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Anti-inflammatory Effect of Ethanol Extract from Eupatorium japonicum

Han Na Lee', Do Young Lim', Soon Sung Lim'?, Jong Dai Kim’, and Jung Han Yoon Park'**
'Department of Food Science and Nutrition
2Center for Efficacy Assessment and Development of Functional Foods and Drugs, Hallym University
*Department of Food Science and Biotechnology, Kangwon National University

Abstract  Eupatorium japonicum belongs to a family of Asteraceae plants and flowers of E. japonicum have been
consumed as a tea. In this study, we investigated whether E. japonicum extract inhibits lipopolysaccharide (LPS)-induced
inflammatory responses in Raw264.7 macrophages. The cells were treated with various concentrations (0, 1, 2.5, 5, or 10
mg/L) of 70% ethanol extract from E. japonicum flowers (EJE) in Raw264.7 cells. LPS-induced nitric oxide (NO) and
prostaglandin E, (PGE,) production were inhibited by EJE up to 67% and 49% of these productions, respectively without
any reduction of viable cell numbers. EJE reduced LPS-induced expression of inducible NO synthase (iNOS) and
cyclooxygenase (COX)-2 proteins and their corresponding mRNA levels. Additionally, EJE decreased the levels of
interleukin (IL)-6, IL-1P, and tumor necrosis factor (TNF)-ao mRNA. EJE was further fractionated with water, butanol,
ethylacetate (EA), hexane, or methylene chloride (MC). Among the resulting five fractions, EA and MC, respectively from
EJE significantly inhibited LPS-induced NO production (each inhibition rate was 85.3% of 10 mg/L EA fraction and
97.2% of 10 mg/L MC fraction) without significant cytotoxicity in Raw264.7 cells. These results indicate that EJE exhibits
powerful effects of anti-inflammation and can be developed as a potential anti-inflammatory agent.
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A} o] g AAE 58 JOFITK(5-8). Prostaglandin Al
zate)] EAlsks AAFNA Y2 arachidonic acidZF-E TT‘_‘LHQ
EXSA A St 3280tk A4E PGE F PGEx= &
FREg) Zo] #ostH, TUdY AZAPES AL A
S FEdte] FTENAol 7]"4?_‘3}(9) Cyclooxygenase(COX)=

arachidonic acidE® PGZ$¢] H3}l=E = FaEHN, E3)
COX-2E HHZS) o8] W3t A=, growth factors, cytokinese]
ThFeE A=l el fRETh(10-12). HEVHEA] EElo] FtE]
= ™3EAQ pro-inflammatory cytokine® Z+= tumor necrosis fac-
tor(TNF)-o,, interleukin(IL)-6, IL-1p 5°] o thHE & o]
£S5 vl tdst A5 wk-S mivliEe Nos$t PGEAIES
fr=stth. SZUE(Eupatorium japonicumyS ¥ S0 A S=
olgis Aol E2 80-120 cm Zhi A 2= 24 Az A
Aol #-e "Ho] AAYsly I Ryt 9t} To] mEs 9o
U 7Rl BU7F A g YAt 912‘:'4, Sl
Axe] Q). 899l M e F2A9 AT Fe] &7
2ol 23k ATk(13). dFE Lo AREEHUCH, ofH &
2 AR HA el A HA, SUER 2| e, 25 O
o 4 FH AZ A= SHATh(14). SEAIRE SE3UES] oF
& 4 tsiXE oFd AT-E vk Qi) wEtd dEd A
o] o gl ABARA FIUHEY 87Fs8E Wel7] fste]
AgelA = LPSE d5HHE-S =3 Raw264.7 A XA &
ivir-%%(EtOH extract from E. japonicum; EJE)9] &
ZAFSIAATE
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BALB/c mouse®l| 4] 28t macrophage cell line?l Raw264.7
MZE American Type Culture Collection(Manassas, VA, USA)°ll
A A e, M aZuel] ARE-S Dulbecco’s Modified Eagle
Medium(DMEM)2 Welgene(Daegu, Korea)ollA] +U3FA3L, fetal
bovine serum(FBS), penicillin-streptomycins< Cambrex Bio
Technology(Biowhittaker, Walkersville, MD, USA)°IA T 3}iTh.
LPS$}  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoleum(MTT),
B-actin antibody= Sigma Chemical Co.(St. Louis, MO, USA)°ll
A YA, iINOS9F COX-2 antibody= BD Transduction
Laboratories(Palo Alto, CA, USA)°IA T3} Th Horse radish
peroxidase-linked anti-rabbit IgG} horse radish peroxidase-linked
anti-mouse IgGi= Amersham(Buckinghamshire, England)ll4] 7%
stod ARE-aFST.

