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Anti-oxidative and Anti-inflammatory Effect of Fractionated Extracts
of Cynomorium Songaricum

Kyung Ae Kim, Hyo Seung Yi, Hyun Jeong Yun, Sun Dong Parkx

Department of Prescriptionology, College of Oriental Medicine, Dongguk University

Oxidative stress and inflammation are important events in the development of chronic inflammatory diseases
including arthritis, atherosclerosis, diabetes, hypertension. Cynomorium songaricum (CS) has been used as a traditional
Korean herbal medicine, and it is currently used in traditional clinics to treat frequent urination, spermatorrhea,
weakness of the sinews and constipation in the folk medicine. The aim of this study was to determine whether
fractionated extracts of CS inhibit free radical generation such as DPPH radical, superoxide radical, nitric oxide and
peroxynitrite, production of nitrite an index of NO, PGE; iNOS, COX-2 and pro-inflammatory cytokines in
lipopolysaccharide (LPS)-treated RAW 264.7 macrophages. Cytotoxic activity of extracts on RAW 264.7 cells was
measured using 5-(3-caroboxymeth-oxyphenyl)-2H-tetra-zolium inner salt (MTS) assay. Our results indicated that the
most superior extract which scavenged DPPH radical, reactive oxygen species (ROS) and RNS was CS ethyl acetate
extract (CSEA). Moreover, CSEA significantly inhibited the LPS-induced NO, PGE: production and iNOS, COX-2
expression accompanied by an attenuation of TNF-a, IL-18 and IL-6 formation in macrophages. Furthermore, CSEA
treatment also blocked LPS-induced intracellular ROS production and the activation of NF-kB. These findings indicate
that CSEA inhibits the production of pro-inflammatory mediators and cytokines via the suppression of ROS production
and NF-xB activation. Take together, these results indicate that CSEA has the potential for use as an natural
anti-oxidant and an agent of anti-chronic inflammatory diseases.
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Ef2e UYRHoZE 935 (inflammation), A7} uk-g-
(autoimmune  reactions),  WAMF3  (dysregulation  of
metabolism), 318 (ischemia) 5ol 234, E-Ho 2= v|AE
(microbiological ~organism), A7l  ZA}F  (electromagnetic
radiation), 7|7 & o]t} 8t Q1 A= Fof oA fFdE & 3l
i, ole AAY BE 7#F AEo IS HAM TFHoZ 4
7 &4 (oxidative damage)E Z#3tA T} wetA AksA
J2he AL &4 AT (reactive oxygen species, ROS) 2}
% (reactive nitrogen species, RNS)9| A3 ¥} o] AE S
g zte] BFe dAgolga FAT £ A
e #eshs tlEAQ ROSS RNSl=
superoxide (O), nitric oxide (NO), hydroxyl ion (OH) %<
free radicale]l U3, T o] A& FI;F (oxygen-derived
species)l singlet oxygen ('Oy), hydrogen peroxide (H,O),
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hypochlorous acid (HOCl) 5= J=H|, |59 A4 di&
Adelr 193, AZ o] EAshs mEZ=,
peroxisome, xanthine oxidase (XOD), NADPH oxidase %
cyclooxygenase (COX) 59 BAEL A&H 0 F ROSE A3
i, RNS& @598 Al fiAAE, 357 % o8 U AxEs9
kg o g Qe o YAHH, oY ROSE Zeo] A4dEt

oA g BAAY $7 L 4 a7 93 99
710, e 2A0M 2 FAHe dSHeS s &
F 7der 2dH1 Sle Aog &uA Uk 83 AL
s s 240 E4oly A o dEuteol ALHY, o
S8 A Fo A ROSSH RNS7F Aok B4, 2 A3 G54
QA frAzte wgo] oprlgo] Wzt frdHte Aot oA
H ROSSF RNS= @5Ebs-3 ofF 2 #¥o] 3tk

Z23 9] Eolu A BEAY HY SoERH dAE
B55t7] S8 dojve 54 EF g ofF st T2
g W whgol AR, o] dF whEo] TS E Y FrlEs A
94, 5UAZ, A, 1A 59 454 AeS P & A
g9 WHL  cytokine HEHIS} Tk AFAA
(pro-inflammatory mediator)59] & 5ol 9aiA =HHE &

A AAHE T4 €oUA Eh Nuclear factor-kappa B
(NF-xB)& o A=A AJS o= Heloz FHEuUy 9]
synthase  (iNOS) 9}
cyclooxygenase-2 (COX-2)¢} Z2 H5AAE AAMAZI=d
oM 23 9L I INOSS COX-2% nitric oxide (NO)
9} prostaglandins (PGs)Zt= % "4-1_ AFAAE FA7= A
oz Z A J=H, iNOSY % L-arginined] 43l go}
=3} (deamination)E A3 1 gg 45AAA NOE A
o, iNOsell ojsjA A4 e NO% ARG ol A F

ARk A4 NOY A4 1A OS% A%s 2

s

=H|, inducible nitric oxide

ul

Hl

o,
>

Py

i gl

ik
tlo
)

fo o @ rr 18

ol
ol
rr
)
g3
@)
o
=
N
rir
- oox
o
oy
=
2
2
Ir
X
o

N
iy
o
ofN
ro,
R
_L
'*<
=
3
z.
5
£
[e]
5
a.
Q
g
J
2

o ofN

mitogen A= Aoﬁ/ﬁ = .

AE W ROS A4 GA °§ B A Fa gk QApolth
ROSE= Al EE749] vj7fAtelar, 1524 83 (endotoxemia) %ol
A EE4e A 71Ed B3t ROSE s AL 2E
2 HAYF #Astn 3, AEY 2E3AA  (redox
status)©] NF-kBS] 845 ZHdthe EIE gt AAZ Ho
b 4ts} Bdo] NF-«Be 24< s, AZ o] ROS

AL Z2ANGEY A7 AFe olF wWo] B oyt
HANEE *Jﬂl ol gz Bx=o] e AZE 97 3
o S0 W] o]F (migration) Rt WE =

24 WY, 93 8o YN Foe 4
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W %3t interleukin (IL)E% 22 9590AHe] A
e FANAGHY. mabA LPsel sl A EE 45AAE
S AAse 4L AANEY 847 dgd bdd 945 2
A=) A7l KA 2Y F 91‘3}31 FE I glon, g4
AELFE ST vpg-29] 24 ZQ RAW 2647 AIXE LPS
o] A= wkE3te] ol EHAH O R AFAAE] AAHH7] o
ol F8% FET 548 e A Ao ggH Qo
AT FA A Y] FAL 5] WEAHA AL R
FE FAsAE et e o] Bl o] FoA A i, A
Ao A A7l Fitsl BEAEC] Hojd 9T A8 S5t
I a4 F9E 2o Fulgs #dd, s9AEs
% g, A4, S T2 dEAA Y 54 o2 A
Aol A o]H g A3ho] AR3t= HlFL AZ gulsich ol
Ae @ At ZAAAN s Jd AAES ASARA o]&
3 ot 2B R its ¢ 39S aHE Ad JAES o}
A, w3 A3 A A" F e ABREALZ dsted,
o

