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ABSTRACT

Effects of Radix Saussurea on hepatoprotection

Jong—Chan Park, Young-Gab Yun=
Sung Sim Oriental Clinic, *Department of Oriental Medical Prescription, Wonkwang University

Dehydrocostus lactone (DHL) and Mokko lactone (ML) were isolated from Saussureae Radix,
and their effects on heme oxygenase-1 (HO-1) expression and hepatoprotection in the liver cell
line HepG2 were investigated. DHL induced HO-1 expression and HO activity in a
dose-dependent manner, whereas ML lacking one double bond property at 11 and 13 carbons on
its own chemical structure had no apparent effects. DHL also induced Nrf2 nuclear translocation
and enhanced antioxidant response element (ARE) activation which mediated HO-1 gene
transcription. Pretreatment with DHL protected HepG2 cells against oxidative damages caused
by H202. Interestingly, the hepatoprotective effects of DHL appeared to be associated with HO
enzymatic activation, HO-1 expression and Nrf2 activation, because blockage of HO activity by
a HO inhibitor and inhibition of HO-1 and Nrf2 cellular synthesis by small interfering RNA
abolished heptoprotection afforded by DHL. Taken together, this investigation provides evidence
supporting that Saussureae Radix is hepatoprotective against oxidative stress that causes
abnormal liver damages.
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ikl x] (RPMI 1640), antibiotic/antimycotic
2 Trypsin-EDTA & Gibco/BRL (Grand Island,
NY, USA)ZHE TFYsHa, FBS (fetal bovine
serum)= U.S. Bio-Technologies AFZ¥-E T8}
of AREEtAth HO-1 34, Nrf2 @A, FITC-Ig
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oA 7+t MEF (human hepatoma cell line, HE 5T & glom o we} o dAlY &
HepG2)E ATCC (American Tissue Culture Y28 (Y82 flash column chromatography)
Collection) Z5-E T3t 10% FBS, antibiotic/ < A% 184 TRE YT Atk dE =

antimycotic (100 U/mL penicillin, 25 pug/mL
amphotericin D, 100 pg/mL streptomycin) %
15% sodium bicarbonate’} #7F8 RPMI 1640
wj oA 9% B71, 5% COy, 5717} 853k 37°C
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o ti3t thin layer chromatography %4 % NMR
spectroscopy w40l ejste] EFE o] EAsh=

e AR 7

sihca gel chromatography”}

39-= reversed-phase
A A=HR, T
]9l ion exchange chromatography, hydrophilic
resing ©]-&3 size exclusion chromatography 5
| A5l mebd AREHUAT A840] =& AR
9] 749+ normal-phase silica gel chromatography
2 $MAom ALHYw, 1 9o Sephadex
23} size exclusion chromatography
Tol AHgEkAT olde] x7] EE #HAdA o
e Y F FHEAS G LS P4
9l column chromatography <& HPLC (High
Performance Liquid Chromatography)& ©]-&3k
HHEE 5ot o EEE HASGY &
g B3 T dogAe A7 =L Nuclear
Magnetic Resonance (NMR) Spectroscopy £49<

ot 2eAE 2 E9E Wl EAste =

of FRE dSFT F Jon, B mete 7
AEAE 39 & & itk B9 £F dd
B4 FZ EXS  Electron-Impact Mass

spectrometry (EIMS), Electro-Spray Ionization
Mass spectrometry(ESIMS) 2 500 MHz NMR
Spectrometer 5 o]-&3te] T2 o] st
. NMR 2 MS #4& 53 2a124 9 JE
Z o4 71AEZ9 &2l High Resolution MS

24e B3 Bz 3ol Hornonuclear
decoupling, COSY, TOCSY &#41& AR 2

spin-system 7%, HMQC experiments l‘?—/ﬂ. o wh
2 EahH9 One-bond C-H correlations T+,
Selective INEPT, HMBC techniques 5% %3
Long-range C-H correlations 2931 % olo| w}&
2219 #Hd (221¢Y) F& #<l NOE, NOESY,
52 ROESY 23S 7122 3 &4 37+ 34
) F2 24, o4 ZE NMR A8 93
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4. Mz MEZE BN
HepG2 AMEF9] AE BE&3 MTT (2-[45-
dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium
bromide) WS ©]&ste] EAsIGTh 1H7]8kd,
HEFE 24-94 ZYolEc] 2F 1 x 10" 747} &
o

