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SKT + EKE (2:1) protects oxidative stress induced-liver damage
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' College of Korean Medicine, Daegu Haany University

? Department of Pharmaceutical Engineering, Daegu Haany University

ABSTRACT

Objective : Saengkankunbi-tang (SKT) is used as a traditional Korean herbal formula for treatment of liver diseases.
We investigated the hepatoprotective effects of SKT plus Epimedium koreanum Nakai (EKE) against arachidonic acid
(AA) + iron-mediated cytotoxicity in HepG2 cells and carbon tetrachloride (CCls)-mediated acute liver damage in
mice.

Methods : The cyto-protective effects of SKT + EKE were determined by MTT assay, western blot and fluorescence
activated cell sorting analysis. In mice, blood biochemistry and western blot were assessed in CCls-induced acute
hepatic damage. The animal groups included vehicle-treated control, CCls, SKT (200 mg/kg/day), EKE (100
mag/kg/day), SKT (200 mg/kg/day) + EKE (100 mg/kg/day) and silymarin (200 mg/kg/day).

Results : In HepG2 cells, pretreatment with SKT + EKE significantly suppressed cytotoxicity induced by AA + iron and
reduced the expression of proteins related to apoptosis. In addition, pretreatment with SKT + EKE significantly
prevented the increase in H,O, production, GSH depletion, and lower mitochondrial membrane potential induced by
AA + iron. In CClsminduced liver damage mice, the administration of SKT + EKE prevented the liver damage by
inhibition of hepatocyte damage and expression of apoptosis proteins in liver. More importantly, /n vitro and in vivo
assay, SKT + EKE showed significant effect compare with SKT alone or EKE alone in all parameters.

Conclusions : These results indicated that SKT + EKE could protect against oxidative stress-induced liver damage, and
SKT + EKE is more effective than SKT alone or EKE alone.
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anti—rabbit IgG, HRP conjugated anti-mouse IgG= Cell
signaling Technology — (Beverely, MA, USA)ollA|
ufskATt Bel-2, nuclear factor erythroid 2-related
factor 2 (Nrf2) FA|+= Santa Cruz Biotechnology (Santa
Cruz, CA, USA)oA Fufslom, Sestrin?2 FA =
Protein tech group (Chicago, IL, USA)CZRE
TFASFAIL, glutamate—cysteine ligase catalytic subunit
(GCLC) A= Abcam (Cambridge, UK)2Z2HE
T3kt Dulbecco's modified Fagle's medium
(DMEM), fetal bovine serum (FBS) % penicillin¥}
streptomycine Gibco (Thermo Fisher Scientific Inc.,
Waltham, MA, USA)ollA 45ttt Arachidonic acid
(AA)= Calbiochem (SanDiego, CA, USA)°llA
st AL, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl—
tetrazolium bromide (MTT)&} 2’,7 —dichlorofluorescein
diacetate (DCFH-DA), ferric nitrilotriacetic acid (iron)
9 rhodamine 123 5¢] 7|et A]¢F=2 Sigma—Aldrich
(St. Louis, MO, USA)ollA Fufsldcy. NE-PER™
nuclear and  cytoplasmic  extraction  reagents®}
bicinchoninic acid (BCA) protein assay kit= Thermo
Fisher Scientific Inc. (Rockford, IL, USA)olA
Tkt GSH BIOXYTECH GSH-400 kit Oxis
International Inc. (Portland, OR, USA)oJlA Flstoich

2. Al ¥

HepG2 cell (human hepatocyte derived cell line)-2
American Type Culture Collection (ATCC, Rockville,
MD, USA)ollA Fedatodet. Al Bk 10% FBS2H 100

Table 1. Compositions and amount of SKT in this study

U/mL penicillin, 100 gg/mL streptomycine DMEMo]|
&gbste]  37C, 5% CO7F A== incubator
(MCO-20AIC, Sanyo Electric Biomedical Co.,
Japan)oll Al EiFSIGick. BE AlE AR 80-90%
confluence® HFE A|ZE AL&5FA

3. HRFERS(SKD I Z£E(EKE) 259 Ax

SKT2  WRk(15.4g), #8(154g, Bift(7.7g),
WE7.7g),  #EFE(T7g), BKQG8g, KZE(3.8g),
$#6%5(3.8g), EFN3.8g), EE(g), #EE (), REGY),
=F(Bg), #iMGp, HEQGg, KEG, WGy,
HEQGe), £E(Ggor F4=gom, 1349 =14
£ Table 17} 2t}

SKT 239] 87 198 g2 1x 574 1.5 L= 347t
S etz FE5lal, FE2S Advantec Filter
paper NO.2 (Toyo Roshi Kaisha Ltd, Japan)Z
Astgon, o] outels PFTFF7= F5H0l,
A 58S Ultra-low temperature freezer (Operon,
Korea)oll 523 % Freeze Dryer(Operon, Korea)E
olgste] FAUxES F5oIH (58 21.79%).

EKE2 79 & S AA—t #, 200 g& 17 S/
L5 L= 3417 B¢t digefd7]e F&ste] 94 385
FESIeH, EKE 58 9 SKT FEE7% 9%
Pow oA, 55, FEUXSIT (P5E 16.53%).
SKT¢t EKE EAZE-L in vitrodl| A= BiA]o] =0 300
mg/mLe] stocke AlEste] Fmol A 545t
ARSI, i vivorlAE 2 HAxES Sl 9 =l
=ojA ARgstoit,

<‘>

il

Herb Amount
Pk (Artemisiae Capillaris Herba) 15.4
{28 (Alismatis Rhizoma) 15.4
Fift (Atractylodis Rhizoma Alba) 7.7
L4 (Crataegi Fructus) 7.7
#&%F (Hordei Fructus Germinatus) 7.7
B}z (Citri Unshius Pericarpium) 3.8
K245 (Poria Sclerotium) 3.8
$%5 (Polyporus) 3.8
JZ4F (Magnoliae Cortex) 3.8
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FEF (Agastachis Herba)

# 5T (Raphani Semen)

FHE (Ponciri Fructus Immaturus)