HrHe AT oesiide] TG &2 AE HY
Cynomorium songaricum Rupr. (CS)9] $d £7|24, &3 7}
Lol ARt LS AASD Wste] A&, Fe)et
oz B o, A Ene WiRsta, &, K, o= kst
o, Wi, Mintistes a5 g Aske] BRE, ik, HIE,
5 ARst=H AHEH o 91":}20 HF o2&
FHEEE FA8Y wis A= &
<3 =8, ”‘3”"5':‘ =7 785,
FUE P A8 Fo] nuHel 91,
= d% €4 FEE9 DPPH radical 2AZA 3}
HEZ] f_{-ﬂ]— P o} ethyl acetate FZ59] §4tst a7
5 &7 So] naEo] Uk M| AR
] ZF<] steroid, triterpene, flavonoid$} lignan
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(H), dichloromethane (DCM), ethyl acetate (EA), butanol (B),
olgA Ml A fUIEHE 2‘1‘5:3}04 HF e FE2=
(CSM) HF H F+2E& (CSH), A% DCM F25 (CSDCM), 4

EA %%% (CSEA), ¥ B F&= (CSB), 4 aqueous F&
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' A #Fetgart. 2 AFEA A2
&3k NO, PGE, A4 &7} iNOS, COX-2 B8R =9 454 A
o] E7}]] (proinflammatory cytokines)?l TNF-a, IL-18, IL-6 A
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4 183 NF-xB @43 HX W9 ROS AAHF & ¥o} &
vl et 235 A7l Eushe wlolt).

ml9] 100% methanolS 713+ T 70TCol A 4847+
o g & FH3a T2 HUx
(& 304%)S 24 o] HEe FEE2 Fig. 10
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Extraction by methanol (6000 ml for 48hrs at T0'C)
Filterate using wattman paper

o

’ Concentration and Freeze drying

1. Methanol extract
(yield: 30.4 % , 182.5 g)

The methanol extract (50 g) was
suspended in water (600 ml) and
re-extracted by 600 ml each (3 times) of
hexane, dichloromethane, ethyl acetate and
butanol

All fractions including the final remaining
water fraction were concentrated and then

e freeze dried

3. Dichloromethane extract
(yield: 3.4 %, 1.7 g)

2. Hexane extract
{yleld: 2.6 % , 1.3 a)

_—

4. Ethyl acetate extract
{yield: 1.6 % , 0.8 g)

5. Butanol extract
{yield: 15 % , 7.5 g}

|

6. Aqueous extract
(yield: 76.4 % , 38.2 g)

Fig. 1. Extraction and fractionation procedures of CS

2) Aok

AEZ  wjFAQ]  Dulbecco’s Modifide Eagle Medium
(DMEM), fetal bovine serum (FBS), streptomycin-penicillin &
o] M EH|FE Al%FE-2 Gibco BRLAF (Grand Island, USA)el 4]
T APl A" AlYF F Sodium Dodesyl Sulfate
(SDS), Acrylamide, Bis= Bio-RadA} (Hercules, USA)l A ¢4
s, (DPPH),  EDTA,
hydrogen peroxide (HxO), hypoxanthine, nitro blue

1,1-diphenyl-2-picrylhydrazyl

tetrazolium (NBT), xanthine oxidase, sodium nitroprusside
(SNP), lipopolysaccharide (LPS), 4,5-diaminofluorecein (DAF-2),
6-carboxy-2',7’ -dichlorofluorescein diacetate (DCFH-DA), CAPS,
tween 20, protease inhibitors 5-& SigmaA}l (St. Louis, USA)el
A F43tA . Dihydrorhodamine 123 (DHR 123)2 Molecular
ProbesAl  (Eugene, USA)olA  913}3L, Peroxynitrite™

Cayman ChemicalAl (Ann Arbor, USA)ol|Al 934ttt A3
of AH8-" 12 &A1 INOS antibody$} 22+ &A<] anti-rabbit
and anti-mouse IgG horseradish peroxidase (HRP)-conjugated
antibody+ Santa Cruz BiotechnologyAl (Santa Cruz, USA)el
A}, COX-2, p-IkBa, NF-kB¢} B-actin antibody+= Cell Signaling
TechnologyAl (Beverly, USA)lA F+4384th. Aqueous One
Solution Cell Proliferation Assay (MTS) kit®} Griess Reagent
System2 Promegarl (Madison, USA)ellA Y4391, Z+E
cytokine $4& 3 ELISA kit®} Nuclear and cytoplasmic
protein extraction reagents Pierce BiotechnologyAl (Rockford,
USA)ell A F943t9eH, PGE2 assay kite  R&DAF
(Minneapolis, USA)elAl F43FA T} Protein assay reagente
Bio-RadA} (Hercules, USA)l A F4stH T Ago] ALEH =
= A%k 248 SEOIGeE AR
2.
1) Free radical 2AEA =4
(1) DPPH radical £2A&74 &4
DPPH radicaldll o8t &2A &L Gyamfi 59 1P| uw}
g AT 1A Y AE FE AR 50 pel 01 mM
DPPH &< 1 ml¥} 50 mM Tris-HCl buffer (pH 7.4) 450 nl&
7¥stel & EsATh EFES A4 3087 FAG s,
micro plate reader (VersaMax, Molecular Devices, USA)E ©]&
3t 94 517 nmollA] EFEE =434t DPPH radical®]
2ABAL 50%Y 2% S Hole ¥E (IC50)Z A3t
(2) Superoxide anions 2ALY A
Superoxide anions 27242 Gotohs} Niki¢] HH¥< o
F FAet SAsith w4 AR ¥ AR 30 uldl 30 mM
EDTA (pH 7.4) 100 ul, 30 mM hypoxanthine 10 ul, 1.42 mM
NBT 200 plE 7}& ths ALo A 382 k&A%l o), 0.5 U/ml
xanthine oxidase 100 pl& 3 7}3t3 50 mM phosphate buffer
(PH 742 F §%S 3 mlZ 2ok vh&§ A8 220 A 208
b AR F, 560 nm BHgA FREE S, Aids
superoxide radical®ll ]t NBT reduction®] IC50 gto.2 $Hita}
of FAISHAH.
(3) Nitric oxide &A&4
Nitric oxide®] AAZAL Sutherland 59 HH¥o) <3}
o] 2434tk WA 1 mge DAF-2Z 0.55 ml¢] DMSOe] & 3)
Al7131, ©]& YAl 50 mM phosphate buffers A-8-3}e] 4004]
(v/v)& 534 DAF-2 845 FHla] s3th g% S8 A8
10 plE 50 mM phosphate buffer (pH 7.4) 130 ple} £33+ of
<, 40 mM SIN-1 10 pl ¥ DAF-2 &9 50 pulE H7}st ) uks-
A AeolA 1023 v F3E v, DAF-29F NO<| #Hg-o] 9
3] AAEE  triazolofluorescein® R} EZE  fluorescence
microplate reader (SPECTRA MAX GEMINI EM, Molecular
Devices Corp., USA)E A}8-3}ed, excitation 3+ 495 nm 2
emission ¥ 515 nmol A &7} T
(4) Peroxynitrite 2AE] &4

o

o

it
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%] Peroxynitrite 224 &2 Kooy 59 Do) o5}
o ZAs % FE AR 10 plE 4 ple) 5 mM DTPASH
0.2 pl® 5 mM DHR 123& ¥%3}3 = rhodamine buffer (50
mM sodium phosphate dibasic, 50 mM sodium phosphate
monobasic, 90 mM sodium chloride and 5 mM potassium
chloride)$} 41ol&th. WH3-
WA A e, AL 1083 wdd o2, DHR 1237
peroxynitrite®] ¥hg-o o3 BAH = FFAEE fluorescence
microplate readerS AM&-3}¢], excitation 7 480 nm 2
emission ¥ 530 nmo A A9
ILEL K

