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Abstract — Sabaek-san has been used for the treatment of inflammatory diseases derived from the cold with high fever,
cough, and lung dysfunction in Korea and China. There is no study for the comparison between different solvent extracts
of Sabaek-san. We made two samples, one is Sabaek-san water extract (SBSW) and the other is Sabaek-san 30% EtOH
extract (SBSE). Both extracts inhibited inducible nitric oxide synthase(iNOS) protein, reduced iNOS-derived nitric oxide
(NO) production in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. Also, they reduced tumor necrosis factor-o. (TNF-
o) and interleukin-1f (IL-1p) production. These anti-inflammatory effects caused by induction of heme oxygenase (HO)-1.
HO-1 enzyme plays an important role of cellular anti-oxidant and anti-inflammatory systems. The induction of HO-1 is pri-
marily regulated at the transcriptional level, and its induction by various inducers is related to the nuclear transcription fac-
tor-E2-related factor 2 (Nrf2). However, it is worth taking note that SBSE has more powerful anti-inflammatory effects than
SBSW. In this study we suggest that different solvent extraction makes different therapeutic actions.
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&, + heme oxygenase(HO):= M|3ES] EHils} A2 Elo
A FQsh S ddshs @A EA, HO fEAlE 5 1%
7Fs3t EiQl HO-1:2> AlEU) 2] hemes w3listo] LAataleks,
A, billiverdin/bilirubin®] AI7H4] B E-S wHECEY o]2lA] F-3
B A7 e Ad=E HO-1 71 A= ARt 2 AL
Ho| A" FAFP ul FaksHo) 28-S = Qo2 Uy
A glon, 53] 9% 8-> T2 billiverdin/bilirubin} A4+
3hekAe o3k Zi9lo] B ¥ itk Nuclear factor-E2 related
factor 2(Nrf2)2] & W22] HWAR= HO-1 ©h)a waiof ofs)
ol \AUSE T v & s ABJske kR dEiA 9l
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A= o] EA5= antioxidant response element(ARE)]]
Afeto] olF At W il S REsto] A
o}71512] A ek dkging 28
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Radicis Cortex) 30 g, A 3] (Mori Radicis Cortex) 30 g, 74=
(Glycyrrhizae Radix) 3 g2 %4 © =2 (Table I) 3Ktk 10872
ST 30% olebeES A7t ARgRte] 71 ERFES & o
Alel] of el o S FeHsFste] AbAL & FEE(123g,
SBSW)z} AP 30% ek F+EE(15.6 g SBSE)S 411, F
FE2 AABARRIES I AR-Ae]] 5-E(SBSW: NNMBS000291-
1, SBSE: NNMBS000292-1)3t3it}. 7} Al 55 2.5 mg/mi®] &
T2 vgh&e] S3lAA ANE w3, 10 WA silica gel TLC
plate] 45103 CHCly: MeOH : H,0(4:1:0.1)2] £ 710
2 AT o5 10% FAt @Akl UeRd WS vl wsh
ATk SBSE°IX = Ry ko] ZH7} 063, 0.72, 0.87 &1 A4 <l A]
SBSWollAi= Holx] b= wdEo] s Qlr).
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DMEM Hj%|¢} fetal bovine serum(FBS)YS E3H3k A3 wljok
o 3k A5 Gibco LaboratoriesAHGaithersburg, MD,
USA)ollA 03133 2™, 96-well tissue culture plates®} 7]E}
tissue culture dishesi= NuncAl #|#-& ©]-8-33it}. 71EF A+
BA] 2k AJekS- Sigma Chemical Co.(St. Louis, MO, USA)]
A F]138}33 ). Western blotel] ARE-% INOSQ] 12} A ¢} o]
o]l d3lsli= 22} &A= Santa Cruz Biotechnology(Santa Cruz,
CA, USAPIM 3J519tE. TNF-o, IL 1-fE S73R= enzyme-
linked immunosorbent assay(ELISA) kit R&D Systems
(Minneapolis, MN, USA)IA 78Kt} &4+ BioRadA [
Microplate ReaderZ o]4-3lo S35t}

HPLC &4 — & A7old ARESE APAY & FE=(SBSW)
o APAE 30% olehE: FEE(SBSE)> HPLCE ARgsto] &
4w HYs w4kl th AME-gt HPLC A= Sykam
$2100 system(Sykam, =)o)l 0™, A Y2 Inertsil ODS-3
(GL Sciences Inc., 4.6x150 m, 5 um, 9¥)& A3} o)
AFE acetonitrile, methanol(JT Baker, #]75)& AMgslgion], &

Table I - The composition of Sabaek-san
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Western blot analysis

