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Abstract

Objectives : This study examined the inhibitory effects of Wisaengtang(WST) on inflammatory mediators(NF-«B,
COX-2, iNOS, IL-6) in cellular inflammatory responses induced by lipopolysaccharide(LPS).

Methods : To investigate the cytotoxicity of WST, MTT assay was used. The inhibitory effects of inflammatory
mediators were confirmed by real-time PCR and DPPH scavenging activity was measured to confirm the
antioxidative effect.

Results : When the NF-xkB mRNA expression was inhibited, the levels of COX-2, iNOS, and IL-6 mRNA in the
inflammatory response decreased significantly. iNOS is involved in the production of nitric oxide (NO), and it is
confirmed that WST inhibits the expression of iNOS mRNA and thus the production of NO.

Conclusions : These results suggest that WST can be a therapeutic substance for oxidation and inflammation
through elimination of DPPH free radical and inhibition of NF-«B activity.
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71% 3. Lipopolysaccharide(LPS)= 144,
I 9 A0 thldE JgEo] 9o dSHkEE
TSk QAR HF7E cytokinet FFHNEES
AR T1Efsle] A5HES Aoke AF A
Agsle dguds stgiElo] olcP. LPS St 22
DR}2Q] AFo]| A FEHkgo] YojuA ' o
AN} Z2 HANZSS NF-4BE FE Al
27 FZS §% A|EFRI(pro-inflammatory
cytokine)@l  interleukin(IL),
factor-alpha(TNF-2)2t @57h=4R] cyclooxy-
genase-2(COX-2), inducible NOS(iNOS)52 £H]
P, ole} e AZUHEAES] P42 arachi-
donic acid”} leukotriene, thromboxane, prosta-
glandin 5= HHE= I 9 nitricoxide(NO)S] o
F Aol BolstA En, &0 A8 AnE Z
Sk 4EA . o] % NOE kAo &2 24
& NO synthase(NOS)+= L-arginine© 25€ A=
] NOS+= constitutive NOS2} iNOSZE LoizIct,
7Y AR NO= A9 &4, f44}F Wol, 4173 &
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Table 1. Contents of WST

Herbal Pharmacognostic Name / Weight
name Scientific Name (&
- Angelicae Dahuricae Radix /
it Angelicadahurica 12
. Forsythiae Fructus /
i Forsythiaviridissima 12
- Trichosanthis Radix /
Kiek) Trichosantheskirilowii 12
I Schizonepetae Spica /
o Schizonepetatenuifolia 16
e Glycyrrhizae Radix et Rhizoma / 16
Glycyrrhizauralensis
" Arctii Fructus /
T Arctiumlappa 16
Saposhnikoviae Radix /
i Saposhnikovia — divaricata 20
9 Olibanum /
A% Boswelliacarterii 20
g Myrrha /
B Commiphoramyrrha 20
Lt %om.cera.e Flos‘ / 32
onicerajaponica
Fritillariae Thunbergii Bulbus / 2%
- Fritillariathunbergii
o Angelicae Glgant}s Radix / 2%
Angelicagigas
total 224
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2. N= HZ

B Qo)A ARSE WSTE 9] 3ok 224 7
3t & heating mantleol Z55 2000me} A &
S} 4A7) 7)eiste] 225190t} 2L oju]E
ol7}st 3 719} F=3l0] 100m9] BEHS A} =
45 31_112 PEo)4 el 3 EAAZ AAC

SEUR FEEL 46.5g2 AT 2 20.8%°Ith

£

3. MZEHY

E Ao ARE RAW264.7 cells 37T, 5%
CO. ZFAA 10% FBS, penicillin(100units/mf)°]
7K DMEM HiX|2 8jFs}ict.

