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Abstract

Anthocyanins, a class of flavonoids, are natural water-soluble pigments, which are mainly found in vegetables and fruits.
Anthocyanins have attractive pharmacological activities, such as anti-oxidant, anti-inflammatory, anti-cancer, and anti-diabetic.
The purpose of this study was to investigate the protective effects of anthocyanins-rich fraction (ANF) from Korean purple

sweet potato variety, “Shinjami”

, against hydrogen peroxide (H,O,)-induced oxidative stress. In our results, pre-treatment

of HepG2 cells with ANF (10 pg/mL) significantly prevented cell death and maintained cell integrity, following exposure
to 0.9 mM hydrogen peroxide. The H,O,-dependent production of intracellular ROS was also significantly decreased by
pre-treatment with ANF (6 h, 10 pg/mL). In addition, ANF increased the mRNA levels of antioxidant enzymes, catalase
and glutathione level in H,O,-treated HepG2 cells. These results indicated that ANF protected HepG2 cells against

H,0,-induced oxidative stress by inducing protective system.
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Aaidioz W AEA A F24, B, FE2A F9
AL He EPtE 0|t IHEo|th EA]ORD | phenolic
J-zX ROS(reactive oxygen species)S AAdI= 58S 7t
Q]

Qo] 7|EA o7 FAsHEal ofg}, &<d(anti-inflammatory),
5}= A ¥ o] (antimutagenic), 33k (antidiabetes), LY =2 7]
(antiallergic)©] TS Lhepdict.

DR Holdgel 71, Hlehilg o Fgakar Qo]
FPAASR 42 B opek FhErinclssl B
o= So] T RS BT o] o] AR
2 A8 B 3 Yrklee 5 2012) Fol A TATE
QEEAJORIS T Bt o] A TTTE QHEAJok A
£l e FAo] HuEchKim 5 2012). A& 1tute] 7]
43 BRANAE AP0} 55 Eke 22T BAW
o] oA H3HPark 5 2011) ¥ A TF0} B 9 oy E &
=9| Fatst B3KKim & Kim 2010), A 310F & FE559
AR E| 20 gt ABAIE HE aaiKwak 5 2010), AHAY
mn} Here] Apgisfekao] ofg 7k £AF BE ATHKIm 5
2003) Fol wEo} itk F2 npute] B} 2322
o 71%544& Wk Ao Aamputel ShEAlohd R
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1. M=

2 Qo] AT AT AIAR)E S 2AFH ol
SoUMAZME A 201190] Aujste] 23t Rolch
A ks F 2 AZ(PVTFD 10R, Iisin Lab, Yangju, Korea)
3}3l, 40 mesh £4}7](FM909T, Hanil, Wonju, Korea)= 22}
T F BT Wgstol WE(-20C) BBsteT 483
Fap B 50 g2 0.5% trifluoroacetic acid(Merck Co.)7} Eg+
H F75 15 LojlA] 3A1ZE <9t Aol 4] 33] whEste] wyt
Z3I9ct o]& 9 9ISt & hexane, ethylacetate, butanol
A7} 38 wraste] £AHom §u) £eE UAsgtt
oAz} 7 Gl AASl] HEHo dEAOP 2
S(ANF) 3 g 93ITh AlRE YE(-200) Bste] Ao
AHg stttk At ARfule] QHEAJoR T4 peonidine
A G tEA|ol 0] 77.4%5 X}R| 81 cyanidine A B2 <F
ExJoldo] 22.6% A= EZFE o] JrhKim 5 2012).

o

=
%

2. ABTS 2IC|E A7is &3
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)

A7} kEAobde] FAsRs 1091

(Sigma Co.)9} #}3FAEZ-E(potassium persulfate)2 EgHs1e] &
axof] FH ABTS ¢fol2o] B ==t F4eEdn} w35t
of gFolgo] A OZA S50 FEAo] GHF, o]
FHEE 2Hsle] A 5L 4T 5 UckRe 5 199)
74 mM ABTS £983} 2.6 mM ISAHHES E3tsto] ofa
of| Al oF 15A]7F WEGAIX1 &, 734 nmof| A S8 %=7} 1.57} &
=5 3Astich 34 &9 300 uLefl = Al® 20 uL
£ Hriste] & ERbstal A2of 307 WARE o2, 734
ol FYES 2Hetoic Az} ke NRg Aol o
© gzast vaste] size] AARHCR Ueon,
A ZF O 2= ascorbic acidE ARESHGTH AEL 335 Ht
& st gt A

