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Protective Effect of Radiation-induced New Blackberry
Mutant y-B201 on H,O,-induced Oxidative Damage in HepG2 Cells
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Abstract The objective of the present study was to investigate the chemical composition of anthocyanin-enriched extract
of radiation-induced blackberry (Rubus fruticosus L.) mutant (y-B201) as well as the protective effect of y-B201 against
oxidative stress in vitro. The cytotoxicity, reactive oxygen species (ROS) scavenging capacity, and DNA damage were
assessed by WST-1 assay, flow cytometry, and comet assay, respectively. Lactate dehydrogenase, superoxide dismutase, and
catalase activities were determined by using a commercial kit. The in vitro results showed that y-B201 increased the cell
viability, reduction of lactate dehydrogenase release, and intracellular ROS scavenging capacity in hydrogen peroxide
(H,0,)-treated HepG2 cells. Furthermore, treatment with y-B201 attenuated DNA damage in H,O,-treated HepG2 cells and
treatment with y-B201 restored the activity of superoxide dismutase and catalase in H,O,-treated HepG2 cells. In
conclusion, the present study suggests that y-B201 blackberry extract can exert a significant cytoprotective effect against

H,0,-induced cell damage.
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J2lgy a3E /RYS BaEom(13), Al 7]st
B, ZEExolE, HEA EE 59 RS TR 9
ol GEA UTH14). EYHE ] e R FHrEY U= cya-
nidin-3-O-glucoside (C3G)= T2 QtEAJoPH] H|&| &2 3hit
3t &5 AU gler ¢ AW E AddA dshe] i
< AT BarEe] Qk(15,16). &2, Cho 5(17)
gl V-9 wlo]Fo| F FEAoP B C3G ko] Hojuhriar
H 73159, Sprague-Dawley ratss ©]838t = &4
HWE V-9 wo]Zo] AMFESIEA i ASIAEH 2 HE &S
< vepdtty RSt Zebd S o] 83k EdRiol S
2 1Y SHFHAEE FABIEA, 7P YEke fHEEs
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FE 3L, §371%
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0Co 7S 80 Gy AHo g ARl Edwo] 53 y-B201
d B JAEF vodl vls) 737t
W2y ZA37)7F Zobdl viH, G Z7HE 2oz Uelgth
b 2 AFexe E9WE] VIS RRYH SHWolE 4
B201¢] C3G §%S Yolny, Lauwje] 1-B201 FEHES o&
sle] 2bsld ~EHAE fdsle HO,E HE|e A7 A
Z HepG2 M Zol| tidt y-B201¢) METRF 83} PAstasr &
e AEste =z 7 715 A 238 elstaat sk

X oHd
HENE
2 Aol AHgE EYuEs dEaAEdTd SEd
TEOA B VOAIES LR Sto] WAL AN <]
= 0 e y-B201S HEHe el

A ste] 20129% 8€o &gt A& ARSI High perfor-
mance lipid chromatography (HPLC, Agilent 1100 series quater-
nary pump, Boeblingen, Germany) %4 A]¢f2 Sigma Chemical
Co. (St. Louis, MO, USA)ZHE TYste] ARt om, 1 ¢
Al analytical gradeS ARE-3FSITH.

S0 F&

Edde] S v-B2013% HEF VI AXTHF 1ol 55
Sl (EtOH:HCI=99:1) 10 mLE 7}ste] 4°C ¢FalolA 3:7F W%
=390 FEHL 045 um membrane filterZ I3 TE. ©]

i

T=
S 33 whEsiich

HPLCE 0|28t C3G &% &4

Eddo] WP y-B2019] Tl e C3G T2 Cho
5379 Wl W) HPLCE olgsje] A% BAlsr. £4]
column TSK-GEL ODF-100V (4.6x150mm, 5pm, Tosoh,
Tokyo, JapanyS ARSI, o524 &vl= 10% formic acid (A)
2} 100% acetonitrile (B)S AME-39 oW, gradient =712 0.5
min, 0% B; 4min, 9% B; 10min, 13% B; 20min, 30% B;
21 min, 100% BE sto] A8kt FUZFS 10puL, 52 1
min/mL, column 2%=% 30°Ce|H, FHZ7]+= HPLC diode array
detectionsS AFE3FI L FHEE 530nmE A ste] A3t
F & (calibration curveye C3G EFEZS 7H7te) b 5%
{, 5, 10, 20, 40, 60, 80, 100 pg/mL)E A}-&3l] ZAE & =2
guge] C3GE B Fatetl AHE-3ITh
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M| ZZHH 2F

