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Hepatoprotective effect of lkwiseungyang-tang via Nrf2 activation

Hyo Jeong Jin, Sang Mi Park, Eun Ok Kim, Sang Chan Kim"
College of Korean Medicine, Daegu Haany University

ABSTRACT

Objectives : Oxidative stress is a important cause of liver disease, and regulation of oxidative stress is essential to
maintain the normal metabolic function of the liver. Until a recent date, there has been no studies on the
hepatoprotective effect of Ikwiseungyang-tang (IWSYT). Therefore, this study aims to demonstrate the
hepatoprotective effect of IWSYT and its related molecular mechanisms on arachidonic acid (AA) + iron induced
oxidative stress model in HepG2 cells.

Methods : To determine the cytoprotective effect of IWSYT against AA + iron-induced oxidative stress, cell viability,
apoptosis-related proteins, intracellular reactive oxygen species (ROS), GSH, and mitochondrial membrane potential
(MMP) were measured. Nuclear factor erythroid 2-related factor 2 (Nrf2) activation was analyzed by immunoblot
analysis. In addition, Nrf2 transcription activation through ARE binding was measured by reporter gene assays, and
the expression of the Nrf2 target antioxidant genes were confirmed by immunoblot analysis.

Results : IWSYT increased cell viability from cell death induced by AA + Iron, and inhibited apoptosis by regulating
apoptosis-related proteins. Furthermore, IWSYT protected cells by inhibiting intracellular ROS production, GSH
depletion, and MMP degradation. Nrf2 activation was increased by IWSYT, and Nrf2 target genes were activated by
IWSYT too.

Conclusions : These results suggest that IWSYT can protect hepatocytes from oxidative stress through Nrf2 activation
and can be potentially applied in the prevention and treatment of liver damage.

Key words : lkwiseungyang-tang (IWSYT), oxidative stress, Nrf2 , HepG2 cells.
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A }i(reactlve oxygen species, ROS)ol Q101X F@Q
g Aoty AW fAE Sl S 255 sk 1t
< B2 olvArt "destng Jtael JYEES olf

sto] oUAE WEE HEZEot §F 7jo] IEAE
oA °F 1000-20007) H==2 EAIe} mlEZEe]o}
o odA] diab Aol oF 4-5% A=k ROSE H
St HEg daouyre] Aito] B2 A= ROS
o] AL Tnta LolubA HoP . Hydroxyl radical
(OH-), superoxide radical (O,-), hydrogen peroxide
(H,0p) 59 ROSE §HgAdo] st Bty E4do7|e
SEARE QUAlo] A7t o= AAL} 7] = A8
T AR o]gEw AEo] ast EAo|t). HAH
AJ] Aol AAER= ROSE o2 AA5K= superoxide
dismutase, catalase, glutathione peroxidaseE X33t
st A FEE ol2n glona Al 2
A 727 o=t} Tt sAA, 9" So] ol
of oJsf ROSE AlAst= F4tet AlA”E Holde o
&Y ROS AL ANHRI RS doA AR AEd
= °]'E]'3). Zroll A S AMSlA AEFH AL A
Z Zlé‘ 9l ol T DNASAS fdste]
71524 olAFS xF5te] AAAQ] 7|52 HiE|SH

;ﬁl g‘l ] o 1 o= o o™ o= o i
ok sk AEAR QY gL ghel, 7Hdasl
AAES 5 AA AelriA o)z =i b deke
Zske Fa Y9902 AN, feuEhe 20199
HAgo 2 Qg AFgEC] OECD =71 & 2HAZ &
gtom? mgh 7hAFe Ff 20199 oA A

1 109+ W 1279082 7THA0|®, ut
7rol 440 AL 7]‘—E SRS EE AtslA A
Zo]m®, o]t 7het 1
= E % ol oJgt 7+ BT
o] tlst chopst A7} °]~r°1?<]_1_ Q12
dax 1T Eibel 71709 BAR % st
HHZRE E9E ACR, BylkESHE WA,

