QoIS RE5]A] AB6H A15(20234 2%
J Korean Med Ophthalmol Otolaryngol Dermatol 2023:36(1):21-39 http://www.ood.or.kr
PISSN 1738-6640 eISSN 2234-4020 http://dx.doi.org/10.6114/jkood.2023.36.1.021

Original Article / 9%

bfese] NF-«B 7132 53 35 a3 A+
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Abstract

Objectives : The purpose of this study was to investigate the anti-inflammatory effect of Goihwa-san water
extract(GHS) in vitro & in vivo.

Methods : In vitro, we evaluated the anti-inflammatory effect of GHS by comparing the Raw 264.7 cells with
10, 30, 100, 300ug/mf of GHS for 1 hour before Lipopolysaccharide(LPS) to the single LPS treated group. We examined
the relative cell viability by MIT assay and the relative level of LPS, Loxoribine(LOX), Peptidoglycan(PGN),
Flagellin(FLA)-induced NO production by using Griess reagent and measured relative iNOS protein level and COX-2
protein level by using western blot and Image analyzing system. We measured the production of TNF-e, IL-18, and
IL-6 by each ELISA kits and then measured the relative levels of 1¢kBe, p-I«Be in whole-cell lysate fraction and
NF-«B in nuclear fraction by using western blot and Image analyzing system. In vivo, we induced the paw edema
by subcutaneous injection of 100u{/rat CA and measured the swelling volume of paw by using a plethysmometer
and then measured the relative iNOS protein level by using western blot.

Results : As a result, in vitro, LPS, PGN-induced NO production was significantly inhibited by pretreatment with
GHS. GHS reduced LPS, PGN-induced iNOS expression, PGN-induced COX-2 expression and LPS-induced
production of cytokine(TNF-e, IL-18, IL-6). Expression of I¥kBe was increased by pretreatment with GHS 100ug/m/.
And the expression of p-I¥Be and NF-«B were decreased by pretreatment with GHS 100ug/m(. In vivo, CA-induced
inflammation rat model was used for the evaluation of the anti-inflammatory effect of GHS. 0.3 or 1.0g/kg of GHS
significantly reduced the increases of paw swelling and iNOS expression in paw tissues.

Conclusions : These results show that GHS can decrease inflammatory response via inhibition of the NF-«B
pathway in vitro. And in vivo, the anti-inflammatory effect suggest the clinical basis of GHS for the treatment of
inflammatory diseases.
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At At 9 9 A5 A=3rhs Holl 25t o
‘dollA THd At A58 Helo] §-80] 7RsE ZoE
AYZke]o] Kiftiel tiet A5 X3St

2 AfolA= bifEe] FFEE(Goihwa-san
water extract, GHS}Z in vitro®A] Raw 264.7 cell
of AAXJ3}9], lipopolysaccharide(LPS)E E3at of
okt toll-like receptor(TLR) ligand2 SAISIAHS
o, AFS w7l QR Aol Xl gt o] 2
ol Holol= 8 7SS AT in vivoolA
= carrageenan(CA) 22 EHES (3t RdojlA 1

T A & B wioh IAF B HAIE SISk

Il JE L 4HY

1. BRithk E+FE2(GHS)Y Mz

RRAERR 73 P B, (k)= HAFAAKTH
=, =)ol A Ftefistlon, Eead AlASkL 7+
100g%2 1.5L9] &l Wil 3452t FE5190th ol%
GHSE A2 14} 53, o1 3,000 x goflA
3R YAEESelt ARy & A5 HTE Fisto]
No. 2 filter paper(Whatman, Buckinghamshire,
UK)E ofagt &, o7l S 1384557 (Rotary
evaporator; EYELA, Tokyo, Japan)Z &3t} o]
T X425 7|(Ultra-low temperature freezer;
Operon, Gimpo, Korea)ollA 24417t oA 523511, &
A 2200 =AAZ7|(Lyophilizer; LABCONCO,
Kansas, MO, USA)l 901 2% & 3ol A& of
7HA] 20T oA Hastgith. GHSS &2 33.969%

Table 1. The Composition and Amount of

Goihwa-san
1;2:121 Scientific Name Anz(;)u nt
FifE Sophora japonica L. 100
Hirk Sanguisorba officinalis L. 100
Total 200




Fom in vitro A7olA+= dulbecco’s modified
eagle’s medium(DMEM)O]| -&-3fi510] ‘s-eof] THA| %]
5191, in vivo AFOIA= saline 02 &-5fislo] AL&st
AcKTable 1).

