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The root of Playtcodon grandiflorum, called Platycodi radix, has been a favorite edible plant in Asia and
contains a large amount of saponins. Melanoma cells (B16F10) were used to investigate the inhibitory
effect of aged black Platycodi radix extract (ABPRE) on oxidative stress and matrix metalloproteinases
(MMPs). Platycodon radix has been known to have a variety of medicinal effects such as prevention
of gastric ulcers, antiallergenic activities, histamine release inhibition, and antioxidant effects.
However, the mechanism of its action remains unclear in humans. ABPRE was prepared using ethanol
extraction of aged black Platycodi radix. In an antioxidant effect study of ABPRE, it was observed that
ABPRE specifically exhibited the scavenging activity of DPPH radical, but did not inhibit the pro-
duction of malondialdehyde from lipid peroxidation. DNA oxidation was also blocked in the presence
of ABPRE. In addition, ABPRE decreased the expression and activation of MMP-2 stimulated by phe-
nazine methosulfate. Furthermore, ABPRE revealed the inhibitory effect on melanin production in-
duced by L-dopa via antioxidant effect and the reduction of tyrosinase expression. Especially, the ex-
pression of antioxidant enzymes such as SOD-1 and SOD-2 regulated by Nrf2 was increased in the
presence of ABPRE. Therefore, it appears that ABPRE may be a possible chemopreventive agent for
the prevention of metastasis related to oxidative stress.
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(DMEM), Trypsin-EDTA, penicillin / streptomycin / am-
photericin (Z}Z} 10,000 U/ml, 10,000 pg/ml ¥ 2,500 ug/ml),
fetal bovine serum (FBS) A] 2k Gibco BRL, Life Technologies
(USA)ZH-E +U3I9 . B16F10 A2 =American Type of
Culture Collection (Manassas, VA, USA)Z F-E] 43}t
MTT reagent, gelatin, agarose, and PMS (phenazine metho-
sulfate) 3 7]E} A|¢F2 Sigma Chemical Co. (St. Louis, MO,
USA)ZFH FYstath

DPPH radical assay

Brand-Williams [16] 4 8%WHS W& 3t 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radicalol] t$+ ABPRES] £A5H
S =439t A8 5= ABPRES DPPH £94& 7130
10 sec & 2 ¢ thy, A4 20 min EF WA
% 525 nmol|A §F =5 =438t Y . DPPH radical 33
AR A7 27 FRE HE %HoE Sbste] UE
Wit

Hydroxyl radical assay
Chung 5[36]¢ A8%WHS HE 3t hydroxyl radical S
=233tk 50 ple] 10 mM FeSO49‘r 50 pl®] 10 mM H.O»S
©]-8-g+ Fenton WH&-2. 2 hydroxyl radicalE A Z T} 24
# radicals 25 pl¢] 10 mM EDTA, 25 pl¢] 10 mM 2-deoxy-
ribose, 150 11} 0.1 M phosphate buffer(pH 7.4)¢] & 3}l
A N gEE e ABPRES} HH-&-A17] U 37°Col A 4 hr 59t
HEG AT AT o 7]¢] 250 pl9] 2.8% TCA (trichloroacetic acid)
g 250 plel 1% TBA (thiobarbituric acid)E #7}3t
100°CZ 7}gatith 2 § 24 23 o 1,000 gl A
5 min F¢F YAEY Yt} 5 A5 AL 552 nmol A
= —f— 3}9\9\0‘:4 ks B2 AlE H7F A% 53
2 3y 9.

Hydrogen peroxide scavenging assay

Choi 5 [7]¢] 2@"HE W& st Hydrogen peroxide®]
3 2AAZA S =459 80 nle] ABPRE, 20 nl9] 10 mM
Hydrogen peroxide 2 100 ul®] 0.01 M $14FH5-8- 9 (pH5.0)

S 37°Coll A 5 min S ¥FSA AT L F, 15 ple] 1.25 mM
ABTS % 30 ul®] peroxidase 37°Cl| Al 10 min &<+ ¥H&-A1 A
405 nmoﬂf‘i FREE Ao Pitst A2 A8 Ut
A% F3= HE %HoZ e

52134 assay
Oyaizu [23]¢] Wl we} 5
6.62] 200 mM Q14+ Sl 2 1%
Z- 1 miY 2 2 7hske] ank
min & ¥-AI AT 719 10

Atk A1E 1 mlell pH
5] potassium ferricyanide S
g & 50°Ce] FEAA 20
% TCA (trichloroacetic acid)
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AL 1 ml 7}8ke] 13,500 x g2l A 15 min
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B16F10 AIE= 5% CO, 2 37°ColA 95% o449 =5
A v F7]ol A 10% fetal bovine serum, 2 mM glutamine
and 100 pg/ml penicillin-streptomycing % 33t+= DMEM
w2 el Al sk At

