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Abstract This study was performed to investigate the anti-
inflammatory activities of taxifolin from Opuntia humifusa. A
potent anti-oxidant activity was shown from the leaf extract at
ICsq value of 38.33+1.07 pg/mL and fruit extract at ICs, value of
40.23+£2.21 pg/mL by 1,1-diphenyl-2-picrylhydrazyl assay. Fraction
of taxifolin from leaf extract identified using high performance
liquid chromatography and gas chromatography/mass spectrometry.
The results of cell viability indicated that taxifolin did not show
cytotoxicity on RAW 264.7 cells at 500 uM of concentration. The
result showed that taxifolin inhibited lipopolysaccharide (LPS)-
induced production of Nitrite oxide. In addition, taxifolin inhibited
LPS-induced tumor necrosis factor-a and interleukin-6 production
by cytokine assay and cyclooxygenase-2 expression by western
blot analysis, meaning taxifolin has a significant anti-inflammatory
effect. Our results suggested that taxifolin from Opuntia humifusa
showed anti-inflammatory activities.
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Zo]thZamora &, 2000). v} ¥HAEHRES 28]H QIzF
| S dole Rl HYx i) dERkgel o3t
s A EoM = e Al LASE nitric oxide (NO)
¢} tumor necrosis factor-o. (TNF-a), inerleukin-6 (IL-6) 52
cytokineS Arkste] 27] AFNEEe] F8% 9L gt 3§t
ARk FF APE NOw F89IEEe fisste 771
A2 222 Z8-3tkSalero 5, 2002; Libby, 2006).
AZOIAZL AZANASG 2oy Ax|o] o} 7L uhA
S FIs|E FthAtreya 5, 2005). WER HSAAE
Aol - Qe dZoz olF] WAHE BHA=A
o] A7 & FoF AEHL

AdZ2(Opuntia humifusaye A7 A= Gzt @ A
& &nbe AJAN(Opuntiaficus-indicavar: Saboten Makin) ©]2¢
B8 MA&IH(Cactaceae)?l &= EUhAd 2824 U
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Yoon} Son, 2009).
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ZotEolE s9tEe] EXde Ze® B EHthLee T,
2000; Lee 5, 2005; Lee2} Lee, 2010). 53| taxifolin®] it
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HRE 248 etk B3 E0ckKim 5, 2011). w2
AT AdzoM = E2I3t taxifolin®] Lipopolysaccharide
(LPS) o <8l dAFHHSo] RE MM FEEe 2
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Aelggel ol YL AEAES Lot Buat skt

o

As %9y

AYAR. 2 Aol AM8H HAx(Opuntia humifusaye 57
G oitellA AujE AoZ (F)ElHFE(Korea)oll A Uzt &
w7} EEE AR uste] ARSI

AleF & 77 FE 9 AL S8 AREE Shle B LT
baker (USA) AF] high performance liquid chromatography
(HPLC)E AES AMgsllen Hdx2 HE taxifoling £
371 $I8ed AMS-El HPLCE VarianAH(USA)S] Pro Star system
© = Prostar 230 pump®} Pro Star 410 auto sampler (10 uL sample
loop)2 E3le] AAEAYL HPLCAIA L& chromatography:
PColl 99Z2% STAR STATION (Version 6.41)3} Pro Star 335
Photodiode array detectors AMg-3ted #-A18l5itt. 418 A9
& Varian k] Polaris 5 C18-A 250x4.6 mmE AME-3IC &
28 taxifolin TS A7) 93] fraction collector 701
module ©]-8§-3}51t}.

MY S ZE Dulbecco’s Modified Eagle Medium, fetal
bovine serum (FBS), Streptomycin-penicillin 5 A| ZH]8 A]
oke W% Hyclone (USA) A|&FS ARE3IITE T3 Ao A}
45 12} A B-actin monoclonal antibody$} cyclooxygenase
(COX)-2 Cell signalling technology (USA)IA 43ttt
Cytokine assayE 9|3t AJ2F2 Koma biotech (Korea) #|&<
ARSIt} Taxifolin E5FE 225 Sigma Co. (USA)Q] A&
= ARESIslTh 2ela AFe ARSE BE Ak SEA %S
ARS8
Taxifolin &, AdZ= A3} iFHR 2= lon 7}
7F guje} lo] EE HYEzIHE 505 HEE 500 mLE ©]
|ato] wrkste] A2ollA] 2447 Bt FE3IAE o9 22
gL 23] WHES|E F n-Hexane £1E o]&3lo] 512
wElate] Ade ARSI EEE 7S AESEE g2
HPLCE ©]&38t] taxifoling welatich. #e]lx71> Table 1
of Yehflom #48 ZAHL Polaris 5 (250x4.6 mm, 180A,
CI8-A, Varian) < AF-th. Taxifolin®] £l TFES v
B8l A Aol 8E&%= B8 fraction collector
£ ol&3sly EFstt. EFF2 taxifolin (Sigma Co.)E 1
mM®| &7} HE5 methanol2 343 Z1& FFHOZ 3
ATt
DPPH g £A%SH. ddxo| Pistars 437 49
ste] DPPH 2}t]Z-g o|§ste] S35 th(Blois, 1958). 4
= Y vl Ao} qlon o] F US Wt & F
lak7] fldte] o] S5t SWES 0.1 mL
taxifoling T FEE FHISH] 7] 2.5mLe] o
S EFsich oAl 02mMe] DPPH €98 0.5 mLE 7t

