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ABSTRACT

[acpositor §

Background: Sedum takesimense Nakai has been used as folk medicine in Korea. The present study aimed to determine the biolog-
ical activity of S. fakesimense by investigating the anti-inflammatory effects of S. fakesimense water extract (SKLC) on the

lipopolysaccharide-induced inflammatory response in RAW 264.7 cells.

Methods and Results: Cytotoxicity of SKLC on RAW 264.7 cells was determinded by performing MTS assay was found to have
no cytotoxic effect on RAW 264.7 cells at a concentration range of 62 - 500 g/ml. Further, pretreatment of SKLC inhibited
lipopolysaccharide-induced nitric oxide (NO) production in a dose-dependent manner. To determined the inhibitory mechanisms of
SKLC on inflammatory mediators, we assessed the inducible nitric oxide synthase (iNOS) and cyclooxygnease-2 (COX-2) path-
ways. The activities of these pathways were decreased in a dose-dependent manner by SKLC. The production of tumor necrosis fac-

tor-a. (TNF-av), interleukin (IL)-1f3, and IL-6 were also reduced.

Conclusions: These results suggest that the down regulation of iNOS, COX-2, TNF-a,, IL-1B, and IL-6 expression by SKLC are
mediated by the down regulation of nuclear factor-kB (NF-kB) activity, a transcription factor necessary for pro-inflammatory medi-

ators. This might be the mechanism underlying the anti-inflammatory effects of SKLC.
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A AR HES ER5ks FARRAIARI nuclear factor
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L3l AdFA7F AZXEUTE. 2 3 AxF /\47]
B8 ol8ald FUS B F 37 FRAE
|85A1e 10815 92 60C SFWzte 2 347}, 33] wHE
sto] FEZES AFsITh ©] FEFES Whatman OqJ/I-Z]i
oApstar, oAl S FHAAZSI 8] Adxd AES
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ZA ol yrZ A phosphate-buffered saline (PBS)&-1ioll l‘”—C‘%
Aol ARSI

2. N9t
Dulbecco’s modified Eagle’s medium (DMEM)3} fetal
bovine serum (FBS), penicillin-streptomycin= Gibco/BRL

(Eggenstein- Leopoldshafen, Germany)ollAl Y&+, 3-
(4,5-dimethylthiazol-2-yl1)-5-(3-carboxymethoxyphenyl)-2-(4-

sulfophenyl)-2H-tetrazolium (MTS),
ethosulfate (PES)7} X3 CellTiter 96® AQueous ONE
solution cell proliferation assay$} Griess reagent system->
Promega (Madison, WI, USA)IX Y3t Th  TriPure
isolation reagent= Roche (Basel, Switzerland)o|A] +)3ITh.

inner salt; phenazine

=]
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of BlI= 5
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Lipopolysaccaride (LPS), dimethyl sulfoxide (DMSO)<=
Sigma Chemical Co. (St. Louis, MO, USA)lA U3},
PEG, ELISA kit®} RIPA cell lysis buffer 3-> Enzo Life
Sciences Co. (Farmingdale, NY, USA)IA TY3sF33L, TNF-
o, IL-1B, IL-6%] enzyme-linked immunosorbent assay
(ELISA) Kit= R&D systems (DuoSet® ELISA Development
Systems, Minneapolis, MN, USA)ollA 913} T} iNOS,
COX-2, IkB-oo GAPDH antibodies= Cell Signaling
Technology, Inc. (Danvers, MA, USA)IA T43sI59c}. High
Capacity cDNA Reverse Transcription Kit, Tagman
Universal Master Mix II, Mouse, FITC conjugate®} Rabbit,
Alexa Fluor 514 antibodies= Thermo Fisher Scientific
(Waltham, MA, USA)IA 7351

3. MIEZZ L MI=Zuit
RAW 2647 AIXF= =M EF23 (KCLB, Seoul,

Korea)ol| A £ ol 10% fetal bovine serum (FBS)©] &
718l Dulbecco’s modified Eagle’s medium (DMEM)S AR&-
sk, COMN%Y7] (MCO-17A1, Sanyo, Osaka, Japan)ollA] =
% 37C, 5% COZZA st

