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The oxidative damage of lipids, protein, and DNA is known to be involved in not only chronic in-
flammations such as arthritis, hepatitis, nephritis, gastritis, colitis, and periodontitis but also
metastasis. It has given impetus to searching for natural compounds without toxicity, which prevent
the development of these diseases. The direct scavenging effects of aged black garlic extract (ABGE)
were evaluated in vitro on DPPH radical, hydroxyl radical, hydrogen peroxide, and genomic DNA
damage related to oxidative stress. Furthermore, its antioxidant effect on lipid peroxidation was inves-
tigated in human fibrosarcoma cells (HT1080), which were exposed to the hydroxyl radical generated
by the Fenton reaction. It was observed that ABGE exhibited a greater inhibitory effect on hydrogen
peroxide than other reactive oxygen species, and also blocked DNA oxidation and lipid peroxidation
induced by the hydroxyl radical. The oxidative stress in live cells was also inhibited in the presence
of ABGE. In addition, its inhibitory effects on the activity and expression of MMP-2 and -9 related
to metastasis were determined using gelatin zymography and western blot. The data showed that it
inhibited MMP-2 and -9 in PMA-stimulated HT1080 cells. Therefore, these results suggest that ABGE
show potential as an excellent agent for prevention of metastasis related to oxidative stress.
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e e Z8 9 =385 E Ecurcumin, resveratrol, euge-
nol, propolis &°] &&# ATH6,11,13,16,1822]. 53], &=
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= =5 WA 71 A
F 15 4 A4AA H2A 9 Frtsd Axsid Srks Al
3% 3% 4 71%7|(EYELA FREE2E DRYER FDV-810)E ©]
goto] 22N v 2712 R HEs
22 AXE A8 s24x A& 100 goll Wlg2 115 7kt
40°Cell A 33 whEsto] 329 Ty A3 oS 3712
AFEZFE 01%3}04 44 A7l Sdimethyl sulfoxide

Z 3| H4ste] ARG ATh Al ke
9Jg+ Dulbecco’s Modified Eagle’s Medium (DMEM),
Trypsin-EDTA, penicillin/streptomycin/amphotericin (22
10,000 U/ml, 10,000 ug/ml % 2,500 ug/ml), fetal bovine se-
rum (FBS) Al Gibco BRL, Life Technologies (USA)2. 2 5
B FY3tAth HT1080 Al3ZEAmerican Type of Culture
Collection (Manassas, VA, USA)2F-E TY3+A T MTT A
oF gelatin, agarose, PMA (phorbol 12-myristate 13-acetate)
g 7]E} Al¢F2 Sigma Chemical Co. (St. Louis, MO, USA)Z
R L

DPPH radical assay

Brand-Williams9 A3 HE W3 1,1- diphenyl -2-
picrylhydrazyl (DPPH) radicalell ti$+ ABGES] &~A 59 <
2439 tH4]. 213559 ABGES DPPH & 7}3te 10
+ AL 20 min E¢F AT ¥
525 nmol|A FFEE SASAT A 2= 01% vi-
tamin CZ AF&-3}91 1, DPPH radical $t&& A8 A7 a
gz 3T HE % FoZ kst Yehgdth

sec Eo]— 11— :016‘]-‘_

Hydroxyl radical assay

Chung 59 A@™%HE& W33t hydroxyl radical & 574
SFATHI]. 50 pl9] 10 mM FeSOs} 50 ple] 10 mM H0x &
]88 FentonH-§- 2.2 hydroxyl radicalS A At} LA
¥ radicals 25 pl¢] 10 mM EDTA, 25 pl®] 10 mM 2-deoxy-
ribose, 150 1€} 0.1 M phosphate buffer (pH 7.4)¢] &4 3}l
A A PEE ABGES wH3-A1Z Bk 37°ColA 4 hr B¢t
HES AT T o3 7] 250 9] 2.8% TCA (trichloroacetic acid)
9 250 pl¢] 1% TBA (thiobabituric acid)E& 3 7}ste] 100°CE
7FEE & 2ol 43 B3 1,000 A 5 min FQF 94
st 348 459 FHEE 532 nmol| A SA 3}
A H7F A% F3T HE % o2 et §ats) &
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Hydrogen Peroxide Scavenging Assay

