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Studies on Anti-inflammatory Effects

of Yangdan-tang Extracts

Su Ryeon Choi, Hyung Seo Hwang, Tae Yeon Kim'*

School of Cosmetic Science and Beauty Biotechnology, Semyung University, 1: College of Korean Medicine, Semyung University

Yangdan-tang (YD) is recorded as a treatment to treat exterior-related fever illness in the Korean medicine. In
this study, we examined the anti-inflammatory effects of YD, using YD water extract and lipopolysaccharide
(LPS)-induced RAW 264.7 cells. First of all, we measured the amount of nitric oxide (NO) and prostaglandin E; (PGEy),
the products of inflammatory metabolism. Also, we measured enzymes such as inducible nitric oxide synthase (iNOS)

and cyclooxygenase-2 (COX-2), as well as cytokines such as

tumor necrosis factor alpha (TNF-a), interleukin 6

(IL-6), interleukin 1 alpha (IL-1a), and interleukin 1 beta (IL-1B). YD suppressed the production of NO and PGE; in a
dose dependent manner and reduced the amount of protein and the mRNA expression of iNOS and COX-2. Also, YD
reduced the mRNA expression of TNF-o, IL-6, IL-la and IL-1B. In conclusion, YD decreased production of
LPS-induced inflammatory factor, which could be a clinical basic subject for inflammatory diseases.
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Hordtoron, 10% heat-inactivated fetal bovine serum (FBS)
I+ 1% penicillin-streptomycin  (P/S)2 EZ3St Dulbeco's
Modified Eagle's Media (DMEM)Z o]&3t0o] 37°C, 5% CO,
incubatorolAl iAIZiTE. AZE F71H02 Aduere oz
A FAoz I3t U L ogstsict

Table 1. Composition of Yangdan-tang

Herbal name Pharmacognostic name Weight(g)

R Cinnamomi’ Ramulus 24
RS- Paeoniae Radlix Rubra 24
'S Scutellariae Radix 16
HE Glycyrrhizae Radlix 8
4B Zingiberis Rhizoma Recens 8
AR Jyjubae Fructus 8

Total amount 88

3. MTT assay

5 x 10° cells/m2 E3% RAW 264.7 cell2 500 p0® 24
well plateo] #53 3 24AF Higsigict. o3d, YDE 0, 50,
100, 200, 400 pg/mlQ] concentration® 2 3]AsH HjX|2 w5}
a1 1X]ZF OfA] Bigst £, 700 ng/me] concentration© 2 LPS
g K og s® £ 7t st 5 ne/meo]
Methylthiazol-2-yl-2,5-diphenyl tetrazolium bromide (MTT)
AleFS 100 WA 7} welld]] 2 A7gAo] opiH(formazan)o] A3
BE=S AT Higstdtt. 2 & Zb wello] HiX]E A|Ast,
Dimethyl sulfoxide (DMSO)S 500 9% 4 % z:opxto] A =
T2 3087t shaking 39tk 1 & A28 96 well plateo] 50
WA A &2 5 570 m £A EFE=S EAstgct

[¢]

4. NO assay

5 X 10° cells/m2 BXE RAW 264.7 cellS 2 md& 6 well
plateo] 25 & 24417t wiFstdct. o3, YDE 0, 50, 100,
200, 400 pg/m9°] concentration® @ 3]Ast HIX|Z wFsto] 1
A7t ThA] B35t & LPSE 700 ng/ml°] concentration® @ 3
7HE o ohR ¢ F7F Higelgch. 1 & 22 96 well
plateo]] AJZ7} Q= A5 100 e ZtzF 92 H Nitric Oxide
Detection kit (Intron Biotechnology, Korea)?] A, B A]eFS Zt
7} 50 WA Pa 540 mold FPEES E4stgch. Y plateo]
Nitrite standard?] =¥ &3 IS ujgloz gz gk
ZHdsta 2|EH o2 AAeHE(nitrite, NO-)9] 5E5 A

