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Change of ROS Generation and Antioxidant Enzyme Activity of Flavonol Quercetin
in the Presence of Vitamin E, L-Ascorbic acid, Reduced Glutathione
on the B16F10 Murine Melanoma Cells

Jeong Sim Hue and An Keun Kim*
College of Pharmacy, Sookmyung Women's University

Abstract — It has been known that quercetin, a bioflavonoid widely distributed in fruits and vegetables as dietary-derived
flavonoid and exert significant multiple biological effects such as antioxidant and anti-inflammatory, anti-tumor effects. In
addition, it has been shown to have a chemoprotective role in cancer, though complex effects on signal transduction involved
in cell proliferation and angiogenesis. The present study investigated whether quercetin can enhance antioxidant enzyme
activity (glutathione peroxidase: GPx, superoxide dismutase: SOL, catalase: CAT) and regulate the reactive oxygen species
(ROS) generation in the presence of vitamin E, L-ascorbic acid, reduced glutathione (GSH) on B16F10 murine melanoma
cells. After 48h treatment of cells with quercetin in the presence of vitamin E, L-Ascorbic acid, GSH, we measured the cyto-
toxicities by MTT assay. The cells exhibited a dose-dependent inhibition in their proliferation in the presence of vitamin
E, L-ascorbic acid, GSH respectively. We also investigated the effects of antioxidant enzyme activity and ROS generation.
The antioxidant enzyme activity of quercetin in the presence of vizamin E was stronger than GSH, L-ascorbic acid, the same
treatments decreased ROS generation in B16F10 murine melanona cells. Taken together, these result demonstrate that the
antioxidant effect of quercetin can enhanced in the presence of vitamin E and it might plays an important role in anti-oxi-

dative effects.
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he 2]l 2R o BT Ql= BYAF (Reactive oxygen
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seroxidase(GPx), superoxide dismutase(SOD), catalase(CAT)
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Quercetin, vitamin E, L-ascorbic acid, GSH(Sigma Chem-
ical Co., USAYE 2t7} ell&b&=} PBSell = 0.22 ppore *37}4]
2 o437} HH3k I stock solutionS RS0, Alde] o)435}
7] 271 RPMI 1640 A Zx%F vixlo] 348l F2g 24t

e ARBEITT.
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B16F10 murine melanoma A|3X¥]%2 2mM glutamine,
100 units/m/ penicillin, 100 ug/m/ streptomycin(Sigma Chem-
ical Co., USA)® 10% heat-inactivated fetal bovine serum
(Gibco. Co.)o] E3HEl RPMI 1640 ¥ %] S ok 2417} F7]1 2
RPMI 1640 wjorel e walsio] CO, AL (37°C, 5% CO,)
ol wjeksisict.

MTT assay

MTT(3-(4,5-dimethythiazo2-gl)-2-5-diphenytetrazolium
bromide) %2 Mosmann'?] W3l WHste] A5k
B16F10 AI¥E 2.5X10* cellym/®] F52 96-well plate®] well
ol quercetin B URE AIBHAIE Mol Fodled ulielr1(37°C,
5% COpollA 482]7F F<F M3t A F 45N e vgjn &
o Az 500 pg/ml MTTE vk €719 1mi W2 F 34
ZE B}t iRl o)F- S-S Hlelal 10% DMSOE 200 W
2 Q31 1587 A 2o wA]3lod ELISA reader 570 nmellA]
FIEE s dzwd vlmsigich

Superoxide dismutase(SOD)2| &4 =X

SOD 4 42 pyrogallol autoxidation?] A3|ES Hash=

Marklun®} 28 AHR8FATE1? 50 mM tris-cacodylic acid
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buffer(pH 8.2, 1mM EDTA) 1m/°}| pyrogallol stock solution
(0.2 mM/10 mM HCHS oF 500 w2 71t 1% 0.015 3%
9 FFE F7HE YEREE 243}0] standard absorbance®
AREEI3ITE. o] substrate 299 1 miell Z+ sample 100 pwis- 713}
1 UVpvisible spectrophotometer® A3l 420 nmolA] tris-
cacodylic acid buffer® blank® 3} 1&w9lc} 10874
absorbanceE Z73}1. lag phasecld] Z4o] AFsh= ghR-oflx
10874 159 3% W3l Ha o] 24848 ARkt

