creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ERUEES
RAW 264.7 A XA AF<LA)

(Scolopendra subspinipes mutilans)
2220 92zd 7)H¢ BY AT

2018 24



RAW 264.7 M EAA AFLGA |
(Scolopendra subspinipes mutilans)
FEEY €524 7| B3 AT

AZmng o] A #

o] =EE o HAIES] =EoE AT
201814 24

GG o8 HAY RS AFF

SREDEY ®
4 4 ®
4 4 ®

AlFeistal sk
20183 24



Study on the inflammatory mechanisms of the

Scolopendra subspinipes mutilans extract
in RAW 264.7 cells

Jae—-Hyeon Park

(Supervised by professor Sun—-Ryung Lee)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Science

2018. 2.

This dissertation has been examined and approved by

Chairperson of the Committee

(Name and signature)

DEPARTMENT OF BIOLOGY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



ABSTRACT

Inflammation is the part of the immune response to protect the body
from extracellular stimuli or damage. However, excessive inflammation
caused by activation of macrophage can lead to inflammatory disorder.
Centipede has long been used in korea as traditional medicine, but little
1s known about its mechanisms. In present study, the anti—-inflammatory
effect of ethanol extract of Scolopendra subspinipes mutilans was
investigated in lipopolysaccharide (LPS)-induced RAW 264.7 cells.
Scolopendra subspinipes mutilans ethanol extract (SSE) inhibited nitric
oxide (NO) production and inducible NO synthase (NOS) protein
expression in concentration dependent manner (10, 100, 200 pug/mé).
Pro—inflammatory cytokines, such as interleukin-18 (IL-18) and
interleukin-6 (IL-6) were does dependently attenuated by SSE. SSE
inhibited nuclear factor-kappa B (NF-xB) translocation from the
cytoplasm to the nucleus, and decreased degradation of inhibitory kappa
B-alpha (IkB-a) in LPS-stimulated RAW 264.7 cells. In addition exposure
of SSE and pyrrolidine dithiocarbamate (PDTC), an NF-kB specific
inhibitor, were decreased NO release and iINOS expression significantly.
SSE also attenuated LPS-stimulated phosphorylation of extracellular
signal-regulated kinases 1/2 (ERK 1/2). Co-treatment with SSE and
U0126, an MEK inhibitor, reduced LPS-induced NO production and iNOS
expression compared to that in SSE-treated or UO126-treated cells.
These results indicate that SSE down-regulated NO production and INOS
expression through ERK 1/2 and NF-xB signaling pathway in
LPS-stimulated RAW 264.7 cells. In conclusion, ethanol extract of

Scolopendra subspinipes mutilans has significant inhibitory effect on



inflammation and it is might have therapeutic potential to inflammatory

diseases.

Key word : Inflammation, Scolopendra subspinipes mutilans, nitric oxide
(NO), cytokine, nuclear factor-kappa B (NF-xB), extracellular signal-
regulated kinases 1/2 (ERK-1/2).
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A% (Inflammation)< &4 & A =oly &40 2 HE AAE HISH

WS SAFOT Aste] PFo] JAHA B; ASHOE FAHE WA
A% JHe A4 F AR, FriEsay BEd, danag, AgHay 4

T, S Z2 Ao g dle] #Hr) (Ferrero-Miliani et al., 2007;
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=
A7) = AR AHS f2sls FR QARE 283} (Janssen et al.,
2012).

AWl s ws, 3 23 ddE 7ss Fdety A A
4 WS FAste] Aol dAaH AdEo] e A AME (macrophage)+
lipopolysaccharide (LPS)¢} & A=A 2o & @43 Hr} (Saha et
al., 2017; Na et al., 2017). LPS+ gram-negative bacteria ¢|=9] F4 %
o% MEA == HAS Al AEI dFe Fiecte WELAE dEA o
(Alexander et al., 2001). &M 3zol| LPSE A elstd AMxE FTHA EA)8t
+ toll-like receptors (TLRs)E &3] 95 237l fFxo dAAxE &
A3t A7 Aoz BuEdrt (Maris et al., 2006; Doyle et al.,, 2006).
g4 3te 2 M E= nitric oxide (NO), prostaglandin E; (PGEs), inducible
NO synthase (NOS), cyclooxygenase—2 (COX-2), interleukin-18 (IL-1PB),
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a)¢} #2 A4 Z5 A}

(pro-inflammatory factors)e] WdS F%=3t}t (Meng et al., 2015).
53

Nitric oxide (NO)+= A W-2JFHow FQ3 Alsdd Hxlo]n =3}
A, ANAA, AIANA Aeed 7AS 24 gIgst 9 = vk

free radical oxygen (NO)o] AEXEA Q47 Agslo] W sz A}

AdEo A (Aktan. 2004). NO= NO synthase (NOS)oll 23|
L-arginine . 2= 5¥ 33X 5™, endothelial NOS (eNOS), neuronal NOS
(nNOS), inducible NOS (NOS) 3F+¢ NOS isoforme] &Agt}t (Zamora

-
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et al, 2000). nNOS¢} eNOSel| oJ&f 2% B4 NO= Al¥E 7haed
(synaptic plasticity), d¢} =4, 3% &4 2 H3s T A4 74
gk ks st} o]E¥ & INOSE HEF AXdAs A A
LPSY} pro-inflammatory cytokine™} #2 @54 Ao odiA FE% o
NO9| Aol FeatA F7HEaL oldd wet dF3 FF, =4 &4 5 7
W35k A ol (Forstermann et al., 2012; Chen et al., 2015).