T EATEA 2 04 qref Zﬂxﬂ 5

24 I‘}Ol'

HeFY A4, HEd B U}/HEE —?— °J7]ﬂ
=, fD'XE?F%, Ndi, 9EEw, A 2 dad 7]
5} 2 QI3 It 2E, Az EhE-AS-(endometrial
hyperplasm), w/,\_]'(abortlon) 52 AgQYdAl # 71H
oA (molar pregnancy)oll wE FHZo| ARRFICHY,
WETHGEC] Ot dFrE /599 ’}Eﬂﬁﬁ%?ﬁ%ﬂl
gt A RS 13 ZHO0) i 9 GrFEfe] TSt
W, o579 i me] WiFiEsol ”]7\1% 78
A5l BEgate] tigt YAAH Sol Hixle]
QAT AR mEIEGS (RS aiE dTE
b itk g GBI ofE AL Ll 6

WG 4g, A2 3g, il 3g, WS 2g, B 2g,

W 2g, THik 1.2g, 4% 1.2g, 4% 0.8go =2 —T’-H
o] Qom0 uhirhizsol s rle EEska, il
dl, wE2ro] F7HE Aolth ol Aol HFINF

2 439 BHEeUFe 7 BE a7 BauHg]
T GEHel 7 e Eie 47d ubh glon
2 2 dAFole mEFHmne 1FgEs du 9 x5
of it &8EE ANSAF HepG2 Azl AA +
iron A2 §FrH Ax 54 ZdS o]§ste] mETH

Be) AE 25 Etet oo ol 2487)1e A
Tateet.

1. A¢k

2 Aol AMBRE o9 Ak elH, g
Do ARNSYT EFTUALLG ALgIGL
Poly(ADP ribose) polymerase (PARP), Bcl-2, caspase—3,
B —actin, Lamin A/C, NQO-1, HO-1 &<} HRP-
conjugated anti—-mouse, anti—rabbit IgGs+= Cell signaling
Technology (Beverely, MA, USA)oA T8It Nrf2
PAl= Santa Cruz Biotechnology (Santa Cruz, CA,
USA)OllA  FUstH A, Sestrin-2 JAE=  Proteintech
(Chicago, 1L, USA)ZHE FUstTE AlLufefo] =
23t Dulbecco's modified Eagle's medium (DMEM)¥

fetal bovine serum (FBS) @ penicillin®} streptomycin
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o

S Gibco (Thermo Fisher Scientific Inc., Waltham,
MA, USA)A +4s8FATt. Arachidonic acid (AA)=
Calbiochem (San Diego, CA, USA)ollA Stulisldx,
3-(4,5~dimethylthiazol-2-yl)-2,5~-diphenyl-tetrazolium
bromide (MTTD)Q} 2,7 -dichlorofluorescein diacetate
(DCFH-DA) 9 rhodamine 123 59| 7|et A=
Sigma—Aldrich (St. Louis, MO, USA)ollA SFulistsict.

2. Al Wi

2 Aol ARE A S 2 AFAEFS
HepG2 A|Z+= American Type Culture Collection
(ATCC, Rockville, MD, USA)ollA] Fustgod, 10%
FBS, 100 U/mL penicillin®} 100 zg/mL streptomycin
& ZAR DMEM #iA|olA 37C, 5% CO, £7o=
glgstant. 2 Alzdddel SloiAd 100 mm dishollA
80-90% AHx9] confluenceZ HIFH AMEE A5

