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Suppressive Effect of FARFARE FLOS Extracts on Oxidative Stress
and Inflammatory Response through the Antioxidative Mechanism

Seung-An Shin', Min-Ja Lee*, Hye-Sook Lee, Won-Hwan Park*

Department of Diagnostics 1: Institute of Oriental Medicine, College of Oriental Medicine, Dongguk University

There is currently increased interest in the identification of antioxidant compounds that are pharmacologically
potent and have low or no side effects. Plants produce significant amounts of antioxidants to prevent the oxidative
stress caused by photons and oxygen, therefore they represent a potential source of new compounds with antioxidant
activity. FARFARE FLOS has been frequently used on the respiratory system including bronchitis, phthisis. In this
study, the antioxidant activity of extract from FF was studied in vitro methods by measuring the antioxidant activity by
TEAC, measuring the scavenging effects on reactive oxygen species (ROS) [superoxide anion, hydroxyl radical] and
on reactive nitrogen species (RNS) [nitric oxide and peroxynitrite] as well as measuring the inhibitory effect on
Cu2+-induced human LDL oxidation. The FF extracts were found to have a potent scavenging activity, as well as an
inhibitory effect on LDL oxidation. And this study was designed to evaluate whether FFEA may ameliorate oxidative
stress and inflammatory status through the antioxidative mechanism in LPS-stimulated RAW 264.7 murine macrophage
cell line. Treatment of RAW 264.7 cells with FFEA significantly reduced LPS-stimulated inflammatory response in a
dose-dependent manner. In conclusion, the FF extracts have anti-oxidative and anti-inflammatory effects in vitro
system, which can be used for developing pharmaceutical drug against oxidative stress and atherosclerosis.
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FAATIEA A ZE T
monocyte= U2 Al ¥ (macrophage) 2 #3}% ] Ox-LDL
213}3l  macrophageS AN GY, wa FAEE
macrophage interleukin-1 beta (IL-1B), tumor necrosis
factor-alpha (TNF-a), PGE2 53 %2 & 7}A cytokineE 3}
ROS % RNSE AAsle] FFuks-2] HAFIAISI nuclear factor
kB (NFxkB)E &/43+]71% I Z3¥, inducible nitric oxide
synthase (iNOS), cyclooxygense-2 (COX-2)& L@AA e
nitric oxide (NO)9} prostaglandin E2 (PGE2)E A3t A%
< Yodn

©] monocyte® intima ¢FOZ

o
o

ot i

adhesion moleculeQl vascular cell adhesion
(VACM-1),
(ICAM-1), E-selectin ¥ chemoattractant moleculeQl monocyte

chemotactic protein (MCP)-1 & WdAA o F9

molecule intracellular adhesion molecule-1

monocyte 92 =9 foam cellS FAstn FEZHEY &
3, o|FE Rt FHAsE A% APANP, 2Yee %
WAstE At 2EH 20 o3 &A3HE macrophage’t
g g @dste WA G5 Agelg & 5 o

oyt ArslA  <&Af(oxidative damage) superoxide

dismutase (SOD), catalase, glutathione peroxidase (GSH-Px),
glutathione reductase (GSH-Re)9} 22 &2 AibslA o 4]
g C 2FEA 2, ERAE, Adw, &4, = s, hE

FolE T3 22 HALH PASAE EFste HAE T
3} oAl s dA= A = Ao, Fak3} ol A= ROS9}
RNSE #AAZ ek olye} ME W redox states ZA3}a
redox signal transductions 7}53tA 3FAITE, o] @ st WA=
St e gf). 32814 (antioxidant)E= Ox-LDL®] 4+8}3
WY S JASIERE P48l G dArt Ox-LDLY] #A4S A3jgrt
W FHASE vES AHAALE] oW 2 N5 F8&F

= EOFAHA HAEY e

A B gao] A3 A7t 2] Agsm g A2
g4+t A| 2 Butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
tert-butylhydroquinone (TBHQ) 53 22 34 tsiA| &0l
HZ FgHor &3] ol&H1 Yrk et FA FatsAl A
+ 19] Woldd % F4o] AHHUA Bt ebdsta age
S A FargiAle Aol AAd] ayHT e Ao
":ET_], 7134 GArstAleE Hlwsle  ‘GRAS  (generally
recognized as safe) & B7tE = A FistA o FH witel
HZ 5o §9 B HF AGeA HAE FY F& B 7SA
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tyrosinase®} DOPA auto-oxidation 3] w319 Bv-2 microglial
celldl A iNOS9} COX-2 AN EZHY, InPEan® 9@ A48
za3"” 5ol RuHth

upeba], £ Aol A= FFO| F4kstas 9 LDL 4+sh oA
AHE in vitrod| A FESIT AAFNGAZA 9 NE 7H5A
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1. Ao

Sodium carbonate (NaxCOs), potassium chloride (KCl),
2,2’ -azinobis-(3-
ethylbenzothiazoline-6-sulphonate) (ABTS), sodium chloride
(NaCl), naphthylethylenediamine dihydrochloride (NED),
Folin-Ciocalteu’s phenol reagent, ethanol (E), hexane (H),
dichloromethane (DCM), ethylacetate (EA), butanol (B) %
methanol (M) Merck (Merck KGaA, Darmstadt, Germany)©l
A F4EA T 2,2-diphenyl-1-picrylhydrazyl (DPPH), nitro
blue tetrazolium (NBT), hydrogen peroxide (HO»), sodium

human low-density lipoprotein  (LDL),

nitroprusside (SNP), copper (II) sulfate (CuSO,), trichloroacetic
acid (TCA), ferrous sulfate (FeSO,), gallic acid (GA),
ethylenediaminetetraacetic acid (EDTA), potassium persulfate,
ascorbic acid (AA), butylated hydroxytoluene (BHT),
potassium ferricyanide (Ks[Fe(CN)s] ), hypoxanthine, xanthine
oxidase, sodium phosphate monobasic (NaH,POj), sodium
phosphate dibasic (Na;HPO,), 4,5-diaminofluorescein (DAF-2),
dimethyl sulfoxide (DMSO), 2-thiobarbituric acid (TBA),
diethylenetriaminepentaacetic acid (DTPA), tris base, glucose$}
gelatin Sigma (Sigma Chemical Co., St. Louis, MO, USA)®l| A
Y34t Dihydrorhodamine 123 (DHR 123)9} 6-carboxy-2’,
7'-dichlorofluorescein diacetate (DCFH-DA)+ Molecular Probes
(Eugene, OR, USA)olA F43F 21, peroxynitriter= Cayman
Chemical AH(Ann Arbor, MI, USA)ol| A Y3t} CellTiter96
colorimetric assay kit, M-MuLV reverse transcriptase, dNTP,
RNase inhibitor ¥ agarose= Promega (Madison, WI, USA)°l
A}, TRI-reagents= MRCAKCincinnati, OH, USA)ol A z}7t ¢
gttt 1 o) Ve AlokEe Allg AFS ol &Stk

