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Alterations of Antioxidant Enzymes in Response to
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Abstract — The effect of oxidative stress on the alterations of different antioxidant enzyme activities was
investigated in human skin melanoma cell line (SK-MEL-2). Oxidative stress was induced by the exposure to
hydrogen peroxide (H,0,). SK-MEL-2 cells were treated with antioxidants such as vitamin E and selenom-
ethionine in combination with H,0,. SK-MEL-2 cells were exposed to various concentrations of H,0, and
measured the time course of changes in cell viability and antioxidant enzyme activities for 24 hr. Oxidative
stress was induced by the exposure to 2.5mM hydrogen peroxide (H,0,) resulted in declining significantly for
24 hr. GPX and CAT activities peaked at 3 hr and returned to control levels by 24 hr. On the contrary, SOD
activity was inactive before 6 hr but recovered at 24 hr, In case vitamin E (Vit E) and selenomethionine (Se-
Met) were used at nontoxic concentrations (25 WM Vit B/500 M Se-Met) to oxidative stress was induced by
the exposure to hydrogen peroxide (H,0,) led to a 3- and 5-fold increase on the viability comparing to control
and caused an increase in GPX activity respectively.

Key words [] Hydroperoxide, Antioxidants, SOD, GPX, Catalase

NEE olBhe BEAL AP RABHAAE 7
%492 superoxide radical anion (0, ), hydrogen per-
oxide (H,0,), hydroxyl radical (OH - ) 53} 7 WA
o] 2 reactive oxygen species (ROS)YE AJAISIIL(Oberley
=, 1995), °|& e, 37129 T3 2L %
A=l JsiA = A}]HE]E}(Shmdo E, 1997). o|H ROSE=
v}ekgt 7|78 E3le] base lesions, sugar lesions, single-
strand breaks, abasic sites, DNA-protein cross-links®} 7+
+ DNA damage-} lipid peroxidation, protein denaturation
55 94.°7/™(Brennan £, 2000), ¢, =3}, 4132 #H(Gavat
5 1999), €<=, radiation injury=9] o8 7Ex] Avix} &
Ho] 9l Aoz Ui glok(Rohrdanz 5, 1998).
ghakske}l #E1El Superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX)e} 722 ghila} 4

52 membrane®] lipid peroxidative damage, sulfhydryl-

containing enzymes®| inactivation, integral protein®] cross-
linking 55 9.27)%= oxygen speciesZ B4 3} A7)t
AMAFe=ZA Az} 242 34 Do (Gregus 5, 1996;

*To whom correspondence should be addressed.

Ranos %, 1996). Cytosol(Cu, Zn-SOD)# mitochondria (Mn-
SOD)ell &A13}32 ¢)3= SODE superoxide radical aniom2:
hydrogen peroxide® ZgA|ZIeh. SODS] HhSol 28] =t
=%l hydrogen peroxidet= Fenton reaction2- B3] %
Hh3-4Jo] Z hydroxyl radical® A$H 5 lc). ofw A
/3%¥l hydrogen peroxidetx> peroxisome®| EA|s= CAT7}
Abdmo}l B2 A7, A x4 n|EZ =] E3)5)
= GPXol| 8] B2 BEsElchShull X, 1991),

=3}, glutathione, ascorbate tocopherol &3 Zre] A}
who| 2k PASA| B2 free oxygen radicals®} 2|3 28}
3t 53 A]7)7) E]"":] A|-g-A elm A plasma
membranes] &8} vitamin E‘— B2 vitaminEe]
FA H¥l2ellM cofactor® 2831 A= FE] chain-
breaking antioxidant®. Z}-2-3ted in vivo$t in vitrool A
free radical lipid peroxidation®2%E lipid membranez}
lipoprotein F+&£% ¥ ZF g} (Ottino 5, 1997; T raber,
1997). T3t vitamin B= immune response® AFSA]7])T

HHAE o cancer initiations HA|A]7]7]1 %= T} (Kelly,
1997).  o-Tocopherol2  E3& ¢l  radical-trapping
scavenger (chain-breaking agen)®. <= 9t} Free
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radicals DNAZ £AMAZ]1Av} polyunsaturated fatty
acids (PUFAs)®} ¥k-8-8}o] chain reactionse F3l = vl
free radicalse- A48l Br}. o)w), artocopherol® aromatic
ring (chroman head)] free radicals?} W55ty |5 57
A]F]3L oxida-tion . E5E PUFAsE 2.ZF33 membrane
lipids®] oxida-tive damage® %A Hv}. (Buwton G,
1996). Vitamin By 3ol wiebd L ZAde] delA|w
% 2o A antioxidant activity® WFEPA® dAFE ¢
Abel A g-oll= cancer celle]l HlE  antiproliperative
activity®} prooxidant activity® Wehte A L2 HilEe]
9ieh (Mauro Picardo 5, 1996).

