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Codonopsis Lanceolata Inhibits Inflammation through Regulation of
MAPK in LPS-stimulated RAW264.7 cells
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Codonopsis Lanceolata (CL) has been widely used in Oriental medicine for treatment of chronic inflammatory
diseases, such as bronchitis, cough, and spasm; however, the mechanism of its anti-inflammatory activity has not been
clarified. In this study, therefore, we investigated the inhibitory effect of CL on LPS-induced inflammation. The effect of
CL was analyzed by ELISA, RT-PCR and Western blotting in LPS-stimulated RAW264.7 cells. We found that CL
suppressed not only the mRNA expression of pre-inflammatory cytokines, inducible nitric oxide synthase (iNOS), and
cyclooxygenase (COX)-2, but also the phosphorylation of ERK1/2, JNK1/2 and p38 MAPK. These results suggest that
CL exerts an anti-inflammatory effect through the regulation of the mitogen-activated protein kinases (MAPK) pathway,
thereby decreasing production of pre-inflammatory cytokines, NO, and PGE2.
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A 2 oxide (NO), prostaglandin (PG)s9} Z-& 2] 7}A] dZA vl
AAEY] BHE FEITY.

HE2 244 HATY IPo2REH JAAE Wolste & (Codonopsis Lanceolata, CL)= TH¢] & 3=, o
Va8 1715 R, AL d5EEe AT 45d g T3 71BAY, 717, Ad 9 A A 7103 |
WA HEs FAATI FEF @ Fde] Hds FUHA7IH Z A5 de AgHA g, AT Aol FHe EEA
%27l B9AE BES A7 A A Wt E B ste AP0, 2EH 24 2k, 3GV AAans RuEd
59 2do] dojuth?. 2y HAPEFNEL FITHoE ut o, gatgl, g, L FEAWC] ARVE I CLY T4
ARAY, Frtes A E, 71BAYE, A, e AsE, ¢ 714 Wk AFoA Nuclear Factor kappa B (NF-kB)E &
FAH AAE T 4FHAFoE AT F JoBmFE HAH A 3 A ude g d7e e £ e F2d 39
27t a7d? Z 71321 MAPKel ti& d7& ob2 Bu=x ggich

g AEIe g dAAEZHE 233 23 AxXzZ 49435 olo] AA}= LPSE F =8 RAW264.7 cells9] 5 4HES-ol| A
W0l ol g @datt). Lipopolysaccharide (LPS)& CLO 9% a9 AXUY MAPKES 53 94528744 1
QAAE EH TLRAE A=3te aff AZATHEHEZQ A= FEFE A Fo8 2HE AA76 EistE vhott
mitogen-activated protein kinase (MAPK)¢] €435 =3ttt
V. 2AstE AEHYHEE pro-inflammatory cytokines, nitric Az L HpA
CSAAA ;A7 B BT FAH2E Soltist aelsust
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2. Ao

£ Ad3o| A&¥ LPS (Escherichia coli O55:B5), HEPES,
Igepal CA-630, Sodium deoxycholate, NaCl, Tris-HCl, Sodium
pyrophosphate, NaVOy, NaF, Leupeptin, Phenylmethylsulfonyl
fluoride= Sigma (St Louis, MO, USA)Z5-H, FBS, penicillin,
streptomycin, DMEM % trypsin-EDTA solution> Gibco BRL
(NY, USA)ZF-E, MTT, TRizol ¥ DMSO+ Amresco (Cochran
Road Solon, OH USA)ildrEi, reverse transcription polymerase
chain reaction (RT-PCR) kit (AccuPower RT/PCR PreMix)=
Bioneer (Daejeon, Korea)Z+-E], anti-phospho-ERK, anti-ERK,
anti-phospho-JNK, anti-]NK,
anti-B-actin primary antibody= Cell Signaling Technology
(Beverly, MA, USA)2=ZHRE, HRP-conjugated
antibody~ KPL (Gaithersburg, MD, USA)Z ¥ +
g3kt

anti-phospho-p38, anti-p38 %

secondary

Qshed A}

3. /\ﬂﬁ HH ok
RAW264.7 cellse St A EF238 (Korea Cell Line Bank,
KCLB, No. 40071) (Seoul, Korea)oll A #-<fubgtom 4 E 9] uj ok
< 913t 10% heat-inactivated FBS (Gibco BRL, USA)3 1%
penicillin ¥ streptomycin (Gibco BRL, USA)S 2 3% DMEM
(Gibco BRL, USA) wjFedellA wjeFstdet. AME= 37C, 5%
CO, ZAstA Fetfa, 29ttt WA E wstden, Al
F9 FAo 2 FUE A f4st7] st A wiFst
Act.