2. A8 g AR Ax
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B A% AR ALF BES(HAI, FARFARE FLOS,

FF)& 8 o] Tussilago farfara L.24] A <<l FF= 200794 &
SAAF (AN E; 000621)S (F)RUHE(EE FH, =)ol
A TFhE § At A&

1) FF 70% g2 F&=] Az

AlZ 100 gell 2 L] 70% olgtg&S H7lste] 13k 12 hr, 23}
6 hr, 32} 3 hr ¢ 2 & ] A 1{E FE3 5 1 mm-pore-size
filter (Whatman No. 2)& &3l o#3} %t} o] & rotary vaccum
evaporator (EYELA Digital water bath SB-1000, Japan)2 7%t
5 H FEUE 39 FEAXEY AE 3951 g& AU
(528 39.51%).
2) FE ASR8E Az

70% ANSEE FEF FFe 94t 70% e
(10'9'1 V/V/V)E

R EER s e
&, ALolAEolE, Ree, Bel 202 AF B
Q

ottt ol § 2k FEE(H) 091%,
Z2EYe FEEDCM) 032%, AdLolHIE FZE(EA)
2.06%, F&& FEE(B) 10.98%, & FEE(A) 20.51% AT

3. FFe] @4tstast
1) Total phenolics®] &4

FF 70% clge FE& 2 &vd AFEI=9 total
phenolics &2
£ ETFLE 3t SAFA 40 uLe FF FEE (1 mg/ml)
< 200 uL¢ Folin-Ciocalteus reagent, 1160 uL2] DW<} &3}3}
o EFEL 3 B3 Ao WXe F, 600 uLe] 20% sodium
carbonate & #H7IstAth A4 2 h &< shakingdt %,
microplate reader (Molecular Device, Sunnyvale, CA, USA)E

o] &3to] 765 nmoll A FFEE Z743Hth Total phenolics 3+
2 gallic acid equivalents (ug of GA eq/mg)Z YE AT
2) TEAC ¥ DPPH assay°ll 2|3 &2tslgate] 24

FF 70% oge 28 % W AFEYE9 TEAC @2
Roberta®} Miller 5] ol el 4389t} =, 10 uLe]
FF F&%& 3489(1,000 png/mL) F+= Trolox standardell
ABTS -+ £ 10 mLE #H71sled 1 ¥ %F UV/Visible
spectrophotometer (Amersham Bioscience, Buckinghamshire,
UK)E ol&3td 734 nmollA FHZEE SAHsA 6 & 3
monitoring3t1 3 1 mM Trolox$} w3t F3=ef A %
T3 & mM trolox equivalentsZ YEM T}

FF9] 217] 27 &3E Bloisell 93 $?e ulg} 24
34t &, DPPH (q,o’-diphenyl-B-picryl-hydrazyl) 16 mgs
100 mLe} oghgel =91 F 100 mLY] FFFE EFst oA
A2 o33 F o] ofd) 25 mLo|l YFFES] FF 5% 05 mL
< 33 F microplate reader (Molecular Device, Sunnyvale,
CA, USA)E o] &34 528 nmol|A] AJgte] W& FF=o w3}
g S48
3) NBT ¥ DCFH-DA assay°ll 9§ 70 &ART] A

FF 70% ogt& F2& 2 vl A5 EZEY superoxide

Folin-Ciocalteus reaction”ell ]38} gallic acid

32

QEERE:!

anion 47 &AFE Gotohs} Nikie] W™ whah 24355}
A& o] 30 mMe] EDTA (pH 7.4), 50 mMe] NaOHol 21 30
mM hypoxanthine & 1.42 mM nitro blue tetrazolium (NBT)&
7t7} 100 uL, 10 L, 200 uL 3 7}ate} 2akA wuket gl Lol
A 3 & 7 wsA7l £FE] 0.5 U/mL xanthine oxidase 100
uLE #7}st & 50 mM phosphate buffer (pH 7.4)E ©]83}4
#E F9& 3 mLE 2FsHTh ol & oA F2edlA 20 3¢
H-§A1Z1 & microplate reader (Molecular Device, Sunnyvale,
CA, USA)E |43t 560 nmol M FF=E =459k

FF9] - OHY AATS 223517 93}
6-carboxy-2’,7 -dichlorodihydo-fluorescein
(DCFH-DA) ZAYLHPS  ALg3lo
DCFH-DA7} esterase == AFshd 714838
2',7’-dichlorodihydrofluorescein (DCFH)Z ©olAgst =,
DCFH= &4k osf Absteeo] A d3& Jeple
27,7 -dichlorofluorescein (DCF)°] ® T} A% 10, 20 & 30 n
g/mLe FE=Z 10 pLe menadione 10 uLE ¥ il potassium
phosphate buffer (pH 7.4) 130 ulLE ¥ § - OHE A7
%, 125 yM DCFH-DA?YI| esteraseS % ¢ v}* DCFDHE 50 nL
A7rsted 60 # 7F A E ¥Fe] HILE excitation wavelength

485 nm % emission wavelength 530 nmollA] fluorescence

diacetate
25890 284

Wl W g9l

microplate reader (Molecular Device, Sunnyvale, CA, USA)E
Zskat
4) DAF-2 ¥ DHR 123 assayoll &3 RNS &~A &7 ] 574

FF 70% o8& F2&5 2 ¥ ASEYE2 NO radical
27 &= DAF2 assay”E o] &3te] FAAT Sl
NOY] indicator$l 4,5-diaminofluorescein (DAF-2)= A412] 270
o] oju):=7] Atolo] NOE ER3te] 490-495 nm¢] o 7] 5ol
A green®] ¥#& WESIE triazolofluoresceing RHETH FF
o] A7 DAF-20] s £3€ NO%d &g th. DAF-27F 1
mgo] ZodE A& 50 mM phosphate buffer (pH 742 1 :
4008 2 43t H k. NO Al FEZ <2 SIN-13 DAF-2E 96 well
platedll #7182 ™, DAF-29} NO9| ®k-g-ol 93 WE=H= 3
32 10 ¥ ¥ excitation wave length 485 nm ¥ emission wave
length 530 nmol|A] fluorescence microplate reader (Molecular
Device, Sunnyvale, CA, USA)E ©]&3te] Z433.

