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Anti-inflammatory Effect of MeOH Extract of Cibotium barometz in IFN-y
and LPS-stimulated Mouse Peritoneal Macrophage

Ji Young Lee, Sung Hoon Ko, Yong Jae Lee, Se Yeoun Lee, Ho Jun Park,
Tae Yong Shin' and Hoon Jeon"*

College of Pharmacy, Woosuk University, Samrye 565-701, South Korea
!Center for Healthcare Technolohy Development, Chonbuk, South Korea

Abstract — The rhizome of Cibotium barometz has been used for variety of bone disease as a traditional medicine. In the
present study, we examined the antioxidant and anti-inflammatory activities of 85% methanol extract of C. barometz. C.
barometz exhibited potent scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, superoxide radical and nitric
oxide radical. In IFN-y/LPS-stimulated mouse peritoneal macrophage model, C. barometz suppressed nitric oxide production
and IL-6 secretion dose-dependently. Moreover, C. barometz showed decreased iNOS and COX-2 expression without notable
cytotoxicity. These results suggest that C. barometz may be an useful agent as an antioxidant and anti-inflammatory agent.
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NO= NO synthase (NOSYIl €]3)] L-arginine® 25-€] A}
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A Fal gt FEFE mA
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ROS$}H RNSE AAE = e Ei‘rxﬂ‘f} E‘1117H 1At A
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T2& 123} (Dicksoniaceae)oll &3 thaA xEQl
FET4 (Cibotium barometz)®] <73 0.2, filifmdio] &3}
‘:’4 FHITR, I, TGRS Seo] o] Bk BHmEH,

FAE O] /IMEAEE, (aE % <] i]EOH rolm | 2 W

9]r Hd Age) A7l Tl e Ao dHA gt
& o = onitin, onitin 4-O-B-D-glucopyranoside, pterosin
R, woodwardinic acid, tannin 52] AJ¥&o] ShFEo] o
o181 okp) kgl thet AteE P olghkg 0 A
Az Ay R 38 870 gz o] G o] B
SO QU ey A 0] Bkl 9l el tigh A
= Wol m)5gk Aol

ool & AtollM= 39 dMitsl S-S FRlsh] 4
3] DPPH radical, superoxide radical % Nitric oxide 47
T o Ao, dHEF 7S Fotry] LA
2] rIFN-y2} LPSE A% tha)A| Zojl 2] NO A4 2
iINOS, COX-2, IL-6°] W&o ojwst JaFS mA=A] =
AFeFaiTt.
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ERE

AEME - & AP AME & (Cibotium barometz)
2 2005 99 US| Eelx st ARSI S voucher
specimen (WMEQ19)2 -P-4th e} eFshristel] rawlo] g
c}.

7217 H Al —HEFe] AT Al9F2 Dulbecco's
modified Eagle's medium (DMEM), penicillin-streptomycin,
Dulbecco's phosphate buffered saline,
sulfate (SDS), fetal bovine serum (FBS), trypsin< Gibco
CodllA anti-mouse iINOSE Santa CruzolA 9138 218 A}
&3}tk L-ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), xanthine, xanthine oxidase, nitroblue tetrazolium
(NBT), sodium nitroprusside (SNP), lipopolysaccharide
(LPS), anti-rabbit actin, 3-(4,5-dimethylthiazol-2-yl) -2,5-
diphenyltetrazolium (MTT) Sigma Co.ol| 4 7] €} A]2F-&
cell culture 2 15 A19FS ARSI ARS7]H= culture
flask (Nunc), 24 well plate (Costar), CO, incubator
(Vision scientific Co.), inverted fluoromicroscope (Zeiss
Co.), electrophoresis system (Bio-Rad), XAR-5 X-ray film
52 AT,

- 74 300 g& 85% MIEEE 5000 mlZ 2 A
204, 28] 285 FZ519.00, o] B3 oA rotary

FE5ATE FFHL freeze dryers ©]

sodium dodecyl

(Kodak), microplate reader (Tecan)
Aze| =

evaporator=. ¢} &
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Bot] FAAZ s, AR A7EA] -20°CelA Bast
Atk +H FEES FEE 11.9%A2m & A=
5% dimethylsulfoxide (DMSO)l| <1 th2 filtering &+ A
< ARSIt