TE 23S g 2 HHE 12 AR AYsta
H202E 12 A17F A3 U 50 pg/mLeo] ==
MTITE #7bste] 274A7F S whSAJZATh

MTTS} AEANEIZEE MAH Rk
formazans 0.1% SDS €402 &35t 595 nm
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6. HO-1 activity &H

22 A Xol| 01 M potassium phosphate &5
& 200 ps FHF Foll 2 Aste] 93
sttt o] % AT Hel w8 (50 uM hemin, 1
mM NADPH, 2 mM glucose-6-phosphate, 1U
glucose-6-phosphate dehydrogenase)E ¥#3 &
o 37°CollA 30 &% WESAIA bilirubin®=
spectrophotometer 2 =3 3ste] A3k}

7. ARE activity X

GST-Ya ARE (5'-TAG CTT GGA AAT
GAC ATT GCT AAT GGT GAC AAA GCA
ACT TT-3')E promoterless luciferase pGL-3
basic vector (Promerga)el =%, pGL-luc-ARES
A stk A2 pGL-luc-ARE (05 pg)e 3 x
10° cell/welld] 24 well plate 2.0 pg (1:4, w/w)2)
TransIT-LT1 polyamine cell transfection reagent
(Mirus  Co.)9F  EFste] 28TA  4A7HE3
transfectiondt & 243k W& 7| Aok
72A17F A3} & PBS (phosphate-buffered saline)
02 A cell 110 1l Glo lysis buffer (Promega)
oA &3ttt & ¥ AEE luciferase activity
Z4S 3 5%< Bright Dlo Substrate (Promega)
9} £33} Luciferase Assay System (Promega)
o] WHe| F3l9  Victor 1I  luminometer
microplate readeroll A A4S SA35} Tk

Acetones o]-&sto] Alxet g ko] FipdS
Z7H7 B2 Nif2 S 247 BEAAG
PBSZ 3¥ AIA$ ths FITC7F A8 23F 34|
& 2ARFESt RAAZY. PBSE 3W AlHg o
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AY A= mean £ SD.E EASGoH £
A AAL student's t-testol] 2FHeH p Fhol
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1. A& FE29| HO-1 &8 R g1}
ASAEH 2] tiste] IAES BT Ao
2 J 2%+ 2 (Puerariae Radix), 14HSophorae
Radix), ©H(Salviae Miltorrhizae Radix), w3
(Rhei Rhizoma), YF&2HViticis Fructus), MEZ
(Imperatae  Rhizoma) ®7]( Sinomeni Caulis et
Rhizoma), &3 Radix Saussureae) *|Z.(Bupleuri
Radix) & 90 FFAH=FE JetE F2ES &
i, OB AEEAl YEhA 22 200 ul/ml
FEE HepG2 ZHAIZO 12417 A 23 b &
i AS Bste] HO-1 28 o5 Western
blot TAHOZ ZAFSHGTE HIE ksl B3}
Atk Hige] 9ot 874 kA FEES
HO-1 B8-S f=atA XAk 1y o9 o
2ZA A/ FE2EL HO-1 S F=319h

AIE gAdo]

=

o]

S Ho|& dehydrocostus
lactone (DHL) <% iz SFEd=
DHLY &AFSE 22 712 mokko lactone(ML)
S oFEY st9en, A7t 88hA Fx= Fig
20l AN v} 2ok F &4 B9 ey
Z9] Aolxog DHLAE 11W &49} 139 &
2o o]FAgo] EAsta MLolle EAstA] &
=t} Fig. 3049} o] DHLE §&% &0z

f{

12 34 567 8 9

ACLIN W 0 490 0 == o B9 o oo o9

HO-1 . -
Fig. 1. Effect of ethanol extracts of medicinal
plants on HO-1 expression in HepG2
cells.

Each extract at 200 pg/ml was exposed for 12 h to
HepG2 cells; 1: Pueraria thunbergiana, 2: Sophora
angustifolia Sieb, 3. Salvia miltorrhiza Bunge, 4
Rheum coreanum Nakai, 5. Vitex rotundifolia, 6:
Imperata cylindrica, 7- Menispermum trilobum Thunb,
8 Sausurea Seu Inulea, and 9: Bupleurum falcaum.
HO-1 expression was determined by Western blot
analysis.