FE 70% dge F22 % SE ATZIZ
peroxynitrite 27 EFE Crowe] W7 wa} =4s1¢ch
%, 96-well microplated] FFE #=¥ 2 #3}l3L 90 mM NaCl, 5
mM KCl ¥ 100 uM diethylenetriaminepenta acetic acid¢} 10 n
M DHR 123& &3t sodium phosphate buffer (pH 7.4)&
7btgith. olel 10 uM ONOO-&
microplate reader (Molecular Device, Sunnyvale, CA, USA) ©]
23} excitation 500 nm, emission 536 nmolA] =A ATt
ONOO- 4492 2= A|#EE peroxynitrites 25 AHE-3HA
1 SIN-19)] 9]3) A== superoxide anion} nitric oxide2] ¥t
2oz WASHE ONOO-9 AA FHASL AEAT.

5) Relative Electrophoretic Mobility (REM)<] 74

A7F8k & fluorescence
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Human LDL9 REM< Yoon 57¢] HHyle] wel agarose
gel electrophoresis® 48t} 7+s], PBS (pH 74)°] =<
LDL (120 pg/mL)E 94 =9 FF %%, 10 yM CuSO43}
E3ate] 37CoA 12 AT T M &, 3 ugd LDLE 0.7%
agarose gelol| loading3l®] TAE buffer (40 mM Tris, 40 mM
acetic acid, and 1TmM EDTA)ol A 85 V& 1 A7t 53 A79 %
ATt Gel& AZ3}l Coomassie brilliant blue R-250% 344

S, A=) AdE®)e T Ao o8 Asar,

Inhibition(%)=

migration distance of ox LDL-migration distance of s LDL

migration distance of ox LDL-migration distance of n LDL
ox LDL: oxidized LDL, s LDL: sample LDL, n LDL: native LDL

%100

6) Human LDL 2t3} A& 39 24

FF % %9] human LDL 4+8} QA &3 Yagio] 3™l
& 2439 &, human LDL 0.5 mLol 10 mM PBS buffer
(pH 7.4)Z 1.5 mL, 0.1 mM CuSO; 40 uL 2 §v) EE A2 40
ILE H7}8ke] 37°CoA 30 & 7+ wjFat At o 79 20% TCA
£ 15 mL, 0.05 M NaOHel <1 0.67% TBAZ 15 mL 37}3}
Aok 53 £33 AS 90T, 45 ¥ 7t water batholl A Hj k&t =}
A7 W23 3 2,000xgol A 5 & 7F QAR sHT A5dE
Azt 712E AAST ¥ microplate reader (Molecular Device,
Sunnyvale, CA, USA)Z—E: o] 83t 532 nmol A FFEE ZH 3}
o A&S T3 T IC50 o g st

4. RAW264.7 murine macrophage cell lineol| A FFe] 4t3}2 2~
Ef 2 g dF vhe AAEan
1) X 8¢

A A Al Q(murine macrophage cell line)dl RAW 264.7
cell& 3= M| X238 (KCLB; Seoul, Korea) o ZF-E & who}
1% penicillin—streptomycind‘l]- 10% fetal bovine serum (FBS)O]
3H-¥l DMEM 8 X (GIBCO, Grand Island, NY, USA)E A}-4-3}
o 377C, 5% CO, =7 3lollA] v F3tH .

2) MTS assayel &gt Az A&E H7}

FFEA (FFS] ethyl acetate fraction)®] M o] thdt 5442
CellTiter 96® AQueous One Solution (Promega, Madision, WI,
UsA)2 o g3hel,
-2H-tetra-zolium inner salt (MTS) assay WHOoZ #3150
©]& mitochondrial dehydrogenases®l|] €3} MTS7} formazan
o2 AFZHE AL =AHde WHoeE 96 well plated]
1x10%cell/well®] RAW 264.7 cell& 2F3}7 LFEAS &
(10-800 png/mL)Z A 23k A LSS} g A2l F 24 A7t &
oF wjFsldth Well & 20 uLe] MTS solutiong #7}ate, 3
7C, 5% CO, _1_7d‘6]-°ﬂ/~1 4 A7t F< ¥hg A1zl ¥ microplate
reader(Molecular Device, Sunnyvale, CA, USA)E ©]-§-3}¢] 450
mmol| A F3E WstE ZAsto] fxad i X YESS
MEET FASAY. 7 = FFEAVF e §3E5 RA3)
7] Sgted AEZE W WA E A gt dEad AT

5-(3-caroboxymethoxyphenyl)

2 ugse] AE 4TS LT dehic
3) DCFH-DA| ¢Jg} intracellular ROS &%

96 well plated]] 2x10 ‘cell/well®] RAW 264.7 cellS B33
% wj gl MEE welloll F3A]7]2 FBSE i DMEM 8jj X
ZolF Utk MEE 24 A7 w3 & FFEA 288 vEHE
A A3k 37T, 5% CONA 1 A7t wlg o 1 ug/mLe
LPSE FSletal 24 A7 v Fatiet. wi < vhAe 30 & &<k 10
uM DCFH-DA (Sigma Chemical Co., St. Louis, MO, USA)E Hj
Ao W7ske] 37°C, 5% COMIA WES F PBS (pH 74)%
DCFH-DAE 33] Aojulo] fluorescence microplate reader
(Molecular Device, Sunnyvale, CA, USA)E ©]-&3}4 excitation
485 nm, emission 530 nmo| A FFE =43} ol FALE A
a7 @& iz g ROS A4S Hlarste] Yehfith
4) NO A4 %7}

