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Effects of hot water extracts of roasted radish against renal oxidative
stress induced by high-fat diet

Yeonhui Jeon, Mijeong Kim, Seongkyung Han, Yeong-Bok Song', and Yeong Ok Song*

Department of Food Science and Nutrition, Kimchi Research Institute, Pusan National University
'Sejeon Co., Ltd., Jincheon

Abstract The antioxidant and anti-inflammatory effects of roasted dried radish (RDR) against renal oxidative stress were
examined in high-fat diet (HFD)-fed mice. The HFD was prepared by adding lard to chow diet to provide 50% of the
calories from fat. Hot water extracts of dried radish (DR) or RDR were administered orally to mice at 237 mg/kg bw/day,
whereas distilled water was administered as a vehicle for 12 weeks. Compared to the control group, renal reactive oxygen
species, peroxynitrite, and thiobarbituric acid reactive substance level in the DR or RDR group were significantly
decreased, whereas the glutathione level was increased (p<0.05). Protein expressions of antioxidant factors such as nuclear
factor erythroid 2-related factor-2, heme oxygenase-1, glutathione S-transferase, superoxide dismutase, catalase, and
glutathione peroxidase were significantly increased in the DR and RDR groups; however, nuclear factor-kappa B
expression was suppressed (p<0.05). These antioxidant and anti-inflammatory effects of RDR were found to be

significantly greater than those of DR.
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As2~E# 2= nuclear factor-kappa B (NF-kBYS EA3lsle]
#H Al EF}l(cytokine) E A X7} (chemokine)2] A4S
Z3tH9). AW AtsplA] WrejA|AloE  EZ9 Z(tocopherol),
o}2~51 B 2H(ascorbic acid) E FFEMIC]2(glutathione)Zt 72 4F
PR A ZAaElEA] A 8 A (superoxide dismutase, SOD), 7}
) o] 2(catalase, CAT), glutathione peroxidase (GPx), heme
oxygenase-1 (HO-1) ¥ glutathione S-transferase (GST)2} 72 4t
SR & 47F EA%H10).
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1kl A 7471 59] o) E X5 BXOZ g5 g1,
of mEH F= vE2elg} st AslERT ofullF e W
FEA o] BT A, F FA= iEAE st 71", &
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tophan) (16) 5ol L&A JoH, o|E9] PR ZHH(16), Tt
294017, FEEH18) 2 FETEH(19)= & 4HA A F
o sk3-Eo] & allyl-isothiocyanate®} ¥ ettt 742 313k 3}
2 AR g 4] FAARIAR] nuclear factor erythroid 2-
related factor-2 (Nrf2)e] &S 53] GST, HO-1 53 7+& 2k}
WA EA S ST SHA Arh20,21). & AFEHS T
Zgo] A5 Ndstr] fste] FdEolE IS Had & @
FEE5S A|Z38HY 2, 2-diphenyl-1-picrylhydrazyl hydrate (DPPH)
gz 275 % ASREHAE {8e LLC-PKI cell®] A3
AEE g AFE RS Wl RS Fodele 72
go)| Hr} 2| AATH AstEEE A 23 w3
ol 7RHFE F WY = (maillard) ¥H3ell o3 AFshUA]7)E
do] F718tl7] w&olgta stqitt. ool EAlSHA &
P 5-5lo| =2 AW Y F 2 F S (hydroxymethylfurfural)o] 7133
Faegolo A ERIFATH22). AF7HEAA Fe 3782 3
9 AR 7154E FRA7)17] flE A Azl E8] ARE-E L
lom, &5-(23), F(24), A8AH25) R RS 26) = &
=383 W DPPH #tZ 4AZ/de] S7lslittal Balstsirt.
2 ATE TSRS FEEele] ABIREY A A aE W
AAARE A vhe-29] Aol E1skarat sFiTh