—F£ (Sparganii Rhizoma)

91t (Zedoariae Rhizoma)

# ¥ (Citri Unshius Pericarpium Immaturus)

A% (Aucklandiae Radix)

1~ (Amomi Fructus)

HH (Glycyrrhizae Radix et Rhizoma)

£ (Zingiberis Rhizoma Recens)

Total

O W | W[ W W W w i wlw|lw|w

Nl

4. Az BEE 57

24-well plateo]l HepG2 cell& welld 1.5x10°7]=
Z5}o] A9l confluenceZt €F 80-90%
A& u, 1247k H<F FBSE 1Zshe] wjuskich

EZof gt SKT E&= FKEE 1AI7F AAA|gE &
10 uM AAE 12AY, 5 pM irone 1AIZE 59 AR5
T MTT assay2 AL BEEES S5 ol k=
A7t 42H HepG2 cello] 0.5 mg/mLe MTT
solutiong 715t & 4AI7F FF WESAIA  dimethyl
sulfoxideE ©o]-&sto] AAE  formazaned |9t =,
automated microplate reader (Infinite M200 Pro, Tecan,
Minnedorf, Switzerland)2 570 nmollA JEFEES
ZA5nh. Al 22 FAR] AlZ2e] FgTcol| gt
MRes ehfigleh [cell viability (%) = 100 X
(absorbance of treated cell) / (absorbance of control

cell)]

g =,

oA

A2
77yl

5. AN EFZN 9 HE5 9] A2} immunoblot £4

AN EZFENL protease & phosphatase inhibitor
(Thermo  Fisher A71=
radioimmunoprecipitation assay buffer2 £3fjate] 4C,
15000 x golA 15% &<t dHEdsty] A&
A S22 (whole lysate) ©. skt
HES (nuclear fraction) Ao NE-PER™ nuclear
and cytoplasmic  extraction o] 85}
A ZALNA AAE el o} FEo19dr
FENE2 BCA protein assay kitE ©]-8oto] Tl
AHerstact AsHE lysaters A

cocktail Scientific Inc.)®]

cell

reagentss

= o
A

sodium dodecyl

66

sulfate—polyacrylamide gel
(SDS-PAGE)& #7|¥9&< E2] &, nitrocellulose
membrane© & Ao|slgt}, o5, T2 chlAo| tigt 13}
FA 2 22 FAE = oE WGAIZ]AL, enhanced

chemiluminescence detection kit (Amersham Pharmacia,

electrophoresis

Uppsala, Sweden)®} image analyzing system (Imager

600, Amersham Biosciences) 22 EHAISIQICE  Zf
ol AgdiEel WE AHke Image ]
(https://imagej.nih.gov/ij/)E ©]8std EAstgom,

e Hhos FAR AIEZO] densitye] gt H[E=R
eIt [Relative protein level = protein level of
treated cell) / (protein level of control cell)]
6. GSH &=
6-well plateo] HepG2 cell® welld 1.5X10°7]2
Bz3to] wloF & SKT, EKE, SKT + EKE, AA, iron&
A o2 A5kt A27F SEE Azl Zh welld
metaphosphoric acid 500 mL& o] &dflotal, GSH
BIOXYTECH GSH-400 kit& o]83ste] 405 nmolA
automated  microplate (Tecan)E  AHgsH
S8EE Ak

=
=

o2

reader

7. AIZ U ROS &7

24-well plateo] HepG2 celle welld 1.5x10°7]&
BFsto] vieF &, SKT, EKE, SKT + EKE, AA, irone
Ao A5k o]% 20 pMe] DCFH-DAE
AzJete] 304 FRt 37ColA HigRt ¥, DCFe] 3%

O 1o
AEE  excitation (485 nm), emission (530 nm)2]
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reader (Tecan)&

o

O Z  automated microplate

AHg3tel 275t

8. 28 A &4
Antioxidant response element (ARE)7} oj7j=l= HA}
23FE 5ot Slote] oo HuE 2xE {4t

BA7 e et Sasiglth pGL43T
[luc2P/ARE/Hygro]l (Promega, Madison, WI, USA)

]
glzy fHx F-o] EdH AR HepG2 cell&
24-well plateo] ¥iFSH &, SKT, EKE, SKT + EKEE
A Z]5tal, passive lysis buffer (Promega, Madison, Wi,
USA)E o]8sto] gaflotdiet. ©|F, luciferase assay
reagent (Promega)E 7Fsto] TAH luciferase B/d<
2ottt Luciferased] k= EEJAAE 0|85

WY S JjEoz B,

9. n][EZLg|o} o 9o 3

nEZC o} g A9 W3l urRI] ol g
=<l rhodamine 123& o]&sto] A5ttt SKT,
EKE, SKT + EKE, AA, iron& x40 2 x|+ HepG2
celle  0.05 ug/mL9] 1232 308 <t
A 25}al, 1% FBS7t X & phosphate buffered saline
olgst] AEZE 3I|4s5t3rt. Sample T 10,00074<]
MZZ BD Accuri’ C6 Plus Flow Cytometer (BD
Bioscience, San Jose, CA, USA)E o]-&3lo] A5t

rhodamine

10, AEE] A 9 A
=AES diFetodisty FEAde YR
e & Yokelet (SUIWE: DHU2023-030).
TE2 65779 ICRA A mkex 20 g HeDE
Orient Bio Inc. (Seongnam, Korea)ollA got AR5
e 153 F3AFHY. 8 Alme AREA
AAGEE Shga, AREHEe &k 22-25C, &
40-45%, light/dark cycle 12A]7t0] §-2|== ECRS
(Shin Bio Tech, Seoul, Korea)AF&7|o|A ARSsHAILE
APFEe olfH AHAE 511 ¢ RIS vehicle
o2 sk, corn oilZ FAIF CClL 0.5 ml/kgs
B3 AHinjection peritoneal, i.p.)dl] 7F=EAS
T2 CCly 722, SKT 200 mg/kge Folgt #& SKT
200 22, EKE 100 mg/kgS Folgt +-& EKE 100
To2 SKT 200 mg/kg®t EKE 100 mg/kgs H&
Fofgt 78 SKT 200 + EKE 100 w02 H3start.