2. GHSe| §4= &4

1) 4 717]9} Ajet

EmpowerE softwareZ ARSI, BransonA k] ul
trasonic cleaner 8210R-DHTS £&7|2 ARE5}0] Ul
tra Performance Liquid Chromatography(UPLC)
o] Qs ARE FE31T}. WatersAk] ACQUITYT
M ultra performance LC system(USA)Y] 1735 A
I =zokE 130(UPLC) S ARE31, WatersAHe] phot
odiode array detector(PDA)2} WatersAF2] BEH C18
column(1.7im, 2.1x100)! HPLC Z¥-& ARESIYTE
A%k & Methanol(HPLCE, Junsei), CHHIEHEH
(HPLC, JT BAKER)& ARSI Aol ARSE E
ZFE.2 Rutin(ChemPFaces, China), Sophoricoside (C
hemFaces, China), Sophocarpine(ChemFaces, Chi
na), Galic acid (Sigma, USAYE 7J51o] AR&31%Lt.

Z¥3] 9] 391 : HifEHO] NF-«B 713 B8 95 Azt A+

2) & 899 =4

HiER A 20 7ol ARG EEE-2 HEClA Rutin,
Sophoricoside, Sophocarpine®} Hu&ol4 Galic
acidE A|#2 A7gsto] £492 Z5Pslict. 919 #2#
& AIsHA ot 22 Methanolol 5994 mig 1mgS
ke BEAMS THEAL AFE F1510d, Methanol
2l 12.5, 25, 50, 100uge] THR=ES sl4so] I
Ho= solrt. HE HEEH oA EEFAY R2
(BAA)= A BEZEZoNA 0.999 ool et

4) GHS9| A& A%

PDAS] B4 322 Rutind} Sophocarpine 280m,
Sophoricosidet=310m, Galic acid:=330mof|A] 24
3193tk o840 2= Formic acid(FA)YS 0.1% $F3-5f

Table 2. Solvent Gradient Conditions for UPLC-PDA Analysis

Time 0.1% FA/water 0.1% FA/acetonitrile Flow rate

(minutes) %) %) (ml/min)
0 98 2 0.40
1.0 98 2 0.40
2.0 95 5 0.40
3.0 85 15 0.40
5.0 75 25 0.40
6.0 60 40 0.40
8.0 50 50 0.40
9.0 20 80 0.40
10.0 10 90 0.40
12.0 2 98 0.40
14.0 98 0.40
16.0 98 0.40

UPLC: Ultra Performance Liquid Chromatography
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11 Q= oHEUED Y 29 NS ARSI, ol
ZAT} o] 24519} 2u9) A RS FQ61%.0H, 0.4
f/min F50] itk £419] Zik= lqﬂ‘lm‘ﬁoi CE

Slo] MEE L AI7RS E31 A4 F018 519 tHTable 2).

3. AEol 717] & Al

SigmaAKSt. Louis, MO, USA)°lIA MT'TS} Lipopoly
saccharide(LPS) ¥ Griess AR 7+, Promega
A{Madison, WI, USA)Z=FH Griess reagent system
S 74519t GibcoBRLAKEggenstein, Germany)
ollA FBS, DMEM, penicillin & streptomycine 7
519, «<8ksk(Junsei Chemical Co., Ltd. Tokyo,
Japan) 22X dimethylsulfoxide(DMSO)E 5}
9t} In vivo GenAHToulouse, France)o|A Loxoribi
ne(LOX), Peptidoglycan(PGN), Flagellin(FLA)}S T+
A3, BD biosciencesAKSan Jose, CA, USA)OIIA A
nti-inducible nitric oxide synthase(iNOS9] antibo
dy)E& 74319itt. Santa Cruz BiotechnologyAKSant
a Cruz, CA, USA)°lIA] inhibitory kBa(xBe), nuclea
r factor-xkB(NF-«B) ¥ actin®] antibodyE U5
t}. Cell Signaling TechnologyA{Danvers, MA, USA)
o)A phospho-1xBa(p-1xBa)2} Lamin A/C @ MAP
Ks phospho-p38(p-p38), phospho-c-Jun N-termi
nal kinase(p-JNK), phospho-extracellular signal-
regulated kinase(p-ERK)9] antibodyS 45Tt
Schleicher & SchuellA{Dassel, Germany)°llA] nitro
cellulose(NC) membranes 959,21, Pierce en
dogen*HRockford, IL, USA)lIA +4st ELISA kitE
AR&3519 Interleukin-18(I1L-18)2} Interleukin-6(IL-
6) ¥ Tumor necrosis factor-a(TNF-@)2] cytokine
S 2735199t} Sigma Chemical AKSt Louis, USA)OIA]
4 954 25 949 529 carrageenan(CA)E 7Y
SIS, FEE 2SS S5 Sk 55547191
LE 7500(LETICA Scientific Instruments, Spain)<
A B3I

o]
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4. M8

OI

A |EO| HHOF

S| A LA K Seoul, Korea)ol|A] Raw 264.7
cell & 751, APERIFNE- penicillin- streptomycin
(100um/nf), FBS(10%)2] Z3H&31 DMEM HiAIE ARE3}
It 80-90% confluenceol] =22 7R 24-well
plate°llA 5% CO,, 37C XACZ A|ZHiY7|(Sanyo,
Japan)ollAl BieFsSict. Agol ARG RE AlaofAl=
80-90% oV B Y= Ao HAISIAL, Achei 3
S 203] W9k cell T ARESHS

