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Protective Effects of Kaempferol and Quercetin on Oxidative Stress in
CPAE Cell

Shin-Young Park”
Dept. of Clinical Pathology, Cheju Halla College, Jeju City 690-708, Korea

Abstract - Flavonoids are ubiquitous substances in fruits and vegetables. A main subgroup of the flavonoids are the
flavonols, of which quercetin and kaempferol are the major representatives in foods. They are used in food supplements at
high doses, because of their preventive effects on degenerative diseases. The aim of this study was to determine the

combined and separate effects of kaempferol and quercetin o
(CPAE) cells over a broad concentration range. The results
kaempferol and quercetin treated cells whether H,O,-treated or n

n oxidative stress in cow pulmonary artery endothelium
demonstrate that cell viability was greatly increased in
ot. Cell viability also increased when treated with flavonols

in the absence of oxidative stress. Both preincubation and simultaneous incubation with kaempferol and quercetin protected
against the loss of cell viability induced by ImM H,O(5h). Protective effects of flavonols against oxidative stress were
shown to depend on the treated flavonol concentrations. No protective effect was shown under low concentration treatment

and cell viability increased 1.6 times at 200 uM relative to the con

trol group. At the highest flavonol concentration of 300 uM,

the increased cell viability by flavonol treatment was decreased to almost half of the maximum values. Combined treatments
with kaempferol and quercetin showed more protective effects against oxidative stress by H,O- than the separate effects of
each flavonol. In conclusion, the protective effect of kaempferol and quercetin against oxidative stress was very pronounced
but high concentrations of flavonols can also induce cell cytotoxicity.
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oot A faldel e A7 BIERY FYHT
QltH(Jayaprakasha GK et al., 2001; Fang et al., 2002;
Kuhn MA, 2003). $-2|7} i ©5& Fdl Wolsol=
Aal A 922 98] BlEA] Fast B0 T4
Aka=0) oF 9~3% Hm= AUolA wie- E¢HER EEE
L PUCTEE RS
L7191 “GAJAAZE(reactive oxygen species, ROS)™ <
AZe] Fo ARel B S AW Se) £4L 3
Alz7)sol 244 sierS mxA Fth(Gordon, 1996;
Temple, 2000). o|A9 -2 &2 FAEES0] E4tx
S0l o8l Alstel= A AR Ed| A (oxidative stress) 2
sttt ARIAEH A Q] Bl = O, *(superoxide radical),
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OH' (hydroxyl radical), HxOs (hydrogen peroxide),
NO- (nitric oxide) @} Zro] AP} g o] FA] E3dto] =
5] %5249l free radical ¥ lipid peroxide radical®] %
A Bolsia QA A 7 Wol YAEE= SAAA 2o
0y - o]t} AL QIAHE AEo] sl AF w3t
5, 59, 404 AEEAe) 2719 Bl )k
S| ] B wEE A BLLY BHo| F

Aol ALSIAEAL 22 of, MY, AR
sk, g, QENHS 5 ok 2 3ol BAwa
Fusp7) Qs A7} ofe) Rope)

5710 ofs) ] o]Folx|5 YrHNordmann, 1993;

ST A
(Hollman et al., 1996, Knekt et al., 2002) 42|24 9]

ENOS 23S 7oA AZ 5O AZAZS o] 93t Ay

o 9 G Fxlo] g Talo] B RE|AL Yt
flavonoids+ 27[19] 7|&E2Q] WAl 18] £2of OH7]7}
Agsl= 9] W 0H7|9) 42| wke} flavonol, flavanone,
catechin 59| thofsl 272 BEEE|H free radical2 &
Aoz AATo N FJAZ Fotex], o TWAZL
oA 59 28 Holrtal g A YrHDi Carlo et al.,
1999). kaempferol¥} quercetine ZTH-0|E AR =
o) 71 o] B RO A5 o] S8l B
o] ﬂogcﬂ 011;}3;_ oﬂ{l 7}1} EH:!-JQO] flavonoid = Hx]
2 "ot YA B2 dEA JHDi Carlo et al,
1999). quercetin®] H-G-5 AlEof ot 7= v A o
o] o|solq B8] THo| PUL BT o|goR: ATEF
of @ol gte|o] §lof ZgFAlEo] 17|19 A7t U
= fHoA 71 Aol = “French Paradox 2}
L o] Uhe7|E i Maria et al, 2003).