NO A4 AEE 24 well plated] 5x10° cell/well®] RAW
2647 cellS wjFsted MEE welle]l H2A7 F FBSE W
DMEM HI X2 24 A7t w3ttt FFEA FE2ES FEEHZ
A3t 37C, 5% CONA 1 AlZE v st & 1 pg/mLe] LPS
£ AZste 24 A wgFstAk. AIE w50 pLoll Griess
reagentql 1% sulfanilamide (Sigma chemical Co., St. Louis,
MO, USA)7} %3%%¥ 5% phosphoric acid 50 pL9} 0.1%
naphthylethylenediamine ~ dihydrochloride  (Merck KGaA,
A7kt 10870 weA §
microplate reader (Molecular Device, Sunnyvale, CA, USA)E
o]-8&3t4 540 nmollA FHEE SA3ATh &
nitrite (NaNOy)E FE=EZ ZA 8] A3
5) RNA ¥2 % RT-PCR

AMEZHE] total RNA F%F2 TRIreagent (MRC,
Cincinnati,OH, USA)E ©]&3}9 2™, RNase-freedt =71 3}l

o] F A} 1 g9 total RNAE random 9 primer$} 37 3
0CAlA 10 &, 10CA 5 & 7+ ¥§ A2l ¥, M-MuLV
reverse transcriptase (5 unit), dNTP (10 mM), 1 unit RNase
inhibitor(1 unit)Z 42T A 1 A|ZF k8- AJ71 & 99T A 5 &
7t heating o] ¥Hg-S HFAT}h. Polymerase chain reaction
(PCR) 34 CDNAETH AAE FEFA717] A3k 050
L cDNA, 10 pmol® 53 3 primer, 10x buffer (10mM
Tris-HCl, pH 8.3, 50 mM KCl, 0.1% Triton X-100), 250 uM
dNTP, 25 mM MgCl, 125 unit Taq polymeraseE 4]
distilled waterZ HAE 20 L= 2t th PCR system (Gene
AMP 9700, Applied Biosystem, USA)E ©]-&3te] PCRES A4
34tk olwl, PCR cycle2 94Toll A 45 %, 48-61 Tl A 45 %,
72CellA 90 = F<F 30 3Joln, PCRe] oJste] HAJH &L
1.5% agarose geloll A 7|95 S AA5H3L ethidium bromide®
A3l 5F bandS 13} th(Table 1).

ﬁ

Darmstadt,Germany) 50 uL&

F34L sodium

5. FAAE
BA ®A4L SPSS version 18.0 for Windows (SPSS,
Chicago, IL, USA) program-< ©]-8-3tod 7} #9] H 7 EFHA
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A5 &3 7 749 Ao] {55 one-way ANOVAR #4135t
H p< 0.0590 4 93 Zol7k Qe F$ Tukey testS o] &3}
HA s

Table 1. Primer sequence used for detection of cytokine gene
expression

Gene Oligonulceotide sequence
INOS F 5-AGCTCCTCCCAGGACCACAC-3
R 5-ACGCTGAGTACCTCATTGGC-3'
IL-18 F 5-CAGGATGAGGACATGACACC-3
R 5-CTCTGCAGACTCAAACTCCAC-3'
1L-6 F 5-GTACTCCAGAAGACCAGAGG-3’
R 5-TGCTGGTGACAACCACGGCC-3
TNF-a F 5-CCTGTAGCCCACGTCGTAGC-3
R 5-TTGACCTCAGCGCTGAGTTG-3
GAPDH F 5-CCTGTTCCAGAGACGGCCGCATCTT-3

R 5-TGGCAACAATCTCCACTTTGCCA-3’

Ay 8l

1. FFe] atstas
1) Yield of fraction and total phenolics

FF %8 9 ASEEEY &2 032 g/100 g FF (DCM
extract)o| 4 39.51 g/100 g FF (E extract)®] W Z YEISIL, B
8= (Ethanol, 39.51)> A &% (Aqueous, 20.51)> B #8&
(Butanol, 10.98)> EA ¥ E(Ethylacetate, 2.06)> H +3
(Hexane, 0.91) > DCM 3 & (Dichloromethane, 0.32)2] =2
=3ttt Folin-Ciocalteu reagent methodol] €3 3783 total
phenolics &2 10.56 ng GA eq/mg (A £ 3 &)l A 345.28 g
GA eq/mg (EA EE &) WAL, o5 €A% 2ol =& A
o2 yeyttk EA> B> E> DCM> H> A fraction (Table 2).
Folin-Ciocalteau assay< #&&4d &S ¥luz w2 7hds
A 238 4 9= "ol _\ﬂ]l-:gﬂrslﬂ(_q]h—_ = %ayﬂ]lé:)%
Ao AAstE olAHH AEA AMIEEAN 25 Ftsta

S

=0

#E5 HEG g A5 558 AYe Ae® HuHa
AT, dAe) ATEL Y JE 5 EAse F s FF
I garsta g Atolel= FoH FABAT UdSS HIdY
D, ol B FaFol Ee A A FAFA T A
ol & & Slrhe AS ongdt At} ddd ATES 59
HE=A quercetin 22 H=4 FAEA 7} F2 7] WSl v
) ABAZ o4 7Hs & Aolghs Aol YFH uk AP

£ dFdAE bdd A4S Ad &9 o83 FFE F
39, 24 EviEE wFA s RYERE AT 2
=& FAE /MR g REEARE Rtk FEHH
<t 2R dEtulEEo] F dE I JTFS HAIE =)
% 25, &7 B9 2 &) & 22 AE o xFHG
B AFA F Hedd 245 53 FFe 4819 2EH 22
FH BEAgS ke sty Hegde] 9o o84
F As Zigi Atg g
2) TEAC ¥ DPPH assayol <3 #it3l az

Table 3 TEAC assay°ll <J3] 743 FFe] @445t 245

QEERE:!

