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Abstract

Objectives : This research sought to examine the anti-inflammatory properties of Eungyo-san (EGS) water
extract in vitro using RAW 264.7 macrophage cells.

Methods : RAW 264.7 cells were pretreated with various concentrations of EGS (30-1000 pg/mlL) for 1 hour
and then stimulated with lipopolysaccharide (LPS, 1 pg/mL). Cell viability was measured via MTT assay. The
synthesis of pro-inflammatory cytokines(TNF-@, IL-6, IL-18) and nitric oxide(NO) was assessed. Protein
expression levels of iNOS, NF-«B, I¥Be, and MAPKs were analyzed by immunoblotting.

Results : EGS exhibited no cytotoxicity up to 1000 pg/mL. Pretreatment with EGS significantly inhibited
LPS-induced NO production and reduced the expression of iNOS. Moreover, EGS decreased the levels of
pro-inflammatory cytokines and PGE2. EGS also suppressed LPS-induced degradation of I¥kBe and nuclear
translocation of NF-¢B. Among MAPKs, only JNK phosphorylation was attenuated at the highest EGS
concentration.

Conclusions : These findings suggest that EGS exerts anti-inflammatory effects by modulating the NF-«B
signaling pathway, thereby suppressing the production of inflammatory mediators. This study provides
experimental evidence supporting the potential clinical use of EGS for inflammatory diseases.
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2 AFolA= in vitroolA HUEIHKS] B4E 5

AAZE(EunGyoSan water extract, EGS)2 Raw
264.7 celld] A2 3t 3 lipopolysaccharide
(LPS)E HIZESH 49 toll-like receptor (TLR)
ligand& A=sto] 24aAze o, A5 W =2
59 Ho| 713 L o] A9 F8 71A
= YorE Yt

1. Tz 2 AUy

1. ¥y 2 $E2(EGY)Y ME

JoEEe] 4 ARl e8YE B, W, 49T
ERE, TR, BE, 1T5E HEe A
oA Fafskolet. fuEE 19 2Rl 173.582
= 1709 ¥2 &, 302 4 & 24 2083 |
1% dHE A7) SR7R 7igste] &SI
(Table 1). 748 9A F FirHl, ¥ oK TF)o
of 2087t FEZ PSStk ol%o] FEEZ
NO.2 Filter paper (Advantec. 300mm. Japan)=
olZfgt & o] oA IHFUEF7](Buchl
Swiss)2 SOt U 55A2 24A1%F ol

< 2A2¥57] (Operon, Korea)olA Y&AIZl 7,

Table 1. The Composition & Amount of

EunGyo-san

Ezgfel Scientific Name Anzz;l nt
SHYE Lonicera Japonica 37.5
BuE:7) Forsythia Suspensa 37.5
4T Archium Lappa 22.5
Fff Mentha Piperascens 22.5
iy Platycodon Grandiflorum 22.5
FOFE  Schizonepeta Tenuifolia Briq. 15
I Glycine Max Merr. 8
HE Glycyrrhiza Uralensis 18.75
(UES Dendrobium Hancockii spp 15
Total 173.5
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I EE BES %75_-7 Z7] (LABCONCO, Kansas,
MO, USA)olA &274% skl Aol AEsH] A7t
A oA 4(::% BP9t EGSY g2
26.70%%2H, DMEMO] =21 & Fkof Hes of

o jn vitro AXONA A&

2. NF R 717

5-diphenyl-tetrazolium bromide)?} MTT(3-
(4,5-dimethylthiazol-2-y1)-2, 2} LPS(Escherichia
coli 055:B5, Difco, Detroit, MI, USA)=
Sigma-Aldrich(St. Louis, MI, USA)IA U3t
T}, Streptomycin, penicillin, FBS(Fetal bovine
serum)@} Dulbecco's modified Eagle's medium
(DMEM)= Gibco/BRL(Eggenstein, Germany)°lA]
TAsHFLE. 2 @it (unsei  Chemical
Co., Ltd. Tokyo, Japan)olAl Dimethylsul-
foxide(DMSO)E T3ttt BD Bioscience(San
Jose, CA, USA)IA Anti-inducible nitric oxide
synthase (INOS)E -5} 1L, anti-inhibitory «B
a(IxBa)= Santa Cruz Biotechnology(Santa cruz,
CA, USA)olA 31l anti-nuclear factor-xB(NF-«
B), anti-phospho-1xBa(p-1x¥Be), anti-phospho-
c-Jun N-terminal kinase(JNK), anti-phospho-
signal-regulated  kinase(ERK),
kinase(MAPK)s,
anti-phospho-p38(p38), peroxidase-conjugated

extracellular
mitogen-activated  protein
secondary antibody ¥ anti-lamin A/C, anti-8
-actine Cell Signaling(Danvers, MA, USA)°lA]
FistHEt. Griess reagent system= Promega
(Madison, WI, USA)OA Fulisteial, cytokine?l
TNF(Tumor Necrosis Factor)-e%} IL(interleukin)
-6 ¥ IL-18= ELISA KitE Pierce endogen
(Rockford, IL, USA)IA FYUstEoH, PGE,
ELISA kit®= Thermo Scientific(Waltham, MA,
USA)C2HE 78197, Schleicher & Schuell

(Dassel,  Germany)lAl=  NC(nitrocellulose)
paper& T3ttt

WatersAte] ACQUITYTM ultra performance
LC system(USA)Ql XS HA|Z=ZulE 1]
(UPLC) ¥ WatersAt®] ACQUITYTM photodiode
array detector(PDAYS ARESIHOH, software:=
EmpowerE ARE5191, HPLC YO ZEE= Waters
A ACQUITYTM BEH C18 column(1.7um,
2.1x100)& AH&3FACE

