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Gleditsia Spina Extract Protects Hepatocytes from Oxidative Stress through Nrf2
Activation

Jae Kwang Kim#, Sang Mi Park, Kyung Hwan Jegal,
Young Woo Kim, Sung Hui Byun, Sang Chan Kim, Il Je Cho

Department of Herbal Formula, College of Korean Medicine, Daegu Haany University, Gyeongsan 712—715, Republic of Korea,

ABSTRACT

Objectives : Oxidative stress is one of the most causes of hepatocyte injury. Gleditsia spina, the thorns of
Gleditsia sinensis Lam,, has been known for its anti—cancer and anti—inflammatory effects in Korean medicine,
The present study investigated hepatoprotective effect of Gleditsia spina water extract (GSE) against oxidative
stress induced by arachidonic acid (AA) + iron in HepG2 cells,

Methods
exposed to 10 uM AA for 12 h, followed by 5 uM iron, Cell viability was monitored by MTT assay, and expression
To

mechanisms, reactive oxygen species (ROS) production, GSH contents, and mitochondrial membrane potential were

To investigate cytoprotective effect of GSE, cells were pretreated with GSE and then subsequently

of apoptosis—related proteins was examined by immunoblot analysis, identify responsible molecular
measured, In addition, effect of GSE on nuclear factor erythroid 2-related factor 2 (Nrf2) activation was
determined by immunoblot and antioxidant response element (ARE)-driven reporter gene assays,

Results
addition, ROS production, glutathione depletion, and mitochondrial impairment by AA +iron were significantly
inhibited by GSE. Furthermore,

transcription factor for induction of antioxidant genes, Increased nuclear Nrf2 that caused by GSE treatment

GSE pretreatment prevented AA +iron—mediated cytotoxicity in concentration dependent manner, In

GSE promoted translocation of Nrf2 to nucleus, which acts as essential
promoted transcriptional activity of ARE, Finally, GSE up-regulated sestrin—2 which was widely recognized as
target gene of Nrf2,

Conclusions : This study demonstrates that GSE protects hepatocytes from oxidative stress via activation of

Nrf2 signaling pathway.

Key words : Gleditsia spina, Gleditsia sinensis Lam., Hepatoprotection, Oxidative stress, Nrf2, Antioxidant gene
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o, e AFstE A8g YEETe Wit FoE
dmajQtol 7ho| Aol AzE= vYEA] AU W
st Qlo] 7+ ATel ey ods] Bz Ao,
3] 7h2 ERTAL &t 7|1 o2 ALY AR YA

AHER Q3] Alste AEH A JFS wo| Wt}
IR A% =AY Bt s AE A= A Y9 &

AZTEZL, AR HdS wste] A2 AFEa g
7 olE % d5, 1S3t @ 1HEEE wifstERE WA
HAge] Fa gow FA okt

AR A AE FUHd 7HESE 8 oz, ¢of, A8
A%, A3A A3, G, vTE Z3 oofet Ty FEE
guete oz BuEm Yo, A A Aol 244t
&% (reactive oxygen species, ROS)2 ANZ U &A=
oheket FASIA A" o8] AAE 4 YA, TA=F ROS
9 AL FABIAAFG T AR ASE AEHAE
st nEZEeols uirigt AlZAFEAL 4359 S43E
Eate] AZ BAL Uehil, wekd Az o we =
gk A AEGAE AT 4= e ot Al W 7149
gt A7t 2s] JFElan 9o, o] nuclear factor
erythroid 2-related factor 2 (Nrf2):= &4rs} 3] whulz
o HE FVHE FEot 4EY AEHAREE AEE BS
st dla AARIA F R gEA A, thkst AsE
Zpol 93] SA44EE Nrf2e AZAA o o]Fsdte] =
Z2E F9o] ZA3l= antioxidant response element
(ARE)o] Z3%ste] sestrin—2, glutamate—cysteine ligase
catalytic subunits, heme oxygenase 1, NAD(P)H quinone
oxidoreductase 1 5 X315t FHAts GARE AAE &
ABAG ) okl shgEe] oJgh Nrf2o] SA4ste Akst
Z AEFAVE PRlog IR T 7HEEE ZEste HE
A Ag, AFA dgof i3t X$ 9 X885 5e] EiHA
om0 3] AW Holg Folgt ARTEEUA
Nrf2 §42F 2AeA] A8 AEH A 2FF AR U3
et 143k ofshe 4 glgo] RuEcH?,