Nuclear factor-kappa B (NF-kB)+& cytokine, chemokine, growth
factor, cell adhesion molecule ¢ W&ol FFS v X= HAF Ax}folH
t 938 &g vl (Beinke et al, 2004).
NF-kBEX p65¢ pb0 wlZAo] heterodimer AE]Z ZEA)8}™ inhibitory
kappa B (IkB)gt+= A @ A3} complexE o] Fo] AEXAo] $Xstar <l
b (Li et al, 2002). LPS¢t #2 95 #A=o] dald 49 IkB kinase
(IKK)2] &3t ol&] IkBE <¢l4kst A]7]1al, NF-kB complex$} #7]%o]
NF-kBe] &8A3=S st 243 ¥ kB proteasomeo] 2o]&] &3t}
(Karin, 1999). &43® NF-kB+ & Ul¥=Z 9] (translocation)® WA X
ZREo| F2sle] INOS, COX-2, IL-1B, IL-6%9 & AAZ QIxE 4
&7l Hth (Seo and Huh et al, 2012). webA @4dske NF-xkBe #eol&
AAsh= slo] A5 AF o 2 A5 T8 9 F =R oJAA g2 A
Fo] gk SAS JAletes aAY A7t vdEAl IFEL A A
okl 2%t (Phlomis younghusbandin® Ppelo]A H23l 3tstEel
2tE= ¥ (Imperatorin)®@} Sk stol| A AL = ¢Fx<Ql 7hu| A& Q Ak
2 LPSE 5% RAW 264.7 MXEAA NF-kB9 & yHFH= # o]
of d5 A=Y Lol A= As HolFol A5HE A5 F ol
olA NF-kBe FToAS AAeS Yt (Zang et al, 2017; Jin et al.,
2016).

e TE T Fotule AHoE o] &HAY, sHE Wi, &g,
U2k, o8 2 AEomr o]§H7] A
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o} (Kim et al., 2016). T3 AEAYS o]
S o TAEE o] AYE AT vEhe o] &3 Yt FRE s It
A& A
a1 HolE Mol ~E FFE Urhs Aol AEGIAAFETS divlss
Asks star Atk (Jang et al., 2012).

A, 259 FEEA W A7E g JAyHa g FFEF Yo

(Popillia flavosellata)F==2 9% &3 (Yoon et al., 2015), ¥+

o

r*°

(Harmonia axyridis)o| A %23+ HaGF peptided] 3% &3 (Kim et al.,
2013), oN71¥2E=te] (Copris tripartitus)o X +#13F CopA3 peptide] &
A< 23 (Kim et al., 2013), Hull57] (Oxya chinensis sinuosa) % =9
AL, dkst @ 4 @3 (Yoon et al, 2014; Kim et al.,, 2015), w4t
W} (Periplaneta americana L.) F==2 3+ &3 (Kim et al., 2015) &
o] HalHt} olA§ FFolA FHfizh =4S ntBoE P A= A
Agke] A gA|et A Ao o] &S AAEAH
T30 FEEH i Aol e AHA LA A AT
Fo gdatA W8 ¥i 9tk Ding 5 (Ding et al, 2016)9] 7o w2
H gAY FEEAA 2 s5tEo] U87 human glioma cancer cellolA]
L3k, Ma 5 (Ma et al., 2014)2] 7oA x| o g
& FEE°] A375 human melanoma cell®] S48 oA|sle] &I aaprt 9l
=& Hiskgt Kim & (Kim et al, 2014)8 dAFdAs= AU o g=
FE%0°] B16/F10 melanoma cellollA] tyrosinase?] A& Adfste] dz}
U S A wHEdrE s Basilvh =3 A vlelA e
Scolopendrasin V¢ Scolopendin peptide?} B A&l A EuS 33 dlo]
AE g A gyt dgol BaEArt (Lee et al, 20155 Lee et al., 2017).