HoFEg, FEEL dylFo = 0.014~0.315 mmol Trolox
equivalents H 99 43t B4 UL, 44 =
wte} kst g o] Aoz 2254 o 2 AR YeEyth FF
9] EA ¥3E (0315 mM Trolox equivalent)& 78 & 343}
45 veliglen B £4E (0.037 mM Trolox equivalent),
H #3& (0.032 mM Trolox equivalent), E ¥ & (0.030 mMI
Trolox equivalent), DCM #¥ & (0.020 mM Trolox equivalent)
2 A £3%F (0.014 mM Trolox equivalent)d] o2 its} &
Aol ZaEth dxwo g o] &8 AAE Fits} Bd0] 0327
mM Trolox equivalentZ FFe} F-AFSHAl UElSTh FF F& &9
BF de S4Ee el M %Y EAZA HEd &
3t A5 JHAE AL E YEy, FRel e s g3HEd
8] TEACZ:o] 719 AL Z AL H AT TEACH S Miller 5
o] 1993 ¢ 73t Wi oz FRo|) Ao gakst g

BEF?L

Fu-.

o ooluet Aatsl A3 S A g B SEHA AMEH AL

=ul, #2813 blue-green ABTS radical cation (ABTS-+)& &}
YzZtz Abgshs o EA, Y SR 3 BAE FEE
o] st A A& S48 F de W F83 ARl
o} B o] WHE 734 nme] 7 A F3 % 3FE 7HA
2 AEAN FEEAA detde AZd o3 1t4E Higd
g 7] Wil =9 dirstads Hrter] 8§88 A
o2 RuE1 ot

]

WL in vivodl X9 F&Fsts SHET ol in
vitrod| M & g4t8keS S75k7] Sjal o] Wo] de 01“9“5]"’
=4, Rice-Evans S flavonoids$} phenolic acid9] 3
A7rel BAE TEACH S 53 #9E vl ok =3 Foghano
o TEACHS o] 48] £xF9] g4t A4S mUHY §)
49 phenol o] HHHog ibsl S43 &

mlo

olg3te] FFY fre]7] AAaHE ZAHT Aode
Table 49} 2t} Yukx o 7 DPPH A4 &FE IC503 0.2 Ve
e, ol AFE&d0lA 50%2 DPPHE &A3h=d 8%
FgargtA o] FEE Ezﬂ_ﬂﬁ}. uwetx A= DPPH S Z$
50% Adste FF 259 52 Yehfden we 1C503<
UEld 42 DPPH radicalS A£78te &3te 2. TEAC 7%
3 viIAE EA 2EY] #E7] &AEHAE 1C50%e]
75.5145.65 ug/mLO.2H A3 -Fd £2AAHE YA,
oS3 22 MR PE Aol #AHUY; B BIE
(IC50=491.55+13.48 pg/mL)> E ¥ & (IC50=1,535.37+13.23 1
g/mL)> DCM £ & (IC50=1,890.64+17.04 ng/mL)> H ¥3 &
(IC50=4,883.60+26.37 ng/mL)> A £33 & (IC50=5,311.2534.69 1
g/mL). A, J2FOZ A14H AA 2 BHTE 22 IC50%k©]
69.08%3.37 ng/mlL, 140.04+8.29 ng/mLEZ UEstth Nam 57
oAl @ FE2EY Itgads BHrie 23, DPPH X}w
gz st @A FoFe] g 2 FFAl= I (Piper
longum L.)o|om, 53, &
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Table 2. Extraction yields and contents of total phenolics in the
extracts of FF

Sample" Yield (%)? Total phenolics (ug GA eg/mg)®
E 39.51 51.13+1.24
H 0.91 14.27+0.53
DCM 0.32 28.40+1.38
EA 2.06 345.28+4.97
B 10.98 73.92+2.17
A 20.51 10.56+0.46

1) E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane fraction; EA, ethyl
acetate fraction; B, butanol fraction; A, aqueous fraction. 2) Extraction yield is expressed
as the percentage dry weight of FF. 3) Values are mean+SD (n=3). a-fValues with
different superscripts in the same column are significantly different at p<0.05 by Tukey
test.

ul

3) ROS (superoxide anion ¥ hydroxyl radical) 47 &%}

FF9] superoxide anion &4-& 73t A3 Table 4] e}
w nl9} o] EA fraction®] IC50%k0] 458.41+8.97 ng/mLO. 24
7P EA UERD e 2 $AE FaEHAY B RYE
(IC50=1,247.56+36.68 ug/mL)> E & & (IC50=3,478.44+102.35
ug/mL)> A #8E (IC50=4,034.96+110.23 ng/mL). H, H

U,

AAET} BREA
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13
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DCM £ 8 E| A= superoxide anion

%I ETORE éé,_] AA®} BHT®| %% superoxide anion
LARHT Qe 2 gt

Superoxide aruon—‘c_’— v 2 okst
HEAS YeiddsE EF31a
oxygen, hydroxyl radical®} Z2& ©f ¢
AA AAe Bsts A F
anion 2 EFE =A317] 93] NBT S+ < o] &
W ol A oxidase®]  hypoxanthine<
superoxide anion®] AJHA Hi o] =M NBTE
AA AA diformazanl & WH3IAZI 0 ZH 560 nmol A
=7t Z7 E A "B} olwl, superoxide anion &~AH &S
E4S Hrlehd, NBTY #&9S 7H4AAA diformazand)
qA] gastA B
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}‘\l.
, TERE 546 o
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spAlo]aL A FE
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313 Zz9
\:lt\f_]_— o = }\g/\g
==

FZE9 superoxide
sttt o]
A7rshe
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ox Y moh ot
ox rr og rlo

ghd, FF9 hydroxyl radical &4 &35 AT A,
Table 4] Hojzle wpel o] EA &9 1C503ke]
109754943 pg/mLO=M b =4 Uity B RIE