weba] gAkSE 22 Nrf2 EA45E 53te] A= U o
&gt YAl g ASty AEHAE AASta NEE B35}
o g ETS AT £ e FERANEN &89 7t
AA7F Eoh B dFHoMe A AFE Fdhe] HEAE
of A3ty AEHAE 4 5= Q= in vitro AIE 5 2
g2 5 olg}l7]=AF (arachidonic acid, AA)T & (iron)Q
HEA2] mdg gesta, o] BES st okt Ex
#2% 9 HABY AZ RIFES Bu upp} Qo)

B4l (Gleditsia spina)x= Gleditsia sinensis Lam,2]
7WINE AZe AR EiEHHR, RgEss 8550 JoH
BB, A, UE, EEESL KRR TS BT Ol
ot ZZE 99dd, H&%F, amino acid, tannin,
triacanthine 59 A&¢] &A= AS=Z g3A QloH
1610 o)A Aol A Cfyfie] ofEhE FEEA AAETC)
A9 HCT116 AlZelde)  oiger  ojan®),
SNU-5 MZoAel ¢t AR aT* lipopolysaccharide®
HE 24gstE ganEoAe] dEAR dAEE Fo] B
1E db ok SR Do) FEhd 7H-E e oigk &3t
2 71Ae) gt At FETE Aol

maka 2 AFoMe Emfile] 4 &8 (Gleditsia

N
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spina water extract, GSE)& 3% 718% A8 9 o
o Bx aA=a wEskas gk olg sl Azt feel
hepatocarcinoma A|ZEZX, 7HIZAZo] dlgAZFZ &
S5 HepG2 ME™# 2 o]gsto] AASt irono] g3
AE Tl ASH 2EFHATL iAiEe AE S4 2EoA
Az e a5 ZA7|1de gelstaxt A5 A3ysHsic

AR % P
1. Ao

Dulbecco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), penicillin—streptomycin< GibcoBRL
(Eggenstein, Germany)ollA] F+43}9th. Arachidonic acid
(AA), rhodamine 1232 Calbiochem (San Diego, CA,
USA)ol| A i3ttt 3—[4,5-Dimethylthiazol—2-y1]-2,5
—diphenyltetrazolium bromide (MTT), metaphosphoric
acid, 2',7—dichlorofluorescin diacetate (DCFH—DA), ferric
nitrilotriacetic acid (iron), 8 —actin A= Sigma (St. Louis,
MO, USA)ZEE 3}t Dimethyl sulfoxide (DMSO)=
Junsei Chemical (Tokyo, Japan)olA 3}t HRP—
conjugated anti—rabbit IgG, HRP—conjugated anti—mouse
IgG, pro—caspase—3 &A= Cell Signaling Technology
(Beverely, MA, USA)ZXE 1Akt Poly (ADP ribose)
polymerase (PARP)Q} Nrf2 ¥}Al= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)o|A 3}t Sestrin—2 A=
Proteintech (Chicago, IL, USA)ZXH F3}tgct Lamin
A/C &A= BD Biosciences (San Jose, CA, USA)ojA
=g

2. GSE9] Az

Effll (sAk 94K, F= 72, diskerd: 44,
TATEIHPEL, FEAAA ALY, 20109 10¥ 22
AR, UeAIKR) LS. ARHS, NA1001710002)
HEFAAL (Daegu, Korea)ollAl At} S/ AlA
A% AzFF 100 g9 EMAMIE SHS 1510 ¥
7t AGste] 4L d4 FEHL No.2 filter paper
(Nalgene, New York, NY, USA)Z o1} & AFZIAE=
7] (EYELA, Tokyo, Japan)& ©|§3te] &3t o] &
ZM-g Ultra—Low temperature freezer (Operon, Korea)S
a3l -75TCoA 12417 FAS F, F22=2 (LABCONCO,
Kansas, MO, USA)3le] 589 g9 #EES do] -20Tel
BEstgon, UPLC #4& B3l £ ol &8st GSES
NEFd A8 Z=29dE FHSIET. GSEE SRl =4
% 0.2 filter2 oJH}ste] Aol ARSI

g o e

3. A= Wi

HepG2 AlEZE= American Type Culture Collection
(ATCC, Rockville, MD, USA)ZX¥ 3l 10% FBS,
100 U/mL penicillin, 100 pg/mL streptomycine 3Z3}3}



