TUNEpositive nucleus was baretietected. In the GAL
and GAL/HFD groups, many TUNE1positive cells were observed in renalogieruli and
tubular epithelial cells. The numbers of TUN{gbsitive cells in th&sAL/HFD group were
significantly higher than the GAL group. However, the reguleer@se prevented the

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

(A) Representative TUNEL staining in renal tissu@siginal magnifications: X20@Scale

bar, 5 0 )eg(B) Quantitative analysis of TUNEpositive cells.CON, normal control rats;
GAL, -galactosdnduced oxidative stressed ra@AL/HFD, high fat diet plus -galactose
induced oxidative stressed and obese rats, EXE,-faiglliet plus -galctoseinduced
oxidative stressed and obese rats exercised regulalyes in the bar graphs represent
means = SE, n = 8. *p<0.01 compared with CON group; #p<0.01 compared with GAL

group; Ap<O. OGAL/HFRDmpuwp.r ed wi t h
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E. Expression of Bax and Bcl2 in renal tissues

To determine the mechanism underlying the-aptiptotic effects of regular exercise,
we measured the expression of-ppoptotic Bax protein and argpoptotic Bcl2 protein in
renal glomeruli and tubular epithelial cells. The results revetlladBax and BeR were
mainly expressed in the cytoplasm of renal glomeruli and tubular epithelial cells, and the
intensity of Bax expression in the GAL a@AL/HFD groups was higher than that in the
controlgroup (Fig.7). The intensity of BcR expressin in the GAL andGAL/HFD groups
was lower than that of the control group. However, the regular exercise were restored the

expression of these proteins compared td@A&/HFD group (Fig.8).
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Fig. 7. Renal Bax and Bci2 expression

RepresentativlBax and Bct2 immunohistochemistry in renal tissudBax pro-apoptotic

proteinin the GAL and GAL/HFD groups was higher than that in the control grBalg2

antiapoptotic proteirin the GAL and GAL/HFD groups was lower than that of the control

group. Original magnifications: X20@Scale bay5 0 )£Q®N, normal control rats; GAL,
-galactosénduced oxidative stressed ratSAL/HFD, high fat diet plus -galactose

induced oxidative stressed and obese rats, EXE,-faigldiet plus -galctoseinduced

oxidative stressed and obese rats exercisgalarly.
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Fig. 8. Quantitative analysis of Bax and Bcl2 immunostaining signal intensity.

(A) Bax pro-apoptotic protein. (B) BeR antapoptotic protein. (C) Ratio of pixel counts of
immunoreactivity of Bax and Bcl2. Ratio of preapoptotic to anti-apopbtic protein
determines the fate afenal survival or apoptosisCON, normal control rats; GAL, -
galactosdnduced oxidative stressed ra@®AL/HFD, high fat diet plus -galactosénduced

oxidative stressed and obese rats, EXE, Hfaghdiet plus -galctoseinduced oxidative

stressed and obese rats exercised reguldalyes in the bar graphs represent means + SE, n

= 8. *Pp<0.01 compared with CON group,; #p<

compared with GAL/HFD group.
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F. Caspase3 activation

Caspases are a family of at least 10 proteases that are importamrefiiecpoptotic
signaling and play a key role in the apoptotic pathway. Caspasévation is needed for a
highly specific proteolytic cleavage of a functionally important nuclear repair enzyme, PARP,
known as a substrate of activated caspaAseshownin Fig. 9 theactivated caspas®in the
GAL andGAL/HFD groups were significantligzigher compared to theON group. However,
theregular exercise suppressed #uotivationof caspas& compared to th&AL/HFD group

(Fig. 9.
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Fig. 9. Activation of caspase3.

(A) Representativeactivated caspas® immunohistochemitry in renal tissueQriginal
magnifications: X20({Scale bar5 0 )& mm(B) Quantitative analysis @ctivated caspase

3 immunostaining signal intensitfC’ON, normal control rats; GAL, -galactoseénduced
oxidative stressed rat§AL/HFD, high fat diet plus -galactosénduced oxidative stressed

and obese rats, EXfighfat diet plus -galctoseinduced oxidative stressed and obese rats
exercised regularlyalues in the bar graphs represent means + SE, n = 8. *p<0.01 compared

with CON group,; #p<0.01 compared GALHFD GAL
group.
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