2 A oMol AP A= FHofA 7H 53] Fsh=
FEIRE o83 IS 2AIRE Aol A (Park,
2005) Abh= 2=, 719, EUPE, g, mhs, AR,
uf Foll H]sj O}Zr & Helon Aol 7
AAIRE Ao ALk A9

§

= PR S fFAIsHIT Abtel] E3
Z-& kaempferol I}
o Ag7H1 9] ket A
L 22 AR W 7 % B, bR T2l e EE
off tigt Fitstat 1 4
B8 BARRE o] RO 44 HeRHEY S5l
SefE o] ST 71 5831 kaempferol ¥} quy
o]-§3t FAStaT O] gt A7} QIR wulgh Aoty
2 AFolM e in vitro ATE Fo 7 7HA A &
g}H -o]= 529l kaempferold} quercetin®] AFSIAE

LS
quercetin®

g0 vA]= G ARSI A SAl
axof 115 ‘*%3}04 EFE WE 4 AL o] &4
o2 oI3] Fuse] Aelo] B 4 ok 2R ol
(Takeo et al, 2001) kaempferol¥} quercetine ©]-&3t 3}

ARtaE 2ARE | flaf 420 ¥R E(cow pulmonary
artery endothelium, CPAE)E ©]-835}9t}. kaempferol
T} querceteine & Tf drAojut Zjaof Wol g% TiE
el Befuiol= BAR oA Ak o F B A
of ghepe] Aol glont o] Thelolt A4o] 7}
A o] FAo] TiElo] YOnE A S A
oS A9 A7e BEeR Qe dol W o
W Ao} Qher AR Wavt ok, 2HnE Az 2

e dxor APslGlE Aot F 7H 245 FAll A
Zlotale wo] ARtAEY A SEANE Blueko sy o
7R 229 s ait Ueh=AE A ARSI

M2 o
A=l %%

SN EF23Y (Korean Cell Line Bank)of|A 43t
CPAE cell2 10% fetal bovine serum(FBS, Gibco), 100
units/mL penicillin?} 100ug/mL streptomycin®] 2%
GibcoAF2] RPMI 1640 HJA|E CO.H|%¥7|(NUAIR NU—4750E,
5% COyE olg3dte] 37CollA wiokslglct, of ¥
subculture2 A|8Ysto] Ao AMEE 253 529 A|E

2 ulegsista Wl olEel B meksisict

ABIAEH A W kaempferol, quercetin®] 2]
1) AMSIAEF A

Kaempferold} quercetin®] ASIAEHA FEFIE
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ZAsl7] 9] CPAE Ao 2F F%=7F 1 mMo| HEs
HyO0 5 A]sto] 5AIZE 59t Bhe- Al

2) AlZo| Xz

T 71 AR O] ABIAEY A FEENE 1| 9]
4719 Ao 2 Lo kaempferold} quercetin A
Eeirisg

D AjZEAol T3t kaempferol} quercetin®] Fak HyO,
2 Aefshd] ke, 2 ASRAEdAT} gl AlRhe] CPAR
A|3E0]| kaempferol®} querceting *|3F 7%

@ ABBIAEg|20| T3t kaempferol ¥} quercetin®] preincu—
bation &7} H.05 #]2|5}7] 7]l w|g] CPAE A2
kaempferol®} querceting Z+Zh 17A17F *2]gt &
(preincubation) H:0.5 *2|3F A$-

@ ABtAEG A0 gt kaempferolT} quercetin®] &I}
CPAE A|3Eof ShAHE-S n)g] X 2]s}A] il kaempferol
I} quercetin ZFZHE Ha0p A2 Aol 7 A 2fgh ¢

@ ABIAEG 20| O3t kaempferoldt quercetin®] Al4:
a7} kaempferold} querceting @EO2 X E|5}X
O b BAE U HIER 4 T 1O, 49

Aol @A A=l A5

HZEAAE EH(MTT ¥hg)

CPAE A|32] W=7} 24 well plate?] Z} welld U3t
HIEZ 47} B2 du| 7450l A cell countingS 3F 3110
cells/wello| B|%=E platingd}o] CO, v A7| oA 315521

160 r *% ®% ®% *% *%

Cell viability %

a0

control  BOpkd 100pk 200pkd 300pkd A00uM

Concentration

Fig. 1. Effects of various concentrations of the kaempferol on
CPAE cell viability. Results are expressed as percentage of
control (no treatment group of antioxidants); (**) P < 0.01
compared with control group.