S 2220 Nrf2 BA43E F3 2T BE &3 59

L DMEM HJA|E o]&3t 37T, 5% COy ZAA vjeFst
Aot AIZE 100 mm disho|A 80%2] confluencyZ ¥
g & AYof AN

4. A= BEE A

M AZEEL MTT assays E3to] 233514ct HepG2
NEZE 24-well plated] Z+ well T 2x10° % HF3}e
12AZF wiFst §F, serumS 1ZTH HiR|OA 12417 F3F
it F41E AR A7l FH GSESE AA +irongd AHX|3HE
o HX7F gE" Az MIT 9L HFSs=7F 0.5
ug/mLe] E=E W 2X7F 71 uljdst o wiRE AA
sttt ABAE formazange DMSOZE &3fA1Z1 & Titertek
Multiskan Automatic microplate reader (Model infinite
M200pro, Huntsville, AL, USA)E ©]&3}5] 570 nmo] 1}
oA FFEE SAsHHT Az PEEL FART dig
HEsE oh2d o] Akt

[Relative cell viability (% of control) = (absorbance of treated
sample) / (absorbance of control) X 100].

5. AMZ 59 9 3 23 Ax

AME 2ZN (whole cell lysates)2 A|EZS phosphate
buffered saline® 2 23] A|ASt & scrapperE o|&ste] &
At T radioimmunoprecipitation buffer (50 mM Tris—HCl
pH 7.5, 150 mM sodium chloride, 1% sodium deoxycholate,
1% nonidet P—40, 1 mM EDTA, 1mM S—glycerophosphate,
1 mM sodium orthovanadate, 1 mM sodium fluoride,
2.5mM sodium pyrophosphate)@} protease inhibitor cocktail
(GenDEPOT, Barker, TX, USA)S E§3t lysis buffer
100 uL & 7hste] 4ColA 1A1ZE &8figh &, 15,000 x g
oflA 30&7t AlEEIst] ASAS Hotslth 3 EE (nuclear
fraction)2 A AZE 10 mM HEPES—- KOH (pH 7.9),
10mM KCI, 1.5mM MgCl;, 1 mM dithiothreitol, 0,1%
nonidet P—402} protease inhibitor cocktail (GenDEPOT)
& E33t hypotonic buffer 100 uLE A7Fste] 4CollA 10
27k &8t F 7,800 x gollA 5EZF A4lEEste A2
pelleto] 10 mM HEPES-KOH (pH 7.9), 400 mM KCl,
0.1mM EDTA, 25% glycerol®} protease inhibitor cocktail
(GenDEPOT)& £33t hypertonic buffer 50 uL 27}
LARRE g3 & 14,000 x goflAl 1587 dA&Est] d
AEHE o] &5t4rt,

6. Immunoblot &4]

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
£ E3to] By ohlAS nitrocellulose membraneo] A
oJAIF . Membraned] Hold @#AL skim milkE ©|-&
st blockingdt ¥ 3F ohEo] 1x AL Wk,
horseradish peroxidase®} ZA¢H 22 A9t HvRE-S X
2 A% % Enhanced chemiluminescence detection kit

(Amersham Biosciences Corp., Piscataway, NJ, USA)Z

ol g3ty W@ DA HrE RISk}, Densitometric
analysis= Java software (Image J)& o83l 4343}t