Selenomethionine2 F-F-Fol|lA vz Zxsls= H4
9] minerale] ™ (Goyer, 1996) Vitamin E£} 7] &t
g5t B3 14 S AT G AL E W
ole}. s A o= alkali disease, neurological symptoms,
loss of fertility, congenital defects, embryotoxicity &3
72 EAute] s ot seleniume] ZHF™ muscular
dystrophy, cellular necrosis, Keshan disease Zo| of7|%
o= 7o) weieh

ole] £ AFe|ME AlElH AEH Aol AL}
B0 8AW 52 A B A} human skin melanoma cell
line (SK-MEL-2)ell hydrogen peroxideZ A|ZHH, F=H =2
xz]sle] AWEgo) w3t kS g1l o]ol w3k Alzk
H, y5H A Bh FHE EAS] AlslH 2B

ol xe] AkE} 0] WEE el tch E5F vitamin E
1} selenomethionine $& *|2|sled ALEE ~Ed e o
% AT o) Ao AZEH P BE A
el S B s

ARy 2 M=

ME 2 Al9F

RPMI 1640 powder medium, fetal bovine serum (FBS),
antibiolics (penicillin G sodium 10,000 units/ml, strepto-
mycin sulfate 10,000 pg/ml), trypsin-EDTA (0.25% trypsin,
oM EDTA - 4Na), sodium pyruvate, trypan blue® Gibeo
BRL Life Technologies Inc. Al&& AHE-8}9 L, sodium
bicarbonate, N-2-hydroxyethyl piperazine-N'-2-ethane sulfo-
nicacid(HEPES),  3-[4,5-dimethylthiazol-2-y1]-2,5diphenyltetra
zolinm bromide; thiazolyl blue (MTT), dimethyl sulfoxide
(DMSO), d-o-tocopherol acid succinate (1210 LU. per
mg, vilamin E), seleno-dl-methionine, (-micotinamide adenine
dinucleotide phosphate reduced form (B-NADPH), gluta-
thione reductase, glutathione reduced form, sodium azide,
cacodylic acid, tris[hydroxy- methyl]aminomcﬂlanc (Tris),

pyrogallole- Sigma chemical Co. AlFS AM-s1Gt. Hy-

drogen peroxide™ Fluka A|&& AM-5}19137, Protein assay
kit, bovine senmm albumin (BSA)<- Bio-Rad Laboratories
A%, ethanol (absolute)}>- 1.J. Baker #|E-& AMs}9iom,
ethylenediamineletraacetic acid disodium salt (EDTA)T=>
Junsei chemical Co. Ltd.-E AM$-38}93c}. Phosphate buffered
saline (PBS, pH 7.4)= 137mM Na(l, 2.68 mM KCI,
147 mM KH,PO,, 8.10mM Na,HPO,Z 1LZ FA|s}eq
wF ojifg} RS- AMgEl T, o] S ARl BE B ul

o Aeke AHesle), 5 Al3e|A deionized waterE
ARgslet.
7|7 A 77|

02um pore membrane filter (Gelman science), 0.2 pum
syringe filter (Gelman science), 5ml disposable plastic syringe
(T4 987 Akd FA3AD, 96 well plate (Nunc®,
Iwaki), 60 mm tissue culture disc (Iwaki), 25 cr/75 cm? tissue
culture flask (Nunc®), conical tube (Nunc®, coming),
cuvette (Bio-Rad), filter unit (Nalgene®), hemocytometer
(Superior, Germany), elecironic top loading balance (AC
2118, Sartorius), digital pH meter (Mettler Delta 340), labo
autoclave (Sanyo), ELISA reader (Dynatech MRS5000), CO,
incubator (New brunswick science), clean bench (3F=F
2%, table top centrifuge (Hanil science industrial Co. Ltd.),
microcentrifuge (microl7TR, Hanil science industrial Co.
Ltd.), vacunm pump (DOA-V152-AA, Gast), inverted micro-
scope (Olympus CK2), pipet-aid (Barstead), vortex mixer
(Broomall, PA, USA), magnetic stirrer (Corning), sonicator
(2210, Bransonic®), deep freezer (OPR-DFU-128C, Operon),
UV/visible spectrophotometer (Ultrospec 2000, Pharmacia
Biotech)