5. NO 4439 53

NO9| A/ J32 Ra
23j0] 24319011
oF A=l 5002} E30] Griess reagentS 231519 &
Aol 10% B THSAIZ] o, 540mOllA Infinite
200 Pro(Tecan, Switzerland)91 automatic microplate
reader® S4LE ZAFCE NOQ) AL 72+ g+
9] 842 control cell} tjH|ste] YERSICE

w 264.7 cellol|A] Griess A2k 0]
96-well plateo]] ZF A] A vl

Relative NO production(fold)

__absorbance of treated sample
absorbance of control

6. MZ 4=29 =3

ME AZ2ES BH517] ¢oto] Raw 264.7 cell&
24-well plateA] 5x 10%cell/well & £Z31c}. 1o}
+ GHSE 10, 30, 100 % 300ug/me= A5}, T
SO LPSE AR 5 CO,, 5%, 37CS] 2O 1841
710014 HlieFsto] Al AEE St v &
ofl= 24-well plate©l] welld MTT(0. 1mg/mi) 200u0E
A3 F7HE 4ARE H Hifslict AE AL n|ER
Eefolo] <-§31o] o} BehS W formazan®] B4
Bl MTT+= Bt ohaoll viA & 2AAEA 4ol 7+

AR A== AAGL, AAAE LA formazan



crystal DMSO®| =9 570mol4] microplate reader
(Model; Infinite M200 pro, Switzerland)® S35
S7goIih Al A2 7 Algle] E-8-3 control

cello]| Tstof HERHA

Relative cell viability(%)

__absorbanceof treated sample
absorbance o f control cells

x 100

S|

7 CEHXl ot S|

D I — ]

g

9l

AH

NF-«B, 1xBa, p-1xBe®} iNOS, COX-29] thiial gt
S Z79517] 1ol Raw 264.7 cellS GHS= A
AeJstar LPS7IA] A R[5t ths A2 EH(whole cell
lysate)} HES] ZZE(nuclear fraction)Z, TEsFL
A} ol Tl o] wEh uUegic), SEY] 2552 AEE
ice-cold PBSE AR&3}0] A|ZI3}aL scrapper® 3%t
3 microtube® 2713 Y4E2](3,000 x g5 AF5
< AASIHEE 10019 lysis buffer(0.5m phenyl-
methylsulfonyl fluoride(PMSF), 0.5% Noridet P-40,
0.1mm EDTA, 1mm dithiothreitol(DTT), 10mm HEPES
(pH 7.9), 0.5mm phenylmethylsulfonyl fluoride
(PMSP), 0.1mn EDTA, 10m KCI)E g0] vortexslo] &
5] BoAIT] ThE, 1087t iceol] FAT7H4TC oA 52
7H16,000x g2 T3 e § A5
oL microtube W] & 10 NaCl 400mn, PMSF 1
mn, DTTLEDTA, pH 7.9%1 HEPES 20mrE &3 4010
T2 392 Y3l vortexsIt. 1A 59 &A1
3, 4TOA 108 821 16,000 x g2 YAEE] 51 45
HS RS 253 Aot IR 252
S BCA protein assay kit= A&ol3.0H,
83 o712 -70C 2 Bsiolrt. AAE S50
£ ice-cold PBSZ A|&sl1, scrapperZ 449
microtube® £7] t2°] 1,500 x g2 102530 FAE
golo] AJ5AS  FHolltk o7l
noprecipitation(RIPA) buffer® 10040 715+ 30

o)

>
)

H

1=

=

bl

]

[ <

1=
rr o
)

I

)

radioimm-

Z¥3] 9] 391 : HifEHO] NF-«B 713 B8 95 Azt A+

1% sodium deoxycholate, 0.1% SDS@} Halt
protease, 25m Tris-HCI(pH 7.1) & 150m NaCl, 1%
NP-40, phosphatase inhibitor cocktail& Zglol=
RIPA buffer(Thermo Scientific, USA)E YL vortex
Sto] 5] GIAIR] T, 304 52t 4ToA WA T
+ 15,000 g% 1027t LA, oA 24
EMS BCA protein assay kitS HA] AN E &N
A9 il SlekS Asioitt. AN E 25N U Ee]
FEEOIA 9 Tl oS S5t 0] TS
F3t & SDS-PAGER 7195417171 2feiA A 4719
EH2=2 NC membrane®] TS oA} 12+
antibodyS NC membrane©l|A] ¥F-&-A]7|1L, THA] 2%}
GA2LHESA1A Amersham BiosciencesAtenhanced
chemiluminescence(ECL)
(Piscataway, NJ, USA)R ZhAiotal 7} o] WS
BH71elt. Ultra-Violet Products 1td.2] Image
analyzing system(Upland, CA, USA)& WA gaw o
WA ARl 7 T o) WA controlw}
H|wste] 7 AT viE R