1o Hg B
tlo r|

sto] Aol IAZE Bt RESAIA FUTE vk & =
AE °]&3l 517nm (Benchmark Plus, Bio-Rad, USA)elA
TEEE SN BE AFS 33 ®bE Adsien o
ZAO 2 ascorbic acidE ARSIl FAIEE WEES AR
SISt DPPH ) 2A5S 50%E Asfiske ICs#e= A

Table 1 Analytical conditions of HPLC for a taxifolin in Opuntia
humifusa extract

Instrument Condition
Column 250x4.6 mm, 180A, C18-A, Varian
A B
Time
1% acetic acid in H,O  Acetonitrile
Initial 99 1
4:30 97 3
6:00 96 4
Mobile phase 7:30 93 7
13:00 86 14
14:00 85 15
19:00 76 24
24:00 60 40
34:00 60 40
40:00 99 1
Detector PDA detector, 280 nm
Flow rate 0.8 mL/min
Injection volume 10 pL

#ate] eyl

DPPH radical scavenging activity was calculated as follows:
Scavenging effect (%)=(A-B)/Ax100

where A=absorbance at 517 nm without test sample

where B=absorbance at 517 nm with test sample

MERE, vle-20] M ERAW 264.7, mouse macrophage)
= =M 223 (Korean Cell Line Bank)ollA TYsom,
o] MEE 37°C, 5% CO,2| ZZelA 10% FBS, 50 units/mL
9] streptomycin, 100 U/mL2] penicillin (Hyclone, USA)YS 3
7F82L Dulbecco’s Modified Eagle Medium (Hyclone)oll4] Y
Fatact.

MTT assay. A2 SAES B3 Adzeda] FZ3¢ taxifolin
9] o¥yA1S H7IsINT}. 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl-
tetrazolium Bromide (MTT, Sigma Co.) assayZ =738}t
AFEE 96-well plate2] ZF wello] 1x10° cellsiwelle] F%=
33 oS 2447 59F vl taxifoling 1 pMellA 500
uMZ7IA] T HEZ AHEZSIh oA 24417 Bt Hlgs &
Phosphate Buffered Saline (PBS)Z AZa|l52 MTTE 5mg/
mLEE7F 52 PBSOl w353 A wiklol] 500 ug/ule] =
== 343l 7 welle] 100 ul¥ 58 $ 4A7F B2t vl
S ko] B 3 dimethyl sulfoxide®} ethanolE 1:1 Y]
£o] HEE HojE fdS 150 ulA ZF wellol] EFsk Wt
2841zl & 550nm (Benchmark Plus, Bio-Rad)ollX Z+ well
o FHEE SN Y. BE Age A W s AsiTh
Cytokine assay. A3 vkl Uj2] cytokined] 92 =743517]
213l Enzyme Linked Immunospecific Assay (ELISA, Komabiotech)
£ o]g3lt. MEE 96 well plate®] ZF welloll 1x10° cells/
welle] =2 B9 oy 24A417F B3t wisisich. v Al
9 LPSZ 100 ng/mLe] H%7F H%= 223 F taxifoling
7} s R Ak 1827 F AlZEYS A
cytokine=7oll o] &3} Th YA S cytokine® 2 coating®l
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96-well plated]] 50 uLE 7Fskal 4°CollA] overnight WHS-AIZ
T} Washing buffer& ©]-&3te] 33 A3 & 100 uLe]
Biotinylated antigen-affinity reagentS Z}z}e] wellol] H7lst &
1AZE 5 2ok REAIZITE TA] washing buffers: ©]&-
st 33] MlE % 100 ule] Streptavidin-HRP conjugate reagent
E 7] wellell H7Fstar 1A17F ERF Ad2elA REGAIZT
Hk-S-o] E4 well2 washing buffer2 33] A& % 3355-
Tetramethylbenzidine substrateE 100 uL? *J2l3te] 2027 1
SAIZI 3 100 uLe] stop solution 2|5t WH-8 HXA| AT,
o] 898 ELISA reader (Benchmark PLUS, Bio-Rad)Z 450
nmeX FEEE SF5IT