HEIE, T& 347%). &< 53 AxE s3vE F298

7 ZRFEE71E o83l eSSt H, —20°CAlM FA A=
Atk SITUE dEEFEES] BIYES FEE 30g2 300mL
o FHFE XS F, FYF 49 methylene chloride(MC,
19.5%)5 H7kslal B33t MCEHS EEgte =z MC 23

Hg Az, YA Gl FAs Fo SFT hexane(H,
0.185%) 7ket E&sle] H S+ TETosn H £
S Az, YA glol] FUgh ] SR/} ethylacetate(EA,
77.16%) & 718l £335lo] EA WS EETo2R EA B
Yol Az3taL, UmR] g FLe F] FFT9 butanol(B,
0.7%)ye H7tstal #3ste] B SV E2ge 22X B s
Azstar, YA 8-S water( 2= ARSEFS
th 23& 58 AxE 7 $wd S3UE 2I9s 47 24y
F571E o83t AebEEe 7, 20000 FAAxE
55 A3 EIE 2 EJE £3E(W, B, EA, H, MC)2
ethyl sulfoxide(DMSO)ll o] 40 g/LE TEo] —20°Col| W&}
o] ARSI, BE AT DMSOEEE 0.01% mete s &
AHA A&
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Raw264.7 MZE DMEMe] 10% FBS, penicillin(100 U/mL) %
streptomycin(100 pg/mL)S 3k wixE AHE-3te] 37°C, 5%
CO, HiF7IoA wigsilet. ddge] e A= 80-90% 4
To] Hx2 A5S u] Al wiYstaL, 20 passagess ©71A]
22 M| ZRE ARSI

NO2t PGE, dMZI} MZMEE FE

Raw264.7 A XE 10% FBS7} ¥&Hsl RS AFE3ld 24 well
plateel] 7.5x10* cells/well2 #5313 24417F 5, 10% FBS7} %
S wiA] el LPS(I mg/Ly7F E3=A] o5& A s X3 vijA|
o] EJEZ 0, 1, 2.5, 5, 10mg/LE X238, EJEEE &4 NO
g oA TEE A A8l ek 22 x| wiAel Z+
W, B, EA, H, MCE ¥383 EJE £85& 10mg/LE 23HA
U T FEE MRS, 1, 2.5, 5, 10mg/L)gF ol 37°C, 5%
COIA 24417 vislSith. Raw264.7 A|EZHE] AAE NO2J

G A Hgd Foll EAlSkE NO, 9| FEIZA Griess reagent
system(Promega, Madison, WI, USA)S o|&3l] S35t 4
ZHE 96 well platec]] 2zb 58 & A Aol A A G WY
W= Griess AlFS A7Fst] WH-EAIZL H 540 nm 3ol A
microplate reader(BIO-RAD, Hercules, CA, USA)S ©]&3}¢]
nitrite =5 431tk PGE,2 TS 4357 930 nitrite
E Z931Y 593t viXI= PGE, assay kit(R&D systems, Min-
neapolis, MN, USA)E ©]&3ale] A|xAlA AAg o= A
3T A EZAEEL MTT assay WS ©14319d(15) 343}

il

Raw264.7 A3 0x10° cells/dish®] Z=Z 100 mm disholl
3L 2407 T, 1% FBS7F $HFE MR ZolFar, 124]
7t o]’ serum deprivationst$itt. 1% FBS7F g% #iA]el LPS
(I mgL)7} E85] %] ke 71 = 33k vz EIES 0, 2.5,
5, 10mg/Le] =2 A gt 5 6AZF Fo o9 WP (16)2=2
cell lysateE 8330t} Total cell lysate®] T2 F%== BCA
protein assay kit(Pierce, Rockford, IL, USA)YS A3t 3515
o}, Total cell lysate(F¥] & 40 ug)ES 4-20% gradient sodium
dodecyl sulfate polyacrylamide gel electrophoresis(SDS-PAGE)=
=7]e wet E2]gk F, polyvinylidene fluoride(PVDF) membrane
(Millipore, Bedford, MA, USA)| ©]&A]Z . Membrane2 5%
non-fat dry milk-TBST(20 mM Tris-HCI, pH 7.6, 150 mM NacCl,
0.1% Tween20)2 1417+ 5t wnkeh & Z4staa sk A
(iNOS 1:1000, COX-2 1:1000, B-actin 1:2000)% Z}7} 7}t
oA 1AZE B 2AIZE B9 WESTE 1§ anti-mouse
I+ anti-rabbit horseradish peroxidase-conjugated antibodyE %7}
sled 1AIZF wkelsiT) 7 @ld Wi == Immobilon™ Western
Chemiluminescent HRP Substrate(Millipore, Bedford, MA, USA)
& AMgste 7HAlE ik zF el wi=e] Zrw= Imagel(ver.
142, NIH Image, developed and maintained by the National
Institutes of Health, Bethesda, MD, USA)S A}&-3te] =23} &}
Foi=

