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Abstract

The objective of this study was to investigate the protective effects of mulberry (Morus alba) sugar extracts (MSE)
against H,O,-induced oxidative stress in HepG2 cells. The MSEs was mixed with matured mulbenny and sugar
at the same ratio (1:1, w/w) and stored at 18+3°C for 40 days. In 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical
scavenging test, MSE stored for 40 days showed high activity with a ratio above 66% Therefore, we selected
40 days as the optimum storage period. After cell viability analysis using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay, we determined that the optimum concentration of MSE was 0.5%
Our results showed that MSE increased the cell viability and antioxidant enzyme activities of superoxide dismutase
(SOD) and catalase in H;O»-treated HepG2 cells. Moreover, the treatment with MSE inhibited malondialdehyde
(MDA) levels in H;O»-treated HepG2 cells. We also observed a reduction in apoptotic bodies in the Hoechst staining.
These data show that MSE treatment significanly suppressed caspase-3 activity in HepG2 cells expored to H,O»-induced
oxidative stress, thereby indicationg the protective effects of MSE in H,O:-induced oxidative stress.

Key words : mulbenry (Morus alba), sugar extracts, H,O,, oxidative stress

MB

A Well A oA 35 918 B3ket2] whg-o] =&
oz doju= FAoA TAEE ALk (reactive
oxygen species, ROS)<=, &H4itsl 47 5 #47] Wol 71+
o] AA A= o= Qlaf A= o] A f HIS

WAMD, 259 84929 B oFE AF S)olAMe
W o] AAEA BTt oz BAFETH). &
o) AAE BAAAE DNA, T @ Aube] Alat 43S

s X T o=

*Corresponding author. E-mail : ykkim@korea.kr

Phone : 82-63-238-4042, Fax : 82-63-238-4105

Received 5 August 2015; Revised 12 October 2015; Accepted
14 October 2015.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

PO A As}H ~EH 20 =EHT, o]t 48l ~E
gdae Ot 713S Bt &, 9%, A8AS, I,
Hlgk 9 3lo] F9 weloz deA] UthR). ol Ak}
2E# 2o tigele Wol7|d S HHoF, 9 VA
&4 31418} Al (synthetic antioxidants)ol] Thale] AH ] o
Wik X F2E 8l ARE AL 9o, o]E9] oy 7x] B2t
23 ZAd tig FAZ Q&) AA FsAE 53
AFolv s iE FiksEA

=

of theh A7t Es] JPHI JATH3).

LY+ B (Morous alba L)Z ol 4= Gdn &l
BT dul 2 shiell e A, BAGE) Be 5
ACEH) So7 AFHM, R gaddE ‘ore
Aol AL ste] g1 Fol §lal, P(ad)s BoiFH,
AL HsA dta, SefHod w7} 2R ¢A Fcba
ate, ‘eHE Qo How widko] HA Wi, =55
AP AL 7185 0] Jlth4,5). 3, ¢ evlE 9est

- 751 -



752 FRAFARY

=3 A7) o1, T glucose®} fructoseE 31l
(6), oxalic ac1d citric acid, malic acid, succinic acid 2 acetic
acid®} Z2 714K7), polyphenol ¥ cyanidin-3-glucoside
9} cyanidin-3 rut]nos1de 22 anthocyanin A& M4 55
o FretaL lel®), AFel H7F Al Ao] g B
ofle}, sl A, JUAEF T vkt B2
e GHAEA Al Fafgh HAMA B 71eA 2R
T 7Pl QITh9-11). sHAIT, et S A =8
A3, ko] Fob 5 Zgfo] oY, fA T
A7g7do] BolA Az ] o]go] Bt thefet
74 AlE FHE H o] a7ETH12). @AZHA LHE

o]-&3 7154 AF B ATE HE WU Al
2 A(13-16), LHE A7k "(17), 2UE F7HE Ay
=g A18), LHE H7HE £(4,1920) T HZ Sol A7
o] Fo] gL ot 2T E o83 FREd B
dE A 14 2 71548 dTE0l disf obF mRigk 47
oJt}.

webA, B Ao Ms HZ AT 2 9}
= 2UE o] &3l AFda 4
S Axsta, 24 FHEA in vitro WollAe] 4FstH
2EF 2o gist B35 a9E g eEMN, o 33
Aol gt 712AEE AlFetaAl AT

M=z 3 e

20| ZEEde| M=

B AF o) AR QU)(Morus alba)= 20143 AR 113
ANA AkE Ao g v w7 B8l AR FYste] A%
ARl e wet ov] JEAS AxsAt =, & 9
LUE HA9} o]EAS AATIY FH2] A8 (Qone white
sugar, Samyang Co., Ulsan, Korea)S Y3l UEA|A 42
(18+3C)0l|A] 40U 7T EAAT o]F o0+= 744 Wi
Ao AZAE 4T WAare] BaahHx Ao AE-3)
At