=

3. Az &g 573

24-well plated] welld AZE 2x10719 Wz
2okl o 12413 vjeFsto] A|aEo] confluenceZt oF
80%7t E& w, FBS7F ZFE A ¢F2 ufiz]ofA 12
Al1Zb wieFstedet. 0.03-1.0 mg/mLe] TWSYTS 1A%t
A5k, o] 10 uM AA (12A7H9F 5 4 M iron
QATHE A ow Aoty AA7t gad A=
E 05 mg/mLe MTT-E&HT} 4A1F §EgSto] 4=
formazan& DMSO (dimethyl sulfoxide)Z2 |slAIZ]
% automated microplate reader (Infinite M200 Pro,
Tecan, Minnedorf, Switzerland)E& ©]835t%] 570 nm
o] mellM FBEE S5t AlE AEE2 control
cellefl oigh MEa= e leh. [cell viability (%) =
100 X (absorbance of treated cell) / (absorbance of

control cell)]

4. AAEZ F294, 3 29 A% Immunoblot 24

AL F2d (whole cell lysates)& 7] <ls|
6-well plateol] st} H2|7F ekmsl HepG2 AlZEE
phosphate buffered saline (PBS)Z A&
9 phosphatase inhibitor cocktail (Thermo Fisher Scientific
Inc., Rockford, IL, USA)o] 347Fa radioimmunoprecipitation
assay bufferS o]-gste] &35t H, 4T, 15000 X g
ofl A 1527 Ye]ste] Flskalct.

3t ¥, protease

AF=0R.2

= H s
oo 1= QE._‘,___?J_‘
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(nuclear fraction)& 4A% AMZZ NER-PER™ Nuclear
(Thermo Fisher
o]-g5to] AzxA}

= =0l 0
*r'E—Ht

and cytoplasmic extraction reagents
Scientific Inc., Rockford, IL, USA)E
of ®e] ukzt Flstaich
acid protein assay kit (Thermo Fisher Scientific Inc.,
Rockford, IL, USA)E ol-&sto] Tl obirs s
9ot ImmunoblotZ ol FFY wHAE 8-12%

sodium dodecylsulfate—polyacrylamide gelolA 7<)

P =Je) KeN

Jd= bicinchoninic

= B9l 23t & polyvinylidene fluoridemembranes
(AmershamBiosciences, Buckinghamshire, UK)22 Z
o5ttt 5% skim milk= A4 2417t blockingt
T, mA o] oigk 13} AR 1243t o) Whg,
horseradish peroxidase?} AgrH 22} A9} Al-2ofl A
Hhe-& 22 AX H, enhanced chemiluminescence
detection kit (Amersham Biosciences)@} image analyzing
system (Imager 600, Amersham Biosciences)= AH8-5}
of sttt ZF gdo]l A Ed A=e=
Image ] (https://imagej.nih.gov/ij/)E ©|-8oto] 245}
Ak

5. A= 4 ROS &34

DCFH-DAE o]gsto] TWSYTS AZ W ROSY
HekE SA4skA). oFF AAF ¢haE HepG2 AlEZE
20 M DCFH-DAS} 1A7F &<t 37CollA ¥H-GAIA
FA= DCFQ] &3 =S excitation (485 nm), emission
(530 nm)e] TFIA  automatic microplate reader
(Tecan)& ©l-&sto] S4HHH.

6. GSH &% =73

6-well plateold iR B o= A7t € HepG2
A3zl welld 500 x#L°] metaphosphoric acid2 -&3lt
& GSH BIOXYTECH GSH-400 kit (Oxis International
Inc., Portland, OR, USA)E ©|&3dl] AZALS] Z2E
2o w2t GSH & 405 nme] mFgoflA automated
microplate reader (Tecan)Z =745ttt =A4H &%
TE BEIAS olgste] oilde] Fhr HASHY]