HEH AO[EFIRIe] mRNA s &3

Total RNAS] F%-2 RNeasy Mini Kit(Qiagen, Valencia, CA,
USA)S AHg-3to] =331, total RNAOIA cDNAS FHAdsh=
9l oligo-(dT) primer2} SuperScript I reverse transcriptase(Invit-
rogen, Carlsbad, CA, USA)S A&-319tH(16). cDNAZ A E
iNOS, COX-2, TNF-a, IL-6, IL-1p 2] glyceraldehyde-3-
phosphate dehydrogenase(GAPDH)2] mRNAS] &L real-time
reverse transcription-polymerase chain reaction(RT-PCR) WH o 2
Rotor-Gene™ 6000(Corbett Life Science, Sydney, Australia)S ©]
&8l Zgstitk(17). S48t s mRNAE GAPDHE 4]
S A3}t 3193 Rotor-gene software(ver. 6, Corbett Life Sci-
ence, Sydney, Australia)s AME-3led ALttt 22t X1&= LPS
control(1 mg/L. LPS+0 mg/L EJEYS 100%= YERd Aol 7ke
AFS 33 wkEsted YeRSIth mRNA primer= Bioneer(Dae-
jeon, Korea)oll4] A|ZFstd o th23 7t} GAPDH, sense 5'-
GGCATGGCCTTCCGTIGI-3' anti-sense 5-GGITTCTCCAGGCG-
GCA-3'; iNOS, sense 5-AATGGCAACATCAGGTCGGCCAT-
CACT-3" anti-sense 5-GCTGI'GTGTCACAGAAGICTCGAACTC-
3, COX-2, sense 5-GGAGAGACTATCAAGATAGI-3' anti-sense
5'-ATGGTCAGTAGACTTTTACA-3"; IL-6, sense 5'-CCCAATTTC
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Fig. 1. Effects of EtOH extract from Eupatorium japonicum (EJE) on LPS-induced NO and PGE, production in Raw264.7 cells.
Raw264.7 cells were plated in 24-well plates at 7.5x10* cells/well. After 24 h, cells were treated with various concentrations(0, 1, 2.5, 5, or
10 mg/L) of EJE in the absence or presence of 1 mg/L LPS. The media were conditioned and collected at 24 h after EJE treatment. NO (A) and

PGE, (B) in the conditioned media were measured using the NO Griess reagent system and PGE, assay Kkit, respectively. Cell viability (C) was
estimated by the MTT assay. Each bar represents the mean+SEM (n=4). Means without a common letter differ significantly (p<0.05).
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CAATGCTCTCC-3, anti-sense  5-ACAGATAAGCTGGAGTCA- Za gl nE
CAGAAGGAGTGGCT-3; IL-1B, sense S-ACCTGTCCTGTG-
TAAATGAAAGACG-3', antisense 5-TTGGTATTGCTTGGGAT — Raw264.7 MZOIM LPSO| 2 SE=2 NO PGE, Aol

CC-3'; TNF-a, sense 5-TCCAGGCGGTGCCTATGI-3' anti-sense Ligt SESLIE OER=SFEE(EJE) S
5'-CGATCACCCCGAAGITCAGI-3". A Zol| A= LPSe} 7He 9]F A= Eof s P=ukgo)
doj}d NO, PGs, 954 cytokine?} 7H& thekel E2-8 AA
SAHXE ShaL, AsHke2 dshs T HelHd whgo] F=Erk1s).
B A7 RE B4 $3Ee meantSECE YENIAT 3 mebr] B AFME FEUE EeFEE(EIE] NO% PGE,
¥ A= SAS(Statistical Analysis system) Windows v. 8.12 o] wol m= PIL ZARE] SE] mRe29] thAlAE]

