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The Effects of Different Extracts of Ostericum koreanum
on the Production of Inflammatory Mediators
in LPS-stimulated RAW264.7 Cells

Chang Min Kim', Yong-Ki Park!?"

1: Department of Herbology, College of Oriental Medicine, Dongguk University
2: Oriental Medicine Drug R&D Center and Oriental Medicine, Research Institute,

Dongguk University

ABSTRACT

Objectives : In this study, the effects of ethylacetate extract of Ostericum koreanum on inflammation in
RAW?264.7 cells were investigated.

Methods : Dried roots of Ostericum koreanum was extracted with 80% methanol for 24 h, and then
fractionated with n-butanol, n-hexan and ethylacetate. RAW264.7 cells, a mouse macrophage line were
incubated with different concentrations of the extract for 30 min and then stimulated with LPS at indicated
times. Cell toxicity was determined by MTT assay. The concentrations of nitric oxide (NO) and prostaglandin
E2 (PGE;) were measured by Griess assay and enzyme immunoassay (EIA), respectively. The expressions of
inducible nitric oxide synthease (iINOS) and cyclooxyganase (COX) -2 mRNA and protein were determined by
RT-PCR and Western blot.

Results : The methanol extract of Ostericum koreanuman and its fractions were significantly inhibited the NO
and PGE2 productions in LPS-stimulated RAW264.7 cells. Among the fractions of Ostericum koreanuman the
ethylacetate fraction was more strongly inhibited NO and PGE: productions compared with other fractions.
The ethylacetate fraction was also suppressed LPS-induced mRNA expressions of iNOS and its protein levels
in RAW264.7 cells.

Conclusions : This study suggests that the ethylacetate fraction of Ostericum Kkoreanum may have an
anti-inflammatory property through suppressing inflammatory mediator productions in activated macrophages,
suggesting have a therapeutic potential for the treatment of various inflammatory diseases.
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), SSAIEFRJIF(TNF-q, IL-1, IL-6, IL-§,
GM-CSF), 84334 92K platelet activating factor),
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7ol RAW264.7 AlEA LPSel o3 fese 95

27|Z 40ColA A% Ze ARE ARSIt

2) Aok

Ao ALg-¥ A|2kS methanol, n-BuOH, n-Hexan,
ethylacetate(Merck Co., Germany), lipopolysaccharide
(LPS; E. coli BO111'B4; Sigma, St. Louis, MO),
3-(45-dimethyl thazol-2-yl-25-teterazolium bromide
(Sigma), TRIzol reagent (Invitrogen, Carlshad, CA),
SuperScript” First-Strand Synthesis System(Invitrogen),
Protein assay solution(BioRad Labolatories Inc.,
Hercules, CA), 30% Acrylamide solution(BioRad
Labolatories Inc.), NP-40 Cell lysis buffer(Invitrogen),
UltraPure™ DEPC-Treated Water(Tnvitrogen), N-trityl-1,3-
propanediamine acetate(Sigma), Sulfanilamide(Sigma
Chemicals), anti-INOS antibody(SantaCruz Co., Ltd,
Santa Cruz, CA), anti-COX-2 antibody(Santa Cruz
Co, Ltd), anti-COX-2(SantaCruz), PGE. EIA kit
(R&D System, Inc., Minneapolis, MN) 5-o]t}.

| Ostericum koreanum (OK; 560g)

Extract with 80% MeOH (x3),
Filteration, Concentrated in vacuo

| Methanol Extract (OK-MeOH; 74g)

Extract with #-Hexan (x2),
Filteration, Concentrated in vacuo

| n-Hexan layer (OK-Hexan, 11g) |

Extract with EtOAc (x2),
Filteration, Concentrated in vacuo

| Ethylacetate laver (OK-EtOAc, 10g)

Extract with n-BuOH (x2),
Filteration, Concentrated in vacuo

| Butanol layer (OK-BuOH, 14g) |
1
| 1m0 tayer (0K-1,0. 359) |

Fig. 1. Preparation of methanol extract of Ostericum
koreanum and the fractionation by using various organic
solvents
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H«] 2 A E522] RAW264.7 Al E+= ATCCEHE]

st o™, 10% inactivated fetal bovine serum¥}t

l%) penicillin * streptomycin®] ¥3te  Dul-becco’s

Modified Eagle’s Medium(DMEM)< #jfoio = 3
7T, 5% COy 71l A v gatoich.