DPPH radical 27184 #8 - DPPH radicaldl] t3t -+

o] Qe FF3L7] 98] Gyamfi 59 WHS S-8-8t
of AEEHTE 025mM DPPH (dissolved absolute
ethanol) 495 plek 0431 T 7 FEE 5 uE G
20559t WS & microplate reader (GENios, Tecan,
Austria)E ©]83} 520 nmollA] FF =S SHSIITE &
A Y Z2F S 2+ L-ascorbic acidE AFE-319.2.™, DPPH
radical®] 227152 % inhibition® 2 $H2ksle] ¥ 71819}

Superoxide anion &7{&4 ZFH - Superoxide anion
(-0l tigt 2245 (SOD mimic activity2 Hisham 52
HRH S o)1 Z2gslo] ALE-3ISIT}. WA] Reaction mixture
(1.6 mM xanthine in PBS, pH 8.0)¢} 8] F%=9] +3 F
Z5 5uiE 2 48 e 37°ColA 587 AXEIIek 1 ml
2] xanthine oxidase (0.05 U/ml)y& 718t w5 A& s}
o, 37°CAl A 208 7F HES-A1Z1 & 2 ml9] SDS (69
mM)S H7tete] RS FEAIZTH RS AR Al
D.WE Yo 48333 570 nmollA SZF =S =735}
NBT®| ZagS gRlskirh.

Nitric oxide 278 X — SNP (5 mM) 495 ule} &
TR G FEE SUE F 4L oS A200A 247
30 FF WESAIZ T SNPol| ofal AAE NOoll ek ++
9] @3+ Griess reagent (1% sulphanilamide and 0.1%
naphthyletylenediamine dihydrochloride in 2.5% H,PO,)%}
WESAIA 540 nmollN F3=F g ste] vlasislon, 4
1= % inhibition® 2 $Hiksled 378G

SZ ANzl 22| & MEZHHRE — F o] E7F tj2A]
3+, C57BL/6 657% malel] TG 2.5 ml% FAFste] 3Y
T cellS #el3tTt. #2lst A Z= 10% FBSSF 100
unit/ml®] penicillin/streptomycine 1% nﬂ-ﬂ DMEM Bjj#]
of vi< sixlem, 37°CY x3} FE7F FAEHE 5% CO,
incubatoroll 4] w5ttt

M=ZMEE M - Fo] B UIXAMEZE 24 well plateel]
3x10° cells/wello] HEE B3 0} 73S vl 7'<1
2] 8ke] A 39 *ﬂz‘:—‘;% A3k A2l 0.01, 0.1,
mg/mle] FE2 THL AL 37°C, 5% CO0IA 24A]
7F Fot vt A Tt 244 7F & A3 0.5 mg/mle] MTT
ENE 50 plE AEskar 3A1ZF F<F vt &, wiAE Al
A3t A4 ¥l formazan crystalS DMSOC] =
microplate readers ©]-8-3t¢] 570 nmolX FF=E 43
ATh.

Nitric Oxide 42 24 —IFN-2} LPSel| 2Jall A =]
= NO9| &2 AlxzujgFd ol E)sk= NO, o F e ZA
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Griess Al oFS o] &3t S8 57 A EE
3x10° cells/well ©] HEZ 24 well plateo] ¥53F thg +
S A 3}aL, rIFN-y 10° U/mi¢t LPS 0.1 mg/miE 5 pl
A A2l ate] 48117t vl ST vl Al Sl
Griess A1°FS ZF2F 100 ub &3tated 37°CollA] 10 &<t
WS T2 micro plate readerS ©]-83F 540 nmolA &
FEE 431901, NO,9| FE NaNO0,2] A#xldl <
IR A=