S
=

ok 9 o

> ol

-
I
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Silymarin 200 mg/kg2 FHAHNEZALOE ARSI oM,
silymarin 200 2.2 A&t ct. CCl %] A Silymarin
T RS 497t Folst 7t o AAEES S
gute|= F 48ue}E ARESHRICh

11 8% 2ol 9 Byt 2a
CCli  AA 24 Fel 7 APER

Hrjyuo 2 HE 1 mL oS QI T A4 1A%
ol HAIgh F, 4T AdE=7]elA 3000 xg& 203k
diEgste]  dHE AUtk
aminotransferase (ALT) % aspartate aminotransferase
(AST) 9/] Sleko.

ot Analysis reagents (IVDLAb Co., Ltd.,
Hwaseong,

g% % alanine

Korea)& AFgste]  Automated  blood
chemistry analyzer (Robert Riele GmbH & Co KG,
Berlin, Germany)= 255t

12. $AEA
2 qdye) mE A9 A= 38 W2 A9 5 SPSS

version 26.0 (IBM Corp.,
olgslel EARAL sudsiAT. 1%
o842 one way analysis of variance® ©]-835}o
AASIAT A AAL Tukey HSD test T Dunnett
T3 test® ©|85FGYC™ mean + SD.E E75h
Fole] p € 0.05 B p < 0.01%0 BLE 7EoR
gAHoR §ojg Ao Besir

Armonk, NY, USA<S
7ol AR

m A3 A3t

1. SKT + EKE7} AlZAEE0] v|x= 9F

2 dAF=oA 7] RIS FI Q= Ae2 BHugh
SKT2} EKEOl thste] AA + ironCZ® R AsHE

2E#2 REoA thA] Sl A ZPEE-S HrIskAct
SKT%= 10, 30, 100, 300 ug/mLolA AA + iron (28.38
1.21%) tiH¥] 242} 29.85 + 3.51, 33.72 + 4.50, 77.44
3.09, 94.36 £ 7.46 (%)< HUetHo] foJgt A EH S
5% Yehiglen (Fig. 1A), SKT + EKEo] qut=
k7] A3t B2 30 ug/mlL-e ARSI

3 EKE: 10, 30, 100, 300 ug/mLollA AA + iron
(31.33 + 2.72%) thH] Z+7} 42.81 + 0.29, 87.80 + 2.52,
106.60 + 0.84, 109.71 + 2.35 (%)E ehfo] Frogt
TAEZHRS &858 Yepfglen (Fig. 1B, left), SKT +
EKES] &g H7telr] 9t EKES] s%g o]

*
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st ©fA] EKE 10, 15, 30, 60 wg/mLe] Lz
A EREES =43 23k AA + iron (2891 + 1.78%)
ojH] 2+ 37.84 + 0.83, 44.43 + 1.37, 79.09 + 1.05,
100.50 + 2.11 (%)= Uehlio] ot AIZES 855
Uepdie], SKT + EKES] &35 Hrishr] et sk =
107} 15 pg/mlL-2 AA7skSlet (Fig. 1B, right).

SKT + FKE9] 7tH S a5 H7517] 9J5te] SKTE= 30
ug/mL, EKE= 10, 15 ug/mL vigFslo] AA + irono]] thist
ET s Hrskgch AA + irong control (100 +
0.97%) WH] 40.00 + 0.78%=2 s MZEAAEES

S7Ishe Aol e, frelidel glglen, EKE= 10,
15 pg/mL % Z¥7: 46.42 + 3.27, 4850 £ 2.85 (ME

GolRt 2715 Yehigit. SKT 30 ug/mLy} EKE 10 T
15 ug/mLE vigHet 74-9-= 7427} 81.36 + 2.54, 89.28 +
233 (W= o3 37Fe dEWgich E3F SKT 30
ug/mL¥} EKE 15 pg/mLE #igst 7-9= SKT 30 ug/mL
tiu] 2,028, EKE 10 %= 15 ug/mLtiH] 1.92v] @
L84uE  YERflS FARCR  fosHA
A ZAEES 7R (Flg 10).

websd 2 Ao SKT 30 wg/mL + EKE 15

AaNAoH, SKT 30 w/ml 4410 + 057%2  ug/mLe] wigto] RS AV nlA) JFS Atk
A)
120 -
100 - #it
o) ##
< 80 4
2
2 60
S
8 40 1 sk # i
20 1
0
Control 10 30 100 300 SKT (ug/mL)
AA +iron
B)
120 ## 120
i #
100 o 100
— ##
£ 80 s 80
z z
3 60 2 60
2 ## 2 ## “
8 40 *% 8 40 *k
20 20
0 0
Control 10 30 100 300 EKE (ug/mL) Control - 10 15 30 60  EKE (ug/mL)

AA +iron

68
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9]

p<0.01

120 1

p<0.01

p<0.01

Cell viability (%)

30

10

30
10

30
15

(SKT, pg/mL)
(EKE, pg/mL)

AA +iron

Fig. 1. Protective effect of SKT, EKE and SKT + EKE on AA + iron—induced cytotoxicity.
(A) HepG2 cells were pretreated with 10-300 pg/mL SKT for 1 h and subsequently exposed to AA (10 uM)
for 12 h, followed by iron (5 uM) for 1 h. (B) HepG2 cells were pretreated with 10-300 pg/mL EKE for 1
h and subsequently exposed to AA (10 uM) for 12 h, followed by iron (5 uM) for 1 h. (C) HepG2 cells were
pretreated with 10-300 pg/mL EKE for 1 h and subsequently exposed to AA (10 uM) for 12 h, followed by
iron (5 uM) for 1 h. All data represent the mean + S.D. of three separated experiments (Significant compared
with control, " p < 0.01; Significant compared with AA + iron, *p < 0.05, #p < 0.01).