3) AlZzsA=A

RAW264.7 AE(5x10" cells/wel) S 9%6-well culture
plateel] 100 x0¢] DMEM uj#| ¢} A sh5=4t w3t
o, o2l 9 oS Aelate] 2441t v s
o 2 wellel 5 mg/ml %9 MTT €948 50 ul A
HE 5 AN T vt BAREES RS
oM, 100 o] DMSO &9H& FH7beto] Hepa el
eds] &sfstal gL R et=s
microplate readerE ©]-&3}o] 550 nmoﬂ AN ERrE
=45t o AE5A(cell toxicity) AERF ul
gt AT AEE 100%E 7o 2 oFEAF
o] Al MEREEE ALeES

formazan ZAAE

4) Nitric oxide =%

RAW264.7 AZZ5H A== NOo| 4s Alx

il & EA8tE NO, o] 2 Griess reagent
B3-S o] g5ke] A3t F RAW264.7 Al Eol
thorsl o] oRES 30k7k A e sk E}-Uy LPS(1

©g/m)E A sto] 24/‘]7} W Fsh oAt Al Eu) oFl-&
FAsEe] wjkd 100 woll FLS F Griess AleF
(0.1% NED/1% sulfanilamide in 5% HzPO)S ¥
T 158 4vkE sigih B AEE microplate
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reader®] 540 nm &3 =
od U NO9Y &
’% 7]%—0—3 71"}1\1'01'/\/\1:}.

5) Prostaglandin E; &%
SAstE YA EZRE &
prostaglandin E; (PGEp)&] %S A Eufoked
FAHANS Y (Enzyme Immuno-Assay; EIA)S ©]
3ol A3tk S RAW264T7 Ao st 5%
obe& AEste] 307 et o LPS (1 pg/me)
& Aelste] 16A13F i gFateh Axzmdd s +A5)

1o o

of wjoFel o] EAsHe PGEySl ¥ ZAsHo o,
AEvjekol ) E45Hs PGE,S] 5% PGE, B2

o] Ag=ds 7o s At

6) Reverse transcriptase(RT)-PCR

RAW264.7 AEo]A @& 5= iINOSSH COX-29]

A Lotk o= BHE AR 98
RT-PCRE 33}
HA RAW264.7 A|zel] thfet w%9 k&S 30
St kst o, LPS (1 pg/m)E AH2lste] 64
&3 wieFstS E]r AIPEE FA3E 5000 rpmellAl 5
w1 Al & TRIzol AlekS o]8-38lo] RNAE
sttt E2)E RNAS oligo—(dT) primer, Improm-
IITM reverse transcriptaseE ©]-&3}e] 25Col|lA 10
B A2TColA 60%, 70CoA 168 Z=Hdo= (DNAS
etk

kil

qr Y He

cDNAd djgt PCRE a3t <13
cDNA 1 pgoll ¥19] primers (sense, anti-sense) 1
w210 x buffer (10 mM Tris-HCl, pH 8.3, 50
mM KCl, 0.1% Triton X-100), 250 yM dNTP, 1U
Tag polymeraseE <%t § denaturation= ¢13l 9
47T A 30%, annealing=S 938 55-60ColA 30x 2
extensiong $3 70CNA 60% ZFHdA 25-30
cycless 839tk PCR w49 EE x4
GAPDHsE AH&-3F9itt.

Table 1. The Primers for PCR

Primer Sequences

INOS Sense 5'-GAC CAG ATA AGG CAA GCA C-3
Antisense 5'-CTT GTC TTT GAC CCA GTA GC-3'

COX_2 Sen§e 5'-ATG CTC CTG CTT GAG TAT GT-3
Antisense 5'-CAC TAC ATC CTG ACC CAC TT-3

GAPDH Sense 5'-CTC GTG GAG TCT ACT GGT GT-3

Antisense 5'-GTC ATC ATA CTT GGC AGG TT-3'
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7) Western blot

RAW264.7 A XA PdE = INOSe COX-29
ol e ik oFEel adE FAbshr] sl
Western blot= 483} t}.