Immunoblot analysis — 23 ¥ AlX+= 40 mM Tris-
HCI, 10 mM EDTA, 1 mM dithiothreitol, 120 mM NaCl,,
ImM PMSF, 1mM NaF, 0.1% noniodet P-40, 1 mM
Na,VO,, P1 cocktailo] ZZ lysis bufferol] 404 1417}
B9k HkS-AIZ1 T2 sample buffere} E35131o] 100°ColA] 3
= &t 7t ste] @l WS feskinh 49 cell
lysate= 10% SDS-polyacrylamide gelS- ©]-&3le] H7]19%
gk o2 ¥ gel®] TP A S nitrocellulose membrane-
Z electroblotting®] €]3l transferd}$3 3L, membrane= 5%
skim milkel] RES-AIA H]Eo]2 THiA S blocking 3FAT
=} &2l iINOSSF COX-2E skim milkel] ZHZ} 1:500,
1:50000.% 3]45}aL, 2417 &9t 242 &9l A vEg-2- Al
7l th 5%7F 39 PBS-TE Aojujaz o]} &A|Q anti-
mouse IgG, anti-Rabbit IgG conjugated HRPE- 1A]7} 305
B9 WAl & ECL kits ARE-310] Xeray filmoll 734
A IAE vl o] S FAEITH

IL-6 2| BM —IL-65 =43P I5le] 24 well plate
ol Ho] B7 NAMEE welld 3x10718 RFs}ar, 3]
FEEZ 001, 0.1, 1 mgml®] F=2 %23} 30 F
fIFN+y 10° UmlIZ g]3}a2, 6A17F 5§ LPS 0.1 mg/ml
2]3t th-, 24117+ 5<t incubatoroll A B a1 Iz, vl kY
< FABE -20°Coll A B3 IL-6+= ELISA Kit
(Pharmigen, CA, USA)E A8l 43190, A% W
H-L manufacturer's instruction®l] @sich,

SHXEl - & AAAM A& AP 79 vl =
student's r-test=. #2131 0™ thasra} Hlaske] p < 0.001
o o Feldo] U A= itk
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Superoxide radical (-O,), hydrogen peroxide (H,0,),
hydroxyl radical (‘OH) 5% €744~ (reactive oxygen
species; ROS)S =2 WO 2 Qls) AA|ol 4lsld 2~
8 fFdele AoR dulA o, AA, vz g
DNAS®} 22 =S A d5S frdstal Al o
o] 22 &M T3 ROSE ¢, =8}, 73]
FrFEl s Y, ININEE 5o o EHYAd H vk Hg
I FEEo] i HiHY glom o]F A BE 9
ukg-3} 71e Aol vk LA kP wEkd o
HkS oAl 9} AHsle], ROSE A shs itsl 528
L7] 913+ ==o] Q=5 Q= A olr o]d] E AR
= THY 85% WEE FEES o] &3ty bt &4
HESI
A o] kst aE g9lsl] 918 +32] DPPH
of g g ss ST 39 itslse At
A2 2 42 ascorbic acidE FZEOE sl B|wd}
o, A Az} 2] FEeE4<l DPPH radical 427
S8 A& 4 AT} (Table 1). T2 Z nitroblue
tetrazolium (NBT)®] $¢l5< &3l xanthine/xanthine
oxidase®l] €2} superoxide anion®] AAol v X -2 2
FEFS Ikt x40 ROSe] U< superoxide
anion (-0, > A/JH S 2+= superoxide dismutase (SOD)|
2]&ll hydrogen peroxide® 71 $F%| 3L catalasel} peroxidase
ol oA Aol Falf et =3 AR Tl HA v
o] FAHEE 18} o]#f st A Fofl superoxide anion®]
hydroxyl radical?} 7+&- T2 ROS & Zgks|o] Al &4
< dog|H, o|& <siA MlEe A e 1FHAQl &4
< Yod|= AoE dHA Ut FHLE FEYEAH R
743t superoxide 4~ E44S B OH, | mg/mle] ol
X ascorbic acid?} EFo] FAIA YElh= 73t &A
o] #Z=ATE (Table ).