[1

O

S A (Scolopendra subspinipes mutilans)y LB ARE dt=ro|A] A=
A, HEF, Y, TF, EE, HEAYG, dF 5o dHel AR AL o
$kth (Pemberton, 1999). E3t ®IZtl A= GAUE = @7 14 ol =
AAFE B #da 2 B9 2 U= AeE deA goy (Kim et

al., 2010) olo] W& ASa AP ofx mwaE W gtk whA B AT

_10_



Mo AT AMAse YA derE FEFE (Scolopendra subspinipes
mutilans ethanol extract, SSE)o] &95 &4 & XAFSH7] 918t LPS=E
TH RAW 264.7 AlEA FAY] FE=E0] E5AAEL] wdof nx= o

1l T [¢]
i} o] 5o oM@ NBAY AnD Fa) 2UAHEA BAAT

BN
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1. A8 &4
BoAFo| A ARE3E YA (Scolopendra subspinipes mutilans)e AT
nlE (www.jejumart.co.kr, Korea)oll A T43FA et (Figure 1). AxH A

o A AFA EAol = He, wg, veE AAst A mERt
FEo ARESth dxE AdlEEss d7IE £l = 60% o@
(EtOH)& o] &3slo] oA 3AIZF &t =319 Y. == filter paper
(Whatman, No.2)& °l&ste] o3 & 33t 813 5571 (Bunchi, R-200,
Switzerland)® F%39 1, 24 AZE AAste] 24L& powder AE]Y A&
= 20T H#AFSGT. 2Ado A&3t Als+= EtOH¥} PBS (phosphate

buffered saline)E& 1:12 &33t &ufjo] o A3}

o

H

Figure 1. Photo of Scolopendra subspinipes mutilans. The photographs are

shown on the ventral and dorsal side of Scolopendra subspinipes mutilans.
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2. AX M

Murine macrophage RAW 264.7 A% American Type Culture
Collection (ATCC, USA)AA FYstArh. AE w2 10% fetal bovine
serum (FBS, GIBCO, USA)¥ 1% penicillin streptomycin (P/S, GIBCO,
USA)e] #H7}gl Dulbecco's modified Eagle's medium (DMEM, GIBCO,
USA)& o]83to] 37TC, 5% CO. incubatorolA wlYslAtt. M 299
Sh Al vl Feko] FAlek v

CAE S SA

Aol HA4L MTT assays &l &<skAtt (Stockert et al, 2012).
RAW 264.7 AEZE 48 well cell culture plateo] 1.8 X 10° cells/mlZ
T3l 18A1%F &<t CO, incubatorol Al wWleF 3 & A5 & LPSE 244
7+ Eot A3 vhe  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetra-
zolium bromide (MTT, Amnesco, USA) Al¢kS 7t wellell * &5ttt 34
b 9t A & w ek ASHS AASHAL dimethyl sulfoxide (DMSO)Z
A4 formazan crystalss 9] ELISA reader (molecular devices, USA)
£ ol&ste] 570 nmollA FFE=(0.D)E S8t AE=4E ARE A
shA] 2 E o] O0.D#td Hlasto] thgak o] ALkl

Cell viability (%) = {(sample O.Ds79 / control O.Ds70)} X 100

. NO 8% =4

NO9| A& 1.8 X 10° cells/m = 73 48 well plate®] AXEo] A=
2 LPS (Sigma aldrich, USA)E 24A17F A2 sle] wjx] 2 #H]E = NO29| %
S =7 3lo] sttt wiH] A=NT griess reagent (1% sulfanilamide,
0.1% napthylethylene diamine, 2.5% phosphoric acid)E 1:12 &3}3}¢]
Az A 101 &<t WHEAIZL F 540 nmelA FEFEE SASSHH
Sodium nitrite (NaNO2)& ©]-8-3}¢]

= Hjaste] NO A%< k&3t

=3

= 3120 5. & =A%
T A - SAT FIE W

_13_



5. @ %

=
=

i,
1y

Als 2 LPS (100 ng/mt)7}F H#l¥ AMAEE cold-PBSZ 13 FAg 3
protease & phosphatase inhibitor (1 mM PMSF, 1 mM Na3zVO,;, 1 mM
NaF, 1 pg/ml aprotinin, 1 pg/mé pepstatin, 1 ug/mé leupeptin)?} ZH7}%
RIPA buffer (50 mM Tris-Hcl pH 7.4, 150 mM NaCl, 2 mM EDTA, 1%
NP-40, 0.1% SDS)E o]&3s}lo] 308 &< lysisAlZzl & 47T, 13,000 rpmel
A 15EZE Al ete] diE S AU

AEZZ gy al gz Byl NE-PER Nuclear and Cytoplasmic
Extraction kit (Thermo scientific, USA)E ©]-&3}%t}. Cold-PBSZE Al
£ 3473 & Cytoplasmic Extraction Reagent (CER)E A7}5le] 10% &
oF iceoll A wWHE3Fo] YAlEE] (47T, 15,000g, 5%) & AR AZHNE Ax
A dE R ARESEA AL @2 pelleto]l Nuclear Extraction Buffer (NER)S

H7bstel 408 ot iceol A wWhSsla YAEE (4°C, 15,000g, 15%)3}+o]