detection  reagents

Relative protein level(fold) =

densityof treated sample
densityof control

8. B3 D7 cytokine? &H

FZ-E wiliche Aol T cytokine 78 flotod
Raw 264.7 cell-& 6-well plated] well& 5 x 10°cell /mf
£ B35 Hjoket thS GHSE 100, 300ug/m] %=
2 AA|51, 1A% 3o LPSE AAI5}9ict. LPSE AA]
T3 18AIZI0] AUpA] B[S 3]4=510] cytokineS 57
ootk 355 459 TNF-a, IL-18, IL-6+= ELISA
kitg ARES B4, 442 7t eytokinertt 7
N9 T2 FFEe S79510] ¥3UeH, cytokiner it
Ao FEL 204 08510 pg/mlE HERASL
tt.
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9. g0 S=E L XX

ASEES Orient Bio(Seongnam, Korea)ZH-E
Sprague DawleyA| 7 rat(453, 130-160g)2 Y
s1997, SESAI0] ARSARAI(ECRS; Environment
Controlled Rearing System)olA] ARS3}3L 1522
7Rk AR O] AZA7|aL LA ARdof] ARSI,
SESAO] ARSEA Y] YT 12ARE, 2=
20-23T, Sk 60%7F FrAE=S sl o™ Al
O ZET= AREA ARSI sl R A= 5=
A el dsl(tetelmsha At = ©-1ACUC) 2
e g5otal AdsiitisIHe ¢ DHU 2021-
103). 482 ol AAZ gl= 2 normaldoZ,
carrageenan(CA) 100ul/ratE ToIFARI O ZH IS
< REg 2 CATeE AAE ¥ CAY
dexamethasone 1mg/kgS FoI3t 7+ DEXA + CAT,
CA®2}0.3g/kg®] GHSE I3 7-& GHS 0.3g/kg + CA
T, CA®}1.0g/kg®) GHSE Foigh w-& GHS 1.0g/kg +
CAT-C =2 AAsloirt. 2 AT sme o] SF= 519l
t}. dexamethasone¥} GHSE= 8150 ¥ LS 7t Al
Fofehal, UEAo]l i[9t o 2 oFEE Fofgt & 1AIRE
of x9] o2 lto] CAS 100ud/rat o2 AR}
ArHTable 3).

10. 854

M

859 Q9 5

GHS® DEXA= 4971 1Y 13] 2R&2 Fofstal, HiA|
gt Fof [AREFo) 100ul/rat CAE FAFsl SRS
FIAF EHE) A= CA FARE S AR,

Table 3. Experimental Groups

2,3, 4ARD ZsIgoR], B2 24serk
59 HEL 022 F10] volume 27 ¥ o} 4
% 31 952 controlZol s 2 Al ez Lt
ERgict

Paw edema volume (fold)

__ pawwvolume of treatedrats
paw volume o f normalrats

9] total lysis bufferE 7}5to] Z2o27](Prep Bead
Beater tacoAk; Taiwan)2 #2813t 5 4C oA AR5
= 15,000x goflA] 1081t YAlEe]slo] AUl o] A5
o] el $18kS BCA kit(IL, USAYE A4 Al
t}. 5] SIS SDS-PAGES ARE31] 7|95 A]
7131, gel 9] Thl A& NC membrane @& Ao]A|FLt.
thaiElo] Zo]E NC membrane©fA] iNOS2] 13} A
2 RS TR0l B 23 S MA] HRAIZA,
Amersham BiosciencesAt enhanced chemilu-
minescence(ECL) detection reagents(Piscataway,
NJ, USA)Z Aoty 7} el o] Wil S 7RAISHA|Z] o
< W7kt Ultra-Violet Products Ltd. 2] Image
analyzing system(Upland, CA, USA)S #A| Algslsh
Fa, 7 TR o] WA controlwtd} Hlwste] Zh 4

o] v Uehhgich

Treatment

Group A

GHS 0.3 GHS 1.0 DEXA

Normal -
CA
GHS 0.3g/kg + CA
GHS 1.0g/kg + CA
DEXA + CA

+ + o+ o+

+ - -
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Relative protein level (fold)

__densityoftreated sample
densityof control

ble]]

L

12. 8AH

H=
(= F'S)

A= WhEsto] 33] A%t thg mean+SDE ARSSH
o} 715513101, ZF A5 7] SA1A ol del st
o] 24 one way analysis of variance(ANOVAYS A&
3lo] 245} TR, Newman-Keuls test® A3k
BAARJD 232 p{0.05, p<0.012 s}t

Table 4. Contents of the Four Marker Components

o] 9] 32 BEHO) NP-cB 7S B3 99 a3t 37

n. @
1. GHSY 42 24
GHSY] #ftold=  Rutin®t  Sophoricoside,

Sophocarpine, #igol| A= Galic acidE A|F/JEOZ
Z7g5lal, GHSE #A418t 23}, Rutin©] 70.606+
0.305ppm, Sophoricoside”} 4.494+0.033ppm,
Sophocarpine®| 10.101+0.065ppm, Galic acid’}
8.46%0.070ppme] =0 AAKTable 4, Fig. 1).

