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Anti—inflammatory effect of SD—01 in RAW 264.7 cells
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ABSTRACT

Objective : The aim of this study was to investigate anti—inflammatory activity of SD—01 methanol extract in
lipopolysaccharide (LPS)—stimulated RAW 264.7 macrophages,

Methods : Cytotoxic activity of SD—01 methanol extract on RAW 264.7 cells was measured using 5—(3—
caroboxymeth—oxyphenyl)—2H—tetra—zolium inner salt (MTS) assay. The nitric oxide (NO) production was
measured by Griess reagent system, And proinflammatory cytokines and PGEz were measured by ELISA method.
The levels of inducible nitric oxide synthase (iNOS), cyclooxygenase—2 (COX—2), Ix —B—alpha and nuclear NF—
k¥ B p65 expression were detected by western blot,

Results : Our results indicated that methanol extract of SD—01 significantly inhibited the LPS—induced NO,
PGE2 production and iNOS, COX-2 expression accompanied by an attenuation of TNF-« , IL—18, IL-6 and
MCP—1 production in RAW 264.7 cells, Moreover, methanol extract of SD—01 treatment also blocked
LPS—induced NF—x B activation,

Conclusion : These findings indicate that methanol extract of SD—01 inhibits the production of pro—inflammatory
mediators and cytokines via suppression of NF-—x B activation, Take together, these results indicate that
methanol extract of SD—01 has the potential for use as an agent of anti—chronic inflammatory diseases,
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ROSE ohFst Az 2EFA HfAYZY FTofstal i
a5Ehsol #HHE w7 E<Ql nuclear factor—kappa B
(NF-« B)9] &4< 283 Buw of’, A2 o
W gakst 22-o] NF—¢ B 84S sk’ Az Yo
ROS AIRE ZANATE? B3urt ok wekd Az
ROS$} RNS9] dot A4S 2F3sk= o] a3t}

2 dAFtollAl= SD-01 AW &4 AAFT(ROS)T &4
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A

2 A ARget offls TSt gtelabist wA|s)
nAgA AEE AL FAste] AMEStE e, SD-01 A9
of AMgH kAol AT FAFLE Table 13 Zth kAo 3
vjEFe] WEbe-S 715t the 70TolA 48A17F Bt E&dly
gt & FE3 FZ ARSI 509 g9 HEE FE2E
g 1459 49t dojx B2 DMSOd 53 &
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Table 1, Composition and contents of SD—01

ek Agor A& (g)
aatca Polygoni Multiflori Radix 100
At Salviae Miltiorrhizae Radix 50
=7 Curcumae Longae Radix 50
* % * % Radix *
AR Caesalpinia sappan 25
* Kk % % Radix *
FiES Glycyrrhizae Radix 50
A 350
2) Al

Al gjoFole]l  Dulbecco's Modifide Eagle Medium
(DMEM), fetal bovine serum (FBS), penicillin—
streptomycin 59 AZH|SE A|FEL Gibco BRLAF
(Grand Island, USA)ollA FY3t3ict, Aol AREE Aok
% Sodium Dodesyl Sulfate (SDS), Acrylamide, Bis:=
Bio—RadA} (Hercules, USA)ollA #9435+, 1,1-dipheny
(DPPH), EDTA,
lipopolysaccharide (LPS), 4,5—diaminofluorecein (DAF—
2), 6—carboxy—2',7'—dichlorofluorescein diacetate (DCFH
—DA), CAPS, tween 20, protease inhibitors & Sigma
A (St. Louis, USA)eIA] Fsteie, Aol AHeel 13
A9l iNOS antibody®} 2% A9l  anti—rabbit and
anti—mouse IgG horseradish peroxidase (HRP)—conjugated

1—2—picrylhydrazyl hypoxanthine,

antibody:= Santa Cruz BiotechnologyAl (Santa Cruz,

— Vol. 25, No. 3, 2010

USA)olA, COX-2, p-Ik B-a, NF—¢ B2 g —actin
antibody+= Cell Signaling TechnologyAl (Beverly, USA)
oA FASHATF.  Aqueous One  Solution  Cell
Proliferation Assay (MTS) kit} Griess Reagent System
L PromegaAl (Madison, USA)oA LYstEa, 2 Afo]
E7Fl 248 93t ELISA kit®} Nuclear and cytoplasmic
protein extraction reagentst= Pierce BiotechnologyA}
(Rockford, USA)|A FUdtgen, PGE; assay kite
R&DA}F (Minneapolis, USA)o|A  F43}Ect.  Protein
assay reagent™= Bio—RadA} (Hercules, USA)o|A 435}
At Ao AMEH RE A2 E48 SEONCE A

seact.