7. M= Y] ROS &4

MZ W ROSY &AL o|de| Bagt e ulal =85}
AoH* ™ HepG2 MEZEE 96—well black plateo] Z+ well
T 1x10" AW BFate] 1247F wjket & 12417 B9k
serume 1ZASIE GSE (30 ug/mL)E 1AIZF AAXg
%, AA (10uM)E 12A17F AX|3Hgch wiAE 3] AA
3t AM|Zo] phosphate buffered salineo] 343t iron (5
UWM)E 308%F AHA|skaL o] DCFH-DA (10 uM)E 3087t
AWttt DCFH-DAE AZHE FEIkste] Az Y9
esterase®t HoOz0 &8 ¢80 2 wkgste] FF& Hetl
L dichlorofluorescein (DCF)22 wW3FHch DCFe &3
ZF=+ Titertek Multiskan Automatic microplate reader
£ 0]83}9] excitation (485 nm), emission (530 nm)2] =}
A

golA S48

A

8. Glutathione (GSH) 3= =4

6—well plated] B 2 X" Az A& 500 uLe
metaphosphoric acidE 751 €38t & GSH determination
kit (Oxis International, Portland, OR, USA)E o]&3}o]
GSH ¥ 405 nm8] mPgolA F3s9th 539 3=
£ BCA protein assays &3 G =& HAstGct

0. WlEZEel o Ae 23

uEEEel o Mye] WlE 24a)r] Setol ey
ofol& @ A=l rhodamine 1238 o831} SFEXAS
223 HepG2 AlZo] 0,05 pg/mLe rhodamine 1232%
3087 @A F trypsing olgstel AES Sk, 19
FBSE =33t phosphate buffered saline2 2 #HEslo] £
Z 2x10" 7He] HEZE Partec GmbH FACS Calibur flow
cytometer (Miinster, Germany)& ©]-&3l9 33t

10, P28 427 24

ARE "i7j AA 2432 S50 9% f2H A
pGL4, 37[luc2P/ARE/Hygro] (Promega, Madison, WI,
USA)E Fugene HD lipofectamine (Promega)S ©]-&3}o]
FE =YsHTh ©olF hygromycine®2 AWste] pGL4.37
& HRFe g dFst: AEzFE Yot FEAR]
EE Luciferase Reporter Assay System'™ kit (Promega)
o]-83to] luciferase S E33t9tt. S4% luciferase
de Tl s HASIYT

o my

11. 34 &4

AxZ7e] EARAcz gk zfol2 BRIy 9ste]
One—way ANOVAZ o]g3te] AAsloch AEAHL Tukey
HSD test® o|g3le] Sa¥stgltt. 494Fo] p (0.05 E



()
(@)

p<0.01 Q1 A% TAF F94°] e AR TSI
=4 B2 SPSS version 20.0 (IBM Corp., Armonk,
, USA)E o]gste] =35t

Egrlr

4 1
1. AA+iron®2 &5 AE EA 3t GSE9)
Az B3 av}t

AA+irono 2 {$=H AE Ao tigt GSEQ AN=Z =2
TESS IS st NE AELES ESHNANFig.
1A). HepG2 A|Zo 12417t B¢t serume 1243k, 3-30
ug/mL GSEE 1A17F Bt AAAG &, 10uM AA (124]
7Zb, 5uM iron (2A17H& £ o2 HX% F MTT assay
2 Sgatgint, AR dRAZZ (100.00 £ 4.03%)0l B3}
o AA +iron?] XX 93] NE AEEo] 31.76 + 0.97%
2 {54 ZAaste AA +iron] &3 Az AL T8}
Aot 3ug/mL GSE HAAX|+= AA +ironof o3t M=Z Y=
€9 AAE WA B ev, 10, 30 ug/mL GSE A
Az oste] ME HEEo| HRAZELZ ] ZZ+ 7359
+ 16.05%, 106.29 + 3.28%F AA +irono 2 QI3 A =
e EAHCR folstA Al T3 30 ug/mL GSE
GEAXE AE AEE JFE vAE AE 54| BHE
2 et (2AM =z Y=g tiy] 120.66 + 9.48%). 2 A
FANME AFY AFE F3to] AA +ironol 2T NE =4
of MEAEAL (apoptosis)7t Belghe BT up ok
watr GSEo| 93t AEZ HSa37} AA +irondl 93 &=
HE NEAEA XSS Aoz vehtEa] b
Aste], MEZAFEAL B GO WSS immunoblot #4]
< B3t TESAHFig. 1B). A¥ Bl A AA+
iron9] XX PARP, pro—caspase—3 Tz o] WS o
Astel AZABAS SEFHE Selstgdom® ™ 30 ug/mL
GSE ZHAX= AA +ironol| 93t MZAEAL T TR o)
U BiskE SAFCRE folstA JASHt ol#g dik=
GSEZ} HepG2 A|ZoA] AA +irono] o3t NZAEAE o
At MEZ B3a5S Yetdcks 2S AARRIT