=

4. MIZ S5d I (MTS 24)

A71dE EFEE AR RAW 2647 celldl] gk A2
=4 B3E S8l 98l MTS assays AAI8k3dh 96
well platedl] 3 x 10°cells/ml 2 EF3te] 24A]7F vl g31aL
10% FBS DMEM ZZoA A|5E Tz AAgsia o
719l LPS (500 ng/m{)E zFz} #2]dk th3 RAW 264.7 cell
=2 24A]7P HjeFstaitt. 1 -9 27+ 10 wasq MTS &3l H&
718k 3 37Co A 4A]7F wjeFd & ELISA microplate
reader (Infinite 200 pro, TECAN, Mnnedorf, Switzerland)&
ol-&ato] 490 nm oM FBE=E SASIAT

o1-=

5. Nitric oxide (NO) % =X

LPSZ &3l RAW 264.7 cellol| A /‘47] =z
F9] NO A oAIE 437 S8l AlEE o
23k A9z GRS LPS (500 ng/ml)sh S 244
B 3 griess reagent systemZ ©]&
STk 96 well platedl]l M| BiF 7

1:12 &E33te] ¥ 108 <

Yz & Al
A
Al
stel NOE 3743t
SM3} griess reagents

kS Al71 3 ELISA

TEZ
7k

gl

-
Ea

microplate reader (Infinite 200 pro, TECAN, Mnnedorf,
Switzerland)Z ©]&-3}] 540 nm oA T2 LS =4I

6. Prostaglandin E, (PGE,) &4

A71d%x B325 A 59 RAW 264.7 cellklA PGE, &
H] A5 =4317] 98] PEG, ELISA kits o|&3dle] &
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Table 1. TagMan gene information for real-time PCR.

Gene symbol J nge_ TagMan gene expression Reference

escription assay number sequence
TNF-a tumor necrosis factor alpha MmO00443258 m1 NM_013693.3
IL-18 interleukin 1 beta MmO01336189_m1 NM_008361.3
IL-6 interleukin 6 Mm00446190_m1 NM _031168.1
(CP(S%S(_Zz) prostaglandin-endoperoxide synthase 2 Mm00478374_m1 NM_011198.3
NOS2 nitric oxide synthase 2, inducible Mm00440502_m1 NM_010927.3
Hprt1 hypoxanthine guanine phosphoribosy! MmO01545399 m1 NM_013556.2

transferase (reference gene)

2135199 th. RAW 264.7 cellE 96 well plateoll 2 x 10° cells/mé
2 BFslo] ujgslda, 10% FBS DMEM ZA0A A g2
FeEEE ARkl 247 o LPS (500 ng/mé)E 217k A
23 TR RAW 264.7 cellS 241]7F vi&IATH 2 5 A
Hj%F 35S Fste] ELISA kit AREAL virdell 71A1E %
Hol 2 AgeFste] EA8kTh

7. Real-time PCR (mRNA Z&iZA)

RAW 264.7 AIZE 6cm disholl 1 x 10°cells/dish 2 &5
S & 24417F weFEte] AIEE MY A AR 5
ZES TR AEs 308 %o LPS (500 ngml)E A
2l5kal 24A17F ot wiFstsith PBSE 23] AHW H
TriPure Isolation ReagentE ©]-83}] RNAE ®2|3I3t) 5
g2l mRNAE High Capacity cDNA Reverse Transcription
Kits ©]-83l] cDNAZ 39S 3t 9% cDNA 1 /4,
Tagman primer 10, Tagman Universal Master Mix I
10 i, 33} 275 84S YL real-time PCRE 33Tt
e =3 @4 Hbgo 229 TagMan gene hitp:/www.
lifetechnologies.comollA] ZAAsle] T & ARSI 48}
2} Bk F3AF 5old PR Table 19] YeERHATE EH
real-time PCR Hhg- 2712 50CoA 28 95Tl 108 &<t
18] Faysiar, WA &= 95CollA 15%, ojdd &%= 60To
A 15220 AlOlES 403] RHE $=3)53iT)

