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Water Extract of Kosa laevigata Michx, Protects Hepatocytes from Arachidonic Acid
and Iron—mediated Oxidative Stress

Hae Li Ko#, Kyung Hwan Jegal#, Si Yeon Song, Nan Ee Kim, Jiwon Kang,
Sung Hui Byun, Young Woo Kim, II Je Cho, Sang Chan Kim

Department of Herbal Formula, College of Korean Medicine, Daegu Haany University,
Gyeongsan 38610, Republic of Korea,

ABSTRACT

Objectives . Fosa laevigata Michx, has been used for the treatment of renal disease in traditional Korean medicine,
In this study, we investigated cytoprotective effect of R Ilaevigata water extract (RLE) against oxidative stress
induced by arachidonic acid (AA) + iron,

Methods : To evaluate the protective effects of RLE against AA +iron—induced oxidative stress in HepG2 cell,
cell viability and changes on apoptosis—related proteins were assessed by MTT and immunoblot analyses, The
effects of RLE on reduced glutathione level, production of reactive oxygen species and mitochondrial membrane
potential were also monitored. Furthermore, to verify underlying molecular mechanism, NF—-E2-related factor 2
(Nrf2) was examined by immunoblot analysis, Additionally, Nrf2 transactivation and its downstream target genes
expression were also determined by reporter gene and realtime RT—PCR analyses,

Results : RLE pretreatment (30—300 ug/ml) prevented cells from AA + iron—mediated cell death in a concentration
dependent manner, In addition, 100 ug/ml RLE inhibited AA + iron—induced glutathione depletion, reactive oxygen
species production and mitochondrial dysfunction, RLE accumulated nuclear Nrf2 and also transactivated Nrf2,
which was evidenced by antioxidant response element— and glutathione S—transferase A2—driven luciferase
activities and mRNA level of glutamate—cysteine ligase catalytic subunit, NAD(P)H:quinone oxidoreductase 1 and
sestrin 2. Moreover, protective effect of RLE against AA +iron was abolished in Nrf2 knockout cells,
Conclusions : These results indicate that RLE has the ability to protect hepatocyte against oxidative stress
through Nrf2 activation,
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71t Al U ZA5}= glutathione (GSH), superoxide
dismutase, catalase, peroxidase® Z&3F thekst A3t
ANARE A HSRESE Fotd AEE sEo AL E
AAstA FAEL | o=t TASHAITE, Ay HAE o
o= T3t 4 B 2 ol BT ARty AEd)
A= AE Y AAEAY HES T AZ AFEE fEgiT
upebx TEd AEE AEAE U] 7SS 233 o
F QA ARG op|she Fa Wlos ZFEo] gy,

Mz W 3test AEd AEAE Alxere] gyt 2 HbAk]
ABLS £A81a1, phospholipase?] EASIE £3lo] Al U2
9] w—6 HEES} A4 F PRI ofgfF]=4t (arachidonic
acid, AA)Q] 482 Z7MA7It}. AAE sphingomyelinase
o 9§t ceramide 9], AEZA Ca’'e 271 9 HEZEE]
of AAHGA &4 Wl i AL F7HE Bt Al
Z BA4L fdet, de xS oeks g ES S
N Yol 06 APAY FE7F F7HE] o] HaEith
10 olo} &0 irono] EA] Al AAdl oJat FAgata A
9 nEZEgo} Bt A9 AsE B3 AlE S0 7143k
4 ghgol BaEget?,

EAEAZEYH AEZE BE3dle FEEY EAV|HSZA
nuclear factor erythroid 2-related factor 2 (Nrf2)9] &
A3t 23 ERiTt Nrf2+ basic leucine zipper domaing
ZEhe AR F sPEA], ZERE] EA8k= antioxidant
response element (ARE)e] Z&3ste] ®Z FAREQ AL
E SO EN 43te AEHARRE Az d 2AE BT
=g Bodsl? | glutathione S—transferase (GST), NAD
(P)H:quinone oxidoreductase 1 (NQO—1), glutamate— cystein