£ Ao AM8E ME= Q17 2HIESR] HepG2ZE American
Type Culture Collection (ATCC, Manassas, VA, USAIA ¢
3. 10% fetal bovine serum (FBS, Hyclone, Logan, UT,
USA)2} 100 units/mL penicillin, 100 pg/mL streptomycin (Invit-
rogen, Carlsbad, CA, USAYS %713+ DMEM (HyclonePi#1S A}
43l 37°C, 5% CO, incubatorll X HlF3tR oM, AE D=7}
90%E ¥31EAS ) trypsin-EDTA (Invitrogen)S A 2dte] Al
Higsby Aol ARg-stsdTt.

Reactive oxygen species (ROS) &7{&

AZY] ROS 42 carboxy-H,DCFDA (Invitrogen)S AM8-31
flow cytometry (Cytomics FC500, Beckman, Miami, FL, USA)
WHo 2 =3k HepG2 MEE 6 well plated] #HEs %7t
1x10° cellsymL7} E=5& #F3 & 37°C, 5% CO, incubatorolA]
24A17F WiFR T, y-B201 FEES 400 pg/ml FEE AT
T aFetdtk. 1A17F & 2mM H,0, (Sigma Chemical Co.)& *
2%k o 308 & 10 um carboxy-H,DCFDAE *{2]st5itt. 15
£ 5 PBSZE A& t}2 trysin-EDTAE o] &35le] HEE 3]
STt 353 AZ2E SA] flow cytometry® S 31Tt

Cell viability

N EZAEE2 Bz-Cytox cell viability assay kit (DAEIL lab,
Seoul, Korea)S ARE-3}91oH, A|ZAPNA AR shs A
weha] 248t WA HepG2 HMEZS 96 well platec] 3%
=7t 1x10° cellssmL7} S =% #538 | 37°C, 5% CO, incuba-
toroll A 24A17F vikeE & 4-B201 FEES 400 pgml T2 A
Agste] 1A17F WStk 1217 & 2mM H,0,5 AEg o
& 247 WFSIATE 2447F T EZ-Cytox AlSF 10 puLE B
4AA7F BT et & microplate reader (Benchmark Plus, Bio-
Rad, Hercules, CA, USA)E ©] &35} 480 nmolA SH=E =74
393, MEAEES 22l s AEE=2 Vel

Lactate dehydrogenase (LDH) release &X

LDH releases= LDH activity assay kit (Biovision, Miilpitas,
CA, USA)E AR5, AlzAtellA d7dshe Ayl wabA
24315t 96 well plated] HepG2 MEES 1x10° cells/mL7} F
T2 BFE3I F 37°C, 5% CO, incubatordllA] 24417+ w3t o}
<, v-B201 FEES 400 pgmL =2 AEe 3 widsiint |
AIZE & 2mM H,0,5 AEe o 24A17F a it 24407 &
culture ¥iA] 5 uLE 96 well platedl]l ¥} assay buffer 45 uL
£ 7} welldl]l ¥ %Ith LDH substrate mix solutiong |33} 50
UL BFsle] HojgE 3 37°CollA 3087F ¥HA1Z F micro-
plate readerE ©]-83}o 450 nmollA FHEE =451

Comet assay

HepG2 AlZE 100 mm dishol] HEE=71 1x10° cells/mL7} =
=5 5% T 37°C, 5% CO, incubatorol|A] 24417k w3t o}
&, 1-B201 FEEL 400 pg/ml FE2 AT ste] w3t 1
AlZE ¥ 2mM H,0,5 AHZg v 15% F PBSE AHT
trysin-EDTAE ©]&3le] MEE 3531t vheo] ¢ HepG2
HEZ 0.8% low melting-point agar (LMPA)S} 42 & 0.5%
normal melting-point agarose (NMA)7} Pl28] ZHH &glol= ¢
2 AEAGAE BT F AMSTEE Yol 4°C AL



386 T2 F IR Al 46 WA 3 5 (2014)

35
)
30
E [
&0
E o5 | I |
g I
g
2 20
]
Q
2 s
S
10

V-9 control v-B201 mutant

Fig. 1. Quantitative analysis of C3G in V-9 and y-B201
blackberry extracts. Data are presented as the mean+SD.