Goihwa-san(GHS)

Herb MifE Huki
Compound Rutin Sophoricoside Sophocarpine Galic acid
Content(ppm) 70.606£0.305 4.49440.033 10.10140.065 8.46+0.070

The Extracts were analyzed for the contents of four components using UPLC. UPLC: Ultra Performance Liquid
Chromatography. The results of the four individual components are represented by the mean+SD.

)

acid - 1.820
—Rutin -5.919
side - 6.652

— Sophocarpine - 3.632

Sophoricos

800
Minute

B)

8
#-Sophocarpine - 3.595

Galic acid - 1.846

200 400

Fig. 1. Analysis of Four Standard Compounds by UPLC PDA
(A) UPLC chromatogram of four marker compounds (B) The chromatograms were obtained 5.915m(Rutin), 6.439m
(Sophoricoside), 3.59m(Sophocarpine) and 1.846m(Galic acid).
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2. GHS7t LPS2 REZ&E NO AHet MZ
dE20 0xl= B

in vitroolXl GHS®] 3 a¥E B7k6l7] sk,
GHSZ 1AIZF B9t AAHA|§E Raw 264.7 celloll LPSS
A A]5ted GHSS] NOof| thet /42 Aok ants
Z75131r}. GHSY NO AIH Al BE89] 74
A dojl=A] B7tsl7] fistod, GHS + LPSeIA] Al
RS 7KL LPSwolAlE FA2] tiztol H|
W] 64.58+2.93%= OJoIAl M=/ AL
O}, LPS + GHS 10, 30, 100 2 300ug/mi2] H1=E A3
282 217 61.93+1.72%, 58.85+1.728%, 57.61
+1.72%, 47.93+1.87%%, LPSE 3= 30, 100ug/
mf- LPSe] HJs Al==/do] S7F5HA] Q39kar, 300ug/
nf- LPSe]l Hls} Ali=/do] S7Fet3ict. webd 2 A
= 30ug/me} 100ug/mZE in vitro AEE XF5HA
tHFig. 2A). LPST-Z FAA] tixa} Hwsioke of
LPS A2 18A1ZF & NO2Q| A/4d] UofA] 4.38H1=
oA Z715H9.eH, GHS 10, 30, 100, 300ug/md
= 77+ 3.91, 3.26, 1.40, 1.17412 NO 34z <
Alstdar, 30, 100, 300ug/mi= 218 YA NO L&
< A2 FKFig. 2B).

A

Cell viability (%)
g
¥

Control - 10 30 100

300 GHS (pg/mL)
LPS

3. GHS7t LOX, PGN, FLAZ |Z& NO 2|
HME YEE0 0l

GHS7} LPS-toll-like receptor(TLR)4S] €% ui7}
TS AT 5 U2 ERIsIL, GHS7H TLRS @
9] t)& TLRY ligand?l LOX(TLR7), PGN(TLR2),
FLA(TLR5) -f=0ll sl dgekgo] AAE 4= Sl
Aol A ERlslyom, LPSE E/dStAIIl Raw
264.7 cell& 2] B A9l NOQ| A4 oA
o9} mR7IA 2 TLR49] ligand?! LPS th4l TLR7
9] ligand?l LOX 30ug/mi, TLR22] ligand$! PGN 30
ug/ml, TLR59] ligandQ! FLA 30ug/mlE |3l NO
o] gt A2 E&E Bkt NO= GHS
100ug/mtE AA 613 W LPS A2l H|wotde
o 25.68%=, PGN AA|3t H|wothe o 54.59%=
NOY| < oAl A3, LOX ARl ,
FLA HX|FelAl= NO2| /< RelotA AAlskA =
Ho19tHFig. 3A). Ml AEEL GHS 100ug/miE A
221319 w| LPS, LOX, PGN, FLA HX|FolA 2%
FOeh Al BEE0] S VEREA] oo n R Al
E490] g2 ERIsHITH(Fig. 3B).

®)

5.0
45
40
3.5 #
3.0
25
20 #

15 #
10
0.5
0.0

NO production (fold)

Control - 10 30 100 300 GHS (pgimL)
LPS

Fig. 2. Effects of GHS on (A)Cell Viability and (B)]NO Production in LPS-induced Raw 264.7 Cell
(A) Raw 264.7 cells were treated with 10, 30, 100 and 300ug/m{ of GHS dissolved in DMEM for 1 hour before to the
treatment of LPS(1ug/ml), and then the cells were incubated for 18 hours. After the incubation, the cells were treated
with MTT solution. Cell viability was measured by MTT assay.