. Western blot
MEANA FZ3F bl AL Bip-Rad protein assay kit (Bio—Rad, USA)ZE

Abgele] AFsEHa Lt o] @A S sodium dodecyl sulfate (SDS)

oy

polyacrylamide gelol4 H7]9& 3] &8 3+ 3 nitrocellulose (NC)
membrane (GE healthcare life sciences, UK)el o] AJZth NC
membranes 3% skim milk (BD Diagnostic, USA)E $F3F Tris—buffered
saline-0.1% Tween 20 (0.1% TBS-T) oz 1A]7F 5<¢F blocking A 71
S 12} Ao vk AT e dhy A4S 98 1xF A= anti-rabbit
iINOS (Santacruz biotechnology, USA), anti—-mouse R-actin (SIGMA
aldrich, USA), anti-rabbit NF-xB (Cell signaling technology, USA),
anti—-mouse [kB-a (Cell siganling technology, USA), anti-rabbit
phospho-ERK 1/2, anti-rabbit ERK 1/2 (Cell signaling technology, USA)
& ARgSEsiTh 14 @A 9hgo] £ NC membrane< 0.1% TBS-T-8 <o

2 33 A& 3 & peroxidase’} conjugated¥® 2% A9l goat anti-

_14_



mouse IgG, goat anti—rabbit IgG (Santacruz biotechnology, USA)E o]&
o] HEeA]7l & TBS-TRNo = AF st SuperSignal West Pico
Chemiluminescent Substrate (Thermo fisher scientific, USA)®Z 5&3%F Hb

A7l & oFAle| A X-ray film (Agfa gevaert N.V., Belgium)S ©]|-&3}o]

olo

S|

5.

M
Oft

. Reverse transcription polymerase chain reaction

MEZHEH RNAEZ & easy-BLUE Total RNA Extraction Kit (iNrRON
Biotechnology, Korea)E AF&3}3it}. RNA extraction bufferE # 7}
microtube®] 473 ¥ chloroform 200 wWE Y il voltexingste]l AMEE
lysisA]|Z7]aL 47C, 13,000 rpmoll A 10%-7F A EY 33 Y. A5 400 wE
M 28 microtube®] 7|3 5% isopropanold #7}ste] 2~33] inverting
sto] Aol A 101F whEAZl & dAlEe] (4T, 13,000 rpm, 5i)sho
RNAE HAAZE. 75% EtOHE o]&3ste] 2~33 FAHstal RNAE
UltraPure™ DNase/RNase-free distilled water (Thermo fisher scientific,
USA)ol] o] -70TCo] H 3. RNAE nanodrop 2000 spectrometer
(Nanodrop, USA)E o] &3&te] AH=slad o, A260 / A280mm Fte] 1.7-2.0

3 g Au-2-S Maxime RT-PCR PreMix Kit (iNtRON Biotechnology,

=
o
=
(@)
&
il
s
ofo
ol
ol
3%
iv
offt
i
I

A5k ko] RNAQ} primerE reaction mixture tube
FdaavkES ddsiolon, ARRH primer®] A7IM Y

PN
Slg AnkS o] 2o 2= 45ToA 30

45%7F denaturation, b57TCol4 45%%t annealing, 72ColA 1&7+
extension A& 273 Ptk HF PCR AHES Red-safe nucleic
acid staining solution (INtRON Biotechnology, Korea)o.& M3t 1.5%
agarose gelolA A7]953t % Gelmanager (Prime-tech corparation,

Korea)ol A bandE <135} tt.
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. TAAE

Ad A= Hay EFHA (mean = S.D)E YEMRAIL student's
t-test =X SPSS (statistical package for social science, ver. 18)& o]-&

3lo]Duncan’s multiple range test® &A% FAHS HS3FA T

_16_



Table 1. The primer sequences of the genes used in reverse transcription

polymerase chain reaction (RT-PCR) analysis.

Fragment

Gene Primer sequence .
size (bp)

Lo1p Forward ©5-CAG GAT GAC ATG AGC ACC-3’ 47
Reverse 5-CTC TGC AGA CTC AAA CTC CAC-&

L6 Forward 5 -GTA CTC CAG AAG ACC AGA GG-3 208
Reverse 5-TGC TGG TGA CAA CCA CGG CC-3

Forward 5-AGG CTG TGC TGT CCC TGT AT-3
GAPDH 498
Reverse 5'-ACC CAA GAA GGA AGG CTG GA-3’

_17_
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AU dgrE FEEY AESAS FAer] fste] MTT assays 53
7

AELo A FEES TEHE YT F AXYES

>1>
rot

(cell viability)s &<1g A3 200 pg/ml ©]ste] FEolA = thxat3} A
T AEAEES YER 2 500, 1000 pg/mee] s=ellA 27t 52%,
4%°] AEES YEdo] Zd =4S et (Figure 2). o] A& 1t
gog Mx Ao dFE vAA @ FEFES T2 10~200 pg/mls

Aol AE 4P AP,

(2) NO A4 % INOS =& oA

A A EA A LPSE A gatd INOSe| &l <Ja NO Aol S7hs L
R A 95, 7, AESESE dekA "o (Forstermann et al.,
2012). WEbA A FEEY AT S dotiy] S8 FEE0] dF
A=l 9dl A EE INOS @Hd H NO Aol oju st Jas mx=4 +
Attt WA NO X E(R)= Fdet7] flal] AESdo] YeuhA &= &
Lo FEE5 (10~200 pg/ml) A 2]ste] griess reagent®= 4% A3 100
ng/mé LPS A e]aelAe] NO BdEo] ta B}k onf A= S7bsila <
A FEF=o] 10, 100, 200 pg/me A gl wak 22 1%, 30%, 56%2]
NO A A&& YA (Figure 3).