ligase catalytic subunit (GCLC), hemeoxygenase 1 %
sestrin 2 (SESN2)E XZ&3t ofoket 3Hiks) fAxE9] HAF
2 2FFPY | olg} TlEe] Nrf2g BASANZ 4 Y=
it eS|l (MNEEEA AW, 7Hd, 7HEsE 9 zeF
< ZFS FIA EE gigt AR &55S UER,
Nif2 & SR S4B g3 Fury gaBel o
2 F 5ol EuEo] gy 7HEgE 2= ¢lojA = Nrf29]
Bt 28 = ®Ho] B 4 Ygo] AA G,
$MF (Rosa laevigata Michx,)+= Zu]ZH(Rosaceae)ol
&3 ASUrhEER ST e S AT AR
Aul7} Eginsha dkdicls AEE ENEHER, kg 85
A, N, EIR, MBS, ] B 2 At 59 4l
S8t SETE flavonoidd SHES Feeh, o
Z9] HEOSZE= kaempferolA vJEA|Ql afzelin, multiflorin
A, multiflorin B} quercetinA] BiR2A)21 multinosie, quercitrin
So] BuEo|tH? HZ 4479 total saponin L total
flavonoid7} theFet F9Hd 7S SERAA Y X8 &%
o] RIFYF" ™, ot tlBo] ofuzo|= wete} THAks
Fago] 3 fEH ARFE AEG A gt ST FEE
¥ 54 Ryo AZ HE Fho] HuE ™ azy
ST S 7% A 1A F sl A AE
g 2o o3t PAFANEY Abgof| mX= FF 2 iEHs
7k SRE B A gt At BEShEoh wEkA
B AFolMEe 8T 84 FEE (B laevigata water
extract, RLE)S %4 7483 X8 9 e 35 4Ax2
W=3l1AF, HepG2 cell& o83l AAL} irone] ®H-EA X

2 Eo) 48 AEdas fUSE AE 54 24
RLES) AlE B3 53} ofo] Bolsls BaAr|de 7t
24 s,

A2 2 Y
1. Ao

Anti—caspase—3, anti—poly(ADP—ribose)polymerase (PARP),
Anti—Bel2, HRP—conjugated anti—rabbit IgG, HRP—conjugated
anti—mouse IgG A= Cell Signaling Technology (Beverly,
MA, USA)oA FYstact Anti—Nrf2 &A= Santacruz
Biotechnology (Santacruz, CA, USA)olA FUstTH AA,
rhodamine123+= Calbiochem (San Diego, CA, USA)ojA]
91319932, Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin—streptomycing Gibco
BRL (Grand Island, NY, USA)o|A FY3tHTE Iscove's
Modified Dulbecco's Medium (IMDM)2 Hyclone laboratories
(Logan, UT, USA)ollA] 3513t} Dimethylsulfoxide:= Junsei
Chemical (Tokyo, Japan)olA Y3tk Anti—Lamin A/C
A= BD Biosciences (San Jose, CA, USA)OA 5l
o, 3—(4,5-Dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium
bromide (MTT), 2',7'—dichlorofluorescein diacetate (DCFH—
DA), ferric nitrate, nitrilotriacetic acid (NTA), anti—8
—actin A € 7]E} 48 Aok Sigma (St. Louis, MO,

USA)ellA] 3.

2. &+ 94358, RLEY A=X

SAETF (AR 4R, F= 4, At U9,
TATTEIAF): FEAA ALY, 20099 109 20 &4
AN, SRS YA = HEYAA (Daegu, Korea)
oA Fgstdlt. SR, AA F 0% AxFTH 200 g9
STl E 1.5 LE ¥l 3AZF ¢ A% & &, FEES
AZZ 12 33t H 300 mm filter paper (Toyo Roshi
Kaisha Ltd, Tokyo, Japan)Z oi}ste], TS ZE3
#5%7] (EYELA, Tokyo, Japan)& ARSI 55313t o]
FEALE 1207 B¢ 52 ¥, FZ4=x7] (LABCONCO,
Kansas, MO, USA)2 AZR3lo 35.63g2 58S I
RLEE AR ZA7EA] -20Ce] E@stglon, = &afsto
0.22 m filter (Millipore, Billerica, MA, USA)Z o3} &
Ago| ARg-sHT

3. =g 2 Az

HepG2 cell2 American Type Culture Collection (ATCC,
Rockville, MD, USA)o|A Fdste] 10% FBS, 100 units/ml
penicillin®} 100 ug/ml streptomycing #3135t DMEM Hj)
A5 ARESt 37T, 5% COp ZZONA kst Wild
type (Nrf2 +/+) @ Nrf2 knockout (Nrf2 —/—) murine
embryonic fibroblast (MEF) cell& 7FE2|digtm oFsids}
In|g w2 EE Bl 10% FBS7F EZ3HE IMDMOA
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Bjostde®. Zb AlZE 100 mm  EjREEAlClA 80%
confluency®]] EEZ3t=E vjst & multiwell plateo] AtH
Hjekate] Ao ANt