2. SKT + EKEZ} AlZAEAL] vR]= G
A ZAFEA} (apoptosis)7H el Eg Hugh uf Qb9 =
AN AA  + irono] 9J5}e] cleaved PARP,
procaspase—3, Bcl-2& Fol&el S-S YERHSICT

HA] cleaved PARPE] 3¢ AA + iron< control (1.00
+ 0.16) tiH] 2.31 £ 0.22802 F-2JsH S7Fsl% o,
SKT 30 ug/mL, EKE 15 ug/mL-2 Z+7} 1.12 + 0.08, 1.17
+ 0.12812 AA + ironthH] S8t ZAE YeRfIch
TS SKT 30 wg/mL + EKE 15 ug/mL2 0.68 +
0.15812 AA + iront¥gF of2}, SKT 30 ug/mL ¥ EKE
15 ug/mLe] BHE A7)} WSO HO4 Qe FAE
ERHSIt (Fig. 2A and B).

Procaspase=39l4] AA + iron2 control (1.00 + 0.05)
tiH] 0.33 + 0.06HZ2 F-oJ51A] #AAIFH S, SKT 30

69

ug/mL, EKE 15 wg/ml-2 Z¥Z+ 0.28 + 0.02, 0.40 +
0.05H1= AA + iron ™H] fFYAS UERA] 23Utk
I3y SKT 30 wg/mL + EKE 15 wg/mLe 0.71 +
0.0981= AA + iron¥R7t o2}, SKT 30 ug/mL % EKE
15 pg/mLe] =9} BlwstoiA e {24 = 75
UER et (Fig. 2A and C).

Bcl-294+= AA + iron®] control (1.00 + 0.10) thH]
0.31 + 0.17902 FoJoA ZAAAFH o, SKT 30 ug/mL,
EKE 15 wg/mL& ZtZF 0.28 + 0.25, 0.52 + 0.088]=
AA + iron HH] §944& VrERA] kot 1t SKT
30 ug/mL + EKE 15 ug/mL2 1.00 + 0.048]= AA +
iron¥gt ofa}, SKT 30 wg/mL % EKE 15 wg/mLe]
=229t st AL {1 Qe S HEISIc
(Fig. 2A and D).
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A)
e Z'ZaRvF;d PARP
e . . wee | Procaspase-3
— o wmm | Bcl-2
S S ——e | 3-ACtin

- -+ - + SKT (30 pg/mL)
- - -+ o+ EKE (15 pg/mL)
+ + o+ + AA +iron

8

Relative Procaspase-3 protein
level (fold)

+
+
+

SKT (30 pg/mL)
EKE (15 pg/mL)
AA +iron

=

3.0 -

25 A

2.0 A

Relative cleaved PARP protein
level (fold)

SKT (30 ug/mL)
EKE (15 pug/mL)
AA +iron

<0.01
p<0.05

0.8 A

0.6 A

0.4 A

0.2 A

Relative Bcl-2 protein level (fold)

+
+
+

SKT (30 pg/mL)
EKE (15 pg/mL)
AA +iron

Fig 2.

Effect of SKT, EKE and SKT + EKE on AA + iron-induced apoptosis—related proteins.

HepG2 cells pretreated with SKT (30 ug/mL), EKE (15 pg/mL) and SKT (30 pg/mL) + EKE (15 pg/mL) for
1 h and then further incubated with 10 uM AA - (12 h) and 5 uM iron (1 h) (A) Apoptosis—related proteins
were monitored by immunoblot analysis. (B) Cleaved PARP, (C) procaspase—3, and (D) Bcl-2 expression

intensities were quantified by scanning densitometry. All data represent the mean + S.D. of three separated

experiments (Significant compared with control, **p .01; Significant compared wit + iron, "' p < 0.01).
i (Signifi d with I, " p < 0.01; Signif d with AA Hp <0.01)

3. SKT + EKEZ} 244818 AE# A w]x: &3t
2 A= AYITE Fote] AA + ironel &)t
A E4ols AlEAPEAT folE]al, olol= ROS
AT GSHE| 1z mifge Hustet’!®,
B AFME NEAEAE Alsks SKT +
Mistants grkelr] lstel GSH 9 H,0,9]
75tk
Wz, GSHolA AA + irong control (68.17 + 2.94
uM/mg)  HHH] 50.62 * 539 uM/mg®  {o5HAl
FaAZ ey, SKT 30 ug/mL, EKE 15 ug/mLe Zbz}

EKE9]
e

o9

70

51.08 + 8.61, 55.21 + 3.17 uM/mgZ AA + iron HH]
folidE vehiA] ksket. et SKT 30 wg/mL + EKE
15 wg/mL2 69.01 + 3.12 uM/mgZ AA + ironfyt
otyat, SKT 30 ug/mL 2 EKE 15 ug/mL2e] TEAx]<}
HwstANE o1 Sl S7F= UEit (Fig. 3A).

T35t HyOx0l4 AA + irone control (1.00 = 0.10)
iH] 9.74 + 0.29812 &5t Z7A17eH, SKT 30
ug/mL, EKE 15 wg/mL2 Z¥7} 8.45 + 0.01, 7.92 +
0.228]= AA + iron UH] 524 Sl= AAE eI
=35 SKT 30 wg/mL + EKE 15 ug/mLe 423 +
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0.22H12 AA + iron¥qt ofug}, SKT 30 ug/mL % EKE el (Fig. 3B).
15 ug/mLO] H=A 2|9} H|WotAXN T Fo4] Q= HAE

A)
p<0.05
80 -
#i
70 A
= —_—
‘s 60 1 *
s
o 50 1
o
£ 40
g
= 30 4
%
3 20 A
10
0
- - + - + SKT (30 ug/mL)
- - - + + EKE (15 pg/mL)
- + + + + AA+iron
B)
12 p<0.01
*%
10 A
= ##H
'g #H
€ g
c
]
S 6
°
o ##H
% 4
Q
I
2 4
0 4
- - + - + SKT (30 pg/mL)
- - - + + EKE (15 pg/mL)
- + + + + AA+iron