8. Immunoblot &4
Wz 2FFE AEY
Western blot2 ©]-8-3}] iNOS9} COX-2 &2
E Atk AR R EFEE
A s 24417F vk
] RIPA cell lysis bufferS AR&-3}
el 15000 x g&= 4TCollA 3
T 23sk e AdSdvhs AT
10% SDS-PAGE°] 7] 98A1Z1 $ PVDF (polyvinylidene

difluoride) membrane (BIO-RAD, Richmond, CA, USA)S. 2
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At 2] membrane®] blockingS 5% bovine serum
albumin (BSA)°] $7% TTBS (0.1% Tween 20+ TBS) 8-
S &2l 247E -SR] AAIRE T iINOS, COX-2, GAPDH
of gk 12k A&} wEEAIZ] $ 22k FA|Q] horseradish
peroxidase-conjugated anti-rabbit or anti-mouse IgGE WH3-A]
713 ECL detection reagents (Merck Millipore, Billerica,
MA, USA)E ARg-ste] whild o] A ws SRlsiqitt.
9. HAAAAM (immunofluorescence) &A1

RAW 264.7 Al cover slip®] Z& 24 wells cell
culture plateol] EF-5}3L 24x|7F0] Xk 5 2A)7F Aol LPS
(500ngme)E 2+ AEg ts dA7dx EFEES
500 pg/ml FE== A st 28 & 7} A7l wh 6x]7F
o] At ¥ 2F ¥R cover slip 919 MEE 1x

iI=E
=

%

PBS= 3
H AHs] F32, 3.7% formaldehyde® 4-2oA 208 FoF
4 AA FAth Al 1xPBSE 3 AlE F 0.5% Triton
X-100& 15% 7+ H2)st F, 3% BSAZ A20lx X7 5
ot blocking 3tHTh Z2¥ & 12 FAZ 47 IkB-a
(1: 10005 1% BSA/PBSO 8|43te] A lste] 4CoA v
HESSIATE 1 x PBSE 537k AlF &k 5 23} &) (1: 20005
1% BSA/PBSol| 8]415}e] 37CoA 2417 &<t wHSAIZ T
a8 ¥ vxgto 2 | xPBSE 524 3H AlF &
< fluorescence solution (DAKO cytomation, Carpinteria,
CA)CZE 1 AIZl 3 fluorescence microscope (Carl Zeiss,
Oberkochen, Germany)Z ZHE3I3th 3% 42 oA
A AZEY O] (Image N)E ©]-83Ith

cover slip

10. Cytokines (TNF-a, IL-1B, IL-6) SH
LPS (500 ng/ml)= RAW 264.7 cell> A=3l7] A A71€

Z EFEE NES 308 T AAHE sisih A A
olE7Rle] AFmiiEE el Aol rAE kel 2= A

3l7] 918iA LPSZ A3 % 2447+ F ol& dAZFu7)<t
HE AP ETIIS A|E AZdo|x] HAJE ELISA kite] =f
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=
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2 APAA A2 Ao dEiM e BdA £ ZFHA
(mean £ S.D)E YERH oM, thxwt 7 ddae] B+t
o] o] SPSS (18.0, Statistical Package for Social
Science Inc., Chicago, IL, USA) &4 #7|A] 23S &

&3} Student’s r-test® FA181] p-value kol 0.05 P]HA
u BAHCR frelgt o7t Aoz WALt
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AR

2
=

I}
1. AEE 2FEZ (SKLORl RAW 264.7 MIZZFO0lIAM Al
TMZES 0Xle 9

718 % (Sedum takesimense Nakai) EFZFE (SKLC)S

o mA=

RAW 264.7 A EFo|A M EAYEE 52 AN}
o] o3 PPZEI} AFEES AR5 Y3l MTS assayS

B33l 24
AlZb eFAsl Tl FEHEE (62, 125, 250, 500, 1000 zg/ml)
2 SKLCE AH|3tal 2447+ $ol] MTSE S48t = 4
7} 1,000 pgml FEAM AYEE] 85%E FoHoR AE=

dol AN, FHFT T AFL 50| gle oM AF
< Z&sict (Fig. 1).
2. DX 2FESZ (SKLC)Q| nitric oxide A4 SR St
A7l % BEFEE (SKLO)7F RAW 264.7 A EF) A
120%
100%
= 5
£
g 80% |
=
8
~= 60%
-_é 40%
© 20%
0%

125

250 500 1000

SKLC (ug/ml)

1. Effect of SKLC on cell viability in RAW
264.7 cells. RAW 264.7 cells were incubated for
24 hours in the presence or absence of SKLC at
indicated dose. Cell viability was evaluated by
MTS assay as described in materials and methods.
Means values £ SD form triplicate separated
experiments are shown. *Significant differences
between SKLC treated groups were determined
compared to the normal group (absence of SKLC)
using the Student’s t-test (p < 0.05).
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Fig. 3.