4. MTT assay
RAW264.7 cellsE 10% FBSE X %E DMEMe| #EA7]
% 96 well plate (Corning, USA)ell 2 x 10" cells/ml2] Al £5=7}
5] = 200 ml¥ ¥F3}d 37C 5% CO;, incubatorol] A 24A] 7t
% CLS 549 (0,025 051,294 mg/ml)i =g 8k
FatAck wFdS AA ¢ F 5 mg/mlY
Y & o] F T 4279 37T incubator
etrazolium bromide saltZ #| A3} DMSOE
wello] A4 E formazan®] & =& 4 A
1 % microplate reader (Molecular
3te] 540 nmol X FHES FHaA e,
o] tid HE @A £2F AAE FEATH

o

Devices, USA)
3 39 AR

5. RT-PCR
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RAW264.7 cellsE 10% FBS 3H3k DMEMo| @&z
% 6 well plate (Corning, USA)ol| 5 x 10° cells/ml®] N Z 57}
HEE 3 mlA £33 37T 5% CO, incubatorol] A 24 A7+ uj
&3tk Al 2 DMEMHE| A 2 L%f& % CL (2 mg/ml)Z Al
Zo Aglste] 1A% 2t W Fe & AFA LPS (1 mg/ml)E
Aglstal 3AF e 24X HES W gFEt AT FEASs AAT
1 ml9] TRizolS ¥ 28 ¢ X3 & chloroform< ¥
10% &< vortexingdFil 12,000 rpmoll A 15% &< YA EE S
X F3te] 59 isopropanolS T3S EE
o} 12,000 rpmell A 102 & A4 Eel st FS5AE AAs)
1 pellet> DEPC (diethyl pyrocarbonate)-DW 20 mlol] =<
RT-PCRe]| A8} T} RT-PCR kit (Bioneer, Korea)S A3}
45T A 308, 94TCANA 58 =< wr8A17]l T 94ToA 30%
&< denaturationA] 713, 55~62TC o4 30% &% annealing?|
2 Tk, 72Tl A 13853 extensionAl 71 € cycles 30~353]
B3 5, npA 2 extensiond 72Co|H 5% F<¢ PCR machine
(GeneAmp, PCR system 9700, USA)elA 38ttt 2t PCR
products= 2% agarose geloll loading3te] 100 V 27l A 302
e 7B S Fotd 248 ATk A9 primerd] @714 E
& thg- 7 Zh(Table 1).
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Table 1. The primers for RT-PCR analysis

Gene Oligonuclotide sequences (5" to 3’ direction) Size

L-1p AAGCTCTCCACCTCAATGGACAG 453
GTCTGCTCATTCACGAAAAGGGA

16 TCCAGTTGCCTTCTTGGGAC 139
GTGTAATTAAGCCTCCGACTTG

TNF-a TTCTGTCTACTGAACTTCGGGGTGATCGGTCC 354

GTATGAGATAGCAAATCGGCTGACGGTGTGGG
NOS CTGCAGCACTTGGATCAGGAACCTG 311
GGGAGTAGCCTGTGTGCACCTGGAA
TTGAAGACCAGGAGTACCGC
cox=2 GGTACAGTCCCATGACATCG 583
185 GTA ACC CGT TGA ACC CCA TT 0

CCA TCC AAT CGG TAG TAG CG

6. Western blot

RAW264.7 cellsE 10% FBSE X33 DMEMe| e
% 100 mm cell culture dishes (Corning, USA)e°]l 5x10° cells/ml
o AEF7F HEE 10 mIB 23344 37C 5% CO; incubatord]]
A 2477 wjekslith |2 DMEMHIAIE w3 & CL (2
mg/ml) & A Z Mt 143+ Ft M FF F A54] LPSE
Agstal wjgFatArt. MAPK €4 st7] 98t LPS (1
mg/ml)dl| 10% <t exposed} A th. 59 F wAE A
AdtaL Cold PBSE A& §F F cell lysates lysis buffer (10 mM
pH 7.4 Tris-HCl, 5 mM NaF, 1 mM Na3VO,;, 1 mM EDTA abd
1 mM EGTA)E H7I8tY proteing FE3I9t. Protein
contentE Bradford 2.2 A 3Fste] 20-50 mge] @ AS 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) & 2y sta, Hypond-PVDF
(Amersham, Little Chalfont, UK) 2.2 transferd}$1th. Transfer
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¥ membrane2 Tris-buffered saline Tween-20 (TBST) (20 mM
Tris, pH 7.6, 136 mM NaCl, 0.1% Tween 20)°l &3] 5% skim
milkel] 1A17HE <t A2 A blockingdt § anti-phospho-ERK S}
anti-ERK, anti-phospho-JNK¢} anti-JNK, anti-phospho-p383}
anti-p38 MAP kinase$} B-actin primary antibody (1 : 1000
dilution)2 4Coll A overnight ¥&-¢+ ¥ TBSTZ 33] washingd}
a2, HRP-conjugated secondary antibody (1 : 1000 dilution)Z 1
A ZEERE A2l M whe Az TBSTE 33] Al 43 5 dutks
A gz slE =