BransonAt®] ultrasonic cleaner 8210R-DHT
F2718 AREste] UPLCO] a3t Al=E FE51%
ot BAo] ARE 2GR R oHIEYER
(HPLC®)2 JT Baker(Phillipsburg, NJ, USA),
methanol (HPLC&)< Junsei Chemical Co., Ltd.
(Tokyo, Japan)}& AMESHEIT. Aol AM8E
% Forsythoside, Platycodin D, Luteolin 7-O-8
-D-glucoside, Arctigenin, Isoliquiritin& Chem
Faces”HWuhan, Hubei, China)olA] F+J5ta1,
Baicalin, Decursin, Ferulic acid, Quercetin=
SigmarKSt. Louis, MO, USA)ZHE FQI5lo] AR
Eirig

3. Raw 264.7 cellQ| HHQF 2 XqX| 2t

Raw 2064.7 cellZ F=A|ZFAFAH Seoul,
Korea) 2 27 FHjsigitt. AlZuigHL 5% CO,,
37C9) =4 stol, DMEMO 10%] FBS2F 100ug/
ml9] streptomycin, 100U/m9] penicilling &35}
o] AzZeig7](Sanyo, Japan)llA HisIT:. AH
o AR&E EE A= AlZEI dishe] HA] HA o
80-90%E Z¥foto] HiF HUS AF AdEE 3
7t 20315 9714 g2 7Bl ARSE AT FBS

7} v]2gE DMEMoA= 712 Raw 264.7 cell

BRI, 30-1000ug/m =2 EGSS 23St
DMEMO.Z w3att. BGSo2 AX|gH & 7+ Ay
oflA LPS 1ug/mlE E3tsto] ARESIAI:
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4. sRE 2 FE2(ECS)Q g2z

HuE Ao el AME EEES g BA
£ 7ok A9l o)A Forsythoside B, 48R
fEol A Luteolin 7-O-beta-D-glucoside, HE|A
4357 A Arctigenin,  5HOIA
A#E AAste] EASIIH

Isoliquiritin,

Platycodin D&

olo] FFEES AHUsH Akl zZkzt
MethanololA =91 & W 1ngg Zel= F2Y

A et 7 & 9] RPN HHRS s}
of, Methanolo] m{ B 12.5, 25, 50, 100ug<] Z3F

A% sk, HEAe U, Y HEE
oA Qolal EEZHY BIANR) P

0.999 olgol3ith.

e AU =2 & 5210%2" MRS #4485
A S3kete]  0.1ge B9l
Methanol 10m{S &3] 2417 &9 2392 &

E3ct 919 A9 374 0.22m0] HEH<I FHE
O]_Q_OH OI]J,]—o]- kel 7—] ﬂi ‘8]—93\]:]‘.

1A AHTZuE I E(UPLO]] WatersAke]
ACQUITY™ ultra performance LC system (USA)
9} ACQUITY™ BEH Cig column(l.7 m, 2.1x
10002 ol&stylen, A4 Column? =g

Table 2. Solvent Purity Specifications for
UPLC-PDA Examination
Time  0.1%FA/ 0.1%FA/ Flow

(min)  water(%) acetonitrile(%) rate(m{/min)
0 98 1 0.40
1.5 98 2 0.40
25 95 5 0.40
4.0 60 40 0.40
6.0 50 50 0.40
8.0 50 50 0.40
10.0 20 80 0.40
13.0 10 90 0.40
14.0 2 98 0.40
15.0 98 2 0.40
16.0 98 2 0.40

EA4519tt. PDAS] 4 142 Forsythoside B T
280 mm, Luteolin 7-O-p-D-
glucoside®t Arctigenin= 330m, Isoliquiritin:
380mmefl A EAI5kI

ol sAoZE 0.1% Formic acid®} &2 3t
OHEUEY Teole AgaIgon, ofel ZHo
Z ZAS. AR 2uE FAHoH, #4552 0.4
nf/min°|ct. EAZAIE s, HFE Algtof ot
eSS, mA WA Ho=m AR sl
(Table 2).

Platycodin D=

5. Nitric Oxide(NO)Q| MMt =X

Raw 264.7 cell& 6 well plateo] 5x10°
cells/well2 E3sk1l 30, 100, 300, 1000 ug/m
559 EGSOE 1A &t AXgE &, LPS 1ug/ml
< AA|sto] 18AIKF & A2 BiFHS Ak

96 well plate©l] 50409 GriessA|2H1% sulfanila
mide in 5% phosphoric acid + 1% e-naphthyla
mide in H;O)#} 7t A%9] Aaufof 45H 50u
QA4 10= 2+ ¥ESAIFH. o]F,
microplate reader(Model; Infinite M200 pro, Te
can, Minnedorf, Switzerland)E ©] 9—’5‘}04 540m
oJM9 FFEE ASsINT NO9 FAFE contro
Iol ojuigt 2+ AT Hi(fold) &2 AAISHAH.