M|z Hi2F

Human malignant melanoma®-F€] -fej¥ SK-MEL-2
cellss &= M%£F 23] (Korean cell lines bank).2.Z5-
B| Bobuglel SK-MEL-2 cellss= 10% FBS$} #AJA]
(penicilin G 100 sodium 10,000 units/mi, streptomycin
sulfate 10,000 pg/ml), 1mM sodium pyruvate® 3}
RPMI 1640 ®#j=]E ufoFel} o2 3}ed 37°C, humidified
5% CO, incubatorel]l A wilF= ok wiekde] pHE 10
mM HEPES®} 2mg/ml sodium bicarbonateZ Ap-£-8}ed
72742 ZAEEE 25 cm? tissue culture faskt} 75
cm? tissue culture flaskellA Al w§FE}T confluent=| Sl
S o) typsin-EDTA §-8-& X=]3}e] Ayel A5l

AMEol =X

30% hydrogen peroxide: PBSe]|, vitamin Ei= abso-
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lute ethanolel], methionine F-eof o] YH-E ZA)s}

9g9om, DMSO% ethanold] FHF == 0.1%7} HEE
PBSE. A3l e}. A& f¥-2 0.2 um pore size syringe
filter=- ﬂl]-ﬁ']-ﬁﬁ] vitamin B A B AR 3)2]e]) FA| 5}
Hom 4°CE A5 AR A fel AMSER -

M= d4=8 &3

Hydrogen peroxide £H% X2

SK-MEL-2 cells suspensions trypan blue dye exclusion
method(Benford 5, 1987)2 <lu] A&eA] AAg 2z
9 AZE FE @x10° cellsmDE AT} Cell suspen-
sioms 96-well plate?] wellell 100wy 71st 3, wloF|
(37°C, humidified 5% CO)lM 2447+ E<F <FAHEAA
o}, hydrogen peroxide:= stock solution® < Z|A e
E=rHe 228908 7F welle] 100 utd ‘wi Ao
3L, 2 A RS =9l 0 100 Y 718 ARG R2FeB
Bpict. A7 AIZPEG, 6, 12, 244 ZHE BH°JH}°E1 MTT
SlL well F S0u¥ ol 4xjZF F1F Wkl =gk
T 94 2sk AFNL ARSI, @71 DMSO 4
M-S well & SOuAE 7heke] 187E shakingdHHA]
formazang $17415) 43147 ELISA plate reader ©|-83}
o FREZ(S700mm)E FAsE. o] o, A AT
<+ 309 wellel LA AlPsigion, B AFE 33
o]k At g} 2 Aol o3 ME AEES AE
i

Cell viability(%)= —Z_ x 100

a : control group®] §4=
b : experimental group®| EF=

A=z B A

Hydrogen peroxide T5=lz|o|re} 2 ¥iyo=
seedingt cellse]] Vitamin E®#} selenomethionines #H2;
FeHE Folglk F 1247 Tt wioFsle]d MTT assay®
AA Bl N E AEES FAE e, 4 AQed 2T
= 04 welle] FLeA Ao, Fd S 33
o4 AAlslsdt.