(IC50=201.77+14.24 ug/mL), E &g& (IC50=932.27+14.14 1
g/mL), DCM %3 E (IC50=121811¢21.25 pg/mL), A £3%
(IC50=2,175.01424.58 pg/mL) <0 2 323} 4 o] 725k
&9, H ¥ 8 &0l A= hydroxyl radical 2A & 77} #2=H A &
Aok xT o= 290 AAS 9 IC50%ke] 100.57+2.34 ng/mL
2 hydroxyl radical 2A&/do] EA fraction¥} At . u}et
A, FFe 24493 dtsiAz 4ded e AATE hydroxyl
radicalS EF A0 2 A A3t microsomed] A AFHAEE o
A Ao g AR Dyed A2 HH APHE 3
A8t o 2 % microsomed} ester DCFH-DA£}2] AF 5 8k
8= DCFH-DA assay+ microsome?] b4 o]z
=23 ferritin®] AL Hrlslry] Y8 w=1, Bt
]~E\J°]‘jr25 EfHF 5= AL E ol &t uyA dArtE &
of A& gtk 2y AA YE 59 < 92 7k £9
7, ghgtH, AYESHH 2Ed ™ ROSE w3te] AA| o
a3 284S Yegsd o] ROSE A AZWe F4 thAt
o BagzA #dflo] AREG?. AA AzedME 3
3Fal T} free radicalS AJAst= A
arachidonic acid”} cyclooxygenased] €]3}o] prostaglandins&
2HE3HA H 3L lipoxygenasedl] €3} leukotrieneso] A4t =
Z4 ol A hydroxyl radicals?} 22 FtjAMEZ o] A=A €
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& hydroxyl radicale ¥Hg-34 = 82 =
5 7}A] 3}ehut$ =, Haber-Weiss ¥F3-3} Fenton reduction®l]
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3}7\1, AAE] EA8t= hydroxyl radical 2AAE AW s= A
< o8 goFst 23S oAWste AL Fag gurt o

(Table 4).

Table 3. Antioxidant activities and free radical scavenging activities
of the extracts of FF as determined by the ABTS-+ and DPPH
assay

Ssample” TEAC? Free radical scavenging activites”

P (mM Trolox equivalent) (IC50=pg/mL)

E 0.030+0.001c 1,535.37+13.23d

H 0.032+0.002¢ 4,883.60+26.37b

DCM 0.020+0.001d 1,890.64+17.04c
EA 0.315+0.004b 7551+ 5659
0.037+0.001c 491.55+13.48e

A 0.014+0.001e 5,311.25+34.69a
AA 0.327+0.003b 69.08+3.37g
BHT 1.217+0.011a 140.04+8.29f

1) E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane fraction; EA, ethyl
acetate fraction; B, butanol fraction; A, aqueous fraction. 2),3) Values are mean=SD
(n=3). a-fValues with different superscripts in the same column are significantly different
at p<0.05 by Tukey test.

Table 4. ROS (superoxide anion and hydroxyl radical) scavenging
activities of the extracts of FF

ROS (IC50=pg/mL)

Sample" Superoxide anion? Hydroxyl radica®
E 3,478.44+102.35b 932.27+14.14¢
H NA4) NA
DCM NA 1,218.11£21.45b
EA 45841+ 8.97d 109.75+ 9.43e
B 1,247 56+ 36.68c 201.77+14.24d
A 4,034.96+110.23a 2,175.01+24.58a
AA NA 100.57+ 2.34e
BHT NA 22.10% 0.78f

1) E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane fraction; EA, ethyl
acetate fraction; B, butanol fraction; A, aqueous fraction. 2), 3) Values are mean=SD
(n=3). a-fValues with different superscripts in the same column are significantly different
at p<0.05 by Tukey test.

4)NA is not active.

4) RNS (NO radical ¥ peroxynitrite) 47

FF FZ 59| nitric oxide &7 48 =43 A3 += Table
5¢} 2t} EA #8E <] IC503k0] 48.22+3.27 ug/mLLZ
A JUEERl osd 2 SAR gagEdh B 29E
(IC50=78.94+6.28 pg/mL)> E ¥ E (IC50=180.48+12.53 1
g/mL)> DCM R E(C50=21.04+142 pg/ml)> A E8E
(IC50=36.40+1.59 ug/mL)> H #IE (IC50=642.87+14.34 n
g/mL). 2T & 291 AAS] 7% IC50%k0] 1.94+0.10 pg/mL
2 Yehd 9, BHT= NO 47 &7d0] #&FHA Yo} FFe
AA HohE Beloy BHT Huhe (& &35 veo] NO
ARHOE AAGE AR YERT

Nitric oxide (NO) radical> F7] A&2} ZZZ A nitric
oxide synthase (NOS)oll 93] L-arginine® 23 3AF )
NOsE  ARHA  FgolA A 98& "@9dsie
constitutive NOS (cNOS)¢} He| et A&elA Frse
inducible NOS (iNOS)¢] & 7}#] &ej& =24 EFHch 28x
cNOS= ™Al neuronal NOS (nNOS)¢}  endothelial NOS
(eNOS)Z o7tk nNOS9} eNOSE A&Hoz HaHy

radical&

QEERE:!

Ca¥# calmodulin g&ERZLZ AL ko] NOE AATTh
nNOSE —ri ANAA EASL FFAZAANA NABAY 7
9o ogsls NOS AT eNOSE dzhfuazd F=2

o=
e ue £33 9 3T KA AL ZAHE
%S Bw@EE NOE At ¥idd iNOSE Ca¥'#

o glon, P EIY ZSHAEE 27
& O A AT fAAEY AA LA ZAA
lipopolysaccharide ~ (LPS), (IFN-g),
Alzheimer's amyloid peptide 59 WA A=l 93|
iINOS7} F=8t®. iNOSE 9%, Aot FAEE AFEAY)
7] g &3] Wol7|d e g T NOE s ARt 84
FTEY 4 o] 2= NOE 2313 A7F dg Aoy A
A5 d9ol 7= I B NOE cyclooxygenase
=AY prostaglandln =9 AJAL F =
A

sle] QEuhe-s A7 HPF BAol A M septic shock
oge
AE

calmodulin &]&4]
2_'

interferon-gammar

Ao RHuEUG?,

£ 4A3¥ox DHR 123& ©]&3}9 FFS peroxynitrite
(ONOO-) &7 BA4E =A% Z3 EA &9 1C50%]
479:0.09 pg/mLeEXA 71 EA Yega B EIE
(IC50=13.68+1.29 pg/mL), H ®3E (IC50=26.82+3.93 ug/mL),
E  R3B(C50-3118:222 pg/ml), DCM  23E
(IC50=35.87+1.10 pg/mL) 2 A 8 Z(IC50=77.419.19 g/mL)
To 2 kst Bdo] ZAEY. H, Q2T E 29 AA
5l BHTS 7% IC50%k°] 77t 2.69+0.54, 543.32428.90 ng/mL
2, FFE AA Bobe St oy a3 &2 hydroxyl radical 4
AZAES el o] FE7F £3-491 peroxynitrite 2AAZ 2H§-
TS & 5 UATHTable 5).

