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Anti-oxidative Function of Fisetin and Its Potential as an Anti-oxidant
Nutri-cosmetics
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Abstract The term of nutri-cosmetics refers to nutritional supplements which can support the function and the

structure of the skin. The fisetin is a flavonol which belongs to the flavonoid group of polyphenols. Although
the anti-carcinogenic property of fisetin have been widely studied, anti-oxidative function of fisetin in
HaCaT keratinocytes is unknown. In this study, we examined the in vitro chemical and cellular anti-oxidant
activities of fisetin in HaCaT keratinocytes and we further discussed its potential as an anti-oxidant nutri-
cosmetics. We employed scavenging assay for the 1,1-diphenyl-2,5-picrylhydrazyl (DPPH) radicals and
cellular anti-oxidant activity of fisetin was investigated in H,O,-treated HaCaT keratinocytes as judged by the
2'7’-dichlorofluorescein-diacetate (DCFH-DA)-based assay. The fisetin effectively scavenged DPPH radicals
(IC5, 54 uM) when compared to the scavenging activities of L-ascorbic acid (IC5, 87 uM) acid and trolox (ICs,
74 uM), well-known anti-oxidants. In addition, the fisetin significantly ameliorates H,O,-induced oxidative stress
in HaCaT keratinocytes in dose-dependent manner. The fisetin showed more strong cellular anti-oxidant
activity than those of L-ascorbic acid and trolox in H,O,-treated HaCaT keratinocytes. In agreement with result
of the cellular anti-oxidant activity, we observed markedly suppressed H,O,-induced oxidative stress by the pre-
treatment of 100 uM fisetin under the fluorescence microscopy analysis. These results provide the scientific
evidences for the development of skin targeted nutri-cosmetics which has anti-oxidant function.
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27 Qofhs ARS ol8T Wi SE, 5 WR|gAE

(nutri—cosmetics, beauty foods)e] 7o) 713} w1 Qich,
Tl ) W HARAIE AR Lascorbic acide}
tocopherol©] Qlt}, o|5 BIEFTIS] gHASE 842 ofn] & ¢
A qlom o7 Zepll T 2 ©E fAlolE Fatt g
ol deA QIeHE-E3], 2005). X A} TlEe] M
R o821 9 f7)s T5n)g-AEe tigh #hilo] obA|aL

ot 28HRE AE 9 AERE FEE0IY o5 g

4o it vk 9l Ak M A atEoj%Int,

Benz—y—pyrone®] 25 7= HE 35tE SotEolE
(flavonoids)= A1EAo de] H23 ZelkE s (flavonols),
Z2 (flavones), ¢FEAlOPYY (anthocyanidins), ©]AZ2}
E (isoflavones), 1811 Y| 2EZe}H =0|E (neoflavonoids)
59 o9 AFe xTShs MaddRolth, wake] 7 A
(catechins), ¥T}e] FAE (quercetin), 772 AU
(genistein)2 H|w 2] 2+ A&7 HAE Feff SehHco]=o|H
SHEE AR R E RIS o] oA aLqlet, AFAA el
Aoz thelRt EefE ol B AW Alziladd, 74
A} gl ezl o] Wby A Z RS} 5ol wolste] w3t of, T1ejal
AEA ASRS oAHE 4= Stk A2 Hso] o Bl
AtHRobert J et al., 2001: Kelly EH et a/., 2002; Yao K et
al., 2008), ole|3t Eefi ot & EotiE TIF) &k
3.3.4", T-tetrahydroxy flavone (fisetin)2(Figure 1) 27],
At 2, okt e, Te)ar @of Fak 22 dpdout A4
ol a5 AdEocHArai Y et al,, 2000), F|Tol= 2L
FZEZHE UL fisetin®] AAYAE (preadipocytes)ol| Al
A A (adipocytes) = Hi}ﬂh 149l adipogenesisS ©]
Astar UVBel| &Jgh Al ZAMES AaAIth= BN 5,
2010; =4 &, 2005; 14/\1]1] . 2007)E v]&E5}o] gHAts]
e, 9 et AvE sk theket AegAdo] Bl
(Maher P, 2006: Higa S et al., 2003).