A2e| WE X2

Hydrogen peroxide THE*|2]ollA{ e} -2 HP 02 geed-
ingdt cellsell vitamin E¢} selenomethionines -Fof3lx
2.5 mM H,0,& X]2|dle] A|7PE= H]C’kﬁ]' F MIT assay
£ 9o} S sl AE AEE2 ST 4
AT 322 Fhe] well] %‘3—-_]'5]7‘1] 7‘]%3'5})5\——”4, 5
o AEL 33 o)Ak AAlslsch

e 54 M 53

AlEe| ®2

4x%10° cells/ml®] SK-MEL-2 cells suspensiong 60 mm
tissue culture dishell 718t 5 ujelr|el A 24471 B4t gt
AFANZICE BelM g} e Wl ez 7] AIRE cell
suspension® EHFOZ 718t F A|7PHE. wikElw dishel
A WAE AlASkE PBSE 23] AFsle] FXE sample
(1.0x10° cellsy 9T AF5H-2 A|7g pellets -20°Ce]]
x#kalet, cell pelletel] cold PBS 1mis 715} 45 $
oA g} sample & 15% ZF4.2= 10%& B9 33 sonica-
tionA1Z] -, 12000 rpm, 4°ColH 587+ AlE] sk A
Edu-s 5ol enzyme assay sample® AR8-5¢ivh
Sample®] protein®F-2- bovine serum albumin (BSA)=
standard® AF£-3}ed Bradford protein assayel] 2|3l A3}
ovHBradford, 1976).

Glutathione peroxidase activity %

Glutahione peroxidase (GPX)%] #4J-2 Flohé®} Gii
nzler?) Wbl 98] spectrophotometerS AR&3}e] S35}
9 v (Folhe Leopold 5, 1984), (Donald E Paglia %,
1967). GPX2] ¥F-&E-9t glutathione (GSSG)< reduced
glutathione (GSH)®] ¢4 F%o) disr AlT=E )2
glutathione reductase (GR)*| 2]&)| A< €}, o] 2
3¢ NADPH®] AHeHE A3,

0.1M potassium phosphate buffer (pH 7.0, 1 mM EDTA)
500 ple] 2t sample, GR, 10 mM GSH, 1mM sodium
azideZ 77+ 100 u¥ ¥ F 37°CellA 1087F oA FA]
1}, 3718l 1.5mM NADPH 100 piE- 715t b8 3% %

oF H,O7} i Alelell 4] NADPH 4H]E a3l
of|- &)%) (prewarmed) 1.5 mM H,0,2- ¥3 NADPH®] 7t
28 FHE7} Aol LJrEthEi 340 nmell A 587 F=
T2 ZA3T T Al o8] 4 FAL ATk

ANADPH y Vi
[GSH]ot Vs
ANADPHA = 2%} NADPHY &4= w3}
[GSHlo = GSHY] &7 5=

Vi = incubation mixture®] volume

A=0.868

Vs = enzyme sample®] volume

Superoxide dismutase activity =X

Superoxide dismutase (SOD) &4 A2 pyrogailol
autoxidation®] #|&}3 FAsl= Marklun®] WPHS AME3E}
WrlMarklund 5, 1974; Roth 5, 1983).

50mM tris-cacodylic acid buffer (pH 8.20, 1mM EDTA)
1 mlell pyrogallol stock solution (0.2mM/10 mM HCI)
ok 500 WE 7ksle] 189 0.015 A2 F4T $15 1}
BRI =% 78 3}e] standard absorbance® A5}t
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o] substrate -2 I mlell 2 sample 100 ulE 7FskL
UV/visible spectrophotometerZ A3 420 nmef| A tris-
cacodylic acid bufferZ blank® 3} 18vich 108744
absorbanceZ- £4J3}1L, lag phasedl| 4] 2|Ale] ARSI 5%
A 10871A] 1 9% WS galle] ol el 23l
A4 F4S AXkslgek SOD 1 Units pyrogallol autoxi-
dation rateZ 50%71%] HAI8k= SODS] ko 2 A23ir}.
(a-b)
0.5xa
a = standard®] 4% #3}

b = sample®] T3 W3}

Catalase activity S8

Catalase (CAT)®] Al EA-2 hydrogen peroxide®] &
ol wa} 7rasle FHTE 245 Achid] HHE o]
2351 tHAbel 5, 1984).

50 mM phosphate buffer (pH 7.0) 100 ml% 30% H,0,
= o] 10mM substrate solution(A,,=0.5y& THES}. °]
substrate solution 3 mlell Z} sample 100 wE 7FgF 3
43.6 Mlem 9] exitinction coefficient® AF&-8ked UV/
visible spectrophotometer® 240 nmel|A phosphate buffer
= blank® s} 1580} 25854t absorbance® AL,
15 FE WIS el v A g8 24 g3AS
A2kssict.

