REAREEEE A31d A15(20169 1Y) ISSN 1229-1765(Print), ISSN 2288-7199(Online)
Kor. J. Herbol. 2016 ; 31(1) : 33—40 http://dx.doi.org/10.6116/kjh.2016.31.1.33.

Hepatoprotective effect of Paeoniae radix via Nrf2 activation
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ABSTRACT

Objectives : Liver is one of the largest organs in the human, and has a function of detoxification and energy
sensing to prevent severe disease, Paeoniae radix has been used to treat a variety of liver diseases such as
hepatitis and chronic hepatic failure, Although P. radix has been used as an medicinal herb for a long time,
the effects of P, radix on severe oxidative stress and its action mechanism on the liver was not clearly verified,

Methods : This study investigated the protective effects of P. radix extract (PRE), and the underlying mechanism
of its action in the liver, tert—butyl hydroperoxide (-~BHP) and carbon tetrachlroride (CCly) were used to induce
oxidative stress in the HepG2 hepatocyte cell line and Sprague—Dawley rats, respectively.

Results : /~BHP significantly induced cell death and ROS production in HepG2 cell, as indicated by MTT and
FACS analysis. However, pretreatment of PRE inhibited a decrease in cell viability and H2O2 production in the
HepG2 cells, PRE also blocked the ability of 7~BHP to damage in mitochondrial membrane transition, More
importantly, PRE induced Nrf2 activation and antioxidant Phase II enzyme, which may have a role in the
effects of PRE, In mice, PRE inhibited the liver damage induced by CCla.

Conclusions : PRE inhibited oxidative stress and hepatic damages as mediated with Nrf2 activation, This study
unveil, in part, the effect and mechanism of old medicinal herb, P, radix,
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ol gt As}
heme oxygenase—1 (HO—1), thioredoxin reductase, NAD
(P)H:quinone oxidoreductase—1 (NQO—1) ¥ glutathione
S—transferase (GST) S°] it}

A5gES vlutElopfH| R (Ranunculaceae) ol &3+ ZAFAER
AR FhebET} ([AgEe] o R A, vt M= AR
pattholl Al ALABSITE g TR it 2 2
st} #IGkEE, FRHIBS, ZAfbE 59 &5l o, ffm
W, AR, RREEERE, BRI, MemEsE, AE LT,
fFactms 59 922 230", 2582 monoterpene O 2A]
paeoniflorin, oxypaeoniflorin, benzoylpaeoniflorin, albiflorin,

$AXZE glutamate—cysteine ligase (GCL),

paeoniflorigenone, paeonilatone 53}, 7€} paeonold} 1
A2l paeonoside, 183l tannin, sucrose 5 &35t
oo, g o o] pAAR okelagorl
HEmHSHg, Prkcss, SohdcE, (O, mEEEE BEE
B, S, SUE, PURE, PINE PigEIRV), S22,
SEEENE, PEEASOl E AoR HaEgin )

Zgio)] gt 29 dFEFS, g HoOz0 93t 413
NZAPEE dAIStaL, LEHAEHE Ao] HES FATAE
E431A]7]8], Heme oxygenase@t Heat shock protein 725
B9 HEAUsETE s Aoz Uk mal,
high cholesterol diet FEO]A total cholesterol, triglyceride
£ YA}, 1-methyl—4—phenylpyridiumz F=% AI7A]
Z=4) g B3 ansE yeige, HYEd=E fdE= 4l
AN Z] AHE AR EE 2582 adenosine 5'-
diphosphate, arachidonic acid, collagen® 2 GT=%H d4
TS AR, S8 FHARACNA EF FdotE
Uz 2 2Z2&EAS WASHHS ™, Streptococcus mutans©l
tisle] 2 9 Glucosyltransferase A a1E UE)
AU dmlm, g BR2EEL Corynebacterium xerosis,
Candida albicans, Listeria monocytogenesit Pseudomonas
syringae 9 AEFHANUPE] dfste] AEzEr)sE &
NA FFEds vehick?,

o= Esta, ofR7kA] ARty AEF A o3 F
TH ZNE BdoA HgEel pAStaT W ANE BT F
£, 283 3 ZE 71-e daide FEE vt gloh ok
A 2 AFollMe e ke mutd FHEE FolA, 1)
Aol ZEAIESE (HepG2 cel)el ROSE g AAsh=
tert—butyl hydroperoxide (¢~BHP)E A g|$t Zdx} 2) At
3H4 7t2%] &4 fEshe AFEEEA(CCL) FEREA
g 228 (Paeoniae radix distilled water extract, PRE)
o Mzrs fi 9 olof gt AE7|HE FEsh] f3 A
AE AAE