RAW264.7 A2 60 mm disholl 3x10° cells/well WEE 24
ARE ajeFeE $- Z47ke] AlRE wd B AR EE AP 8t
% Th RAW264.7 A|Eo| RIPA buffers 3713t ths, 4°C,
14,000x g °llA 2527 AEEstal 45 de FHe &Ah
whlzl kS BSA whild A3 7|EE o] &3l 247k A
=% 12% SDS-polyacrylamide gelellX] %58} nitrocellulose
membrane(NC membrane)©. & AAFsFSE T AAFE NC
membraneS 5% F-A"-7F £ A X3 blocking buffer
(0.1% Tween 20 in Tris-buffered saline)o|~] blocking3t %
HO-1 antibodyZ- 1:1000°.% 3]A3te] €1 147 F<F HH-§
A AT} T 23F antibody(Anti-mouse IgG)E 1: 100025 3]
Asto] Wi WMRF Bk WhEE v, ECL €948 1:12 & 4]
©]4] NC membrane 9ol 7Fsto] gA]7]aL QhalellA X 2
Eof| 733 3 FAsIiT. 22 WO 2 actin antibodyE ©]
4319 actins S7g s}

siat M=HE 289 22

RAW264.7 Al3Zel| protease inhibitor cocktail I3} 1mM
phenylmethylsulfonyl fluoride(PMSF)E- 31713t PER-mammalian
protein extraction buffers Z7}sto] F& 3}t 4°ColA
15,000xg= A4lEe] sRlrt. 10021 Yalite] 5 Aeols Al
x4 FEow ARgaE] flste] -80°CellA Adaisitt. vh A
HAELS PBSE A& 3k & RIPA buffer[150 mM NaCl, 1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tiis-
HCI(pH 7.4), 50mM glycerophosphate, 20 mM NaE 20 mM
ethylene glycol tetraacetic acid(EGTA), 1mM dithiothreitol
(DTT), 1 mM Na,VO,, protease inhibitors]E 75k 4°Col
A 1587 E93E F 4°C, 16,000xgel A 1587 9434 &1
t}. 0]%-9] AL 9ol A3}t western blotting S ©]-&

sk,

Nitrite assay
HjekE AEZE 5x10°cells/well 02 96 well plateell
100 w2 353 tha 2474%F <t vllostar, 24417 $- medium

< AAs & DMEMCE 34¥ 7} w51 A58 Aest &
LPS(1 pg/mDhE A2lsted 2477F & A EoA mediaZ W&
o] Y& NO9 %2 Griess A 2H0.1% (w/v) N-(1-naphathyl)-
ethylenediamine and 1%(w/v) sulfanilamide in 5%(v/v) phos-
phoric acid}e AMg3lo] WkE3ISAT}, W18 & ELISA micro plate
reader(Bio Rad Laboratories Inc., California, USA)E A3}
540 nmelA] 574 SRk

TNF-o. and IL-1f assay

TNF-.2} IL-188] 572 @Al (lyophilized TNF-o. or IL-1B
conjugate to horseradish peroxidase)E A}-8-3}%] enzymeim-
munoassay system kit(R&D Systems, Minneapolis, MN,
USA) olesjol St

SHXE|

B 28 9] E7x]2)= GraphPad Prism, version 3.03(GraphPad
Software Inc., San Diego, CA, USA)S Alg3alitt. 72+ A+
o] A= A9} FFoxtE Yehjglon, 7z A 7k
A¥= ANOVA tests AHE-sto] 418kl {2141 2ol7} 8l
= o] giaiMT AAsIict. AE 1] AlolE 95% S
(¢ <0.05)°14 24 = A o= sigict.

2 1

AfulAL 2E220| HPLC 24

APAE B FE=(SBSW) AFAY 30% EtOH 5% (SBSE)
°] HPLC chromatograme B|w3t A3}, F 7] FE552 fAF
3 HPLC patterns YEFH o4, Rt 21.508 min® peak:=
SBSWx.t} SBSECIA =7 YebdS & F AATHFig. D.
SBSW¢} SBSE] HPLC chromatograme] ¢} the Rtx|= 1}
ER7] wiitel] o] 7 AEE 2 5% £3ste] HPLCE A
3te] Rt 21.508 min®] peak’} Ut Aol ogt A& s}
ATt

AlEM =EE20| ME HER0| 0|X|= He

SBSWe} SBSE7} RAW264.7 AIPES] ABEgo] nX= IS
ol 7] Q& F FEES HA FE 50 ugmiE Hiss
800 pug/mi7kA| 2473k Ft At o] 5] B A
F AEE] TS PIAA] 2 400 pgmiE Hi FEE 51
213 SFlvh(Fig. 2).
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Fig. 1 -HPLC chromatograms of SBSW and SBSE.
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Fig. 2 — Effect of SBSW and SBSE on viability of RAW264.7 cells. RAW264.7 cells were incubated for 24 h with various concentrations of
Sabaek-san extracts (50~800 pg/ml). Cell viability was determined as described under materials and methods. Data represent the
mean values of three experiments+SD. 'p<0.05 compared to control.