Rt

o ool J
S o o

5. PGE; assay

5 % 10° cells/md2 2EE RAW 264.7 cellS 2 mdX 6 well
plate] B3 & 24A7F wjgsteict. ot YDE 0, 50, 100,
200, 400 pg/ml9] concentration© @ 3|AM3t U2 wWEHsto] 1
A|7t OhA] Hijst & LPSE 700 ng/mlQ concentrationo @ &
Jhet ohe k2 S9 37h Wik 1 % A gl A5
2 £745t9 R&D systems (USA)Q] PGE; assay kit2] A|AJo] w}
o Hed & 450 molH FFES SHSAC FA0] A4
PGE, standard?] %= 32 Higos n&E&FIHZ A/ste

3EX 02 PGE,9 =52 AASIC

6. Western blot

5 X 10° cells/md2 Hx= RAW 264.7 cell2 10 m& 100
disho] 58 & 24A17F wjgstgict. oh2d, 200, 400 ng/md
concentration® 2 3|t WjA|2 wehsto] 1A|ZF THA] vfgsH
LPSE 700 ng/ml°9] concentrationo 2 F75t o2 518 &=
27h WiQatTh. 1 3 AES 275t guAe X3 A
Z¥zF 20 pgo] ©H¥AZAlS Bio-Rad Laboratories (USA)9]
-20% Mini-PROTEAN TGX™ precast gel?} NC membrane®
2 ¥ o459tk 1 & 10% skim milko] NC membraneg
&7t blocking & AXl £, Tris-buffered saline Tween 20
(TBS-T)of Z+z+ 1 : 1000, 1 : 2000, 1 : 500022 38]AsH iNOS,
COX-2, B-actin® primary antibodyS 16A]17F HEAZ1 H,
TBS-T £90] 1 : 50000.2 3]A= HRP-conjugated secondary
antibodyS 1A]7F HARX|ZILE. o|&  Dogen (Korea)9
EZ-Western Detection kitE AR2sto] XA|2 A2st & YA
CEEREEREC FERERE Y

Jor 1o Hor 1o B

—_
o

7. Real Time PCR

5 X 10° cells/mb2 SXE RAW 264.7 cellg 10 md® 100
m dishof] #3738 & 24X13F gt oh2'd, 200, 400 ng/ml
9] concentration® 2 3]Ast vjx|2 wdtstu 1X]7F ThA] vfjgsh
3% LPSE 700 ng/ml9 concentration® @ F7}5t -8 6A|7F F
7t i gstgit. 95 3 Ao E71Q19] mRNA BEFE v wsly]
9]5tod Ambion (USA)Q] TRIzol reagent2 A}8-5t0] total RNA
£ Z&3%t 9 Toyobo (Japan)?] Revertra ACE kitZ AR235}o]
cDNAE §HA3519ict. 4%l ¢DNAE: Corning cellgro (USA)Q]
Tris/EDTA bufferS #H7}sto] 1/6&2 3|Ast & AR5t
RT-PCR A¥& Applied Biosystems (USA)Q] real-time PCR
system¥ Thermo Fisher (USA)?] Tagman probeS o0]&
(Table 2)3to] AAIZto2 QAAPE mRNA Wzte RAjsigict.

Table 2. Gene Name and Assay ID Number in Real Time PCR Analysis
Gene name
Inducible nitic oxide synthase (iNOS)
Cyclooxygenase-2 (COX-2)
Interleukin 1 alpha (IL-1a)
Interleukin 1 beta (IL-1p)
Interleukin 6 (IL-6)
Tumor necrosis factor alpha (TNF-a)
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

Assay ID
Mm00440502_m1
Mm00478374_m1
Mm00439620_m1
Mm00434228_m1
Mm00446190_m1
Mm00443258_m1
Mm99999915_g1

