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Effect of Myricetin on mRNA Expression of Different Antioxidant Enzymes
in B16F10 Murine Melanoma Cells

Ji Sun Yu and An Keun Kim*
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea

Abstract — Flavonoids are class of polyphenolic compounds widely distributed in the plant kingdom, which display a vari-
ety of biological activities, including antiviral, antithrombotic, antiinflammatory, antihistaminic, antioxidant and free-radica 1
scavenging abilities. The antioxidant enzyme (AOE) system plays an important role in the defense against oxidative stress
insults. To determine whether flavonoid, myricetin can exert antioxidative effects not only directly by modulating the AOE
system but also scavenging free radical, we investigated the influence of the flavonoid myricetin on cell viability, different
antioxidant enzyme activities, ROS level and the expression of different antioxidant emzyme in B16F10 murine melanoma
cells. Myricetin in a concentration range from 6.25 to 50 pM decreased superoxide dismutase (SOD) and glutathione per-
oxidase (GPx) enzyme activities, but catalase (CAT) activity was increased. In the myricetin-treated group, ROS levels were
decreased dose-dependently. Antioxidant enzyme expression was measured by RT-PCR. Myricetin treatment of B16F10
cells increased catalase expression. Expression levels of copper zinc superoxide dismutase (CuZn SOD) were not affected
by exposure of myricetin. Manganese superoxide dismutase (Mn SOD) and GPx expression levels decreased slightly after
myricetin treatment. In conclusion, the antioxidant capacity of myricetin was due to CAT and free-radical scavenging.
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RPMI 1640 powder medium, antibiotics(10,000 units/m/
penicillin G sodium, 10,000 ug/m/ streptomycin sulfate),
trypan blue= Gibco BRL life Technologies Inc. &S AlE-3}
911, FBS% BioWhittaker ™& AF4-3}%1t}. Cell dissociation
solution, myricetin, MTT(3-(4,5-dimethylthiazol-2-y1)2,5-diphenyl-
tetrazolium bromide), B-nicotinamide adenine dinucleotide
phosphate reduced form(B-NADPH), glutathione reduced
form, trisfhydroxyl-methyllaminomethane(Tris), protein kit
Acros organics Co. Ltd AE-& ARESISITE o5 Aok BF
i g 2l AlekE ARBSISITH

71712+ ELISA reader(Bio-Tek instrument Inc), cytofluor
2350 plate reader(Millipore, Bedford, MA, USA), CO,
incubator(Forma science), table top centrifuge(Hanil science
industrial Co. Ltd), centrifuge(supra 21K, Hanil science
industrial Co. Ltd.), inverted microscope(Olympus CK2), UV/
visible spectrophotometer(Ultrospec 2000, Pharmacia Biotech).

M|=ZHlef

Mouse melanoma cell25-E] f21¥ B16F10 cell> g A
Z3 23 (Korean Cell Lines Bank)S Z3E] Hakoict, 10%
heat-inactivated fetal bovine serum, €43 #1](10,000 units/ml
penicillin G sodium, 10,000 pg/m/ streptomycin sulfate), 1
mM sodium pyruvate® ¥3sk= RPMI 1640 wx|& ujofe o
2 3} 37°C, humidified 5% CO, incubatorel|A] Wl %F3}31ct,
25 cm® tissue culture flask'} 75 cm?® tissue culture flaskel 4]
confluent® & ul cell dissociation solutions *]2]3te] Al
HijoFstar ARl o]g-3ieirt.

MEe| =X

Myricetin dimethyl sulfoxide(DMSO)°ll =4 0.2 um pore
size syringe filter® 3#3}] stock solutiong TESGITE A8
of 01§37 A del] DMS09] #HF5%7} 0.1%7}F H%5 RPMI
1640 A3Eufe WX 2 3A438led ALE-ER3ITE.