WA, RAW264.7 Az tekst sxe] &S 30
5ok kst U LPS (1pg/ml)E A sk 244]
b Fot wiFslaith 74 NEE A3 v HBSS &
adlog 23] AH3}a, lysis buffer (50 mM HEPES,
pH 74, 150 mM NaCl, 1% deoxycholate, 1 mM
EDTA, 1 mM PMSF, 1 pg/ml aprotinin) 0.1 m{=
lysisAlA 12,000 rpmell Al 208 GAl &gl lo] iz
S B3t E8® dMAS protein  assay
solution® 2 A#d v, 20 pg @A 2 x
sample buffer (100 mM Tris-HCl, pH 6.8, 200 mM
dithithreitol, 4% SDS, 0.2% bromophenol blue, 20%
glycero)= 430 100ColA 3% #e & 10-15%
SDS-PAGEE o]&ste] Z2lstirh. Z2ld geld] &
W25 NC membrane®# transferrl7l % 10%
skim milk2 &0 1417+ blocking3th. iNOS,
COX-2 9 B-actinel] gk LAIAE 0.06% Tween©]
¥l TBS-T=Z 8lAste] 4TA st vHSAIZL &
TBS-TZ 33] A|&3s}1 anti-IgG conjugated HRP &
<k 1"]& Ao A BEGAIAT o] A TBS-T
2 AFS F ECL 895 o]83t9] x-ray filmel 7+
FA T

8) A #HA

B0

#2498 Graph Pad Prism program® Student t-test
£ F8ste] patol 005 olskl A& ool gl
v Aoz A4

7peke] WS FE55(0K-MeOH) 2 #3559 A
d W o 2 21519 tHFig. 2).
Uﬂ%:%fﬁ%%t 1 pg/ml, 2 pe/ml, 5 pg/ml, 10 pe/ml,

20 pg/ml sZ=O A A EZAEELS 242 102.5+1.06%,

103.2+4.87%, 96.17+2.29%, 30.87+1.96%, 13.73+
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Fig. 2. Effects of the methanol extract of Ostericum koreanum and its fractions on the viability of RAW264.7 cells
Cells were treated with different concentrations of the methanol extract (OK-MeOH), ethylacetate fraction (OK-EtOAc),
n-hexan fraction (OK-Hexan) and n-butanol fraction (OK-BuOH) for 24h, and cell viahility was determined by MTT
assay. Results of three independent experiments were averaged mean value of three independent experiments (SD=bars), and
are shown as percentage cell viability compared with the viability of untreated control cells.

60+ 60
T T
50 504
~ 40 — 40+
= =
= 304 i 304
[0}
Z 204 Z 304
il jiN
0 T T 0 T T
1} 0 0 ]
LPS - + LPS - +
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Fig. 3. Effects of the methanol extract of Ostericum koreanum and its fractions on NO production in LPS-stimulated

of RAW264.7 cells

Cells were treated with different concentrations of the methanol extract(OK-MeOH), ethylacetate fraction (OK-EtOAc),
n-hexan fraction (OK-Hexan) and n-butanol fraction (OK-BuOH) for 30 min, and then stimulated with or without LPS (1
pe/ml) for 24h. The nitrite concentrations in medium were determined by Griess assay. Results of three independent

experiments were averaged mean value of three independent experiments (SD=bars), and asterisks indicate significantly
different from treatment with LPS alone (+ : p < 0.05; #* : p < 0.01; and #++ : p < 0.001).
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i)

0732 A5 5 pg/ml F=7HA] F5A0] gl AL
= etk ogoH ol E #E¥=(0K-EtOAc)S 2
pg/ml, 5 pg/ml, 10 pg/ml, 20 pg/mt, 50 pg/ml 5 5ol A
ZvZ} 104.2£3.85%, 101.5£6.41%, 101.3£0.54%, 45.3+
0.82%, 51540.16% % =45 10 pg/ml F=7HA =
o] gle AoE vepson, ik 95 (0OK-Hexan)
2 05 pg/ml, 1 pg/ml, 2 pe/ml, Spg/ml, 10pg/miol A
108.6+3.31%, 100.9+0.28%, 103.5+0.50%, 63.7+0.29%,
497+0.371% % ZAHE 2 pgy/ml TEIA EAo] ¢l
= AoE YEW, FEREEEE(OK-BuOH) 2
we/ml, 5 pe/ml, 10 pg/ml, 20 pg/ml, 50 pg/ml & Lol A
103.5+0.50%, 102.2+£9.77%, 102.6+2.61%, 76.1+7.67%,
493+ 1.14%= =A% 10 pg/ml FE7HA] SA o]
Sl Ao = Yetylth weba o] AEe 7Fde v
Se3EE 9 TYEEY AxsAo] flv RS