8. $AEA

7t AWgte SPSS 12.0 £/ Z2 Mg AlL3sle] one
way-ANOVAZ # b #4& Asilon {o4F2 p < 0.05
2 ot}
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YDO ChAAE BES Rel o%E s Astol MIT
assay® ANSIGITh YD $A2ZY $T= WRS 100% Ax
REge MRHF §, o2 s1Z02 YD HAPSe FJE L
AAst A3, 0, 50, 100, 200, 300, 400 yg/mee] concentration
91 YD AN2+E9 M= =82 1000 + 6.6, 1042 + 3.0,
100.9 + 5.0, 103.2 + 5.5, 101.5 + 6.4, 102.3 + 53%=, YD
A2 2RoA fAl2Tate] {oju|dt Atol= WAYSHA] gttt

1200
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Fig. 1. Effects of YD on the cell viability of RAW 264.7 cells. Cells
were treated with 50, 100, 200, 300 and 400 pg/md of YD extracts for 24
h. The amount of viable cells were determined by MTT assay. There were
no significant differences between non-treated group and YD extracts
treated groups.

2. B5E¥59] NO A4 ¢ iNOS ¥d st

YD ¥ LPS 2229 NO A4Fe 4.37 + 141 mo|glo
o, EZLPS 5 Aal)e] F9ole 2030 + 222 molYct.
50, 100, 200, 400 pg/ml9] concentration®& YDE AX2] st
S LPSE 42 AgF#9 NO A2 74zh 18.55 + 1.30, 12.40
+ 142, 655 + 122, 6.77 + 1.49 m2 thxa ¥@ste] A
=N g e da TS EHHFig. 2a).

YDO] NO A8 oA fatet iNOSTHO] #AS &AUshr] ¢
sto] iNOSQ] protein ¥ mRNA 23S TESHEcE dix(LPS
2= A2])9] iNOS protein T2 71E2= AJXYD A5
o YopHel AL AAT Adk A2 U LPS BAARY F9
o= iNOS proteino] IAE|R] Igkon, 200, 400 pg/mlo]
concentration® 2 YDE #|2]$t A&+9] iNOS protein AJJHF
7z} 391 + 0.9%, 0.47 + 0.1%% X3 ¥]wsio] & Qo
4 e g2 S LYHFig. 2b). iNOS mRNAS] oja Ld
FA2Ea vwste] tRFolA 1541.0 + 286.94] F7I5t L
o, 200, 400 pg/ml°] concentration©2 YDE A 2|gt AgF9]
7L 747+ 720.8 + 24.0df, 323.8 + 27.14]9] 2 UEhjo] iz

23} wlZsto] 5 o4 Yt P4 YL HYCHFie. 20).

rlo

3. B5E159 PGE;, A4 ¥ COX-2 @ wist

YD € LPS X 2]+9 PGE; AL 461 + 160 pg/mlo]
gdon, tx#9 ZHLo= 1973 + 130 pg/meo|Qict. 50, 100,
200, 400 pg/ml° concentration® YDE #ast AFF9]
PGE; A% zt7 1802 + 139, 1745 + 188, 1684 + 157,
1595 + 157 pg/mz2 OTjx+dt v]wsto] 200, 400 pg/mdo]
concentration® @ YDE 2|3t AIFNA S Q= ZHa &

& HtHFig. 3a).