A)

2
&

Cell viability (% of control)
4

0
GSE (pg/mL)

B)

PARP | s e e e

pro-caspase-3 | WP e au» @

B-actin | e e— cre®

GSE (ug/mL) - - 3 30

)
@
2
§
£
K
g§ 08
5
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£ 04
02

o 0
GSE (ug/mL) - - 30 30 GSE (ug/mL) - -3 30

AA+Iron AA+Iron
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Fig. 1. Protective effect of GSE on AA+iron—induced cytotoxicity, A)
Cell viability. HepG2 cells were treated with AA (10uM) for 12 h,
followed by iron (5uM) for 2 h, GSE was pretreated 1 h earlier than
AA treatment. B) Immunoblotting of apoptosis—related proteins. HepG2
cells were treated with 30ug/mL GSE. After 1 h, cells were
incubated with AA (10 uM) for the next 12 h, and then subsequently
exposed to iron (5 uM) for 1.5 hour. Expression of apoptosis—related
proteins were observed by immunoblotting. Immunoblot against S
—actin was used as loading control. Data represent mean * SD of
three separated experiments (significant compared to control, < 0.05,
"0¢0.01 ; significant compared to AA+iron, *£{0.05, *£{0.01).

2. GSE7} A& 4] ROS¢} GSHO| vjz]+= &3}

AA +ironol| &gt M|EAEAL A ol= ROS A4 Al
Z | 9% GSHY 1zg 53 A5 AEg A9 (o
BIHJG B AT GSEY AE REakel AA
+irond] & F=E At AEH 2] A7} wifEEXR]
w5 Jste] ¢4 DCFH-DAE ol43 MZ Y ROS A
Aol mX= S HIetch(Fig. 2A). HepG2 AZA
AA +iron®| A= HRA|Eo| H3td 266 + 0.47H] T2
ROSY] A4S Bgou, GSE 30 ug/mLe] HAZ|o <]t
ROS2| AAdo] 1.59 + 0.398|2 Foa1A] JAE AL gl
3 4 gtk 3L GSE 30 ug/mlL @EHXE AEZ Y
ROSS] 5717} BEEA ¢slth olet tjEo] fiRAZAA
70.75 + 26.14 nmol/mglZ SAEYH H=Z U GSH &
ZFo|l AA +iron® AX]o| 2J3f 7.39 + 11,56 nmol/mgl.Z
AR % $zor FaEYon], 30ug/mL GSE
A2 73.35 + 26,99 nmol/mge2 AZ U GSH 3=F
< FAE 202 IEAFTE 30 ug/mL GSE BEAX]|
£ AlZ W GSH ol 9 7114 gotthFig. 2B). o
2H4], GSEL AA +irono] 93] SEE AEd AEF A9
JAE B3t AZ B3a5S UeilE AR dAdE

A)

» ©
o e o

(fold of control)

Relative ROS production
O

0.5

o
GSE (ug/mL) - - 30 30

B)

3 B
g B

2
g

GSH contents
(nmol/mg protein)
5 8

8
8

0
GSE (ug/mL) - - 30 30

AA +Iron

Fig. 2. Effect of GSE on AA+iron—induced ROS production and
GSH depletion. HepG2 cells were treated with 30 ug/mL GSE and
AA described in Figure 1. Cells were incubated with iron (5 uM)
for 1 h, DCFH-DA (10 uM) was added 30 min after iron treatment.
DCF fluorescence was monitored by automated microplate reader.
B) Cellular GSH contents. GSH contents were measured by using
commercial kit as mentioned in method section, and the values
were normalized by protein concentration. All data represent mean
+ SD of three separated experiments (significant compared to control,
“p(0.01; significant compared to AA+iron, *0¢0.05, *p<0.01).
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3. GSE7} AA +iron® & {5 n|EZcgo} 7]
s Aolell vA= a9