Control

AT FER NOS wle] ogte] 7ha EAIE WolLh 1 & &S00 IHE Al £EE| NO 44 oiX| 53
317} vlelateleh. W SBSEL: 100 ugmiel 3 el He FEgule] mhE A 252 1243 A4 F, LPSE

B A2E HEglaL, sk Sl wel s 4o 1ugml s AEsie] 24010 Bt §- N0 A e
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Fig. 3 — Effects of SBSW and SBSE on expression of iNOS proteins o 10004
in RAW264.7 cells stimulated with LPS. Cells were pre- : 500
treated for 12 h with indicated concentrations of Sabaek- -
san extracts and 18 h with LPS (1 ug/m/). Western blot 0.
analysis was performed as described in materials and LPS - O+ o+ o+ o+ o+ o+ s
methods, and representative blots of three independent SBSW (ugiml) - - 50 - 100 - 200 - 400 -
experiments are shown. SBSE(ugim)) - - - 50 - 100 - 200 - 400
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Fig. 4 — Effects of SBSW and SBSE on nitrite production in
RAW264.7 cells stimulated with LPS. Cells were pre-
treated for 12 h with indicated concentrations of Sabaek-
san extracts and stimulated 18 h with LPS (1 ug/ml). The
concentration of nitrite was determined as described under
materials and methods. Data represent the mean values of
three experiments=SD. 9 <0.05 compared to the group
treated with LPS.

Bl Wi SBSEE A Sk 71l mel sk o)E
O F NO JA] ¢Fo] 7143} 5] =501 400 ug/mloﬂlﬂ“
control “1°ll 8% =] A Al aaE JERISICHFig. 4).

FZ200]| [}E AMYA FE20| TNF-o ¥ IL-18 MM 24|
ot

FZ-gufol] W ApMAF E5-9] pro-inflammatory cytokine
Q1 TNF-a ¥ IL-1p9] A IJA a3= &1t} TNF-02k
IL-1p 55 SBSWX.t} SBSECIA 1 A oA avr} dAs)
A Vel a, 3% 9EF g TNF-a9) IL-1p 25 BAo] 7+
2317 tH(Fig. 5).

Fol

Fig. 5 — Effects of SBSW and SBSE on TNF-o (A), IL-18 (B)
production in RAW264.7 cells stimulated with LPS. Cells
were pre-treated for 12 h with indicated concentrations of
Sabaek-san extracts and stimulated 18 h with LPS (1 pg/
ml). The concentration of TNF-o. (A), IL-18 (B) were
determined as described under materials and methods.
Data represent the mean values of three experiments=+SD.
"p<0.05 compared to the group treated with LPS.

A g a SBSE (ug/ml)
5 o
S O 50 100 200 400
HO-1 | . — . .
B-Actin W W S S S —
B SBSE (400 pg/ml)
0 3 6 12 18 24 (hour)
HO-1 o ———

BACH - ——— — -

Fig. 6 — Effects of SBSE on HO-1 expression in RAW264.7 cells.
Cells were incubated for 12 h with indicated concentrations
of SBSE (A) and periods with 400 pug/m/ of SBSE (B). The
HO-1 inducer CoPP, increased HO-1 expression at 20 uM.
Western blot analysis for HO-1 expression was performed
as described in materials and methods and representative
blots of three independent experiments are shown.

SBSES| HO-1 &8 /= &1
SBSE®] ol & AT axprk et drlstel IS A8
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Fig. 7 — Effects of SnPP on inhibition of nitrite (A), TNF-a. (B), and IL-1p (C) production by SBSE pre-treatment of LPS-stimulated RAW264.7
cells. Cells were pre-treated for 12 h with SBSE (400 ug/ml) in the presence or absence of SnPP (50 uM), and stimulated for 18 h
with LPS (1 ug/ml). The concentrations of nitrite (A), TNF-a (B), and IL-1p (C) were determined as described in materials and
methods. Data represent mean values of three experiments+SD. *p<0.05 compared to the control group; **p<0.05 compared to the
group treated with LPS alone; #p<0.05 compared to the group treated with SBSE plus LPS.