o 33k} o

NO production (fold) =

absorbance of experimental group
absorbance of control group

6. Cell survival rate(M|Z M=8) =X

Raw 264.7 cell& 5x10* cell/well2 24 well
plateo]A] 58t & EGSE 30, 100, 300, 1000ug/
w9 SEE HAelict. 1 & LPSE AAskl 5%
COy, 37C9 274 slollA 18A1%F B3 g7 ]ollA

gl
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MTT assays 745171 1] AlZEiFHo] welld
MTT(0.1 mg/ml) 200ulE 4A17F &% ¥ & 37t
vt MIT &5 AlASHA MTT7F 283t A
EM29] vEZC ol AHE formazan crystal
< DMSO°| 9 microplate reader(Model;
Infinite M200 pro, Tecan, Minnedorf,
Switzerland)& ©l&sto] 570molA FFEE AS
stich MEZAYEES 2ol diote] ZF AdZe)
WEgE A4St

Cell survival rate (% of control) =

absorbance of experimental group
absorbance of control group

100 x

Ctd

[N |

=
EI'°|_ X

o

~

1l
i

EGS®} LPSE AXE Raw 264.7 cell-2 Thfa gt
dgE o] Slof & £ FEE AAE =&
M-S Thad} 22 W0l weh EEsigit

WA, AN FEHE A]7F Raw 264.7 cell i
ce-cold PBSZ Al&st & scrapper®Z 85t mi
crotubeZ 71 &, 3,000xgZ Y4 E&l5to] AFs
A AASIGTE 150mM NaCl, 25mM Tris-HCl(p
H 7.6), phosphatase inhibitor cocktail, 1% NP-
409} 1% sodium deoxycholate, Halt protease,

2

0.1% SDSE Z3I3t radioimmnoprecipitation buf
fer(Thermo Scientific, Rockford, IL, USA)S &
7Fota] 304 &<t 4TolA HEEAIR] & 15,000 % g9
A 107 &% 94 Eesto] edes ANE 259
07 HESI9Lt. 1 5 BCA protein assay kitS A
8sto] &g =S SRlskyith

o B3l2 XA|H A|ELE ice-cold PBSZ A& st
1! scrapperg AREoto] 4288 & microtube®l| %
713 3,000xg® 94 Eelste] F5Ae AAU
KCl 10 mM ¥ EDTA 0.1 mM, Hepes (pH 7.9)
10 mM, phenylmethylsulfonyl fluoride 0.5 mM,
dithiothreitol 1 mM®} 0.5% Noridet P-40& 23t

H

ot g5 100WE Yol vortexdkl iceo] 1087F
st & 52 B9t 4TOA 16,000xg® ¥4 £

AAsL do] 2= o] Sl= A= NaCl 400
mM, Hepes(pH 7.9) 20 mM, dithiothreitol 10
mM, EDTA 1 mM® phenylmethylsulfonyl
fluoride 1 MMZ ©o]F0jA =M 40uS H7I51H]
8] HTE 1 F iceolA 1A1ZF AR & 102
7+ 4Col4 16,000 g= HH E2gt & A5HS 9
BEE=7 #E3I9ch BCA protein assay kitE AF
83lo] & RElE0] Tl RS S7dckal, A
ARE7] A7HA] 70Tl A HHsii.

ANE 228 4 o Fgogre iy ek
golo] FUgt 49 Tuld S Eejofaofulol=
A7) e ol8sto] A7) FEAX &, g
Nitrocellulose(NC) membranel =2 Zo]A|Zit}.
Higo] HdolH ZF9] NC membrane iNOS,
p-I-kBa, NF-¢B, I-xBe, MAPKs, B-actin %
Lamin A/C9 1x} A9} ¥FA)7]11L, blocking,
washing 2P A &, &d 4H-S 7HAek 4
QEE horseradish peroxidase’} £ 23 A
ot BRAIRL
(Piscataway, NJ, USA)2] ECL detection reagents
= Argoto] S ZPsiict. 7 i) Mgy
2 7] Y814 Image analyzing system
(Ultra-Violet Products Ltd., Upland, CA, USAX&
ARESIGIL, 7 ThlEo] drERRe iRt ouls]
Z AT fold2 YERHSILY.

ol
[e)

fLoto

% Amersham BiosciencesA}

Relative protein level (fold) =

The concentration of experimental group
The concentration of control group

8. Cytokine % PGE2 &H

6 well plateol] 5x10° cell/mE E53}9] Raw
264.7 cell BiYSt &, EGS 300, 1000 (ug/mf)
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9] H=& AR5t Cytokine¥ PGE2 &7517] 9
aff ARE3IAH. EGSel AR celli> 1A41%F &0f| LPS
lug/miE ZA7Fetgon, 18A1RF &<t Ast &
cytokines 75ttt

IL-18, 1L-6, TNF-a= Pierce endogen®] ELISA
Kitg ol8sto] Z4gct. PGE, 3 R&D Systems
AlollA AlZ5t assay kit(Minneapolis, MN, USA)S
AMgsto] B7kskie}. PGE; ¥ Cytokine?] =4t
o} 7709 B E ASdte] EEAS AL, HIAF
< pg/mlE FZIA] thdste] e AT

= A% 23} dlojHE meantS.DE H7]3h
Zy % 7F] #9492 one way analysis of
variance(ANOVA)E &9 B7Ft ¥ Newman-
Keuls testS o|-&sto] A AAFALL, p0.05 E
+ p0.010] EAHCE Fofmsirtal A5tk

1. EGS9| UPLCEA

EGS & 259 RIS 98] EGSY| 74U
% ##= Forsythoside B, ##ft2 Luteolin 7-O-
HEe= e
Arctigenin, K2 Platycodin D& X HE=Z 4175}
o] £4& APtk Table 3).