Mz Y

ME % Al

3222 F(Unduryeong, Gangwon-do, Korea)S &TAHEAIS
(Busan, Korea)ollX] +iato] A&t & Aol AREsE AJef
el 7H,0-l € gl tho] o} Tl H] E 2lo}A| E 4k (ethylenediaminetetraacetic
acid), o] Q u}H]E 2 2k(thiobarbituric acid)= Bio Basic Inc.
(Markham, ON, Canada)ellX] F9jsted ARS-3FALL, AP LR
(bovine serum albumin), 2',7'-dichlorofluorescein-diacetate (DCF-
DA), dihydrorhodamine 123, 5,5'-dithiobis (2-nitrobenzoicacid),
protease inhibitor cocktail Sigma Chemical Co. (St. Louis,
MO, USA)IA F+3sle] AR-3F3T). Bio-Rad protein assay kit2}
Laemmli sample buffer+= Bio-Rad Laboratories (Hercules, CA,
USA)IA Y3l A=EEF4] (western blot assay)ol] AHE-
¥ CAT (F-17, sc-34285), cycloxygenase (COX)-2 (29, sc-
19999), GPx (B-6, sc-133160), GST (B-14, sc-138), HO-1 (H-
105, sc-1078), NF-kB (A, sc-109), Nrf2 (H-300, sc-13032),
SOD (FL-154, sc-11407) &A= Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA)IIA F+9J3te] ARSI, INOS (PAl-
036)> Thermo Fisher Scientific Co. (Waltham, MA, USA)°l A
TFdste] A8t 22 &3] a-tubulin antibody (EP1332Y)
(ab52866), rabbit anti-goat IgG H&L (HRP) (ab6741), donkey
anti-rabbit IgG H&L (ab6802), rabbit anti-mouse IgG H&L
(HRP) (ab6728)= Abcam Inc. (Cambridge, UK)oIAX 3t A}
B3t 1 919 7IeF Aok SRS FYste] ARt

itsEe FaEol M=

= AAE AABIAL 3x3x0.5cm A7|E A2 ThE, oA
12717} o) AZRg & 50°CE A" 7A=271(USD-6533F, Kyung
Dong Navien, Seoul, Korea)ollX] 24A]17F AZ3IATH 7182 &
do] Azxe AUPAGNA AHEshs HW-EAZ7IE ARSI
ok ¥ 45kglem’ollA 287 719F FEEste] 2 Al AR-st
AT

| X

Fejolel 7IoHES Faalold] ZHzt 208(wiv)e] ES B3
7F FEAY @4FEES 7 (No 2, Whatman,

Springfield Mill, UK)3+ ¥, 7% 5 7]|(Rotavator R-200, Bcehi,
Switzerland)ll A 12} &531aL, $2 7AZste] Aol AR
F FEE FE2 3%
o2 SRRl FH(2T7)

THEE TER)H AR 3] &2 38-

A4FE2E 582 31.6%E Ry

4% F7 C57BL/6S U3l (DooYeol Biotech, Seoul,
Korea) 1 Y ARgAol A-3A171 &, 7} 9] H AFo] A
I=E guield 4702 UrSlth. ZAAAKE chow diet (2018S
Teklad global 18% protein rodent diet, Harlan Teklad, Madi-
son, WI, USA)°ll ZF=2 X0](20%, wiw) 2L H] 50%Z <4
N FFL & UEF A=t BF2ARE(normal diet group,
NOR group)2 chow dietE 5w32L, &l (sonde)E AHE-3hed
FrE AT sa, A8 IAAAE FEEAA
FF5H= T (control group, CON group), F-22]o]

< Fojg FEo] FEE FoF(DR group), LAl
TR o] EFFEES Fodle IS FEEel &

12 ofN ol

FEE sEe v ol AEsRith A 60kg)el - 2
o] A2 g AXAE)E wITA SIS W TS
@o) 4go] BRI FZE 58 36% L AR H A &
T ZK10E)E ARbete] AAEsile W F AlF kg T SHE T
FE 237 mgelAUTh ARSAY] R2EE 22+1°C, FEE 55£5%
FABA e, HAFTE 12417k 2 239t 55 AN
e 127 olleH, A3 T Akt =2 AHEA AR Es

Nl

239 $o T $8 3 THPNU-IACUC, approval No. PNU-
2015-0824).

T H AR AMF

127 A & 12417 B9 A2AZ] F zoletil (30 mgkg bw,
Virbac Laboratories, Carros, France)¥} xylazine (10 mgikg bw,
Bayer Korea, Seoul, Korea)> & ©v}3 AlA 7| &1} 2atels
2xFE(phosphate buffered saline)* 2 SHhA-S 53] #-F3F F
NG A71E HES LA ER AL T AFAR &7
£ AASAL, FAE SA T AN iR FHT T 80
ocollA] Basdrt.