4. A= BEE A

AZ HEEL MIT assays E9 &Astgch Alze
24—well plateo] 5 x 10* cells/well FEZ EZ=3}o] 244
7F &%t wikstEth Serumo] gl HiROlA 12A17F F<F
wijofstel $41& AAAZ] F, 10-300 ng/ml RLEE 1A1ZF
AAA T, £ 10 uM AA (12429t 5 uM iron
(AAZHE ARSI MEF cell®] 7, 15 uM AAE 3A[7F
Az & 5 uM iron (1AIZHE AXstAct. Ax7F S=2E
AZE 0.25 mg/mle] MTT (4AIZhHet whgstel A
formazan< dimethylsulfoxide® 23|51 Titertek Multiskan
automatic microplate reader (Model MCC/340, Tecan,
Huntsville, AL, USA)E o]&3lo 570 nmolA SIL=S
EA5t4th. AlZ FEEE control celle] dfgt WEg=E o
S Zro] AABIAT [Relative cell viability (%) = 100 x
(absorbance of treated cell) / (absorbance of control cell)].

2|2}

Ho

5, AAZ F&9, 9
immunoblot ¥4

AAE 229 (whole cell lysates)S #7] st} A=
£ phosphate buffered saline (PBS)Z A&AHd =,
radioimmnoprecipitation assay buffer [50 mM Tris
—-HCl (pH 7.5), 150 mM NaCl, 1% NP-40, 1% sodium
deoxycholate, 1 mM EDTA, 1 mM A—glycerophosphate, 1
mM sodium orthovanadate, 1 mM sodium fluoride, 2.5

g 3299

He

mM sodium pyrophosphate|?} protease inhibitor cocktail
(GenDEPOT, Barker, TX, USA)Z &3{5}o] 15,000 X g i
A 30% 7F YAEESEY d2 4SS ANE FEHo=E
ARttt 8 282 A" AEZE 10 mM HEPES-
KOH (pH 7.9), 10 mM KCl, 1.5 mM MgCl;, 1 mM
dithiothreitol, 0.1% NP— 402} protease inhibitor cocktail
(GenDEPOT)E &3}t hypotonic buffer 100 W& 713}
o 4Co|A 1087F &3gt F, 7,800 x gof|A 587 YilEe
3lo] AL pelleto] 10 mM HEPES-KOH (pH 7.8), 400
mM KCl, 0.1 mM EDTA, 25% glycerold} protease
inhibitor cocktail (GenDEPOT)& &&3t hypertonic buffer
50 W& H7kste] 1AZF 88 &, 14,000 x goll A 1583 9
dpelstel 9o AzAE olgagt. wuY 2zl
bicinchoninic acid protein assay kit (Thermo Scientific,
Rockford, IL, USA)E o|8dte whilld IS SAstoch
Immunoblot& $¢3] 8-10%2] sodium dodecylsulfate—
polyacrylamide gelollA EZ|E w#ZS nitrocellulose
membrane® & Ho|3}1l, 5% skim milk® 2A]7F oA+
blocking®}3itt, Membranes U2F}A U o|x}gA <}t vk
AlZ1 ¥, enhanced chemiluminescence solution (Amersham,
Buckinghamshire, UK)Z WA |A X—ray BE ¥+ Amersham
Imager 600 (GE Healthcare, Freiburg, Germany)< AR5}

o gatich ZF ool W HEE f-actin (AAIE
9 Lamin A/C (3 £&)o] g immunoblot&
Image JE ©]&3}9 densitometric
analysisg AA|SFAT

6—well plateo] ®iF L XXF ANZo] 500 ule
metaphosphoric acidE Z7Fl] £3let & GSH determination
kit (Oxis International, Portland, OR, USA)E& ©]&3}
GSH 2 405 nme] 304l Infinite M200 automatic
microplate reader (Tecan, Huntsville, AL, USA)E ©|-83}
o S5kt SXE $3es Bl =2 HASIY

7. AZ Y 2T SA

AE W 444059 57442 DCFH-DAE ©]&sto] oA
Bag el weh SRS’ A" AZE 10 uM
DCFH-DAZ 1AIZF 53t 37CoA 8¥h&3te F4E DCF
L 7}=E excitation (485 nm), emission (530 nm)2]
u}Ao| A Infinite M200 automatic microplate reader
(Tecan)g ©]&3tH &4ttt