o U—1

regents (ECL) (Amersham, Little Chalfont, UK)S ©] &
skt

X-ray films®lA] enhanced chemiuminescence

e 7

7. mRNA 3 ol W o] Aer
mRNA #d 2 Agukgy @il W=+ Scion Image

Ahgstel 4 el
%ajo] LPS ul 2

Release Beta3b software (Maryland, USA)E
o 4 =g gellX 349 pixels®] & A%

o tig HE&2 Jeh A

8. #at &4

E?fifﬁ SPSS 17.0 K for Windows B4 213 97|13 &
A2 YERRLAL frol e E2 P<0.052
5A8A £4L one way-ANOVAS}
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1. AEAEE vA= 9

RAW264.7 cellsS] AEE n|X& e Lolr 7]
MTT assayS AAI3tSich ob @ 28 344 %otz A
314 £ 0149 FBRE=E HEhlSleH, CL (0.25, 2
mg/ml)e FEE A3 AEolM Z7Z 335
0.29, 3.41 + 0.03, 3.30 + 0.15 % 329 =+
o RE FEI BAAT A5 FT o
tH(Fig. 1).
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Fig. 1. Effects of CL on the cell viability in RAW264.7 cells. The cells
were treated with the indicated concentrations (0, 0.25, 0.5, 1, 2, and 4 mg/ml) of
CL for 4 h. Cell viability was evaluated using a colorimetric assay based on MTT
assay. Data represent the mean+ S.D. of three independent experiments.
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RAW264.7 cellsol X A 4% w7 A EFQ] #2419
o] s AN Ad, LPSE A}=8 A E oA IL-1b, IL-69}
TNF-a mRNA @& o] #A3tA F718t92H, CL (2 mg/ml)
S AAYET ATAA FARY BHo] Fadle Ao YEly

E}(Fig, 2).
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Fig. 2. Effects of CL in the expression of IL-13, IL-6, and TNF-a
gene in the LPS stimulated RAW 264.7 cells. The cells were incubated
for 1 h in the presence or absence of CL (2 mg/ml) prior to LPS stimulation (3
h). Expression of pro-inflammatory cytokine and enzyme genes was assayed by
RT-PCR. 18S was used as internal control genes.

3. AT A% v APl EAIF B A }
RAW264.7 cellsol Al A7+ A% wi/l &
& =A3 A, LPSE A= A EA 1NOSS’Jr COX-2
mRNA9| W& o] @A F7Ht92m, CL (2 mg/ml)& 7
A AEA fFAAe THe] A AR dERT

(Fig. 3).
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Fig. 3. Effects of CL in the expression of iINOS and COX-2 gene in
the LPS stimulated RAW 264.7 cells. The cells were incubated for 1 h in
the presence or absence of CL (2 mg/ml) prior to LPS stimulation (24 h).
Expression of pro-inflammatory cytokine and enzyme genes was assayed by
RT-PCR. 18S was used as internal control genes.

4. MAPK &43}d] mX= 4

LPSE A}=38 RAW264.7 cellsoll A ERK1/2, JNK1/29} p38
o] Qiste) wAE FFE AHE 23 LPSE A3 AlEdA
phospho-ERK1/2, phospho-JNK1/2¢} phospho-p38<] & o]
A3 S7FFAL CL (2 mg/ml)E HA T ATA TS
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Fig. 4. Effects of CL on the activation of MAPK in LPS stimulated
RAW264.7 cells. The cells were incubated for 1 h in the presence or absence

of CL (2 mg/ml) prior to LPS stimulation (10 min), and the phosphorylation of
ERK1/2(A), JNK1/2(B) and p38(C) was assayed by Western blot.
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FAZES

e CLY 55 A 23} 4 mg/ml ©]8+9] FEoA CLo|
BAAZL frof 3 Zfol & HolA AkthFig. 1). WEkA o] F=
M9 Wl CL 2 mg/m)E AHE3te] & A5 a74E ZAEIATH

B AT A7 EF wil AlEAD FARY dE
HXe daS A8 A7 CLY AAHErE LPS A=l 93]
7} IL-1b, IL-69} TNF-a mRNA ®3dS 25 JA5l= A
T AU (Fig. 2).
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