2, 9y

1) MIZZHHQE

upe-A0] AN ZFQ] RAW 264.7 AlZ= IAZF2
Y (KCLB)OIA 2eF woton, MzajekS {8l 10% FBSet
1% penicillin—streptomycine E3}EI= DMEM
(Dulbecco's Modified Eagle Medium) ®jXA|S AM3}Ec)
NZe 37T, 5% CO; ZZoA ufjekstaict,

2) MTS assay

SD-01 F&E9 A=o] gt 54 &AL 5-(3-
caroboxymeth—oxyphenyl)—2H—tetra—zolium inner salt
(MTS) assay @02 BA319ch o]= mitochondrial
dehydrogenases®] 2J8lo] MTS7} formazanl 2 ZH3E=
AL ZAs= Zolch 96 well platedl] 1x 10" cells/well9]
RAW 264.7 M|ZE £33t FAYE s=E=E 18 AIZt F¢t
HEgt &, Welld 20 wle MTS solution® A7Fske] 3
7C. 5% COp HIYZINAM  4ARE FF RESAIRIT
Microplate reader (DYNEX, Opsys MR, USA)E ©]-&3}9]
450 nmo|A FFEe] HILE Z4ste thxte] tig M=E
AEES WESE AT AV H= FHE= AZE
W iR E Zo] migste] dxaa AFEY FFEE Hlas|
A B

3) Intracellular ROS &3

SD—01 F&&o°] LPse| &3t RAW 264.7 A|Z9] 4317
v BSslE aiE &£43817] ¢J8ke] DCFH-DA assay
= AxEE Y. WA MES 96 well plateo] 1x10*
cells/well2 BF313 24X7F vk &, RS EHE 14
7 ARST 100 ng/mle] LPSE 18417 Eot Helstal
ok i} %, 10 £ M DCFH-DAE 4583t A2stqitt,
PBSZ 23] washingdt t©h2 fluorescence microplate
readers ARE3}Y], excitation T 485 nme} emission
o 535 nmollA FFAEE SHsHAT. DCF FFA=9]
F7HeS di2Ta} BlaaA wig: (fold)2 AtstAT:

4

(1T

4) NO &z 538

NO9 Sz g U9 nitrite %EE Griess
Reagent System”& ©]83le] =343lgth. RAW 264.7 Al
2o SD-01 F&E& 1A AASI 100 ng/ml2] LPS
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18AIZF AEet & g AS At AF ARSI
okl 50 w9t 2+ 9F9] Griess ReagentE YolFi 10
7t Lo A Wke AJ7]l & ELISA readerZ 540 nmolA]
TA=E =454 Sodium nitrite?] FE¥H TEIALS
o] &5t wiFH o] NO =& AASIEH

HE = rLIIﬂJ

5) PGE: Md& =8

MxZ ujekl el PGE;, %42 &3] 8l commercial
competitive enzyme immunoassay kitE& R&D systems
(Minneapolis, USA)ellA  FYste]  Adstgct, A=z
SD-01 +&EL& A7 AAHYE & 100 ng/mle] LPSE
Astgt, 18 Azt & Az wjgHS do] PGE: &40
ARgSHaTh kS goat anti—mouse®  coating® 96
well plated]l Z+HZF 100 w® loading3dlil, 7)o primary
antibody solution 50 w9} PGE: conjugate 50 wl¥ A7}
3to] 4ColA overnightAl#H Tt Washing buffer2 43] Al
Astal substrate solutione 200 wdA X Bste] 5~2087¢
A7l & 50 w9 stop solutione A g T 450 nm
oA FF=E A5