TS NO #HE 24d3ts ddel INOSe #3dS western blots &3}
of A% A3 RAW 264.7 A3 LPS (100 ng/ml)e] A2+ iINOS whufz
LGS dASHA SR v A FEE] A =71 S7HE

w2l INOS 2dS ZEeA JAA 7= AL B2 4= AT} (Figure 4).



(3) Pro-inflammatory cytokine ¥d 7|

A M EANA 2ol o8] WY = I5A cytokinelo® &#F IL-18,
[L-69] #H]= INOS &3S S7HAA NO A4 F3S vAs 2e=w B
%o 9t} (Lee et al, 1993; Kaur et al., 2014). watq IA4] F
LPSel| ojd] Fx¥ IL-18, IL-6 Tdd ojud JaFs v X == &2}
3k RT-PCR W& o]&3fe] RNA @ddS 24390tk 100 ng/ml &
9] LPS Ao olate] IL-1B%} 1L-62 @do] dAsA S7Hstdon, &
AY] FEEo] HEgd APTolAes v e o= IL-16, IL-69] o]

04.u

A= A IA5A Y (Figure 5).

_19_
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SSE (ug/ml) - 10 100 200 500 1000

Figure 2. Effect of Scolopendra subspinipes mutilans extract (SSE) on the
viability of RAW 264.7 cells. Cells were treated with the indicated
concentrations of SSE for 24 hr. Cytotoxicity of SSE was analyzed by
MTT assay. The data are represented as mean = S.D of five independent

experiments. ** P < 0.001 compared to control group.
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—@—  Cell Viability (%)
BB Relative Nitric Oxide production (%)

160 - - 120
° 140 _
= W - 100 S
O & 120 A g
£ § # 80 =
= 2 100 - o =
2 —
2 3 >
Pl 80 L 60 T
Tm_) =3 #a &)
a4 60 -
L 40
40 -
L 20
20 -
0 - - - - - -0
SSE (ng/ml) - - 10 100 200
LPS (100 ng/ml) . + + + +

Figure 3. Inhibitory effect of Scolopendra subspinipes mutilans extract
(SSE) on LPS-stimulated NO production. Cells were pre-treated with
indicated concentration of SSE for 1 hr, and then stimulated with LPS
(100 ng/m¢) for 24 hr. Cell wviability and production of NO were
determined by MTT assay and griess reagent. The data are represented
as mean = S.D of five independent experiments. # P < 0.001 compared

to control group, ** P < 0.001 compared to LPS treated group.

_21_



SSE (ug/mi) - - 10 100 200
LPS (100 ng/ml) - + + + +

iNOS D gy —— -

ractn |— — — T

1200 4

100 A

#
80 A
60 - o
40 -
ok
20 A
O T T T T ﬁ_‘

Figure 4. Inhibitory effect of Scolopendra subspinipes mutilans extract

Relative level of
INOS / B-actin (%o)

(SSE) on LPS-stimulated iNOS protein expression. Cells were pre-
treated with indicated concentration of SSE for 1 hr, and then stimulated
with LPS (100 ng/m¢) for 24 hr. iNOS expression was analyzed by
western blot. The relative INOS expression was quantified by
densitometry and normalized to P-actin expression. The data are
represented as mean * S.D of three independent experiments. # P <
0.001 compared to control group, ** P < 0.001 compared to LPS treated

group.
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Figure 5. Inhibitory effect of Scolopendra subspinipes mutilans extract
(SSE) on LPS-stimulated pro-inflammatory cytokines (IL-1B, IL-6)
expression. Cells were pre-treated with indicated concentration of SSE
for 1 hr, and then stimulated with LPS (100 ng/m¢) for 12 hr. RNA

expression of cytokines were analyzed by RT-PCR.
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2. $A] F&Eo] NF-«B signaling9 7|X& 93

A A oA S Aol o]l NF-kBE IkB7F &3lgo] uz} &3}
o} & YRz dojgrt 3 uFoA NF-kBE AAF QIAE 283814 of g
7HA % A= HdE 24d3HA "9 (Seo and Huh et al., 2012). o
24 NO A7} INOS HdS x-she 4AY FE55°] NF-kB 2la e
oF ojuwlgt AFgo] A=A dotry] $18ke] NF-kB¢} kB ©hild d4g =
& western blot& ©]8-3lo] #4133l