-2~ 9] g A AHEZFQ0 RAW 264.7 A X SHo A E 323
(KCLB)AIA &< o, Axzujeds 918l 10% FBSZ 1%
penicillin-streptomycing 233+~ DMEM  (Dulbecco’s
Modified Eagle Medium) Bl A& AH&-3t9 0t MXE= 37C, 5%
CO, A ul ket At
3) MTS assay

A% ethyl acetate (EA) FEE] A Xl Ui 5
5-(3-  caroboxymeth-oxyphenyl)-2H-tetra-zolium inner salt
(MTS)  assay w¥o 7 BA59c. o]=  mitochondrial
dehydrogenasesoll 9]t MTS7} formazano 2 H# = A&
ZA3st= Aolth 96 well plateol] 1x10* cells/well®] RAW 264.7
AEE B3t dFAE F=¥ (0, 20, 40, 50, 60, 70, 80. 100,
150, 200 ug/mlh)E 18 A7t <t M Ak Welld 20 nle
MTS solutiong #7F3te] 37°C, 5% CO, Ml 710l A 4417 5k
93171 ¥, microplate reader (DYNEX, Opsys MR, USA)E
o] &3t 450 nmell A FF =9 WEtE A5t T R
MEAEES BEEE FASIAT 4 w58 A7t 2 &
TE AEE W AE o] wgEte dxad ddwe FF
TE HlusiA BAGstArt
4) NO A =3

NO¢| w== #gd W9 nitrite ¥EF Griess Reagent

System37)—% o]%a}@ =439tk RAW 2647 AlXEo] 3% EA

2 10 uM peroxynitriteE 10 pl ¥ 2

/K _§_7§_Q_

pu.

o]F 1 1087 A2 ]}\1 w3 /‘] 71 & ELISA reader® 540 nm
NN FI= A3FA Tt Sodium nitrited] FEH EFFAE
o1& 9] NO =& A4tatsit

9] PGE, %< ZA37] 8] commercial
competitive enzyme immunoassay kitE R&D systems
(Minneapolis, USA)ol Al F3te] AFsI5TH A2 A% EA
F25S AA485a 100 ng/mle) LPSE A 2|3tk 18 A1zF
T AZ wjFAS @of PGE, 7ol AHEstith W& goat
anti-mouseZ coating® 96 well plate®] ZtZ} 100 ul¥ loadings}
11, 9719 primary antibody solution 50 ul®} PGE, conjugate
50 ul¥ H7pste] 4Coll A overnightA] #H th. Washing bufferZ 4
3] M| & 3}a substrate solutionS 200 pl® =8 sl 5-20% 7 vtk

SAIZ F, 50 nl9] stop solutiong 2|3 F 450 nmol A F%
TE S48tk
6) Western blot analysis

A71EEE A% 9 d A 59 FE22 AP AERE AZ
£ ice-cold tris buffered saline (TBS ; 20 mM Tris-HCI, pH 8.0,
137 mM NaCl)©. 2 33] Al &3 &, lysis buffer (TBS, 1% NP-40,
1 mM sodium orthovanadata, 10 pg/ml aprotinin, 10 pg/ml
leupeptin % 1 mM PMSF)E o] 4TellA 30&3t ¥H8-A]7] 2L
12,000xgoll A 1027 94 B3t F5HS E3tth Nuclear
A3 At o)
EYe Fo IMAS sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS- PAGE)Z ®#ZA|7l ¥, ddds
nitrocellulose membrane?l| transferd} I th. ©] membranes A
o H Eolf AgE Adstr] #Jske blocking buffer (5%
non-fat milk9} 0.1% Tween 20 313k TBS &M)ol|A] 147t
B WA %, 7 AS dwde Ui A (anti-iINOS,
anti-COX2, anti-phospho IkBa, NF-kB)E 7}8}4 1~2A17F &<t
HHEA 7 0]o]A] 0.1% Tween 202 §H-h-3F TBST &9 0.2 40
B2 4183 oS, secondary antibody2 HHS-AIZTE ©]0A
ECL system© 2 ®F3 A7l ¥ Xeray film’gelA daldS &<l
StAT 7 Al @ d A& Bradford protein assay kitE
A&t 595 nmo A FRFEE S5t AASHAT

7) AZ w g 9] cytokines &4

A wgFd e cytokines®] FE& FA7] A8l
Tyt
AEel A% EA FE2ES A3t 1417 ¥ 100 ng/mle] LPS
£ A8ttt 18 AZF = AX wjgFAE Hol cytokine Z
ol &3ttt WYY S AP FEZ FMY ¥, cytokine>
coating® 96 well plateol] 50 ul¥ H7}3te] 4Cel A overnightAl
Z . Washing buffer2 33] A|#3}3 100 ule] biotinylated
antibody reagent® Z44¢] wellol A #sto] 17t <t &2
A 9 AIZ & 33 MEg v, 100 ple streptavidine-HRP
solutions A8t 1A13F b AF2A WA § oAl
washing buffer= 33] A3} th o 7]l di(2-ethylhexyl)-2,4,5-
trimethoxy benzalmalonate (TMB) substrateE 100 ul# 2|3}
o 5307 ¥H-&A1Z1 100 pl9] stop solutions ] 3t T 450

extract®] 73-%-= nuclear extraction kitZ

Enzyme-Linked Immunosorbent Assay (ELISA)E

nmel 4 FHEE 25U
8) DCF-DA assay
HF EA FEE°] HO,9 LPSe 9t RAW 264.7 A X9

o]
e EE BEste AF3E 5437] Aste] DCF-DA assay
Z AANSFGH). WA A EZE 96 well plated] 1x10* cells/well
2 BFsta, FAS F=¥ (50, 100 pg/ml)E st 37C,
5% COx¥ ZZAA 18A17F Tk wieFstdth WY -, wiAE

A A% v, PBS bufferZ 34]¥ 10 uM DCFH-DAE 73},
45871 B FetA ). PBS bufferZ 23] washing®t % 4 mM

HO0,& 718taL, 30 st Foll fluorescence microplate
readerE AF&314, excitation 37 485 nme} emission 3% 535
nmilA FFFEE SHSAY. DCF FFA=Y S7He2 o
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3 BusiA w5 (fold)2 A48t LPS A2 3%
1AIZE vl % —"F o, 100 ng/ml9] LPSE 7}3t
<, 182 7HE H }3) A DCF 834 =2 Z4359c)

ZA%E  meanstSEMOZ  UEloH,
GraphPad Prism 4.05 ©]-83}] one-way ANOVA followed by
Duncan’s multiple range tests& 2% %, Pgko] 0.05 7|2t
) 23 Ao g BT} Western blotg £3 98 band 2]
density #%]-2 GelDoc-It Biolmaging System (UVP, USA)< At
&3] ZA43e