HEYEE &4

B16F10 cell suspensions 1X10° cellsym/®] EE % 96-well
plate?] welloll 100 w2 7¥sto] wiFr]olA] 24x]7HE<t Fd sk
AJZ0ch Myriceting SEEE A2|$ F 2443 B wjoksict,
25 mg/mi MTT(E-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-
zolium bromide) 8-NS- welld 50 ui% 2o 42171 Bt vkl
kx| 3T}, o] % AbSels A|A sl DMSOE welld 100 w4 7t
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3lo] 137} shakingdlo] formazans €8] &8)A)7) 3 ELISA
plate readerZ ©]8310 540 nmeld EF=E ZAsIqichY

ghitst g0l 8 &3

g2 Hzle} whia ke 2.5%10° cell/m/e] B16F10 cell
suspension® 150r tissue culture dishel] 718k}, ¥iekr1elAd 24
A7F E2F ¢HA3A 7] B myriceting A E]dle] 24417 viokst
t}. Culture dishoflA] 8iA]& A At PBSRE Al&ste =
sampleg A1 F5NE A)AG pelletel] lysis buffer 1 miS- 7}
s}, Lysis bufferZ 71st 242+2] sample$ 14,000 rpm, 4°Coll
Al 527F AREERl AFUTE #810] enzyme assay sample
2 ARSIt Sample protein®] #E bovine serum albumin
(BSA)E- standard® AFE-3te] BCA(Bicinchoninic acid) protein
assay& SISt

Superoxide dismutase(SOD)?] &4 Z72 hematoxyling- ©|
98 Martin®] ¥H-& AR50t Hematoxylin® xHa 4]
o FH2AQ! hematin® % 27} As}eit}, oj2{g Il SOD
7F Bofabd AEAdsE 9As dck 0.1 mM EDTAZF 8+
¥ 50 mM potassium phosphate buffer(pH 7.5) 1 miol| Z+zt2]
sampled 50 WA 715kl 5% <l preincubation*]It}, 6§70l
5mM hematoxyling 30 Wi 7}3+ & phosphate bufferZ blank
2 3Jo3 UVyvisible spectrophotometer® AE3] 568 nmelA &
F5E FH 47 F ] FHES] WIE Pk

Glutathione peroxidase(GPx)2] #5742 Paglia®} Valetine
o] el 93] spectrophotometerE Ag-3to] ZQ&ich”
GPx9] #h%- 5<} glutathione(GSSG)E GSHE] 27 s5ol] thsl
A AEEE 399 glutathione reductase(GR) ol 23 245
o] reduced nicotinamide adenine dinucleotide phosphate
(NADPH)?} 41312 #2513} 0.4 M Tris- HCI(pH 7.2) buffer
2625 m/o] 0.04M GSH 75, 0.075 mM H,0, 0.1 m/, 6 mM
NADPH 0.1 m/2 Z+2} 2 & 5871 preincubationr]ZiT}, &]7]
o] Z}Z}+2] sampleS 713Fo] UVyvisible spectrophotometer 2
340 nmellM FHE=F S48k 58 T th FHEE FA%h

Catalase(CAT)2] /3% hydrogen peroxide?] T35 u}
2} ZHadhs FYEES 5781 Aebi WS ©)83IITEY 50
mM phosphate buffer(pH 7.0)°l 30% H,0,% ¥ 10.5mM
substrate solution(A240=0.5)% THET}. ©] substrate solution
1mloll 2 sample 50 W= 7}k & 436 Mlem?9 exitinction
coefficientZ AH-51o] UV/visible spectrophotometer®. 240 nm
oll4] phosphate buffers blank® &1 30%nlt} 1% E<9t 5%

£8 27335

Reactive oxygen species level &3
B16F10 cell suspensionS 96 well plateel] 2+ welld 2% 10*
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cellsZ 7FeHS 24417F B)F vldsiith A|8E FERHE Az
& 3 ujxS AAsky PBSE 291 AlXsiEc). A2004 50 uM
DCF-DAE A2] 3t & Cytofluor 2350 plate readers ©]&3}
5% kA 02 ZA315tE DCRDAE A% 53 9HE 2 ROSY
MEY 3t E o gutE e g ARggr o] sgtE-2 H,0.b)
superoxide©l] 23| 4tskE ) &35 vehdct, 4k3te DCFY
33442 485nmY] excitation wavelength®} 530 nm®] emission
wavelengthollA] Z4g1}.19

Total RNA isolation®} reverse transcriptase-polymerase
chain reaction(RT-PCR)