BExZy B o] ARSE EGSol= Forsythoside

B-D-glucoside, Isoliquiritin,

Table 3. Five Kinds of Marker Components in EGS

Brk 58.315+0.249, Luteolin 7-O-8-D-glucoside
6.427+0.127,  Isoliquiritin®]  2.214£0.057,
Arctigenin®] 100.275, Platycodin D7} 14.983+
0.425(ng/kg)o] =l AAKFig. 1).

2. EGSO| NO 4y & MEYZE0 O

rir

g

odt

4 LPS T AAFolAe tiRet H|wsto]
NO9 AAo] 2.55+0.19812 2-2J5H] (p<0.01)
27kt EGS  30ug/mlZ  AAZE  FollA=
2.20£0.04¥12 NO B48< 94 A AAA71A
Fotglont, 100ug/molAlE 1.90£0.1482 NO2
BYE foulstAl IAaAIEE 300ug/miolAle
1.52+0.044, 1000ug/mollAl= 1.05+0.01¥12 &
T f9ulstAl (p<0.01) ZASHATHFig. 2A).

EGS®] LPS A& 32| NO A4S AN
EGS+LPS(1ug/ml)9] MZ=/HO=E <l Hehd
A& wEsl7| 9Jslo], EGS+LPSE A5kl 18417t
Foll, MIT assayE Alote] AZYEES B7FoF

=

ol
Ael

f8A

LPSllA= controlstell Blaste] 75.92+1.51%
O] AZABEES HH2H(p<0.01), LPS2 EGS 30ug
/mE AT FolA 96.98+1.90%, LPS} EGS
100ug/mlE AHst ollAl 93.06+4.37%, LPSS}
EGS 300ug/mE A=Igt oA 91.58+4.99%=
LPS &5 Xt HIWothS o Al BEE9] A
Sk YERHA] 9I9kth(Fig. 2B).

kA BGSe] 1002} 300, 1000ug/mle] s=ollA
NO9| A& FoulsHA AAstaL, AlZEAYEE] F

Herb Compound Marker Components Content(mg/kg)
it Forsythoside B 58.315+0.249
SHYE Luteolin 7-O-8-D-glucoside, 6.427+0.127
HE Isoliquiritin 2.214+0.057
47 Arctigenin 10.753+0.275
FhfE Platycodin D 14.983+0.425
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Fig. 1. Analysis of 5 Standard Compounds in EGS by UPLC-PDA.

(A)UPLC chromatograms of 5 standard compounds, Forsythoside B, Luteolin 7-O-8-D-glucoside, Isoliquiritin, Arctigen
in, Platycodin (B)UPLC chromatograms of Forsythoside B, Luteolin 7-O-8-D-glucoside, Isoliquiritin, Arctigenin, Platyc
odin in EGS. (Forsythoside B, Platycodin D; 280m, Luteolin 7-O-D-glucoside,; 330m, Isoliquiritin; 380m)
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Fig. 2. The Influence of EGS on NO Production and Cellular Viability in LPS-activated Raw 264.7 Cell.

Raw 264.7 cells were exposed to concentrations of 30, 100, 300 and 1000 (ug/m{) of EGS for 1 hour and the cells
were then exposed to 1ug/ml of LPS and incubated for 18 hours. (A) Relative NO production(fold) was estimatec
by Griess reagent and (B) relative cellular viability rate(%) was determined by MTT assay. Data show the mean +
S.D with each independent experiments. “p<0.01, *p<0.05, ## p<0.01.

FE uRA] okomz o)F9] 7| = EGS Agt Zlo], INOS Tl e 24 ofFlat o] 9]
300, 1000 ug/m(9] “s=olA AdE ottt 4] gRlsh7] 98ll, EGS 300, 1000ug/me] 5=

=Al
6087 HA5kAL Raw 264.7 celloll LPS 1ug/méS
3. EGSO| iNOS Z3d0]| Ojxl= Fgk A 2sto] INOSS] Tl 35 B7hellh

LPS @& Ax Ay iINOS9 wdlo] izt
EGS 300, 1000ug/nl2) S=014 NO2| A4 o =
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— - w— e | 3-Actin g
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—_— LPS i,
=
1]
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- - - LPs

Fig. 3. The Impact of EGS on iNOS Expression in Raw 264.7 Cells Stimulated with LPS.

The expression level of iNOS protein was evaluated 18 hours following stimulation with LPS(1 pg/mL), with or witho
ut prior exposure to BEGS at concentrations of 300 and 1000xg/mL(i. e. 1hour before LPS). Same amounts of protein
were divided by SDS-PAGE. The level of iNOS proteins was determined by immunoblot analysis using specific iNOS
antibody. The expression of iNOS vertified equal loading of the total lysates. The relative iNOS density was confirm
ed by scanning densitometer. Data represent the mean = S.D for each experiments. “p<0.01, ## p<0.01.
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Fig. 4. Effect of EGS on the Cytokine Production in LPS—stimulated Raw 264.7 Cell.

The concentrations of pro-inflammatory cytokines were quantified in the supernatants of Raw 264.7 macrophages
stimulated with LPS (1 pg/ml) for 18 hours, with or without of EGS. The levels of (A)TNF-a, (B)IL-18 and (C)IL-6 wer
e assessed by ELISA kit. Data showed the mean+S.D of 3 separate experiments. " significant as compared to con
trol, “p<0.01, * significant as compared to LPS-stimulated cells, *p<0.05, *p<0.01.
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(1.00£0.32) tiH] 13.51£0.378% SouisHA| &
7Fetoict. EGS 300ug/mie] “sEollA= LPSwHol H]
3 12.83+0.27812 B|%:gh =0]91 31, EGS 1000
ug/mloNAlE 6.38+1.34812 LPSTo] Hlgto] f-olv]
St (p<€0.01) FA35t%ItHFig. 3).