B3I Gelo]l 2o AWFE~E Y73 TAE buffer (40
mM Tris-acetate, 1 mM EDTA pH 8.0, 0.1% SDS)°l ©7} <4
oA 30% B HAIAIA DNAQ double strandE Eo]FUth
Lysis7t €' &, TAE buffer’t 7 A719F T2l Sfol=
£ 93 60 VE 2587 A719ES Akt d71dse] 2
W ¥ 10 ug/mL propidium iodide (PI, Sigma Chemical Co.)E
100 uL w531 AMIFEAE Ho] oA 1087 F43)
Atk AvFetaE WAL SRFE AR 5 4000 F3En
73(DM2500, Leica, Wetzlar, Germany)2. 2 ©o|v|z|3s}ste] #zs}
Atk ou|x] E4LS Komet 5.5 (Kinetic Imaging Ltd., Liverpool,
UK) 2288 olgdte] 2459

ghtstga 4 &5

Superoxide dismutase (SOD)9} catalase (CAT) &4 €4S SOD
9 catalase assay kitE& Cayman Chemical (Ann Arbor, MI,
USA)A st ARESIem, AxAtqA A= A8
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=
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Statistical analysis system
(SAS, V9.3, SAS Institute Inc., Cary, NC, USA) Z2I1HE o]
4319 one way ANOVAH O 2 HAHLAS A5t o, A}
FEE 71§94 AAHL Duncan?l tE HAAWLE p<0.05
e LT
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K
o
<

9z} EdHo] EF y-B201 FEES HPLCE =33
A7, 9FZF V9 FEEL 23348235mglg, AWMl EXF -
B201 &5 2696+2.93 mg/gl E y-B201 EWo] E3Fo| V-
9 YEZF B} C3G o] o 15% ded Ao A=
(Fig. 1). o]8st A3+ Ryu 5(18)0] Harsk A5 9 Je)shy
E40 sl QtEAlold o] &2 4-B201 F%50] AEE &
T DAEA SEIEA7E AL, 71548 Al €8 9 YA o]
£ 710l 25T Aoz AYztE e )
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Fig. 2. Effect of y-B201 blackberry extract on the generation of
intracellular ROS levels in H,O,-treated HepG2 cells. Data are
presented as the mean+SD. Means with same alphabet (a-c) are not
significantly different at p<0.05.

2A wgAde] Arslel AAl W) AlAle] FAEAS fA sk
oA sl AEHAS Fsle E20tH(19). HepG2
AZol H,0,Z2 Agdte] A48 ROSE y-B201 FE&2] 2HH
¢l ROS 2755 ERlsk7] #l8te] carboxy-H,DCFDAE AH&-5}
o flow cytometryoll Al S 3} )
y-B2013} V9 FEE9 FHAA ROS &% Fig 2¢F 2t
H,0,Z Ag33e we) FhzES F 155% ROS Aol &
7V, y-B2013F V-9 FEE-S 400 pgmlLE A28k 3¢ %
Atz 8] y-B201-S 2F 120%E V-9 ¢F 119%= ROS A
’do] Zraatint. v-B20137 V-9¢] AF A1 ROS &AFo] B
Hog foH Aol YEPIA] dgkoy, F FF EF H,0,
o oJs ¥AE ROSE Aoz LAsle AL Tt
PEAJoRd AlGe] Mart thgo 2 e A offie At
3l &% Uit g4 itk Elisia 50)2] A At
w2 INT407 M3 AAPHE ROSE =35t &
&2 A3 43 FAHZ¢ ROS &7%0] Holdthy BiE
Rom, Dai 5(21)°] AFAze| WEH H,0,2 ROSE LAl
71 HL-60 MlZell 790 Heje] Edwz] FE2E5S A0S
ez HEE FFOE ROSE AATTIY BIEHS
o} weEb H,0,5 Al st YA == ROSE WA EHo]
LYWl v-B201 FEE°] AHH R g3l AR eR
» ol ksl %S JERllE AR dAvEh

MSHN AEF AN 25 ME SM 2SS 4t

H,0,= AFsHd 2B 28 far7le EARA in viro A9
o B4 f% BFE A5 o]§HTH22). HepG2 Ao H,0,2
2beld 2B 2E § AJA 1-B2013 V-9 FEE) Uik A2
AELS 243 Ad= Fig 33 2ok AZAYELES I
213t HepG2 M2l y-B2013F V-9 F2ES 400 uygmL F=F
AXEe & 2mM H,0,5 *&lske] B2lsth HepG2 Al 2o
2mM AT A9 2 gv)ste] AX YEES OF 54%=
ZaEdeH, v-B201 FEES A A7 oF 88. 7%= V-9
A oF 83.7%E AEQEE0] FUIen, v-B201 &