2.5%10° cellym/] B16F10 cell suspensiong 150n tissue
culture disholl 7}3tc}. wjokrioll Al 24417 ek eFAsIAI7 &
myriceting @5 52 & HdskAg) B8 AHste] 24413
wjokstt). Culture dishellr] wiR1E AASIT 27k PBSE 2
M&s & easy blueE 1ml 7Kt & scrapers ©|83) cells &
o} 1.5ml tubed ¥t} o17]ef 200 W chloroforms 7}k
4°C, 12000 rpmellA] 108 &<+ AR s & 4574t Fein
F 5k A&l S isopropanold 7183 4°C, 12000 rpmel]
A 58 Fok PAEEIRE 3 pellettt @11 S-S A}
70% ethanol® RNA pellet& 4153t 4°C, 12000 pmol|A] 1
5L AR & AFNE AAS L pellets TRIT o
7]°ll DEPC water< 30 W& 7}3ttt o] g A w5013 total
RNA+ agarose gel 371958 &3l &Risich

Total RNA2 cDNA power synthesis kit& A}£3}93 com-
plementary DNA(cDNA)Z <1 AT PCRAC 2J3] DNA
2 FEZAF17] Y8l dAAF B cDNA= ZHzF UHE antioxidant
enzyme primer?} 7] PCR 55 3193t} Primer?] sequence
¢} annealing &5+ Table Il Uehd vle} 2o}, Cycling &4

Table I —-Sequences of primers and RT-PCR conditions

Primer sequence Anr(loe(z:l;mg Slggd(‘é?)

Gene

Bactin
Forward CATCCATCATGAAGTGTGACG 52.5 220
Reverse CATACTCCTGCTTGCTGATGG

Cu/Zn SOD

Forward TTAACTGAAGGCCAGCATGGG 60 335
Reverse ATCACTCCACAGGCCAAGCGG

Mn SOD
Forward
Reverse
GPx
Forward
Reverse
CAT
Forward
Reverse

TGCACCACAGCAAGCACCATG 55 413
CTCCCACACGCAATCCCCAG

CTCGGTTTCCCGTGCAATCAG 65 431
GTGCAGCCAGTAATCACCAAG

TCTGCAGATACCTGTGAACTG 55 357
TAGTCAGGGTGGACGTCAGTG

2 95°CellA 302, annealing 2%olA 30%, 72°CollMt 30 A
st om Beactin 253], 7 9] st A4S 358 4SSt
At} &5 RT-PCR AFE-2 1.5% agarose gel® A7|9E&
3t & ethidium bromide G 7 AZSIH )

SAH 2|

2 QA7) el X9 RE St 2 A% o) et %
79 EEeAE FASYon, B triplicate set® 4] A}l o]
4 S 7 sample] $AH FAAel tet A5 +-
Student test® A18§3to] AArstc.

o ¥ 1%

M=z M=Eg

B16F10 cellolA] myricetin®] 558 M AEE&S dolry)
23 MTT assays Asg3Ich vk 7]7He 247 wA31e
o myricetin®] ETE 6.25~200 uM HelolA S AlBEA
ok e FE(6.25 uMpelE AT gl FTE n|AX] £
3} 01H93.8%) myricetin®] F57t S7FE| Wl AE S
8] T 9JEHOZ 7HAdlo] myriceting FE7t 200 pMo)
e AL AE0] 29%% VERITH Myricetin® 557} 50 uM
d o HE AYEEO] 695%F 73 £5A4E Yeh)A] gtor
E 50uME #1 EEE o] A¥E At