6) Western blot analysis

NS At NMEE 7310 lysis buffer (TBS, 1%
NP-40, 10 u g/ml
aprotinin, 10 g g/ml leupeptin @ 1 mM PMSF)E ¥
4°CoA 3087 WRSA]Z|AL 12,000 X golA] 1087 HA1EE]
sto] AFENS ottt Nuclear extract®] 7= nuclear
extraction kit® AFESle] At olF, AT o] vy
S  sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE)Z EZA|Zl &, ¢wzs
nitrocellulose membrane®] transferstgtt ©] membrane
& A WSed ATS Awels] ASH blocking
buffer (5% non—fat milk®} 0.1% Tween 20 53+
TBS SeNold 1A B9k WAL ¥, 7 [% whalo]
gt &4 (anti—iNOS, anti—COX2, anti—phospho Ix B—
a , anti-NF—«x B p65)& 715t 1~2A1ZF 53 BHSAIA
ch o]ojA 0.1% Tween 20& 73 TBST £HO0= 408
7F QA% T8, secondary antibody® HRS-AJATH ©]ojA
ECL system®Z HFS- A7l & X-ray filmAolAx wlzS
glstact. 2+ AR oufd P2 Bradford protein
assay kitE AMESte] 595 nmolA FFEE S5t AA
SHAT

1 mM sodium orthovanadata,

7) M= HHIH LHO| cytokines X

AZ wjFd o] cytokines?] ¥ ZAs7] Y
Enzyme—Linked Immunosorbent Assay (ELISA)E 433}
gt AEo] SD-01 #ZES Hsn 1A7F T 100
ng/ml¥] LPSE 18A17F A5ttt AlE Hjgads ol A
o|E7IQl S0l ol&sttt. HigHS HHF F==2 IR
F, AOIEFIRICE coating® 96 well plated] 50 w& 3
7Fste] 4ColA overnightAlATH Washing buffer2 33
MASEZ 100 w2l biotinylated antibody reagent® Z+z:
9] wellell AHZste] 1A7F F¢ ARoA ¥REAIRL & 33
AT o, 100 w9 streptavidine—HRP solution& A

g3t 1AIZE FoF ARRoA ®ESAIZl & TRA] washing
buffer2 33 AAsHt. 7] di(2—ethylhexyl)-2,4,5
—trimethoxy benzalmalonate (TMB) substrateZ 100 ul
A AEste] 5~308% ¥RSAIZI & 100 w9 stop
solutionZ A3 F 450 nmolH FFEE ESASHT]

3. $AAZ

A= means*+SEMOZ  YeRYglon, SARAHS
GraphPad Prism 4,02 ©°]83}l9 one—way ANOVA
followed by Duncan's multiple range testsE AA|St &,
Zrol 0.05 merd o fo3t Aoz WAt

A2

1. SD-01 32E9] RAW 264.7 A3Ze] st =A

k-2 hAAEZQ] RAW 264,79 tfgt SD-01 F2E<] Al
ZTEAS dolEy] 3t MTS assays 38Tt SD-01
2825 =¥ (0, 10, 100, 200, 300, 400, 500 # g/ml)
2 18AI7F B9t HE dak 100 p g/mle) BE=7RE AlE
o] AEE0] 90% oMo FEAdo] A uEhbA] ggtar 200
p g/mlo] FZollA 75%2] HEES UeRglth 1 ol &
Tojrle Az AERC] 50 %ol TAET (Fig. 1).

-

[=]

o
J

~
L5
1

N
T
1

16.6%

Cell viability (% of control)
(5]
o
1

o
I

0 10 100 200 300 400 500
SD-01(pg/ml)

Figure 1. Effect of SD—01 extract on the cell viabilty of RAW
2647 cells. RAW 2647 cels were treated with various
concentrations (0, 10, 100, 200, 300, 400, 500 x g/ml) of SD—01
extract for 18 hr. Cell viability was measured by MTS assay as
described in materials and methods. Data were chosen from three
independent triplicate experiments.