GAM] FEF=o] NF-xB @de] 3 Rz e] Moo mA= a3
A7) k] AEd oAy @ dedS 7p7b 2ejste] NF-xB o3
HERE BT 1 AR AlxAde] 4§ LPSe A= NF-kBe 3 o
HzZo] Holg FT7MAA NF-kB @3S #ZAAFL, 9A F55 AHYde
LPSel ©]g NF-xkB wulde] Hol& A|AIZT. 3
of °Js NF-kBe] o&o] F7tEar, AU F5E Aol 93] NF-xkB &
dAsfol TaEo] MEAoAe ud gy ANkEl AFE YERAn
(Figure 6). B3k NF-xB Asdgd F83 4&5 o= kB ¥d Fd=
A3 Az LPS A 758 % IkBel wdo] dA s

FEE Ag e LPSY 93 7+4% kB 2dS =747 AL gadd 4+ 9
(o3

il
Job

e
M
ok
1o
oM.
o
—
g}
05}
_&
Ak

FA ] FEE] 28 NO A A 7]do] NF-xB signalingS 53
ZAH=AE HAS3H7] 8l NF-kB  specific  inhibitor?l pyrrolidine
dithiocarbamate (PDTC)E A #ldte] NO A EF} INOS T s 4
sttt NO AdES Aoy gAY F5&3 PDTC7F 2442 Agd A3
T A= NO A Asl&o] 722 37%, 28% L2 frAFSHA UElRoH o]
=5 XA e "W NO B4 A7 9= F7lste] 56%9 Af&s L
BRI (Figure 8). o]#ldh A3z FUF solA NO 34 &491 INOS
o W} FARE Fde HEddY. S, &AW 553 PDTCE d5 2
A3t S BFEY o5 FAld AgetlS wW INOS TRle] B fHast

© e FdsAY (Figure 9).
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Figure 6. Effect of Scolopendra subspinipes mutilans extract (SSE) on
activation of NF-kB (p65) in LPS-stimulated RAW 264.7 cells. Cells were
pre—treated with SSE (200 pg/m¢) for 1 hr, and then stimulated with LPS

(100 ng/m¢) for 75 min. The expression of NF-kB protein at cytoplasm

(Cy) and nucleus (Nu) was analyzed by western blot.
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Figure 7. Effect of Scolopendra subspinipes mutilans extract (SSE) on
expression of IkB in LPS-stimulated RAW 264.7 cells. Cells were
pre—treated with SSE (200 pg/m¢) for 1 hr, and then stimulated with LPS
(100 ng/ml) for 75 min. The expression of kB was analyzed by western

blot.
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Figure 8. Involvement of NF-kB (p65) signaling on LPS-induced NO
production. Cells were pre-treated with SSE and/or PDTC for 1 hr, and
then stimulated with LPS (100 ng/m¢) for 24 hr. Cytotoxicity and
production of NO were analyzed by MTT assay and griess reagent.
Different letters indicate significant differences among group at P < 0.05

as determined by Duncan’s multiple range test.
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Figure 9. Involvement of NF-xB (p65) signaling on LPS-induced iNOS

Relative level of
iINOS / p-actin (%)

expression. Cells were pre-treated with SSE and/or PDTC for 1 hr, and
then stimulated with LPS (100 ng/m¢) for 24 hr. Expression of iNOS was
determined by western blot. The relative INOS expression was quantified
by densitometry and normalized to -actin expression. The data are
represented as mean * S.D of three independent experiments. Different
letters indicate significant differences among group at P < 0.05 as

determined by Duncan’s multiple range test.
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3. AFYA] F&E°] ERK 1/2 signalingd] " X& 9
A Y] FEE°] NF-kB signalig pathwayS F3 @50l 24xHE= A2
sAYgA R sl ERK 1/29 A4S

98le] ERK 1/29] @43t A=S 4% LPS Agwe 4% 3

(¢
)
‘0,
Oft
il
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(@]
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o
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Ew oEAH (10, 100, 200 pg/m)oz Ads= AL st 4 9k
(Figure 11).

GA Y] FEEO A5 A FZHo] ERK 1/2 signaling pathwayE %3l
o] Fol & ERlaty] flate] YA FEE3 ERK 1/2 491215 #2k¢] MEK
] inhibitor, U0126& 717t T §A] A gstel NO A4 INOS Zd S &
Attt 1 A3 NO 849 49 A F==3 U01265 @502 A
gk Aol = ZH2E 30%, 32%2 NO Al avE JelAar, FA9)
AgPe W olvv ¥ F7kg 53% AAEIE YEFHAT (Figure 12).
INOS & w3 4xd] FE523 U0126€ 247 A3 AdFHu oS
Aol A Aol o)A Al INOS o] fradts e FAsH

t} (Figure 13).
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Figure 10. Effect of Scolopendra subspinipes mutilans extract (SSE) on
activation of ERK 1/2 in RAW 264.7 cells. Cells were pre-treated with
SSE (200 pg/m¢) for 1 hr, and then stimulated with LPS (100 ng/ml) for

indicated time. The protein levels were analyzed by western blot.
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Figure 11. Inhibitory Effect of Scolopendra subspinipes mutilans extract
(SSE) on phosphorylation of ERK 1/2 in LPS-stimulated RAW 264.7 cells.
Cells were pre-treated with SSE for 1 hr, and then stimulated with LPS