AR

a2 %
1. % FE =9 free radical 2AE
1) DPPH radical 2A&4 574

g Mg F2EF 1 JE3E FE2E 1] 1A F
o5S Hlastr] 9sted, DPPH radicalel Wik 2AZAS &
gatack B A9 23, H4 Ags FEEY B 78001
g/mle] FZolA 50%2 DPPH radicals AAS A, EF
9] 7% hexane %2 500.6 ug/ml, dichloromethane &2 220.4
ug/ml, ethyl acetate 22 9.6 ng/ml, butanol %<& 21.5 ng/ml
18] 3l aqueous T2 120.3 ug/mle] FE ol A 50%2] radical s
i7‘l5}‘ﬂ‘4(Flg 2A). whetA, A ¢ dES FolAM M ¢4
& AR A AL ethyl acetate Folgtn #@E
UAT
2) Superoxide anions £~A&4 =3

WEHS GA4HAF (reactive oxygen species)] dHtSl,
superoxide radicalol W3t 2AEge] AfdAME, HEE F&
=] 7 693 ug/mle FE=oA 50%°] *74%“* S 2, g
239 A% hexane 53 dichloromethane =& & 37} el
A ¢$kal (incalculable), ethyl acetate -2 16.5 pg/ml, butanol
%2 203 pg/ml 1)1 aqueous T 1045 ng/mle] FE ol A
50% ) 471%-& HethFig. 28). £ 48] A, %o J23
Zo A 7MF 53 SAANLAZ Aﬂil—/ﬂg Ad AL DPPH

=Y

4 %%

0]l Q) 2= 0]
=

radical 2-A2/d AP AFH9} 22, ethyl acetate ok 4= 9]
At
3) Nitric oxide 2AE4 73

Ed4d2F (reactive nitrogen species)®] titoln, AFH

2%
$9o a8 Fgoxz &HA nitric oxide (NO)oll that
=9 AAEHE in vitro oA BFE7] 931, SNPE
st NO9 A& Festal, o]2 s A== DAF-29
T8 3484t a2 29, veE FE2EY AF 26 1
g/mle] FZ oA, Q%%J 3% hexane < 38.0 ug/ml,
%< 20 ug/ml,
2 4.7 pg/ml :LF/] aqueous F-2 35.2 ug/mlﬂ &
T oA 50%4 A2ASAE S BAH(Fig. 20). wehA, At F7
FollA obF 48 NO £2AZHE Ad AL ethyl acetate
ojgta AT 4 UATh

butanol &

ol OIN'

4) Peroxynitrite 2~2AE&4 4

T O 2424%F9 3holH, superoxide radicalZ NO
o] Ao =2 AA 5= peroxynitrite o] et AAZAF 79
N, MaE F289 4% 362 ug/mle FEAM 50%2] &7
g4E B3, gEF9 HF hexane T2 1296 ng/ml,
3.7 ng/ml,

F

dichloromethane -2 49.5 ng/ml, ethyl acetate &

butanol %<& 5.2 ug/ml 18 il aqueous < 474 ng/mle] &
o)X 50%9] 2ASE EATHFig. 2D). wetA] ethyl acetate F
°] peroxynitrite 2AZANANE 71T e a94E RIS &
T AT

o]}e] A3E<S F¥e £ w, DPPH radical, 8434 4F 7}
A rF 2AZA ) 717 Hold F& ethyl acetate F°] =
AES WE F AAT, olofAE w2 AN EE AR A
2 ethyl acetate 5 AH3te] AP3Ah

(A) DPPH (B) Superoxide radical
600 120
500 100
T Ea
2300 3 6
3200 Eu
0 Pl o
ic.ic.
0

0
CSM CSH CSDCM CSEA €SB CSA

CSM CSH CSDCM CSEA €SB CSA

(€) Nitric oxide (D) Peroxynitrite
15 180
10
% ~ 150
X E 120
g P
615 L
10
5 30
0 0
CSM  CSH CSDCM CSEA CSB  CSA CSM  CSH CSDCM CSEA (SB  (SA

Fig. 2. Scavenging activities of fractionated CS extracts on various
free radicals. The results are expressed as IC50 values, and each value
represents the mean of three separate experiments. (A) Scavenging activity on
DPPH radical. (B) Scavenging activity on Superoxide anions. (C) Scavenging
activity on Nitric oxide. (D) Scavenging activity on Peroxynitrite. 3% i.c. means
incalculable.

2. H< EA éﬁ%%w} RAW 264.7 A Eel gt =4

b2 tf 2 A ZQ] RAW 264.70 tigh <kale] Az
LotE7] Hste] MTS assayS A3t A EA F
F=4 (0, 20, 40, 50, 60, 70, 80, 100, 150, 200 ug/ml)=
¢ A A9, 100 pg/mle] s=AA = M2 AEE
90% old o2 HAgo] YehA] kAR, 1 ol e s =
Ao AEES 10% o) ZaAZTh(Fig. 3). LA ko] 5
u

=

=

ZE°] RAW 26479 AE BEE] A4S A &= 100
g/ml o|ste] FEE o A7
o] HoljFe F4T5 A7t

Yet 27 b5 e a

o

| o rh
™
Og(:,'l
ol
_,d

e
o ?ﬁ
i

Ak ol A% F2
Z

el o) Aol of

r1~'
it
oX,
sl

i)
(%
O

- 1324 -



120+

100+

80+

60+

404

204

Cell viability (% of control)

0 20 40 50 60 70 80 100 150 200
CSEA (pg/ml)
Fig. 3. Effect of CSEA extracts on the cell viability of RAW 264.7
cells. RAW 264.7 cells were treated with various concentrations (0, 20, 40, 50, 60,
70, 80, 100, 150, 200 ug/ml) of CSEA extracts for 18 hr. Cell viability was measured

by MTS assay as described in Materials and Methods. Data were chosen from
three independent triplicate experiments.
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% EA 3252 LPSE +X9 NOS PGE9] A4S FEE
Aoz ARHOR FaATlE Ao UEk

()

Fold of contral

% Inhibition
- 3 ¥ 8 & 8 &

CSEA 50 CSEA 100 CSEA 100 CSEA 50 CEEA 100
+H:0z +H202
(B) e
by
54
£ §
8 34 dkk g
= £
- e £
& 2
ek
"
i o o CSEASD CSEA1M CSEA 100 50 CSER 100
+LPs T sps
Fig. 4. Inhibitory effect of CSEA extracts on intracellular ROS

production in RAW 264.7 induced by LPS and H2O,. RAW 264.7 cells
were preincubated with 50, 100 pug/ml of EA extracts for 18 hr. 100 ng/ml of LPS
and 4 mM HxO. were treated to induce intracellular ROS production. The increase
of DCF fluorescence was calculated at increasing fold of control. (A) Effect of EA
extracts on intracellular ROS production induced by H.O.. (B) Effect of EA extracts
on intracellular ROS production induced by LPS. Data are represented as
means+SEM. Significantly different from control (#) or LPS + H,O, alone (x); ###