125 250 500

SKLC (ug/ml)

LPS (500 ng/ml)

Effect of SKLC on LPS-induced NO production
in RAW 264.7 cells. RAW 264.7 cells were
pretreated with the indicated concentration of SKLC
for 30 minutes before being incubated with LPS
(500 ngémﬂ) for 24 hours. The culture supernatant
was subsequently isolated and analyzed for LPS
treated group. Means values + SD form triplicate
separated experiments are shown. Significant
differences between SKLC treated groups were
determined compared to the LPS alone treated
group using the Student’s t-test (p < 0.05). NOR;
normal, LPS; LPS treated.

2000

1600

1200

800 -

SKLC (ug/ml)

LPS (500 ng/ml)

Effect of SKLC on LPS-induced PGE, production
in RAW 264.7 cells. RAW 264.7 cells were
pretreated with the indicated concentration of SKLC
for 30 minutes before being incubated with LPS
(500 ngémﬂ) for 24 hours. The culture supernatant
was subsequently isolated and analyzed for LPS
treated group. Means values = SD form triplicate
separated experiments are shown. Significant
ditferences between SKLC treated groups were
determined compared to the LPS zﬁone treated
group using the Student's t-test (p <0.05).

nitric oxide (NOY3AS Aslish=x] &<lsl7] 9Is SKLCE
62, 125, 250, 500 ug/ml FE2 22|53 30530 LPS
(500 ng/ml)S X2]ated 24417k vl Al vl o] NOAYA
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Fig. 4. Effect of SKLC on LPS-induced TNF-a, IL-6 and IL-1(3, gene expression (A, B, C) and

production (D, E, F) in RAW 264.7 cells. Cells were pretreated with the indicated
concentrations of SKLC for 30 minutes before being incubated with LPS (500 ng/m{) for 24
hours. Means values = SD form triplicate separated experiments are shown. Significant
differences between SKLC treated groups were determined compared to the LPS alone
treated group using the Student's t-test (p <0.05).

AN aE griess reagent HS T3l AT 2 A, 26474132014 LPSel| 2J3l] =% NO AAdS Agt= A
2 AFet MELol vls] SKLCE A3t &+ S 1 4 AT (Fig. 2).
o T oJEXHOE NO Aol Aslsie Ag IdAT 4

3. ez 2FESE (SKLO)Q| prostaglandin E, (PGE,)

sk LPSE A7 skA] @32 SKLCHF 283t oAl NO
3439 Helt gle A + AL, SKLC7F RAW

=5
A= A =3}

Kol
= U= =

MM o Gt

ANNdx EFEE (SKLC)7} RAW 264.7 Al EF)| A
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MEx 2

PGEAIAE S Aslleh=A glst7] ¢lsll SKLCE 62, 125,
250, 500 zg/ml == A2kl 3025 LPS (500 ng/ml)E
Agste] 24A17F wiF & A2 vkl ] PGEAYY Aol &t
£ ELISA kitE ©]&3l EA313th. 2 A3k LpSel <ls
Raw 264.7 MEo|A PGEAIAC] S7HE= AS 31 4
AN, SKLCE A2J8l9S W s=E2 Fo)dUA PGEAY
Aol AaEE e BET = AT (Fig. 3). ol 714
% BEFEE (SKLOYF PGEAYY A4S &0 3dx

S 1o
oIy 0]Oo o Py Ke=]
7 IS AATSEA
1000
900 {
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-
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z
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=
= 300 4
&
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z
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(2]
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(=]
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5
S
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. .
* B e e - < iNOS
- - - - <€ COX-2
S~ _— S—— — .| 4 GAPDH

Fig. 5. Effect of SKLC on LPS-induced iNOS and COX-2
gene (A, B) and protein expression (C) in RAW
264.7 cells. RAW 264.7 cells were pretreated with
the indicated concentrations of SKLC for 30 minutes
before being incubated with LPS (500 ng/mt) for 24
hours. Means values + SD form triplicate separated
experiments are shown. Significant differences between
SKLC treated groups were determined compared to
the LPS alone treated group using the Student’s t-test
(p <0.05).
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4. R (SKLO)2| Bz A|E3[1o] MM
RAW 264.7 cello] ] LPSE = =]
WS APIE7RIES] TS A
BS AXe & LPSE A3t 2447
339t Real-time PCR 57