Az 2
1. 283%&5 (Paeoniae radix Extract; PRE)
o Az

7 AFAAL (Daegu, Korea)ollAl FYsIGoH, 75
# 30082 219 B2 3A7 Agst, A=z 1%} ojuldt
% 0.2um TE (Nalgene, New York, NY, USA)Z o3}
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2. M=}

H Ao AFEE HepG2 cell (human hepatocyte—derived
cell line)& American Type Culture Collection (Rockville,
MD, USA)EXRE F93tgon, A|Zujeke 10 % fetal bovine
serum (FBS)x} 50 U/ml penicillin, 50 mg/ml streptomycin
< 3#3M= Dulbecco's modified Eagle's medium (DMEM)
E ARESt 37 T, 5% COZHollAl wigstalct. e Al
ZAYNAE N2 confluencyZ} 80—90 %7} S-A H&=
Ao AP, 203 o|ate] AhujerA|Z AT
HepG2 cellollA] ZgE3EE0] NZRISaIE B71sl7] st
o, FBS7} AAE x| oA 24X|7F vijFet Fof|, HgErEE
S AR5} 1A &, (—BHPE 12X|7F A X519, Ak
E£EL2 DMEMY]| ¢ ARSIt

3. Alek

Anti—Nrf2 A9} horseradish peroxidase—conjugated
rabbit anti—goat= Santa Cruz Biotechnologyiit (Santa
Crus, CA, USA)A U5k, Anti—-NQO1, anti—Lamin
A/C®} horseradish peroxidase—conjugated anti—mouse,
anti—rabbit IgGs: Cell Signalingiit (Beverely, MA, USA)
2HE 1slgen, Anti-GCLCE Abcamiit: (Cambridge, MA,
USA)o|A T3}t Dulbecco's modified Eagle's medium
(DMEM)¥} fetal bovine serum (FBS)E BioWhittakerAb
(Walkersville, MD, USA)%} Life Technologies (Gaithersburg,
MD, USA)ZE¥ I3}, Penicillin ¥ streptomycin
£ Gibco/BRL (Eggenstein, Germany)25E 1U3}4c}
2'7'— dichlorofluorescein diacetate (DCFH—DA)9} 3—(4,5
— dimethylthiazol—2—yl)—2,5—diphenyltetrazoleum
MTT) ¢ 7]e} AJ9FEL Sigma (St. Louis, MO, USA)<j
A Fsie

4. NIZAEE 34

24—well platedl] welld AEZS 1x10°712 B3ake] ufokst
B A3E9 confluency’} 80-90 %7} EHUS ], serumS
AAS A2 24A7F weksttt, o] HEEREES AR5t
I 1AZE &, —BHPE 12A17F AKXt MZAEES 573
shdeh. ZF welloll MTT (0.5 ug/ml, 4h)E AXg &, 4A%¢
HjeFstal, wiAE RAAEA AAT F, PAPE formazan
crystal® DMSO (dimethyl sulfoxide)E 7}3te] =91 3,
570 nmollA (Titertek Multiskan Automatic ELISA multimode
reader [Model Infinite 200 PRO], Minnedorf, Switzerland)
TF=E S5 MZAYEES control cellof TigH WE

2 LERRIT

[i.e. viability (% control) =100 X (absorbance of treated sample)
/ (absorbance of control)].
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5. Hz0; productiony3F &3