w1 P < 0.001.
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Fig. 5. Inhibition of LPS-induced NO and PGE: production by CSEA
extracts. RAW 264.7 cells were preincubated with 50, 100 pg/ml of CSEA extracts
for 1 hr and then treated with 100 ng/ml of LPS for 18 hr. (A) The NO production
was measured by Griess Reagent System. (B) The PGE 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;
##H#, o+ 0 P < 0.001.
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Fig. 6. Inhibition of LPS-induced iNOS and COX-2 expression by
CSEA extracts. RAW 264.7 cells were preincubated with 50, 100 pg/ml of CSEA
extract for 1 hr and then treated with 100 ng/ml of LPS for 18 hr. The expression
levels of INOS and COX-2 were determined by western blotting as described in
materials and methods and the density of band was calculated by GelDoc-It
Biolmaging System. B-actin levels were used as internal markers for loading
variation.
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Fig. 7. Inhibition of LPS-induced TNF-q, IL-13 and IL-6 by CSEA
extracts. RAW 264.7 cells were preincubated with 50, 100 ug/ml of CSEA extract
for 1 hr and then treated with 100 ng/ml of LPS for 18 hr. The TNF-q, IL-18 and
IL-6 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 ###, =+ : P < 0.001.
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B¢ A2 F 1 pg/mle] LPSE 1417+ §¢F X238k NF-«B
p652] H O 2 9] translocationdl] P|X= ¥ & nuclear extractS
o] &3l TS A=, LPS ©EAelwte] dA< translocation

S IS Aol HiE A Y EA AT sEYEFHLE Hofd
AN ELE HAS & § UNUTH(Fig. 8A). T £ WHOZ A
2 & 33l cytosol extractol| A 1kBa] phosphorylationoﬂ u] 3] =
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Fig. 8. Effect of CSEA extracts on LPS-induced nuclear
translocation of NF-xB p65 and on the phosphorylation of IkBa. RAW
264.7 cells were preincubated with 50, 100 pg/ml of CSEA extract for 18 hr and
then treated with 1 pg/ml of LPS for 1 hr. The expression levels of NF-kB p65
and IkBa were determined by western blotting using nuclear extracts and cytosol
extract, respectively. The density of band was calculated by GelDoc-It Biolmaging
System. PARP and (-actin levels were used as internal markers for loading
variation.

9% s
oz

39 B PYY AAE A% AHEATS BB
of FYL o7 i, o FHo] AN 43 £ Hoz
A8A HR 2 Awst A fAF 482 A Hx, o2
A8A 2Ed 2o @ 0| A8 AEY AL NEFoR
waish WA wAL 23 9o, AW DNA &4, 449 3
AR A% AT £, BRAn Ade] B 5L /A
FUASG o, B, =204 A, ST Be A8 5
2 3 AT HEAQ w5 33 dBolA By FFA
Agoleta @ 5 Yt SUFRY A4S A8 Souh, oY
A B Y AAEL FEHNOR GRAE o] e
2EH2E FAAIT, ol wet 2402 B WA

YA (redox-sensitive signaling pathway)e} ZA}

B 2 [o ku r0 oo o £ o\
Y

(transcription factor)E /8o 24 @A x e} HIH E
de g o 435S fFustA "o ol dF Weo=
Qate] @75l Folrt a1, o]Ae] TS HE Ax U
e fEan? med, s 9dF anes sue Ad
B FUASE AES B Wy 9434 43 (chronic
inflammatory disease)®] <} 3 X854 Ao Fad 4TS

g 4 As 3otk

Ao Aag FE257 JETEY Pibg anE
B7] 93] 7} WA DPPH radical 2A8A 23S 339
t}. DPPH radical hydrazyl®] 224 92t= &4
ovg HA F& AAE WwolEole A4S JHAL vk
A FL Fosol Hold s 4% WS A4
¢ DPPH radical (DPPH-)¢] $-41¢] (DPPH-H) 8] 2 735}
HEg vuz dsixE Aol A FasE S
FAuY. 28 A%, o) YRS F EA FEEAM T ¢
43 1050 e HAThFig 24). EHQ ROSS el
superoxide radical-> AF4&E o] &3l= AA W FFHA A
gl A A3E Bk ol {71
£ 9] A543} (autoxidation), 2] FZH-E gk o] B ujgh
A A o] B2 218 (phagocytosis) B B AREg-ol ojste] YA
F 4 gtk A7), superoxide anions= hydrogen peroxide<]
A AFEZAolH, E3| FentonA W3S EdlH Hu 73 &
A< A hydroxyl radical®] A4S fFLAZITH, B A3 6 A
+ xanthine oxidaseE hypoxanthine¥} ¥H3-A|A ] superoxide
AAAFHeH, AQE  superoxide
hypoxanthine$ uric acidZ, NBTE #9¥ diformazan® 2 H
FA71 22 NBTY Auigts 53 ddes $4T = Ao
3 2R, A 25 Tl GA EA FEEAA 7 A3
7% 0] #EHUTHFig. 2B). o]olA txE A< RNSSI NO
NO<} radical®] UAREEN I wREA o]
superoxide®} hydrogen peroxide R Th% &t %, AA U
Hol7|E ol A7 A 4# R uhrt gle peroxymtritec'ﬂ%) sk
AAZAE SAAT. B AFAA S FETY NOd v
A4S vwEr] $5e] SNPE NOZ AAAI7x

3}3}= (organic compound)
2]

Q)
w H
A

radical& radical-&

rz m‘{UJ

superoxide

o

- 1327 -



DAF-22 ZRste] FFF=E SAF 23, EA 58] 714
AFHAQ NO £AZAHE 23 3lee 29T + AL (Fg.
2C), DHR 123 assayE ©]-&3 peroxynitrite 22484 A& ol A
T A EA FEE0| /Mg EFAQ 4o 5S¢ F AN
o} olde] AF}E uiBo R HF FEEE FTAM EA FE=
o] #4 T, ROSS RNS £7% WA BF 7bF #Hojd

kst Edolgte 28S WE F AMTh

ROS¢} RNS+= DNA, ¢l 5 B& AESHA targete] 2t
3HA &5 o1 F 7] Wi, BdE 4F ASAR ¢
A oAAES} e dF #™E AXAgA AAREHE ROS9Y
RNSE 9% #AoA vf$ 23 9&< I, wabA in
vitro Aol A 74 Hold dH4tsl @S Hel AU EA FEES
A48kl vp9g-2 2] A Q] RAW 264.7 /H]E—o‘ o] &3ty oo
ARE APtk WA, vh9-2 tf A A EQ RAW 264.7 A 9
Al MTS assays A3t AEZ 5ol Qe dAlY] =& AH
5] tHFig. 3). )T LPSSH HiO,S 243 #2412 AHg3he]
EA FZ59] RAW 264.7 A3 2] A3 U] ROS AL drp &
oz wolslEa DCF-DA assays FallA  2elgoh

Sl
=2,
r°1'

=

e

DCF-DAE AXo] HAAstd HAE oz HA Eolrta,
H2029} vhd J3-& we DCFE A4 5 2= DCFY] 3
BAEE ZA3AE A= LH ROS AR ZFS ST 71 AUt
)i LPSe A Fe] ROSE &#F o= A7 4=
A U, o] 439 4+ EA 3258 ro&xoz A
¥ o] ROS B axnpH o2 A & & AU (Fig. 44,
4B), in vitro 39 4t3s} &Ago] NE QM E FEFTS Bl