NO assay. NO9| =% WiFAW 2] nitrite FEE Griess
reagent systems ©]-8-3t 7 SFATHMcCartney-Francis &,
1999). WlEl RAW 264.7413Z] LPSE 100 ng/mL2] =7}

HES Aestal 4x7 widet & FE2E taxifoling 7t %
H2 A slAh 1827 vl 5 uiAe] 100 pLet FUS
Griess reagentE® 2olF3 1087 oA wgAzl &
ELISA reader2 540 nmolX 3 E=E A3 th Sodium
nitrite®] % ¥ FFFAE ol&ste] mjgAUe] NO s=5
AA AT

Western blot analysis. X17195S $3 Tl Age] &2
A M2 HAEE icecold PBSE 33| AlZ I, RIPA

u

buffers go] 4°CollA] 307 WHAIZISL, 15,000 pmellM 15
7 QAR & ATAE FAITE TES ol T
< sodium dodecyl sulfate polyacrylamide gel electrophoresis
2 Bzl & ©ES itrocellulose membrane®] transfer
3t Membranes @A H|So|AARS Adtalr] st
blocking solution (5% skim milk in PBS-T buffer)]lA] 2A4]
7+ Bt d2olx] WESAIFTE ¥EEo] 4 membraned] COX-
2 primary antibody & 1:1,0002] H]-&=Z 3|45l AHZdt &
404 overnight ¥H-5-3}9Th 0.1% tween202 T3t PBS-T
gHoz 1084 53] M2 T secondary antibody® WH3-A1Z]
t}. ©]oJA ECL detection kit (Pierce Biotechnology, USA)
o2 WHSAIZl F Xeray film Adolld waldS s}, 7+
Nge] A BCA protein assay kit (Intron, Korea)S
ARgste] A w7Fsioitt.

TAXE 2 BAPE. SAXEE SPSS 10.02 ol &soich o
Z33 43770 A= mean+ SDE LFEPAOH fest®
AAE e o8& HASAUT

=

Adze] P58,

Rowm zhzke] ghilsl S-S EAAThFig 1). dslEde
ICs%re 2 YeRJRITE ZFo2 ALE-% ascorbic acid®] 73
- 54.69£1.37 pgmlLE 2 Fom ddxe] dulg} U=
B0 AL 402342213 38.33+1.07 pgmLE A=
on ol UERF HUkE HE £ 35 Bt
Taxifolin®] F&. AdZ2 50 gollH F53 2FEES 0|83l
taxifoling HPLCE °]&3le w482 s #zde
Table 19 FAISIGT) Taxifolin B2 Y3 A7l %

EESE BB EERESE
3o
o
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Uz dFEE0] B9 Y8 (Fig. 2A, B), #5897 A
WX &5 Y% A7He] PDA spectrums Z33I90S
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Fig. 1 Anti-oxidative activity of methanol extracts from different parts of
Opuntia humifusa. Ascorbic acid was used as a positive control. 1Csy
value represent the 50% inhibition concentration. Data points and bar

represent arithmetic mean+SD (n=3). **p<0.001, *p<0.05 as
compared to the untreated group (control).
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Fig. 2 Analysis and preparation of Opuntia humifusa crude extract and
standard taxifolin using HPLC. (A): Standard taxifolin, (B): Opuntia
humifusa crude extract, (C): PDA spectrum of taxifoilin standard and
fraction.

ul Aol FA3k FE Q] spectrum (Fig. 2CyS YERAATE. ©]E
o Az AZET 50 gl 26.17mgd taxifoling
3|43t

MAEEA. 29 thaAEZA RAW 264.7 Al Eol| thdk
taxifolino] AFS Jo7|A] e Fs I S5l MTT
assays APt MTT assay= ASHEL] rlEZEE|ofe]
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Fig. 3 Cell viability of taxifolin in RAW 264.7 cells. Raw 264.7 cells
were treated with various concentrations (1-500 uM) of taxifolin. Cell
viability was measured by MTT assay. Data points and bar represent
arithmetic mean £ SD (n=3). **p <0.001, *p <0.05 as compared to the
untreated group (control).

sYE ol&dte AAMHOR Yraidgo] oste] L7k
843714 0] HARS == |84 MTT formazand | 2
ST (Kim 2} Park, 2007). ©|&3F EAJS o]-&3f] 2477k
BeF 223 A3 taxifolin® 500 UM F=ONA 1.2% 713 7+
SEJAT v A FHE olF FH Al dFE FA
o)

AR

okThFig. 3). webA o5 AP MEAGEN FFL F
A ¢k= 500 M FETHA] &Yl taxifolin®] FHS a7}

rr

A ZAEE] At ofUE) taxifoline] &3S IS 4
AATE.