Glutathione peroxidase(GPx)2| &M&H

GPx8 @4& Flohe'9}Gunzler?] ¥ o]l £ spectropho-
tometerE AFg-ato] Z4s81thB GPx) WhE E<t glut-
athione(GSSG)S GSHE| ¢ FEel tisix A3 == B
glutathione reductase(GR)ll &3] = o]u] reduced
nicotinamide adenine dinucleotide phosphate(NADPH)2] 13}
2 T3 0.1M potassium phosphate buffer(pH 7.0,
1mM EDTA) 500wl 2+ sample, GR, 10mM GSH, 1 mM
sodium azideE Z17} 100w €2 F 37°CollA 10:27F oujer
A)Zit}, 37 1.5 mM NADPH 100 w2 713 ok 3% E3t
H,0,7} §l= Aeiellxe] NADPH 4418 #2315lth 1.5 mM
H,0,& Y1 743 NADPH & §3%71 Ao yehle=E
340 nmelA 587 TS E7gsitt

Catalase(CAT)2| EMZH

CATS] 8/ 5782 hydrogen peroxide?] £ w2} s}
£ FHEE sk Aehi® WS ol 83t%th 50mM
phosphate buffer(pH 7.0) 100 {5 30% H,0,5 ¥ ¢| 10mM
substrate solution(A240=0.5) Y=t} ©] substrate solution
3mlell Z} sample 100 W= 715 ¥ 43.6 M-1cm-19] exitinction
coefficient'®S A}-&3}o] UVpvisible spectrophotometer® 240
nmell4] phosphate bufferE blank® 3}i 1Evjc} 28 %9 &

=2 293

Reactive oxygen species generation?| &8

B16F10 cells 96 wello] 2 welld 1} 10°% vljeks}gic). wl
& - 2elA 50 uM 2, 7-dichlorofluorescein diacetate(Eastman
Kodak, Rochester, NY, USA)E #eldt & Cytofluor 2350 plate
reader(Millipore, Bedford, MA, USA)%® #4131t}

(excitation wavelength: 485, emission wavelength: 530)

Data presentation

2 A7 d¥dae PEEFAAZ BAFg e, 5
triplicate set® A xt&l] o) =&}t ZF sample?] £A A
o4 olF = Students t-test® Al3Eto] * p<0.05, **;
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Quercetin® B16F10 A|*e¢l vitamin E, L-ascorbic acid,
GSHs} ¥-g-5Fofsla MTT 5% WHoR MXEe F4& B
BT w1k 3UE 1l on e Fofske quercetin
9] FEE 125, 25, 50, 100 ME 48417+ A2Jatg wf A2
48 JERYRA] 9 50 uME LA A2kl ¥ Ag
3= ZF sample ¥ AE 542 YA ¥ 55
vitamin E¥ 50, 25, 12.5, 6.25 yWMZ 22| 3} 2 L-ascorbic
acid= 5, 2.5, 1.25, 0.625mM=Z GSH+ 1, 0.5, 0.25, 0.125
mM= A23I5itt Fg. 10149} 2] quercetin? 3-8 Ae|gt
vitamin Bl &3 AIE] 418 12,5 yM7BRE #2018 ek ¥
518 Holx] ofgkout 25 uM SERE AA8] F2lo] AAlES
B 4= 9lt}. L-ascorbic acid®] BH-E FoIA] 5 mMellA 30% ©)
A A gt vEREeH, GSHeE € Fo{= 0.5 mM
7R e iz} vlwsled REE glovt 1 mMellA 20% o
ZF2o] oA =gic}. T3t quercetin, vitamin E, L-ascorbic acid,
GSHE 47 &5 A &3 2 ¥t} quercetin®]] vitamin E, L-
ascorbic acid, GSH®| %8 Az|gt Zlo] AR F4-& Al
AL o & itk E3] quercetin®l] vitamin ES B8 X2
BA%E 7P 958 AR T4 A EFHE e o] 2
& Hol quercetin® THS: AIBHAIE W& HFS AE =
A& YehA oM E 958 AE 4] A ZAE o
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Cell viability (%)

Cell viability (%)
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Fig.

Quercetin®| H& X{2|0 ciEt gHislGLo| M5}

t_g-/}l—ﬁ} 'l }\]/\EH_O_ /\}3‘;].7(—1 [e]] /\Egﬂﬁg‘_]q A ;q]_E.
3= Q3 A% 33Tl GPx, CAT, SOD §-& ¥4} Alkx

oA FEFt w3l AT AASHE dER] A3 BAE
A GRS BalA ALY Ok} WEkE oujehe ZloR
5 & 4= Ut} Querceting hepatoma cellsel] #2352 |
GPx, SOD7} L3]8 ZAEHIL AE 245 Yehls 100M2
A2l ZAelgt CAT F4o) Z7Htkn ®a HPek!? ol
3} 7+Aol % B8k quercetin®] AHSlE AEHAZRRE] A
£ 138k Z2 kst a40] 848 FEliA7T ol AA
291 radical scavengingS FaiAietn Azt Hojxit), ulgbe &
e UehiA] g= FEolAM querceting S FAHEHAIE B
£ oS uf 3l 4410 WElE 538 quercetine] 7H