8. ml=a=alol o Wyl 24

nEZEgol o M9jo] ¥sks wREI] ol FEFRd
rhodamine123& ©]-83to o] Hirgh Wl wat 435}
AP, ok X7} = AEe] 005 ug/ml rhodamine123
2 3087 g8t & 1% FBS7F E3HE PBSo| B9A|A 7+
AZE 20,000719] A|ZZE Partec GmbH FACS Calibur
flow cytometer (Miinster, Germany)E ©]83}o] S35t

0. Slze §A4 B

ARE @ rGSTA2¢] Z2wees mgsis #jze oAz
EtAn|EE HgF o R WHs=E AR HepG2 cell 9]
A mag Pyl wat St 24-well plateo] W%
= AzRFAZ 30-300 ug/ml RLEE 24 A|7F B¢F A
3t %, Passive lysis buffer (Promega, Madison, WI,
USA)E olgste] &3fistsnt, A2 &3|H 9] luciferase
&84S Luciferase Reporter Assay System' " (Promega)
o]83}t5] Infinite M200 automatic microplate reader
(Tecan)2 &3ttt 2 AES] WY ZF=ve il A7fo
2 wysq

10, Total RNA®9] £3&] 9 realtime RT-PCR
24

Total RNAE Tri—solution (Bioscience Technology,
Gyeongsan, Gyeonsangbukdo, Korea)E AR&3ste] EHels}t

gt 323 total RNA (2 ug)= d(T)is primere} Accupower
RT premix (Bioneer, Daejeon, Korea)E o]-&35}o] A|ZALS]
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10 KRS FE

W] weh AR cDNAS ESIth Realtime PCRE
SyBr Green premix (Takara Bio, Shiga, Japan)e}
CFx96™ thermalcycler (Biorad Laboratories, Hercules,
CA, USA)E o|&3dtd FZatact. £ Aol AMES primer
= BioneerolAl @AstHeH, E7IAE HEE Table 13+
reh 7t @AY Op ZHS GAPDH S8449) Cp o2 1B
sto] A AsIEoH, melting curve £4S 53 SZ
PCR AHES] Sl Salshint.

i o my rf

Table 1. Primer sequences used in this study.

Gene . . PCR product
symbol SiEedes i size (bp)

Forward  5'-GAAGTGGATGTGGACACCAG—3'
GCLC human 128
Bacward 5 -TTGTAGTCAGGATGGTTTGCGA-3'

Forward  5—-GGATTGGACCGAGCTGGAA-3
NQO—-1 human 137
Bacward  5'-TGCAGTGAAGATGAAGGCAAC—3

Forward 5 -CAAGCTCGGAATTAATGTGCC—3'
SESN2  human 323
Bacward 5 —~CTCACACCATTAAGCATGGAG—3'

Forward ~ 5-GAAGGTGAAGGTCGGAGTC-3'
GAPDH human 226
Bacward  5'-GAAGATGGTGATGGGATTTC-3'

11, SAEA

H A7 z} HEFL one way analysis of variance
EAE ARt BAE f948e AT (9<0.05 E=
p<0.01), AFHEAFL FEA 7H¥ol 4¥ 39 dol=
Tukey HSD testE ©l-&3IaL, &AM 780l ™A &
¥ F9ol= Tamhane testS AAIAT. ZE A Ay}
+= mean *+ S.D.2 EA|3}HTH

2
1. AA+iron2 & {K=H AE EA 3t
RLES] A|&Z B3 #%F

HepG2 celld]A] AA +iron® 2 S&H AXZ ZAd o5t
RLES] H® #%g MIT assay® Foo A7siolch
HepG2 cello] 10—300 ug/ml RLEE 3t AJ7t AAA|sFaL
AA (10 uM, 12AZH<} iron (5 uM, 1AZHS £A3Ho=
Axgt Az, AA+iron AXO| o3 AT NEAEE
(43.72 + 8.86%)°] RLE & o&FHo=z =ylstqct E3|
30, 100 @ 300 pg/ml RLEE AA +irond] &8 743t A
ZAZES 98,99 + 6,19, 99.06 + 1.61, 100.66 + 3.27%
2 47t BAFCRE FosHA F7MAIFTHFIg. 1A). 24 ARE
9t 10-300 uwg/ml RLE ©= X X]& HepG2 cello] AlE
4L YERAl &t (data not shown),  FAAA