E3t PGE, A4 Tl 7lelst COX-2 aacte] WAL
ERI5T AL COX-29] protein ¥ mRNA ¥@Z ST R
w9 COX-2 protein 4Fg 7I1Eo2 HILSY A A
YFS FAT 2k $AARY P90l COX-2 proteino] &
E]X] okoron, 200, 400 pg/mle] concentration®z YDS Ag]
o AdF9] COX-2 protein AT 77k 5472 + 8.2, 29.61
t 2.1%2 HE7a "l@ste] 2% 3o A FAd S BN
CHFig. 3b). COX-2 mRNA®] Atjd W@e 2A2| 2 u]Zato]
2 FolA 514.0 + 19.1¥] Z7tsiglon, 200, 400 ug/mlo]
concentration®.2 YDE A2jgt AdFo] HQ zZizh 2543 +
6.74, 170.8 + 33.44}9] Zt2 uEho] tixFat H]wste] L&
974 = Za e EJd(Fig. 3c).
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Fig. 2. Effects of YD on LPS-stimulated NO production and iNOS
protein and mRNA expression in RAW 264.7 cells. (a) Cells were
co-treated with YD extracts (50, 100, 200 and 400 pg/me) and LPS (700 ng/
mg) for 24 h. Levels of NO in culture supernatants was determined by the
Griess reaction. (b) Cells were co-treated with YD extracts (200 and 400 ug/
mg) and LPS (700 ng/me) for 24 h. Total iNOS proteins were isolated and
analyzed by Western blot. (c) Cells were co-treated with YD extracts (200
and 400 pg/m@) and LPS (700 ng/m@) for 6 h. The mRNA level of iINOS was
evaluated by real time PCR. GAPDH was used as an internal control for
realtime PCR. Data were presented as the means + SEM of triplicate
experiments (** p < 0.01, *** p < 0.001 vs. the LPS alone treated group).
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Fig. 3. Effects of YD on LPS-stimulated PGE, production and COX-2
protein and mRNA expression in RAW 264.7 cells. (a) Cells were
co-treated with YD extracts (50, 100, 200 and 400 upg/m@) and LPS (700
ng/m) for 24 h. Levels of PGE2 in culture supernatants were measured by
ELISA. (b) Cells were co-treated with YD extracts (200 and 400 pg/m¢) and
LPS (700 ng/m@) for 24 h. Total COX-2 proteins were isolated and
analyzed by Western blot. (c) Cells were co-treated with YD extracts (200

and 400 pg/me) and LPS (700 ng/m) for 6 h. The mRNA level of iINOS was
evaluated by real time PCR. GAPDH was used as an internal control for
realtime PCR. Data were presented as the means + SEM of triplicate
experiments (* p < 0.05, *** p < 0.001 vs. the LPS alone treated group).

4. B3 B9 IL-1a, IL-1B, IL-6, TNF-o. mRNA &d A|5]

YD7} tANIZ oA 9] pro-inflammatory cytokine ¥gof of
gt g2 UlR=A] =Q5h7] 9ste] RT-PCR Ad-Z Z133513ict.
IL-lo mRNAS] ATjs] Wge of2 9 LPS SA2l2a} ¥ Lstol
oA 46282.7 + 2018.38] Z7}st¥om. 200, 400 ng/mio]
concentration®@ YDE 2|3t Ao F<L ZHt 342168 +
1726.78), 9184.5 + 1077.9819] 7+ UEhjo] tjxZat u|@slod
L5 R Ude Ba 2 HU0HFig. 4a). IL-18 mRNAS] 4
O& $d2 g 9 LPS FA2+a} vlwsto] tixgolA 24902.5
+ 24.44] Z71st9ion, 200, 400 pg/mie] concentrationO. 2
YDE Az|st A9 HQ ZHzF 15127.2 + 1222.0df, 49105 +
1207.9419] s YERo] tix+a} vlwste] &% {o)d e &
A P42 EU0HFig. 4b). IL-6 mRNAQ] AHTj& @2 ofz 4
LPS Txg]#u} v|wste] dizFoA 71008.4 + 3131.38] Z7}st
don, 200, 400 pg/mO] concentration®z YDE 2|t AdL
o] A9 747t 32725.4 + 3043.28f, 11631.1 + 512.949] Zr& Y
Efol iz uldstel 25 S0y Uk 2 YL Bt
(Fig. 4c). TNF-o. mRNAQ] AJtj& wde ok2 @ LpS Dzl
It v|wste] tixFofA 1195 + 10.18) Z7F6t9i o0, 200, 400
ug/mlO] concentration®2 YDE X ast A9 7 72tz 82.2
+ 4.94), 57.3 + 13.9849] Zk& Uehfo] tfxFy}t vwsto] 2%
w4 U d2 ¢S HAHFig. 4d).