AA +irone|| 93] S8 AEH AEHAE nEZEEo}
3 7% Hole ot AEABAE SEFTY. GSEZ}
AA+iron® & F=d NZAHEAE JAEgeng o] Iy
o] GSEE 53 uvEZ=gor o A9l 3Ho] Fojxli=x]
dolr 7] $5l rhodamine 123 €A % flow cytometry
2 vEZ=ol ot A wss EHstkFig. 3). A3
A3 Aue} §ABHA AA +iron®] X2 rhodamine 1239]
g3t A ¥ JA A== JlK= NE 4= (RN1 fraction)
E YRAIZ (3.56 + 0.89%) thH] oF 45.66 + 3.79%= =
ARoRE FolstA F7HFH2H, o] AA +ironol 2Jgt ]
EZcgo ot M$je] AstE wEZ=go}t 7|5 Aot fE
ke AL 9nmldit), 30 ug/mL GSEQ] AAX= AA +
irono] 98 Z7}st RN1 fractionS 6.53 + 2.28%2 4
Hog {ostA ZaAFTh olgt fEe] GSE 30 ug/mL
=22 RN1 fraction®] H]E&L 5.77 + 1.81%=2 H|EE
zaot 7|5 Foflo]l ojwdt FI= wAA] kIS IISA
o}, webi, GSEE AA +irond] 98t fEEHE mEZE=
glol 7] AolE Wolste AE EsasS e Jeg
Azt

Control AA +Iron

AA +Iron

H GSE 30 ug/mL
GSE 30 ugimL

RN1 Fraction (%)

GSE (ug/mL) - - 30 0

AA +Iron

Fig. 3. Effect of GSE on AA+iron—induced mitochondrial dysfunction.
HepG2 cells were treated with GSE, AA, and iron as described in
Figure 2, and subsequently stained by rhodamine 123 (0.05
ug/mL) for 30 min. Proportion of low rhodamine 123 intensity was
defined as RN1 fraction. Data represent mean = SD **of three
separated experiments (significant compared to control, ¢ 0.01;
significant compared to AA +iron, “”p(0.01).

4. GSE7Z} Nrf2 @49 vjx= a3

GSES] Az BT fgo| ASE AEHA0 44 JA7F
FhtEls AvAT (Fig. 28 HIESE GSEZ}F A5y AE
g Alojo] Bofst= HA AARIAR Nrf29] 243t n
e 9T HrBkRT. GSEQ AlE Hsaho] Nrf2o] &
A7t miAE=A] BESE] fste] ¥ EEo] EAste
Nrf2 @3S immunoblot B4& &3k FelstgtHFig.
4A). 30 ug/mL GSEE 0.2-3AI1ZF A=A Ay, & 23 y

Nrf2 &Zo] 0.2, 0.5, A7 BAZLE Fo5tA 57t
stk E3F 3-100 yg/mL GSEES 0,547 H2]5le] & 23
W Nrf29] &2o| GSE AA| s&o &3t F7HE gl
slgem, 30, 100 pg/mL GSE®] oJsiAs SAACR §9
sHA Nrf2e] & f Z&o| F7tstgct. GSEe| st &
49 Nrf27t 28 4% 222 U] AREQF 235t A
AL 28-S FASIA|7|ER] Eelsly] Y8t ARE-luciferase
£ FHo Idse AR NEFE ogsto BE2EH &
AR B AASIYTHFIg. 4B). GSE 30 ug/mlLE 3 E=
6AIZF A3 At gRAEZ hu] zZ+zF 3.26 + 0.53, 2.54
+0.138) BAIHSRE {olstA ARE EE {3 4L
Z7MNF ol9t HEo] GSEE HEAQ Nrf2 &3 $A%
% sl sestrin—29” ©id wEe kx ozExozm 2
WA FH ek (Fig. 4C). olA4e A3M= GSE7F Nrf2o] EAiskel
olo] M2 ®ZH FHA HAEL Tt At AEHAE 9
AL 5 ASE AARI