U2 ksl 2 (NO)Y= reactive nitrogen species (RNS)Q] &
902 NOSel| 23} l-arginine®] citrulline> 2 4Fsl2 wj

o

<
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X olN ofN

o > M

Table 1. Scavenging capacity of CB in different free radical scavenging tests

Radical scavenging capacity’(%lInhibition)

Treatment Concentration
DPPH X/XO/NBT Nitric oxide
Ascorbic acid’ (mM) 1 85.94+0.75 94.59+4.54 97.97+0.11
CB (mg/ml) 0.01 5.48+3.78 7.23+£3.78 26.22+1.11
0.1 12.99+4.53 24.62+1.93 31.67+0.31
1 52.95+1.85 92.38+1.88 64.76+0.48

“Each value in the table represents the meantS.D. of three parallel measurements

Y Ascorbic acid used as positive control
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Fig. 1. Dose-dependent inhibition effects of CB on NO
production in rIFN-y/LPS treated peritoneal macrophages.
Peritoneal macrophages (3x10° cells/well) were cultured with
various concentration CB. The peritoneal macrophages were
then stimulated with rIFN-y (20 U/ml) and LPS (1 pg/ml).
After 48h culture, NO release was measured by the Griess
method (nitrite). NO released into the medium is presented as
the meantS.D. of three independent experiments duplicate in
each run; **P < 0.001 compared to rIFN-y + LPS.
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Fig. 2. Effect of CB on the viability in rIFN-y/LPS treated
peritoneal macrophages. Various concentrations of CB-treated
peritoneal macrophages (3x10° cells/well) were primed for 6h
with rTFN-y (20 U/ml). The peritoneal macrophages were then
stimulated with LPS (1 ug/ml) for 24 h. Cell viability was
evaluated by MTT colorimetric assay as described in the
method. The results are expressed as meanstS.D. of three
independent experiments duplicate in each run.
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E Ago| A= NOol| ek £2]9] 42 in vitro assay
2} macrophage model system= ©]-&3}o] Lol ST} WA
NO radicalol] thet -2 2] 241 2ATS Lobr] ¢
A sodium nitroprusside (SNP)ol| 2|34 Q1FH o2 AY
J¥l NOE Griess reactions 53l A &3t Ad 4+,
22 SNPY| 3] AAdE NO radicals 214 UA A
ke AS geld 4= AR} (Fig. 3). o= Fo| 87
A A A 2] NO A4 A &35 gRlgh 23,
rTFN-y2} LPSE 2|3t ++& obF AL X2]d}A] 2 ol
HJ3l] NO Aol o4 Al S71stslem, -3 Fofto
A= rIFN=ye} LPSell oJall A3 NOZF frod Al 7has
Hol| JZ= AT (Fig. 1). 73] rIFN-y2} LPSE =¥
NO®| A S AT Zo] 3] A EZ/dolA 7118}
A=A dotr7] S5k, tiaA el 3 FEHE A
3l Th3 MTT assayS 53to] Al E AELE =439
AAAT} +H Fofol] oz {948 U= AEFH-S <l
] e9kom (Fig. 2), o83t A= ++39] NO 9A &
H7F hA A ] 7 7Hae| 7IR1Iske Ao] ohgt 3
Ao NO A4 oJAlsol A2 ofn gt

NOE NO synthase (NOS)oll &3 A4 =™, NOSE
neuronal NOS (nNOS, NOSI1), inducible NOS (iNOS,
NOS2), endothelial NOS (eNOS, NOS3)¢] 3714 £#/7}
ZA) 8k}, o] 7k nNOSS}F eNOS+ constituent NOS
(cNOS)E EH Ca’" oJ&H o &/ A7k Bt 43¢
NOZ A sle] A|Ee] 4491 Aejazol Btk ut
Aol INOSE Ca’” H|9EH o2 A E, & HIA)
EZ, ASAE, ZHNE T M EZoA lipopolysaccharide
(LPS), interferon-y (IFN-y), IL-1, TNF-o. 52| ==l 25
gslE]o] HAIZE FF thEFe] NO9| A #hdo] Sl

— e - iNOS

e . cox-2

rTFN-y/LPS - + e + +
CB (mg/ml) - - 001 0.1 1

Fig. 3. Effects of CB on the expression of iNOS and COX-2
by rIFN-y/LPS treated peritoneal macrophages. Peritoneal
macrophages (5x10° cells/well) were pretreated with CB (0.01,
0.1, T mg/ml) and then stimulated for 6 h with r[FN-y (20 U/
ml). The peritoneal macrophages were then stimulated with
LPS (1 ug/ml) for 24 h. The protein extracts were prepared
and samples were analyzed for iNOS and COX-2 expression
by western blotting as described in the method.
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iNOSell 93l AAH el NO= HEA £ (septic
shock), 2] &4, FulEl2 #-EY (theumatoid arthritis) 5
o] dF A AWE fFEste dlEdolga dEA
T} 3439