Expression

Relative IL- 1« mRNA
Expression
=5
Rehtive IL-1p mRNA

0.0
1PS (700 ng/n)

' ' ' 1PS (700 ng/ng) . + + +
YD (g/n8) 0 0 200 200 YD (ug/ng) 0 0 200 200
C d
80000.0 140.0
700000 L
60000. 2
< 0 IE 100.0
Z 500000 5§
] Ly 0
o 40000.0 ER
2 o B 600
@ 5 30000.0 24
3 § mo
" 200000 ]
H

s
=
=

0.0
LPS (700 ng/ng) - + + + LPS (700 ng/ng) - + + +
YD (ug/n2) 0 0 200 100 YD (pig/n2) 0 0 200 400

Fig. 4. Effects of YD on LPS-stimulated IL-1o, IL-1B, IL-6 and TNF-a
mMRNA expression in RAW 264.7 cells. Cells were co-treated with YD
extracts (200 and 400 pg/m@) and LPS (700 ng/m@) for 6 h. The mRNA
levels of IL-1a (a), IL-1B (b), IL-6 (c) and TNF-a (d) were evaluated by real
time PCR. GAPDH was used as an internal control for realtime PCR. Data
were presented as the means + SEM of triplicate experiments (** p <
0.01, *** p < 0.001 vs. the LPS alone treated group).
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F% B¥%(Yangdantang, YD)ol2l= YA 3CAI7] & sRkih#ol
AN&d TSmERK O XS UERFoL ot kR HE-HE 4
EAHEEZ 749 #5o) ¥hoz Aggen?, o% 7C &
d HEMol A& "HARTLES,, 75240 R A& "4
ERE,), 11089 skiko] BAH TERIEAE,, 13459 fasrkol
WS THE8K T, SolA Exo] tald BERS JdIstg
@A GATHEY 2R NN oE 2B/ THEEE,
(16109)3} "HEAR(18849)0 229 BEEMIS HREHE
7b 3%, ®X 2%, HE 1=, 48 35, KH 24z 74%9 0]
Jon] FESHATRBAM SERLI HEMAN S REEN

#5#2 X2 )R] otk fEK i AFALE

A AP uprt glou, A Lok RO He, At
L FFE, U gapt JE Aoz wugon, HEE
o Pt Faph, #wEe FIP L FAsH Faprt Y
on], HEABE AR YE 25 Jdz @ s}t aapyt $aiA
ok B3 A 23to] Hi: HARS HE, TE, BH, T
i

Nij

0.

e

£ KB pAZ AHRELE gEAYIoR FA 5§52 HoF
thorst AalSo] B PE|gjon, HEKX BEHY 52 7}
I Pt #ZX w3 I9 aso] RuLch. gty BE%BY
1=: ] A
= L

RAW 264.7 cell® BALB/c UFQA Q2 ChANZ QA A=
2, Ogget 259 Axgd EFMEEY Y € 45 A
AR £ olig et YAZUYY /1% Rd2A o
AA a5 2L WU gstel chesln QoM. B A
A AdstaA 5H= YDQ concentrationo]A] RAW 264.7 cell
AEE0] AdfE=A] ol L5 U Hat, YD N2 400 ng
/m ol5te] A Lo NEAEE JFZ TR g0l WRE
At

NO (nitric oxide)}= AISAASAH & A(nitric  oxide
synthase, NOS)o] <J5] L-ot2x|dozHE FgdHct. NOSo+=
o] A £ (endothelial, eNOS), A17dM(neuronal, nNOS) §=X4
(inducible, iNOS)Q] 37}x] £&77} £A5t=0], o] & INOSE= 1
T34 A AzE FPEE 5 s lipopolysaccharide
(LPS)2t 722 & ABYEolUt AE7HI(cytokines) 5ol s
AN Z7 245t o GEEo] NO AL ZPATF>. NO
A o]9] REAES S 7KL JAojA ZFe] HiFt &£F0
oA uj7iRlz A-gstX|gh, NOZRE fafiE: Atz Al
z S4g xedste] 450 242 QA