(100 ng/ml) for 24 hr. The protein levels were analyzed by western blot.
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Figure 12. Involvement of ERK 1/2 signaling on LPS-induced NO
production. Cells were pre—treated with SSE (100 ug/ml) and/or U0126 (5
uM) for 1 hr, and then stimulated with LPS (100 ng/m¢) for 24 hr. Cell
viability and production of NO were analyzed by MTT assay and griess
reagent. The data are represented as mean = S.D of three independent
experiments. Different letters indicate significant differences among group

at P < 0.05 as determined by Duncan’s multiple range test.
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Figure 13. Involvement of ERK 1/2 signaling on LPS-induced iNOS

Relative level of
iINOS / B-actin (%)

protein expression. Cells were pre-treated with SSE (100 pgg/ml) and/or
U0126 (5 uM) for 1 hr, and then stimulated with LPS (100 ng/m¢) for 24
hr. Protein levels were analyzed by western blot. The relative iNOS
expression was quantified by densitometry and normalized to [-actin
expression. The data are represented as mean *= S.D of three
independent experiments. Different letters indicate significant differences

among group at P < 0.05 as determined by Duncan’s multiple range test.
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V. 2 Z

FE&AEAL g dFE T2 AETS THeRE o]
HZo EoA FFolA Feaigh A EHl ek A =3 2
g HA (Yoon et al., 2015) 544, 44, ostyqo=z
b E7kstar itk EE AEUSEA FFd darek oA Mgl wet
A= 283 Aeade 84 3 gdd durt g5 FeA Ha dv
(Jang et al., 2012). o] wg} & AFfo|AL o Z2HEH WUIFQWHO T ALY
o] Y4xY|e] a5 Yol 1R} Scolopendra subspinipes mutilansS 60%
NS ol&st FE3 LAY FEEo] Ak WA= anet =4

71E EA s

N

S A (Scolopendra subspinipes mutilans)s EFeH4 o7 HAXEEF
(Arthropoda), =77 (Chilopoda), %A 4|¥ (Scolopendromorpha), %*]d]
3} (Scolopendridae)ell €38t Qg FE] Aol &3 A7 dAFs
gy S FURKhelekal St S F (RIS FEA FFAE o] dH A=
o Bol AREHAS W ofye} RO s @b sgAI7] - How
A Gl a7t = Aoe=E A Ak (Kim et al., 2008; Kim et al.,
2010). 18y dEHom @ol AREE Zd wste] GAyle] Aedded
of et A= 53 Aol H 2Fo e ks AuldAdo] &
WowA g e ST ATHoR ARREHIAY SAYel #EE AT
sl M= ok A= FdLad (Ding et al, 2016; Ma et al,
2014), v a¥ (Lee et al., 2015; Lee et al., 2017), v/® &y} (Kim et
al., 20145 7= Aoz dHA dlow, bt AW Ago| AU =
(venom)2 o] &3t A 3 BuEo] vl (Hakim et al., 2015).

Aol A iINOSel 23] AAEE NO= dulolgx, FvAE, I74ZF,
gEgel axrt oy, HesiA wdd 45 2, dEd, v A4S

oA, AZHAs 48, FFEY 5 O @9 e ddel A

2]

)

e
i3

(Pautz et al., 2010). A F=E RAW 264.

EN|
=
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B
—
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=2
lo,
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3l wAsA S/ NO A= sk oExo= Adfsglal (Figure 3),

INOS &l w3t 3559 w7t S7Hgtel wet A eA Asfists AS o
Zstlv (Figure 4). NO B4& SolAom AAste =42 954 29

Azl UM ToF &S dvk= A (Sharma et al, 2007)5 IS
=o] FstEl A xdM sl AdE= NOE

AAlste] A5 AEe F5T F g VoS HolFe AoR Alsdd

Cytokine 3] #& s== #-&sto] WAL T4, &3}, FdA

A B qlaso] trd WMewreg 2dst 4ue o ww =

y

9=

ok

’

{
2,
3
N,
o
iv)
i3
oX,
o
oty
o|N
A=)
Y
rlo
2
L
rg
18
i)
[-4 (
=)

= ddel Y (Maes
et at., 1998; O’Shea et al., 2008). 3£ 42 pro-inflammatory cytokine 2.
=2 IL-18% IL-6 Fo] ¢&#A Ao o= INOS @] WS =43t
of NO AAel s vAl= Aoz A9 vk vk (Lee et al., 1993;
Kaur et al., 2014). Figure 594 H5%=o] &XY] FEEo| LPS & Z7}
¥ IL-1B9F IL-6 ES v% gEdoz IaA7|E g skl oY
3 Aate GAd] F=EFEo] pro-inflammatory cytokine® &S o A|gto
224 INOS a3 NO Ade Adfste] &5 4 7ML s BoF
= Aot