SOD activity=

AA/min x 1000

Specific activity= e

AA/min = sample®] 113 FH= #HE}
43.6 = H,0,%] molar exitiction coefficient (M~'cm™)
1000 = dilution factor

A X2

Graphs9} tables®] B-= TR 2F A ¥ 3] Wgk o
Z EZ£ 27} [mean+SEM.(standard error of the means)]
2 epd glolm, HEE3 B4 FA0] el W #

2)HE tstudent testS o]-8-3le] AAbslsiet.
g T

Hydrogen peroxide0f] 2|8 M5(8 A=A

M=z MEE

MTT assayel] 2J3] A7PH, =2 AL JESES A
g 23, H,07F A%E0.625mM, 1.25 mM)d H 24
AZFE<F 60% olAke] AELE #X|8 vbdel 2.5mM o
Aol WemdME 3AZF AET} AwkE W 53%E viehd
WA AEFo] Ao AR TR 2h4El] 6A 7l 36.5%,
12X 700 4.5%, 24417303 719] 0%l 7P7Hsi=t(Fig. 1).

s g 8y
24717k B9 AE AELS A A B0} T 5
2.5 mMellA Bts Ee) A A7kl me EAs) &

A3}, GPXe} CAT: 3417k ) controlel] ®ls] 20 Ax
Z7kslelrt Alzke] AldE MA3F] ZAEle] control TF
2z sE=ckFig 2, 3). SOD= 23 F3E 647
7R AL gzt o] FRE MAMF] F718le] 2447l
control 5ol =813 ch(Fig. 4).

—=—0.625mM
120 e 1,28 MM
4 25mM
~w--5mM
S / \
3 w0 1
B e
= 1
©
=
382 e
0- T |
1 T T T T T T T T T T
0 3 6 9 12 15 18 21 24

Time in culture (hr)

Fig. 1. Time course of cell viability after exposure to H,O,.
The cells were exposed to various concentrations of H,O, for
24 hr. The results were expressed as the average of triplicate
samples with S.D. M, exposed to 0.625 mM H,0,; @,
exposed to 1.25 mM H,0,; A, exposed to 2.5 mM H,0,; ¥
exposed to 5mM H,0,. 1p<0.001, *¥p<0.01, *p<0.05 com-
pared with control.
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Fig. 2. Time course of GPX activity after exposure to H,0,.
The H,0,-exposed cells and control cells were harvested at the
indicated times and GPX activity of the extracts was measured.
The results were expressed as the average of duplicate samples
with S.D. @, control; B, exposured to 2.5 mM H,0,.
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Vitamin E2| A&

M= MZES :Vitamin E(Vit E)yE 3.125 pMellA 100
pMe] WeE pxds xEshd 25 uM oA FEAE
12A17F B2t 90% ©)Ake] &S FAISHL 50 Mol M=
85%, 100 pMeAE 21%% vehliaAs FE &=
Azgo] A3l ch(Fig. 5). Vit ES AEE] 2 4k
g wAA e FEQ 25 uMF 50 uME- A BJEAL Hy0,
g Fojaled x|zhaR wiekshH 6AI7 o] FHE H0, ©F
et AP TEED) PEgo] o Folplem 1247elE 3

g —=—HO,
p ---4-- Control
14]
13-_
= 12
Q
&
g
o
=) \
=
g
& 1 1 g 1 *
i
S
0 ] ) 1 T I 1 T L] T
[} 3 6 9 12 15 18 21 24
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Fig. 3. Time course of CAT activity after exposure to H,0,.
The H,0,-exposed cells and control cells were harvested at the
indicated times and CAT activity of the extracts was measured.
The results were expressed as the average of duplicate samples
with S.D. @, control; M, exposured to 2.5 mM H,0,.
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Fig. 4. Time course of SOD activity after exposure to H,0,.
The H,0,-exposed cells and control cells were harvested at the
indicated times and SOD activity of the extracts was measured.
The results were expressed as the average of duplicate samples
with S.D. @, control; B, exposured to 2.5 mM H,0,.
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Hj, 247 7}ell= 108 o] Folzith(Fig. 6).

ghist B4 &Y 1H,07F Sl AeielA Vit Bab A
2gk Agdwe] A SoD: #Ae JEpiA ke
GPX:= controldl] ¥ls] F7Hld H 0,9 %8 Foidt
ARFE H0,5 9522 AT APTETG GPXs
Sop7t A4zt 1.69, 1.79 A% 718l CAT: 3=
A8 7oA controlr} eFzF AT Aol AE 79
S eH(Table I).