A)

v [T e
Lamin A/C [ == = =] Laminaie [0 S0 S0 S0 S

(fold of control)
w

15

Nrf2 band intensity

05
0
GSE(h) - 02 05 1 ¥

Nrf2 band intensity
(fold of control)
e A N W~
230 T I M P
E

GSE (ug/mL) 3 10 30 100

Sestrin-2

B-actin

IS
H

w
o
IS

35

25

15

1
05

Relative ARE-luciferase activity
(fold of control)
° a »
& s om oo ow
Sestrin-2 band intensity
(fold of control)

0

0
GSE(h) ¥ € GSE (ugim) - 30 100

Fig. 4. Effect of GSE on Nrf2 activation. A) Nuclear accumulation
of Nrf2, HepG2 cells were treated with GSE (30 ug/mL) for 0=3 h
(left), and treated with GSE 3—100 ug/mL for 30 min (right).
Nuclear fraction was prepared as shown in method section. Equal
protein loading was verified by Lamin A/C. B) ARE—driven reporter
gene assay. HepG2 cells that had been stably transfected with
pGL4.37 were treated with GSE 30 ug/mL for the indicated time
periods. Luciferase activities were normalized by protein concentration.
C) Immunoblotting of sestrin—2. HepG2 cells were treated with
GSE 30 or 100 ug/mL for 6 h and immunoblotted for sestrin—2.
Equal protein loading was confirmed by g—actin immunoblotting.
All Data represent mean * SD*of three**separated experiments
(significant compared to control, p{0.05, p{0.01).

Hota AEdA AEY AE WY okl @F AR
18 Folo] 2A0) £4S GUSER FuHY 743
2 Yo geiA gtk 53 ARt AEdat ARy
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AAAE ABAFI 024 MEZ Y phospholipase A9 &4

S8 Fol ATl AA felE FUst] oAl A )
lohs 2Ef LY F3E Yot ofeBOR GFUSL

o

>

-

A, g dme] 43, W 2, 148§
H 2R, 4% % Phet 2o WeHdE 2ed |
A Mol HHOR 3] AAE EFYG AFuAUR

f27F 2" Ao] RuEJ olel HEo] AA+
irong HepG2 AMEo| A4S wf 48ty AEHAE of
Mz HEAPEAZL Z271Es Zo] RuEde”, wheba] HepG2
AMZo| gt AA +iron AHXE AStE AEHAE iR 7t
AN EZY] B4E AT = Ut FEAL Uz &&
7Fsdt 583t in vitro BRo|tt, B A= A A
FE B3l #IZ, KB, isorhamnetin 59 7HHE BS8a
S-S HepG2 AIZE Egstol Faat up Aok, Gsmpi=
THIE, BHIE A 59 &5l Qo] EEH, MUE, fEE 5o
FTHY AR 250 L= frh wEkA Fje] At
A zZ7e] Fo oAESe] FEslo] diger oA,
St A, AgEH B dAER s o= & AP
7t A4 vt 9ok, 2 AFolMe 2 HEE O 9
A8 FTRAPEZA N2 &§ 7S Bstat Aksky
AEHAE B FE3t A E APHo] oigt Al X3
52 dAFetden, Emafl 94 &8 (GSE)2 AA +iron
o o3 FEH ME 5L v Ad&Ho2 AASAL). 9
9} gEo] GSEE AA +irono] 93 EAStEE A|lZAHAL
oI oz (PARP 2 pro—caspase—3)2 &3S AT
I =