Fig. 3. Effects of SKT, EKE and SKT + EKE on AA + iron—induced GSH depletion and ROS production.
(A) The cellular GSH contents were measured by using commercial kit as mentioned in materials and methods
section, and the values were normalized by protein concentration. (B) To observe the intracellular ROS, cells
were treated with SKT, EKE, and SKT + EKE and then treated with AA + iron. After then, DCFH-DA (20
uM) was added for 1 h. DCF fluorescence was monitored by automated microplate reader. All data represent
the mean + S.D. of three separated experiments (Significant compared to control, “p < 0.05, ~'p < 0.01;
Significant compared to AA + iron, "p < 0.01).
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4, SKT + EKEZ} mitochondrial dysfunction®]] @]X]+= &3}

AA + ironel OJ3t AFS}A AEg|AE AEAPEARY
FIof olsle nEZE 2ot 75 oS oprlshez!,
SKT + EKE®] nEREalo} BE &3S Sohuglch. Rl

ug/mL, EKE 15 ug/mL-& 242z} 73.06 + 1.94, 72.99 +
3.29%= AA + iron TH] §ols}A] AAlst.oH, SKT 30
ug/mL + EKE 15 ug/mLe 5354 + 3.14%= AA +
oftzl, SKT 30 wg/mL % EKE 15 ug/mL<]

iron¥at

fraction> rhodamine 123 (Rh123)9] fGMFo] #HL =29}t Hlwstol e Fod Q= A4S YRSt
2oz AA + iron9A+ control (22.12 + 1.90%) (Fig. 4).
fH] 84.21 + 3.75%= f-2l5H ZT7HAIFH o, SKT 30
p<0.01 o Gate:R1 5 _Gate:R1
90 - ** 8 — Control 2
231%
80 o #H ## =
£ 60+ # f
[
S 50 4 -
s P ub P w2
S 40 4 FITC-A
"‘_" = Gate: R1 = Gate: R1
x 30 4 i SKT + AA+iron = A s:(;;j}:
70.9% 54.9%
20 - g §1 g
10 g g 3
0 ] g g g
- - +  SKT (30 ug/mL) |
- + +  EKE (15 pg/mL) B PO} i S S P LI L S
¥

+

AA+iron

FITC-A

Fig. 4. Effect of SKT, EKE and SKT + EKE on AA + iron-induced mitochondrial dysfunction.
HepG2 cells pretreated with SKT (30 pg/mL), EKE (15 pg/mL) and SKT (30 pg/mL) + EKE (15 pg/mL) for
1 h and then further incubated with 10 uM AA - (12 h) and 5 uM iron (1 h). And then, cells were further
incubated with 0.05 pg/mL rhodamine 123 for 0.5 h. Proportions of low rhodamine 123 intensities (R1

fraction) were analyzed by flow cytometer. All data represent the mean & S.D. of three separated experiments

(Significant compared to control, ~ p < 0.01: Significant compared to AA + iron, "p < 0.01).

5. SKT + EKEZ} Nrf2¢] v|z= a3}

Nrf2=  AlZZefA AgsFoez  {A=  glont
Nrf27} 2/93b=|H, Keapld} E2]=al oz H9jxlof
e g9 AREe| ZAYSH & Sestrin2, HO-1,
NQO1, GCLs, PSTs 5 TArsl o3 ohizo] dde
GEslo] HEE HEsks HARIzo|o0,

U Nrf2e] @HoA, SKT 30 wg/mL + EKE 15
ug/mL2 0.25, 0.5, 1, 3, 6 A1Z¥]l control (1.00 + 0.17)
oy 242+ 1.13 £ 0.19, 1.99 + 0.29, 1.51 + 0.18, 1.17 *
030, 1.12 £ 037#}E udEeRfglen, 0.5417F (30Dl
SOJ3t 2712 LFERGITE (Fig 5A). The-02 305 Z2]oflA
SKT, EKE, SKT + EKE®] Nrf2 2¢de Huwsiict

2=

St

72

Control (1.00 + 0.14) thH] SKT 30 ug/mL2 1.00 +
0.10, EKE 15 wg/mLE 0.97 + 0.1322 §oJst Hsl=
el ] ekgkont SKT 30 wug/mL + EKE 15 ug/mL-2
1.83 + 0.022 control®at ofya}l, SKT 30 wg/mL %
EKE 15 ug/mLe] ©=A ]9} HlwstoAE {2014
2712 Yehldoh (Fig. 5B). =3t ARE-luciferase 24
&A] control (1.00 £ 0.13) thH] SKT 30 ug/mL2 0.89
+ 0.09, EKE 15 pg/mL2 0.82 + 0.022 o4 U=
S71E YERA] ESEAAISE, SKT 30 wg/mL + EKE 15
ug/mL2 2.29 + 0.0622 control#Ht ofyz}, SKT 30
ug/mL % EKE 15 ug/mLe] TH=xx]e} Hlwsto A=
94 dE= 7 HEAE (Fig. 50).

ol
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A) B)
— — — a— | Nf2
- — e— e —— | N[f2 _— - —_—— = Lamin A/C
[ <001 |
— R TS EE =m S | Lamin AIC 2.0 1 p<0.01 .
25
ek § 1.8 4
) ]
2 vo | £ 16 -
s s 14 4
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2 £ 12 _—
£ 15 4 2
.g g 1.0 1
& 1.0 - g 0.8 A
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"_g 0.5 4 g 0.4 A
@ X 02 -
0.0 4 0.0 4
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+ +  EKE (15 ug/mL)
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9]
p<0.01
2.5 1 *k
T
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=
k3]
©
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o
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]
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©
<
£ 0.5 -
k]
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©
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Fig. 5. Effect of SKT, EKE and SKT + EKE on ARE reporter gene activity and Nrf2 activation
(A) To measure the time—course nuclear Nrf2 expression levels, HepG2 cells were treated with SKT, EKE and
SKT + EKE for 0.25-6 h. (B) To determine the concentration—dependent nuclear Nrf2 expression changes,
HepG2 cells were treated with SKT, EKE and SKT + EKE for 0.5 h. Immunoblot loading control for equal
loadings was used as lamin A/C. (C) The luciferase activity was measured in HepG2 cells transfected with
ARE~-driven luciferase, treated with SKT, EKE and SKT + EKE for 24 h. All data represent mean *+ S.D. of
three separated experiments. (Significant compared with control, " p < 0.01).
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6. SKT + EKEZ} Nief2 3] 315} Rt e vjxl= 93
SKT 30 wg/mL + EKE 15 ug/mLo] 30&o]A Nrf22]
S Aol mhel Nrf29] 34 34t} Q12R1 GCLC,
NQOI, Sestrin29] H3}= immunoblot 2 HA35ITt
W2 GCLC 2doA, SKT 30 ug/mL + EKE 15
ug/mL-E 0.58F 1 A17l| control (1.00 + 0.01) thH] Zkz}