4. NEZYZEE =3

WST] A=/ BEES Lok7] fiste] MIT
assayS AFsITE RAW264.7 cellsS 1x10°cells/
9] =2 96-well plateo] 53t T 24hrs S2F
37C, 5% CO:. incubatorollA] Bje¥stAct. 24hrs H
A5 AA T WSTE HEE(25, 50, 100, 200,
400ug/m) 2 100u® AHFslE 3 24hrs 59T viFst
%tk 24hrs ¥ ASHS AAS = 4 ng/ml 3-(4,5-
dimethylthiazol-2-y1)2,5-diphenyltetrazolium
bromide (MTT; Bio basic, Canada)g ZOuQ’V‘] B
ot} 4hrs 5% SRSAIFTE 4hrs F ASH AA =
dimethyl sulfoxide(DMSO; Bio bas1c, Canada)E
Z7F5lo  spectrophotometer (Synergy HT, BIO-
TEK, USAYE o851 570melA S35 S7slh

5. NOMN =3

LPS (Sigma, USA)E 9¥3°] =2 RAW 264.7
macrophage cells& AH85to] NO9| B45E &3
319tk RAW264.7 cells 1x10°cells/well®] &%
2 96-well plateo] E59t 3 24hrs 53 37C, 5%
CO:. incubatorollA BiFstitt. 24hrs F A4S Al

50

7 % RAW264.7 cellsoll LPS(1ug/n)%t WSTE S
(25, 50, 100, 200ug/n)Z 50604 FAlO] AE]5to]
24hrs B3k vioFolATt. 24hrs H A5 100u< T
£ 96well plated] &4 & H Grless/\]m: 100us &
Sttt ARolA 30mins B9F H]‘o 3 spectro-
photometers ©-851% 540molx FF=E 54

TE &ct
ALt

6. Real-time PCR

RAW 264.7cellsoIA WSTQ] NF-gB, COX-2,
iNOS ¥ IL-69] ¥d <Alavs solsh] s
real-time PCR £41& MYt 5x10°cells/well
9] &2 6-well plated] E53F 3 24hrs 59 3
7C, 5% CO. incubator©lA sttt 24hrs F
27+ 25, 50, 100 2 200ug/ml®) WST 1g/nl)
LPSE Aol Alsto] viFslgict. 24hrs & Trizol
reagent (Ambion, USA)E ArE3lo] RNA FE31%
t}. &% RNAE diethyl pyrocarbonate (DEPC
treated-water; Sigma, USA)Z &35t} AR8319IT,
total RNAQug)E A% & cDNA T4 kit (Revetra
ACE-e-; Toyobo, Japan)E 53 cDNAE 4513
t}. cDNA ¥4 & tagman master mix(Thermo
fisher, USA) 10w, Ba< 4ul, primer 1ul, cDNA
SulE 3ot} FH[sIITh. NF-B, COX-2, iNOS
4 [L-65 gRIsklth. Adol ARE probes
Table 20| UEFHtKTable 2).

Table 2. Gene Name and Assay ID Number in
real-time PCR Analysis

Symbol Gene name Assay ID
Glyceraldehyde-3-phos
GAPDH phate dehydrogenase Mm99999915_gl
COX-2 Cyclooxygenase-2 Mm478374_ml
INOS Inducible nitic oxide Mm00440502, m
synase
IL-6 Interleukin-6 Mm00446190_ml
NF-«B Nfkb1 Mm00476361_ml
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7. DPPH radical A5 &H™

WST9] free radical &A5S =757 sl
DPPH (Sigma, USA) S0z A5t 99%
methanol (Honey well, USA)T} S54E 1:1 H|[&2
42 golo] WSTE HEET 25, 50, 100 2 2004/
7t EEs 7Rkl 247 ozl AEE S0ud
#sto] DPPH (250mM) 5042t @7t F AL004]
e 25t 30mins ‘%}o & spectrophotometer

2 o183 517molN FBE=E St

8. SAIX

= HolEE Bt + BEHAE BABIGeH, 4
A= SPSS 12.0 version(SPSS Inc., Chicago IL,
USA) Z2T03E o833l WST2] axtks s
Ast BAH EAL student t-tests Folo] v
EA451}. WST] =8 27+ 25, 50, 100 ¥ 200
ug/ml A7 U WE tiRTT HlwsHI:

m. &
1. MZ MEg

WSTe] 5 AE 428 2elsh] 9fsto] ok

120
;\?100
E 80 *
E 60
3
2 40
8 20

0

con 25 50 100 200 400
WST(pg/me)

Fig. 1. Effect of WST on Cytotoxic in RAW
264.7 Cells. Con: untreated group; 25,
50, 100, 200 and 400: treated with
WST(25, 50, 100, 200 and 400ug/m0).