ONOO-+= superoxide anion¥} nitric oxide2] A|gHE ¥hH-g-o]
gafl A EHE AY AETA AR g A don, FHF
L-tyrosine &= @¥ & U] tyrosine %7]<] nitrations =314
4734 i d ol &S VIAA Hr} Peroxynitrites] 44
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e HE Ze o] 71F F7b] oS ME peroxynitrite 44 %
< A FtEY A Ax5d EF4E UEA E2oh E
3, peroxynitrite= A& W2 DM E, S5, UIA ZlA
AR sHANE AG4% 54 dE, 4 €5 Al in vivo

M AHET o= in vitro®t in vivool A g A=
285t @A, oju)ieglk, DNA 53 w83t Ax g %7
4 o718 Bt ofe} k3, o, Y, A, A% 4
Foehs Ao musa Yo o9t 7
NO #AA 2 A HU= peroxynitrite®] HE|Z thekst 4t3}
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2 ¢¥A A= ascorbic acid, a-tocopherol, flavonoids,
polyhydroxyphenol 5°] 1t (Table 5).

Table 5. RNS (nitric oxide and peroxynitrite) scavenging activities of
the extracts of FF

RNS (IC50=pg/mL)

Sample" Nitric oxide radical® Peroxynitrite”
E 180.48+12.53¢c 31.18% 2.22cd

H 678.35+ 9.86b 26.82+ 3.93cd
DCM 642.87+14.34b 35.87+ 1.10cc
EA 48.22+ 3.27¢e 4.79% 0.09cf

B 78.94+ 6.28d 13.68+ 1.29ce

A 998.55+11.25a 7741+ 9.19ch
AA 1.94+0.10f 269+ 0.54cg
BHT NA4) 543.32+28.90ca

1) E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane fraction; EA, ethyl
acetate fraction; B, butanol fraction; A, aqueous fraction. 2),3) Values are mean+SD
(n=3). a-gValues with different superscripts in the same column are significantly
different at p<0.05 by Tukey test.

4)NA is not active.

5) REM Assay

Cu®ol 93 fr=%+= LDL #4+3te] REMe| tjdh FFe| &
I}E £33 27, Fig 14 vERd vk} Zo| native LDLY
REME 1o]2ta 718 §E ), Cu™ 37kl o8 REMo] 3.8714)
F74staL, FE 7t o8 dA3] ZAHUh 53], E, DCM,
EA ¥ B 2 EME 10 pg/mL s=oA 2+zt 71.4%, 50%,
785%, 714%°] LDL 43} B3 &3%2 Yehfjo] thxFog Al
£H AA (85.7%) Hrte tha vtou $4% JAazs By
o} E=3 EA 2389 A$ ATl ug/mL)d A= LDL 4+3}
o 3] gLt AAAHE JHA = A2E YERT. & AP
A FFY] #7] 2A&3E LDL #4438} oA G J&S v
A FF F&E0 frEl7]1E <A e UAERZ WIAIA
radical chain &S T4AZ Ao 2 ALEHUT

LDLS &% o A7} 1.025~1.0589 s)Fste= A
@ (lipoprotein) &2 o] = A4 9] triglyceride cholesteryl
ester® ER] glom, 245 = 5421 A A (phospholipid)
7 f2 ZE2HZ(free cholesterol)Z o] Foi#] it 9P=
apo B-1000]2t E2l= S43 @iz A 5o 31w o] apo
B-100 LDLo| A monomer protein®. 2 ExJs}™ AA Ul 3
X FEzEEe 24 3 At AR FAGh =9, apo
B-1002 LDL-receptord] 2% 4 UE ligandZ 2-&gct. 4
44 LDLE Atghd  2E# 2o o3 HA AbgiE o
LDL-receptor® Z%stA 3tk LDL 4tste %7] 97484
W AT A Fa3 A4S §4H, ox-LDLo| AZH <
LDL Bth th2A el s A E8s o] AFAMEE FAY
24 58452 28, In vitto ATFAA A R2FHIE S
A3l7] $18] F=E  conjugated diene X+  thiobarbituric
acid-reactive substance (TBARS)$} %2 A EE] o] &5 X%
UHE B 5ol WolA afo] vrh JuFAL oled 4

& 29 o4t FAAEE ] Fentond} Haber-Weiss WF

Y, o
ofi

¢

H =
SolA A" Cu’ol o8 FEHE ROSOl o8 T2 w7
Asol= B3k, apo B-100] o)A 9] 4tstd £ =5

28

pil

)

). REM< apo B-1000] $lo1A9] 4bsla £48 2
= oz A, REM 24 A LDL 48}
FrsiAe SdeH A 2 HFNZAS
T AS Holth(Fig. 1).
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Fig. 1. The relative electrophoretic mobility (REM) of human LDL
incubated with Cu?" and with or without extracts of FF. LDL (120 1
g/mL) was oxidized with 10 uM CuSO4 at 37 C in the presence of FF extracts
for 12 h. (A) Lane 1: native LDL; Lane 2: LDL and Cu*; Lane 3, 4: LDL and
Cu* and 5, 10 g of E; Lanes 5, 6: LDL and Cu* and 5, 10 ug of H: Lanes
7,8 LDL and Cu* and 5, 10 ng of DCM; Lanes 9, 10: LDL and Cu*" and 5,
10 ug of EA; Lanes 11, 12: LDL and Cu® and 5, 10 ug of B; Lanes 13, 14: LDL
and CU*" and 5, 10 ug of A Lanes 15: LDL and Cu*" and 10 ng of AA. (B)
Protection rate (%), Each value represents the mean * SD of triplicate
measurements.