(B) Raw 264.7 cells were treated with 10, 30, 100 and 300ug/m{ of GHS dissolved in DMEM for 1 hour before to the
treatment of LPS(1yg/mf), and then the cells were incubated for 18 hours. After the incubation, the concentration of
nitric oxide in culture medium was evaluated as described in materials and methods part.

Values represent the mean+SD of four separate experiments for each condition(": significant as compared with control,
"p<0.01, *: significant as compared with LPS alone, *p<0.05, #p<0.01). GHS: Goihwa-san Water Extract, NO: nitric oxide

28



Z33] 9] 391 : HieHe] NF-«B 7182 B3 A5 At a+

4. GHS7} iINOS &t8i0] O|x|= st LPS} SAkFE O, GHS 100ug/mioAE 14.45+
0.7081E LPSt Hluwsigls o o8 e AaE
HPI(p<0.01), GHS 100ug/mS] T HzJZolA
INOS9] Ay/del]l frefet 572 Holx| dotrkFig. 4).

GHS 307+ 100ug/ml ‘5014 NO2| A4S -<lst
A AAsk(Fig. 2A) LPS T x|kt Bl wsto] Ajx
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Fig. 3. Effect of GHS on NO-production and Cell Survival in LOX- in PGN-, and in FLA- induced
in Raw 264.7 Cell

Raw 264.7 cells were pre-treated with 100ug/m{ of GHS for 1 hour and then further treated with 30ug/mf of LOX, PGN and

FLA for 18 hours. (4) The relative NO production was evaluated by absorbance. (B) And relative cell viability were examined

by MMT assay. Data were expressed as mean+SD of three separate experiments(: Significant as compared with control

group, " p<0.01). GHS: Goihwa-san Water Extract, NO: nitric oxide, LOX: loxoribine, PGN: peptidoglycan, FLA: flagellin

®)
25 4 .
A o)
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 ——— LPS g 0]
[1'4
04
Control - 30 100 100 GHS (pg/mL)
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Fig. 4. Effect of GHS on iNOS in LPS-induced Raw 264.7 Cells
The levels of iNOS proteins were measured by treated GHS(0, 30, 100ug/mi) pretreatment for 1 hour with LPS(1ug/mf)
during 18 hours. (A) iNOS expression was measured by western blot. (B) Relative iNOS protein was measured by
scanning densitometry. Values are represented the mean+SD of three independent experiments(Significant as
compared with control, " vs control group, “p<0.01, *: vs LPS alone, *p<0.01).
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of vlwste] Fojufgt AAE Holxi= FotrhFig. 5A,
B). COX-29] ¥&oA LPSZoIAE normal tH|
49.354& F-OJ51A] S7F=I1oL, GHS 100ug/miollAl
£ 48.96M= LPSwe] Bl asto] o4 YA FAE A=
ook TOX=ollA+= normal oH] 34. 11¥12 Z71=I
o1}, GHS 100ug/mfolAE 35.0841= LOX el Hlwst
of Fofujgt AAE HolA= gdokon, PONToXE=
normal ™H] 42.87812 F71=%1 24, GHS 100ug/m¢
oA 27.36H= PGNoll Hlarsto] 5o)d SIA 4

+  (GHS 100 ug/mL)
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LPs Lox PGN FLA

Fig. 5. Effect of GHS on INOS and COX-2 Protein Level in Four TLR Ligand-induced Raw 264.7
Cells

(A) INOS and COX-2 proteins were measured through western blot analysis using specific primary antibodies. The same
amount of total protein was isolated by SDS-PAGE. The B-actin level was used as an internal control for the loading
protein.

(B, C) Relative (B)INOS and (C)COX-2 protein was measured by scanning densitometry. Values are represented the
mean+SD of three independent experiments(: significant compared to control, "p¢0.05, “p<0.01). GHS: Goihwa-san
Water Extract, iNOS: Inducible nitric oxide synthase, COX-2: Cyclooxygenase-2, NO: nitric oxide, LOX: loxoribine,
PGN: peptidoglycan, FLA: flagellin
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Fig. 6. Effects of GHS on the Cytokines Production in LPS-induced Raw 264.7 Cells
Pro-inflammatory cytokines were evaluated in the medium of Raw 264.7 cells treated with LPS(1ug/m) in the presence
or absence of GHS for 18 hours. The amount of (A)TNF-e, (B)IL-18 and (C)IL-6 were evaluated by ELISA kit as
described in materials and methods part. Values represent the mean+SD of three separate experiments for each
condition(: vs control group, “p<0.01, * LPS alone, *p<0.05, #p<0.01).
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7. GHS7} NF-«B &f9i0f| O|X|= Fe

=
N—’

©

45
4

[N

*)

Con - 30 100 100 GHS (ug/mL)
LPS

35
3
25
2 #

0.8

0.6

04 15
1

0.5

0.2 x

Relative IkBa protein level (fold)
Relative p-IkBa protein level (fold)

0
Control - 30 100 100 GHS (ug/mL) Control - 30 100 100 GHS (ug/mL)
- LPS - LPS

)