4. EGSO| cytokineQ| AAM0] O|Xl= g

EGSo| tjlAaol|A AFo] LT
cytokine A& AT 4 QA ERIT =
TNF-e, 1L-18 9 1L-69] A3 SAeart.

1 A3k, FAA i2wolA TNF-e7F 299.00+
24.12pg/mie]1} o, LPSTAE 3615.44+37.18
pg/mlEA ol Hlef §-omstAI(p<0.01) S7Fst
et o]zt LPSol| 9Jgt TNF-2] $7k= EGS 300
ug/mf@  1000ug/mielA - ZH 2052.66+133.86,
1383.44+43.93pg/m=E =% 94 AA(p<0.01)
A5t cHFig. 4A).

2ol AE 1L-187F 5.94+4.48pg/mlC] A O,
LPSToAE 137.28+10.24pg/mlEA Tz H|
wsto] fomst (p<0.01) S7FstYLt. o=gh LPSel
ot 1L-189] %7K= BGS 300ug/miofAl=
85.07+4.29pg/ml, 1000ug/mloIAE 60.37+1.04
pg/mE F9JulgHp0.01) A4S HUcKFig. 4B).

E3h [L-65 tiRFolA 46+1.44pg/mlo] R oL,
LPSeollA= 2091.2949.37pg/ml= Hix<tol] Hlst
of F9Ju]skA(p<0.01) F7Iotgitt. o]zt LPSel| <
3t 1L-69 $7H= EGS 300ug/mi=} 1000ug/mlolAl
217} 1847.11+7.14, 1185.48+40.95pg/mlZ -2
015k (p<0.01) ZA3HItKFig. 40).

tlo

/\] Acl)u

(¢]

o

X ox

5. EGSO| PGE29| 40 DIxlz &

EGSO] PGE,9] Aol JFe 714 ATHe-E <
AT 4= A=A Rl Y3l PGE, %S 73
k.

PGE= tiZZolME 360.10+106.04pg/mo]3d

-

O}, LPS T HA|ol|lA= 2086.85+15.01pg/nf
2 273} Hlwste] {o5HA(p<0.01) F7HH3ith
ol2fgt LPSel| 9Jgt PGE,9] $7k= EGS 300ug/mlol
e 841.06+44.98pg/ml, 1000ug/meE 518.39
+60.05pg/mZ 2% 3olu[gHp0.01) AAE EA

tHFig. 5).
2200 w
2000
1800
1600
I
z 10
8 1200
o 1000 u
g s w
800
400
200

Control - 03 1.0 1.0 EGS (mgimL)
_ LPS

Fig. 5. The Impact of EGS on PGE: Synthesis in
Raw 264.7 Macrophages Activated by LPS
Stimulation.

The levels of Raw 264.7 cells were quantified in the cul
ture medium following 18-hour treatment with LPS(1 sz
g/ml), in the presence or absence of EGS. Production of
PGE; was assessed by the PGE; assay kit. Values are ex
pressed as the mean + standard deviation (S.D.) from t
hree distinct experiments. *: statistically significant co
mpared to the control group, p € 0.01, # statistically si
gnificant compared to LPS-treated cells, #p < 0.05, ##p
< 0.01.

6. EGSO| NF-«B2| &dalof OIXl= &

£ dJFLof|A= EGSO| NF-«B signaling pathway
9] dZ JAIst] BFEEE JAlSk= ZAUAA &
Qst7] AsiA AZAAAC p-I«kBe, kB2l W&
F= S99k, AES A= NF-«B Thido] I
T Selskith

IkBa= LPS AAEolA diz=t HiH] 0.34+0.01
HjE=A Tl Bl f-2lskAI(p<0.01) skt
T2y ol2fgt LPSE QI 1xBe UETY Aae
EGS 1000ug/mloA+= 0.55+0.02802 -2Ju|stA|
(p€0.01) S7Fol3itkFig. 6A).

p-lkBee LPS AXHolA dixgt ofH] 7.25
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+0.494% FoH[sHA (p<0.01) F7I8H Y, EGS
1000ug/mloll A= S7FE p-1kBa7t 4.71+0.3341=
LPS AZ|3of Blwsto] f-ojulstA|(p<0.01) #A4st
AcHFig. GB).

AEZof| A NF-4¢BE= LPS HAZ 2J3f tiz o

Gy
D o e e | |[KBQ
— — - —— — B-Actin
Con - 0310 1.0 EGS (mg/mL)
— LPS
®
— - — | p-lKBa
——— — - = — B-Actin
Con - 031.0 1.0 EGS (mg/mL)
— LPS
©

— v NF.kB

= e === === +=» | | amin A/C

Con - 03 1.0 1.0 EGS (mg/mL)
— LPS

H 24402392 FuIstA|(p<0.01) S7HoIAL.
1, EGS 1000ug/molAl= NE-,B7F 1.50+0.074]
2 LPS Aol vlsh ofmlsiAl(p<0.01) 243kt
HFig. 6C).