Ml g4 M0l ojxle s

37178 §71A9 A fA HFEAE F9 Rl AdrE
Ax AeAle] "AF AR TES 53 ViR g5k =
I 2 e FARER 4 AaF(ROS)] AYFct ROSE
e 4L 7] g 27 ATIAES AU 84 &
A} A AI7F Q1= superoxide dismutase(SOD), glutathione
peroxidase(GPx), catalase(CAT)®} 242 413l §47) 23
&g stal vt WA EAE Cu/Zn SODSOD-1), Mn
SOD(SOD-2)%} extracellutar SOD(EC-SOD)&] A 711 adE]2]
SOD7} £A15ps 222 M|E 9] cytosol, mitochondria, extra-
cellular spaceol] £A5T}2? SOD¥= free radical superoxide
hydrogen peroxide® H%A|ZIt}. AJE hydrogen peroxide=
Fenton reactiong &3l ©% W-8/do] & hydroxyl radical 2
Zg" 4 gt o8 A AP hydrogen peroxide®™ FZ
peroxisomes®l] ZA3} ZHA|E 9} Aol F23 CAT 2
& 0,9} H,0% AgE}® w8t cytoplasm3} mitochondria®l
EAsH= GPxoll 23iM H,02 Hol FE3kenh? o)5 Ak
3} §4-50] myricetin® F%ol weEl G4 4ol o3t J&F
< DAEAE PotrT] A3l myriceting THFS FEE g
&t] SOD, GPx, CATS] &/ W32 S748I3irh. SODS} GPx
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Table II — Effect of myricetin on the activities of the antioxidant enzyme activities, superoxide dismutase (SOD), glutathione peroxidase (GPx),

catalase (CAT) in B16F10 murine melanoma cells

SOD (Units/mg protein) GPx (Units/mg protein) CAT (Units/mg protein)
Concentration Mean SE Mean SE Mean SE
0 0.11 0.06 1.80 0.17 4.44 0.26
6.25 UM 0.90 0.02 1.73 0.07 4.73 0.11
125 uM 0.83 0.02* 1.42 0.09* 6.45 0.38%*
25 uM 0.82 0.02* 1.28 0.03* 7.65 0.21%*
50 uM 0.77 0.04* 1.11 0.02%* 8.23 0.18%**

The cells were exposed to various concentrations of myricetin for 24 hr. The myricetin-treated cells and control cells were harvested
and protein was isolated from the cells. SOD, GPx and CAT of absorbance of each enzyme sample was read at 568 nm, 340 nm and
240 nm, respectively. Results are expressed as average of triplicate samples with +S.E. *P<0.05,**P<0.01 compared with control.

o] 7%, myricetin®] =7} T7VEFE 4 BAdo] s,
myricetin®] %7} 50 uM2] ® controlell VI3l 242} 24%, 43%
7143kt ool Wk CATS- myricetin® 527} S7134S
#2do] 71819 myricetin®] F57F 50 MY ® controlel] H]
3 1.858 AE 7SI tHTable D).

Reactive oxygen species(ROS) leveldf D|X|= Y&t

A4~ (reactive oxygen species; ROSY O/} %At g
Aol gl Hy07H 3hHls]o] 7he Zol AAke) g 71l 9
3 =xHoz FEHEA A4EE OH, 0;, Hy0, 59 3+

22 39 449 39 A=Y HskE 20719, DNAY £
ol fulall cheket F5e] ok ulRd WA ARe] 29lo) ®
t}. o]o)) W}l myricetine] B16F10 celleld] 27 AARLE A
A 5 YeAF obry] 91s) ROS levels ZH3RITH 1
30 [ o e B E—
25 —&— control
—8—6.25 M
—de 12 5 M
20 —6— 25 UM

~&— 50 yM

Relative Fluorescence
[¢;]

10
5
0
6] 10 20 30
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Fig. 1 — Measurement of reactive oxygen species (ROS) level after
myricetin treatment. The melanoma cells @ x10Ywell)
were incubated with myricetin at various concentration and
then 200 W DCFH-DA (50 pM) was added as a substrate
for ROS. After incubation for 30 min. ROS levels were
measured by spectrofluoremeter (excitation : 485 nm,
emission : 530 nm). Results are representative of three
experiments and each performed in triplicates.
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A, CATS 274 7Pt myricetin®] 274 &4 A A
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N

A=AE ROS TS B3lo] s £ 27} myricetin®] &
} Z7¥] w2t ROS leveld] 3HAZo] $715He & <= QU3

53], 11 55 50 pMellAlE controlol] Bl F 58.7%7F

14313 tHP <0.001)(Fig. ).