A& @A 3 post-mitochondrial fraction M=

AgzAe gule] JAAAFAFTES H7FS & #27](PT-MR
3100, Kinematica Inc,. Lucerne, Switzerland)E ©]-&3}o] &2
wAslete] AdislE 9 FFEPol: AY AEE ALE
3FA T} post-mitochondrial fractionS F %] FZ WS 4°Co A
2,012xg= 1587 QAR ot AFAe 22 F, o]E 4°Cel
A 18,627xg= 1587 AAEE S & AEds o
oxygen species (ROS) & peroxynitrite (ONOO") A&l A&} Th

MSIAEDA 2 QXL £
AA 2SS FEE Ohkawa 5(29)9] ol o8] T2



7SS o))
d]3}0] =(malonaldehyde, MDA) %34S o]&3le Al4bslaL
nmol FEL|slo| =2 LRIt SFEMe]: S disulfide
reagent {0.1 M sodium phosphate buffer (pH §), 0.01M 5,5'-
dithiobis}S ©]-8-3}4 Ellman(30)2] o2 Z7g3I%ch ROS ¥
ONOO™ “‘FX=+ post-mitochondrial fraction® A&-3}] ROS F%
£ DCF-DAES °]&3 Ali 5319 WHoZ ONOO 5:&
dihydrorhodamine 123 bufferg ©]8-3F Kooy 5(32)9] WHo=
=431tk ROSS ONOO & £ & (fluorescence) == E

A8kl

Western blot assay

JEEZEA AEE whole cell FEES ARSI &, Al
A 249 nonidet-P40 lysis buffer {SOmM Tris (pH 8.0), SmM
ethylenediaminetetraacetic acid (pH 8.0), 150mM NaCl, 1% NP-
40, 1mM D,L-dithiothreitol, 1 mM phenylmethylsulfonyl fluoride}
9} protease inhibitor cocktails- E33led H7t & 2SS THPT
MR 3100, Kinematica Inc.). #&NS A7+ 3¢ G Bash
T 4°ColA 18,627xg® 207t YAlEE st FeNS AT

AES wiid FEE 543 T A whijdo]
whole cell FZE°| Laemmli sample buffer2} B-mercaptometha-
nol 371ste] £33kl ©]& sodium dodecyl sulphate-polyacry-
lamide gelol] loading 3+ & 90 V ALOZ 247} FoF AV|F%F
(Power Pac300. Bio-Rad)sted @& FE|staict. w2]d ol
e UYEZAEZ A nitrocellulose membrane) (0.45 um pore
size, Whatman)2. 2 o] &A1 3 5% ©A]|9-F(skim milk)el| A 1
AlZF &9t blocking St TH UEZAEZ X vhg- 13} &4 &9
o S35 F7IA Bted 4°CollA B WESAIHTE o] AlF sl
12k FAE AASIL 22k FAeF v-EAIZATE 23 FA|eke] v
& A2oA IAIZE Bt A& e & JEZAEZ X 1
S AlZsle] F2ER] k2 &S A A3, enhanced chemilu-
minescence £ 0.7 WAMA]H CAS-400SM (Davinch-K, Seoul,
Korea)2. 2 ZJ3ltt. @2 82 image J software (Image
J, National Institutes of Health, Bethesda, MD, USA, http:/
www.rsb.info.nih.gov/ij) ARS8l S48, Thlde] iy Jw
= o-tubulinel] ek BlEE HAS ¥ I He AR
o] thgt Hl&E FEAEATH

A Xzl

SPSS/PC package 20 (IBM, New York, NY, USA)S AR&3led,
Had BFEARE 751921, one-way ANOVAS HASH &,
Duncan’s multiple range testZ AFFHAS AAIS] p<0.05 5
N FeAHE AFSA
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7RSS RUHE0| FES9| ME MSIAER A JHM S3