2'7'—dichlorofluorescein diacetate (DCFH—DA)=
permeable non—fluorescent probeZA] intracellular esterases
4 Hy000) 9J3}e] 2'7'—dichlorofluorescein (DCF)Z v},
o8 2A] H,0,9 F2 Az Wi, & A7l
N a2z Ea) ~ BHPX 2, 10 M DCFH-DAR 37 C
oA 1A7F A% & enzyme—linked immunosorbent assay
(ELISA) "o g2 2A3s9tt DCFe d37t=X= excitation
(485 nm)9} emission (530 nm)E Titertek Multiskan Automatic
ELISA multimode reader2 AR} A3, U272
o st AdAQ e Bl

cell—

6. Mitochondrial membrane potential®] &3

Mitochondrial membrane potential (MMP)-& membrane—
permeable cationic fluorescent FAJ2Fel Rh123& ©]&3}
o, fluorescence—activated cell sorter (FACS)Z &%3}%
t}. HepG2 cellS Z#3Z2ET} —BHPZ A X3t & Rh123
0.05 ug/mlE 1A|ZF BAE &, trypsing A X3t tubeo]
BS % 1% FBSE #Heste PBSZ AHSALL, o5 A=
55 FACSE 2433t oldf Rh1239] low densityS 4

=232
EFE 2 RN1 fraction® 2 B3l o|S v|wstict,

7. Nuclear fraction®] 4]

RS o]Hel| HuE Kay5e] w™ol wet Zujsiict.
2= 1 x 1072] HepG2 cell& ice—cold PBSZ 23} Al
A3 ¥, PBS 1ml& 718k, AZEE microtubeso] 7
255 QAR ¥, A5 PBSE H
AAE A3zo) hypotonic buffer 100 W& 7}k, 4
HollA 1087 AZE B& 2 &3AHT. olE e
3 crude nucleid E33I= pelleto] extraction buffer
50 Wl 7¥ste, icedllA 1AIZE B%F WA, ol& ot
Al YHEEST], nuclear fractiong EFSIL = AT
Hztaen, ARAZEA -70 Coll B3t

al,

gl
2]

8. Reporter gene assay

2|2 {AR BAL Jual-luciferase reporter assay
system (Promega, Madison, WI)< ARSIt 7HA|EF
2 (7 x10° cells/well)G—welloﬂ wjekst 12A17F serum<
73t Yt & ARE luciferase construct® FY3 AlE
Lipofectamine® &7 3AI7F ¢t FAZYJANAY, FE
AR T, AEZE LA 7|2 F20|=AF (Luminoscan)
ARgSle] B EE 2519t gRTEE 7EeR e
e vlaste] oAl e ARt

tlo mle mu R o

9. Immunoblot Analysis

dde] IEs Bty 9ste], HepG2AIZE lysis
bufferg AR&ste] lysate® ES3F ¥, 15,000 x goflA 30
7 ARt AAZIE AASAT. FFEE lysate

=3}

gl

EHEO| AR 35

FY3HA SDS— PAGER E2AZ] &, amido black FHOoZ
2z 25 BA & Joadingdt TH21S nitrocellulose
membrane®. & transfersttl, ©] membraneol| Z}z}o]
AE A7, BB AFE AAS] st 1A]7F
blocking$t %, ECL®

el

-+,

—
vr.a

chemiluminescence detection Kkit
(Amersham Biosciences, Buckinghamshire, UK)Z Z}
protein band® WSSt WA ¥ 7t chuidel waTe
H7Ksl7] $13te] Image analyzing system (Ultra—Vilolet
Products Lts,, CA, USA)2Z densitys &% % v|wsIH)

10. AQEEY A

AEEEL 6589 Sprague—DawleyA 2F (140-160 g)
Z=7 32°}2]E Samtaco Bio Korea (4L 3F=HEXHE TH
dro} 1329 F9F AFAA o FH-SA —? Ao ARSI
om, ARSA AL 2% 20-23C, & 50%, 1247 7+
Ao Z light/dark cycleZ $A3}3, A& (Nestle Purina
Petcare Korea, Seoul, Korea)®} 284+ 254 38t
EE 39

11, A¥5E9 AA

AP oY HAE A g2 +& Control# L2 st
=S ash7] 95k CCl 0.5 ml/kgS X5t 7H=A
<& gt CCL AXA 3¢%<H PRES 30, 100 mg/kg

o3l CCLE AA|gt +& ZHZF PRE 30, PRE 100+
o2 st CCl AT 24A7F &, EA MES HObA
assays HAISHAT