Ag ALE Edte] AA +irondl] 93t NZ EAo] AxZ
ZEA} (apoptosis)7t Belghe Bmg up o AA+
irono] &3t AIZ =40 gk RLESY ANZ BS Fi5of A
EAEAL B GF Y] AA7L Fofsh=A] YotR7] fiste]
immunoblot 4% AAISFATE HepG2 cellolA] AA + iron
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o AR & 7]&] g upel Zo] A=ZAEA B chuld
(PARP, procaspase—3, Bel2)9] &&d& JAstAtt, 12t
100 ug/ml RLE HXZ&= AA +irono] 93 NEZAEA T
d gHAES] Id AAE At ol TS| HES
control cell =02 J|EAIFHFig, 1B). ol ZAa=,
RLE7} HepG2 cellolA] AA +ironoll 23] f=% ANZEAE
Aol gt Al B3 d%50] 9SS vehdch
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Fig. 1. Inhibition of AA+iron—induced apoptosis by RLE. HepG2
cells were pretreated with 10-300 ug/ml RLE for 1 h and
continuously incubated with 10 uM AA for 12 h, followed by
exposure to 5 uM iron for 1 h, The relative cell viabilty (A) and
expression of apoptosis—related proteins (B) were assessed by
MTT and immunoblot analyses, respectively. All v%Lues represent
the mean = SD. of three separate experiments ( p{0.01, p<
0.05 between control and AA +iron—treated cells; ##p(0.0L #p(
0.05 between AA +iron—treated cells with or without RLE).

2. AA +iron 2 JE=¥ AL XEF 2 T
3 RLEQ] oA &3}

AA +ironoll 93 MZ 549 §& o AE Wi &4
At QA v EZ= ot 9 A9 AFE Bt At
AEH AT BT AA +irono]] o8] SEE AZA
GAtol| gt RLES] Aol Alstd AEH A0 Askrp =4t

=X 215k Yste], AlE W ASE AEdA0 Ao
Fojsh= Uy GSHY I=F ®stE £Asi9lch. Control
cellol Al E¢9% GSHY =82 83.63 £ 6.73 nmol/mg®]3]
ow, AA +iron® HR= GSHY FFS 14.65 £ 6.77
nmol/mgl 2 AJFAAIL, 100 ug/ml RLES] AHX+= GSH
TS 102,00 + 14,76 nmol/mgl g2 EAHOE {231
Z7MA. =3 100 pg/ml RLE @5 AHAA] AZ Y
GSH &o] 102,77 + 20,06 nmol/mgl & Z7}st= Ad
< Yetfisloy BAE o2 ¢tk (Fig. 2A). theo=
AZ W 944% 58S DCFH-DAS o83t 3% 7=
24 =33 A7, 100 pg/ml RLES] AAAL AA +irono]



olelr|EAlnt B GEA Al Amdio] ORI B4 $EE)

oste] F7HE AT E FARCE {FoFt F0 2 T
ANFLem, RLE ©& AX|o| 9= Az W SP44F
717 BEEA] @dch(Fig, 2B). AA +ironol &gt AHeHH
2B vEZs)o} v 9] AJ81E 48l rhodaminel23
of Hig FFA=t AstE AxZe] 4 (RN1 fraction)& %
7MY RLEe] ojgt AZ BEo| wEEEe|o}l g
A FEo] Bofst=A Potir] $ste] flow cytometry
Ag Bt nEZE=gor 9 HYE FH5IT AA +iron
9] Xx]&= rhodaminel123 @A F3F RN1 fraction®] 3l
e MEZO £E control cell (3.93 + 0.76%) thy] <F
77.06 + 1,.89%2 F7MAFHLen, 100 ug/ml RLE AHAAA]+=
AA +iron®)| 93 78k RN1 fractions 4,58 + 1,28%=
574];{4% FoJsHAl AaAF T O]Q} H&o| RLE 100 ug/ml

= XZJA] RN1 fraction?] Hl-&2 6.00 + 1,51%Z control
Celli—]r FAALCE {3 Aol L}E}LHX] ket mabA,
RLE= AA +iron®] 95t {=H A5HH AEH AL A7)
£ 55t
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Fig. 2. The effects of RLE on AA+iron—mediated oxidative stress.
GSH contents (A), ROS production (B), and relative RN1 fraction
(C) were assessed in HepG2 cells that had been treated with
RLE, AA and iron, as described in figure 1. After treatments, cells
were further incubated with either 10 uM DCFH-DA for 1 h (B) or
0.05 ug/mi rhodamine123 for 0.5 h (C). All values represent the
mean + SD. of three separate experiments ( p{0.01, p<0.05
between control and AA+iron—treated cells; "p<0.01, *p{0.05
between AA +iron—treated cells with or without RLE).