Cytokine assay. H5W-8-9] AHEQ HFA AlelE7IRIS A4
< 7] 95t LPSE E5HESS REd RAW 264.7
celllA] ELISA HE o83t SA3I8tHFig. 4). RAW 264.7
cell?t wjoFst FA gl E IL-6 M-S 5.89+0.08 pg/mL
FEE ufg- Y =AE ubE, LPS A FolE 4014.78+5.73
pg/mL L o] &A|F] Z7te9). o] Xzl Tl taxifoling 100,
500 M-S A28t -& W Zhzh 2514.2844.33, 2139.75+1.64
pg/mLE IL-69] o] ZAEATE TNF-00] A Ay
Hjoksl Aol s 0.99+1.74 pg/mLE w9 WA E24E wh
HLPS X2 & 1126.31+4528 pg/mLE w1 =4 4=
o} LPS A7l taxifoling 100, 500 uMS *2]351<
747} 1078.89+31.41, 1063.04+34.71 pgmLE. A% 71Aw|o]
= At

No production. /32F2FQ] NOE F2 Ui 2 L-
arginine® Z5-E] iNOS (inducible nitric oxide synthase) ol
ofsl Ee Fe AT AR EA dSEhs e
322l AAjelc}. Wb No production®] As|EzE BRIsH
7] 913t RAW 26474320 HEfde] F2 A== LPS
£ 1pugmle] &7t Hes At Az mjde & &
H taxifoling Zt TEEZ XZsIATh 1877 B9t vjket &
Hi ko] NOS 2 Z4sISithFig. 5). 2 23 LPS A
T-(40.38+0.91 uM)oll B8+ taxifolin 50 uM 2] 2] 1(27.88+
0.15 M)l Fol&Rl &35 HoFem 500 uM A2+
(17.43+0.27 pMpPIF= NO9 ol 50%01d Folee 2 &

I 2
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Fig. 4 Inhibitory effect of taxifolin on LPS-induced production of
inflammatory cytokines from RAW 264.7 cells. Cell (1x10° cells/well)
were incubated with taxifolin (100, 500 uM) in the presence of LPS (1
png/mL). Cytokine production was determined in supernatant by enzyme
immunoassay. Data points and bar represent arithmetic mean+ SD
(n=3). **p<0.001, *p<0.05 as compared to the untreated group
(control).
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Fig. 5 Inhibitory effect of taxifolin on LPS-induced production of NO
from RAW 264.7 cells. Cell (1x10° cells/well) were incubated with
taxifolin (100, 500 uM) in the presence of LPS (1 pg/mL). NO
production was determined in supernatant by Griess reagent. Data points
and bar represent arithmetic mean = SD (#=3). **p <0.001, *p <0.05 as
compared to the untreated group (control).

ol 4= YU} T3 NO2| & taxifolin®] FEo|EFHo=Z
AR .

COX-2 TAdd, A3 B2 PGEE FAdsh= COX-290
i3t taxifolin®] A3l5S &A317] ¢I8t] LPSE 1 pg/mLe]
Tt HEE Al A7 Blget & 54 taxifolin Zt
FTEHZ XS 18272 Y
o

[e)
F&led Western blotS =3
COX-2 ©hde] wdaks sty o A3 LPSE =%
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Fig. 6 Inhibition of LPS-induced COX-2 expression by taxifolin on
RAW 264.7cells. Cell (1x10° cells/well) were incubated with taxifolin
(100, 500 uM) in the presence of LPS (1 pg/mL). Cell lysate (15 pg) of
COX-2 protein expression were determined by western blot. Data points
and bar represent arithmetic mean = SD (#=3). **p <0.001, *p <0.05 as
compared to the untreated group (control).