Aoz FrksAIEA ] G ZIT A F S A7) gt
A&-& AA)EI9AT) Vitamin E, L-ascorbic acid, GSHE A&E&
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(a) Effect of quercetin in the presence of vitamin E on the
viability of B16F10 murine melanoma cells. The cells were
cultured in the presence of quercetin (50 pM) and various
concentration of vitamin E for 48 h. The viability of the cells
was measured by MTT assay. Results were expressed as %
control and data were mean SD of at least five different
experiments. Control (Q) : quercetin (50 uM) treat, others:
quercetin (50 pM)+6.25, 125, 25, 50uM vitamin E
respectively. (b) Effect of quercetin in the presence of L-
ascorbic acid on the viability of B16F10 murine melanoma
cells. The cells were cultured in the presence of quercetin
(50 uM) and various concentration of L-ascorbic acid for 48 h.
The viability of the cells was measured by MTT assay.
Results were expressed as % contro! and data were mean SD
of at least five different experiments. Control (Q): quercetin
(50 uM) treat, others: quercetin (50 uM)+0.625, 1.25, 2.5,
5mM L-ascorbic acid respectively. (c) Effect of quercetin in
the presence of reduced glutathione (GSH) on the viability of
B16F10 murine melanoma cells. The cells were cultured in
the presence of quercetin (50 uM) and various concentration
of GSH for 48 h. The wviability of the cells was measured by
MTT assay. Results were expressed as % control and data
were mean SD of at least five different experiments. Control
(Q): quercetin (B0uM) treat, others: quercetin
(50 uM)+0.125, 0.25, 0.5, 1 mM GSH respectively.
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Table I —Changes of antioxidant enzyme activities of quercetin
(50 uM) in the presence of various concentrations of
vitamin E in the B16F10 murine melanoma cells

Antioxidant enzyme activities (Unit/mg protein)

Sample GPx SOD CAT
Quercetin (50 pM) 0.231+0.020 2.87+0.45 4.92+0.49
Q+vit. E 625uM  0.223+0.03 291+045  4.69+0.30
Q+vit. E 125uM  0.278+0.05 3.40+0.54 5.14+0.47
Q+vit. E 25uM  0.387+£0.020%* 5.38+0.12*%  8.29+0.36%*
Q+vit. E 50 uM 0.299+0.014*  3.72+0.35%* 5.92+0.38%*
Vit. E 25 uM 0.349+0.01% 4.86+0.28* 6.89+0.27*

The cells cultured with quercetin (50 uM) in the presence of
various concentration of vitamin E for 48 h. The result were
expressed as the average of triplicate samples with S.D.

AlZF <t 54 A2 sk} 7 sample?] protein%F2 bovine
serum albumin (BSA)S standardZ A}8-35}ef BCA protein
assay°l] 23l A=k 8}9ith. Vitamin EZ A¥e] &% 7]
5 9 25 uMellA 7HE E2 8448 B9 L-ascorbic acid
oA 5 mMelA E4o] AY ¥31 GSHS B8 A olA=
ImMA 748 £ 242 Uehiiglt. o] 2345 Edi2
quercetin(50 M)¥} vitamin E(25 uM), L-ascorbic acid(5 mM),
GSH(1 mM)Z 22t thA] H8 Ajsle] & kel a4 8E &
73133t Table oA el b= 73} o] quercetin®]] vitamin

= 8 X3t Ao] quercetin FE =& vitamin E TE X
23 7 B} GPx, SOD, CAT XFeld 8435718 Uehigl
t}, o] A= Ko} quercetin® vitamin ES ¥ 22 Al
ZEAE Veh#l ST querceting] LSS 71 A1)
oz PsAEA GES A A F UeS vERdTH

Reactive oxygen species(ROS) 2Hoff 0|x|= gt

dAEo] F7Hskel wet A {3t D 3] Tl A
op7] "= A 4719 728 7159 ZAE WEHAg Uy
AY) WgtE w|gtot sl o]=A At hstell 2J$k vl
9 HAY) Wshs AR thike] 2 ALa) HARRRTE ] %
o] 7I%E o7 w3t A ofrjsict. |A) 4y

Table III - Changes of antioxidant enzyme activities of quercetin
(50 uM) in the presence of various concentrations of
reduced glutathione (GSH) in the B16F10 murine
melanoma cells

Antioxidant enzyme activities (Unit/mg protein)