[e1 XX

12, @AApsisks] At

é“u =82S ethyl ether2 mlFsF & B
e AYFskgct 3,000 x g, 4 ColA 10 &
5t Asde] @3S Atk B3 alanine annnotransferase
(ALT), aspartate aminotransferase (AST)-= Automated

oo
=
Ak
[ <)

blood chemistry analyzer (Photometer 5010, Robert
Riele GmbH & Co KG, Berlin, Germany)S AFE3lo] &
At

13. A3 A5

A mean + S.D.2 Yelfiglorn, ALY #

9]4& one way analysis of varience (ANOVA)E AAT

% Tukey test2 AASIAT. FAE +
0.05 £+= p<0.01% 3}t

Tl
Z:“E'_'C

|

1}

1. PRE9] +BHPZ $=5 cell death A3 a7}

PREQ| (-BHPE #&=% M|Z ABAHapoptosis)oll et
HS #5& YotEr] 98] MTIT assays st
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HepG2 cello] ~BHP 100 uM< 12A17F A3t9S 3%,
AbslE] 2EF 29 apoptosisE: GEsHE AL oH] AFE
E3to] oIttt (data not shown), ZE|A E Ag o)A
T 100 uM9] ~BHPE 12417 AHEste NEZEAGS fds)
¥t PRE @502 srdz X3t 23 0.3mg/ml 5=
ojgtol A Az FAS YRR ¢ttt (data not shown),
a8 g 2 Ad3gdAE PRE 0.01, 0,03, 0.10 mg/mle] &
T2 MIT A8S JPsigict, 1 A}, (~BHPY| <8 @4
g NZ QEEL PRE 5= & oz ZUkehes AFS U
Effiglon, 0.10 mg/ml2] FXZollA 7 &dbAQd AZ B
35S YeERRSItHFig. 1), I#A ohE A¥ES  PRE
0.10 mg/ml9] =& AMESIITH

120

Cell viability (%)

Con - 0.01  0.03 0.10 (PRE: mg/ml)
t-BHP (100pM)

Fig. 1. The effect of PRE on #BHP—induced cell death.

HepG2 cells were incubated in 0,01, 0,03, 0.10 mg/ml of PRE for 1h
prior to the addition of #~BHP (100 uM), and the cells were further
incubated for 12 h, The effect of PRE on cell viability was assessed
using MTT assays. Data represent the mean + S.D, of four replicates
(significant as compared with vehicle—treated control, — p<{0.01;
significant as compared with /~BHP alone, Mp(O.Ol),

2, PRE9] 413t a7t

t-BHPE= A13}d AEHAE 84ste] apoptosiss Lo
Atk & A gtk agug feos PREY FAS}
Z-go gt A¥S At HepG2 cellell 100 uM2
—-BHPE 12717t AZ8telE 4%, AZW HO» ol 49
Hog F7bshe AL WESHHFig, 2). 28U, PRE 0.1
mg/ml& AAF stEE A, S7H Ha0p o] 8o s
Zastgiet, olgjdt Aike PREZF (~BHPe] 93 f=d
ROSY AL A5t HepG2 7HAIZ O AEHAES dAgh
= 2 S F1 9o

3.0
ek
25
2.0
1.5
1.0

0.5

DCF production (Fold)

0.0

Con - 0.1 (PRE: mg/ml)

-BHP (100uM)

Fig. 2. The effect of PRE on ROS generation.