AA +ironel| 93 Ax 54 o= Al W ROSY &
7k, GSHY 1z, mEZE=go 9 M99 Al eutdEn
2 Asek 2909 A A0 ol SAlelAel GSHE
A o, AE B okE QAAIRRE fFEEE A
A AEHAREE NEZE BIshs tixEQ WY FAst
Qrpolcy? FEd AbslH AEHAL HE Y GSHE 17
ANA B4R £HE op|stH, Al oA Ax 58S
Gt nEZEotY 4 M9 WHILE B3 T ANE
fFste] NxE W S44ka0 £35S 7S, nEEE
gol2 Agsts Yeld AEAEAl 22 ST
A AFAet FUSHA HepG2 M|ZoA AA +irong] ¥
A& ROSY £4, GSHY 1z, nEZ=go}l o A
o] Asts Yogem™ 30 ug/mL GSE AAX7t EA
2 FoatA JASHATE wEkA Sl AE W SHE 4
3H AEYAE JAIStY A2 H3asS Uele A=
Azt

AA +ironoll g3t A2z F4E JAT 5= = AxE Y A
SEXEA AMP-activated protein kinase (AMPK)9] &
et polgte] RuEom® MY AFolA #1Z, kil
52 38 BEx 2259 AE EE8%59] compound CE
&% AMPKE Ao o) dH=len, AMPKS 243t
(o], AICAR, metformin, constitutive active AMPK)= &
HHo2 AA +irond] o3t mEZ=g|of 9k 9] At} Al
E E4L oAttt a8y, GSE: AMPKY| QikEHE
S7HNZIA skem, GSEe| 93 Mx REd50] AMPK
345tz oAA|¢l compound CO] AAZ|o| QA= A=
A okoktl (data not shown)., @WakA, GSE:= AMPKS &

A3t obd o2 NE W AsEAY E4IE Bt A=
B3a5S 7IAe ALE 744,

Nrf2e 8 348t 8259 HAE EX8e A9 4s
EAE AE W A AEAE 2HSE F8 AARIAE
deA U A Aol Al Nrf2l AlE-e] Keapl Thil
A3} AglEo] ubiquitin proteasome systemo]| 2Js] 3
Heh, Axo] I8 ASy AEHAE KeapllZHEE
Nrf2E sfeAl7]a, ANzdo| EAstd Nrf27h oz olF
sto] M2 Z2EE Y AREo| Adste] 34tst oA
AR HAE S, B Afe|As GSEel 9%
Nri2e] ® U} 2o 27}, ARE SEE $A%9 245 2
E FHFHAAR sestrin—29] =5 E3 GSEo| <Jgt
Nrf29] &4 F7Fs SRIT = AUk &3] & AFolA &
1% sestrin—2+= Nrf2o] 93] Ldo| F7lst= HEH &
A FAARHN, AZ U FAssS 771 H 54F o
o "’ o9l HEo sestrin-2% thAAEA
lipopolysaccharideo] & Z7}5l= SAAEA9l A A
£ Bato] d3uiAY felE AAIE Y, 1124 4 A
i S AR 5 xF oA Tt 25752 2t
= 9HEE BuEy Qo

Nrf29] 243t 12 A5ty AEg Ao o3 ZHA<A
Nrf2/Keapl E%HA] HES =35t Nrf29] 58], protein kinase
C, p38 mitogen—activated protein kinase, extracellular

signal-regulated kinase, T3+ phosphatidylinositol 3—kinase
ol o3t Nrf2 QA7) olshe Aoz mugAr”
ool Ang uigoR Tmfle] Nrf2 &/dste] st
A AZEAE] Fgol| Higt $& A HEo] in wivo B
dojAe] 5% ¢ 7|do] SRHEntd, G 7S 3 &
BaEA 2afls S48 4 S AR 7jdgth

2 &

2 dFeMe Eafil 94+ 25 (GSE)°| HepG2 A%
oA AA +iron®] HWEAAR F=E ASHH AEH 2] o
gt A REanE Aty ot 22 488 4l

1. GSEE HepG2 AZoA AA +iron A= QJst A|E
E4E BE gEHo ofAstE, of BN A=
el g o) wsks olAshert

2. GSEE: HepG2 A|EZoA AA +iron &=of 2% ROS
27, GSH 22, HEZEee} o A9l A31E oAl
L.

3. GSEx= &&= 9EF o= Nrf29] 3 | Z3& S7H

73, ARE AL 53 Nrf29] Al 43kl 544
AR sestrin—29] W&AS F7MAFH T

AAe 2

£ d7e 20149 = = AFAEY] AF7RE] (Grant No,
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