Lehfs Zlo® 4l HO-1 shae] ukgo] o3k Z191#] o
o}r 7] 9Jsle], SBSES wH®E Agjstal, HO-19] WS &
Q13T 1 A3} 400 pg/mielA 7Fg B HO-1 3 S e}
UI2Ath(Fig. 6A). SBSES] Az] Alzte] mhE HO-19] & o

& Y3k A3, SBSEE M| 3AIRF S o] At
o] 18713t Sl 7Hd wo] WA SlrhFig. 6B). ©]2]% HO-1
57} SBSES] @9% adtel #3121 Aol al=A ]l
sl7] $lste] HO activity?] A€1%] 9JA|A1 SnPPE SBSE%}
g7 Ag)skict. LPSe] Azl & Qs A€ NO, TNF-og} IL-
1B pro-inflammatory mediator”} SBSE2] #2|Z Q& A=
31O, SBSES} SnPPE @71 A 2lslle wl= SBSER <1l
A% pro-inflammatory mediator] AJ4Jo] thr] S71eR=
& A TH(Fig. 7).

[ SBSE (400 pg/ml)
b=
8 05h 1.0h  1.5h (Time)

Lamin B

Fig. 8 — Effects of SBSE on nuclear translocation of Nrf2 in
RAW264.7 cells. Macrophages were treated with 400 pug/m/
of SBSE for 0.5, 1.0, and 15h. The nuclei were
fractionated from the cytosol using PER-Mammalian
Protein Extraction buffer as described in materials and
methods. Nrf2 protein was detected by Western blot
analysis, and representative blots of three independent
experiments are shown.
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SBSEQ| X{2|0i 2|8+ Nrf2o| & LH2o| FA}

SBSE?] Aol 9§t Nrf2] & W=2] HA} & dolry]
$I8tod 400 ug/ml 5=2] SBSEE AIZPEE X2|stkal Western
blots o]-83lo] FAaIITt. AlRTe] ZAatel] whet AlREZle] Nrf2
© A sk b, 3 U] N2 S7kshs 210% W
o} SBSES] A2 Qlsle] Nrf29] & Ul=2] HAP} o] fo5s
= 1% = UATHFig. 8).
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APaAL2- 249 (Lycii Radicis Cortex), A3 (Mori Radicis
Cortex), 743 (Glycyrrhizae Radix) Al 714 o2 FA43% A%
o e oAl e mvhg "ol e, XlE T &
I AY 1 A ZAAe) FHAE e G5e AW
AF7kA] Apdate] tist G5 AT AL o|FAH| ke,
gk 3% guflol] W &5 Aol tigh vl A AT
7} Agoleh. whbA], & Atellrl= AR B¢ gt} 1 &
£ 7133 = gullel] e & 95 A Ajolg Yok} &t
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% (inflammation)o | & YA} Z4]e]] =2]2] FAot 518
=4, Al T 22 A Aol ols) e S
A9 AR B 9 AdE B o A o] vk
9] shvtE 2R, =egolet AT T A HEE
HHet), 952 SPFERE ] fraflEdolyt s1et4] A=l &gk
R ofEl AA WERE ] 25| Sleid e i 4 9l
o, 95 W Alels Hekst A5 i7QIARE (pro-inflammatory
mediators)0] frEx|o] WA, A, T, FE, TF, 7ol
59 ik Sdo] UEhdAl ©tk® Nitric oxide(NO)= 937
& ZA oA et st or 1 F87d0]
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A= =d], neuronal NOS(MNOS), endothelial NOS(eNOS),
inducible NOSGNOS)2} -2 3557-2] o4 Fepr} EA)3ic),
3z 2Aoflx] T2 INOSe| Fel2 EAlstaL, thAAZeA 1
dhdo] grkar dejA Ut INOSE HHéo] 415 eNOSs}
nNOS¢R= 2], IFN-y, TNF-a. 2] cytokine 5=+ LPS 59
HA A 2ol 28l NAFE o R firE|o] NOZ A3t

FEgullel] wE AP FEE2] INOS ¥ S western
bloto 2 &elst Ay}, SBSW+= LPS #]2|Z2 f-E¥ INOS 1w
o mlu]gh 7k G35 Kol ¥hH SBSEE 100 pg/mielA5-E
U s UERRla, s oA o R T do] FhAsto]
HEER] 400 pgmiolA = 1 ddo] AR HAskich
NO<&| 873 A INOSS| 3 Fd¥ FAFSHA SBSWH.th
SBSE7} ol oA a¥E L}ERY ST Pro-inflammatory
cytokine?! TNF-o @ IL-1°] 44 oA &3} 25, SBSWHT}
SBSE°lX 1 A4 oAl a3t dAfskAl bkttt SBSES] &
4 2 71do] HO-19) & fiol 7103k=A] gotrr] $ist
o] SBSES ==, AIZPEE Aglsto] HO-19 Hd o7&
western blot® = ER18}91& i, SBSES] w%7} 7kl ot
2} HO-19] o] S7Fsioitt. SBSEC] HO-1 B F=7t &
A mel AAR] AWds 7HE AE gk flste], HO
activity inhibitory! SnPPZ- SBSE®} #2561 pro-inflammatory
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