Cellular H20g2 production was monitored by ELISA analysis, HepG2
cells was treated with 0,10 mg/ml of PRE and/or Z—BHP for 12h, and
followed by incubation with DCFH-DA (10 uM) for 30 min. Data
represent the mean + S.D. of three replicates (significant as compared
with vehicle—treated control, p {0.01; significant as compared with
{~BHP alone, " p €0.01).
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3. PRE?] mitochondrial dysfunction A3 &3}

nEZCgjol= AZUoA MEZZEFE sl 7B
2 Z dA Qo olgd 379 Yo nEZEEote t
&t complex7t #oIstal, complex®] 7|5AS7E AlZW
ROS®| A4S gt weba, AlZy ROS 489 S4%
7124 nEZEZoLE Akl Qith, I BE, AlZAEA}
£ 9AIsta ROS AL Aostal ¢l= PRE7ZF n|EZEEF
ote] &Ato| gt adE AHE R St

2 AYoMe nEZEgor &S dotRr] $5hd,
mitochondrial membrane potential (MMP)E ©]-&3}41L,
MMPE &73317] ste] ot A% ol FF dye?l Rh123
02 staining?dt cell® FACSE o]&3te =A314c)
t—BHPE AZ3}9S u, Rh1239] staining F=7} oA
=t (MMP7} ), o2 mEZE=gote] &Aa 7153
o7t S7HthE RS HoEokFig. 3A). 97|94 Box=
RN1 fraction®] MZ 27} &4 nEZE ot} 7|5
AAE 7kl mEZEZoLE vellisd, (-BHPY AHX|=
RN1 fraction £At9] 7} §%35193, PREE= o] A
sttt o]#g 3= PREY M=o} nEZCEold] BHSg
e S5t AolckFig. 3B).

A) ) Control

counts

1 10 108
FLY - Gresn L

! n L;Ivnll
PRE 0.1 mgiml
Gate B -

204 Bl

cownts

1 10 100
LY - Green L

e ok

RN1 Fraction

e

Con - 0.1 (PRE: mg/ml)

t-BHP (100uM)

Fig. 3. The effect of PRE on mitochondrial dysfunction.

(A) Mitochondrial membrane potential (MMP). HepG2 cells were
treated as described in methods section and stained with rhodamine
123 for 30 min, (B) Fold increase of relative RN1 fraction (population
of cells poorly staining with rhodamine 123). Data represent the mean
+S.D. of three replicates (significant as compared with
vehicle—treated control, ~ »<0.01; significant as compared with
~BHP alone, "p<0.01).

4, PRE°] 9§ Nrf2 &43}
Az 94 222 gkt F4st 522 FEdl A8ty ~
EfazHE MEZE ®HEHT 7 2FNE olHd A=
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H3E Phase II enzyme(24 tAlEA)o] F2 st Q)
, AR 2 TiALE A AARE TES Nrf2 AARIAE
FoEL Uk Nrf2= Baof Aazde] E45tHA Keapl
9] A4S S8 SalEaL YA, AEHY AFolu kst
oFRo] ANZUYR EojW, Nrf2: QlASlEo] Keaplite]
dZo] A= FY= o]FdTh Hoz o]FTt Nrfo: &
Abs} 2R ALE A 9] HALe] HoFl= antioxidant response
element (ARE)o] Z@slo] phase 1T enzyme2 HAMH
A F=dt 2EER B A= WA, Nrf29] Iy
UE-E AT R

PRE 0.1 mg/ml& HepG2 cello] A3t A3} Nrf29]
Y IHo] 1-3A7t o] = AFFEAH R FUtee A
western blot& 3l TSI cHFig. 4A). ESH PRE 0.1
mg/ml& HepG2 AlZe]l 1A]7F Ajgt A3k, Nrf29] 4ikshe
Z7N A (Fig, 4B)., 222 ARE- luciferase reporter
gene assays B9 PRES] ARE reporter gene@/d3}o]
)zl g3E AHEJTH PREE 12X17F 5<F HepG2 AJ3E9|
APe A1, AREQ 4o oo Fhete AL B
StHtHFig. 4C). o2 ZAd= PREZF dHAEE: HARIAG]
Nrf2E S Ith= AL S8 2 o

H ool K

A) 0 1 3 6 12 24(hn

Nrf2 s e — o — —

LaminA/C (=2 3 == I T S

B)