Choi 59 A3WHE W& skl Hydrogen peroxided] o
& AR ZX*B‘}OE‘E}[S] 80 ul9} ABGE, 20 19| 10 mM
Hydrogen peroxide & 100 pl¢] 0.01 M {14+¢HE-8-9 (pH 5.0)

S 37°Col A 5 min 5 F-AA1Z] F0)] 15 11¢] 1.25 mM ABTS
2 30 pl9] peroxidase 37°Col A 10 min 59F ¥H&-A1Z1 $ 405
nmol A FREE S FA HRTFOZ 01 % vita-
min C& AHE3H T datsl &4 A8 7 139 F345
HZ % ghog @kttt

stel2d Assay

Oyaizu®] Wl wte} S35 TH19]. Al 1 mlol pH 6.6
€] 200 mM Q14 S8 H 149 potassmm ferricyanideS
Z 1 ml¥ a2 7kske wukel & 50°Ce] 4830l A 20
min &t A A Oq 7191 10% TCA €% 1 mlZ 7}5}]
13,500 goll 41 15 min &<+ A4 E st A& 45 1 miol
SF4 2 ferric chloride 7} 1 mlE 718t &g & 700
nmol A FFEE S ¢ ET o= 001 % vita-
min CE AH-SHl A1 89 &98L AR H7hre
o FRE HE 4 #goex Stste] yeliglth

MTT assay

HT1080 Al E£E 5% CO, @ 37°Col M 95% o] 49 Fx=7}
FrA == vl g0 A 10 % fetal bovine serum, 2 mM gluta-
mine, 10,000 U/ml penicillin/10,000 pg/ml streptomycins
E3HE DMEM 1 4o4] vl oFahich.

Hansen®] W ol ul2} HT108041 £ o th3t ABGEY] A Z
=& MTT (3-(4,5- dimethyl-2-yl)-2,5-diphenyltetrazolium
bromide) < o] &3t ZA 3 TH10].

in vitro X|ZoHASI0|| CHEE Shatst gy

ABGEZ 10, 50, 100 & 500 pg/ml®] =2 linolenic acid
emulsion®} &3k o 0.8 mM H,O, % 0.8 mM FeSO. &
g &9 5hr t&g 3 04% TBAS H7lsta 95°C
A4 2 hr ¥F&AI7] tha A2l A 10 min & ¥H-&AI A Th
It 151 HlE9 n—butanol : pyridine &4-& 500 ul H7}st
3 1,000% gl A 10 min &< YRS F F5 A4S 532
nmol X FFEE ZAst] s A== A H7E A
T FEE HE 4 #HoE et YERGIT A dix
TO2E 01% vitamin EE A&t

MIZOl|A] X - ntArstol CHSH SHatet gty
6-well platec] ®] %3 HT1080 4l E] ABGEZ 1, 5, 10,
50 % 100 pg/mle} F== A2 g Fo 80 mM H,0, % 80
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mM FeSO,E £¢3 89 40 ulE A ste] 5 hr & PBSE
29 M H3}9 T} Trypsin-EDTAS A 2)ste] M EE 3)4:5}o]
Zt wellel DMEM 500 pl& %o 8% & A FR &711
1,000x goll A 5 min &<+ A& Tk FEdes HEx
12 Z KCIE 30 ul Y1 £33 & 1% SDS 50 yl, acetic acid
(pH 3.7) 375 ul, 0.8% TBA 375 ul& A7Vshe] 95°Coll A 2 hr
B WA & A0 4 10 min FF ¥HAIAT It
15:1 ¥]& 9] n-butanol : pyridine &4 500 ulE H7}g Fof
1,000% goll A 10 min &< A4 &, 45 A5 532 nmol
AN FEEE S5t AdtE e AR H7F 159
F3= HE % o= IS