CPAE A|XZE 9]

835t Kaempferol®} Quercetin @] AISIAEH A FEFT}

HjoFAI AL} AJE2S] Bl 3-(4,5-dimethylthiazol—2—y1)
—2,5—diphenyl tetrazolium bromide(MTT) S 0|83}
o] 24319t Benedi &, 2004). ©] assayH-2 AORIE A
A= AE Y n]EFZEgjof §452] dehydrogenases ¢85}
o] MITE 2htslo] £-8-99] 2 S whi= formazans- A8/d5}

L Lgo =x51= Aol I3Eg AAE formazane] oF
2 Aol AlEzS] Srof H]Egity, AAE formazang

dimethyl sulfoxide(DMSO)®] 0]l 540 nmol|A] &4
=Z 245}0](Shimdzu UV-1700) H,0:9} AIRE A2
52| 9k8 N EZEL control 2 Blo] A2 LS &

U ek,

Cell viability(%) = (H&}7e] &=/ control S~3%) <100

ool Aol AR HE AR SigmaA|FE A}
BAEO] 2S5 AUTE 6 well 12}
meantstandard error®2 7]Z3}th o

dataEi Student’s t—testE AFESF] GolA HA

>
—1

AZgA o] gt kaempferol®} quercetin®] F3F
HO. 5 A2|ohA] 32 & ABIAEG A7} gl 9]
CPAE A|2o] A sZ==28E g7 bt 5=9
kaempferol@} quercetind A &|dt & MTTHIH-S- 0]-85}0]
Alzo] B 2ASHGITHFig. 1 and 2).
Kaempferold} quercetine #] 2|5} &-& control A

160 r k% EES EES k% k%
& 120 + 7 7 7 7 7
ol
E a0
5
T
o 40

100uhd  200pM 300pk 400uk
Concentration

control  BOpR

Fig. 2. Effects of various concentrations of the quercetin on
CPAE cell viability. Results are expressed as percentage of
control (no treatment group of antioxidants); (**) P < 0.01
compared with control group.
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O] o] vl AP AP B wollA HIA YT
of Hs AlZ59] ol fFolHer F7hE e 2y
2t o] T BAEY| Aol A9 HolA] gl B2
Ase Aol sk Ao Bls] 25 ¥ w2 B4
= 2o 60 uMoLt 400 uM 7ol £2]4 Aol Hoj
A gkttt o] A9 ABIAEY A vl QA ok A
ol N|2t9] 799 kaempferol¥} quercetind} -2 A
=0 A7tE AEZZAETE S/ o] 22 A=
A AlaEe] - tiARAQl Aol A AT free
radical2 AAE = U= H0]& mechanismo] 5|11
Qlo} 3FALGHE O] AV}E free radicalo] & © A¥}A o
2 AAE 5 3leH Aekd MEERE SEe 2y
2 Jlat 4 9t Aoz Az,

Kaempferol®} quercetin®] ARBIAEH A FEF7}
KaempferolZ} quercetin®| preincubationg 1}
ABIAEYIAS FH517] Hof| 17A1KF F<t 1|2 kaempferol

I} querceting 2|3t CPAE Ao H,0.2 A T|ol5S

o e ARIAEY A SRATE 2ARICHFig, 3).
ABIAEY AS WHA] oF2 control AEIO] Al ZEE

7F100%% 785 HoOx5 ARt Al 259 HEZZA e oF

20%%2 545 MEZBAE7E HasEe Ae o 4 ATk

FrlekE AEfte] A9 AwEolA2l(60, 100 uM) AlEZ2Hd
= AP 2polE HolA] eigkout als e Afelto]

A ARBIAEY A S5 A8 UETE Quercetin

9] AL 200 uM A 2]tol| A kaempferol-2 260 UM A2

oA FAEtol Blsl ofF 8uf A =2 ME2EYS HA

200 o
@ Kaempferol+H,0, *
s 160 BQuercetin+H,0,
2
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=
2
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Fig. 3. Protective effect of CPAE cells from oxidative stress.
CPAE cells were preincubated with various concentrations of
kaempferol and quercetin for 17h. before H,O, treatment; (**)
P <0.01 compared with no treatment group (OUM group).