SEX} Wl 0)i= Qe

8 Ao EAfshs FAitsl AAR= ROS leveld] 47t CAT
o] 37 BRio] Qe AE gotry] flsiA RT-PCRE A3
sioick. 2 Aw) gatsl mae] B39 ido] nisgl ke B
o= AL & 5 YT} Myricetin® CuZnSODS] ddlell=
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Fig. 2 — Copper zinc superoxide dismutase (CuZn SOD) and man-

ganese superoxide dismutase (Mn SOD) mRNA expression
in B16F10 cells after myricetin exposure. Melanoma cells
were exposed to various concentrations of myricetin and
then incubated for 24 hr. After culture, the cells were
harvested and total RNA was examined by electrophoresis.
RT-PCR was carried out with the same amount of cDNA.
PCR products were analyzed by 1.5% gel electorphoresis.
Resuilts are representative of three experiments.
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Fig. 3 — Glutathione peroxidase (GPx) mRNA expression in B16F10
cells after myricetin exposure. Melanoma cells were exposed
to various concentrations of myricetin and then incubated
for 24 hr. After culture, the cells were harvested and total
RNA was examined by electrophoresis. RT-PCR was carried
out with the same amount of ¢cDNA under the same
condition. PCR products were analyzed by 1.5% gel elec-
torphoresis. Results are representative of three experi-
ments.

«—28S
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P actin <220bp

CAT «357bp

0 625 125 25 50
Myricetin (pM)

Fig. 4 — Catalase (CAT) mRNA expression in B16F10 cells after
myricetin exposure. Melanoma cells were exposed to
various concentrations of myricetin and then incubated for
24 hr. After culture, the cells were harvested and total RNA
was examined by electrophoresis. RT-PCR was carried out
with the same amount of cDNA under the same condition.
PCR products were analyzed by 1.5% gel electorphoresis.
Results are representative of three experiments.

= SODY GPx9= ThEA myricetin® 57} £718kS o
o] F7L8ISITHFig. 2~4). o] AL ditkst 491 CATS &4
F7PF fAA o] et RS vehdle Adet 44 &
ATk GAHE Yof] AAEE 0,0 op|EE BAdAkAr B4
= 753+ AI717] Y8l CAT, GPx 5©| SODs} 37 E4o] 5
7¥se o] FhE E442F dUnigel ROSS HA¥o] A=
A shA "ot AFATelA vERd vlel o] myricetin #
g A] SOD2} GPx2] B4do| 7hasl= o= SODs} GPx9 -
A2} wdo] 734310 ot Fdol CATS) Aol 2t

o] F7hEo] G40 Aol T A ¥t Rohrdanz 52
hepatoma cells|A flavonoids:= 8HAF3} & A<l catalase
mRNAY] W@ g F7AAGY Rt o 3 human
melanoma cellsol4 % flavonoid’} tumor cell?) A34-& A8}
T o Huggoh?

olate] A3ES B9 myriceting] B3 BAAE 3
28BS H,0,0) BH)E2Q) CATS) mRNAS) #31e %
o] CATY €435 F7M1719 ROSS] #Ag anz o oAs
o=x st aAE Vel ZoE AlEdr

o2t

_O:L

2 =

B16F10 A=) myricetin X 2| FE7} F7gkl] wieh g4t
i A 3 SODY GPxe= HAaAIZ o CATS 84S F714)
Zrt.

B16F10 A|3¢f] myricetin #]#]A] &7} £718k] w2} ROS
Aol gk JAEo] AFS & 5 SU3dth

Myricetin H2}A] #AkslE 0] Whale]] vl ggg RT-PCR
2 HEHE A7 Aalslas 5 SODY GPxe] »éel= 8
o] gi o} CAT?) L3 F7HA A

™

INEIRTY

E A7e 2o 20039 ZATH] A def 93
FTHEHRPOEZ o] ZAL=FL )

re

=
[

1) Borish, E. T, Prior, W. A. and Venugopal, S. : DNA synthesis
is blocked by cigarette tar-induced DNA single-strand breaks.
Carcinogenesis 8, 1517 (1987).

2) Machlin, L. J. and Bendich, A. : Free radical tissue damage:
protective role of antioxidant nutrients. FASEB J. 1, 441
(1987).