Dehydrocostus lactone Mokko lactone
(DHL) (ML)
Fig. 2. Chemical structures of active dehydrocostus
lactone and inactive mokko lactone isolated
from ethanol extract of Saussureae Radix.
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Fig. 3. Effects of DHL and ML on HO-1
expression in HepG2 cells.

HepG 2 cells were exposed for 12 h to either DHL or
ML at indicated concentrations, total proteins were
isolated and Western blot analysis was thereafter
performed for HO-1 protein detection.

50004

4000

HO activity (pmole of bilirubin/protein)

3 2 5 10 2 5 10
§ DHL ML
(uM) (uM)

Fig. 4. Effects of DHL and ML on HO enzymatic
activation in HepG2 cells.

HepG 2 cells were exposed for 12 h to either DHL or ML
at indicated concentrations, enzymes were isolated and
HO enzymatic activity was thereafter analyzed for 1 h.
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4. DHLE| HO-1 & R 07 L E
Ao/ HO-1 32 Az EAjst=
QA Nrf2e] 840 o3 o] wulde] o yzo]

ol3 Bdol Utk ATAAN 3 W o3
Nrf2E 23 §74719] HAAE A 4 9= 2

g B0 ZA13}= antioxidant response element
(ARE)ol 23T} o]% Nif2-ARES] 2ol 3
AEE 23§12 HO-19] #de A
g9 Nrf27h FEEE) 8 Y2 olEde AL
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W&ol thiol 4] ¥
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A% 4 3 1 Az gwA ] tﬂﬁé% zaﬂz
7} Sl

DHLo| Nrf2& 3 WH29 o5& &
A=A Nrf2 FA o FFELS HA8H Nrf29]
ol5S FHSAT Fig. 50l 95 DHLS Nrf2
of 3 YRz oS wijsth WA ML
Nrf29] & ¥ ol5S = F fidt =
Nrf29] 3 WF=29 o]Fe 7IQlsl= ARE &
o] F7F} DHL AgarelA A=
Aol e EAE A ZchFig. 6).

2

Control

Tl
..

g. 5. Effects of DHL and ML on Nrf2 nuclear
translocation in HepG2 cells.

Nrf2-FITC

DAPI

i

HepG 2 cells were exposed for 2 h to either DHL or
ML at 10 pM, fixed and stained with anti-Nrf2
antibody conjugated with fluorescent FITC. The nuclei
were stained with DAPI to show where to exist. When
DHL-treated cells were confirmed under fluorescence
microscopy, Nrf2 proteins were localized into the nuclei.

500

400

300

200

Luciferase activity (% of Control)

0-

Control DHL ML

Fig. 6. Effects of DHL and ML on ARE activation
in HepG2 cells.

HepG 2 cells were transiently tranfected with reporter
plasmids containing ARE, and exposed for 12 h to
either DHL or ML at 10 uM. The cells were then
extracted and luciferase activity was measured.
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sfsh= SnPPe Aol oaiA FA=AT. 5
HO-1 239 A9 gAZ #9E Nrf2o A4S
AFstAY, HO-1 2dS siRNAE o] &3t 3}
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Control
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Fig. 7. Cytoprotective effects of DHL on HO,
damage in HepG2 cells.

HepG 2 cells were pre-incubated for 12 h with DHL at
10 uM, washed three times with fresh media and then
exposed for 12 h to H.O, at 200 uM in the presence or
absence of 50 pM of SnPP. In another experimental
condition, HepG2 cells were transiently transfected with
siRNA for Nrf2 or HO-1, pre-incubated with DHL and
exposed to HyOn Cell viability was determined by