D)

—— NF-kB

— &= = & = | LaminA/C

Con - 30 100 100 GHS (ug/mL)
LPS

Relative NF-kB protein level (fold)

Control - 30 100 100 GHS (ug/mL)
- LPS

Fig. 7. Effects of GHS in LPS-induced Raw 264.7 Cells on the NF-xB Pathway
The 1kBe protein was monitored for 30 minutes, the p-IxBe protein and the NF-xB protein was monitored for 60
minutes, after treatment of LPS(1yg/ml) with or without GHS pretreatment(i.e. 1 hour prior to LPS). (A, D) S-actin
confirmed the constant load of whole cell lysate, and Lamin A/C confirmed the constant load of nuclear fraction. (B,
C, B) The relative density levels of the bands were measured by scanning densitometry. The data represent the
mean+SD through three separate experiments(: vs control group, ~p<0.01, *: vs LPS alone, *#p<0.01).
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8. GHS7t MAPK &ad0f O|X|= Fet

LBP/CD14/TLR4E AWM LPS= NF-«B 714,
Mitogen-induced protein kinase(MAPK) 714 &
‘dofelo]  ASHSS =St GHS=  NF-«B
pathwayold] 245 Alsle ZAS ERIsKIT,
MAPK pathway®]l tisiA% LPS7} NK, p38, ERKO
ol JFE F=A SFsisich
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10.2941=2 FolokA] S7F511om, ERKS| Qlikalke
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Fig. 8. Effects of GHS on Phosphorylation of MAPKs
(A) The MAPKs protein was monitored after 1 hour depending on the presence or absence of GHS pretreatment after
LPS(1ug/mf). (B, C, D) The relative density level of the band was measured by a scan density measurement method.
The three individual experiments for each condition represent the mean+SD(: vs control group, p<0.05, “p<0.01).
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Fig. 9. Inhibitory Effects of GHS in Acute

Inflammatory Edema Induced by CA

GHS was administered to mice in P.O. doses at 0.3g/kg
/day and 1.0g/kg/day for 4 days prior to the onset of paw
edema. Paw edema was induced by injection of CA(0.1m{
/rat) dissolved in saline the right hind paw. Paw edema
was measured at 0-4 hours after CA injection. DEXA(1mg/
kg P.O.) was used as a positive control. The data represent
the mean+SD of five animals. " vs normal group, "p<0.01,
* vs CA, #p<0.01
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Fig. 10. Effects of GHS on iINOS Expression in CA-induced Rat

Z¥3] 9] 391 : HifEHO] NF-«B 713 B8 95 Azt A+
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ol CAdll 9Jaf AR £5759] mdo] GlojA]
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AA =] K Fig. 9).

10. GHS7t £82F ZZ0A iINOS a0
0xls G
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e ) FefmfoiA AR, PURECE AMgH
DEXAT-2 2.22482 ROl8t 7HAE HtkFig. 10).

(B)

Relative iNOS protein level (fold)

03 1.0 - GHS (glkg)
+  DEXA (1 mglkg)

+ + + +  CA(100 uLirat)

GHS was administered to mice in P.O. doses of 0.3 and 1.0g/kg/day for 4 days before paw edema was induced. (A)
The expression of iNOS was measured through western blot analysis using iNOS-specific primary antibody. f-actin
identified the constant load of the entire cell solution, the same amount of total protein was isolated by SDS-PAGE.
(B) The relative density level of the band was measured by the scanning density measurement method. The value
represents the mean+SD. These are the results of three separate experiments(: vs Control Group, ~p<0.01, * vs CA

alone, #p<0.01).
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FEOFZ fol YA HAAF O (Fig. 6B), IL-6 T
SHLPS T AJA|E tiH] 21.96% 502 fold A
A FHFig. 60).

wlebd GHSE RAHLPS)Ol disto] £529] Hof
o} A FAI Fofoh= A /SRS o
FH[sk= okl cytokine?! 11-6, 1L-18 @ TNF-a
S Fom[stAl AABIATE NF-£BE QA o] A%
2 HAS 9ol F838F AT k= AL FAt
AzA of2] A5 cytokine?t ¥ UHEES]
COX-2, iNOS #74} TS 2dok= HARIRelH
MO} ARE, Al 2, FF B4 St Telo] Ak
A 9lom, AEA W [«B7} p-IkBE K=
NF-¢B7} 8] W& of5oh= IH o2 AFS Filoh=
A% Az, GHSE MEZH9] [4Beo] Tl
2 LIPSOl 9Je 723 A AsHA o, GHS 30ug/
nf*= 0.208+0.016812 LPS @5 HX|- o] 152.2%
$Z07 Z7MZon, GHS 100ug/mi= 0.401+
0.05981= LPS T A tfe] 299.25% S22
ol A Z7MAFHFig. 7A, B). LPSo 2jsh 24
ke NZA YoM p-1kBed ¥EL 3.008HI=