3. MIZEHHF

H A o= AR 7HEAIE Q] HepG2(Korean Cell Line Bank,
Seoul, Korea) Al =5 AME-SHATE Ao ARERE B A= 10%
fetal bovine serum(Invitrogen, Carlsbad, USA)Z} penicillin-
streptomycin solution(100 units/mL penicillin®} 100 pg/mL strep-
tomycin)(Hyclone)©| Z &gl RPMI 16400]%111, 37C, 5% CO,
Z200| A v FE A

4. MTT assay

HepG2 M| ZE 1x10° cel/mL HE2 96 well plateo]] 200 1L
W BZsto] 4A17E AT} F ANFE =82 Jejste] 244]
7+ % vjeFstich. Plateo| A iR S A|ASHL 2F AH2E
= 0.9 mM2] hydrogen peroxide(H,0,)E A vl x| o] E¢5}o]
B3] GAAME R 20417 S9F vkt 2 5 mg/mL thiazolyl
blue tetrazolium bromide(Sigma Co.)E Z} wello] 20 LA Y of
4XZF 9R3(37C, 5% CO) ATt Plate Bfchol] A% formazan
o] Zo] heA] =& 7"1‘:"\%‘71] LIRE= Xﬂﬂﬁh"’— DMSO
200 pLE ol &3jAIXl 3 540 nmof| A FF=E S4HA
ok A2 33] HHESte] skl on, KHJ-%_L(PBS) tiH] Al
IZ APEEE Yt

5. LDH(Lactose dehydrogenase) assay

Al &= LDH assayS S3ll S5 Aol &
A= AlZzde)] 2Rt a4l 24 Daead ax(Lactose
dehydrogenase: LDH)+= Hj%] 0 2 Hl&Ex|o] AALS] g4
35 &0 283 pyruvate®} NADHE AJAISHchH(Dekeer &
Lohmann-Matthes 1988). NADH+= diaphorase®} $H7 tetrazolium
salts SHAA|A A9 formazan MAF FAFT ol o] &
FE=E 5733 LDH &4 58 Al &4=E gofd
9lth HepG2 A ZE 1x10° cel/mL X2 96 well plateo]] 200
WA BEsto] 24A17E ATF F ANFE SR H2ishe] 24
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AIZE F2t v ST Plateo] A HRR|E A AL, 2F A
FE 0.9 mMO HO,E A viA|of] 33t &, 25510 oA
AEE 20A17F F¢ vtk PlateEs Ab2ofA 1027
250xg o 2 YAl Bt & A= 100 uLE A 96 well plate
o] Yol& ¥ LDH &4 S7435t¢ith LDH 42 4§
&% 7]E(Takara, Shiga, Japan)E AM&-5lo A|l5E AEH
w2t EFAoFS A2t 3027 daAEHE Aol WA
F 490 nmof|A FFEE AT Al EAE= T Y
oz Akt

AMEAE T F3

AZ E%(%) = H,0, A& =79 &4 %=

x 100

6. ROS &3

atsieol o8 ALE U ROS AR5 243171 9l
2, 7-dichlrofluorescin-diacetate(DCF-DAYS AR5} T DCF-DA
Al Al 2 50171, oxygen radicalo] 2Jsf AFs}E of
DCFZ deacetylation =|HA FF2 He 4= AgHt o]
o FFS 54 ofl, A3 A=E wtotd 4= lrk(Subramaniam
& Ellis 2011). HepG2 A|3Z+= 1x10° cel/mL =2 96 well
black plateo]] 200 pLA& BF3}o] 24A|7F A1} & ANFE &
A2 Agste] 6AIZE T gt M As=t 10
uMo| E %5 DCF-DA F3E4ES 7ste] thA] 3027t Hf
Rt Plateo] Al B A& AASHAL, 2F AH2s= 0.9 mM
HO0,E A iAo E3Fste] B3] e = 302 5
ujoFstet &34 7| (Fluorescence reader, Molecular devices)
£ AFE3}e] excitation 495 nm, emission 520 nmoj| A 3087+
Gl Al71E 24stel el WEoR ROS AAES &
Aasick