COX-29] W&ol Hlate] taxifoling 500 uM AJ3t51S o
F 66% ol AaEE AL ANT F Uik

z &

Shtol| Al 2 she AW (Opuntia humifusays  Opuntia™$:2-
2 WFoIA Lol 7issl Hubgh M E AEte] Thsgh
ThaA A Zo|th(Kim, 2007). 22|32 HdZzelE 9o we} o}
G 718 ofleak Rt ofu2t oleic acidd 22 BEs)
AL T FUARE FIT FHSEL Sloi(Shin, 2011) S,
T, EY, A9 5 oSS Aol A= AeE gEA
olgfgt Hdxe] HE F s s &S Hole
taxifolin®] EA|sk= ASZ B3 FHUAThHLee 5, 2010). 3t
taxifolin®] &4H8} €317} a-tocopherol T $-3lt}al B8}
A0 (Lee, 2004), & AFolX = HAE=x9] taxifoling H2]3F
I 49T 95 eI

A= HeNkgo 83k 48kS 3P NO, prostaglandins
(PGs) 28]3l pro-inflammatory cytokinesS ¥33 H5AIAA}
o] 2HS A3 (lontcheva 5, 2004). 2HAFQ NOE
FZ M EAA L-arginine®ZF-E iNOSe <2l A==
etz EREA R Alite] IYSZRE WofstAY &
PEHE e S0 Toshe YRR, FEe] NO 4L ¢
SRS frieste] 229 &, WS 55 detk(Stuehr

(¢}

%, 1991; McCartney Francis 5, 1993). 7}t aHitsl €4S
Zte HAdZe 289 taxifolindllX LPSO 28] g&wk3o]

= RAW 264.7 AIZE NO2| AL Asfgs ol
3 iNOSY A= NO WAl fAK A4S Ue

OS2 taxifolindl] 2]t NO A= INOSS| HEAEE 4

B o
o

o

)

[e]
T

Nk

AYE Aoz & 4 ATk
o] 9T HEEC] 8712 prostaglandin TS A
Alst o] COX-29] A4 2 548 Ao ogh Zle|th
COXE COX-13 COX-22 s, 53] COX-2& =9
L 7ke] AEHES F9jolA wEE T (Masferrer 5, 1994). wh
24 COX-29 2%t prostaglandin®] 3 FAESHHES 1|
Meke Aoz AgAAT Utk(lee 5, 2011). Western blotS
olgsle coX-2etze] WS BAe A taxifolinell 23]
FAEE COX-2Z 500 uMollA oF 66% o) ZHaAZTh.

gSHkgo] w7 EZQl Cytokine & IL-6, TNF-ai= pro-
inflammatory cytokine® 2] ojg] HGu-E3 Ad FojU)
LPS ¥r&o] 8 Wiz EA s ASH WAHSG ] Hodsh=
TNF-o= 2 A} BITAEA 8= (Lee 5, 2003)
AZA WA WslE [L-6= YIZTE AR
A FAYARS Z7 A7t Delgado 5, 2003). £ AFodE
RAW 264.7 AlEo|A LPSE Y53 F=3I¥L taxifolin
S 100, 500 pM AT 53] IL-69 HH#FS 2T o
H] 479%744) 742 BI3ANE TNF-ao] wa#ke 2 wWsls Ho)
A ZUu LPS7L M 2] IS fEstel wdd
cytokine & 1L-69] L&AE F94 A A s

7189 Enpe A1AS o83t ilsl g3 2 HAAE &
AsA7)E a3 Fol H Aol osiA WA AL Ath(Kwon
3} Song, 2005). £ AL 7]E9 &upg AAAe] & FR/U
AdEx F2E AE F taxifoling @2]dle] LPSel <& 9%
ugo] fEE RAW 264744 Hd#d 1zl COX-2

o o

O O

w23 pro-inflammatory cytokine$! TNF-o 2 IL-69] od
< freld Al Al o] A#E EQE AdEe] taxifolin
< 9548 Age] ot A5 aRHoRE ARY ¢ U
AoZ 7€t

2z 5

B de s Bt Hold AdEE ol8sto] taxifoling
st Elal 39S a9E dTeldith ddEe o gn=

ZFAHo2E WA HEhES olgdle] %=
Atk o]FA Holzl 2F2E s IS
=50 e, A FEENM 38.33+1.07 pgmLE =& A5
9S YERNSIEE high performance liquid chromatographyS
o] &3l taxifoling 2|8t RISt o]HA Ao
taxifoling °©]-83t] &FAF EAE 43 Taxifolin®] &
=l AEEY 4ol E 500 uM =7 AP sE
S ME54S UepAl 24t lipopolysaccharided]] 2]
3 fFEE RAW 2647 celts ©]-8-3 taxifolin®] H5/3 cytokine
S AHoNAM = IL-62] LGS 500 uM A ZIA] 2139.75+1.64
pg/mLE thxrol] Hlsle] 47%7FA] Asl|stqitt. FARF TNF-
a2 FHFS Tl vsle] 5% AT dEAR R
NO9| &2 500 uM XZ]A] 17.43+0.27 uMZE 2] H]
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