Relative ARE luciferase activity

Con 0.01 0.03

0.10 (PRE: mgl/ml}

Fig. 4. Nrf2 activation by PRE

(A) Nuclear Nrf2 levels, Nrf2 was immunoblotted in the nuclear
fractions of HepG2 cells that had been treated with 0,10 mg/ml of
PRE for 1, 3, 6, 12, 24 h, Immunoblottings for lamin A/C verified
equal loading and purity of the nuclear proteins. (B) Phosphorylation
of Nrf2, HepG2 cells has been treated with 0.1 mg/ml of PRE for 1
h. (C) ARE luciferase activity, HepG2 cells was treated with 0.1
mg/ml of PRE for 12 h after transient transfection of ARE reporter
vector, The statistical significance of differences between each
treatment group and the control ##p(0,0l was determined,

5. PREO] 23k Nrf2 target 33} phase II f4
ud =23
Glutamate cysteine ligase catalytic subunit (GCLC)=

AN A JIAE Z A e SFEFE(glutathione)
A} A= a3t 2lx}o|tk, NAD(P)H:quinone oxidoreductase

1 (NQO1D)2 AU 7)ol T=2A EZ3PHA, thekgt
+=(quinone)°ll 2l3] NAD(P)HE NAD(P)+Z HZA|7|E= AF
SIS S3te] BAAAE AASHE FAERIAIIT o)y
3 GCLC, NQO12 EIE Nrf2e] Al z2EHE W ARE
£ 383 target geneolth 1gEE & o2 PREV} 24
tAtEAY] HE nX= ZAE AHETH HepG2A 2o
PRE 0.1 mg/ml& AsHE 4F, GCLC, NQO1¢| o=
A wde] golHom Sk 2E BUNATHF I, 5). o
2gt A3k= PREQ| d4ksl a3 Nrf2ol&2¢l ditsl &
49 WAL Fole] Uehdthe 22 melzm gtk

Con 0.10
GCLC T— N——
B-actin | "™— —

Con 0.10
NQO1 |= = ——
B-actin T ——

Fig. 5. GCLC and NQO1 activation by PRE
Immunoblottings for GCLC and NQO1. The proteins of interest were
immunoblotted in the lysates of HepG2 cells that had been treated
with 0.1 mg/ml of PRE for 12 h, Immunoblottings for f—actin verified
equal loading and purity of the total lysates.

6. PREQ] A}g3teka(CCl)o] 93 7HEAF A
3|t

o2 IFEA PREQ i) 85-& FERHN &t
2 AT AMFSEA(CClY) = 1239 Alsla AEHAE §
wste], ZHMZE &4, 712 IAE Sl 95 ERE
=gy’ agog B HAFoME mouseS FARE, CClL
EoF, CCl+PRE 30mg/kg T, CCli+PRE 100
mg/kgFoIT o2 YrojA AEE JYPstyct. diteuret
o], CCLE 7H&A 8 AFQl ALT, ASTS| 38 #93
oz Z7MNFHHFig. 6). 184, PREE 3% B¢ AT+%H
gk oA olgE Aol dtEE Aol TEEUL o
g% dat= PRES] 43t a3t 9 7tRsHI AHEE
FEANE Hg7Hsst AUS BRI QU

mAST _I_
B e
.
w1
I |
-
Can B k] 1

g 8

2

Plamma par st {10}
o 8 8 8 & 8

00 FRE mgag)

Fig. 6. Effects of PRE on CCls—induced liver toxicity

Mice were treated were orally pretreated with 30 and 100 mg/kg PRE
for 3 days followed by a single injection of CCly (0.5ml/kg, ip). The
alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
activities were monitored in the plasma of mice, Values represent
mean + S.D, (significantly different from vehicle—treated control, p<
0.01: significantly different from CClL, "p<0.01).
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o FE