100 4
4 \
— ao-
=
£
8
5 gl
é
=
1o
8 i
20+
T T T T T T T T T T
0 20 40 60 80 100

Concentration (LiVl)

Fig. 5. Dose-dependent effect of vitamin E on cell viability.
The cells were treated with various concentrations of vitamin E
for 12hr. The results were expressed as the average of triplicate
samples with S.D. #p<0.001, **p<0.01 compared with control.

o EESWItE 25uM + HO,
| Y [T Vit £ 50uM + HQ,
EEAH,0, done
N
= 50 il
N
5 4]
35
£
el
: - t
g 20+ i T -
3 _ 1,
104 o T
il =i
0 N —

. . ; v
3hr Ghr 12 hr 24 hr
Tirne in culture

Fig. 6. Effects of vitamin E, H,0, and vitamin E in combina-
tion with H,0, on cell viability. The cells were cultured with
both 25 UM and 50 pM vitamin E in combination with 2.5 mM
H,0, for the indicated times. The results were expressed as the
average of triplicate samples with S.D. *p<0.001, **p<0.01
compared with control.
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Selenomethionine2| &k

M MEE : Selenomethionine(Se-Met)& 31.25 uMellA]
1mMe B8z =58z Aulsl] 1247} wioksisdd
Y BEF 90 % oAk AEES Byvh 53] 500 uM F
Zo M= control® T v =& $AE YehYTH(Fig. 7).
Se-Mets F=HE H,0,8 2] Fojshd H,0, &5
23t AXe 48] R 5 AR AEFo] Folsl= AL
BT wxo el A GE2EXE AdskoiFg. 8-1).
500 uM Se-Met} H,0,8 #& Fofsld A|7PE=z 42§
S EXE ¥ 1277l 5e) AR Folxlem 244)71
B 12X7HES) wijekel AR} o] L A= o Fo}
sl9doH(Fig, 8-2).

A8l 54 84 H,071 9 AElelA Se-Metit A
2]8} A2 control® = GPX7} 1.54) A= £7)3 A&

Table I Effects of vitamin E, H,0, and vitamin E in combination
with H,0, on antioxidant enzyme activities

GPX SOD CAT

Unit/mg protein Unit/mg protein Unit/mg protein
Control 0.206 4.48 494
VitE 0.235 0 7.28
H,0, 0.157 1.68 7.55
Vit E+H,0, 0.255 2.91 7.02

The treated cells and control cells were harvested at 12hr and
antioxidant enzyme activities of the extracts were measured.
The results were expressed as the average of duplicate samples
with S.D. Control, unireated; Vit E, treated with 25 uM vitamin
E; H,0,, exposured to 2.5 mM H,0,; Vit E+H,0,, treated with
25 puM vitamin E in combination with 2.5 mM H,0,.

E1

T
T &
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& 804
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0 200 400 600 800 1000
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Fig. 7. Dose-dependent effect of selenomethionine on cell
viability. The cells were treated with various concentrations of
selenomethionine for 12hr. The results were expressed as the
average of triplicate samples with S.D. **p<0.01, *p<0.05
compared with control.

E 4 993, 5,09 W4 Folg AlETES H0,5 w9
L2 R AgERe Lev] Z7181% o SODE Se-Met
= 2 AT AYE, 00,5 @5 A=gr AT, Se-
Met# H,0,2 ¥4 Foidt AgPF £ o] A7ix) Agzel
Al B control®} W)L AR H)5:8F 40| Tk. CAT
= Se-Met& =S o 7B B3, o8 F AP
A% control2 = A el TH(Table II).

50+
40-
:
8
2 }
. [
82 by
:
104
0 T T T T T T T T T T
0 100 200 300 400 500

Concertration (uM) of Se-Met

Fig. 8-1. Effects of dose-treatment with selenomethionine in
combination with H,O, on cell viability. The cells were treated
with various concentrations of selenomethionine in combina-
tion with 2.5 mM H,0, for 12hr. The results were expressed as
the average of triplicate samples with S.D. All data in p<0.001
compared with control.