0.8
0.6
0.4 *

0.2

Relative IkBa protein level (fold)
E

0.0
Control - 03 1.0 1.0 EGS (mg/mL)
— LPS

Relative p-IkBa protein level (fold)
(=] - L8] £=] F- [+] - -~ -

Control - 0.3 1.0 1.0 EGS (mg/mL)
_— LPS

*h

0.5

Relative NF-kB protein level (fold)

0.0
Control - 0.3 1.0 1.0 EGS (mgimL)
R —— LPS

Fig. 6. The Modulatory Effect of EGS on the NF-«kB Signaling Pathway in Raw 264.7 Macrophages

Stimulated with LPS.

The levels of 1xkBe protein were evaluated 30 minutes, while p-IxBe and NF-«B protein levels were assessed 60 min
utes after LPS (1 pg/mf) treatment, with or without prior EGS pretreatment(i. e. 1h before LPS). (A,B) The B-actin ve
rtified same amount of the whole cell lysate, and (C)Lamin A/C confirmed same level of the nuclear fraction(A, B
and C). The relative density levels of the bands were assessed with scanning densitometer. Data represent the mean
+S.D. of 3 separate experiments. : significant as compared to control, “p<0.01, *: significant as compared to LP

S-stimulated cells, *p<0.05, *p<0.01.
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7. EGSO| MAPK &ed0f| OJX|=

BEGS°] NF-xB pathway¥]o]

A 9] 39 @ LPSE HeH Raw 264.7 AlEollA ¥y 24 580 PA5 8t

o5k

MAPK pathway©]
g 712 =A] ol |HdTh p38e} ERKS QA4S
£ LPSToAE izt vlwsto] 24 4.49+0.35

b, 5.03+0.5582 F-2Ju]slA(p<0.01) S7Fstirt.

SHAISE p389}F ERK9] ¢

Al golmgt
and O).
JNK9] Qlaks} HAj=

@jo] golulat

273} vlwsto] LPSEol
e 6.7840.59812 {-9JulaHA] (p<0.01) Z71515
o1}, EGS 300, 1000ug/m2] &Ll LPSTol| H]
FAE UEAl Z3ckFig. 7A

and D).
(Y]

Con - 0.3 1.0 1.0
©

Relative p-ERK protein level (fold)

Control

0.3

1.0

ke BEGSS AR’ 7]
IS HoFEA] XoIitkFig. 7A, B

P-p38

p38

p-ERK
ERK

p-JNK

JNK

Egg (momb

1.0 EGS (mg/mL)
LPS

V. 1

A

HUH> 1798'd0] o] L=E(RE)e] Ae
ot SRRHEEC] A2 +5E AYeZ &
1€, 557, o, R, W, OTRE, AR TTEE HE
2 R AR, WA 8] Jet oF
o= =4, 718AYd 59 S A9 4
% 9% d7ig Ago] A=, 7], ezl o
HA% Solz A8 9ot

e HtE F et 54 oR JWiET
i, FHE, W, RS, RN, EAVEE 52 A
=5l o= dEA °“:‘r“) E3F s Eehd A
A A Z3E A FBA, Atel 9,
a7t AT, A e BRIEEINR, IR, B

[¢]

B)

Relative p-p38 protein level (fold)

Control - 0.3 1.0 1.0 EGS (mg/mL)
———————— LPS

D)

Relative p-JNK protein level (fold)
S 4 N W B ;@ N @

Contral - 0.3 1.0 1.0  EGS (mg/mL)
—_— LPS

Fig. 7. Effect of EGS on the Phosphorylation Process of MAPKs.

(A) The phosphorylated forms and whole levels of MAPK proteins(p38, ERK and JNK). The proteins were measured
60 mins after LPS(1xg/ml) treatment with or without EGS pretreatment(i.e. 1 hour before LPS)B, C, D). The relative
density levels of the bands were evaluated with a scanning densitometer. Values are presented as the mean + stand
ard deviation (S.D.) of three separate trials. *: indicates significance relative to the control group, p € 0.01, #: indic
ates significance relative to LPS-stimulated cells, #p < 0.05, ##p < 0.01.
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JagEs, TEEES 52 Bso] o, JEFEoR I
23, I, I, 8 5ol HuEdeHe?,
SUmt guERe) 79 RSl tigh AT ool
Al olFolF=d], < 2021990 Lin 5 o HIESt
=5 o5 fdifts ¥Y AYE /Mt By
A'® 201590 Li 52 £4ite] T, FHfolE A,
I, s o, Haxd Eﬁroﬂ T ]

7b Aok, AFvol et A 4TS ATEE ofE
3 mRd Hd A8, B l% 2+, g2 g5t
S A, I mE AR &3t So] BuEglon, 4

FHT2EE 2Z3F arctigeninol= ¥ g3} Q1S
o] Hix] 04qu 3)
gEe] Bt 2 AR FA A7IBAIG 2

WARS 2g35te] A=t 389 S Huol?, st
I A ZE2EZEA A (ciprofloxacin}g Zo] B
) s F Aol BRIl gt A A7
5 A4 Ao g fdo] gis) 22 2y
o} Qi

Covid-19% 201949 &3 o|% A AAZ &%=
2 AT, on|a2 WMEo 23 I HEO]
Covid-199] 84 4= F2A3] F7819.00 ol A
Aﬂ?%l EAA ] 2 Bt IAFJEY, 3= 4

B fidel 27)528 Covid-199] that stojst 92

ARE 58019, HlHkES BT WEH, AE
Wiy, g 5ol A=Y, 202349 9 509
A7l ojste, 20224 198 39 e