*p<0.05 indicates different from control group.

0] LPSE Sl RAW2GAT Aol izl diet oA azt
3 AlEo] WSTE 5=3(25, 50, 100, 200 and 400
ug/m)E 24A17F 53 A2slo] AlEBEES S5
ot O 23 AEgEES digto] HlehAl 2+ 102.08
+ 5.10% 101.29 + 2.59% 101.57 + 6.15%,
91.75 + 1.46% E 75.53 + 3.38%= LERITE 400
vg/misERES E4o] 9l Ao weislo] 200/
WEE7H] o AR eIk Fig. 1).

2. NOYEAHN 1t

WSTS] RAW264.7 cellsollA 2] NOAAdAAI] &3t
£ TS uigRt AlZo] LPS9F WST(25, 50,
100 and 200ug/ml)E 24417t Bt Asige o
LPSTH A2]gh AlZofAi= NO2| AJAdeo] 683.58 +
32.23%= WP, LPSSF WSTS 3l Agh Al
oME BEEE 65223 + 18.53% 61576 *
25.80%, 614.11 + 16.98% % 567.76 + 18.3%=

WSTS] =7F 571t weh -feld A NOAg/dol

o
Hashs 2 GRIsIIHFig. 2).
800
§_ 700 3 x * *
g 600 *
= 500
Q
S 400
T
O 300
S
o 200
O 100
2 o
con LPs 25 50 100 200
WST(pg/m)

Fig. 2. Effect of WST on NO Production in
RAW 264.7 Cells. Con: untreated group;
LPS: treated with LPS(1ug/m); 25, 50,
100 and 200: treated with LPS and
WST(25, 50, 100, 200ug/md).

*p{0.05 compared to the control group.

3. Real-time PCR

1) COX-29] 44 ¥d JA a3t
WST7F COX-22] mRNAZHEo] m]2|= g3ke 5ol
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317] Ql5te] real-time PCRES 3§53t wljokst Al
3of| LPS?F WST(25, 50, 100 and 200ug/mf)S 2441
b B9 Asigle w LPSYE A3t AlEojjAe
COX-29] ¥ddo] 1219.62 + 78.01%%2 UERHY,
LPSet WSTE Al A=t AZode s=E=
987.41 + 67.10%, 942.84 + 37.72%, 932.98 +
33.59% 9 869.59 + 76.41%& LERITE WSTY] &
=7t SRl wieh fold Al COX-2 o] #a
St A SRIsIIKFig. 3).

1400

1200

1000 -

800

600 |

400

200

COX-2 mRNA expression

Con LPS 25 50 100 200

WST(pg/mée)

Fig. 3. Effect of WST on LPS-induced Expression
of COX-2 mRNA. Con: untreated group;
LPS: treated with LPS(1ug/md); 25, 50,
100 and 200: treated with LPS and
WST(25, 50, 100 and 200ug/md).

*p<0.05 compared to the control group.

2) INOS9| #4317 & A &zt

WST7} iNOS2] mRNA &ra#ol| vjajs 3 &
ol5l7] 9I5te] real-time PCRE Ad¥519ich wjotst
Aol LPS2F WST(25, 50, 100 and 200ug/md)S 24
AIZE B Aol W LPSYE AEgh AlEoME
iINOS9] w&zo] 74.89 + 10.25%% YERHL, LPS
o} WSTE &7 Ajdt AlZollAl= sEs 82.71 +
13.72%, 70.01 + 7.88%, 32.93 + 1.94% % 8.86
+ 1.30%% UeRdth WSTS Hrdg A2sh 23
FEolEA 02 INOS| mRNAS| ‘o] hadh= A
< SRISHAKFig. 4).
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120

iNOS mRNA expression

Con LPS 25 50 100 200

WST(ug/m@)

Fig. 4. Effect of WST on LPS-induced Expression
of INOS mRNA. Con: untreated group;
LPS: treated with LPS(1ug/m); 25, 50,
100 and 200: treated with LPS and
WST(25, 50, 100, 200ug/mg).