controlo] I3 oF 34} £E0= GOl Al F7IeIS

¢

ol
oo

ro,
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O}, GHS 100ug/ms= 1.4328H2 LPS T AR of
H 47.66% o2& Fold A AAaARoH(Fig.
7A, C), LPSol ofsl 2/l & tjollA] NF-xB2] &
A2 AlEdolA [kBe7t A4SHL, p-1kBe?t 5713t
of wh=l, LPSoll oJaf 2.418H12 controlol HI3] oF
2,414 o= [old A 7Kl GHS 30ug
/nl= 1.9438% LPS T AX| M) 80.35% 2
2 AT, GHS 100ug/m= 1.475812 LPS @
A2 ] 61.00% 2% o A HAaAHTH
(Fig. 7D, B). & GHS 100ug/mllA LPSZE AHeJo1%e
o) A2 WollA A 1kBes 2 A S7H171
I p-lkBes ALAAAM & WollA| NF-¢Bo] Ui
A

MAPK 2= & HE o5 #2412 F =0l NF-
kB B3] FFE F= HEAQ] AsEA]:
MAPKs9] 42 F85H 37H= o]FolA Sl
c-JunN-terminal kinase(JNK), p38 kinase(p38),
extracellular signal-regulated kinase(ERK)7} 7L -
3 YAEelth. MAPKs7F SHdoe]wA] thalMlae
NOE A/dslal MHS4 cytokine®] TS 2RIt
MAPK 2% cytokine, AEFHA, ARTERE £0] &
BAENE 28k ASE Adtto] 4l Al
3 9 34, AP 2E 59 715 o Qe
g = o® 2AHH S 27 b, GHS
-+ NF-«B pathwayoll 4] 2/3& dAok= A& 216K
3, MAPK pathwayollAl LPSZ 15} -oJskA| 571
p38, ERK, JNK9] QI43lo] tisiiAl GHS 30ug/mi<t 100
ug/miE 793t A3k, p-387 p-ERK, p-]NKE 214
YA AABIA] FokitkFig. 8).

in vivoollAl GHSE 8% % 24 CAR B35 &
Hoh S S st AdolA wol ol8sl=
CAZ R=d 94 S58 ZEE ARgolo] Wrlelola
3ARMN RFelohA £5F0] A=K Fig. 9). rat]
FZ2A04 INOS TiEo] a2 GHS 1.0g/kg +
CAZOE 1.81+0.388= CAZo] Blwslo] G4
A AAEAKFig. 10).



weba B GE Eslo] GHSE: tjalA|ZoA 9%
o] WABENS W, in vitro} in vivoolA] AASEEY
NO9 Hdg IAPly, HESAH Wl EZY

cytokme(IL-G [1-18 ¥ TNF-0) Ao 25 3
S BIE UL, NF-«B AAL AR KOst
A AR FET 715 ERIsH

AT B B /1A okt 9% 9 A5
AZ 52 53t Felo) vk 9% &

o] ot ol2A ZAZE Fareld 4= gl o, 4
okE0] 7iztol| QlojA] Bako] Agt ulgT} ok Ao
w2 ko] Hslr} ofwRkA|, Mt TR WALt H|
T MFARS X 8sk= ail= ou Awolx|o| o]
3t 27}49] A7) dest Aoz dolE

oL

V.2 B

BER IAARS A|=ok= AWOoR Hiftl
ZZE(GHYZ in vitro?} in vivoolA NF-kB
pathway, MAPK pathwayS $41°0=2 35 G715
uﬂ7]-o]— 2RO 1:1r J,} 71—1:}

in vitroo|A+= LPS, LOX, PGN, FLA°| TLR4, 7,

2, 5)7}°] Zgto g ZHAJslE Raw 264.7 celloA]

1. GHS= 30, 100ug/miold 2= glo] NOE 2
3 VA AABIAIL, of=et Aik= INOSO| T
ARt Aol 7115k

2. GHS= PGN-TLR2 "7l NO%} iNOS, COX-2&
FJ5HA At

3. GHSE= LPS-TLR4 i/} &5 4 cytokineS!
IL-6, IL-18 ¥ TNF-e5 F2JstAl At

4. GHS= LPS-TLR4 7}l NF-4B pathwayollA= Al
ZAof|A] LPSe]| oJafl 7HAH [kBe S 24 Al &
7WA712L p-1kBeE TAAAA 3 HjollA] NF-£B
HAS At

Z¥3] 9] 391 : HifEHO] NF-«B 713 B8 95 Azt A+

5. GHSE= LPS-TLR4 ©j7§ MAPK pathwayollAl=
MAPK(NK, p38, ERK)2] QW31 Sofst Ara
AAoh= vh= YTt

in vivooAl= CAZ S&H £HZE ndo] gd=x3
oflA
6. GHS AA-2 5352
7. GHS AR+
SHA| A8

52 R BRIt

%% whE INOsO) WHg fo

{o
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