=

7. BEZEZ oL B W99 54

UrEIY ¢Fol2 P A=< rhodamine 123& o4&
sto] mEZE ot | 9o HekE A4Skt 0.05
rg/mLe rhodamine 12302 <FE A7t g4=dH
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HepG2 MZE 3087 9AIg T 1% FBS7H
phosphate buffered salineoll F-8A1# 2+ A
10,000719] AlZZE Partec GmbH FACS Calibur flow

cytometer (Miinster, Germany)E ©]-8-5to] S5t

EE
=g

8. FxH {3z B4

AREZ} w7l AAL 243 S5 f19t 2x
B fux 242 oo HatH wio]*® utat 43
stk 2lZE §4291 pGLA.37(luc2P/ARE/Hygro]
(Promega)e] FA =" AEF HepG2 AHEE
24-well platee] HieFslo] oFE A5 Y=t &, passive
lysis buffer (Promega, Madison, WI, USA)Z £3a]A|
# luciferase assay system (Promega, Madison, WI,
USA)S o]g5te] W= uciferase A4S =45HAth
Luciferase 842 BFIAE olgoto] ol Fh=
HAstah

o

re oft
o Ix

rg
4 HT

o= Ad Aike 33 9hE A8 & SPSS
version 26.0 (IBM Corp., Armonk, NY, USA)E& o|&
sto] BARAE S5kt OE Y BAE /94
One way analysis of varianceE ©]-85to] HAsH
AL Tukey HSD test = Dunnett T3 test
0] 85912 ™ mean * standard deviation (S.D.)ZE
715ttt frelaeo] p € 0.05 = p < 0.0181 7

IEer FAHLE FOfRt Aol7t Qe Aow

oo Mo £orlo
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1. AA + iron =4 cell deatho]l Thgt TWSYTS] Al

HS a7

A TWSYT ©=olAe] NzsdE =istr] <)
HepG2 A=z 0.03-1.0 mg/mL9] TWSYTZ 24AI%F
B AAR & AEAYEES Sk 0.03-1.00
mg/mLe] TWSYT ©=42] MEPEES 22t FAA
Control cell (100.00 + 3.27%)2] 99.80 =+ 1.24,
100.26 = 2.30, 97.77 £ 2.80, 95.94 + 2.13%= &
Adez fogt ME=4dS UslAl 23 (Fig
1A). olo] wat AA + iron %A cell deatholl oigh
IWSYTS] Al S anE Azs54de Uelz o2
1.0 mg/mL oJste] FkofA HrlstHch 0.03-1.0
mg/mLe] TWSYTE 1AIZF AAA| & HepG2 Ao
AA + ironE A2t A3} FxA] Control cell (100.00 =+
7.15%)° diulste] AA + iron AHX|E 4562
4.16%=2 FostA (P € 0.01) AlZx FEES TAA
ot Jefvh AA + iron AX2 FAE ABERE
0.30, 1.0 mg/mL IWSYT®] AR 3] 2tz 71.0
+ 1.93, 9290 £ 3.17%% 2514 (P < 0.01) &7}
staiet (Fig. 1B). ol=Igt Aah= TWSYT(-1.0 mg/mL)
o] &= Alx=4de glslen, AA + iron F=4 cell
deathe] thate] 0.30, 1.0 mg/mLe] BHEAA AHE H
2 3t LS YEdch

==

o
Mo ¥ H |

—_
O

80

60

40

20

o

002 01 03

1.0 IWSYT (mg/mL)

AA + lron

Fig. 1. Cytoprotective effect of IWSYT on AA + iron—induced cell death.
(A) To investigate the effect of IWSYT alone on cytotoxicity, HepG2 cells were treated with 0.03-1.0
mg/mL of TWSYT for 24h. (B) To determine the cytoprotective effect of TWSYT, HepG2 cells were
pretreated with TWSYT at 0.03-1.0 mg/mL. Followed by exposed to AA(10 xM) for 12h, and
incubated with iron (5 gM) for 2h. All data represent the mean + S.D. of three separated experiments
(Significant compared with control, ~~ 2 < 0.01; Significant compared with AA + iron, P ¢ 0.01; N.S.,

not significant).
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2. AA + iron §EA AZAPEAL] digh IWSYTS] oA
AA + irono2 FEEE cell deathols HZAFHEA
(apoptosis)7t Trefgo] B iEle] QIp*!M1? Caspase-3