Hydroxyl radicalol 28t DNA £AS XM7|¥SHo=z
24

Fenton®H-3-ol 93] A% hydroxyl radicald] =%
DNA9| itsh= 71&9] Wel whe} a8t Th17]. B4 100
ule] DNA 9ol AldE = ABGE, #F5=7F 747} 200
uM FeSOy, 1 mM H,O; 2 50 pg/ml¢l genomic DNAE 37}
St ¥ EFES 30 min ¢ A2 WHEAIZ B
HFEE7F10 mMo] B = EDTAS H7hete] B8-S &
A Zth DNA 1 pge ¥gs8h= 20 plo v £35S 1%
agarose gelol| 4] 100 VZ 30 min <t 71958 $ Gel
LAS3000" image analyzer (Fujifilm Life Science, Tokyo,
Japan)E ©]-&3sto] FFstHTh

i ol

Mo

Gelatin zymography

MMP-2 ¥ MMP-9 &4& FBSE #7154 %S DMEM
Hjj 2] o A ulj ok HT1080 Aol ABGES A 2] ¢
Wl wet APS st AH5]. 50 ngdl F ©
st AZ M FAE 1.5 mg/ml gelating E 33}
219} 10% polyacrylamide gel ©]-83te] H7]9F 3ttt
Gel& 1% Coomassie brilliant blue R250 €402 1 hr
HAsta, B89 (30% methanol, 10% acetic acid)©.Z 30
min &< 23] BAAA gelS HE3AT

Western blot analysis

HT1080 A E o] &% $+5-8 (50 mM Tris - HCl, pH 7.5,
0.4% Nonidet P-40, 120 mM NaCl, 1.5 mM MgCl,, 2 mM
phenylmethylsulfonyl fluoride, 80 ng/ml leupeptin, 3 mM
NaF 2 1 mM DTT) 78k 4°Col A 30 min &<+ #2) 8}
At 10 pgel AME &ZHS 10% polyacrylamide gelol A
719% 3 & @l AS nitrocellulose membrane 2 0] A|
Atk 1 2, 10% skim milkE nitrocellulose membrane®]|
A st &4 g ek 12} 34 (anti-MMP-2, anti-
MMP-9, anti-Nrf2, anti-SOD1, anti-beta-actin &) 2 hr &
ot Mgt & 23 FAE AHelste], chemiluminescent ECL

kit (Amersham Pharmacia Biotech)Z | 32A}e] | Aol u}z}
24 il AS 7Z%5190} Western blotse] band= LAS 3000
image analyzer (Fujifilm Life Science, Tokyo, Japan)E ©]&
sto #E & FYFsAt

SAAe)
2 43 38 ol W YL Fofel A%E Po] 479

Z2 o
Cell free systemsOllM  DPPH, hydroxyl radical?}

hydrogen peroxide®l| CHSt ABGEQ| &tits} 1} 9! &HeEd
AA A FehE 2E# A9 #EE ] $l= DPPH, hy-
droxyl radical, hydrogen peroxide9} 22 &4d4kAZ ol o3t
ABGE®] 2754 % &4 tisto] 2SIt Fig. 1A
DPPH radical®ll th3t ABGES] &7 &/l the 235 e}
Witk ABGE= 50 pg/ml o] el A tj2tol] Higte] #9]4
)7 DPPH radical®] &S 7H2A1 7 thp<0.05). 221} 100
ng/ml ©]*}e| A= ABGE®] %7} S7F3ttietE DPPH rad-
icals®] 27l BlHst SrletA = Gttt Atstra
9} ferrous sulfateg WH3-A]7]= Fenton reaction®] ¢]3s}e]
A %)= hydroxyl radicalol] g+ ABGES] AAG | djg 2
3+ Fig. 1Bl YebH 2ot Hydroxyl radical2 10 pg/ml¢]
ABGE®| A stellM &AHA ST, 50 pg/ml o] el A=
ABGE®] F=7} 575t we} hydroxyl radical®] &7 &2
= o4 A S7HEE Ao E Uest. ditkstaesd o
3 ABGEY] &H4t3} EHE Fig 1CoIA B A= nfe}h 2o
FEo HlEst £ A Frhske Ao E YEhgth o
2HA, 37k 444 F F ABGEE 3tk tiak 27
sgo] 7 9 Ao YeEon, ABGEE 10 pg/mle]
&=l A hydroxyl radicaldll 3k 2752 0] ¢+ Lo
2 AH&E 01 % vitamin Co} FARE A02 Uepdth T2t
Fig. 1Dl R+ ule} o] ABGEY] 35 3-& 1,000 ug/ml
ojate] sxollA #AHA Gt o2 A=A ABGEY
ML 2T Y AT ARAA Aol jlio