62 - 500 pg/ml F=AA] TL-1B 28
=

-

o

2z
gEFor foA YA JAEAIL, TNF-o L&

=

-500 g/mb o] F=olA IL-6 WS 125-500 pg/ml

gl
R
[e)
o

DAPI IxBa

(A)

] * [
%
CON LPS

20%
0%
LPS+SKLC

Merge

LPS

SKLC

120%

Fig. 6. Effect of SKLC on IkB-o. degradation in LPS-
induced RAW 264.7 cells. RAW 264.7 cells were
Eretreated with SKLC (500 g/m¢) for 30 minutes
efore being incubated with LPS (500 ng/m{) for 24
hours. (A); Degradation of IkB-o. was visualized with
fluorescence microscope after immunofluorescence
staining with anti-lkB-a antibody (green). Cells were
stained with DAPI for visualization of nuclei (blue).
(B); Relative kB-a immunofluorescence mean value
were presented. Means values + SD form triplicate
separated experiments are shown. Significant
diFf)erences between SKLC treated groups were
determined compared to control (CON, absence of
SKLC and LPS) group using the Student’s t-test
(b < 0.05).



MRz - 54 - TXY - A0l - 42 - ZEiS - 07| - okt - = - =HS| - AN
To 7} sx oA oR foA A AAlET (Fig. 271 €t} (Lu er al., 2008). AN HIAFA Q] ASRES
4A, B, Q). ELISA W¥lo g2 =43 A3 A71dx B35 & g, #24, 99 5 & 95394 2y Appagd
o] 62-500 pg/ml F=ANA IL-1B BAS T= oEFHoE & S-S Ao 7)A At} (Lechner er al., 2005). o= AR
o)A A AAIBIAAL, TNF-o A4S 125-500 pg/ml ] = A= = tre] J95 X 8A1Q] E4o] EAY Asd
AN IL-6 A4S 250-500 pg/mee] FEoIM 247t T oF  off, Y-S5 Fzhgo] wAse] HARS 7T FIF
o= folid A ARt (Fig. 4D, E, F). e 2he ArEse] Beol &3t Ho Atk (Lee e dl.,

5. RAW 264.7 MIZZ0lIM
4714

AE2k ChlElo] Yol 244Gt
% EFE% (SKLOY} iNOS, COX-2 whlz W&o
GRS m)R=x] Folalr] 93| RAW 2647 AZFA 62,
125, 250, 500 gl == A& & T 24A7F v shaL
mRNA 2 ©ds BAMsinh 1 7Ur 1NOS COX-2¢]
mRNA ohal 2 o] 01:0]
500 g/ml FE=OIA B
T3 IkB-o DMZJ—S— LPS%

-

O ==1

=il
=

713]:*&‘3} #7}&% Z\%
LPS°ﬂ o3l IkB-o ¥ A-S degradationdh=
AL AT = A3t (Fig. ).

6. DX SFES (SKLO)Q| HAYAZHM
degradation®| 225}
A A 2 ollA o] Al27]14
BEE dotiy] flet IkB-a %
AAsATE. 2 A3 LPS

(cytosol)oﬂ A= kB2
A E o]-8ste] HAY
o2 A3k FolA
IkBe] 37} Wol] YERSAIRE, SKLCE &g oA
IkB7} E3l7F GAES FRlsigin. ol8g A¥= SKLC7t
kB2 #3llE RISt AFFA Ale|EFIRIOIY NO9F 22
A=A e] S 2H3h= NF«Be SWolE (nuclear
translocation)yS #3f| gth= 218 AJAKSIT} (Fig. 6).