BRI Se-Met + H,0,

50+ E=IH,0, alone
[

30+

20+

Cell viability (% of contral)

=N .

1Zhr 24 tr
Time in culture

Fig. 8-2, Effects of selenomethionine, H,0, and selenomethionine
in combination with H,O, on cell viability. The cells were
cultured with 500 UM selenomethionine in combination with
2.5 mM H,0, for 12 hr and 24 hr. The results were expressed
as the average of wiplicate samples with SID. All data in
p<0.001 compared with control.
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Table I Effects of selenomethionine, H,0, and selenomethionine
in combination with H,O, on antioxidant enzyme activities

Control 0.206 4.48 4.94
Se-Met 0.322 2.37 8.98
H,0, 0.157 1.68 7.55
Se-Met+H,0, 0.243 2.47 8.00

The treated cells and control cells were harvested at 12hr and
antioxidant enzyme activities of the extracts were measured.
The results were expressed as the average of duplicate samples
with S.D. Control, untreated; Vit E. treated with 25 pM vitamin
E; H,0,, exposured to 2.5 mM H,0,: Vit E+H,0,, treated with
25 uM vitamin E in combination with 2.5 mM H,0,.

il =)

TEAES] A fRlef] D4 AR T2 shikl At
Al ARpEA 9] #F AR $4AF B, A 4F
AL A | = Freddt] o] A oA reactive oxygen
species (ROSYE A}, ROSE A=y W A¥E3)
9 A= Tt 2L A 9% MR A= gRE Hx
3 AL Z ls) w2 k] &2=1 DNA, protein, A&
g ot 22 AEA] 1A B vlrie A 243
A "o} o)23 Akl 2E#H Ao thE] vitamin E-b
selenomethionine?} 72 FAKSIA] €] ulo] 2R8-8- ) Efjo]
o] shakst Eao] &4 wiske gaksleich

H,075 Sxe wet AXEe] 3= 93] 22A]=4
ABA Q= EfF] AEAAM H,0.7F o5 W2 HE]]
3-15 uM & 25%-45%%- S AF=A)7)1E mitogenS
B2A s, 120-150 pMel|AlE dA-ed AR JAIE
oA ofiz|e] #e] AlMa} DNA &4k 2 0E) HEE
Bz £oh AkEb 242 0.5-1.0mM H0.004 ekt
v AT O 2 apopiosisE L2717 Hel. H,0.7) Wi =
2 FEQ 5.0-10.0 mMeAME Al Edte] Faljw 3 whialsl
ko] WHAE ] FUE pecrosis’} deoludek BEe] 9]
=HDavies, 1999; Saladinos, 1985). A8l AFE-E melanoma
cellsoflAME 1.25 mM H,0, ©I57kAl= A% AE&ge] =2
A <GS mAA] @okert 2.5 mM H,0004 A7kl ohet
AMAE] AEgo] ZhEE AL B P 9ged ol R
H s =2 F=AR 2.5 mM HyO00A] Alzel] A
3 AE#AE Fof A apoptosiss U0l AYE &
ols} = Ugiem B=rl F Fofzl AL AAF AT of
W g Ee)7] djEd Aoz AZEG ARl ~EfaE
do7)= 2.5 mM H0004e] dH4ksl B4 F4e AR
W A7) wel dEue S 3ld 4 gtk Gbxe}
CATE 3ol HAE ehiglal o] F5E 2447HE
ot A2 S EEE vbHe] SODE X177 84S v}
sfi=] delrl Ak B9 SODE 0, € H,0,5

oﬁ)&

=]