@ 5 99
BAMEE A4 Wl m2A BEH] 3, He Wejg
wgol QoA Fo

+ Toll-like receptors (TLRs)7}

o, LPS] 7% TLR 4% 23]
A HejM NF-kBE 2434417131, NO, PGs9} 22 EZAA
9} TNF-q, IL-1B, IL-6 59 thgt d5A cytokines
714 A,

rulo
L
r‘gj
>

NO= A3, e BrdA 2% 948L 3t 28 &
A, Ade =] NOE d2jdo g FE29 oj¢gh 4%
3 A, 99 24, @ &4, AAHG Tl & Fasith 1
2Rk, T A NOO| AL AFAAEA o8 7k T o
Z4 A%s fdste F8 dde] @t NOE NO synthase

(NOS)oll  9Js|A Aol =He=d, NOSol=
(nNOS), endothelial NOS (eNOS), inducible NOS (iNOS), Al &
o FAREZE 24T o] FolA %”ﬂﬁ 2 A Z A A
NOE g#oz EulAAAN 45 weS FHXsk= A2 iNOSo|
02 F23% 9% AARE CoX-29] A @**Elc PGE,
#Ho FHAE Eol7] Wi dFHAFolA T,
S fg 4 %113]—. I TNF-q, IL-lB, IL-6 59 cytokine
Xz

neuronal NOS

g4 F% %

cytokines®] W& e EE, WIAEY 4F, 5579 &4
3, 253 A B3 F7t 58 FEstd, 45 2HE B2
T A Aol A £37A K2 F U wekA
AgE A EA A FZAAQ] NO9} PGE, 181 o] 952)
A9 AFEAQ] INOSSE COX-2, 9%/ cytokines®] 3
S ge AL dFukes AT doiA o F Fad 24Vt
2 £ 318 Aotk RAW 2647 Al X % EA 258 A
sk, 1A17ko] At $of LPSE AP st 435S Fud ths ¢
2912191 NO, PGE,9} 1 AFEA2 iNOS, COX-2 w3, 9=
A cytokine$l TNF-q, IL-1B, IL-62] Aol vl JF& 249
Botth I A3, A% EA F2ES 5 LPSE 59 9= 9
A5 AFEADE 1832 9354 cytokinesd] AAHS aHHo
2 ZAAE AR YERT, ol2d AFE FEYEHNE B
% tH(Fig. 5-7).
NF-xBE TNF-q, IL- 15, IL-62 ¥3ate 97 F

2
>
X
52

i

X

z4-o] A= o] F
d

o
N
Agt A B2 5 £ d=4 AYy Ja9gE

= o] Hodt®. weld NF-kB 24 & Alshe 7}‘—?:
Z 395 2t 549 Add 3loA 88 7)Fe
SallA Lot A, A EA FE=2
] 3| A F=F NF-kB p659] 32 29 translocations &=
Ho g JATE & F UNIL(Fig. 8A), o] AF= Y EA
£ 459491 NO, PGE9 1 A& iNOS, COX-2
, 9% 4 cytokine?l TNF-q, IL-1B, IL-62] A4 A & 37}
NF-kB9] 24 Al A#so] slth= A& HAFH NF-kB=
A8 E A &2 tA M Zol A= inhibitors of kB (IxBs)?} A%t
Ho] 97] WEo| AEA XA Fk a8y LPSSF e
A5 BEZ A3t AEsE EA48EHY, kB kinase (IKK)
complex® &34 IkB7} phophorylation Q_l_, degradation |
BE NF-kBE AE9] 3 ¢to g o)Fate] z43 A5 #d A
55 AN E FEE a9, meb H % EA FEE0]
3

10‘r
.ﬂ

Western blotting

1 N r

@ e

LPSEZ f =5 <= IkBa® phosphorylationdl] PlX= &S Lo}
2 2y, 9] F2EH 02 1kBag] phosphorylations 4 A&

O

il

2 B8 & YATHFig 8B). ool AUE FF 2 W, H°
1% %

==X 0

EA FZE2 1kBa9] phosphorylations JAIst= 7]1H
M NFxB 242 Asidithe e & & Aith

o

NF-kB9| &/43 AX WelX A= ROSHY wAUF
ARl AF TAE oFANA BEeA HHRAA sttt NF-xB
gAsglol #Aste AAE = TNF-q, lymphotoxin, IL-18, IL-6

o} 2& o] 7}A] 9354 cytokines, mitogens, LPS, @A 3}
4 AeA|, 2betd 2E# 2, 24914, phorbol esters 5] €2 4]
Yed™, FREe He o BAS] tiE AL YoM ROS
HAste Ao dHA A, Fakst aFHE Ad deEo]

Eo] NF-kB &3 #4502 A the AT B
E o}F B, o]2}d AMS NF-«B 24387} o8 413}

2

A _Lrulm

- 1328 -



H3o] o8 PSS HAFE HAog 2hale} dFo UWHE
AHAE F HAFa Johal & F 3L, in vitro el A H o
& ks GAE BYa, AAE YellA LPS A5o2 Ay
Sk ROSY AAS T4 JA 2N Y EA FEEC] T2
FEF 84 9A Hole E 43 AFE istet 9% 119 UA
g ARG BEAANN AL B 5 A& otk

TS Ed, ALY FEF FAAA 7S Hold ks &
A4S B EA FE=& AH8SHY w2 tiAA A FAF
AEe X33 A7, EA FE2EL FEF 59 94 50k
Uk EA FEE2 AEX Y ROS AA 9A 94 JA A
7l E5E BRJTH, ol st gdF 1he 1193 A#
s BoFe 23y & § vk webx A EA FEES
AA PsiA o My sHAs, HAE, 218G, &, T, A
2 5o ubg dzA A A2A Y AT aRFHoR S8
E T s o= AAdEn

4 =

NG GEF9 Pkt %“ﬁr ‘:’1"?‘* 2] 1]5501] 194 g4
Z A # AFE 59 >z

A% Wege FE2ES B 1@'5} g, A= hexane,
dichloromethane, ethyl acetate, butanol®} 4] EZH F&
£S5 293} in vitro Aol DPPH radical, ROS2] ¥Z<l
superoxide radical 2] RNS9 YF<Q nitric oxide,
peroxynitrited] A£AZAHS FEFE H=Z =
radicalol A 7} £& 427 48 B AL FA FE2EYS ¢
F AN

vh-22 T A A EQ RAW 264.7 A XEoj
EAE Al AESC TS AR &
g/ml)olA ARS JPeATt ol A FE2=9] I 3 7
FE A AE BEEY A 93 Aol o}
9 LA SAYS TITH RAW 2647 A 20|
¢} 100 ng/ml% LPSE A& sle] M E W ROS A A
I EA FEEL wEEH O R ROSY A S #H o
vitro &¢] @4ts &do] AE M= AHE&d
RAW 2647 Mo <AE 1A A A ¥, 100 ng/mle]
LPSE A 2jst] 45& Rt 1 23, EA FE22 LPS
2 f=de d4F9AA< NO, PCEY AR 1 AFEH
iNOS, COX-29] WH T IA Aa)stdet EF P3S4 cytokines
o] A3 9] dAD] FAAHY. A EA FEF0°] RAW 264.7
A A LPSel 93] === NF-kBe &4 rX= 9&FS
ol 7] 93] ME9] nuclear extractoll A NF-xB p652] &4-S,
cytosolic extracto] 4] phosphorylation® 1kBa] & &<ls 2
A7, % EA FEE2 1kBa®] phosphorylations &A3l= 7|
A& F3A NF-kB E4& Asjgdvte AHEE ¢ +
¢ BA F2E0] 45U BS54 cytokines®] LHS 9411]?}
Aol NF-xkB8 &4 A ¢ d#Eo] lve 3 &

o

oH % 43 AU e}, HYe FA FEE

oz A7En,

B A7E HeR/aRAAT sz HRATAY
SAANY (R13-2005-013-01000-0) 9o Yo7 FPLYS.