04 COVID-19 &4 #AE2 dPdo= 7°‘7¥ =
TARS Eofsl 23} =& ol&E HY 7]z &
o] B 249,

ool Fkl At 74 FEES 7|E AT 2
7 9 H Covid-19 X=o| &3t 92 gl o
Foll 2As1] YAolA FEF I ke Ao
Apgee] gl Tt A7E At

IS WL 9 QIxje} Ao 2N AAES Y
F4ok5P7] sl 2ZofA Loh=
7V %83 A WolHE 7dolt), F2 9 99l

l

12

H|ThA| o] A
i EdE0] s &

O
HlEth 95 7l 2252 A5l T 2Ao%
o
l

chemokme

o @ YoHNES SHslel 24 Y2 S o
W, Weisbgo] B4t o %&—E— AASL 7
2 OAEP, £ G WET, AR, SR

2

Mzt 7o o *ﬂiga ‘n‘EO]"C‘ chemokine
(CHEMOtacnc CytoKINES)Tz_r Bojgozn @S
Hkgo] & JEHTE St o]t A5 wheol I}

oA Uehd Bfols WY Alzso] ey 4
AR 22 FET 5
EFA7IA Hek o]F &4 222 A5 WSOl A
& o|FAWA WA, B7], 55, F A WA
o] YofupA P>,

2 Aol 8 F F5E0] in vitro BY
oA A5 wiZlg £49] W, NF-4B, MAPKS] 4l
SAEE dAI5l] FAF BE YEhd
LPSE ol&dte] Z/4sZl diAHE
204.7 cellg ARESto] FotHlT.

Lipopolysaccharide(LPS)= 13 S4+#9 <9t
2 P51 Q= tRE, A-T O-F(0O-antigen)
oz o] AP, GEA &3 haAEe] LPS
£ AASHA =, M=} wEgsto] WA |t
sk ﬂiﬁ% 4137'(1]0 toll-likereceptor4(TLR4)
o1t
% /\] t5t7] Zofl, Ago] ol&
0] s gRlsklth
EGSOﬂJﬂ o) 9 X]ii“‘do] Forsythoside B°]
58.315+0.249, &HES] 8 AHAJER] Luteolin
7-0-B8-D-glucoside’} 6.427+0.127, H#ES F8
A HAFE9] Isoliquiritin®] 2.214+0.057, 4379
ZFQ A FAEQ Arctigenin®| 100.275, fhffo] F
8 AHAEQ! Platycodin D7} 14.983+0.425(mg

S g

91 Raw




AAY 9] 39 : LPSE = Raw 264.7 AlRZolA] G 25 280 395 at

|

/kg) TE ASE SIS & AFo| ARSIt

NO= 9% W& 5 A== 4=, LPSol| 25
A 27 ZA4skEE iINOS7H B =T NO7F 434
wjo] Al wi7i/g Hol HofotA Het. o]EA ¥hs:
B w2 AT W Edo] HaotA BE=EE Ze
o] et AF Wkl YEh IAE &A1
ouz HAsiA zAEojof G,

WA EGSY] FESHIE DolEr] 914 NO A
AgE 37013, NO9| A= Aokt EGS A4
T AlZ7F £ 0] Uehd Zlo] ofds ERIsh] ¢
o Al BEEE A SS9t EGSE AXE &
Al B2 Eo1EA Pgtom, EGSS 30, 100,
300, 1000 pg/me] s=2 HAA] 1%L o 100,
300, 1000ugne2] H=2 AAA|e 420 LPS T=
A2t Hlsted NO A/deol K2JstA astlch.

ES NOJ A4 747t INOS T Aol ojAof
ofgt Z1A] ERlst] 95l INOSE &45t3ith. EGS
< 300, 1000 ug/mQ] S==2 HAA| & vl wsHAZ
o, 300 ug/ml HEOIME INOSE oo Zax
712 5519, 1000 ug/mle] S04l FolskAl 3+
AR A ERISHIT. wEbA EGS INOSE Ta
A=A NOY B8 dAdh= 2s ERIT &
At

LPSE XA Z9] TIR4S E3f AlTE Hdsly,
NF-xBe} MAPKS] 24315 doxIt}. NF-¢B7} &
Ast =4 = A 9% cytokine TNF-e, IL-6,
[L-187} A/8=o] |9 §kgo] B ZJsHA et
£ o]z},

E Ao EGSO] cytokineS JAIsI] T4
2NE UehfeAl ZRlsh] 98 TNF-a, IL-14,
[L-69] AeS E4st9ict. EGS 300, 1000 ug/
9] =M B%E G951 TNF-q, IL-6, IL-189]
RS AT B3 oA A% wiiE &
Ao] 9IS chemokineS! PGEy7| W@ Eo] &3
Blof] thalA| et Tt AeEEs ot &
Aol Hesle 4ozl 0|23t PGE2 9% vk

N

i
I
10

o o3f IL-187F S7Fotd 2443k NF-«BE &of
o] Z7RIHY,

+ AolA PGE2] S #A5H=E o IL-1
B2t o] 300, 1000ug/m2] s=olA f-2lsHA 437
o] A4 A 2RI 4= qiske=T), IL-182 94
o EX PGES] BFE AAFHZE & & A
(Figure 5).