HeRfi¢lem (Fig 6A and B), NQO1 &&olA % SKT 30
ug/mL + EKE 15 pg/mLE 0.52F 1 A7t control (1.00
+ 0.01) dH] Z¥zF 1.37 + 0.06, 1.59 + 0.0981=2 F-2Jet
Z7+8 UEMITE (Fig 6A and C). ERF Sestrin29]
Ao ME, SKT 30 ug/mL + EKE 15 wg/mL-& 0.5¢} 1
AJZ¥el| control (1.00 + 0.05) w8] 2kt 1.50 + 0.07, 1.54

159 + 016, 167 + 01382 H9I3 Z7= * 0.0281= ot 57H eI (Fig 6A and D).
A) B)
2.0 -
*%
T 1.8 - **
o
3 14 -
°
e | Sestrin2 g 10
g 0.8 -
— — — B_Actin ® 06 -
(]
Z 04
0 05 1 h (SKT + EKE) 5
g 02 4
0.0 -
0 0.5 1 h (SKT + EKE)
o) D)
1.8 - "ok 1.8 -
= *% *x
T 1.6 - T 1.6 4
o *% E’
E 1.4 - .g 1.4 4
2 1.2 - o 1.2 A
£ S
:3 1.0 - z.!é 1.0 4
2 08 - 208 A
g 5 06
2 04 - & 04 -
5 &
S 0.2 1 0.2 -
0.0 4 0.0 -
0 0.5 1 h(SKT + EKE) 0 0.5 1 h (SKT + EKE)

Fig. 6. Effect of SKT, EKE and SKT + EKE on Nrf2 target proteins
The protein levels of GCLC, NQOI, Sestrin—2 were immunoblotted in the HepG2 cells treated with SKT, EKE
and SKT + EKE for 1 h. (A) The proteins were monitored by immunoblot analysis. (B) GCLC, (C) NQOI,

and (D) Sestrin—2 expression intensities were quantified by scanning densitometry. Equal protein loading was

confirmed by S-Actin immunoblotting. All data represent the mean £ S.D. of three separated experiments

(Significant compared with control, ~p < 0.01).
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7. SKT + EKE7} @% ALT, ASTY] mlX|= &g ok olue}l, SKT 200 &, EKE 100 & of¥] ot
In witroolAd SKT + EKEZ} Gost 7HRSGIE #A4E YePAT (Fig. 7A)

Ueto], i vivo 972 CCLE =% ZFH=A oist ASTE CCl;, A= 813.02 + 28.21=, wvehicle
SKT + EKE®] 7}H & auls Brfsieict. control (5.20 + 0.50) ®i¥] FJgt 37H UrERASI.

Az ALTE 0.5 ml/kgs EFFASI] 7H=AS SKT 200 +, EKE 100 WA= 2k} 855.56 + 37.58 2
S CCly wollA= 903.93 + 18.252, vehicle control 719.15 + 38.90& uEhle] ot AnE Yehz
(4.62 + 0.45) diH] {3t F7F YRS SKT 200 51l o1}, SKT 200 + EKE 100 w2 527.40 + 75.23&
o, EKE 100 #olA%= 22 825.60 + 27.30 2 838.92 CCly gt ofJa}, SKT 200 -, EKE 100 I+ tfH]
£ 19.56& el folet Aaks UehiA] Estolont, Folgt AAE YepfSI (Fig. 7B)

SKT 200 + EKE 100 ¥ 611.30 + 351628 CCly

A)
p<0.01
1000 1 o
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= 600 A
=)
: 500 +
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0 4
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CCl,
B)
p<0.01
| p<0.05
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## #
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g
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<
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0 +
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Fig. 7. Effects of SKT, EKE and SKT + EKE on CCly—induced ALT and AST.
SKT, EKE, SKT + EKE and silymarin dissolved in water, were administered orally to mice for 4 consecutive days.
At 1 h after final SKT, EKE, SKT + EKE and silymarin treatment, the mice were injected (i.p.) with 0.5 mL/kg CCls,
dissolved in corn oil. All mice were sacrificed 24 h after the CCly injection. The contents of (A) ALT and (B) AST
in blood were measured by Automated blood chemistry analyzer. All data represent the mean + S.D. of seven mice

(Significant compared with vehicle mice, *p < 0.01; Significant compared to CCly—treated mice, *p < 0.01).
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8. SKT + EKEZ} 2t=xA] o)A A ZAPE Tl o] njx)= FoF

In vitroo| Al SKT + EKE+= M|ZAFEAL T ohldS
FrolsHl AR, TS in viveel A CClas 418k
AERAR AEAVEAE  fkole ZeR dEA
geoma? CCLE 9ud 7heAl o)A A ZApEAL
T g o] S grlskelch

M7 cleaved PARPE 0.5 ml/kge EFAISI
=S st CCly A= 170 + 0.052, vehicle
control (1.00 £ 0.15) tH] |9t F7H5 HEHSIT
SKT 200 ofldE 1.46 £ 0.145 el foJqt
A43E UeifiR] Foteled, EKE 100 wollA= 1.24 £

0.06= HEro] folgt A Yeigltt. SKT 200 +
EKE 100 22 0.95 + 0.0622 CCl, w-#gF ofuja}, SKT
200 <+, EKE 100 <+ thH] f-of3t fd4aE vehisltt (Fig.
8A and B)

Procaspase-3= CCly o4& 0.56 + 0.062=,
vehicle control (1.00 + 0.04) dWi¥] {9t HAE
e IcE SKT 200 w2, EKE 100 woflAe
0.04 % 0.63 + 0.06% UeHo] oI5t AXE YA
FsF9ou SKT 200 + EKE 100 ++2 0.92 + 0.032
CCly w#at ofyz}l, SKT 200 , EKE 100 & tiH]
gt 5718 UEr A (Fig. 8A and O)
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Fig. 8. Effects of SKT, EKE and SKT + EKE on CCly—induced apoptosis—related proteins.