3) Matés, J. M., Perez-Gomez, C. and Nunez de Castro, I :
Antioxidant enzymes and human disease. Clin. Biochem. 32,
595 (1999).

4) Mossman, B. T. and Marsh, J. P : Evidence supporting a role
for active oxygen species asbestos-induced toxicity and lung
disease. Environ. Health Perspect. 81, 91 (1989).

5) Tniguchi, N. : Clinical significances of superoxide dismutases:
Change in aging, diabetes, ischemia, and cancer. Adv. Clin.
Chem. 29, 51 (1992).

6) Cross, E. E., Halliwell, B., Borish, E., Pryor, W. A., Ames, B.
B., Saul, R. L. and Mccord, J. M. : Oxygen radicals and human
disease. Ann. Intern. Med. 107, 526 (1987).

J. Pharm. Soc. Korea



Myricetin ©] &4kkE4

iRl wl]

rir

=R 91

[=}

7) Formica, J. V. and Regelson, V. : Review of the biology of
quercetin and related bioflavonoids. Food Chem. Toxicol. 33,
1061 (1995).

8) Inal, M. E. and Kahraman, A. : The protective effect of flavonol
quercetin against ultraviolet a induced oxidative stress in rats.
Toxicology 154, 21 (2000).

9) Inal, M. E., Kahraman, A. and Koken, T. : Bebeficial effects of
quercetin on oxidative stress induced by ultraviolet. A. Clin.
Exp. Dermatol. 26, 536 (2001).

10) Robak, J. and Gryglewski, R. J. : Bioactivity of flavonoid. Pol. J.
Pharmacol. Pharm. 48, 558 (1996).

11) Husain, S. R., Cillard, ]. and Cillard, P. : Hydroxyl radical
scavenging activity of flavonoids. Phytochemistry 26, 2489
(1987).

12) Bors, W, Heller, W,, Michel, C. and Saran, M. : Flavonoid as
antioxidants: determination of radical-scavenging efficiencies.
Methods Enzymol. 186, 143 (1990).

13) Robak, J. and Gryglewski, R. ]. : Flavonoids are scavengers of
superoxide anions. Biochem. Pharmacol. 37, 837 (1988).

14) Vistica, D. T., Skehan, P, Scudiero, D., Monks, A., Pittman, A.
and Boyd, M. R. : Tetrasodium-based assays for cellular
viability: a critical examination of selected parameters affecting
formazan production. Cancer Res. 51, 2515 (1991).

15) Smith, P. K., Krohn, R. 1., Hermanson, G. T., Mallia, A. K.,

Vol. 49. No. 1. 2005

Gartner, E H., Provenzano, M. D., Fujimoto, E. K., Goeke, N.
M., Olson, B. J. and Klenk, D. C. : Measurement of protein
using bicinchoninic acid. Anal. Biochem. 150, 76 (1985).

16) Martin, J. P, Dailey, M. and Sugarman, E. : Negative and
Positive assays of superoxide dismutase based on hematoxylin
autoxidation. Arch. Biochem. Biophys. 255, 329 (1987).

17) Paglia, D. E. and Valentine, W. N. : Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase. J. Lab. Clin. Med. 70, 158 (1967).

18) Aebi, H. : Catalase in vitro. Method in Enzymology 105, 93
(1984).

19) Sattler, M., Winkler, T, Verma, S., Byrne, C. H., Shrikhande,
G., Salgia, R. and Griffin, J. D. : Hematopoietic growth factors
signal through the formation of reactive oxygen species. Blood
93, 2928 (1999).

20) McCord, J. M. : Superoxide, superoxide dismutase and oxygen
toxicity. In: Hodgson, E., Bend, J. R., Philpot, R. M., eds.
Reviews in Biochemical Toxicology 1, 109 (1979).

21) Rohrdanz, E., Bitter, A. and Tran-Thi, Q. : The effect of
quercetin on the mRNA expression of different antioxidant
enzyme in hepatoma cells. Arch. Toxicol. 77, 506 (2003).

22) Rohrdanz, E., Ohler, S., Tran-Thi, Q. and Kahl, R. : The
phytoestrogen daidzein effects the antioxidant enzyme system
of rat hepatoma HA4IIE cells. J. Nutr. 132, 370 (2002).