3. RLEZ} Nrf29] @43l njx& &3}

RLEQ] A= H3Z Fho] " E|HL #9307 9
ato] Alstd AEd A JAo] Folshe HAH HARIA F
shutz R Nrf2o] E43le] u]xe RLES JFe A+
sttt 94, HepG2 cello] 100 ug/ml RLES 1A]7te]lA]
24N AAJskar o 2] TS Hejste] Nrf2 dES

ZHZ B3 8% 11

immunoblot £4-& 3] &gt A3, RLEe] 23 Nrf294
3 f £32jo] RLE AX| 1A7t o|FHE F718t7] AlZlslaL
AL o|FHE FAHORE {oletA FUtste 24AI7J7/}XI
FA=ATHFig. 3A). ©]¢ HEo] Hdf FHE HAA 6A7+
£ 7|¥22 RLE AA| sk wE Nrf29] 9 J 54L& 3
3t 23}, 30-300 uwg/ml RLE A Xof| oJste] Nrf2o] 3
W 30| control celldt H|uste] FAHCRE Jo5tA F
7¥stich(Fig, 3B). RLE| &3k Nrf2¢9] 3 W %2 o| ARE
oo AghE 53 2 AR HAE 4 £ Qe
2 798l ¢ste] ARE-luciferaseE PR o g drgdsi=
A =3 HepG2 celllAd BZE 32 S4& st Zat
30—300 ug/ml RLE Aol &J8l] ARE ¢J&4 luciferase
o] SAALE FY5HA F7ektH(Fig. 3C). ol A
= RLEY o8t Alsta AE 29 Ao Nrf2e] &3t
7 A = U5S AARIT

A) B) o)
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Relative ARE huciferase activit
&

Redative nuclear N

Fig. 3. The effect of RLE on the Nrf2 activation. Time—dependent
(A) and concentration—dependent (B) nuclear accumulation of Nrf2
were assessed by immunoblot analysis. Equal loadings of nuclear
protein were verified by Lamin A/C immunoblotting. (C) ARE—
driven luciferase activity. HepG2 cells that had been stably
transfected with  ARE—driven Iuciferase were treated with 30—300
ug/mi RLE for 24 h. All values represent the mean + SD. of
three separate experiments ( p{0.01, p{0.05 between control
and RLE—treated cells).

4, RLE9] 34138} §37 Zdo) vx]= a3}

GSTA2, GCLC, NQO—1, SESN2E =gt @ Alst
FAAES Z2EEHE ASE Nrfort g 5+ Jd=
AREZ} ZA3d> ! weba RLEC] o3 Nrf2e] 243}
7 Nrf2 2% §32= (o], 348k 2209 ddE F7H
Z 4 = g xE {HA 2 realtime RT-PCR A&
=3 AFatgdrt. GSTA2-luciferaseE HIF o2 WHsI=
A 2F HepG2 cello] 30—300 ug/ml RLES 24X|7F Xx|&}
F2 o luciferase BAo] 7k AFE UEoH,
100 9 300 ug/mle] RLE Ao o3 zjxzH {22 &4
o] 2,07 +0.11, 2.35 + 00792 EAHoz2 {84 &
718kt o]¢t HEo] realtime RT-PCR &4 Z3}, 100
ug/ml RLE (24A417h€] A= GCLC, NQO-1, SESN2
mRNA & SAFCRE FoatA F7HFHHFig. 4). ol
o] A3t= RLEZF Nrf2e] &4stol s ghakst faxte] W
& 37 & 92 vehdd
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Fig. 4. Induction of antioxidant genes by RLE. (A) GSTA2—driven
luciferase activity. HepG2 cells that had been stably transfected
with GSTA2—driven Iuciferase were treated with 30—300 ug/ml
RLE for 24 h, (B) Realime RT—PCR analysis. Cells were treated
with 100 ug/ml RLE for 12 or 24 h. Al va*l*ues represent the
mean = SD. of three separate experiments ( p{0.01, p<0.05
between control and RLE—treated cells).