Fol
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Fig. 3. Effect of y-B201 blackberry extract on the cell viability in
H,0,-treated HepG2 cells. Data are presented as the mean+SD.
Means with same alphabet (a-c) are not significantly different at
p<0.05.

o] V-9 EZo) 3] X BE It 2 U EUTH Im
(23)9] 7ol W=™ PC-12 Al Eo H0,Z AHdle] fatE A
M4 2EYAE BEA B7]9] AEAoPd o] o]F AAst
o] AEAYELS 7Yk B 19901, Senevirathne 5(24)
2 V794 Az H0,Z2 FaE Asly ~EAE H?—Hﬂﬂ(ﬂ]
Aol 9s] NEAEES TVt BaEgith weia] &
2L G719} B 53 22 &l &3l EAR —g%ﬂuﬂﬂ
3l v-B201 FEEL2 H,0, X2 3] SAst= itsly 2EH
25 AN 2N AZAEES T7PITIE FoE A
MEAEEI HEO] v-B2012] 7HHX BE §3+= LDHe| 9|3}
o] FelEYTt LDHE BAlerg iz Alzute] =43t

Z2 9] FuuistE Yellle 208X 71 &4 dojdE Al
Z gt wiEEY ZHE &4 A FAEITHRS). 1-B2013 V-
9 FEEo] &% x| g Be g3E IRIs] sty
LDH %<& 9AlE 54 3= Fig 49 2tk H,0,5 A3}
RS o FHNEZS 2 136% A= LDH WS Yellolz,
y-B2013 V-9& 400 pg/mL =2 A2 7 77k oF 105%
°F 117%=Z LDH ¥=0] ﬂxilﬂ‘;iorq yBZOl EFo] V9 =

o Bl ®r} ¥ & LDH W& < YERIITL Hwang
5(26)°] T W=H HepG2 xﬂzoﬂ tert—butyl hydroperoxide-S-
Agate] T2 54S AT F FEA R AT e
A el FE2ES AT 75% TL oEH R AL
™, 200 pg/mLAXE F 50% A= LDH W& A 345 o}
ERdleh ol g A7 AR & o E3E A Ee] FEAloRd
A7t o S AR EdHe] B’ v-B201 FEE
©] LDH W&& A2A7lE 580 & Z0= AlsHY, H)0,
of o5t Asld &S dAlst HAE BS 53t o A
o2 .
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Ashy mEg 2ol ogh AkskH DNA &4 3=E FA5]
218+ comet assayS A5 HepG2 AlZo] H,0,5 A3t
o] DNA damageE 21715 WS e o853 UTH27).
y-B201 $&59] 413174 DNA ¢4 94| 232 glslr] 93t
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Fig. 4. Effect of y-B201 blackberry extract on the release of LDH
in H,0,-treated HepG2 cells. Data are presented as the mean+SD.
Means with same alphabet (a-c) are not significantly different at
p<0.05.

o] HepG2 celloll H,0,5 *2l3le] 4ka}d DNA £4-2 faa

Atk v-B2013 V9 FEE2] 4314 DNA &4 94| 2= Fi
59} 72t} HepG2 Aol 2 mMe] H,0,Z #23l8S W D
23R EQ tail length®} olive tail moment7} 5713} 214- ¥-
B2013} V-9 FEES 400 ug/mlL =2 AX2& 7% Fig. 5A
g]. 7El—o] &A= DNA 02]010] 71-/\0} Eq &7}Q olive tail
moment (Fig. 5B) S| Fedoz 7FASISTh y-B2012 V99
DNA &4 oA o] SAALE fFol4d zole gldlon,
1-B201 #°] DNA €4 A a%5°] ZF ¢ =34t} Esselen
5(28)2 HT29 celloll camptothecin®}t doxorubicinE st &
T¥ DNA &% StEAloRdo] 358 Edug] F3& ¥ C3G
o o8 FE SJTHoR Fide 740& FIst3det. ol2fgh
AT Aaes EUME] FEEC] DNA &45 dAske Zle=
AMEEH 1-B201 FEE2 H,0,0 93 4Fsld DNA &< 9
Ashs a37F #& Ao dActd,