ROSE chemical oxidant29] S&#at olyzl, A}
o BE NEZ2] 2 59 subcellular messenger24] 2}
£ 3t e, BEd ROSY BHE ABE Adag
doA NZ7|5E &AY, AE9 &4 (apoptosis and
necrosis) A, JAHoRE Asty AEHAL o
5, =3, 3¢ 53 22 oA T2 FEEA Aol
S Ao gAY, Y AEE HesEez A
&3 ROSOl m&Eo] R, AlEA AEAAS Wi g
Aolth, o2l ASHE AEd|At ROSH THEsh WS
U AHSHA (pro—oxidant)Q} FAFSHA| (anti—oxidant)7+He] o+
& A7 AR o vepdt . A Atz e) B
AREEA ROS7F Add, A&EHoR PWAsHY, 20735k
Aol wig Ayl "i'dd, EZiF AlXdAs HEgh
ROS9] AAe =4& d3tslr] gk 7140] F5Eo] ot
o3t HAUZSS FZ catalase, superoxide dismutase (SOD),
glutathione peroxidase (GPX), glutathione—S— transferase
(GST)Q} Z+& Rakst 849 Vit A, —C, —E ¥ glutathione
(GSH)F 22 vjasd st o) o]Foix|m, YA
Helld AEa AEAE sty AE FAXN= 9
& AP A2, ROSY FelErge] BAL 91T FAEA
9] B-go] F7tElaL 9, o] A EFe Wi o] A
HE ofsta, X8sh7] 9§ HA FAEA ] digh A
T7F s o]FoR 1 gl

HEES Aol ER2A, ¥ Ao FE AAsk=t),
S, F=, gE, B SolA AAEY, Seolhe 94l
A o] AuiEch, AEES ffRe] 2Hgste], i, #dE F
Jf. ibE 59 &%°l Utk A% MeOH FEEY ethyl
acetate=8-2 A W tyrosineA &4}, melanin®¥A
Aol UYL, ZEE methanol FE2E2 ethyl acetate
B3OS Staphylococcus, aureus®t S. epidermidis 52 &
EEQl ZHgolut QAo sk HEAd Aol sl
S4e Yeh o Ed, zgo = nE Eeld 6-0-4
—D—glucopyranosylbiflorin C57BL/6 mouseZHE 4
osteoblast—like cell?l MC3T3—E12] alkaline phosphatase
9 activity® F7HIHTY, B AolNE e 328
(PRE)S] 4ts} AEH A tidt s azs H&s7] 915t
o, 1) t-BHPE ArEsto A5t AEHAE fadh A
8 THMIE HepG2 AlZR2d3} 2) CCLE =3 14 &5
2rds YesAT

t-BHPE & &3A pro—oxidant24], HZEU A ROS
E o AAATeEA 4A5H AEHAE FEstL AZzEA)
< FES] "o, A AEHAR QI3 AlE&EAFY]
ol BlgE T QI (—BHPE 7hA|E] 3 H$
AN A cytochrome P—4509] 2J3] Atsha AEHAE
=8 4 Q& alkoxy free radicalo]yt peroxyl free
radical2 HAE T, ©]H3t free radical EAM; AbAT}
QAR Wl o2 BXAET vREStHA A= o] lipid
peroxidation, @& E&AI3E DNA damage 5°f o3t
oY mal, BEspAupile] E2R3E A EEL free radicaldl
gty AAMASTE Hol, AEZA7BEY 2 H V)5S
A dith, a4 &AFYd® drsto|l=el 22 A Aat

o & o
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43t Bafjibgo] MAARYRREE He "olxl R9E olEst
o] NZEAE doy|7|= st =3 ~BHPE ZHAIZO|A]
GOT, LDH®| 2], malonedialdehyde (MDA) FAS =
sttt BuEQitt, B AFo|A= (~BHPE HepG2 ZHN=
oA AMEZ AEARE Fdetal, MEY H.0:9 A4S fdst
fon, nEZEFolY] EAAS doyls AR UEyET,
ol AIM= ohA AFT o|AAFEINET UA|skE Aol

CCLe Z 48Xl THNIZE &7l B, 1 3§
71 o2A AEly AEd AT go] BuEw I coldl
sl FEH AEHY AEHAE 7ERZ A G5 &4 bt
B =& sk, A7IE Bostae A HId 14
goz Aydrks vuw 9’ ol CoLol JF A
A kA B2 3 £ a5S AaYspIAe
< BERA =L glon, AR oo =dSe] CCl
52 RUS B3] AT b, aeEe B AT
Ae 2ge] Fas Gse BRI FH] 9kl
CClE single injectiond}= acute liver toxivcity2d& &
gotgon, o]de AdAIe} IR 7hEA) EHRE
Q1 ALT, ASTY] 939l 715 & 4 %, PREE
olg|gt k&S dstaltt,