I = S5l fiseting T 9 v]jgRofo]| 283t o
T ol u|E3t AA ot} E3] HaCaT keratinocytesE 3E
Bt AT HlEZFollA fisetin®] HASE B4 H7stal
ikt 2R ugAE A RA Y 7hsAdol| thgt Hales M ES
o} wheba] 2 A roils ZebHeo|E UE9 fisetin®] A
3t SdS riekal halst ol Hn]8AE A=A 9] 7S
2hA s, Ak EhAJS DPPH 2t A7 e Q17kq-=l
HaCaT keratinocytes =HolA HO,0l sl =% Arah4]
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A& ol ARESE Q1758 HaCaT keratinocytes= CLS
(Cell Lines Service, Eppelheim, Germany)ellA -5}
o] A}g35199 Tt Ethanoldt methanol (F)AFAA] Gt
319121, Dulbecco’s modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), Hank’s balanced salt solution
(HBSS), streptomycin, penicillin Gibco BRL, (Carlsbad,
USA)ollA -t ARg-3ie. DCFH-DA, H,0,, DPPH,
3—(4,5—diemthylthiazol—2—yl—2, 5—diphenyltetrazolium
bromide (MTT), L—ascorbic acid, trolox:= Sigma (St.
Louis, USA)o|A F9J5}e] AFE-3}i T Enzyme—linked
immunosorbent assay (ELISA) reader ¥ &3E 47|
(fluorescence reader)= Tecan (Salzburg, Austria)<, B4%
"]7 (fluorescence microscopy)< Olympus Optical (Tokyo,

Japan)?| 7|17]1& ARk

2. DPPH ZiC|E A7{s &M
DPPH #t)d 4AME i &
5 A= A o

Aol M 9 Ay
ZF=2 phenolic +%9}
aromatic amine 31gHEof Wo] o]&-Hc} DPPH itz 47
52 Chen 59| WS g5 #ygste] S451%UcHChen HM
et al,, 1998). Ethanol®] 834171 200 uM®| DPPH & 1,95
mlo] FEH fisetin 50 ulE go] & &3t H, 30 min 5
OF AF20] A HF-S-A]A ELISA reader (Tecan)S ARE3}o] 490
nmeA FFEE St RS fisetin 4l 50 plo]
dimethyl sulfoxide (DMSO)E #7512 DPPH &t 4 4
A2 ool W og Aikslditt, A¥Av= DPPH 2t
A& 50% Asfeh=s 529l IC, #ho& s

DPPH 2t} &A% %) = (1-A/B) x 100

A Fisetin Ag]+t9] &4

B! tix2at] 3=

3. HaCaT M|zZ<2| H{2f
HaCaT keratinocytest= 24438 10%(v/v) FBS, 100 u
g/ml streptomycin, ~12]3 100 U/ml®] penicilling =35t



Figure 1. Chemical structure of fisetin.

DMEM IR & 3772 2%, 5% CO, B0l wjoFslairt.
HaCaT keratinocytest= 1520 oF 3—43] 1:2 H]&Z ATujF
aFict,

4. MTT &S Set MESY HAE

MTT assayE %359 HaCaT keratinocyteso] tjjgt
fisetin®] NEZEAE £t MIT assay= @448
4> (dehydrogenase)oll 2Jsto] =gh o] 4844 7]l MTT
tetrazolium< ZAAE B Hl4=8-/d 9] MTT formazanS=
SN |= v EEE ok S SO fisetin®] Al
EEAS AT 4 Sl

HaCaT keratinocytes+= 12—well culture plate®]] ZIH|
oFsto] #u] o, FulH fisetine AFGH FEER
HaCaT keratinocytesol] 24 h #2]gt & 5 mg/mle] MTT &
ol 1 h Hesteict, 7 % DMEM X2 AAskD el
HaCaT keratinocytesE 1 ml®] phosphate buffered saline
(PBS, pH 7.4)& o] i}, =80 §8l=A] ¢h= MTT
formazan= 400 ul®] dimethyl sulfoxide(DMSO)E 7}5}o]
=0] Z t}L& ELISA reader (Tecan)E ©]-85}o] 570 nmoj|A]
FEEE SAsISl
5. DCFH-DAE 0|28l fisetin2| MIZLY SHits} 2Hd 2M