ROS 7d5(%) =

AR BHE AR IBE, |

7. Catalase mRNA &&l =&

HepG2 M|ZE 2x10° cel/mL %2 24 well plateo] 1 mL
A B8] 24X7F A3 3 ANF 10 ng/mLE A 2|5t 244
7+ &<t wikstinh. Plateo] A WA E A AL 2F 22
BE 09 mMY 0,2 A HiA|o] Edste] Bxe 3, ok
AR 6A)17F B4t vkttt RNeasy plus mini kit(Qiagen,
74134)2 RNAE 3&3}31, cDNA= Quantitect Reverse Tran-
scription kit(Qiagen, 205311)& ©]-&3}te] wjFdof w2t &4
slgch A E cDNAZ o|-&3to] CFX96™ Real-Time PCR
Detection System(BIO-RAD, USA)o]| 4] SYBR green PCR reagents

Table 1. Sequences of PCR primers used for RT-PCR of
the antioxidant enzyme

Primer seqence
F: 5°-ACT TTG AGG TCA CAC ATG ACA TT-3’
R: 5-CTG AAC CCG ATT CTC CAG CA-3’

F: 5-AAG AAG GTG GTG AAG CAG GC-3’
R: 5-TCC ACC ACC CTG TTG CTG TA-3’

Target gene

Catalase

GAPDH

(BIO-RAD, USA) ©]-&3} real time quantitative PCR ¥H-3-&
433} t}. GAPDHE endogenous control 2 ARSI 1L, W
2zAL 23} 2} Pre-denaturation 95°C 3 min; 95C 10
s, 55C 30 s, 65C 30 s; 40 cycles. Catalase?} GAPDH2] =z}
o= Table 16 AJAISFATH PCR ¥43-9] So] 4 melting
curve 402 FIEH Tt

8. Glutathione(GSH) &z =X

HepG2 cell& 1x10/mLE 6 wello]] 3 mLA& 18A| 7} uljks}
At of7]o] F= ANFE A2stal 24X 7F v £, 0.9
mM H,0,& A 2|5t 6A17F vt it 445 GSH &
2 glutathione assay kit(Cayman Co, USA)E ©]-&3] =A3}%
t}. Aol 50 pLA o kit Wof] Q1+ assay cocktail S 150 pLA]
Yo ¢k4 AME]E microplate shaker2 WHF &, microplate reader
£ o|-&3l 405 nmo| A FFEE S5

9. SAXzZ

AAAThe 39 B 34 & PR YE3l
2, A7k zpol= SPSS 2 T;Mo| A ANOVAE AlA|3H
3 AFSAHA S 2 Duncan's multiple range testsof] 2314 p<0.05
toch & £7te] Zpol= Student’s r-test=
p0.05 2ol H S48 AESA

+
M
=2
>
juhi)
o\
ol

1. ABTS " BIC|Z A7 S

AN 170} QFEAlohd EeE(ANF)S] ABTS © eijzt
2% 5423 Table 29} o] Yebth 22 AN
3} ascorbic acid= 12.5 pg/mL %o A ABTS * @)z &
Asol Hdf B4 YEHH 2, ANF 50 ng/mlL 5= o4
oA A BAL Bk w3 50%] £ATAL Yehfe
&=+ ascorbic acid®} ANF Z+Z} 5.9 pg/mL, 20.8 pg/mL=Z =
AE A

B Aol AR AATPERel AREl F QFEAloh
Y 3ol 1,342 mg/100 g DW A=, A mop A%
of oF 13% BEo] Y= ol F4E Aom Base 9)
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Table 2. ABTS * radical scavenging activity of ascorbic acid and ANF isolated Korean purple potato, “Shinjami”