Hydroxyl radicalol 2|8t genomic DNA Atslof  CHst
ABGEQ| &htst gut

A A frobE M £ HT1080E 28 #2] 3 genomic
DNAE ©]&3}o Fenton -39 9ate] WAE hydroxyl
radicalel ] DNA9| 4Fs}#] /0o tjgt ABGE®] dts}
BHE AT & A4 ABGES EA 2 A9 =
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Fig. 1. Scavenging activities of ABGE on DPPH radical, hydroxyl radical, hydrogen peroxide. DPPH radical (A), hydroxyl radical
by Fenton reaction (B), hydrogen peroxide (C) and reducing power (D) were evaluated in the presence of ABGE. After
ABGE at the indicated concentration was reacted with each radical, the optical density of each reaction mixture was measured
at a specific wave length. Data are given as means of values=SD from three independent experiments. Level of significance
was identified statistically (* p<0.05, ** p<0.01) using Student’s ¢ test.

A4 DNA #7195< o434 200 uM Fe(ll) 2 2 mM
H;0,8 A8+ Fenton®h-g-ol ©]ate] LAY H hydroxyl radical
of l=3¥ DNAS t5t4 &35 £AMHS T 30 min wHE
& thz79 genomic DNAE Fig. 20114 Hojx|& npo} o]
TllHE AS A & 4 YA 22y ABGEE H7H

ABGE (pg/mL)
10 50 100 500 1000

*OH - + + + + + +

Fig. 2. Protective effect of ABGE on DNA oxidative damage
induced by hydroxyl radical. Genomic DNA purified
from HT1080 cells was pre-treated with ABGE for 1 hr
before exposed to ® OH using Fenton reaction. After 30
min, reaction mixture containing about 1 pg of DNA was
electrophorased on a 1% agarose gel for 30 min at 100
V and visualized by UV light after stained with 1
mg/mlethidium bromide.

T A= genomic DNAS] 4H3h2] =/do] #-24 A A5
1T}, Hydroxyl radical®] €3 DNAS] AhsH4 &2 10 pg/
120
100
80 |
60

40

Cell viability (%)

20

Blank 1 5 10 50 100
ABGE (ug/mL)

Fig. 3. Effect of ABGE on viability of human fibromasarcoma
cells. HT1080 cells were treated with ABGE at 1, 5, 10,
50 and 100 pg/ml. Cell viability was determined by MTT
assay after 24 hr. Data are given as means of valuestSD
from three independent experiments. Level of sig-
nificance was identified statistically (*p<0.05; ** p<0.01)
using Student’s £ test.
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Fig. 4. Effect of ABGE on lipid peroxidation in vitra To test antioxidant effect of ABGE on lipid peroxidation, linoleic acid (A)
and HT1080 cells (B) treated with various concentrations of ABGE were used in this study. Data are given as means of
valuestSD from three independent experiments. Level of significance was identified statistically (* p<0.05; ** p<0.01) using

Student’s ¢ test.

ml °]%} FE°] ABGES| 9Jste] SAEH= 02 YERLTh

MZ=Mol| 0|Xl= ABGES| ¥E

& AlM= ABGEZ} A2 A A A= d&e dFs)
7] 9Jste] NE 54 55 AT MIT assay & 0|83
] ABGES] M E54 E3E 2AME2H, Fig, 304 Ko7
& nke} 2o]HT10804 £ A4 100 pg/ml o] 3] Foll A o
Z13 Haste] oW g 54 Bk gle AR B
o}, w2hAl, 100 pg/ml ©]3ke] =0 A] ABGEE £ Aol A
AHEE HT 10804 Zol| thato] tdsithe Ae yehd