HO,2 =7l AR AEH 2of il fisetin®] AJ2ZU
PARE €49& DCFH-DAE o83t £49319itt. DCFH-
DAE o]&& Al 3ilst 24 42 Lautraite 52 %
He AR W5t ARt (Lautraite et al., 2003).
DCFH-DAE Aluhs Fall Al2s fY=H Azl &4
8= esteraseol] <Jsfl DCFH=E 71 wall==t] Al Y 24
A2z} 2R E9 414 DOFE AFskeE|o] excitation 174+
485 nm, emission I 535 nmol|A] 1M Q] 735t TS L
EpWlit}, Fiseting HaCaT keratinocytes®l A2t ¥ H,O,=
ek AEYAE HsHE A2y Ak 24 Qo] wet
Zfo] Q1 DCF FJA =S U2 o] 5 0|85} fisetin®]
Az hatst S-S A4S 4= Qict

HaCaT AIZE 3x10° cells/well®] 42 24 h AujoFslar
fisetingr 30 min &<+ A2|ak3ict, #jAE AAS + 50 ul

Fisetin2| StAIS} ZhA

9] HBSSZ 18] A5 Ao} 330tk 1 & DMEM #i#1& A
A3t &) 7HdE WA o= HBSSE wAs) F=91ct, 600
uMe] H,0, 84S 71813l 30 min 59t ikt & 40 M2
DCFH-DAE Ag3] % % 30 min F7} sjstict (H,0,
£ & 1A7D). FFEA7] (Tecan)E ©]8510] excitation 485
nm, emission 535 nmof|A4] 39| FEE S5 fisetin®]
Al kst 838 A shlck

s ot
A) BRIk, Wikaol ofs) AlslEl DCFE: Fan) 24t
oA TRAle] A% FRAES Uehly] v, FurEe)
Z7h A B4R 271 ek,

HaCaT A|EE 3x10° cells/well®] 42 12—well culture
plateo]l 24 h AvjF5}al fiseting 30 min E<¢F A 2|5}ch
Hi| S A AT 3 50 ule] HBSSE 13] A|ZE Aof FSit},
71 ¥ DMEM HiA|E A|AstAL g3o] 7S W] ¢h= HBSS
2 @A) Tk 600 uMe] H0, 44< 7181 30 min 5
oF ujjoFet & 40 uMe] DCFH-DAE A &3l & & 30 min 3=
7F i ekstelet, Fisetin®] A2 A} &4 Fddn]
(Olympus Optical)Z &8l o]u] 23} sH3ict.

7. SHEAM

< dolHe B xEHAE FHSIGlon, HolH 9
E A *2]+= Statistical Package for Social Science (SPSS,
Chicago, USA)Z& o]-g&ste] EAsk3itt, AlZ4= pd 059
A BagkEel digt f948S Heskleh 7 a2 Ao
%] BARELA (one—way ANOVA)S Al8iste] Fgke L},
Duncan’s testE ©]-8-5to] 2} k] {04 Aol 5 53813

o,

11 e U = Sy

1. Fisetin®| DPPH EIC|Z AHS

DPPH 2tt]d AW 3Hibs} 7]54dE w41sk=tl 3lo]
de] o] 5= ol Fisetin® DPPH #tZd 2745&
Table 19] YERWT} L—Ascorbic acid?} trolox= 2 42l
FABHA A 2 AR F xR ARGE|SITE, DPPH
2 AL 50% Adshe w2 fisetin® IC, 2 54 uMO| )2
™, L—ascorbic acid®} trolox+= 22} 87 uM 12|12 74 uM 9|
Qltt. DPPH &2 4752 fisetin ) trolox ) L—ascorbic
acid <502 =2 20 & Vet AZAES A9t in vitro
FAEF BAEE A 3719 e A7 ol 7]1gE Al
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Table 1. Scavenging activity of fisetin on DPPH radicals

Test sample 1Cso” (UM)
Fisetin 54+1.6°
L-Ascorbic acid 87+34°
Trolox 74+29°

Data are mean with standard deviation (n=9) obtained from three
individual experiments.

Different letters within a column indicate significant differences (p<.05) by
Duncan’s test.