Scavenging activity of ABTS * radical(%)

(ng/mL) 32 6.3 125 25 50 1Cso(ng/mL)
Ascorbic acid 29.00.2" 53.5+0.5 100.0+0.1 100.0+0.1 100.120.1 5.9
ANF 12.240.2 20.9+0.6 37.740.2 66.320.7 99.8+0.3 20.8
D Data was expressed as meanSD.
THKim 5 2012). 10 |
ANF9] ABTS * att]Zr 2452 ascorbic acido| H|3]A] — 120 -
L e oYL A E 88 2&2E0] e} v|wIH &= % 100 .
< 7 E4S et & 4= Qlth Lee 5(2013)9] A ﬁ 80 1 I
FARE BEar] G4 2EE9 ABTS '~ iz &7 %0 3 o
ICs 704 pg/mL2 H1E ) I W
§ - .
2. BABISAH,0)2 REE ME A BS 53} ’ b T
AZ &4 R aak= MIT assayS 3+ A2 AZg3 ANE (ug/mL)
LDH assayE &3¢ M EZ &4EE SAHATE HepG2 N ZE H;0; (0.9 mM)

thoFst == 0] ANFE AH T T H00.9 mM)o]| =Z5}o]
Absh &40 tigt R avtE H7hgt 43, ANF= H0, A
g ] FEYEH 0T A PEES FTHIFSH, ANF
10 pgmL FE=oA F9&Q S7F xS HFthFig 1). Al
I EFEE ANF A 5 oEH o= ZAstglon, 10 g
mL FEoA H0, A2+t tiu] fo)H o g asto] AbstA
Eg o] o3t M2 &4 23S aaE UEhltk(Fig 2).

3. ROS MM oA 1}

HepG2 A|Zof t}oFal =9 ANFE AXTst T H0,
(0.9 mM)oll &J3fl A== ROS YA EIES Fig 3] Uehl
2tk ANFi= ROS S 5k SE&F 02 FAaAFHoH, 10

120 -

100 -

i
g g0 -
‘s
8 60
2
3 40 - z
el
e
’ il - i - '
0 +— : : . -
CON H,0, 0.1 1 10
ANF (ug/mL)
H;0; (0.9 mM)

Fig. 1. Effect of ANF on H,0,-induced cell damage cell
viability was measured by MTT assay. Data was expressed
as mean+SD. *p<0.05(vs. H,O, treated control) determined
by Duncan's multiple range tests.

Fig. 2. Effect of ANF on H,0;:-induced LDH leakage.
Data was expressed as mean+SD. *p<0.05(vs. H,O, treated
control) determined by Duncan's multiple range tests.

ugnl SEA $eH AAE M

A Ak Ax(reactive oxygen species, ROS)= TjALEA
YAxes AYEE BLoIAT AT BAH wol
A2EE 22T 9lo] PAALEREY HES BET 5
Th(Veskoukis 5 2012). 2|} TtEdt SAJAAE A Lo A
3H4 &S freshal, E3Ad Aoty k235 X5k 3
2 v|XcKSalganik RI 2001). whebA] AR 1t0) G2 QHE
Alopd & AbSHA AEF AR REEE of] Ao o ®
= Azo) B4 TFsAol &S Ao Az,

<l
H,

o
AR

.

140 -
120

100

5
CON 01 1 10

ANF (ug/mL)

Fig. 3. Effect of ANF on H,O, dependent intracellular
ROS production. Data was expressed as Mean+SD. *p<0.05

ROS production (% of control)

(vs. control) determined by Duncan's multiple range tests.
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4. MIZ LH Glutathione S==0i| O|X|= Hgk