2I%(SAS Institute, Cary, NC, USA)S o]&3lo] EA EA314 Raw264.79 LPS(1 mg/L)2e] ©E*2] E& EIEE 0, 1, 2.5, 5,
om, 7} Age] FEAH] Fo42 p<0.05 Tl analysis 10mg/LZ FAlel A2]ate] 24A17F &< vidst &, NOS} PGE,
of variance®} Duncan's multiple range testol] 2]sf] #2313} ch. of gt EIEY] A oA a4E XA BIE X+ LPS
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Fig. 2. Effects of EJE on the protein and mRNA levels of iNOS and COX-2 in LPS-stimulated Raw264.7 cells. Raw264.7 cells were
serum-deprived with DMEM containing 1% FBS for 24 h. Serum-deprived cells were treated with EJE (0, 2.5, 5, or 10 mg/L) for 6 h. (A) Cell
lysates were subjected to Western blotting with an anti-iNOS or COX-2 antibody. Photographs of chemiluminescent detection of the blot, which
were representative of three independent experiments, are shown. The relative abundance of each band to their own B-actin was quantified, and
the LPS control levels (1 mg/L. LPS+0 mg/L. EJE) were set to 100%. The adjusted meantSEM (n=3) of each band was provided above each
blot. (B) Total RNA was isolated and reverse transcribed, and real time RT-PCR was conducted. mRNA was normalized to GAPDH mRNA, and
the LPS control levels (1 mg/L LPS+0 mg/L EJE) were set to 100%. Each bar represents the mean+SEM (#n=3). Means without a common letter

differ significantly (p<0.05).

o el A2gel S7h8 NO9l &= EIEAE HEskolA 67%
A% AN oH, PGE,el MAFE 49%71A] 7H2AATHFig.
1A and B). 28} EJES HE]E Raw264. 74| E9] Z2o|= o}
TGS AR GUthFig 10). § Azk= B 548 U

ERA] kowA LPSel| o5 A4 2 #H7F S7HE NO9t PGE,
£ X0 F ANtk 2S YERITh
LPSOl 2ldi == iINOS, COX-29| CHHAETL mRNA &
ol chst EJEQ &3}

INOS®}F COX-2&= 77 d%¢] wiZiEZ<] NO$t PGEE 4
et T8 98-S ks @4olth EJEZF NOSH PGE,2] 4]

= 7o mg o)dl EIEY A 9A &3 iNOSSH COX-
2 Thal o] wH Ao 71908 QIR ZAFEZ] 218le] Western

blotS 331t Raw264.7 A= LPSE #2]8tlS wf iNOS
o} COX-2 7] o] F7I=SUSL, EIES] Ao o3 +
wild o] BE A4S THFig. 2A). ©lel§ EJEC] gt
INOS$} COX-2 @il o] ZH4E mRNA®| FEollx 24
HE=x] gelsl7] 918} real-time RT-PCRS S35}t 2 2
Z}+ INOS2} COX-2 25 mRNA2] w&lo] LpSel olal Z7}= 1
EIEAE] & oJ&H o2 TAstsien 53] 10mglL EIEE A
23k A= INOSSH COX-2¢] mRNAS w&lo] zkz} 95.5%%};
81%7F A= ATtHFig 2B). ©] A3E %3 EJEE iNOS$}
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Fig. 3. Effects of EJE on LPS-induced IL-6 (A), IL-13 (B) and TNF-a (C) mRNA expression in Raw264.7 cells. Serum-deprived
Raw264.7 cells were treated with EJE (0, 2.5, 5, or 10 mg/L) for 6 h. Total RNA was isolated and reverse transcribed, and real time RT-PCR was
conducted using its relative primers as described in materials and methods. mRNA was normalized to GAPDH mRNA, and the LPS control
levels (1 mg/L LPS+0 mg/L EJE) were set to 100%. Each bar represents the mean+SEM (n=3). Means without a common letter differ

significantly (p<0.05).
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Fig. 4. Effects of fractions from EJE by solvent partitioning on LPS-induced NO production in Raw264.7 cells. After 24 h plating, the
cells were treated with 10 mg/L EJE or EJE fractions (water (W), butanol (B), ethylacetate (EA), hexane (H), methylene chloride (MC)) in the
absence or presence of 1 mg/L LPS. The media were conditioned for 24 h and collected for NO assay (A) and the viability was measured by
MTT assay (B). Each bar represents the meant=SEM (n=3). Cells were treated with various concentrations (0, 1, 2.5, 5, or 10 mg/L) of EA
fraction of EJE (C) and MC fraction of EJE (D) in the absence or presence of LPS (1 mg/L). The conditioned media were measured for NO
assay. Each bar represents the mean+SEM (n=4). Means without a common letter differ significantly (p<0.05).

o NO A4 JAEax= ZAFsT) EIESH EIE £38E2 NO (Fig. 4A and B). AgE 7 71 £E9ES 3282 AZS H
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)9t MC(972% < NO A4 oA1&) EgEde] ZAEATG 4C and D). §) A3 EJES EASF MCEE HEox & 53
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