IAFAAE A E CON groupe] ROS, ONOO™ 2 x|Hb2 31}
2bslE FEE NOR groupdl M8l Zh2; 135.0%, 202.0% 2
137.4% Z7F=)ATH(Table 1, p<0.05). & A= IA AL A3
7} 217ke] ROS(33) B A=Y FEGHE =Ritke B
29} XAtk ©]# 3 CON groupe] ROS, ONOO™ & A|ubza
IslE FEE FUdo] 5 Es T 93 FAHI=
¢, RDR group®] ONOO ¢} A #itslE == DR group®
vlal 2zt 522% 2 272% 7AaE Ao Hol §27] AA &
= RDR groupe] ¥ 21 31T & Uitk A AtshE=]
E42 FFEPolR F== NOR groupell HIS] CON grouplA]
703% SolHo s 7HA3l9 3 (p<0.05), DR 2 RDR groupd] &
FEM] L FEE CON groupell B8l zHzb 262.2% 2 370.7%
freldog Z7181thp<0.05). 53] RDR groupe] ZFFEMo]e
F5=E DR groupoll Bl 141.4% fFoF o2 718159 tH(p<0.05).
ool Aol ot AATAAE Aol ROS A4 B A
AFasls 2ANA AFAEY RS 6L, Fodge] 4
FEE HH 28l 2l sElrEY~E AAshe axt
QlFLh E ATAdE F FEEL zearalenoneE JFSIAE
e fHsk Fo AgA AAIslEe] FEE W
the B (35)9F Yttt 7o AshiAlEd2s S5 =
Yol E(13), Axeh(14), Fatstaa(15) ¥ L-EHEIH16)5°]
defx it olgjgt Fkole] AsliEY 2 M adE iy
EeidEe] 2oA TS SUtsE, ol He A T
A= whgell s AR ER e Aol FuE ] wEel
gl AlRET B AT /el AgATolx el rIMES
RS W, F ZgdEE I 2 ddds vk FOAEEY 5-
slo|leEAMEEEE T Tt ZUIEIReH, 7S B
go| @54FEES] DPPH oz AT % ABSIEEF 27T &
el LLC-PKI celld] A|EAES0] Fdedo|Zo] Bls] =ch
(22). &5(23), = (24), AHAHQR5), INEH(26) 52 333
< @ DPPH |z &A%Fo] S7lsldithe Hie & A+ds
oF fARHA T

¥ o= 9,

d

JitEs FUHo| FES9| MItHX|gat

IAAARE A8 CON group®] Nrf2 ol ]3] =d=|
£ AR E 49 HO-1, GST, ZI8leAA&4, 28] GPx
o] Thild E2 NOR groupdll W3l f-o]& o= wlth(Fig. 1,
p<0.05). ol2igt @ Fejo] FEES 454121 DR ¥ RDR
groupell Al S7ste] Fe 2lels #Rshe a3 s st

Table 1. Protective effect of hot water extracts of roasted radish against renal oxidative stress induced by high-fat diet

Grouo? ROS ONOO TBARS GSH
p (Flu/min/mg protein) (nmol MDA/g tissue) (mmol/g tissue)
NOR 2391£921%* 3096+856" 18.28+4.86° 3.83+0.67*
CON 3227+755° 6254+751° 25.1242.41° 1.14+0.69°
DR 2173+841%* 2394+984° 20.90+2.85° 2.98+0.64°
RDR 14324442 11444377° 15.22+1.05° 4.22+0.32%

Data are mean+SD (»=8 each group).

"Mice were fed high-fat diet for 12 weeks with oral administration of distilled water (DW) (CON group), hot water extracts of dried radish (DR
group) or hot water extracts of roasted dried radish (RDR group), respectively. Normal group (NOR group) was fed chow diet with oral

administration of DW.

““Data with different letters in the column are significantly different with one-way ANOVA followed by Duncan’s multiple range test at p<0.05.
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Fig. 1. Protein expression of Nrf2, HO-1, GST, SOD, CAT, and GPx of C57BL/6 mice fed high-fat diet for 12 weeks. Data are mean+SD
(n=8 each group). Mice were fed high-fat diet for 12 weeks with oral administration of distilled water (DW) (CON group), hot water extracts of
dried radish (DR group) or hot water extracts of roasted dried radish (RDR group), respectively. Normal group (NOR group) was fed chow diet
with oral administration of DW. ““Data with different letters are significantly different with one-way ANOVA followed by Duncan’s multiple

range test at p<0.05.

Ak 53] 7tgES Fego] F&E72 RDR+9 &3= DR
ol Hlel frelHos ok, Nirf29] 2 123.9% F7Fet
R, HO-1, 7FEeo)2 2 GPxe] BHe 747} 123.7%, 143.1%
5L 140.6% frold o2 STF8ITH(p<0.05). & AT F-o
AR F FHEA Axgde BRI EAAE FAANA At
SfAEYAE oAlgthe Barel dAEh ol dxetas
HAlFAL g § Aol ASIAEH S Feils u AEs
AslEe] Aol At o= MEalle] NS B3}
AlA HO-13} GPx9F 7+ AbshiAase] walo] Z7aiil7] EH
Folgbal BsITh36). s A¥ dF FEES sk