SKT, EKE, SKT + EKE and silymarin dissolved in water, were administered orally to mice for 4 consecutive
days. At 1 h after final SKT, EKE, SKT + EKE and silymarin treatment, the mice were injected (i.p.) with 0.5

mL/kg CCly, dissolved in corn oil. (A) Apoptosis—related proteins were monitored by immunoblot analysis in

homogenized liver tissue. (B) Cleaved PARP and (C) procaspase—3 expression intensities were quantified by

scanning densitometry. All data represent the mean

compared with control,

ERFRERS S oFE T 2 kel Eﬂi}
algehtt B Qe AFFRIBGS Folg
% BT BeF MO, Mot 4552 Ans] Aol

R o] HiEtl e Alalstelc.

p < 0.01; Significant compared with AA + iron,
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+

S.D. of three separated experiments (Significant
Hp C0.0D).

SRS TETYY BEG (BSEE @EEM A
TEBONA A MEE, KK, LE, BEF, =
B, FET MEBEE (FSEEB S (LT Aol
5, RS NEBEEE (BSEE A AL,
PE, HEE KE, KEESHL, hEIF, KE, W
MES Zolt} (Table 2).

F3h R¥ES B AvAddA oo K&EE
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26410014 FEE &Y, TGF-ploz  B4std
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Table 2. Comparison of Herbal Formulae’s Composition® %>
AR B | 0 || | | B | | | | || | 2| | |
Ji#4 B | I | 25 | 0| 2 | |l | R | e | | | | | A A | 0| 2| B | R IL| % | | B |1 |
A O|0|0o|0]0
P72 O|0]0|0|0|0
7 olo|olo 0|0
Hal o O|O|o|o]|o|o|o|0o]0 0|0
EESUIRG RN O|0|0|O|0|0|0]0|0| |0]|0]|O
DRI 250 il 4 O|O|O|O| |O|O]O]O|0O|0]|0]0|0|0|0|0|0]0]|0
BRI ol|o]o|o]o Ol|0|0 o |0 |olo|o|olo|o|o|o|o

B A= ETEES (SKT) + J££% (EKE)o] AFsh
2EGAR QT 7] et 852 Brlekglen,
A2 in vitrodllAE HepG2  cellolAl AA
(arachidonic acid) + iron2 §&3t NZEA RES
ARESlgITE AAE dFtdoz  Ajaxaboa  Q1z]H ]
FeH2 EASHAR, Alaxute] =& Wrow, PLA2¢}
PLCO] 9Jaf ¢1z]do] 71Raslo] AAZL falEnh,
AAE surviving 9AISTL, Fas receptorg /3356,
H|EFE gjol= 2E cytochrome—c& o5t
NZABAS e2shH?) ®3E irono] AASH M
2= AAC] o5l SAd4itart A=, nEFE o}
g 97t AskEe] | e Al 548 54 4 v
B ops Y,

In vivo BEXE= ArASIEA(carbon  tetrachloride,
CW=E t=4E #8% s=29es ARgstelth CCl
e 7Y Rd2 dubdo=s AHehd AEAR Qg
4 Aol el thgElE Rl CClLE
plasma @ ribosome, T]EZE2]o} membrane?] £
WA A AH o7 7S fidska, T3k CYP2EL|
oloff thAtEle] ®ESAJO]l &2 free radicalE A5t
A AT} 9 TReARS Rk

B AoflAe WA, SKT, EKE, SKT + EKEZF AA +
iron2 FEE AEEAAS S35 ] BrkeHh
SKT+= 10, 30, 100, 300 ug/mLellA AA + iron (28.38 +
1.21%) W] Z¥ZF 29.85 + 3.51, 33.72 + 4.50, 77.44 +
3.09, 94.36 + 7.46 (%)& YERSY, EKE= 10, 15, 30,
60 wg/mLolA AA + iron (28.91 + 1.78%) tiu] Zz}
37.84 + 0.83, 44.43 = 1.37, 79.09 £+ 1.05, 100.50 =

L

78

211 (@& YeRfo], SKT + EKEC] g3ts H7to}/]
gt Hw& SKT 30 wg/mLe} EKE 103} 15 ug/mLe
75

SKT9} FKEES Hfighet SKT 30 wg/mL + EKE 10
ug/mL, SKT 30 wg/mL + EKE 15 ug/mL¥= AA + iron
(40.00 + 0.78%) HiH] ZH2} 81.36 + 2.54, 89.28 + 2.33
(D)2 AZBEEE G2l S7HAF.2H, 53] SKT 30
ug/mL + EKE 15 ug/mL (°]5} SKT + EKE)+= SKT ©=

9 BKE ©EAAC] H@slddE ROl e
ehhalct
AA + irone] @ AE EAel: AEADA}

Folxo] glomal™® KT + EKEZ} cleaved PARP,
procaspase—3, Bcl-2¢] mX= GRS HURE 4l
cleaved PARPO|A= SKT + EKE”} SKT ©&= @ EKE
SEAe] BT Go7E  (pK0.09)HAS
EPHRIC ™, procaspase-3°4= SKT + EKEZ} SKT
o= % EKE ©@=AXe] HuwsteiAz=  Fogt
(p0.0DE7FE UERIgleH, Bel-20l 4% SKT + EKEZ}
SKT @& (p<0.01) % EKE 9E=AA  (p<0.05)°]
HwstAXNE Fogt Z7H UErIh ol#et dab=
SKT + EKEZ} AA + ironZ 9EE AEZEAL $tatetm,

ole] Aol AMEAEAL A7} uiFfEo] 9SS
Ui
EgE AA + iron®] A AAEHW  AAS] o5

P47 AL BlEREReh o 197h AstElo] o
T AEELE AT S Y og BuHPeSY,

AFAHANE APAFE Bt AA + ironof 23t
A S4ols AZEAEARZE Fef=al, o= ROS
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AT GSHO| o] uifgs RustaroH ™, waby
SKT + EKE7} 4bebd AEg Ao mjz= 33 9
mitochondrial dysfunction®l] ]2+ G375 BHrlsFAct