2 1C,, denotes the half maximal inhibitory concentration which is anti-
oxidant concentration causing 50% reduction of the DPPH radicals.

2, A gd 2A7IHE 52 5 Uk diaAQl
Aol A7t FolsZ Fofl 2 2As=

2] a7 Ho] of7|e] &3ttt EAl= o4 Fole= Sl 2
oS 475 Hhgol 2,2’ —Azobis(2—amidinopropane)
dihydrochloride (AAPH)E AME3}= oxygen radical
absorbance capacity (ORAC) assay”} ¢17]¢] 43t} opx|at
S8 A= A 4 FolE T BEE Sl B EE
273H= 7]140] Qlth(Huang et al., 2005). & A4S =
3 fisetin®] AARFolso] DPPH 2] 474 E/de] 7|ofs}
= AL & ¢ dslen gektt AlE FEE Y Eefiolt
o] HARgoEol 159 kst EAdof 71od 4= ik &
2]9] o] A-Adutel FRITHKim ef al., 2011; Oh et al.,
2010).
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2. HaCaT keratinocytesOll LHSt fisetin2| MIZ=4

HaCaT keratinocytesel] tigt fisetin®] A|ZEAS MTT A
S S8l H7FsFAL). Fisetine 10, 50, 100 12|37 200 u
M| F== 244K 54 A2|gt A}, oAl A@|shA| ¢

2t tH] 94.6%, 93.4%, 87.6%, 99.2%2] AL BEE
217y et om {0042l atol= glsithFigure 2). EE
TAEo] Az BEoflA] fiseting A& $t - AlZAPE
S fx3itta Ba1slit Chen 52 20—-80 uM9] fisetin
24 h APkl of 7heF A|a2Ql SK-HEP-19] #-9]4<l
A ZAPES B 11 31 21 (Chen YC ef al., 2002) Khan 52
1060 uM9] fisetine 48 h A2t wf AP Mz
LNCaPol| A AM|ZEAPES T2 319 tHKhan N et al,, 2008).
SIANE B Aol A AAF AJEZF29] HaCaT keratinocytesoll
fiseting =H& 24 h A2e}%S of tfxt thu] {22 0]
MEZEEAZE UERRA] G}, Ahmad 52 =212 tha4 <l
g}H-0] =2l epigallocatechin—3—gallate (EGCG)7} & Al
o} 4/ Mol A HARIAR] nuclear factor kxBo| &
o2 2O 2N A A A EZAFES YERdIth
B3 3} cHAhmad N et aZ., 2000). ¥ A A= fisetino]

o rlo

o &

ru

Y

Mo Hd

518

1201
NS
2 1oo-§__‘\%/}
£
[
S
Y sof
(e}
(=]
S e}
2z
3 a0f
s
= 2F
W)
0 1 L 1 ]
0 50 100 150 200

Fisetin Concentration (uM)

Figure 2. Effect of fisetin treatment on viability of HaCaT
keratinocytes.

HaCaT keratinocytes were subjected to MTT assay for
determining cell viability after 24 h treatment with fisetin.
Percentage viability of HaCaT keratinocytes exposed to 10, 50,
100, and 200 pM of fisetin. NS) Not significant
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3. H,0,2 Atep™ AER|ATJL R El HaCaT keratinocytes
OllM fisetin2] MIZLH Sitst B 2

H]|Z- fisetin®] in vitro DPPH &}t]Z A7 HoA 5% 9j&
291 Akt Bds YERAIRE QIR oAl Bdof A
fisetino] gH4ke} &S Uehll=]ol sl =lskqict, 22
A B4 2ok oA ofal A7ASe] o
DCFH-DAHo] de] o]-§=|aL Qlrt, FEA|Ze] Az} £}
/3 7F DCFH-DAZ} A|lZ2A 2 F-=A =H Alazde)] &
AY5F= esterase®] 2J& DCFH-DA= DCFHZ 7183} a1,
FAALaT) EAfeA] WS =) el DOFHE B4
2o o3| W=A| AkstE|o] 7t 17l 9] F3gs wi= DCF=
Agke, Joug FEdn]d 9D FFEA7IE 9 DCFY
RS 2 A4 D 4 Bl FRssict,
H Algo| A £-2]+= HaCaT keratinocyteso] 600 uM2]
H,0,%2 HaCaT keratinocytesol] Al5}8 AEHAE {fEd)
ek, & A= fiseting WA 3087+ A2gt & H,O,
£ 3087 A2lalo] AR AEAAE SESIT, T oliis
fisetinol] 2J3t 414 AEHA o ante] 7Hs/dol sl &
Astaiat g ojwoln] E3 fisetind} H,0,7} medium 2]
A AHHoR T & g 7H5AS WAL Sistol,
H,0,2 AS} AEHAE fregh 23t t254(100%) tiH
40.5%2] 217t S71sHAck(Figure 3). BHd 30 min 549t
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Figure 3. Cellular anti-oxidant activity of fisetin in H,O_-
induced oxidative stress in HaCaT keratinocytes.