*p{0.05 compared to the control group.

3) IL-69 #47 ¥d 94 a3t

WST7F IL-69] &l njxli= Y3k SRl 9
oo real-time PCRE Aollrt. vt Aol
LPS2} WST(25, 50, 100 and 200ug/ml)E 24417t &
ot APfeltE W LPSTE A2t AlzzoA= IL-69) &
dgo] 22.75 + 1.89%= el LPSet WSTE &
A Aeet AEoAl= sEEE 17.95 + 2.28%,
17.10 + 0.92%, 16.13 + 2.13% % 1449 +
4.61%= Uehlth. WSTS] 57t S713tel w2t IL-6
9] mRNAY] &go] sk 2 SRIsHITHFig.
5).
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IL-6 mRNA expression

Con LPS 25 50 100 200

WST(pg/me)

Fig. b. Effect of WST on LPS-induced Expression
of IL-6 mRNA. Con: untreated group;
LPS: treated with LPS(1ug/mg); 25, 50,
100 and 200: treated with LPS and
WST(25, 50, 100, 200ug/md).

*p<0.05 compared to the control group.
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4) NF-¢BY] §34 Id 94 &3}

WST7} NF-¢BO] &=l nA|e Fe ZRIs]
5t real-time PCRS Ad¥olict. iRt Ao
LPS9} WST(25, 50, 100 and 200ug/ud)S 24A17t &
Qt Afotle W LPSTF Azgh AlEojl A= NF-4BY]
ardefo] 7.34 + 0.29%Z YEREI, LPSeF WSTES
A Mgt Azolds SR 7.89 + 0.53%,
7.12 £ 0.70%, 6.29 + 0.48% % 5.70 + 0.48%=
UeRdth WSTS| =7t $7Ketoll w2k NF-«BS] &
dego] faoh= AE ZRIsH3ITHFig. 6).

Q B N W B U N e @

NF-kB mRNA expression

Con LPS 25 50 100 200

WST(ug/ne)

Fig. 6. Effect of WST on LPS-induced Expression
of NF-kB mRNA. Con: untreated group;
LPS: treated with LPS(1ug/ml); 25, 50,
100 and 200: treated with LPS and
WST(25, 50, 100 and 200ug/md).

*p{0.05 compared to the control group.

4. DPPH radical 2AHs &8

WSTS] ikl &4s17] flste] DPPH radical
275 RI6IGILE. RFORE radical £24E0] H
oldt ascorbic acidAQ)®} WSTS &TH(25, 50,
100 and 200ug/md)= A3t A3t AC:= radical 24
£0] 88.07 + 0.27%2 UERdL, WSTE sz
1.76 + 1.23%, 6.82 + 2.07%, 28.05 + 1.09% 4
58.48 £ 0.99%Z LEPdth WSTY| &7t S7Hd<
& radical &AL J7IoK= AL IRISHITHFig.
7).