ol A s}
2. NO MMof cist 2ot
LPSe] 9]s] RAW2647 AIE2FE A4 NO

of W3 A& MeerEs 3 Bd=E qAsY

1000+

5004

PGE; (pg/ml})

0

LPS (1pgiml) - +

OK-MeOH (ugiml)

PGE; (pg/ml)
g

0

LPS (1ugiml) - +

OK-Hexan (pgiml)

A ER o o 2 HE] Griess assay YHol 23] =
sk th(Fig. 3).

HA AEZRE wjFets w Az Ul NO<
FTEE 5194027 M/mlE - 9A SA4H o,
LPSel| 93l 5348+3.16 uM/ml F== AA 3] F7}H=
Ak A& meeFEE(0K-MeOH)2 05 g/,
1 pg/me, 2 pg/mé B 5 pg/mle] HsEoA 2t7}
4781067 uM/ml, 3656£1.350 uM/ml, 22.88+0.15 uM/md,
15714068 uM= S5 o] F& oJEAolaL froj3 o
2 NO Aol A= Ao® veiutt &3t o g
oA Hl o] ER 3 &(OK-EtOAC) S 1 pg/ml, 2 pg/ml, 5
pe/ml 210 pg/ml A Els oA ZH 47.8142.01 uM/
ml, 36.56+1.56 uM/ml, 20.16+1.05 uM/m¢ 2 7.96+1.08
WM=E SAEo] A Fko] oEFolal FoAow
HasE Aoz Yelytth #4HE 85 (0OK-Hexan)<
02 pe/ml, 05 pg/ml, 1 pg/ml 2 2ug/mle] A2 % ol
A 24z} 57.81+0.67 uM/md, 53.48+3.16 pM/md, 43.70+
095 tM/ml 2 24.96+1.21 pM/ml=E A HR o™, 2
pg/ml FEOIA FolH oz NOo Aol HaE itk
FE2 235 (0K-BuOH) 2 1 pg/ml, 2 pg/ml, 5 ug/ml
210 pg/mle] AgsEdAA 27 55.31+0.02 pM/md,

[¢)
24

ot

PGE; (pg/ml})

04

LPS (1 pgiml) - + + + + +

OK-EtOAc (ugimi)
1000+
E
o
£ 500
W
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Fig. 4. Effects of the methanol extract of Ostericum koreanum and its fractions on PGE2 production in

LPS-stimulated of RAW264.7 cells

Cells were treated with different concentrations of the methanol extract (OK-MeOH), ethylacetate fraction (OK-EtOAc),
n-hexan fraction (OK-Hexan) and n-butanol fraction (OK-BuOH) for 30 min, and then stimulated with or without LPS (1
pe/ml) for 18h. The PGE2 concentrations in medium were determined by enzyme-immunoassay. Results of three
independent experiments were averaged mean value of three independent experiments (SD=bars), and asterisks indicate
significantly different from treatment with LPS alone (+ : p < 0.05; #+ : p < 0.01; and *** : p < 0.001).



73&e] RAW264.7 AlEA LPSel 2|3}

44.14+1.80 puM/me, 33.67+0.36 uM/m¢ % 20.35+0.73
IM/ml= 490 2R 5 pg/mlF 10 pg/mlsEANA
Ao 2 NOeo Aol #HAEE Aoz eyt

oo} ol gl WgLFEEY HYEEL %
Aol g sEEa g BE 40z NO 4

3. PGE; ¥4of et =2}

J sk 7+g uﬂg}izz% ux1 a3
E Axajdd oy aAHANEH 011 o3 =74
a9 thFig. 4).