00_4

SMMSISAEY £X

H,0, Agel o8] e ksbE ~EF2E SODS CATS}
2L ksl a4 848 ARt a B oflTh(29). SOD
= molecular oxygen (0,)¢} superoxide anion (0,)2} 72 free
radical& hydrogen peroxide (H,0,)2 Z&sled CATell 23] H,0
9} 0,2 g HHEFJE} by H0,2 f2E Akshy 2E
g2 3 y-B201 FEE2 AX B3E /1AL Fasly] 9s)
o sl g4 5729 SOD9} CATS 848 =43 Axe=
Fig. 6, 72+ ZFt}. HepG2 Al Zol y-B2013 V-9 FZE-S 400 pg/

mL FEE X T 2mM H,0,5 He|ste] 24417 wlj kst
H @wAs FE3AUTh H,0, 8 Al SOD (Fig. 6)$F CAT
(Fig. 7) 48] dizatz divlsted 22k oF 83%<t ¢F 77%
2 74390y ¢-B20134 V-9 FEES AA2ES o) SOD
£ 1-B201°] F 110%ZE V-9& &F 107%Z ~7}0}ML CATE %
Zb oF 1% 9F 99%= Z7Fetgth. y-B201 FEES s
SODS} CATS] E4-e H,0, Halia} vlasle] gelxos =7}
g ZS gelslion, 1-B201 F%o] V9 F350) v B o
v gaksl g4 @48 vERI olEg Ad= y-B201 F
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Fig. 5. Effect of y-B201 blackberry extract on the DNA damage
in H,O,-treated HepG2 cells. (A) Representative images and (B)
the percentage of DNA damage in H,0,-treated HepG2 cells
detected by the comet assay. Data are presented as the mean+SD of
100 comets in each group. Means with same alphabet (a-d) are not
significantly different at p<0.05.
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Fig. 6. Effect of y-B201 blackberry extract on the SOD activity in
H,O,-treated HepG2 cells. Data are presented as the mean+SD.
Means with same alphabet (a-c) are not significantly different at
p<0.05.

%ol V9 FEol ¥ C3G o] 7] WEd Aoz Az
t}. 7129 AFZAde| =W Hwang 526y A0} oHE
Aobde ROSE Ao = A7% Mul olld} PI3K/Akt <}
ERK pathwayE 53l aitsl Alxwle- 8443} A|A ROSE 7H
HAoZ AAToZM NES HIdtty BRIt w3

140
a
S o ab ab [
3=
E I |
S 100
5 [
5 b |
X %0 T
g I
z
260
=
Q
<
~ |
g 4
Q
20 |
0
H,0, 2mM) - + + +
V-9 (ng/mL) - - 400 -
v-B201 (ng/mL) - - - 400

Fig. 7. Effect of y-B201 blackberry extract on the CAT activity in
H,O,-treated HepG2 cells. Data are presented as the mean+SD.
Means with same alphabet (a,b) are not significantly different at
p<0.05.

Murapa 5(30)2 keratinocyte®] UVE =¥ Ak} &4 oF
EAloldo] tge® FiE EUWE FEES Aste] 4
< &A% 23 CAT, GPx, MnSOD$} 2+ &its}
a4 S IR EN AL &S JRleke ZoE Bl
Aol gRlE itst a4 W
Fo BRItk & 4 SIStk webA HepG2 AlEo|
2 E4E AP Edde] Sl v-B201
g gAksl g0 o] Hofste] A By 853
-

kO
2

2 AFoAM = AZF A ET HepG2H 224 HO,Z2 <130
fEE A8E 2Edzd dE WA Sdwoe] Bl y-
B201 F&&9] MXXE3% %o dlsld golriz} ATt y-
B201 =& A& Al H,0,2 *2]¥ HepG2 A|Eo|A ROS A
o] AAEPeH, AE BEES F7HA17]15L LDHE WES ¢
AS ERASHATE Comet assays 53 DNA &4 Y& 4
o Az, H0,%2 Qldll fr=d AtshA] 2E# 2] 9%k DNA &
e yB201 FEEC] Ao o3 A } Atk EE3, HepG2 Al
2o H,0, XMOH oz Aatdl kst 4l SOD9} CATS| &
S yB201 FEE] 9o /A CEA H0,2 s F=d
2Hd ~EgAZRE] HepG2 (MIEE HEshs 2oz dAd

rt

“

Hu, v-B201 %50 7+ &4 B3 2 7} 75 A 59E 7
£ 7154 2d2A 849 5 JE Ao AlEdn.
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