100
90
80
70
60
50
40
30
20
10 -

Scavenging activity(%)

AC 25 50 100 200

Concentrate(j1g/mg)

Fig. 7. Effect of WST on DPPH Radical
Scavenging Test. AC: ftreated with
ascorbic acid. 25, 50, 100 and 200ug/mj:
treated with various concentrations of
WST.

v. o &

WSTE it 1EE2S] (BEELLE sk SMEHERT5E)
Yol SExjo] Qow MR WA I L5 VI
H ozt slo] S A|=olke Ae=E AAIEHo] U
Srofel RSk FOf SRRl RS RS Keliel
ISk it Uikl BB IFO= I} 7o
Jai7 b SRS KIEARSTAA #giEo] AlSStaL
GlE, PR, i, Sl 5 EE B TR 5 25
figfko] YRR S0 QrH. ole} 22 figo] E4L
55 B4 TE, 7IsAH] S Hole 24 &4
o thgt A7t Wols F9 shill A% Hks] A=
ogt & 4= Sl

SRS el Y] A= ARSI WSTE H
IF, HEE, Rfeks, figr, HE, 455, Bl A%, 58
SHYE HRL EREE V9E AUCoE o Iela
ol thefAls ot 2ol AFEAIH. Hifte
furanocoumarin®9] SRIFEEA imperatoring g
51, imperatorine LPSZ =% COX-29] ¥3d
9 PGE synthase?| T&Z @As] AAlsk= A=,
= 5-lipoxygenase X elastase©] tst 94 &4
! free radical /3 AlAEOIA A HIAISHE Al
£ Z°Z, #igRe COX-2 ¥ iNOS #d oA 4
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Th1-Th2 A cytokine R Al &3} 9
= ZoF 43#7E electron spin resonance
spectrometer 57§ Al /A AAs0] = AL
2, BiE2  furanocoumarint®] SRIEZA
imperatorin ¥ deltoing #3514, imperatorin ¥
deltoin iNOSQ| ¥&Z AAsto] NOQ| #2& &
A5] Eol= I} Sl 208, WS [L-155 §8
H S AZolA 1L-69+ 11-89] g A= &
Wh e Z0R, gt TNF-¢9] #4] 2 iNOSY
BEIE YRE AAAE At Qe Aeg? ®
b LPSE =5 ¥% AJBoIA NOE A2Alle
It Y= AoeP HE= iNOS BA3t oA %
NO, PGE2Z #2A7le J3p) Qe Aow!, fF
< LPS® fred H5 A%olA iINOSS mRNAZS #
2N 080 NOE Alshe 202", HiFe MAPK
£ O] JNKe} P389 QUIEIE AAJste] A5 A
O|E7IRIQI 1L-49F TNF-09] T&S Aol 2R
9, ¥h= DNCBZ f=d 9% A%oIM TNF-¢,
I1-6, COX-2Z %A l= Ao L&A .
WSTE Hdok= 7id oSS daavtes A=t
A} Zo] A7t Eof qlon, /id e EtE
Q1 WSTS| % 7 ARt o)) 2 dte
LPSZ F&H RAW264.7 cellsolr] @525 WST
o] FARIE Bkl
AZHESol 8% 9TZ sl= NO= §H4do] &
X

EZ2 L-arginine?} O,25E NOSE AA A

rlo

%= radicalolty. NO2J A4 EHgar, 4 € A
ARG 7158 283 skt Itk AA9E NOE &
SHEEZ A dote] Aol AFHQ AasAdE Lo
o J50] ST Al 2o, child Eaf] DNARA,
A At 52 ZHcle] F52 HIES] k3, AP
94 F 5 4% AHE dorle= Ao dHA 9)

19 8710 NO A9 dae 95ikee 245

54

2).

INOSE 9% W& E1I5P7] 9lsf COX-29F A4
A TS USRI, dEIolN 454 miAiAQl
NOS} PGE,7t iNOS®F COX-20] J8] ABAEICH),
NO: NOSE A el 424, WSTY NOJ
g2Aell INOSS] mRNAZ} Hofsh=A] Yoti7] $ist
o] iNOSY] mRNAZEZE FAFSIICTE LPS #A] A
iINOS9] mRNAZ} H&E]|9lom, [PSo] WSTS 5=
HZ ZZ]5h Aol iNOS) mRNAREHO] &
TolEH o7 ZHaeliriFig. 4).