QI5}7] $15ll PARP, procaspase—3 2 Bcl-2 W&ol ¥
3} immunoblot EA451tE (Fig. 2A). AA + iron A%
2 9Igt PARP, procaspase—3, Bcl-29] ¥de #9

= cysteine TEE Eo] AR AZABAL] QlojA st (P < 0.01) #HAske Zo= gRlsklt. 18y
zq3 dgte st gwo|th WAIA|Y] H|BHA] IWSYT 1.0 mg/mLe] ZAXJelx= PARP, procaspase—3,
pro—form§l procaspase—3& AZEAPE AT o5 Bcl-29] &2 742 0.80 + 0.10, 0.84 + 0.05, 0.85
cleaved-forme 2 &4s}t=]o] DNA repairs EEoH= + 0.15812 feolstAl (P < 0.01) J7Fskach (Fig.
PARPE £ZA|#A PARPO 7S oAgth &S 2B). wrEhA] IWSTYTS] Al HS §7= AA + iron
Bcl-2+= MZAFEAL Ao Foish= BaE AlE] A o8 [LH NEAEALY] AAE FI Zo=m woh

E oRg AAsted Bel@etd. web AA + ion T
o7 LEE ARAFAES [WSYTo] A==

A)

G X e e GED

PARP

— ~ W— s @ | Procaspase-3
- ecasal) =
e S W | (-actin
0.3 1.0 1.0 IWSYT (mg/mL)
AA + Iron
B)
12 12 4 14 4
10 g
) = g
= & 2
= 08 E f):
f 04 Ej. E
- g 3
o
0.0

AA +Iron

AA + Iron

Fig. 2. Inhibition of TWSYT on AA + iron—induced apoptosis.
(A) Immunoblot analysis using whole cell lysates to confirm the effect of IWSYT on changes

03

10 10  IWSYT (mg/mL)

AA +Iron

in

3. AA + iron §&A AHsHd AE# A dfsk IWSYT
o] gitst &3t

apoptosis—related proteins. HepG2 cells were pretreated with 0.3 and 1.0 mg/mL of IWSYT for 1h
before exposed 10 #M AA for 12h, and with 5 M iron for 2h. For the equal protein loading, A
—actin was used as an immunoblot loading control. (B) PARP, procaspase-3 and Bcl-2 expression
+ S.D. of three
separated experiments (Significant compared with control, =~ 2 < 0.01: Significant compared with AA +
iron, P < 0.05, "P < 0.01).

intensities were determined by scanning densitometry. All data represent the mean

TSIHOD YT EAIREE] HNZE Ho5H= [WSYTO
sl ade selsly] 98] ROSeE GSHe A= U

AA + irono] o3t AlelH AEFHA FES AE FLE &35k HepG2 AlZ W ROS A4S AA
ROS9] A Z719} GSHS 1ZAA AZABAE & + iron A& 18] F22] Control cell (1.00 £ 0.01)9]
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H|gte] 3.00 + 0.12812 FoJsHA (P < 0.01) F7Fst
gt 238y AlZ i ROS A4 F7t= TWSYT 1.0
mg/mL AAZ]o o] FoJstA (P < 0.01) Faskad
22 % £ ATt (Fig. 3A). EJF AA + iron A
2014 8 WA 4tet 249 GSHY A= W &
7t BA% Control cell (43.70 +

1.62 £ mol/mg

A)

35 - .
30
25 |
20 1

15 A

1.0 A

ROS production (fold)

05 4

0.0 -

03 10 10 IWSYT (mg/mL)

AA + Iron

Fig. 3.