6) Human LDL 4+8} oA &}

CuSOy f=-LDL 418} A &x}o] t)d FF F58) a3
£ ZEZ A7 Table 6] Wbt vko} o] EA £8E 9 1C50
kol 161.91£9.14 pg/mLe2A 714 Ekon, E 2385 2
DCM ®gEA e 1C50%ke] Ztzb 332571243 pg/ml,
489.99+1351 ng/mLE YEbIl H, B, A 28 &A= LDL 4
st AR &It BHEA gtk F¥, hERTOE 223 AAY
79 1C50%k°] 167.68+5.62 ug/mLE EA B EL gz BT}
=& LDL 43} AA&#4E Yeh o

g ] LDL 5] 57k FH 74 38ke] Al 19] 913 AA}e]

%2 ofAshe AW ohjeh W4 LDL] BehEe AL
AASE 2w FARHY gl ol FaH 240t B 5

T
Atk LDL AH3l dxlad7} e dAgEEZ = tocopherol,
carotenoids, ascorbic acid, isoflavone® flavonoidEE& ©]E 9]
F3E ol in vitro © ex vivoollA ZFEF u} Yrpeo &m,
Chen 57 Glycine tomentella #2] olg& FZE04 LDL
28 A E}E 29 A3 F9H 02 lag phageS AT
S 24 Glycine tomentellaZ} A4 WA 21318 ~Eg 20 <
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Table 6. Inhibitory effect on Cu?*-induced LDL oxidation of the
extract of FF

T T
Sample” Inhibitory effect on Cu”'-induced LDL oxidation

(IC50=pg/mL)
E 332.57+12.43b
H NA3)
DCM 489.99+1351a
EA 16191+ 9.14¢c
B NA
A NA
AA 167.68+ 5.62¢c
BHT NA

1) E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane fraction; EA, ethyl
acetate fraction; B, butanol fraction; A, aqueous fraction. 2) Values are mean=SD
(n=3). a-cValues with different superscripts in the same column are significantly
different at p<0.05 by Tukey test. 3) NA is not active.

2. RAW 264.7 murine macrophage cell line®l| 4| FF<] +sh5 2~
Efx 9 A3 vks dA a5
1) AX AEE

9 AFNA in vitrod] A FFe| & Jﬁ‘riﬁr—‘é— AHE A
3, EA £8E9 & aso] A4 UBHoER olF AEd
dL EA £8=5 ol &3t JPsAnh LPSE *@H 2E¥g
2Z {34170 RAW 2647 cello] FF EA %% (FFEA)S 7%
B2 AYsa S W AX AEES Fig 20 e 1 A5

DMSO%} LPSE A 2|8 positive controli9] A X AEEH 1|
A3}e] negative controli, FFEAT EF MX AEE 94
A Ael7h f1%lem, o= FFEAZ} A X SA4S ob7] Al71A &
¥&E YEHA T (Fig. 2).
2) FFEAY] intracellular ROS A4 A 3f

LPSE 2H8}A ~EH2AE H2A7] RAW 2647 ceuoﬂxi
FFEA 3%E0] ROS 4o W& 43S DCF-DA assay S 5
3 &olr kTt DCF-DAE Al Zo] AAgstd HE ko= d?ﬂ
Eol7ha, HOx% W d3& uwl= DCFE A4 sH H“’E
DCF9| ¥34=E =43t AX e ROS APFS 4
Atk T3 LPS= AlXE W] ROSE &3Fo =z fitA]7]
EAR g4 Au?. 2 43 43, FFEA $3E5& A%
oA Hx-o]&" 0 F controlitdl] HIE] ROS Ao Godoz
A H AL, 200 pg/mL FEA ROS Aol @AF] AU
o olm IC50%-2 109.33 ug/mLE WEFHTHFig. 3). ©WetA in
vitro ol A9 ksl o] Ax YoMz Fagds AT

r—urlrm

T AATE ROSE 2L free radicalZHE A W E2S B3
& & e FtsiAl @ Gag WolAle S gz B

A v Qo] WA Az A Brie TR AALE
A28, £48 230 583 24 7186 Bolahs A A A
sdoR BRE 5 AGY. o4 AWARE vFo] Ho} Z
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Fig. 2. Effect of ethyl acetate fraction from FFEA on cell viability in
RAW 264.7 cells. RAW 264.7 cells were pretreated with different concentration
of FFEA for 1 h before being incubated with or without 1 pg/mL LPS for 24 h.
Cell viability was evaluated by MTS assay. Values are mean=S.D. (n=3). NS: not
significant.
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Fig. 3. Effect of ethyl acetate fraction from FFEA on ROS generation
in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were pretreated with
different concentration of FFEA for 1 h before being incubated with 1 pg/mL LPS
for 24 h. In the last 30 min of treatment, 10 yM DCF-DA was added. Values are
mean+S.D. (n=3). Values are expressed as compared with vehicle.xa-cBars with
different letters are significantly different at p<0.05 by Tukey test.

3) FFEAS] NO 44 2 iNOS mRNA #& A3

LPSZ 4t3ld ~E# 25 %A1 FFEA7}F NO A4 m|
AE FFS Yol 3 LPs Aol <8 243 E RAW
2647 cell X Aol MigFd Fo2 FE NOY F=F
NOx-9| HE|Z Griess AloFS AHE-3F] A3 ATh o= NO7L
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Fig. 4. Effect of FFEA on lipopolysaccharide (LPS)-induced nitric
oxide (NO) production and inducible NO synthase (iINOS) mRNA
level in RAW 264.7 cells. (A) RAW 264.7 cells were pretreated with different
concentration of FFEA for 1 h before being incubated with 1 pg/mL LPS for 18
h. The culture supernatants were subsequently isolated and analyzed for nitrite
levels. Values are mean=S.D. (n=3). Values are expressed as compared with
LPS-induced NO concentration without FFEA. =a-eBars with different letters are
significantly different at p<0.05 by Tukey test. (B) RAW 264.7 cells were pretreated
with different concentration of FFEA for 1 h before being incubated with 1 pg/mL
LPS for 6 h and subjected to RT-PCR. PCR using house keeping gene GAPDH
mRNA was carried out in parallel to confirm equivalency of cDNA preparation. The
data was calculated and compared with vehicle from densitometry quantification
of bands.
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Fig. 5. Effect of ethyl acetate fraction from FFEA on mRNA
expression of pro-inflammatory cytokines in LPS-stimulated RAW
264.7 cells. RAW 264.7 cells were preincubated the different concentrations of
FFEA for 1 h before being incubated with LPS (1 pg/mL) for 6 h. Total RNAs were
isolated and mRNA expression of IL-13, IL-6, TNF-a and GAPDH was determined
by RT-PCR. The results presented are representatives of more than three
independent experiments.
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