2. SD-01 =ZEo] AXE U9 ROS XA 1l

Ae ¥

SD-01 F&Eo| LPSo| 23t RAW 264.7 AZ 49
ROS Aol v|A= &IE DCF-DA assayES &3t HE
atglch WA RAW 2647 AlEe| 100, 200 zx g/mle]
SD-01 F#ZE& AAYT tha, LPSE AlX W] ROS 4
4L f=ste DCF 3374 =5 Fsisct, 1 21, dzd
of Blgte] LPSE AHdt Aol 494 U 3=
o F7F (1.8#)E EAch ol=4 LPS9 A7} RAW
264.7 AE W ROS S AdHoz fEsigeS ¢
4 93leh ol SD-01 £&E9] &% 100, 200 # g/ml&
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S A2t ALz 63.6. 90.9%71A] A oA mIt
Uelgth ol ROS A4 &FAQ NADPH oxidasef)
inhibitor?l AEBSF (72.7%)%} v|mste] o Y3t oxsL
Bl Aot (Fig. 2).
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Figure 2. Inhibitory effect of SD—01 extract on intracellular ROS
production in RAW 264.7 induced by LPS. RAW 264.7 cells were
preincubated with 100, 200 x# g/ml of SD—01 extract for 18 hr. 100
ng/ml of LPS was treated to induce intracellular ROS production.
The increase of DCF fluorescence was calculated as increasing
fold of control. Data are represented as means®SEM. Significantly
different from control (#) or LPS alone (*); ### *** : P { 0.001.

3. SD-01 F&E°|] NO, PGE,, iNOS, COX-—
29] AJAT] WAL 9%

A5 WVEAY A ulAle FFE dotEr] st
Griess ReagentZ ARE3le] NO2Q| AAHS ZABIE L PGE;
o] AATFE ELISA assayE $33HAth E3FH western
blotting& E3] NO2| AAE2Q] iNOSSF PGE9] AAIFA
3l COX-29] HIAAFEE AL 1 ZAY 100 ng/mle]
LPSe <Jsl NO%t PGE:] Aol Z+z 118h, 9.28) Z7}
9T, #7FEl NOE 100, 200 g g/mle] SD-01 F&Eo
O3] 48.4%, 56.3%7A AFEo] AR, PGEx=
33.8%, 40.5%7HA TAEE= Aoz ehgth (Fig. 3A). LPS
o 98 Z7ke iNOSeF COX—29] BHaleF E3t SD-01 =&
B o3 =&l HAavs IS (Fig. 3B).
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Figure 3. Inhibitory effects of LPS—induced inflammatory mediators.
RAW 264.7 cells were preincubated with 100, 200 x g/ml of
SD-01 extract for 1 hr and then treated with 100 ng/ml of LPS
for 18 hr. (A) The NO producton was measured by Griess
Reagent System and PGE. production was measured by ELISA as
described in materials and methods. (B) The expression levels of
iINOS and COX—2 were determined by western blotting as
described in materials and methods. § —actin levels were used as
internal markers for loading variation. Data are represented as
means+SEM. Significantly different from control (#) or LPS alone
(*); * : P {0.05; ###, ** : P 0001,
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4, SD-01 F&E°|] €34 cytokines® A
Fo| ujxE= FF

A=A Alo]E7I¢l (proinflammatory cytokines)E |%
S Uehs £93F A ®o|th, wEbd RAW 264.7 AlZojA
SD-01 F&E°] LPSE =3 FE354 ARIEZIIQI IL-6,
TNF-a , IL-18 , MCP-19] A%l nX= d3FS dot
Holth RAW 264.7 AlEZo] ¢EAIE 100, 200 x g/mle] %
=2 A7 B¢ A AEs £ 100 ng/ml LPSE 18AI17F
¢ Agste] LPSO Y3 frE=l= IL-6, TNF-« , IL-1
B, MCP-1¢] A% nX= FFE AT LPS A
ol o3 zkzk 63.74), 87.7H), 109.38, 4.18) Ao
Z718lga, IL-6= SD—-01 100, 200 x g/mlY HEZojA
48.4%, 93% FAEQIL, TNF-a = 41.5%, 84.3% ZHAE
At IL-18 & 79.1%, 96.5% ZAEoew, MCP-1&
63.9%, 67.2% ZA=Ech ROS AAEA NADPH
oxidase? inhibitor¢l AEBSFZ A3t A LPSo| <3
Lz -6, TNF—¢ , IL-18 , MCP-19] AAo] &3t
Fog TAEE AL AT £ AUt (Fig. 4).
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Figure 4. Inhibition of LPS—produced proinflammatory cytokines by
SD—-01 extract. RAW 264.7 cells were preincubated with 100, 200
u g/m of SD—01 extract for 1 hr and then treated with 100
ng/ml of LPS for 18 hr. The IL-6, TNF—a , IL—18 and MCP-1
production was measured by ELISA as described in materials and
methods. Data are represented as means®SEM. Significantly
different from control (#) or LPS alone (*); * : P { 0.05; #i##,
0 P 0.001.