HZ‘J
Hn

5]

1. Park, SN. Skin aging and antioxidants. ] Korean Soc
Cosmetic Chem 23: 75-132, 1997.

2. Haddad, ]J.J. Antioxidant and prooxidant mechanisms in the
regulation of redox(y)-sensitive transcription factors. Cell
Signal 14(11):879-897, 2002.

3. Bunn, H.F,, Poyton, R.O. Oxygen sensing and molecular
adaptation to hypoxia. Physiol Rev 76(3):839-885, 1996.

4. Delanty, N., Dichter, M.A. Oxidative injury in the nervous
system. Acta Neurol Scand 98: 145-153, 1998.

5. Brune, B., Zhou, ]., Von Knethen, A. Nitric oxide, oxidative
stress, and apoptosis. Kidney Int Suppl 84: 22-24, 2003.

6. Azad, N., Rojanasakul, Y., Vallyathan, V. Inflammation and
lung cancer: roles of reactive oxygen/nitrogen species. ]
Toxicol Environ Health B Crit Rev 11(1):11-15, 2008.

7. Kaplanski, G., Marin, V., Montero-Julian, F., Mantovani, A.,
Farnarier, C. IL-6: a regulator of the transition from
neutrophil to monocyte recruitment during inflammation.
Trends Immunol 24(1):25-29, 2003.

8. O'Connell, M.A,, Bennett, B.L., Mercurio, F., Manning, A.M.,
Mackman, N. Role of IKK1 and IKK2 in lipopolysaccharide
signaling in human monocytic cells. J Biol Chem
273(46):30410-30414, 1998.

9. Ohshima, H., Bartsch, H. Chronic infections and
inflammatory processes as cancer risk factors: possible role
of nitric oxide in carcinogenesis. Mutat Res 305(2):253-264,
1994.

10. Forman, H.J., Torres, M. Redox signaling in macrophages.
Mol Aspects Med 22(4-5):189-216, 2001.

11. Lo, AH.,, Liang, Y.C,, Lin-Shiau, S.Y., Ho, C.T., Lin, J.K.
Carnosol, an antioxidant in rosemary, suppresses inducible
nitric oxide synthase through down-regulating nuclear
factor-kappaB in mouse macrophages. Carcinogenesis
23(6):983-991, 2002.

12. Bai, SK., Lee, SJ., Na, HJ., Ha, KS., Han, J.A., Lee, H,,
Kwon, Y.G., Chung, CK., Kim, Y.M. beta-Carotene inhibits

inflammatory gene expression in lipopolysaccharide-

- 1329 -



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

stimulated macrophages suppressing redox-based

by
NF-kappaB activation. Exp Mol Med 37(4):323-334, 2005.
Kamata, H., Manabe, T., Kakuta, J.,, Oka, S., Hirata, H.
Multiple redox regulation of the cellular signaling system
linked to AP-1 and NFkappaB: effects of N-acetylcysteine
and HO; on the receptor tyrosine kinases, the MAP kinase
cascade, and lkappaB kinases. Ann N Y Acad Sci 973:
419-422, 2002.

Hinz, B., Brune, K. Cyclooxygenase-2--10 years later. |
Pharmacol Exp Ther 300(2):367-375, 2002.

ol =4, £84, HAS, A e v By
M D(isk)e] Firet B FHT B KEAEE
@k 23(2):179-192, 2008.

Lin, Y.L, Lin, J K. (-)-Epigallocatechin-3-gallate blocks the
induction of nitric oxide synthase by down-regulating
lipopolysaccharide-induced activity of transcription factor
nuclear factor-kappaB. Mol Pharmacol 52(3):465-472, 1997.
Tsai, S.H., Lin-Shiau, S.Y., Lin, J.K. Suppression of nitric
oxide synthase and the down-regulation of the activation
of NFkappaB Br ]
Pharmacol 126(3):673-680, 1999.

Liang, Y.C., Huang, Y.T., Tsai, S.H., Lin-Shiau, S.Y., Chen,

CF, Lin, ].K. Suppression of inducible cyclooxygenase and

in macrophages by resveratrol.

inducible nitric oxide synthase by apigenin and related
flavonoids  in
20(10):1945-1952, 1999.

AR 4h iR pEEREHL NE, BEESHAL pp 2499-
2500, 1997.

Dan, B.,, Andrew, G. Chinese Herbal Medicine: Materia
Medica Revised ed. Seattle, Eastland Press, pp 340-341, 2003.
TR, BUCPEEGEREL R, R B R, pp
1272-1273, 1997.

mouse macrophages. Carcinogenesis

NAE, 2T, FFE, 1BA, AL AFEH) =
Sopo] 57 AA BASH mXe G KA
g

FEA, $ER, Ay, 28, whaed, WA F )
9| Diphenyl-picryl-hydrazyl (DPPH) &4 €74 9 HepG2
Axze gt kst Jah KEEEEE RIS EEE 15(2):
139-145, 2007.

Lu, Y., Wang, Q., Melzig, M.F., Jenett-Siems, K. Extracts of
SK-N-SH  human

staurosporine-induced

Cynomorium  songaricum  protect

neuroblastoma  cells  against

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

- 1330 -

apoptosis potentially through their radical scavenging
activity. Phytother Res 23(2):257-261, 2009.

Chu, Q,, Tian, X, Lin, M., Ye, J. Electromigration profiles of
based
electrophoresis with amperometric detection. ] Agric Food
Chem 54(21):7979-7983, 2006.

Jiang, Z.H., Tanaka, T., Sakamoto, M., Jiang, T., Kouno, I

Cynomorium songaricum on capillary

Studies on a medicinal parasitic plant: lignans from the
stems of Cynomorium songaricum. Chem Pharm Bull
(Tokyo) 49(8):1036-1038, 2001.

Ma, CM, Jia, SS., Sun, T, Zhang, Y.W. Triterpenes and
steroidal compounds from cynomorium songaricum. Yao
Xue Xue Bao 28(2):152-155, 1993.

Zhang, R.X,, Jia, Z.P., Li, M.X., Wang, ], Yin, Q., Luo, ].D.,
Liu, H.Y. Study on the effect of Part III from Cynomorium
songaricum on immunosuppressive mice induced by
cyclophosphamide. Zhong Yao Cai 31(3):407-409, 2008.
Ma, CM., Wei, Y., Wang, Z.G., Hattori, M. Triterpenes
from Cynomorium songaricium--analysis of HCV protease
inhibitory activity, quantification, and content change
the influence of heating. Nat Med (Tokyo)
63(1):9-14, 2009.