A A A NF-kB:IkB HgA= AMxde EAete LPSet #& dF
2o o3& kB7F E3l¥ o] gA3lE NF-kB7} & U2 Aolwt (Karin,
1999). Hel®l NF-kB+ cytokine, adhesion molecule &3 ##2 A5wHs
HEAEe] EEo] AdE FAe] promoterel F-FEko] WH S =
AR AL kS 3t} (Kan et al., 2010). ¥ dAFtolA &2 ==
NF-kB signaligell v x|= FaS ZASE Ay} MxEdo| A NF-kBi= LPSe
ofs] 3 WH= Holgel we} W o] AU o]of W= oAM=
NF-xB @& o] S7kete A& dEedit. 28y G2 =2 Ade
NF-kB7} 8 -2 Hdolx= 2& A8ttt (Figure 6). =g LPSo] ]3]
el 7h dojdt kB @il AL gAY FEE] o8 HAHE S e
t} (Figure 7). olgl3t Ayt dHgtEY (Imperatorin)¥@ 7] A8 & 3
== A7} LPS A=l o]gk NF-kBe| 3 YF= Hol& At A5

A

PN
ol

(it
)
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il

olztE o] wdol AHdldvt= A (Zang et al, 2017; Jin et al., 2016)9}
A Ads A=A LAY 2EEo] NF-kBe ZAHIZ o A5l
AES 248 Zow HoZu, %3k NF-kB inhibitor$]l PDTCE ©]

AHE v o7 Ay FEEo] NO AT INOS &3 x4 ¢lo]A

Jo
FQL'

ultd
o[\
ro,

ofo
rob

NF-kB signaling pathwayE 3 43S A5s9 Y (Figure 8 & 9).
Tergaonkar®] (Tergaonkar, 2006) A-1olA NF-kB @2 -] ojst A

o
93 osl Azud Aol Arol Lgol

W= ohoksl AHS g8 AoR Aojs = e Aow AziE

RAW 264.7 M>+= LPS A= thste] mitogen—activated protein
kinases (MAPKs)®| &A43tE &3 dSAart =ddva A48 vk 9
(Kang et al., 2006). MAPKs+ extracellular signal-regulated kinases 1/2
(ERK 1/2), c—jun amino-terminal kinases 1/2/3 (JNK 1/2/3), p38 37}A
pathway7} £AstY, o5& AX A% 2 B3 stress response,
apoptosis, inflammation o] d#FHo Y= Aoz AdHA At (Aouadi
et al., 2006). JNK 1/2/3% c-june <lAkst AlA HAFQJIAFQ] activating
protein—1 (AP-1)& @&43l1)7]= Aoz 434 di2 (Karin et al., 1997),
p38< pro-inflammatory cytokine® AJ4t3} COX-2& FLEste] &4d =%
g &t ddS vt 4HA v (Zarubin et al., 2005). ERK
1/2¥= NF-kBE &43lA7# DNA-binding activity® <S7FA7]al pro-
inflammatory mediators®] W& @FS HX= AoRE delA vt (Aga
et al.,, 2004; Hu et al., 2004). web & ATolx= LAY FEE°] NF-
kB ol AeNadgd drw 283 ERK 1/2 &4 8t mAl= 9=
ZAFslglth. LPSell ©]3] phospho-ERK 1/29] #dE F7latal ot A
FEE 9 JgA a¥= g 27120 30l 90 Aleldl A& LERLEA]
gttt (Figure 10). L2y Whg 2443k Fol= phospho-ERK 1/2¢] 2d
o] FA3] FrasE S FAEAch (Figure 11). =8 ERK 1/2 A5
Aslst7] 918l MEK inhibitorg]l U01265 ©] &3t Ado|A A2 ==&
9] NO AT INOSe Hg x4de ERK 1/2 signaling pathwayES S8l ©]

mim
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ZoldE FeEAT (Figure 12 & 13). F7HH oz 9AY FE&o] ¢
MAPKs (JNK 1/2/3, p38)¢] A 3}o] wx= 433} o] MAPKs 7+ A+
BEA] tE ATt Bed Ao AZA

il

o, o A 3 g2 Aghe] My Eo] Frhekal vk (Kang et al., 2014).

= O o = =
A AA gehee A5k dgel oM FasiAl AHE 4 Aok (Dvordk

et al.,, 2006). o]l we} HA
AAlE FEI glom o]
 AFolM = A FEEY g a3s
¥ RAW 264.7 tiAAEolA T 285 FSlaidtt. A8 o= A
FEE2 NOY A INOS @& ¥ 7 oy}l pro-inflammatory cytokine
o] IS s cE JAFdorA AT 2AEAY THeAd e HEN S

S ERK 1/29 NF-kB signaling pathwaysS 3l
OJFAA L YFS HAFAT. sHAIRE LAY FEEY FPT AAEAY

A 93l 715A AR BN F449 1A AT LT A0E ARd

1_4
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