MTT assay. *p<0.05 with respect to untreated control
and **p<0.05 with respect with each indicated control.
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et Y dsliEY AT fFgoz iy grerAje] fa AR s dd" HO—lol sy
AY T 7ol F3REA 246 kst EHo) AX Hzo] G347} JeA 2ARIIG £ A7
ojd el oJsiH ndd H$ e AEAEH ZRH AFY FrEAE DHLO] HO—1 S f
2o &) tha &AL WS 71 Yok EAHEAE T3l akslrEF 2e o8 THAE £4S oA
ol 229 AZE F Azt IAEAY ZA & 590 & F YA T 2B 347} AL
2l 7)%S ST F A £4HE B9 o AR e 8% AN et FEE
o} guty oz AsirEd 2 s £A4H 71 < 4t 474 FEE 200 pg/mLa HepG2
NEE 7Hol EA8HE A M ZL] Kupffer Aol Axo diste] o3t EAS fE3A 4t
dalA 1AHoT BAFe HATe S5 o] ¥%9 FZES HepG2 A9 12 A7 A
7P, E435tE Kupffer AlEE oY 7}11 Al 3t o AIEE 3stal, & ©iAS Eeloto]
IEHEAS HEtY oy TR WINEE SDS-PAGEZ #A}ge] & thilds 24319
o2 FYAZTE o]oA, Lwl_—yu 252 t} HO-1 9L anti-HO-1 A S o] &3}
g o3t 2743’1?_ Aol Yo A 3 Western blotting ¥ oz A8tk 879 =
& g ol oz 988 3T 5+ QA = 28 FoM A7} HO-1 28S fxsigon,
o T oYy AFAT 46@ HO-12 A9 oA AF FEEZ AWHAG (Fig. 1). ©] F
&S 2YsteE ASAEYAE 8702 AA ZES 7] &2 B83te] HO-1 4§ ROl
stal, AR~ Eg 2o oA EdE AEY A4 T eFEAS BYSHTE AR FEEIM Q9
S 2F8ke Aow ALY = HO-12 A HO-1 84 £4847 fA8 725 71 4|
oA A FAAH Hrp ASubeS A g4 =5EAY 38 F2E Fig. 29 Fig. 39l
o HO-1& YxHoz AT £4be] Id7 2 ANEgem, 27 sgtede DHL MLE %
I4Z2 Yehy= 4st2Edg 2§38 F4 free heme HEit 53] DHLS 5% o&Fo= HO-1 &
S hilirubin, carbon monoxide (CO) ¥ Fe(l)E AL Z7MNAY (Fig. 4). ©-202 DHLY 9]3
walsta AAsE Eholth 038 oz HO-19 HO-1 = WAUZ 2 TAX 25 a3 djs}
A AAE bilirubine 73 ksl T} 9l of B} A3 A3l
on Fe(De AW Ho s xHsto 3 AR Nrf2e HO-13% 22 AP/AHERE
gl A4S KEFE ferrintin 84S SR8 4 3 2 REA YAS Ashe 988
T3 COE nitric oxide Nosﬂr FAKEE Aot Zaettt ™ Nrf2e W@ AeolA A o]
Ao NO Hrp FA4o] AL 7|44 E4Z AX Jom, ojzlo] oz RRHEA o|Fde As
o A 4 3o 958 x}%ﬂ” FdHom WR)8h= Keapldt A= o] Sl Keaplols Al
A EA A HO-1 Hde AstAEH 20 it I stsPdelel wkgete s AlA(sensor)7t
AP AT Wik ofe} 7hojl A HAsh= F Atk Nrf27h oz olFdle HAYZFLZE 1)
A% d5S afHoz AAstY 7HE HEd Nrf2 % Keaplo] Q14+3}E|o] sjog o5 3t}
F ok E o]&23 2) Keapldl & 25 A7 ‘on’ A
£ d7e HERE HepG2E AHSSE, o] Al HE FA50] Nirf27} Keapl & 2H¥ #2511
FollM HO-1 28 2 848 §5F & e & o|ZX Nrf27} oz olFdtte o]2e] 9tk
FAHE A¥sty, fa 42 229 g HO-1 ojgd F ARE FaA oz o]Fd Nrf2:
e f= HAUSS FHstaAl sFich B3 X2 AR Htarget gene)o] A+ ARE binding
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of ARz} FollA FEF L AEHS 2§l
Je @A = HO-10] it
HO-1 749 AlsdYg 7ZZ(signal transduction
pathway)oll= 1A} Nrf2o] o]&3s}= ARES &
A Z7p} glth weka HO-1 f3AE AXlete
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