GSH level (umol/mg protein)

protein)]l HIgt] 32,17 + 4.49 pmol/mg protein® = F
Adez fFolsH (P < 0.05 ZastIod, TWSYT
1.0 mg/mL X4 46.82 £ 6.26 #mol/mg
protein® 2 F-2JstA (P < 0.01) F7Fskdct (Fig. 3B).
w2bA, TWSYTo] AA + iron=2 §E% AMEEA 5}

ol tel Byt fojEof QS-S yehdth
70 1
60
##
50 A
40 A *
30
20 A
10
o
03 1.0 1.0 IWSYT (mg/mL)
AA + Iron

Antioxidant effect of IWSYT on AA + iron—induced oxidative stress.

(A) ROS production was measured using an automatic microplate readers in response to 20 #M
DCFH-DA at 37° C for an hour in HepG2 cell. (B) GSH level was measured using commercial kits as

mentioned in the methods and materials. The measured absorbance was converted to the concentration

of protein using the standard curve. All data represent the mean * S.D. of three separated experiments

(Significant compared with control, "2 < 0.01, "2 < 0.05; Significant compared with AA + iron, "2 <

0.0D.

4. AA + iron §X4 mitochondrial dysfunction®] o
3 IWSYTS] A &t
AA + iron®] 9t 4FSHH AEHAE Al EAFEALS]
o Holsks mIEZERol 75 oS opldtth
12 TWSYTe] mEZ=a]ol B gag dotir] 9
5] FACSE ©o|8st  mitochondrial
potential (MMP)E &Ast3tt. ¥ rhodamine 123
FGFEN HE Hl cell®] 491 RNI fraction AA

membrane

172

+ ron AZoA FHZ (19.85 =+
3.37%)°l HHste] 9491 + 2.92%= GosHA (P <
0.01) Z7kstdel. 18t 1.0 mg/mL IWSYT A2
e 46.06 + 10.98%% TAHo=m fo5t (P <
0.05) #AE Yepoltt (Fig. 4). o= AA + iron &
T nEZEeor w9 AHoks IWSYTo] Asighe
24 NZAEANE Aok Aoz wohect

Control cell
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g Gae Rl g Gate:R1 120 4
1 Control e 1 A+ lion
RN BM1
22.0% a1 6% ok
ER g 100 |
v 7
T z’ :'g“
88 4] < 80 -
c
e
S
- a o
BE i 3 e T ] £ 60 #
FITCA FITC-A —
Gate R1 PR g GalRl é
RN1 ANSYT N?m,‘ N 40 -
42.3% .
7
20 4
0 B
) i » 03 1.0 10 IWSYT (mg/mL)
- . . wt o o o W1
FITC-A FITC.A FITC.A
AA + Iron

Fig. 4. Effect of IWSYT on AA + iron—induced mitochondrial dysfunction.

After the treatment was completed, HepG2 cell were stained with rhodamine 123 for 30 minutes, and
then the changes in mitochondrial membrane permeability was analyzed using flow cytometry. Low

rhodamine 123 intensities are defined as the RN1 fraction expressed as a percentage of total cells

*

analyzed. Data represent the mean

control, "2 < 0.01: Significant compared with

5. TWSYTo] Nrf2e] &A4¢| ulx]+ &3

Qareh Asde] GAH AUE A AekY A
st AESE 2R $AE opjskL fAIAY] WP
zestnR AEsh 2@solol gk, AE W 4te

2 AEHAE AOfd £ e dAe A2d" 71 F

Nrf2= A AE] Aefolld= kelch-like ECH-associated
protein 1 (KeapD)¥ EFAE o]Fo] Alaxdo] &5t
U= AARIZtOIT, theFet 4l@o] o5 Keapllo &
HE 229 Nif2& o2 o]Fste] TeRE JAJ
ZA5H= ARE] Agste] F8 ibst s A
AP @A o g Askd AEH AR QIEE HEZEA
S AT 1B R [WSYTS AA + irono& &
T Astd AEFA Higt A BT @yrb Nrf2
o] g3t RE virist=AE 2lsty] Qs & W &
A= Nrf29] 92 immunoblot EA4514 et A4,

IWSYT (1.0 mg/mL)e] =] AlZbe]] w2 & W Nrf2

a

S.D. of three separated experiments (Significant compared with

AA + iron, *P < 0.05).