A2 7V EAgld Zele] 0,71 AEWE F-Y=EEA
H,0,01 23 degradation (lizawas, 1994)=e] 1 3AdE
AR} Alzke]l AbEA GPXul CATS 8] H,0,7} Al
A=HA SoDY FA = At #HEH oz A
AR E2] Wo] 2E-g dolir] $8) vitamin E9}
selenomethionined- A3 FI H,0,5 F33 F 3hits}
BATo] AAAR Foled= 1247F FF wieks] FHk
H,0,% @522 Foidt 29-Be} Vitamin EE 34 Fo
# F AZgo] ME FIEIET ke Eho) WEE
A E9 vitamin B 423 Ag@FlA SODE 749l
21} GPXvt CAT:= F71t Ag & 4 sldd=. CAT:
vitamin E5t Xe)gk AT, H,0, @5 A= AHE,
vitamin E¢} H,0,8 W4 T3t AHF 5 ZE AT
A control¥ T 27t A VEREAT 242 i
gaksl g4 FoA 7 T F71R GPXE H,071
g AEA vitamin BEZ XE]32 9 conwoldl] 8]
13% &7V8e, vitamin EE H,0,°] & Folslm
H,0, &5 AMelg Ad7Rot #Ye] 63% AE =2 AL
2 et ol AEE] 718 HFE Hat A
AtEA AEf 2~ AdE|A] vitamin E7F chain-breaking
agent2A] free radicalsZ- A|As| & # ohz} aAkE B
A8 F= zhge] o8] ME &S U= AEE 5 X
Sl= Aoz Azl B = glv). Selenomethionine® %]
YL o= JA] H)O,Z QlFF AF1 AEH A Al A
AEEo] SR F71EHATHP<0.001). Ak3F B W3}
E A3 selenomethionineRt #2]g AP 74 SOD
v} CAT%E= control#} B3] B9k o 2 ¥3E Zoli 7]
ole§v}. 28w} selenomethionine®] GPXell m]|x]= o3&k
£+ A H,071 2451 AbfellA] selenomethionine
= W8 Fog AHFINE 0,0, 95 st AHEEE
o} 55%71A Aol F7isldvt. Al AEda AR
selenomethionines *2|3}3 2421 7F wiokald 124)7F B3t
wjekslis ZlHe) AEgo] 50% Ax Z7)El=d o) 4t
B 54 FollA GPX7) 2] F71sked A E2] Ao oF8k
2wz A2z Az}, o|23t AgAI= selenomethio-
nineS- WAl T3P GPXS] mRNA =Fo )} gepe trans-
criptionol] = HHHE M 3E T4 BT wiakAl bl o
= GPX o] S7Merte HileMx ¥ 4= 3l
(Jornot 5, 1995). Ak AE#A AFSelA] selenomethio-
nine®] GPX B4 £7)o] <33kg Fo] A EF B35t o
5 gl AL Feld 4 glgled o3 AlE HE 3}
42 lipid peroxidationell £&F ME £4HE HFdt=
GPX2] Zhg-o] F71E%)7] dFelela B 4 olvt. dakst
AEL HAZ GPXz T el T502 Aede
W= H0,3 9522 X=E F9& ds) sklAR
SODE A7 vAAA SR H2 SODE ¥ A
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2y £ ¥ fasiohe Rt e (Amstad 5
1994; Yohn %, 1991), H,0, ¥% =2 SOD7} 749
%9 A< H,07F SODZ inactivationr]537] dfF-o]m 3}
AbEA S0l 218t SOD9] A AlshE £4hg Sol= Wb
Hoz Zgg)7] diel Aoz A7,

24 E

AP AEH2) AZ) §AEEE §2 FA) vlHE o
s} sRAEAle) 23t SRabE B4 Aol wWEE SK-
MEL-2 cellsol A A2 Az}, g5} 22 2
+ 39l

1. SK-MEL-2 cells®l] 2.5 mM H,0,3 A2]sha Ak3k
2EHAE U2A apoprosisZh PLE-S Flalgle). o]
0,7} ke Eael] wA= ojdke AwHw GPXe}
CATY] B2 3x71A Z715t ubdel] SODE 27|01
PG VYAl kST 2447 bl BE AR BT
o] AAAE 3 EH}

2. Vitamin BE= AF AEgls Abalol|a] A 2e] A=
S ZUMIA F414) o] vitamin E7} radical-trapping
scavengerd %k oh e} 3AlE Hae] B4 FUIE F=
Al $& 9le Zlem Helvh

3. Selenomethionine™ AF}H ~Eg]2 Alslolla] A Ee)
AEES ZVMIA F992H old) GPX #A49 F7P) F
et

olafe] Ay A3}, AlslH "“E?—ﬂf—“‘—c- spAbEA S M
ule] 2Rl ofd gsld = 9S & 4 Atk

ZiAtel g

H olF-= KISTEP 20005 <= ejxjo)gkal o774t &
221439 X9l o 2 fEiEglom ofdl A=

o
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