MTT assay

Hansen [14]¢] WHdl| w2} BI6F104| 2ol i3k ABPRES] Al
E5AE MIT (3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium
bromide)E ©]-&3stf A3t

In viro XA ntAr=tol| CHst Sttt gy

ABPREZ 10, 50, 100, 500 2 1,000 ug/ml-‘:‘/] F=7F HA
linolenic acid emulsion®} 30 min &< £%3% % 0.8 mM
HO, 3 ! 08 mM FeSO/E ST 842 5 hr &< W47

T 04% TBAS #H7F8kaL 95°CollA] 2 hr 3t HHEAIA A2
A 10 min E¢F WA AT 1 ok, 15:1 H€-9 n-butanol

: pyridine &8 500 ul H7}3kar 1,000 x goll 4 10 min &<t
°“]—"E] 3t A5 AS 532 nmoll A FFEE SHEAoH
AR A= AR
Siksk it

MZof Al X Zntatstof CHSH ghatet &y
6-well platec] B} g B16F104| 2ol ABPREE Al @&

1 hr 59 A2s Fo 80 mM Hx0, 2 80 mM FeSO,E &%
g &9 40 ulE Aste] 5 hr F PBSE 2 A H3}¢i.
Trypsin-EDTAE AZste] MEE 53t ZF wellol
DMEM 500 ul o] degt thg A} FHof —é%{l 3 1,000 %
gNA 5 min Fe A& sk ATAE HEaL 1.2%
KCI& 30 ul Y3 &3 F 1% SDS 50 pl, acetic acid (pH
3.7) 375 ul, 0.8% TBA 375 W& #7}sted 95°Cell A 2 hr <t
HEEAIZL & 204 10 min &<t ¥RSAI AT 1 T 1511
H]-&-¢] n-butanol : pyrldme 85 500 ul 7} $ 1,000
&A1 10 min & AR F F, 45N 532 nmol A F%
=& Z743to] X]X]ﬂr"}ﬁ} AEE NE 7 A9 F3E
HE %7to 2 dakatth

MIZ LY tyrosinase &4 &3

6-well platec] AEE wjddt & A5 sl 24 hr
3 lysis buffer2 A3EE &31A1A 0.2% L-DOPA7} X7t
0.1 M sodium phosphate buffer (pH 6.8)5 % 7}3ste] 37°Col

A2 hr B W% & F 490 nmol A FREES S0

Hydroxyl radicalol| 2[8F DNA &4 24

Genomic DNAE %7+ WE ¥ EF #A ol wa} B16F10
AEZHE FE34TH27]. Fentonkh-g-oll 9fste] A E hy-
droxyl radicaloll ®=%%¥ DNA 4tsl= 7|0l A3 E Wi
ute} S8 AT [20]. WA 100 1] DNA &40 A13Ex
ABPRE, 200 M FeSO,, 1 mM H,O, % 50 ug/ml genomic
DNAE #7betth ¥H-8 EE2 30 min FF A2 ollA v
S A7 310 mM EDTAS #7}ste] w8 2AAZAT 1
1g DNAE X33he 20 ule] ¥H3-E3E-S 1% agarose gel
o4 100 V& 30 min & 719531t Gel> 1 mg/ml
ethidium bromideZ QA3 EZ M9 UVZ
LAS3000° image analyzer (Fujifilm Life Science, Tokyo,
atof #F

Japan)E ©]&

Gelatin zymography

MMP-2 2@ MMP-9 4 & FBSE #H7}3tA &S DMEM
v X o A B k3l B16F10 A X o] ABPRES #]2]3t & Ad

°
FYFHTHL). 50 ngdl FEHA S FHrote AT FY S
15 mg/ml gelating EFaste= HITAERAY 10% poly-
acrylamide gelsE ©]-&3t 271953t 3 T} Gelatin®] &3l
# bandZ LAS3000° image analyzer (Fujifilm Life Science,
Tokyo, Japan)& #2ste] thZ2 9] bandE 100% = dtal A
2] bands®] Al ghe Tataith