COX-1Z HjF&9] EZRaE Ao Td= 9
Aol AzHS A dRxd 9 d49 34 24
I} 22 A7) Aol Tofshs AR dEA Utk
HIf2 COX-2+ AAARA A 2404 YehA] ¢
A9t 45 Foks QA 5ol 9o YAFeE R
2 & Qloh COX-27} FpdstA =H gME E=
FA Az 9 Amo RS AP, COX:=
arachidonic acidE PGE ATA7|= G4EA UR
o0& COX-2+= cytokine, F&EHFS, AAZHIQAUR:
5ol 9Jel Fe=lo] t=ke] PGE A/ Je =N A5t
HAY, AHHIGES SolA 583 IS o= A
o7 IA P, B AglollA COX-2% LPS A
Al mRNAQ] @do] fefslA F71=]%leH, LPSo
WSTE AARE Adioi= sEoEd oz COX-2
9] mRNAZ @Y} E44S JAIsHItHFig. 3).

ShH WYk 9 A|ZS7|9] 2Ad AlE E 44
A9 4= Q] ASHANYA|Z AARAAA}
NF-4B= COX-2, iNOS ¥ IL-6 53 Ze
pro-inflammatory cytokine ¥ EZu7/FE22] =&
< 2ol=t| 583 9S ok= o= dHA ot
28 HZ ATES NF-¢B7}F LIPS 59 d598 &
o] 9Jg} NF-«B pathway?} &4dskelo] iNOSY
COX-2 & AL 3] Bofdhe PZHHY. NF-x
B7} & Qo g A9slo] iNOS & COX-29] XS &
Lol HAERYolA  NF-#BS] mRNAZEZF
LPSell oJal} 5ol A S71=I9em, LPSel WST=
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A Agioli= NF-#BS] mRNAEEHO| 79
SHA Zasteitk(Fig. 0).

9L macrophage celloflA] E8]E= [L-6=
pro-inflammatory cytokine®=A] iNOSe] Wd&
A=sto] NO9| e F7Ie ZoE d9A 2
t}. E3F [L-6= B cello] plasma cell& 230} g
A BAE ST A=, IL-69 levelE A5
A HolN 4 F7Ieke AR HuEw ok,
£ AgollA] LPSell oJalf IL-69] HHE F7HAHoH,
WSTE= LPSEZ f&H [L-685 s=o&¥oz 394
WA F2AIZHFig. 5).

fofitaet Bels /A ofl|A] thiAlgolA
Akt AgE ik A AREAES 9o
710 ofg] Aglo] Yeolo] Ex YrH*H), B Aol A
WST= DPPH radical 2782 5=2&2 0% {9
3 A F7HIFHHEig. 7).

opde] A= WSTZF LPSE H=H RAW 264.7
Alzzo] AFHiAEAe] it AAa 7t 92 &1l
SIoict. wEbA] of2gt WSTQ] 9% Al a¥e= ofEx
7Y, FHEA HE 59 I8 AR dglo] &
83 & S AR wE SHATE 2 ol
WST7} ojufgt 7|14 02 s E At as U=
Aol tefAl= BrsIA] ESti7]ol &5 F7HQl A+

7t 8eg Hoz Argt

V.Z B

E 7= [PSE ST E RAW 264.7 A|zo] 4=}
20 i3t A WST)Q] FSui7iEZo] gt Ala
S glolsly] YJslo] AgPsigon, thea) ke AR

1. RAW 264.7 AEo] WSTE Asto] AE=EAde
I3t A}, RAW 264. 7H1Z0lA WST(25-200ug
/m)7F AEEALE VA o3-2 ERlotelet

2. WST& LPSE A3t izl vl 45A(NO)

9] B ReAl AL COX-2, iNOS,
[L-6, NF-¢Bol| tfgt -4 s &% &40
2 ANHEE RIoI

3. 2z &A% FRIolr] el izl Ascorbic
acid®} ¥lwst A3}, WST7h 5 o&#oz g
4 aAsE 7 A 0E ERIEI

VI. ZAl =

2 7= 201995 AlgHiehal distE A eAd L.

= AdEU=
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