WA AR wjdEtds wf AEE g O PGE2

o] FE 284+1.35 pg/mlE v 5% A FAHEHAL
i, LPSol 9]al 813.2+13.9 pg/ml &
HAu e 1Jﬂ‘E‘r%—ir%%(OK—l\/IeOH)% 05 pe/
ml, 1 pg/ml, 2 pg/mb 25 pgy/me] AgsEolA 2zt
799.9+13.7 pg/ml, 7915 £52.3 pg/ml, 642.24525 pg/
nl, 34224327 pg= FAE o] FE oEH ] {9
Ao g PGE2 Aol JAH= ALE YERRTE o
HolAHo|E 3 E(OK-EtOAc)2 1 pg/ml, 2 pg/ml,
5 pg/ml R 10 pg/ml AelEEolA ZH7t 751.9416.2
pg/ml, 560.2+26.3 pg/ml, 443.7+274 pg/ml 2 160.6%
142 pg/mE SAEo] Al Fiol of&F ola 9
Mo 7a¥e Aoz yepyth it EE(OK-
Hexan)< 02 pg/ml, 05 pg/ml, 1 pg/ml 2 2pg/ml2]
Aol zhzh 832.8434.7 pg/ml, 8085102 pg/
ml, 763.7£29.3 pg/m¢ %L 52512101 pg/mE ZH =AY
on 2 ug/ml FEAAN fFJHOE PGE2 Aol
HAaEAT TR E(OK-BuOH) 1 pg/ml, 2
pg/m, 5 pg/mb R 10 pg/mee] AgsieelA 7zt
846.2+10.94 pg/ml, 853.3+46.6 pg/ml, 773.3t158 pg/
¢ 2 64144307 pg/mlE ZAFYOZR 5 ug/mlT 10
pg/miEEAA F9H 07 PGE9] Aol HAaEE
Ao EwTh

upetr] Fdo] veteE
e TR HolA o4 o® PGE; B48e 74
AFE Ao Z YeRon, NOoA ¢ pl7kA = of
FJOM Jo|ER2E0] PGE;, A4S 78 Bel o

h= Ao YERdth

TedE dsed A dig & 175

4. iINOS 2ol Chst 22t

LPSell 9la] RAW264.7 MEZF-E Had == NO
A EA INOS gk e MElEFEE 2 28E
59 oA@¥= RT-PCR #(Fig. 5A)3 Western
blot W o2 zAFek% thFig. 5B).

INOSSF COX-29] A4 282 RAW264.7 A3
et s we HEEA ke, LPS AE ¥
wo]  Z7hEdeh LPSol 93] fE¥ iINOS9
COX-2 frxte] wade 7ee] mMuesFEE50 uy/
nl) 2} oA HolA e o] EX-EE(10 pug/ml)oll 23] A+
© 22 YETHFig. 5A).

dr ol

A)
LPS (1 pg/ml) - + + + + +
’ - - M ET HE BU

B)

LPS (1 pg/ml) - + + + + +
X - M ET HE BU

iNOS

{

COX'2| - . - — —|

GAPDH | |

Fig. 5. Effects of the methanol extract of Ostericum
koreanum and its fractions on the expressions of INOS
and COX-2 in LPS-stimulated of RAW264.7 cells

Cells were treated with different concentrations of the
methanol extract (OK-M; 5 pg/ml), ethylacetate fraction
(OK-ET; 10 pg/ml), n-hexan fraction (OK-HE; 2 ug/ml)
and n-butanol fraction (OK-BU; 10 pxg/ml) for 30 min, and
then stimulated with or without LPS (1 pg/ml) for 6h(for
PCR) and 24 h (for Western blot). The mRNA expressions
of INOS and COX-2 were determined by RT-PCR, and
their protein levels were determined Western blot,
respectively.

T3 INOSSF COX-29] vl whele A vk uf
}91% = 7M ﬂﬂlﬂ%] %}—8— LIPS A g

0&3
ol

%(5 ug/m(% JJr Oﬂao}/‘ﬂEﬂol EFIE1 2
AT EQ2 pg/ml) Aol o3 AA = Ao o
woHFig. 5B).

upeba Fge] WegEFEE BYEE T
OVﬂEﬂ o|EX-Z o] LPSo o3&
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e -{o«
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A FEA U B 24 S48 943% O]E;‘]O %
AESA Al ETFIR]
(proinflammatory  cytokine)g& H]E3F¢]  eicosanoids,
ROS, NO, PGE2, superoxide(O;) 59| t}aslt o=
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