St EY S f1gk NR83S83 EEH"‘*114_(macrophages)°1]/\1
799 EFEEET Nrf24 Bl frejdor S/
HYEATHET). Eo B HaFEEe Holg ghol|A w8}
I8l AdEle AEAIEES ZAAZTAL BS8IT o]
= 5 *M, © AshiAEde] AR gl 23
SEAAEAS B GPx 9 HHL FUMAY] WiEolgt A}
o (38) #& %%H’JOI FEuo ol st gL wEo] F
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itEE FLYo| F£E29 &R % =7
*@*EH]M} i FHeol Wz A
NF-kBe} 9% &491 iNOS 2 COX-29] ¥ HE=E 3l
‘E\E ol NOR groupoﬂ H|3] CON group2] NF-xB
A 2o feojdoz Z7ksIthFig. 2, p<0.05). NF«B &
DR ¥ RDR groupellA] CON groupll H|sl Z+z} 404% %
59.3% frelFoe R 7h4rslen iNOS H%ﬂii DR ¥ RDR group
ol CON groupoll 18] ZFz} 13.9% 2 22.8% reldos 7ha
3tAct. 53], RDR group®] NF«xB T 22 DR groupell
l sl 31.7% FelA 02 HTH(p<0.05). NF-«kBe ofs) At =
d5E COX-29 IS NF«B9 22 APdE Bev 2 =

o r_

rlo 1=

0
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Fig. 2. Protein expression of NF-xB, iNOS, and COX-2 of
CS7BL/6 mice fed high-fat diet for 12 weeks. Data are mean+SD
(n=8 each group). Mice were fed high-fat diet for 12 weeks with oral
administration of DW (CON group), hot water extracts of dried
radish (DR group) or hot water extracts of roasted dried radish (RDR
group), respectively. Normal group (NOR group) was fed chow diet
with oral administration of DW. “Data with different letters are
significantly different with one-way ANOVA followed by Duncan’s
multiple range test at p<0.05.
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ATH39). F-o] ¥ F allyl-isothiocyanate®} A&} F58
lipopolysaccharideE &g th2AEeA Nrf2 23} HO-1

HAE F7MFHA NFxB 23 B INOSO| ZARE HAIeH
WESE A MRIALS} allyl-isothiocyanate FE &2 74+ F3

o) 7kl Nrf2 9} HO-19] @] F7kslda, iNosel 2l
%*Xﬂ Hrha B8k thA40).
Aol A FEE TIRES Fdejole) g
T AAE AspiREA o8| ﬁﬁ}iéiﬂliﬂ AAE &
JJr_E’a *@7—}5 o} iR geo] &5 AFe AW Akspd
AEAQ] FFEMOl S T7HATIL Nif29} 732 ARSI Z A}
QIrte} AbshR| & Ao WHE TV LEA NF«B7} ash
Aoz AlgHr)

rlo flo & 10 rlo

Jg

o ok
el =

?]9] *]ﬂoﬂ*i RS FEEe] &
Q3IATE. A2 chow diete}
Foale NOR group, A2} S/FE T
group, IAWAAL} 237 mgkg bw/days 2]
DR RDRE 717}t 7 3= DR group, RDR group® 2 1}
ol 1277F ARSERiTh A1 AbstAEd & 2 ERD ROS,
ONOO", 2|3 Apaaitshae] =5 2213 27 CON group
©] NOR groupell v} fej¥o =z =753t} WHH DR group
RDR groupellX fol& oz 743t AW Akshd=] A F<1
SFEMo] 9] FEot AbshA el de] WE-2 DR group@t
RDR group E5 CON groupell 3l Z7}5t4Ith NF«B 22
CON group®] NOR group®l|l H|3l F7}3t31 S+ DR groups
RDR groupS &% 7ZH43FTh RDR groups DR groupdl] H]3l
ONOO™ ¥ AW IslE FEr/t A a SFEPOl2 &
To} AkshikA] #E v w3 Nref2, HO-1, 7heElols, 2
g3 GPx7t F7FeFA. ARk AARIAR] NF-«Be] &0l
srolxith. RDR group®] ABSIEE# X /R ade FoXo= =
o Ao L) waEtA sIgHES R RS 2 A 25}

| =X
o

o] A3 w TAHRRIAIE S5 AR ABAEYAZS o7
I 9l Aow AlEHY, 7 3= Fueo|Hr) e Ao
2 I}
#HAR 2
E A7E GpAY QS ol =3 Ao AxE X9
s A GEAIA A=Y
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