5. Nrf2 knockout cellof|5]e] RLES] A RS
"y

RLEo] o3t A% B3 ﬁﬂoﬂ Nrf2 EAdste] BAAL
A7str] ste] Nef27h BLE MEF cell (Nef2 —/—)oflA]
o] RLEQ] M BT a2 1__?'6‘]' o} Nrf2 —/— cello|A
L Nrf2e] @do] #AHEZA &S immunoblot A& &
sto] ERI8LItHFig. 5A). HepG2 celld} FY3HA wild
type MEF cell (Nrf2 +/+)olA= AA +irono] 23t AlE
=40l YyElgen, 100 ug/ml RLEQ] HAXE AA +iron
o o3t M= B4 FAFHCRE FosHA AAIstAL 18
U, AA +irono]| i3+ RLEQ NZ BEE &I} Nrf2 —/—
celldAl= YebtA] aotth(Fig. 5B). o< Ait= RLE<
Az B35 #sol Nrf2g] 8437} 7|9ste A AlARTE

A)

B)

Ralative coll viabdity (%)
Relathve call viabsity (%)

coN 100 RLE {ugimi) TeoN 100 FLE {ugimiy

Fig. 5. The effect of Nrf2 knockout on RLE—mediated cytoprotection.
(A) Immunoblot of Nr2 both in Nrf2 +/+ and Nrf2 —/— MEF cells.
(B) MTT assays were conducted in MEF cells that had been
treated with RLE (100 ug/ml, 1 h), AA (15 uM, 3 h), and iron (5
uM, 1 h). All \*/*alues represent the mean £ S.D. of three separate
experiments ( 0{0.01 between control and AA+ iron—treated
cells; #“p(0.01 between AA+iron—treated cells with or without
RLE).
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St AEFAE EP'*’P Lé
AEEAE, gAEE 9
Aok, IS, T 7“5,—-_- Z3g theFet 7HAg mdlofA

7+ 22 Y iron @ AAY] HIAAA ZHHo] Byt

Iron thEA A3k AEA PEEARA A ol Fenton
2 (Harbor—Weiss ¥F$)S €319 hydroxyl radical®} (per)
ferry radical®] A& FZshH, N=ZE o tiekgt Expe] 3t
Aok Fotol AIE S4E AESANGY, B AFIHNN
= AYRIE 53t HepG2 cello A AAL} iron & AX|
Al &AdAEAS] F7), GSHE 11z, mEZEEgol g A9
Aot @ AZAIAL AF 320 ATt 3 A2 FAJo]
FXEE 2059, 2 A= A AT 2Tt FUst
A 10 uM AA (12A1ZH%F 5 uM iron (1A17H9] B8 2]o|
o M=z W &4gitael F7k, GSHY 17, nEZE=go}
g Ao At W NEZAHALY] &3] oFt Al FAo]
UebdS Zlstelnh. weba, AASL iron A @ 4k}
A AEG o] o3t A2 AFEY FE B oA ATt
g 4 e BEY # oRE HE] 4ty AEHAE 9
AL & Y= gzt $2 245 St 877 &
< Az mdojt},

2 AFIAFAME AA+iron B4 BEE &8st 2
T, HIEE KiE, XEE Y R AE FEE YU A §
g4 el AxX HZ aso] UsS
AEOBTID | pAg N7 B8 Ved KIS TESE
1009 &9 FESo| EHUP % ‘%&1 04:%# &5t %&i%
7]. A]—g].x% /\Eilﬂ 2~ 9)\
stETh 2 AFolA %ﬁ% g5 %%% RLE7I- XM %E
oEHog AA +ironol| 3t A 5L dAISH e,
o Az 25 ai3s Yelligld 100 ug/ml RLES] HAX]
7b AA +ironol| %t B4t F7E GSHY g, nEZ
Eajop ot A Ast W AlEAEAL I DA Wt
& BAHCE folstA sttt
A% A7E Folod AASk irone] BEAX elgt Ax
=4 BdoA f1Z, kil XE FEE YL AR /9 24
Ho] AMP-activated protein kinase (AMPK)Q] A3}
B3i0 e Aoz musigtt
905790 AMPKE AIZ W) oYz AEE ¢12)ste] B2
AE 2AsHE A 2R Zhollk AMPKS] B3k
acetyl—CoA carboxylase?] &4 A5t A|HHAEe] A=
ZZI8}aL, sterol regulatory element binding protein—1c2]
dEE 2Aste] A4 AEAE AAISHY, mammalian
target of rapamycin complex 19 &4 2EL E3t9 o
WA AP AAFFY, B AT ANE H¥ATE B
sto] AMPKO] 4L dAE = = 38 JAA (4,
compound C)&] HZo]| 3} A FZEQ AL BT 859
A Bustgy?. o9k tlEo] AMPKO 43t 319]
Xz EALe] glycogen synthase kinase 369 EZAHY <
Atgke] £X& ko] A= 5= 7HAH, glycogen
synthase kinase 38 3}8H2 AA| (o‘ﬂ, SB216763) x|t
o2% AA+irondl] 93 AE SAo] AEI” B A
TFol| M du|dEA RLE7E AMPKe] &43+s F3te] Al

oX _I

B mlm




ofelr|EAlT A REA ABHE AEdL] iR T 95 2EBO) PHE HE 5% 13

X B3 35% 7HAEA &yl 8t compound CE
ZAAA & RLEQ} AA +irong X3t Axh, RLEY] <3 Al
X B3 F5o] a2 $XEY}t (Data not shown). wa}t
A o]l Bug A¥ FEEI @] RLEY 93 Az S
Zhgolli= AMPKY] 24371 #o] glE ZAe=E FHH,