[o
g

i

-

n viro X MEZ FEOIM X|ZDAtStol CHst ABGES| &
At} g o}

In vitro| A A A F8}o] oj gk ABGE®l o 3§ aF4tst a3t
& 7‘/\}0}7] -‘.’4’3}04 linolenic acidE Fenton{H-§- 2.2 WHAJA]
71 ZA AT SA gRrFozE AGA

Ak ﬂxﬂ 0.1 % vitamin EZ A3}t ABGES] =& z}pAt
stof gk 3atsl AFE AR 23, Fg. 4A00A B ake}
7o) 10 pg/mle] ABGE= hydroxyl radical®l €]t linolenic
acid®] F2tste] ik A a7t fi9l o, 50 pg/ml o)/
ABGEOI M= A A Hitel s A4 a77t #2= At A2
Fol A A A3}l )3k ABGES] 43t a2 A3 2
7}, Fig. 4Bl A B= kel 2o in vitred] o= 2] 1 ug/ml
o] }e] & oA ABGEx AAHieE 94 AA AAAl
At

Algh Mot
S k=l

B 7 HE ABGE7} MMP-2 2 MMP-9¢] &4d) o3t

AAATE 2AVE}7] skl hAole] Y] o]-&5E HTI1080
] £ o] &3td MMPse] EHIES #A=A]7]E phorbol-12-

ZMZOIA MVP-2 & MMP -90i| CHat o

myristate-13-acetate (PMA)E ABGE A2 Fol| 72 hr &<t
A 5, AlZuj < FTde o83} gelatin zymography
2 £33k Fig. 5914 HE nkgl o] PMAZ AF3}A]
o FAFYLA wEd PMAZ AF3I} dERFoMe
pro-MMP-29] B84 |7} 2421 Fej o] MMP-22 X%
He A& #EE 4 9oy, pro-MMP-9 banddl A=
MMP-9¢} ZetE] o] Yeht 23 4 gtk ABGES] A
T H% 50 pg/ml ©]/d9] s A MMP-29} MMP-92] &
ol B asE AS 1 & itk T So] ABGEY
FE7F F7heel wel MMP-29F MMP-99] &4Jo] ul# 2 o

ARt A:.*%or ZHZOIM MMP-2 % MMP-92 CH#E

Gelatin Zymography Ao A g<lE ABGES] MMP-2 ¥
MMP-99] &Alell thgh A &7t Tl L o] FF oA
ZAEE AE d73817] 35t western blotS A 33
Fig. 6914 Bejx]= nle} o] PMA A 2]i-o| A= MMP-29}

Fig. 5. Effect of ABGE on activities of MMP-2 and -9 in human
fibromasarcoma cells. HT1080 cells stimulated with 1

ng/ml of PMA to induce MMPs expression were treated
with various concentrations of ABGE under serum-free
conditions for 72 hr. MMP-2 and -9 activities in con-
ditioned media were determined by gelatin zymography
as described in the text.



ABGE (pg/mL)
0 1 8§ 10 50

Fig. 6. Western blot analyses of protein expressions of MMP-2
and MMP-9 in in human fibromasarcoma cells. HT1080
cells were treated with various concentrations of ABGE
prior to stimulation of cells with 1 ng/ml PMA. Western
blot analysis of cell lysates was performed using anti-
bodies as indicated.

MMP-9¢] &l 4 dtgo] Zrte e 02 Yegth 18y
PMA ¢]3te] Z7HE MMP-29} MMP-9 e 2 o] utg =2
°] 10 pg/ml % ©]+9] ABGE®] olste] F3laHA| Al =
Ao 2 Yeh}, ABGEE MMP-2 and MMP-9¢] ©hald w3
S AN E Aoz AAHQ T 9 ABGE/} daks) a4
o S 2=y /M F 23 AARIAQ Nrf29h @
4H 7 et g4 9 sl SOD-19] vl whe g AL}
Sth. aAT, ABGEE 50 ug/ml o]3}9} FE oM Nrf29}
SOD19 #ds F7M7IA GRoER, 7doe gy
ABGE= xl;}(jx% o= %}a AE oJ;q] o}\,} 5LAL§1r ;q_/\7;"4
Bdoe TS FA ¥e ASE YR

o
12

=}
=

!