£ 9704 YDO NO 4ol tlAl: muE g A,
LPSEH G5 Aeidt ta2dt vl@ste] YDE Aed BE NEF
oM o4 9l NO A4 Asl mibt walsiglon], Eat 200,
400 pg/ml9] concentration® @ YDE & 2]st AdFoA S
9= INOS protein A4 A3} ¥ iNOS mRNA ¥ Az et

1o 2 o) o

o
uy
o )

N

st
dxol AW Y AW Wolst: mzAEIUY
(prostaglandins, PGs) o}2}7|=AHarachidonic acid, AA) At
A2 QANZ, AL, Yoz @ et AESoA 2]
&=d cyclooxygenase (COX) &49 Zrgo] og] YAt
COXE AAl WolN & Ed=E COX-13 et 45 A=
ol SESE COX-29] 27}A] WEf= EAJatd, of § COX-2
£ LPS, wEj2lot S4, AIETY S9 @5 A2 Axh ) 2
A2 Qsto Ao P9 prostaglandin E; (PGE;)S A
FOP. @ ATolN YDS PGE, Aol UlRl: Ang g
Zat, LPST o5 A2Jgt g =+ vlwsto] 200, 400 png/md &
o YD AelZolA PGE, A4 Mst bt S04 A BREY
o, COX-29] TR A4 st U mRNA @ oA 200,
400 yg/no 5E9] YD M2l 2olA o4 97 Uehgrt.
NO, PGE%t tjEo] d5EH3olN Fo Az-3 uj7ied
shel AlE7Rl(cytokines)e OFFS A W30l ol
Aoz gedl BeMece 34 9 9y 95 25N F
gg2 gt ot 84 E3 oA+ interleukin (IL)-la,
IL-1B, IL-6, tumor necrosis factor (TNF)-a. 50|, 94 &30
AL interferon-y9} IL-127} iEAQl A EFRQI0|T}®) o]F &
Aol A= RAW 264.7 cello]A9] IL-1la, IL-1B, IL-6, TNF-a
mRNA T Q9SS WS, A5A g O YD &auts
stolataxt stoict.

Ad A, YDE 200, 400 pg/mle] concentrationo]A] LPS

ZX19 IL-1a, IL-1B, IL-6, TNF-a. mRNAQ] ¥d& =& 9

o oL ofy

o

q
WS AE-G2 UAEE Ao Bojst AE ) Nzsl2
zEgozH 95 oA A5 T RS AL gt

7] A58 E3] YD= NO 2 PGE, @Al 9|, iNOS ¥
COX-29] protein A4t mRNA L@ Ast, IL-la, IL-1B, IL-6,
TNF-a° mRNA @@ A32 uigtog g5 s zu U
t 24 AT 4 At wakx YDE EF4 Ao X eAA
! g 7154 A sadves &89 & dg Aer A

2H0

»a o

i

=
T

o

YDO| Fdzx aE ARISIUA LPSZ AI=3H RAW 264.7
cellg o]&stof NO ¥ PGE;, ¥, COX-2 ¥ iNOSQ] protein
34t mRNA 24, 39 A|E71QIQl IL-la, IL-1B, IL-6, TNF-
a9 mRNA Ido] iste] AAS ZAat, o33t 22 2o =2
Sttt

YD+ NO9t PGE29] 42 A&t

YDLX COX-2 ¥ iNOS©] protein A§4ta} mRNA Wd2 7ZHa
A E4 L=

YD IL-la, IL-1B, IL-6, TNF-0.2] mRNA &g ZFAA|ZIC)
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