5. SD-01 $&E9°] NF-« B2] &Ao] u|x|:= B

NF—« B2 o 2 9] Iz Ba ¢
phosphorylation, ubiquitination®} degradation®] <2JajA]
dojupA FH? jaxEelA LPsHl siA BAsHES
NF-«x B9 2 FALAE p65 o]7] W&o, western blot
< 33 SD-01 F&E°] p659 &4 A= & Ik
B—a 9] phosphorylationd] wX= FFE SRl&] =2t
RAW 264.7 AlZo] FAHZE 100, 200 x# g/mle] FHEZ 184]
7+ B¢t H2F & 100 ng/mle] LPSE 1417t 59 A3ty
NF-« B p659] #o29] translocationd] W|X: TS
nuclear extractiong 43t} Mxo] S} MxHS E3t
oF YR o5 3t NF—« B p653t A|lZZe] ikshe Ik
B-a (p—Ix B—a )9 & AT 1 A3}, LPS Ao

translocation<
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o3 YR o]FF NF—« B p652] o] A F7I8taL o]
= SD-01 &5 o3 adzoz HAase A2 Utk
t} (Fig. 5A)., E3F cytosol extractolA LPSe] &3 f=
% Ix B—a 9] phosphorylation®] SD-01 F&&°| 23 =
T o AfES FANT 4 A (Fig. 5B).

LPS{ngiml) 0 100 100 100
SD-01 (ugiml) 0 0 100 200
e [ o ]

LPS{ng/ml) 0 100 100 100
SDO1 f{ugiml] O 0 100 200

Figure 5. Effect of SD-01 extract on LPS—induced nuclear
translocation of NF—« B p65 and on the phosphorylation of Ix B—
a . RAW 264.7 cells were preincubated with 100, 200 x« g/ml of
SD—-01 extract for 18 hr and then treated with 100 ng/ml of LPS
for 1 hr. The expression levels of NF—x B p65 and Ik B-a were
determined by western blotting using nuclear extracts and cytosol
extract, respectively. PARP and B —actin levels were used as
internal markers for loading variation.
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Hoh 4t A FAATIE olB7)ET ojorkd] Bo] &
of, olo] gt MEoleke] A w3k |hEc).

Fof 23] AEojoo] A AAY ojeroz WELE)
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ojepAlt aFehs Wk AEs A ojok tig 21 Al
gt 7o) AR A a7shs o] ohet AdTet
9 2o} £EE aFet: ol FAFH WY,
WAL AH F7h AFshe AFejolute] AlA|ejerd
TE FAFEE 2N A9 AT Ao B9
ofo] 23t Aol

Aepabe AR A4/ AFtE aRHE
FEots 214718 Atgold. aeu siggEaRE Ao
e ABAAA A BF 14.990] A, 4IE
E3 won] sl g2 Rolxn gtk weby 2o
ol ol BulrR AlFATHENE HAGE (3
oholA Aleke 7] AFHIL, olo] tF B3 A¢E R
3 7t ek

FepR Ao Yehhs AT} 28 B5sstEd] o B
FEH) 77} AHD Ao YyFsRoplaEs B g
ZA2 AAG v Qe 42 F79 ool 100T B
SN B Sp|Hoz Ao FolEd, @A &
oke] H|MS sl Bae ujokel fFo|ch o

glore] BYBHRR] % BeIHel waAGk Feletel 3}

=)

st S 9 AlpdE 3t 712F<Q A&7 HHE A
q_lz).