Western blot analysis

B16F10 4l ol &% ¢Z58%(50mM Tris - HCI, pH 7.5,
0.4% Nonidet P-40, 120 mM NaCl, 1.5 mM MgCl2, 2 mM
phenylmethylsulfonyl fluoride, 80 ng/ml leupeptin, 3 mM
NaF and 1 mM DTT)& #7}ske] 4°ClA 30 min 52+ A2
3+t 10 ngl MEEESHE 10% Tris - HCL geloll Al 719
5 3 dAS A7]3 0 Z nitrocellulose membrane o2 A
o] A ZTh I tg 10% skim milkZ nitrocellulose membrane
of AAejsta &2 e dd] g 13 A (anti-MMP-2, an-
ti-MMP -9, anti-Nrf2, anti-SOD-1, anti-SOD-2, anti-ty-
rosinase, anti-glutathione reductase, anti-beta-actin)& 218
3 o2 23 FAE AE ¥, chemiluminescent ECL kit
(Amersham Pharmacia Biotech)& AF8-3to] AT 4S 7
%319t} Western blot?] band LAS3000° image analyzer
(Fujifilm Life Science, Tokyo, Japan)& ©]-8-3} #&3}9t}.
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Fig. 1A A ®= vk} Zo] ABPREE 10, 50, 250, 500,
1,000 pug/mle] ¥==2 A 2s A7} DPPH radical &7 %52
10, 50, 100 ug/ml= 6.56%, 29.78%, 56.56% = & =7} =7}3}
o wet 2AZHY F7HE FF T 4 AYe, 500 pg/ml
4 1,000 ug/mle 100 pg/mle} v 2AEHRE B
¥ dzToze ditsl 2942 4 A ascorbic acidE A
L3519 = 0.01%91A 62.85%2] DPPH radical 2A42& X
Aok ABPREY] H0, &75S E11517] ¢l Hydrogen per-
oxide scavenging assays T3t YA hET-2 ascor-

Hydrogen peroxide,

120

>

100 - *

80 r

60 -

DPPH (%)

*:
* % ok

40 - el

20 -

Blank Vit.C 10 50 100 500 1000
ABPRE (pg/ml)

(@)

Hydroxyl radical (%)

Cc Vit.C 10 50 100 500 1000
ABPRE (ug/ml)

Journal of Life Science 2010, Vol. 20. No. 5 739

bic acid 0.1%E A3t Fig. 1BolA] Yl A3} 2]
ABPREE Z}+7} 10, 50, 100, 500, 1,000 ug/ml A A SRS
i = JEHOT HO, 2AFC] S71ES & 4 ddch
a8y 2 FOE AFR3 vitamin Co &3 9te & Ao] &
Bt

HlH o] ABPREY OH radical 24 %5& <13 A3} vita-
min C9 &%= §191oU ABPRES A 3tAS o A5
FE7L EEFE 94 AA OH radical &75¢] tha F7}
& AT F U th(Fg. 10).
A8 PAAZRE AFHE 5
Hhg-3te] Al &8k, Fig. 1D A

3
7%

3
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Fig. 1. Scavenging activities of ABPRE on DPPH radical, hydrogen peroxide, hydroxyl radical and reducing power. DPPH radical
(A), hydrogen peroxide (B), hydroxyl radical by Fenton reaction (C) and reducing power (D) was evaluated in the presence
of ABPRE. After ABPRE at the indicated concentrations was reacted with each radical, the optical density of each reaction
mixture was measured at a specific wavelength with spectrophotometer. 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 t test.
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Fig. 2. Effect of ABPRE on lipid peroxidation in vira Vitamin E as a positive control was investigated at 1,000 ug/ml. To test
antioxidant effect of ABPRE on lipid peroxidation, linoleic acid (A) was treated with ABPRE for 30 min (A), and B16F10
cells were treated with ABPRE for 1 hr (B). Lipid peroxidation was induced by fenton reaction. 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 t test.
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ojatoll A A Ae} antE A & 4= 1.2 Fig. 2Bol|A]
B kel 2o] AE oA ABPREY A& Fatsle]
A7} 53 ABPRE 100 pg/ml ©]3}el| A A& #4bel o4 g3}
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Hydroxyl radicaloif 2|8t DNA damage0l| CH&F ABPRE
o| st gof

F SA% MLl BIFIOMEZZHE #2]3 genomic
DNAE ©]-§-3}o] Fentonth-g-oll ¢|ato] EAH hydroxyl rad-
icalol ©¢ DNAY] 43} 7 &/l tjg ABPREY] #4+s) &
HE ZAHAT Fig. 304 B uke} Zo] Fenton §H3-°
o)3te] WA H hydroxyl radicale]l DNAZ} =259 AH3}o]
]3] DNA7} #3 = Sict. W, ABPRES 10, 50, 100 pg/ml
o F=¥EE A3 F& ABPREY w7} F71ete] whel
DNA band’} A3l 2= RS2 Hol ABPREZ} hydroxyl
radical®] <3 genomic DNA9] 2+8H# &2do] F2)4 QA
A= AS & F 3

ABPRE (pg/ml)
0 10 50 100

OH radical - + + + +

_

Fig. 3. Protective effect of ABPRE on DNA oxidative damage
induced by hydroxyl radical. Genomic DNA purified
from B16F10 cells were pre-treated with ABPRE for 1
hr exposed to ¢ OH using Fenton reaction.