SKT + EKE= GSH ?Fgolldl SKT w5 2 EKE
S=A o] Hlwste] {04 (p<0.05 ==
Hepieler, H,0,9 Ad%ellX= SKT + EKE+= SKT
©= % EKE @A 2]of] Hlwste] {214 Sle (p<0.01)
AAE YehlQIth.  Mitochondrial — dysfunctionofl A &=
SKT + EKE: RI fraction® SKT ©%= % EKE
DAz Hlwst] {4 Sl (p<0.05)
e I
Az o AR B9
tetd ~E A7 EAAY Fitete] ks "ok
A ZFARIZFZ A antioxidant response element (ARE)<]]
sle] NQOI1, HO-1, Sestrin2, GCLC 59| ghats}
A5 WS ZTRARIE . Nef2e durE <l
2, AMZEAA Kelch-like ECH-associated protein 1
(Keap D Agbsto] glont, 45t AE A7} HAYEH
Keap 17} £2|=]o] U= d9Isto] phase 1€} 4Fahd=]
F212] promoter®d 2] AREe] Z9tsto] #24-{574219)
;ﬂﬂ]_% _[(%_E—C:,j.qﬂ,%—%)'

SKT + EKE&= 0.541%F 30l
F7FE YERgleH, 308 AHAA|
EKE®] Nrf2 & H|wAlol&= SKT + EKEZ} SKT T 9
EKE ©=2]2of| Hlwste] §o4 = (p<0.01) 7+
UeRgth T3 Nrf27 Asrsk= ARE] luciferase 24
Al SKT + EKE7} SKT ©@5 9 EKE ©@5XZ]d
Hlwste] o4 e (p<0.01) F7HE dERfglom,
Nrf29} AREe] ¢Jsf 2A%E= GCLC, NQOI, Sestrin2
5o s}t @4 HA] SKT + EKEQ] AXA] HolsH
S7HEE SRkl

In vitroolX] SKT + EKE= Nrf28ASIE 55}
AFeH AEgAof ot ThA| O] &4FE AAISkaL, SKT +
EKEZ} SKT ©5 ¥ EKE ©ExX]e| H|wste] §24]
= RS ESE el wel, in vivodTEA CClL=
=S I SFEREA SKT 200 mg/kg + EKE
100 mg/kg (13} SKT 200 + EKE 100)9] &%
Byrkstatt CCle ZHZHo=
Sk, ERE thARA|  AFSHH
e

CCly AHAA] ALT+= vehicle control tH] -F2IgH
(p<0.01) Z71= YEhfiglent, SKT 200 + EKE 100 &2

ol
AR

Q1zk
HRRSE Ao

>,

oX o m 1%

A Nrf29] gofe
SKT, EKE, SKT +
ch= ol
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CCly o, SKT 200 %, EKE 100 w* oijH] /-]t (p€0.01)
4aE VERQIet ASTOlA = CCly w2 vehicle control
iH] fofgt (p€0.01) F7Fe HeRliglew, SKT 200 +
EKE 100 & CCly 7 (p€0.01), SKT 200 2 (p€0.01),
EKE 100 & (p<0.05) tH] §oJgt FAE Hepf ol
E3] SKT 200 + EKE 100 2 ALT, AST EFolA
AUz oR AREH silymarin (200 mg/kg)d GAFSH
BEo] FAE UESIH

SKT + EKE= in vitrool| A Al ZAFBAL T o
oA AR, CCLE fid Y 5 &
x22g fAstete] AEApEAb I gl o] B
B7ksE A1} cleaved PARP= CCly l|A] vehicle control
o] {28t (p<0.01) F7HE WErglew, SKT 200 +
EKE 100 ¥-2 CCls & (p<0.01), SKT 200 & (p<0.01),
EKE 100 &+ (p<0.05) tiH] gt ZaE Wegl
Procaspase—3 FA] CCly o4& vehicle control HH]
el (p<0.01) geriglont, SKT 200 + EKE
100 w2 CCly v, SKT 200 +*, EKE 100 o tjH] -2l gt
(p<0.0D) HAE Ueideh & ol Ao dne=
ALT, ASTolA &} Zo] Fduizwo= ARG silymarin
(200 mg/kg)@t FARE AE9] 215 YUEigltt

I,
i)
o

i
1o

o

=
Fdpas=s

H o= =1

A7 ATH= SKT B Ei
KEZ} Atk AEg2of digh ZhEAfo]l

AAbehE, EF SKT SEAz]Hc
oA EoFol HodE MY 4 Qv EE
oty ERF Ak o R SKTO WS
F7Fstlth= Zell eu|7t 9l

I8y B AE in vitro B in vivo Q7 A=A gk
A AF7} F7bEd SKTO| &8s v A|lug
Rom, T F A= Aok AEY AR QIR ThEA
it Ar-dite| g ohefRt 7ol tigt 719l o
Al Zad Aow AZEDh

EKE ©5 A2t} SKT
folsttt=

1=

2 N+
o o T

~

ST

V. 28

Ak AEFAZ QIR THA|AE S
(SKT) + i2¥%& (EKE)9] 7t avts dsl8irh

In witroo)ld SKT + EKE: A|ZAEAE A5
At o, EGH Nrf22 EA5lsto] 4ks)
NA] HHS F7HIR e, HE A H®A SKT
EKE ©H=H}t §-o14 9= Aabs Ueholtt n

B TGOl AT
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vivool 4= SKT + EKE: Gol5H7
Harzlon, kA AEAEAL FEoEo]
2JokE frefsHl qAlIsiH. Eet SKT + EKEE SKT
o= % EKE &=Eo fo4 Sle 23S vehigion,
dixLer 8" SARRE e

et gic

ERRE

silymarin¥t
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