Gyamfi, M.A, Yonamine, M., Aniya, Y. Free-radical
scavenging action of medicinal herbs from Ghana. Gen
Pharmacol 32: 661-667, 1999.

Gotoh, N., Niki, E. Rates of interactions of superoxide with

under

vitamin E, vitamin C and related compounds as measured
by Acta 1115:
201-207, 1992.

Sutherland, H., Khundkar, R.,, Zolle, O., McArdle, A.,
AW, J.C., Salmons, S. A
fluorescence-based method for measuring nitric oxide in
extracts of skeletal muscle. Nitric Oxide 5: 475-481, 2001.
Kooy, N.W., Royall, J.A., Ischiropulos, H., Beckman, J.S.
Peroxynitrite-mediated oxidation of dihydrorhodamine 123.
Free Radical Biol Med 16: 149-156, 1994.

Desai, A., Vyas, T., Amiji, M. Cytotoxicity and apopotosis

chemiluminescence. Biochim Biophys

Simpson, Jarvis,

enhancement in brain tumor cells upon coadministration of
paclitaxel and ceramide in nanoemulsion formulations. ]
Pharm Sci 97(7):2745-2756, 2008.

Wang, S, Chen, Y, He, D, He, L, Yang, Y., Chen, |,
Wang, X

proliferation by serum from rats treated orally with

Inhibition of vascular smooth muscle cell

Gastrodia and Uncaria decoction, a traditional Chinese
formulation. J Ethnopharmacol 114(3):458-462, 2007.
Wang, H., Joseph, J.A. Quantifying cellular oxidative stress
by dichlorofluorescein assay using microplate reader. Free
Radic Biol Med 27: 612-616, 1999.



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Rong, Y., Geng, Z., Lau, B.H. Ginko biloba attenuates
oxidative stress in macrophages and endothelial cells. Free
Radic Biol Med 20: 121-127, 199.
Moynagh, P.N. The NF-kappaB pathway. ] Cell Sci 118(Pt
20):4589-4592, 2005.
Chung, LM., Kim, K.-H.,, Ahn, JK. Screening of Korean
medicinal and food plants with antioxidant activity. Kor |
Med Sci 6: 311-322, 1998.
Kunsch, C., Medford, RM. Oxidative stress as a regulator
of gene the vasculature. Circ Res
85(8):753-766, 1999.

A

WL, S1FE, B 207F doFa 244 dhofo] £3HE 19

expression in

oY

oF WAl9] 1.1-Diphenyl-2-Picrylhydrazyl 22 247
) g-gho) kA 85 2] 12(1):159-175, 2004.
Kujala, T.S. Loponen, JM., Klika, K.D. Pihlaja, K.

Phenolics and betacyanins in red beetroot (Beta vulgaris)

ks
<.

Lo

root: distribution and effect of cold storage on the content
of total phenolics and three individual compound. ] Agric
Food Chem 48: 5338-5342, 2000.

Madamanchi, N.R,, Hakim, Z.S., Runge, M.S. Oxidative
the
disconnect between cellular studies and clinical outcomes.
Thrombo Haemost 3: 254-267, 2004.

Lee, J.Y,, No, ] K, Soung, D.Y., Kim, Y], Je, ] H., Kim, M.S,,
Lee, KH., Chung, H.Y. ROS/RNS scavenging acitivity of
rosmarinic acid. Kor ] Gerontol 15(2):10-16, 2005.

Patel, R.P., McAndrew, J., Sellak, H., White, CR., Jo, H.,
Freeman, B.A., Darley-Usmar, V.M. Biological aspects of
Acta

stress in atherogenesis and arterial thrombosis:

reactive  nitrogen
1411(2-3):385-400, 1999.

D’Acquisto, F., May, M.J., Ghosh, S. Inhibition of nuclear
kappa B (NF-B): an

anti-inflammatory therapies. Mol Interv 2(1):22-35, 2002.

species.  Biochim  Biophys

factor emerging theme in
Woo, C.H., Lim, J.H., Kim, J.H. Lipopolysaccharide induces
matrix metallo proteinase-9 expression via a mitochondrial
reactive oxygen species-p38 kinase -activator protein-1
pathway in Raw 264.7 cells. ] Immunol 173(11):6973-6980,
2004.

Gomez, PF., Pillinger, M.H.,, Attur, M., Marjanovic, N.,
Dave, M., Park, J., Bingham, C.O. 3rd, Al-Mussawir, H.,

Abramson, S.B. Resolution of inflammation: prostaglandin

51.

52.

53.

54.

55.

56.

57.

58.

59.

- 1331 -

E2 dissociates nuclear trafficking of individual NF-kappaB
subunits (p65, p50) in stimulated rheumatoid synovial
fibroblasts. ] Immunol 175(10):6924-6930, 2005.

Abul, K.A,, Andrew, H.L., Shiv, P. Al Z&2W %8 63, A
<, o|HEY, pp 271-296, 2008.

Li, Q., Verma, IM. NF-kappaB regulation in the immune
system. Nat Rev Immunol 2(10):725-734, 2002.

Pierce, J.W., Schoenleber, R., Jesmok, G., Best, J., Moore,

S.A., Collins, T., Gerritsen, M.E. Novel inhibitors of

cytokine-induced  lkappaBalpha phosphorylation and
endothelial cell adhesion molecule expression show
anti-inflammatory  effects in vivo. ] Biol Chem
272(34):21096-21103, 1997.

Lewis, AJ, Manning, AM. New targets for
anti-inflammatory  drugs. Curr Opin Chem Biol

3(4):489-494, 1999.

Park, M.H., Song, HS., Kim, KH., Son, D.J.,, Lee, SH.,
Yoon, D.Y., Kim, Y., Park, LY, Song, S, Hwang, B.Y.,
Jung, J.K, Hong, ]J.T. Cobrotoxin inhibits NF-kappa B
activation and target gene expression through reaction
with NF-kappa B
44(23):8326-8336, 2005.
Grilli, M., Chiu, J.J., Leonardo, M.J. NF-kB Rel: participants
in a multiform transcriptional regulatory system. Int Rev
Cytol 143: 1-62, 1993.

Ivanov, V., Merkenschlager, M., Ceredig, R. Antioxidant

signal molecules. Biochemistry

treatment of thymic organ cultures decreases NF-xB and
TCF1(a) transcription factor activities and inhibits alpha
beta T cell development. ] Immunol 151(9):4694-4704, 1993.
Lee, SJ., Bai, SK,, Lee, KS, Namkoong, S., Na, H]J., Ha,
KS., Han, J.A,, Yim, SV, Chang, K, Kwon, Y.G, Lee,
SK, Kim, Y.M. Astaxanthin inhibits

production inflammatory  gene

nitric  oxide

and expression by
suppressing NF-kappaB
activation. Mol Cells 16(1):97-105, 2003.

Shishodia, S., Potdar, P., Gairola, C.G., Aggarwal, B.B.

(diferuloylmethane)

I(kappa)B  kinase-dependent

Curcumin down-regulates cigarette
smoke-induced NF-kappaB activation through inhibition of
IkappaBalpha kinase in human lung epithelial cells:
correlation with suppression of COX-2, MMP-9 and cyclin

D1. Carcinogenesis 24(7):1269-1279, 2003.