PAK-R
==

2 & Hn:
fr r{r Qo

-3 %ﬁfﬂ A= Pﬂﬂl NO, PGE,, 212
ETRIES 33 gkt 45 v E2dS 243t (Sarkar
et al., 2008; Southan and Szabo, 1996). NO2| AL o}w]
=2ke] gk FRR1 o2 7]de] deamination BES-l ©]3] *Mﬂ
= (Labet et al., 2009), Aol A 2A A &H o2

aatks T4 eNOSSF A M} o] o tigh vhg-
o7 W3 = iNOS7F At} (Knowles and Moncada,
1994). LPSE 183872 sk 3 EF2H djxA|x2e]
el = TRL4 &A1 Agste] ddo] dauhe2 ¢

AR

(

[e}e]
o=

il
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2014; Jung et al., 2014).

olefgh ARde] 71Z38le] SKLC7F mhe-2= th2A 2ol LPS
o &3] F=% NO A= Z:LiOPEX] Rlgt A3}, wx=H
2 7IaEE AL golslla, E3F PCRY western blotS
&3l SKLC7F INOS®| 2alg oJAlste] NO ¥4 Alsk=

sola} 2= 9I9iT}.

719] HlZH Zol=A ANQZIEAl (NSAIDs)E Z22Ef
2@ (prostaglandin) AL AET ol COX-29] A4
2 F4 FAgAs|ol 2Jgt Folth (Nakatsugi ef al, 1996).
COXi= COX-17 COX-22 Ttu)=tl, thFet AlxEeA] 7}
Zb o2 il AES UERITh COX-12 9] B 2875
A, dave] FAo Jast ZrrelFddS A
(Chun et al., 2004; Seibert et al., 1994). FHHFSZ COX-
2v H@ENES FHdA ddEe o= ofgty| =4t
(arachidonic acidyS 9% w7l &2 Tz glFddos 3
A8t} (Seibert et al., 1994). PCR¥} Western blotS ©]-8-3}
o] COX-29] &S ERIg A3 SKLC7} LPSell ¢Jsf 373
e COX-25 o4 Al AT E3k COX-29 <Jgt
’\P%O] prostaglandin E,%= SKLCel| ]3] A== Ag Fl

& A3l

F7HH o2 SKLCE LPSOl 93] fx® TNF-a¢t IL-6,
ILlBQl AEE freld Al Aslsisitt. tiaAl el As
S frEske EEE 2 duizl olgd HEF AllETt
ﬁ% LPSEe d5 A= EH s Ado] fFEdTh
(Gabay, 2006). ©]2{gt GSHH-go] UAAEZY s
LPSell ©Jafl IkB-a®] Q14¥s), Eall7t Eo] ZFo] £of QUi
NF-kBE &A3lEo] AN E o]=3A Hr}l = o] =3t
NF-kB7} COX-2, iNOS ¢1=ZHsla Q= Z2RE] Akl

>}L

o
=

A2 2Zhgete] dEA AlelEFRRIS] #H], COX-2, iNOSe
gdsE =gttt ¢#A ) (Karin and Ben-Neriah,

2000; Nahar er al., 2014). ¥ A7 SKLCel| 9|3 Y
574 AllEZIR] EH|edA], COX-2, iNOSe] &4 SAe] o
st 7192 NF«B7} gjgte = Azt (translocation)ﬂ HEA

£ AR gRlaly] flste] AlEZ s 1kB-oE %
°n3”5'4 sto] FRlskditt. SKLCE A2latils o Ik-Ba 2l ®F
3ol JAEE FFFS T3 & T AU, °]= NF-« B9
742} (translocationy’h SAIEE ZHA o= 1T 4= AT
o] A3k= COX-29] FEHAA, NOgt AHSA Al 7119
FEH]A|, NF-«xB2] A3} (translocation)®}#l] 7]12tol] SKLC7}F



gt Ae A oE AR
B A3 AxE 29FsPH, SKLC7F RAW 264.7 A|ZoA
NFkB A 848 JATo=ZH LPSo| 98 e

iNOS 28]3L COX-29} HAHZA Ale]E7112] TNF-a
IL-6, IL-1B¢] S FaA B ol gl a3xe=s

ul
=

Asigict. ARE SKLC7F 2ol vheal e 395 AEA
Y Cox-18 AR 3L specificsHAl Cox-2E A3l|sl=
At o2 54 9454 S AT F A=A in viveoll A
F7H1 "‘Ul% Feysteof gk

A =

B AFE RABXR = B3] ek 7ukrEat
el A el 23l o]Fxl AZ olel] ZAI=HUT.
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