o, v 800 uM AHelzo] A9 A BHE7L 283
A 9] gro FraEgiet

MSIAER A X2|2} &H X2|8t kaempferoldt
quercetin®| =g 1t

ABIAEY AE 7517| oMol AkEHES vlE] At
5ot AStAE A ) ) kelES AR A
o] A= Hjwslr] f]s HOp #2] 2 A | kaempferol 2}
querceting A 2]5}o] ASIAEH A0L PASHES FAl O
Ae)gt B9-9) ARIAEY A SEAIE 2ASFICHFig, 4).
Preincubation ] 2|go] B8 A%%(60, 100 uM)ojA =
Aol Hlsf of 20~30% He =& AEZBAES B
At Quercetin AE]e] 79 FA 2|kl Blsf oF 9l
A =2 AL H o] preincubation A Htl & ¢
E& AE 24e Bt AEZEYEE quercetin A2t
o] kaempferol Z2|zof H|l] MRSl A Fi=atofA
=7 debg

o]A}re] Ailof| A kaempferold} quercetine R A&
o] Aol ot ASAENAT Qg AES] AT o
A A0z Uk, SNFHO R H0,9H 28 BAA
e APl T3 1EAEAES e R
W A ZAPES Gedtcha deA 9lck(Jang and Surh,
2001), IHEZ ASIAEH A = H0,9] A2 HA s
= I3k ROS7} kaempferol©|U} quercetingh-2 dH4kS}H
=9 Az AAHAY AAE =N AstE QI AlsEA
Hol Ao r WALk H7EY, olF &4 7

&3} free radical A7 7|53} ) Alslz el 22]9] 44

mlo

s,

+~ O+

200 1

g Kaempferol+H,0,
Quercetin+H,0,

160 1

120 ¢

80 7

Cell viability %

Ophd BOUM 100 20084 260uhd 300U
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Fig. 4. Protective effect of CPAE cells from oxidative stress.
Kaempferol and quercetin were treated with H>O; at the same
time and incubated for 5h; (**) P < 0.01 compared with no
treatment group (OUM group).
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S do7itta ¢elA xanthine oxidase B4 AAF
O F2H uperoxide anion radical®] A AAE JA5t
L 7| |31 Q)0 2 E(Selloum 5, 2001) Hy059] A
2= TT‘EQ MzEd adks 27 A AlA H0:9] A2
of| ]3] *ﬂiﬁ}%-% AR A S E M cell viability7} 2
A 271 Aog AZI=ECE Juana 52(2004) $229] &
o] 2 AME Aok ZHﬂg(Hypencum perforatum L) 2]
FEEE M2 A iRt S H00 A=E Al
25 ROS7} AIAE S e FAloll HoO, P2 S7H
caspase—3 Z/d0] AAIES B & @re A 7=
8% AN BAR H perforatum L, FE5E9 FRAL 5
gataict.

Kaempferol¥} quercetin®] AZA|7|& Ee|gt A1}o
A HyOp ﬂal 17A17F o]l CPAE Ao n|e] gHitela-2
2] gt 73 (preincubation) 2} HaO:8} F-Alof| A5t 7-92-2
Az ”4 Hok= As oM A AR el 1
L} =% (300 M) of| A9 A|ZEEA] 9] 749 preincubation
= AR AEo A HE @ASHA /o] HaE itk ol
gt A= 5% 2] kaempferol A2 A F4Jo] e}
S*Th= Monteros-2](2004) 9] ¥} Ax|3ic}, 115r 9]
kaempferol A { A o0& n|EZCgo} o 9L &
PR EEIS EET PN SRUE S
& BN A YL i, 2
=59 kaempferol= & Azl
He) 54 o] U 2o Ado] BoRA AL B
W27k b WA Lol Aoz Bk

fus

rr

15

=

preincubationA] 7]