Aol 574 A A oA 2] NO A7 <#17F INOS
o] Wk ZhAoflA] 71R1%H ZRIA| 18] 918t] Western
blottingS- 3] A ZZY iNOSe] w2 dd ks A}
STk oHF A A 2]8lA] 92 blankstol HIEF] rIFN-y
2} LPSE #|2]2} controlk=S iINOSY] w3l ako] 3#3] =
7}8F o H, fIFN-y/LPS®F +3-& A A g g oA =
INOS®| el gfo] Haghs: gR1E & ATt 53] 1 my
ml®] FollA= INOSe| o] 7o) A=A et} (Fig.
3). o] gt A= Bl FH ] A EANA 9] NO A4
A3 7F NO radicalell thgh 3 2] 2421 &A% NO
Ao st B4 BAE JASkE F7HA] 7140l 9
gk Zde SR UL

3FHA, cyclooxygenase (COX)+< arachidonic acidZF-F
prostaglandins (PGs)E A oA 8l= RAE constitutive
cyclooxygenase (COX-1)3} inducible cyclooxygenase (COX-
22 BHEH (NOSe] 9o} v AR COX-12 A
WellA davtke] 34, 18RS, 2759 4 & AW
o] A fA #&31H*” COX2%E prooxidantth
proinflammatory stimuli (TPA, LPS, TNF-a, ROI 5)° <]
3 MEKK-1, NFB9] &Md3l= 7d-fste] A= 5L, H5 vl
MEZR] PGE2E HHo = Aksle] dEwk-gel F5411
o38ke &pm 1 PA2A (angiogenesisye ZFE= 5 ¢
Aol e e Ado] e ZloR B ok w3t
T (monocyte Pl COX-29] &L IL-1B, TNF-a, LPS,
fibroblast growth factor 5ol 2J3iA] #A3] Z7ict. ulet
A gl COX-2 AIA ] T AT A8 8 &
Zo] {3 Yrk® 2 APl A rIFN-yo} LPS A XAl ol
blank <l H]&te] COX-27} e Edlde glsiilaL,
rIFN-y/LPSe} 32 87 8l13E 79 COX-2¢ &
ol oA o7 A4S IR1T & AU (Fig. 3).
olggt AHZ mjFo|Hol 432 COX-20l o3l ==
T8 9S4 w7lEZER] PGE29] AN Al E FEFs =
ZoR FSHTH

IL-6= T cell, B cell, W3] Al 3, monocyte % macrophage
2 ¥3ele thdet A EA BHIEE cytokineo]H, ) o
£ IL-1B, TNF-o, IFN-2} 7222 cytokine®| 1} LPS9} 72
olg] 71| Aol <M FHAAT ) IL-6= B celle] &
A AL FAATNL, T celle] 2315 FEs8tH F50He
< AsTE Aow e kY B A 13
< rIFN-y/LPSE A=E F 9] E7F ti2 A £ A €] 1L-69]
THIE SR 08 garFlon, 32 olgfg 454
cytokine®] #H] A& B3l A5 AE AES Zekaie]
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Fig. 4. Effects of CB on the secretion of IL-6 by rIFN-y/LPS
treated peritoneal macrophages. Peritoneal macrophages (3x10°
cells/well) were pretreated with CB (0.01, 0.1, 1 mg/ml) and
then stimulated for 6 h with rIFN-y (20 U/ml). The peritoneal
macrophages were then stimulated with LPS (1 pg/ml) for
24h. The amount of IL-6 secretion in mouse peritoneal
macrophages was measured by ELISA method. Data represent

mean£S.D. ** represent statistically differences from rIFN-y/
LPS treated group (**P < 0.01).
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RIIATE. B3k ol 2J3)] iNOS9F COX-2¢] Wl o
Al QA== AL Fl 393, 954 cytokineS! IL-65
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