Hydrogen peroxide, hydroxyl radical ¥ superoxide anion
I 22 AeH 2B Ae of7hA] AR 3 Al £AE o
E a3 928 dvka deA dnk AErh L =
Z5 %S W superoxide dismutases, catalases % gluta-
thionine peroxidase®} #-& &4tst B 471 A= o], AlE W
Arst 2EH A7 AAEY. Ty 2] B9 kgt
axo A4 Atole] Aol AAE dF, A R =3}
ZAEsE T A7 Bal ol uh14/15]. mhebA AkshA 2~
Ed| o #dd oy 7HA 2SS o] fske] 2ata
o IS Ha A7 gqa A A2 =48 Mdehe
AL 333 2T AFEokoltt & AFoME oA T A
A A E 7H%3}t gl M FHZol JhEd ABGE7} 2
el o] ol &o} = AlEIAA st &
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7”\’\]715 2| s E*"] 0“4*‘5 Z\% HAs AT HA
o] A3 iﬂ‘c?@.g 5—"}0}33\‘4 043 A BANAEF

oA ABGEx #itslrio] tigt A5 o] 7Hd $-473F
At 71E2Y AFIME U}—E—Oﬂ thiosulfinate®} #<& 33}
ol RFo = FiE] o i, IS 2 FEF 2
7b sttt ARt /\l]:]'[27] et 0}‘43} ABGE“ &

Y9 =79 sgEo] FhHE Ao - FAus LS
A d o AUTH20]. ol H g FAksl a7 Wk ofue} Al A
fFrob&E Ao gk genormc DNAZ FentoniH-g-9 <]
ato] A % hydroxyl radicalll \=2A17] Abgko] tale] B35
3t A5 HAFth AE54 AFeA ABGEE AME
A O}Tr*c?/‘ﬂi"ﬂ’ﬂ 4480 gle AR Yeyton, o
AL mhso] 28l 77 ok AEF O T A AE AAfEE

s O}WE} % 59 ‘ﬂ—? o mzteyog dy o] gy

A4

‘%‘*&E}S’Jr 4 gle ndy ¥ FEA 59 22 A
A% S slatel 7154 4
e vhsol eyl vt glet
I AL7)AL oAt A B skE
o] FAAAN 83 988 sty ¢ R matrix metal-
loproteinses (MMPs)©] &/37} 3o ojgt ABGES] &%5&
Ag AR EARE ol8ael 2ASAT. MMP29}
MMP-9& oj2] 7k Al2&/de] 286 sejgria g
Qe F2 ¢ P D P Aolsh AR ALIAY e
collagen V& E33 A ¢ 7| RS 7IFEdlste &4
2 eA AT B 7oA A A foks Al ZelA
H == MMP2 2 MMP-9¢] &40 ﬂ%?‘a BGE91 ase &
Abet7] 9]38ked gelatin zymography & 4
ABGEE MMP-2 2 MMP-9 T 7} 48740l djste] oA
a7} ' Ao Z YEhdth ol B AoA wHad &
59 Anz Frhsol shtel gAel 447142 AAT 4
NS ¢A HAt 3, ABGEZ/F MMP-2 2 MMP-9 5 7}

A G484 A a3 o}y 2} western blot ¥4 A 3}ol

A PMAZ A=2% MMPs @il g o] 238 AAsls a5
Hol Foith I8 B2 ABGEY o]2|g #&7]de] wisd
dAAl g B5S AWE F de 2A7 2 7 Sl old
g A7 AFHE uEoR ABGEE ¢Hold #d =
MMP2 2 MMP-99] 243 i oA|gte] grefAol
= T U s S A g 2AEA o] &

91331 2 7t

L AT BRaE 9oy
o b B AT

e

mlr

rl

i) H.ly

[e)
o
<
e
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