MEZAZO| st ABPRES| &1}

ABPRE7} X HAd] vXe F=& ZARL7] 98ty
MTT assayS 533} HTh. BI6F10 A|2Eol| Uj$t ABPRES] A
=4S 2438 243, Fig. 4914 BE nks} o] ABPRE 100
ng/ml ]3] FEolA th2Ta HweAE W ojuld =g
9= Qe AoZ YEyh

M WY tyrosinase el AX[0f CHEH ABPRES| St

Melanoma A| 39| A tyrosinase”} tyrosines 7] A Z o
DOPAE DOPA quinine®. 2 At3tA|Z) 0.2 4 deldo] 944
F o} B16F10 A ¥4 ABPREZ Hald A9 JAE Lo}
17| 93l ABPREE BI16F10 A2 7} 5 =HZ A8t

1 100 500

ABPRE (ug/ml)

Fig. 4. Effect of ABPRE on viability of melanoma cells. B16F10
cells were treated with ABPRE at 10, 50, and 100 pg/ml
and cell viability was determined by MTT assay after
24 hr. ABPRE below 100 ug/ml did not exert any cyto-
toxic effect on B16F10 cells (p<0.05).
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M E W tyrosinase &4 ZAMF A3 Fig. 5ol A vehd 213}
o] ABPRES] #Z7t F7bgtel we} tyrosinase 84 <A
a37} Z7} 3kQ9at 100 pg/miol A Arbutink t} ABPRE©]
tyrosinase B4 Al @37} O Hojd Aoz Yeyth

PMSZ A}=El BI6F10 MEZOA MMP-2 and MMP-9
2ol chsh ABPRES| gt

& APl ABPRES] P43} Fol <fs| MMP-29
MMP9¢] ZHEE AE YotR7] ] Bl6F104
ABPREE A8 & superoxide anion-generating agent<!
PMS (phenazine methosulfate)2 A-=3Fo] 72 hr &3 8l &
T AT 45 HE o83 gelatin zymographyE 3}
39tk PMSE Al E ol A H0r2 BAAIA pro-MMP-29]
B4 243 e Aot} Fig 6AdA H& vk}
#o] ABPRES F%=7}F 100 pg/mlel Al MMP-2¢} MMP-9<]
BEI} Ao dAHE AoE YEuh

B16F10 M=ZOAM MMPs 3 &ost oot ZizdEl T
Zlo| gtsiof| CHst ABPRES| 51}

ABPREZ} 34ts} &40 @S 243led 714 29
AAFIARQ) Nef2sh de] g a sl G40 gud wad s
ZAVsFS T Fig. 7A0lA B nhe} o] ABPREE 10 pg/ml
olide] Fmo A AE U Fatslel] Fag 4TS ok &
27 Nrf29} SOD-19} SOD-2¢] ©ild Ld-& Z71A 7t
3 tyrosinase®] W@ o] ABPRE 10 ug/ml ]34 9]¢
o] FZAE . Fig. 7B oA RA= ul9} o] ABPREE

|I|1

C Arbutin

120

100 r

80 -

60 r

40

Tyrosinase (%)

20 -

ABPRE (ug/ml)

Fig. 5. Inhibitory effect of ABPRE on tyrosinase activity stimu-
lated by L-DOPA. B16F10 cells were treated with ABPRE
at 10, 50 and 100 ug/ml for 24 hr. Tyrosinase activity
was measured by melanin production calculated with
absorbance at 490 nm. Arbutin was used as a positive
control. 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 t test.
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140
= MMP-9
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T 60
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= 40
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20

Blank

Treatment groups (uglml)
Fig. 6. Effect of ABPRE on activities of MMP-2 and -9 with PMS.
B16F10 cells stimulated with 2 M PMS to induce MMPs
expression were treated with ABPRE at 10, 50 and 100
pg/ml under serum-free conditions for 72 hr. MMP-2
and -9 activities in conditioned media were determined
by gelatin zymography. Values are expressed as relative
MMPs activities using the following equation. Relative
MMPs activity (%) = (intensity of a band/total intensity
of blank band) x100. Data are given as means of val-
uestS.D. from three independent experiments.
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Fig. 7. Western blot analysis of protein expressions of MMP-2
and -9, N1f2, SOD-1 and -2 and glutathione reductase
in B16F10 cells. Cells were treated with ABPRE at 10,
50 and 100 pg/ml prior to stimulation of cells with 2
1M PMS for 24 hr. Western blot analysis of cell lysates
was performed using antibodies as indicated.
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