HEZCols A BES AAske T8 A7|TORA,
Mx 7], As dAg, Mx 4% 24 S Tostar, A}
AgA A AAHE ROSE A2EFH AR A st IS gt
0. ROSS} T2 A8y AEF AL nEZEole] BH9E
ysta, mEZ=glof ok B (Mitochondial membrane
permeability) & Z7HZALE2A I (membrane pore)
Foto] ookt TA (o], cytochrome C2t Z-2 pro—apoptotic
mediatorE)S MEZAZ Eulgict, o] A=z Qlsty, o
2 apoptosis T F8 THAE (caspase 5)°] EAFE
B AZAGAL dofdet?, mEREeol uhe] 2Ake T
gt Zed 4S 4o7)a, nEZE=ot Yutre] AT =T}
B23| Z7}814 = o] mitochondrial permeability transition
(MPT)EH= @48 gt MPTE T4sis wuidzs
cyclophilin D, adenine nucleotide translocator S| %l

t}. Mitochondrial permeability transition pore (mPTP)
9] S uEE=gof ROS| gt o diz o] Atskel
AEw, nEZEgotd] AEtA AEHA W AE 4L fF
dic? . B Ao (~BHPS 23t HepG2 AlZol|A]
FACS E4¥E &3 MMPe ®3E =459, RN1
fraction (U|EZE=gol &3 75 hE et Alxe
Aol F7H B9t PRES] nEZEEol Boaits 9l
Eri=g

Nrf2+= 4k} 24t tamdo] HARY dde dddsta 9l
E Fa AR, AE @ 22 Thfd At aa
£ FEste A AEHAZRHE HEsle=t, o3t A=
X3 ZE Phase II enzyme(24 tAtEA)o] 2 Y5t 9l
0¥, Nrf2 Haol AEd] £A5HA Keaplite] dd&
Foll Bl AR, AHEE A=olu AEE ekEo] AlE
Y2 E0Jed, Nrf2e QA E Y] Keaplhe] HAZo] sjiA|
Ha YR o]Fdth HOR o]Fe Nrf2e A4S 24
Alg 4o £A3}= antioxidant response element (ARE)<]
A5 phase I enzymed] HAIR WS szad? =
AtolAl PRE Ao &gt W Nrf2 oafd 2do) 37t



Nrf2 JEHLE &

9 QlAlE} 2712 Bl Nrf2o] EA5E #8191, ARE
reporter gene assays £dto], Nrf2 AAME &AL AZ35)
At E3F Nrf29] target gene?l GCLC, NQO19 ¥d=
7V St Nrf2g] 2437t ARE AzET 7|Hsi=
e T = Yot 1gEE, PRES 4 ade=
Nrf2 9E2Q] gH4tst a4 Fadat AyARo] ¥ 5 gt

|

ams #H5st7] $Iste, —BHPZ AMeHH
15t HepG2 cellolA] cell viability, ROS,
mitochondrial dysfunctlon, Nrf2 activation®] H|X& <

B 2A] Thewt 2 AES At

=

T

PRE9| %"Lﬁ}

2EHAE §u

1. PRE(0.1 mg/ml)=
o 93t cell deathS

AokE sEds QI

FoSHAl AT

Z¢l ~BHP

2. PRE= +BHPZ Z7}9 AZY ROS AL £9%F
o ofAstel, WA HIS Uehirh

3. PREE: (~BHPZ §ud wEZce|o} 7|5&Aoar
B AZE HIst nEZEgol R ais 7Rt

4, PREE A7t 9&H oz Nrf2o] U 5718 §w8la,
Nrf29] QXSS F7HAI7IM, Nrf2 target FANSH &
a0 IEe FUs

5. PRE: Atgsteaz fg 7k sERdA itz

2] &4} AJ ALTS ASTY| 371 dAlslE ans

7Hde,

Aol A¥AFE PREE= 7F

i

oA Ateha AEHAE A

sl3, nEZcelols RS Aom Ao W
oleig aHkslel that 714 A7k AsHom Way Ao
W, ol ATAUE Lot Al L A7)

FO2 BT} A& ALE TR
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