AZ W g/gd4tao] gt oAl AR o2 = Hjaad £
2} 3HAk3} 547 9l tHMartindale & Holbrook 2002). ©] &
Hl g 4% 2291 AEZ W glutathione-> L H(GSH)T} 413}
B(GSSG) T 7HA| P2 EAsHAI T, 74733 A2 ef ol A
= thREo] GSHE ZA3HH, 10% F =T GSSGE EAgtch
ANZW GSSG:GSHY| B|7} F7let= AL ARBIAEH A9 1l
A A #2 GEEeH, ABAEH A7 F718HH GSHE
glutathione peroxidase®] Zul|Z-& 22 GSSGE AtstEH, &
Alofl ghtjZo|u A AIASHES B2 HESTNoctor & Foyer
1998). HepG2 AJEZof| 0.9 mM2] Hy0,S A3t oz
H|&) A|3Z W GSH =7} 62% 243t thFig 4). 22U Al
3zof] ANF(10 pgmL)E A A3t & B0, 5 A3t 7 oA
+ GSH =7} HO, tiZ2F tiH] 31% F7}sto] {251
IEEE= AS FRASHA

5. Catalase F&AI wal0f Okl P&t

ANF7} HepG2 7HA|Zo| A TH4tstg4aR § g ASIAE
HAE AAIs7] gt 712 ANF(10 ng/mL)9] A A 2|7}
PR A4 G catalase(CAT) H@ | w|X|= G Fig
5] et glth CATE H,0, & EF} AHAE BFjAl7]= &
A2 28, o]k IS i A oA 84 Ak
2RE YA E Bosts 8-S FOoBHN 7 A A
9 3QF, e B} 7]52 gt CATE) mRNA =32 H,0,
£ AYPE of 2 diH] oF 50%] Id HAE HFo
™, ANF 10 pg/mL 5= A 2jof| 93] H,0, 2 tfH] CAT
HEo] fojFow F7HES EthFig 5). FAkst a4
AR HE 7 45 AEG A s AZE B3 s}
=t o] 8% IS st= A= de|A UckHayes &
1999). wheba] A utat faff QFEAJOPd-2 v & AZ 4t

120 -

<]
5 8 &8 8
*

GSH level (% of control)

]
=]

o

CON

H,0, (0.9 mM)

ANF (10 pg/mL)

Fig. 4. Effect of ANF on glutathione level. Data was
expressed as mean+SD. *Significantly different (p<0.05)
compared to H,O, treated control by Student’s t-test.

20 |
451
10 -
05 - -
0o +— | .

CON

Relative levelsof mRNA

H,0, (0.9 mM)

ANF (10 pg/mL)

Fig. 5. Effect of ANF on antioxidant gene expression in
cells, as determined by quantitative real time PCR. Data
are expressed as Mean+SD. *p<0.05 determined by Duncan's
multiple range tests.

o} BAmEE ol|e), A HAS FTHAOE HOE §

Hi 4ot AEd s g AZE BEsE Ao U
Bhuth #oo] AT 4B 5 2012), A7ER
(Cheon 5 2013) 5 TR AlFo] Hgo] A=H T gle], of
oe A nPuke] 7% Ae] et ARE A4S &}
Ll $8% Ao Azwc

H

2 =

H AADToL A AR R B B BT o
on), AMnTole] FHE MayRo| VyRen Fu
W gtk & ATOIAE AARFTR Abvle] QHEAlo}
J BREANF)O| iz 2753 ZHEO|H AsAE
22RE w5 Gaj) offa FFE nA=A Bl
3 A}, AR FE 20.8 pg/mlol A 50%2) 2HHZ 4
AP ettt E=3h A aFar J219] ANF= HepG2
cello]] hydrogen peroxideE ] 2|8]| AFSIAEH A7F S =5 AF
Ejof A 10 ng/mL9] Fof| A Al BEET E4=E 7HAA
F3(p<0.05), ROSS] AL A AL H(p<0.05), glutathione
o] SheFat catalase FHANSF A49] mRNAS L& F7HAIH
tHp<0.05). wheba] At G2 QFEAJopd-& AFSHA A
EfAE fEEHe o, <A A% G F oy A9
A E= A& & 7HsA0] 5 Aoz AA4H

ZAke =
B ATE $EATY FYsATNY ST eAT

ZHEEARY(THAI 3 PI010052)2] 2] of| 2]3] o]2o]7 Z o]
o, 2 A bl ZAEHYTh
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