A=g 2%

0.18) ] 14]

e

23,

ral

N

A0S

= D 3 T = S 1+

2 foletA (P < 0.01) Nrf29]
(Fig. 5B). TWSYT¥]
Al B/gste] TSR]

S ogHom WHs

=

SH
ol

B0
"1'__&112

o] Reporter gene

+

H|wato] ARE-luciferase &/do] 2.21

t} (Fig. 50).

173

X% Control cell (1.00
o= 241 £ 0.32812 SAAHCS
o5t (P < 0.01) 3 W Nrf2rh Xoff Y=o
(Fig. 5A), TS TWSYT (IA7He] AHA| ko] w
g Nrf2 3 A=E S 43, vk oFEF
37t UEigled, £9] 1.0 mg/mL IWSYToA+=
E2Z] Control cell (1.00 + 0.27) thH] 2.76 + 0.20
Tds S7MIHT
W Nrf2 4] ARE ®i7f A
1835t ¢18ll ARE-luciferase
ANz HepG2 MEE &85
skt 0.30, 1.0 mg/mL
IWSYToAE= FAXA Control cell (1.00 = 0.26)%%
0.27, 2.25
* 048¥12 SAZHCRE {ostA (P < 0.01) F7I5HA
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A) B)
Nrfz-‘“—-ﬂﬂ‘-| Nrf2|——--—~“}
Lamin piC | S S S S S8 S Lamn vc |8 D N BN B2
30 4 o 35 -
ek
5 30 1 o
2 254 "
S -] *k
z * * S 25 4 L
7 20 =
g B
€ 520 4
B 15 4 E
a g 15
g 10 | =
z % 10 4
=z
05 —_—
00 - 00 -
025 05 1 3 6 (h) - 003 01 03 10 IWSYT(mg/mL)
IWSYT 1.0 (mg/mL) 1h
C)
30 -
*k
g deke
= 25 1
=
2z *
S 20 4
[
wn
o
S 15 -
s
3
& 10 -
<
Q
2
T 05 -
[7}
o
0.0 -

003 0.1 03 10 IWSYT (mg/mL)

Fig. 5. Effect of TWSYT on Nrf2 activation.

(A) To measure the time—course nuclear Nrf2 expression level, HepG2 cells were treated with 1.0
mg/mL IWSYT for 0.25, 0.5, 1, 3, 6 h. (B) To determine the concentration—dependent nuclear Nrf2
expression changes, HepG2 cells were treated 0.03-1.0 mg/mL IWSYT for 1 h. Immunoblot loading
control for equal loadings was used as Lamin A/C. (C) Reporter gene assays to measure ARE-mediated
transcriptional activation. The expressed luciferase activity of recombinant HepG2 cells treated with
0.03-1.0 mg/mL IWSYT for 24 hours was measured. All Data represent the mean + S.D. of three
separated experiments (Significant compared with control, = 2 < 0.01, "2 < 0.05).
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Fig. 6. Induction of Nrf2-targeted antioxidant genes by TWSYT.

To measure the expression of Nrf2 targeted genes HO-1, NQO-1,

0.16, 2.44 + 028"
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oIt S7PF UErA] efek
(1.00 = 0.0D
0.23uj2 F2J3t (P < 0.01) 57F

and Sestrin—2 by immunoblot

analysis, HepG2 cells were treated with 1.0 mg/mL IWSYT for 1 or 3 h. Immunoblot loading control

for equal loadings was used as A—actin. Nrf2—targeted antioxidant genes expression intensity determined

by scanning densitometry. All Data represent the mean
"pC0.01).
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