Cellular anti-oxidant activity was evaluated in 10, 50 and 100
MM fisetin-pretreated HaCaT keratinocytes in the absence
or presence of 600 pM H,O,. Data are mean with standard
deviation (n=9) obtained from three individual experiments.
Different letters indicate significant differences (p<.05) by
Duncan’s test.

fisetin® 10, 50 2|3 100 uM2] SE2 Xelat 5 600 uM
o] H,0,5 Agjsto] 41514 AEHAE Fret At fisetind
sE oEHoR HO,2 FEH Alsta AEHAE AAEH
tHFigure 3), H]E 10 uM2) fisetin ] 2jol| A= G022l 2}o]
= IdR|9k 50 12]32 100 uM2] fisetin *]2]% HaCaT AlE
W Alst AEHAE FoF o g A5l e, £3] 100 uM
9] fisetine #]2]3F HaCaT keratinocytes= thZH(102.9%)
$EOE HO,2 FeH AlStE AEH AT A1 AL o 5
A chFigure 3). 2 A A fisetin AR} 222 2 &
22 L—ascorbic acid@} troloxol B|ake] B 7}ek A=Y Al

_{

-

o 242 Lhehich, o]t fisetin®] g4kt 242 A2] 7H5 A
& Spelat 4 ol Aatw A

4. H0,2 M3t AEY AT REE HaCaT keratinocytes
OllA] fisetin2]| MIZLH Shitst 2 24

B33 n]| 7 oju|r] BAL E3 t}A] fisetin® HaCaT
keratinocytesol| A 2] dFAS BHAJS- Eol5tgict, AL
o3| S7Fel DCFe Bdan|AolA] 1Mo 35 vehd
ot &, $7H 27M9] DCF+= HaCaT keratinocytesoll &
At 4ed 2B A 23 vl ot 600 uMe
H,0,= HaCaT keratmocytesoﬂ Algld AEYAS 83 A
o} ezl vlmsl GAke 520] 217 274
= dRem 100 uMe fisetin A&+ Figure 39 Ao} +

Fisetin2| gtAt2t 2HAd

H,0, 600 uM

Control Fisetin O uM Fisetin 100 pM

Figure 4. Fluorescence microscopy analysis for observation of
reactive oxygen species (ROS).

Fluorescence microscopy analysis was performed with DCFH-
DA stained HaCaT keratinocytes after treatment with 100 pM
fisetin in the absence or presence of 600 uyM H,0..

2o HOE WEQ_ &zw rEdAS
og 4 SUsickFigure 4. ol312] #4014 714 2
S gk Ak

rfﬂi 19

i‘ﬂlx}%% 7Fe oA REE Tkt ARE & 3}
]:] _1

Mo X Kl

HOVWH Xﬂlﬁ FF WAAE X]OP‘ O]U] Eﬂl*ﬁ(mner
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Het AT HAGAAE ol FAEE 245 el gt
F7HQ1 AP ETHA 71 A7 2o e A 02 Alr )
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01211. SIS A, AT: A6—47, 2007,
Sul, WA 2AZ} AP AL @elo] 3kAlgl 1

FHSoN Ut an). gty Prjge)E) S, Tt 263-274,

olgAES Fe ARER

K EGG

orefglEers] %), 37: 61-66, 2011,

o 3HA3), AANEl A, Bhe R oAl ulE
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