2 Ao olEEt 7IRE e R HFAH ke
2HE APiEe rtedS gAska o #Ehy ¢l
AAE € 7HR] AF e EAHE A5k 1 fa
A& gy B3R i)

SD-01 AE FAskL U= S AESE EA4ol
#eto] W2 AFAIr HuEu ok WA, Sl
(Polygoni Multiflori Radix)w 34l &Alof o3t &3}
Ao Wt Bt Y9x, ARz A4S =S
Kupffer cell® phagocytic activitys FAAZHLZH 7H73
32 IAIsH= FAo] glgo] BuEel kY EF st
2HE BaE AJE8e 2.3,5,4'-tetrahydroxystilbene—2—
O—beta—D—glucoside (THSG)& LPSel| 93 4=5& 4
Zukg Aol BaEo] Ittt I vz ¥ BE F3
9 gge 247, 7198 Y 5 ood ®mastk sl
@4 (Salviae Miltiorrhizae Radix) 228 E B3t S48 A
EEY @4 B AFE &Es| AYgEHa o A7 F
salvianolic acid B9] &4% #4Y, 71rs an? S9 3
Aol go] HiuEe iy, E thE AESl tanshinone I,
tanshinone IIA®] #ax= A3 2 FAFEE 4 FUE
Q2B = rlokst QESA o] BuET ok &
(Curcumae Longae Radix)2 I AEoz IdHA s
xanthorrhizol®] &gZ aAF, A oY NEFRQ
HCT11694] apoptosis &%=} cell cycle arrestE £3F =
AR AT Al 7RIIZZQ HepG29 apoptosis =2
T ohdet dAEZA Y FdEgE ohEl, d4E E g
3 4%, FugE BT 5 gorst B Ao B
axjo] dtt | AE(Caesalpinia sappan)2 1 FAAES
brazilin, brazileino] Tat tho] gatal? 9 gH= 24y
0m gerely®  guige B4% 5 cleret AEsH &
Ao W3t ®urp 9lew, I8lm HE  (Glycyrrhizae
Radix)o] #3t BEH &4 dve ov &Es| Y=
= AdEfolth,

oje} Zro] SD-01 AWS FAsk= Sy 4 712
stod, SD-01 A9 43t 9 FJAF o] Hold AL
2 AZEo] nfeA RN EZFe RAW 264, 79149 FEZ
g4 AdE AYstart
WA, DCFH-DA assayE 483to] SD-01F&&0| up$

AA| Q] RAW 264.7 W] ROS A/l w|A= 9%
ZARRE Ak LpPSe| o8 A2z ROSe A4dol oF 1.8
7Vt SD-01 #&8o| 98] avzoz iwe
< U5kt

8% whso] Fdoste thAMES W= Toll-like
receptors (TLR9)7 014 YRS <Ashy =tal, ue)
Zopd YEAQl LPSY ¢ TLR4E FEA2 3t NF—«
S Z43A7], NO, PGs®t Z2 E53A}t TNF-«a ,
IL-18 , IL-6 59 Tt 8354 ARIEZIRIE LEAZ|A
e,

THdZ20 NOS| AL FASAANZA A8 714 W €5
A A fUste F2 9ol Hrh NO+= NO synthase
(NOS)ell 23|l AAo] ==, NOSO|&= neuronal NOS
(nNOS), endothelial NOS (eNOS), inducible NOS

Z o |

pa)
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(iNOS), Al 79 Fe7l &A%t} o] FojlA INOS7F &
AstE dAAZoA NOE ooz A4ste 93 w2
FEAY, E g2 Fa3 4% A PGEs= COX-29]
olg] A=, o ERALE Fo|7] fE o] A5 lA
ad, 2, 55 52 ¢ + 9th. 182 TNF-«
IL-158 , IL-6 59 Ajo|E7}ele A3k TN ZoA F
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