TLR4 $=&Aol LPS7t ZAgstA =W 2202
HaPE YRt Myeloid
differentiation primary responsegene88(MyD88)
< oA 9, MyD88 A o}9jo] U9
kinase cascadeE &4l NF-£B2] AAAIQ] 1kBe
9] QU} dofut BgatE NF-¢B7} & U= ol&
sEA AARIEHN Zg3HA Bk

w2k B AroHE BEGSO] 1kBe9t p-1kBe,
NF-xB ol Aol 712= 9% £kt
EGS2 1000ug/ml2] ‘5=0lA] 1kBe2] 5= ot
A FAAFIAL, 1000 ug/ml] F=oIA p-1kBed] &

= A HAAIFTE NF-«B @l A= £
3k 1000ug/mle] FEolA FJsHA AAA = A=
RIS

TIBBE EGSS NF-«B ASALIRE Ao
ZH# TNF-e, IL-18, IL-63} Z-2 cytokineZt PGE,
S ARt 2 IR

adaptor  protein®l

otk ofelt MAPK AlodY gt SAseH =&
o, MAPK Al3Hg3|27t SASHEH  activator-
proteinl(AP-1)7} =2 FAARIAE ZFo] Z4ds}s]o]
A 9%A4 cytokine Aol FFE wAA BP,
wbA 2 AFLoflA] p38, ERK 1)1 JNK9] Q1A
3} e E B3 AF) 1000ug/m2] BEoATH INK
9] QXIS o5 AAAIFACEE EGSS MAPK
A oAES|Z2o]| H|g] NF-4B pathwayE © a3H%
o= oAslo] FFIES &Ik AS & 4 3tk
weha] 9J9] A= HIEO 2 jn vitro ATl
EGSQ 9% Avk= NF-¢BY] A5 A A2 &
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59 cytokine?] S AAIFOEHN HERdt= A
o slolslginh

BUES] ORQl SHYE, W 52 T APt |
29 FARY, et 2Rl Syl wErt
ORI FipEEy £ THS AvE 7RIt B
2 Hp QoF2Y, B ol g BYS A4
cytokine A|HE(TNF-e, 1L-6)°1A frofulet oA
IS HPow, ol 7IE At Hlalsto] AT
SoAY LR AHoMe o Hold 24 55
M 154 L }\]/\]-o]-]:]— BFS. R % ]ﬂ LS E5
o.31A}9] /\c]-x:H}Q

O_La

b
. T ot o

cytokine storm®] XE‘% orslol AFLE 2719 29
4o F sz AEHT 9on, E5] TNF-e,
IL-18, IL-69} 2 AZA AP|E7RIS] 8% LT
&G0l Azt ojgel Wt o] Sl5o] Hilk
ATHY. E3E SARS-CoV-2 Zgol oJsf thAlA|7}
9 gl Asfela AL 11-68 Fek A
SR gL sl 954 vol 4713k % 9l
ol A=A, o= COVID-1994 HY 7S
274 AP} o dojeiay Agec o Fre
AA et B4 He] AA9S AN 2 9
TollA i I FEE2 TNF-e, IL-18, IL-69

WA FARSHAl AAISHAL, NF-4B =S 243t
o ‘&% 18- Aop7]e adE HArh mEhA 2
WAR: COVID-199} o] =gt A5/ /\}Ollfj}o]
/o] &% 154—‘5 a9 g9 ArAz &8 7
do] k& ZoE wotEr

Iy & d4e 4

459 tolels B4 o

ouZ S SARS-CoV-2
o Ui Relolels ThE FHSHE 71 A7 B
asi. HEol § AFold  AF” NF-4B
pathway, MAPK Qo= €% wj7}QIxE A=

2 727t jloug EGSY 9% 7IXS Heu
Sl 7140 A2 dashl, §93 Bk
FGS] 7 ok 71 2Ho] Bhlge
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LN A R E:

. LPS&=

. LPS=

. LPS= PGE9

w 264.7 cell& LPSE 0|
Slo] BT = % HS-S 9rslo] EGS9
= SRR o B2 EE

-{N

. LPS&= NO«] ABFE AASHA S7HAIH A, EGS

100, 300, 1000ug/ml s=olA+= 37H NOY
Fe oAl JAlskitt. E3E EGS+LPS A
2 LPS T Ao Hls) AlE 549 Ho]
A Qdeket.

INOS9| B4< FelstA F7HzleH,
EGSZ 1000ug/miolA S7Fe iNOS o]
dgs FovlstA JAstSiH.

TNF-e, IL-18, IL-69 A¥3S
cytokines FolmlsHAl Z7HAIF 2, EGS 300,
100ug/mol A 371 TNF-e, IL-18, 1L-69] &
TS BT [ololA AaAFh

TS TS SR
EGS 300, 100ug/m2] &k=olA S7F PGE9
S FolstA AaAzlth

A=k

. LPSE p-l¢Be THA9] WHAZRS ROl5HA| 57}

AlFAL, EGSE 1000ug/miolA S7HE p-1kBe &

HAo] IS fofmlsHAl AaR E LPS

o] ofsf NF-xB T&do] S7k=|=¢tl, EGS 1000

ug/m2] FEOA S71E NF-¢B2] HdS Fols}
A AT

. LPS+= p383 ERK2| QUIBHE tixtol 5-2J5HA

S7HIALY, EGSE AA|g oAl folulst
U445 HolFz Bk INK QA AT LPS
oA izl Hlsl oot S7HAIFHOU,
EGS Axwolile foluet #AE Yehhx] &
et

o|ZH EGSZ Al =4 §lo] NO9| B4¥ 95



Az 9] 391 : LPSE HH Raw 264.7 MEoIA g I 3550 F95 At

A cytokine®] WAL A5k, MAPK pathwayk
t} NF-«B pathway?] 84& JAlsto] A5 a7t

g Holdt A & 4 9k
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