2 dF7YAMEe RLEQ AEZ B3I %9 ExXr|dozA
Nrf29] 43k AASHATH Nrf2k Aksbd AE# 2o o
gt Az 9 2F9 3o LAk QA F SHIEA,
Y 4 HelsE ZdoA Nrf2 §3xke d&o] 2+
AZS AN 4= 5o FEE] Rt SRS gt
t27 B3 9%E g@dste @4 HAARIAE BRaEit
BIGID g EolA Nifoe AEAC F2 EAEH, E3
ubiquitin ligase®] 32 LEZA  Kelch-like ECH-
associated protein 1 (Keapl)¥}o] thfzl—chilz] A3%te &
3] proteasome systemo] & EajEch Al AEH A
E3 AEH A gt A2 F-gH39] shEA Nrf2&
AL 4 oY, HepG2 cellol 100 pg/ml RLE THE
AXA M2z W GSH ol F7iske A4S 2 A
HEo] Alx i &4 9 nEZEdor 9 M9 Astrt
TR 2 ZAIE TSI RLEZE NZE W A3by A
EFAE gt Nrf2§ 4371 A2 ofd Ae=R
Azt

FASEALS M AS YEQFY EA43E F3l Keapl
S 2RH Nrf29] faE X8, §2E Nrf2g Hog o
ol BARAR Z2HE| EA5k= AREY] Adste At
3ty AEHAE JAT £ e o RS wEe
Z7RAP Y B A= RLEZF 5E, A7 9EFo
2 Nrf29] 3 Y £38& F7H7]2L, ARESS] 2 $7HE
B3 28 {3 AAE 4FAE = 2 immunoblot
£4 9 AREE 233l g2E §4% £4E& B3l sttt
ES Nrf2 43t o3 Wdo| J7tEe] 48y AEHA
= JAISt=1] o5l GSTA2, GCLC, NQO-1, SESN29]
ArpE 243Ee gz §8A B4 9 realtime
RT-PCR £4& 38l &stqth. |9} tEo] RLEY AA
+irono] 3t AIEZ EE F50] Nrf2 —/— cellofA] Az
ot wEbd RLEE Nrf29] 4318 w2 3akst 544
=9 HHE fF=st] AEZ W GSHY 37 &/d4kae] o
A 9 uEZEo} 75 FES Fold HE BS 558 7t
A AR yztdr

SMT= ERHER, WRHEY Beo=R AolA FE
HAg47] I Agke] Aol 38=1 jlov, AT ooF
gk 7HA%E 2dS o] g3t dAoA &ETe AE Jo]
HEw gk &% 44710 Nrf2 Aol " AZ U
A% JYEQZY T 27l £4& A7 APHTH,
B 1HE A2FEZA SETE S8 5 IS A=
7|}, okgE, &MTE XTI HEIE IS 1A X
2o &8 = = TEH 7vte] g 4 & AL=R
Azt

ih)
rh

N

2 dFolhe oty

ihied

2 (RLE)°] HepG2 cell

+
o
:

oA AA +irono2 SEHE AHsA AEFH 2o gigh AT B
T a%S Qs et 22 2ES At

1. RLEE= HepG2 cellolA] AA +irone] &3t AlZ ZA4
2 X & oE JAIst L, o] T A AM=EAE
A T RS9 WIS Ak

2. RLEE HepG2 celloA AA +irond] 93t GSH 17,
AR £ nEZ=got 9t A9 AsIE JAst
Ak,

3. RLE= Nrf29] & Y £3& S7HI313L, ARE 23s
T Nrf2e] WA SAgstel Paksh FAARE(GSTA2,
GCLC, NQO-1 ¥ SESN2)9| HAALE Z7Hzi

4. AA +irond] W3t RLES] AIZ B3 &I/} Nrf2 —/—
MEF cellof| A& A= AT,

ke 2

2 AFe 20159%E AT AvfdH] (Grant
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