Sample GPx SOD CAT
Quercetin (50 uM) 0.231+0.020 2.87+0.45 4.92+0.49
Q+GSH 0.125mM 0.263+0.011 3.63+0.52 4.99+0.12
Q+GSH 025 mM  0.292+0.022  3.54+0.35 4.96+0.46
Q+GSH 0.5 mM 0.312+0.023* 4.12+0.25* 5.77+0.34*
Q+GSH 1 mM 0.356+0.015* 4.59+0.56** 6.80+0.46%**
GSH 1 mM 0.307+0.013** 3.87+0.32** 6.44+0.41%*

The cells cultured with quercetin (50 uM) in the presence of
various concentration of GSH for 48h. The result were
expressed as the average of triplicate samples with S.D.

2 w3} 7HdollE AAEA, K, e, iee] 2 |
oAd50] o o)F HT FES v FE7EL AL
(oxygen free radical)9} @Aksl G420 F3o] Zl=dA] AU
Absla AE# Aoxidative strss) =712 Q& w37t =29
= 201tk B19 Quercetin® H 919}, ), WAk 5o A
oA &3 e vk 9la EdAkE AAEE 7R
2834 xanthine oxidases} A2 FAISE Ash= st &
AR dEA Qlom Akl AEzxof o3 §EE H,0,
@} nitric oxide synthase(NOS) 42 AAslttar ¥ o] 9]
k2 SR ROSKS 07} WAF AdAle] 28] H,074] &
A =] 7h= Foll AxKe) g /el 23l s oz g 5
A AR EE 03, HyO,, OH 5¢] R EAol A2 7]
T XA T8 S FYIUANE, AEE FAsHs T
, X%, DNA 52 4t3) Al7lo 24 Al¥e) E3ls £4]7)
o7 oA glok wEbA ARS] HHEAQ] EdAkael o]
& DNAY] QHolE {83 thekst F72 ¢4s v 3st
Age] 2go] H& Zlog Ay Qirh® oo wa} o]

et Bgakie] oisl) Tkt E4AV ERREIA Y &
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Table II - Changes of antioxidant enzyme activities of quercetin (50 pM) in the presence of various concentrations of L-ascorbic acid in the

B16F10 murine melanoma cells

Antioxidant enzyme activities (Unit/mg protein)

Sample GPx SOD CAT
Quercetin (50 uM) 0.231+0.020 2.87+0.45 4.92+0.49
Q+L-ascorbic acid 0.625 pmM 0.182+0.04 3.02+0.54 5.79+0.08
Q+L-ascorbic acid 1.25 mM 0.235+0.025* 3.70+0.23* 5.83+0.14*
Q+L-ascorbic acid 2.5 mM 0.290+0.023 3.53+0.28* 6.32+0.15
Q+L-ascorbic acid 5 mM 0.323+0.015%* 4.03+£0.33** 6.88+£0.34%*
L-ascorbic acid 5 mM 0.301+0.029* 3.92+0.23 5.74+0.21%

The cells cultured with quercetin (50 uM) in the presence of various concentration of L-ascorbic acid for 48 h. The result were

expressed as the average of triplicate samples with S.D.

Vol. 47, No. 6, 2003



436

84 -

140 Phytobiol. 65, 480 (1997).

8120 [4_GsH 2) Kaufman, R. J. : Vectors used for expression in mammalian

8 100 | —o—L-ascorbic cells. Method Enzymol. 205, 87 (1991).
S o e 3) Kameyama, K., Takemura, T, Hamada, Y,, Sakai, C., Kondoh,
é’ 0 T quercetin S. and Nishiyama, S. : Pigment production in murine
é 20 b melanoma cells is regulated by tyrosinase, tyrosianse-related
o protein 1 (TRP 1), dopachrome tautomerase (TRP 2) and a
0 5 10 - 15 20 25 30 melanogenic inhibitor. J. Invest. Dermatol. 100, 126 (1993).

Time (min)

2 — Measurement of reactive oxygen species (ROS) generation-
B16F10 cells (1x105) were incubated with or without
quercetin (50 M) in the presence of vitamin E (25 pM), L-
ascorbic acid (5 mM), GSH (1 mM) and then 200 W (2, 7-
dichlorofluorescein diacetate : 50 uM) was added as a
substrate for ROS. After incubation for 15 min. ROS
generation were measured by spectrofluoremeter (excita-
tion wavelength: 485, emission wavelength: 530). Q:
quercetin (50 uM).

Fig.

do] AR FYAIAE AA & F UEAE ROS TS E31]
2185ttt} o] Ao ALEE vitamin E L-ascorbic acid, GSH
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