CPAE AIZE ol%

5t Kaempferold}t Quercetin®] ASIAEY A FE g7}

ASIA Ed A0 T3t kaempferol® quercetin @] A%
&5
FAkeHEof| ofgt ARSFAE A
ol A 2-gdomH TEor Aegle o Hsj 4
SEE T\ 4 QA dotir] Sis) 27 HlEE 4e
kaempferol ¥} querceting Ho0x2} §A] A5t & A3 &
A s At HTable 1), Kaempferol®} querceting:
8:2% T3 He]to] A BAo] 2:8% T3t A2
o vla} ALE o] 21802 7 Lheht kaempferol
o] quercetin®] 1|3} Wo] d-&-5o] Q= Ao gHAElE
Aol tjgt £ B9 ALanyt et Aoz AjztE
o Fig, 33} Fig, 49] Z0oIA] Mol Rl A3} Zo| 247}
o] e d=o® At - 300 uMo| iEe AT
A= 23] 260 uM A2l Hrp ZA4o] 543 e
918l 18y Kaempferold} quercetin + 7}
Egsto] X235t Table 19] Ao A= + &4
sto] A3t A9 A2 s=rt Sl et 24
7F8FSAAL 500 uM A 2jtoll Al 7HE =& Alagd
t}, E3| kaempferol} quercetin< 8:2%2 | 2|3t
9] 75 controlo] H|3l| 2. 8uL} 2 A|aE
H005F A2 HAibel=d FAje]stol Hls]
AZZEZAS BTk Ackland £(2005)
o] kaempferol¥} querceting FA|o] #]
=08 AP ol Hidl 6 &
ol JAENEH o= F 7 =

ool 5 744 apatake

i g w e
mlo _b'
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Table 1. Synergistic cytoprotective effects of mixed treatment of kaempferol and quercetin against H,O»(1mM) induced cytotoxicity.

K kaempferol and quercetin mixed at 2:8 ratio
? kaemfperol and quercetin mixed at 8:2 ratio

Cell viability, %
Conc. o) )
Control +H,O, +H,O, K+Q(2:8) +H,O0,, K+Q(8:2)

0.0uM 100 - - -
1000uM - 19+2.4 - -

100pM - - 32+15 40+4.0
200uM - - 117+15.4 137+8.9
300uM - - 12552 130+0.8
400uM - - 115+5.6 167 £13.8
500uM - - 184+£7.1 276 £28.3
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B HAEE SepuiolS FRE 3 FFuo] ok of
% ot R ol BEE0| AR ofud 4UAAZ 7}

A QA ol Al Zhgshte] dhat 977} o Basich
5 Az,

gelolut of % Hepuio|=o] Fapol £ 4|
HA7 Tt Hay o) oyt GUAES Mol
A2 W] Bolst Al 4HE ROSS| Ak

22 GAeRzRgo] Fadtel] FasH 2-g5h7] weel
ef detE,

¥ 2

Flavonoid= A9 RE ofyo} utelof 65 FQ3t
T4 AEo|H flavonol2 flavonoid 15 5 sh= £
7} AEO 2 A EF Q] AR O 2 kaempferol¥}t
quercetin®] & A 9Tl kaempferold} quercetine E|
B ool arE vk defA o] AF A7t
=2 AREIL o 2 A7 522 M RE 4
71 kaempferolZt querceting ©]-85}o] thoFdl = ofA
of 4o @R AL T Zzke] AsAEe A
MEaTel £ 7h B 54 A2 Ao b 4 gl
N ERE W7 gl

1 mM&] Ho0, 5 A 2|oto] ARRIAEY A 7t ALt
718HA] ofY 3t A EZ At % kaempferol¥} quercetin
of el Aze] BT Skt et 5 Ak
A8 sja AEOIA] FABHE] ABAEH A F5axh
7 @A e Bk vt o] 49
S £715 AU A M 2f UF e
2] el 0312 3 o
AT}, YurEor 2 EVP "LrIOPL AE
3 quercetine] §7] ZHEo] glong of £ 7hx 24
2 0% UISR AR A2 T8 ARAEd s Aeleh W
Refstol 2ARR AT} BEO R eIT At el wE
AANAE AEBAEI o A Leuih

g

ETM\:

of|= kaempferol

oVge] AsfolH FATHES AANN Lol 4 G
B ASAE S JE A 5 ou M 94
T ESS e & G A SRS 24P} Fast &
5] ZH2te] PATHES BEOR ARSSH A Mk W A
$5H: o] AHEAE ek S 9L & 4 Uk
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o
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