A

DPPH radical scavenging activity S

o q Iﬂ—ilioﬂg‘ 10%_] 7]- o=z 40% Eo]— 6}}\}:@], 3_5;:__
& viwely, A7e veo 2 RS Hdsl, oF A¥
28 Aol ALk QT A8 B5 L S5
913l 1,1-diphenyl-2-pycrylhydrazyl(DPPH, Sigma Chemical
Co,, St. Louis, MO, USA)< ©]-8-3}3iH. =, 0.2 mM DPPH
£ 08 mLol A1 02 mLE ¥7}ste] E538F th2 4L
A 3087F w217 TR 517 nmoll Y F3 52 S

PEE
B A% AHgE AEE ¢

£3}13]2) A224 A53 (2015)

American Type Culture collection(ATCC, Manassas, VA,
USA)9I|A] 748}, 10% fetal bovine serum(FBS, Hyclone,
Logan, UT, USA)E %7}3} DMEM(Hyclone) HiA| S A&
3l 37°C, 5% CO, incubatorol| A v A7) 2, M E A=}
90% % E3}EJS wf Al v Fste] Ao ARR-SFAT

MTT assay
HepG2 A|3ze] tjgh & gL
A /\Eaﬂ/\oﬂ 45{} EEiEal ﬂ A3 Ei'?% SAS 9l
well plateo]]
Z(1x10* cell/mL) }1 24A)17F F2L 1S k(37C 5% CO)
12_1 U, AlRE FERE AXo) Aelsla, 37T w7
oA WRSAIZ T 242417 F 500 uMS] A A FH0) S
A skaL i g71o A 4RIz F2F AT v ko]
= o gFAS AASIL 7 welloll 3-(4,5-di-methylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide(MTT, Sigma-Aldrich
Co., St. Louis, MO, USA, 5 mg/mL)< 30 uL¥ ¥ 11 2A]7F
S WA A Bl 3 AS Al AL, dimethyl sulfoxide
(DMSO Sigma-Aldrich Co.)E 100 uL/well?} 3713}l 30

% 517 nmolA FHE=E =AY

Lipid peroxidation &&

A AaetE =L Mo A 8BS A2eF T 2443
HI A A 250 uM o] H,O, 5 A28t 12413 WAIAIZ] o
<, 25% trichloroacetic acid(TCA) 1 mL<} 0.67% thiobabituric
acid(TBA) 1 mLE 7}t 95Tl A 3083t 7HE 3t th
21 % n-butanol 4 mLE F7}ska, ¥41E2](3,000 rpm, 30
min) A7 o, AEAE Fdte 532 nmolA FHEE
=733ttt ojw, A A 2HFsE-2 malondialdehyde(MDA)
o] oz kst AletATh2D).

s g4 E£H

HepG2 A|3E WollA] &4k} G4+ superoxide dimutase
(SOD) ¥ catalase(CAT)2] 8402 A3 vl
A Ed A FE X3kl 6057 HHEAIA trypsinS E A E
£ 7o a1, phosphate-buffer saline(PBS)Z o] & U2,
lysis buffer(20 mM tris, pH 8.0, 0.5 mM EDTA, 02 M
sucrose) 9l 4] sonication 3} TE 1 % 1,5000 rpmoi|A] 30%
7t dAEE sty dd FE2ES A, ksl 54 84
o] AH&-3tTh SOD 42 50 mM PBS(pH 8.2) 8.7 mLoll
N RS %‘-J_ 3 mM pryogallol £ 0.3 mLS 7}k
o] 325 nmoll A §F =S A3}, CAT 84 =48
11 mM H,0,& _37_5:, + 50 mM potassium phosphate
buffer(pH 7.0)5 A5} &3, 240 nmo| A SF =5
=930t

Hoechst 33342 .%.“_*.'
HepG2 Al EZ 6-well plated]] 2x10° cells/well £ 233}



Antioxidative effects of mulberry (Morus alba) sugar extracts 753

Z ujeF7ol A 24417t Bt BBl A EE AP &
500 M H0,5 A 2l3}ed 124]7F WH-3-A17] U2, PBS ¢+5
Ao g 23] A Hste] 10% formalinS A 2)3te] 417+ 114
AlZth 2 %, PBSE A3}l Hoechst 33342(Sigma-
Aldrich Co)Z 30% &<t EXA17]141, PBSE A5t 3
4 &Av)7A sboll A 4002 BZ3AT

Caspase-3 &M &3

Caspase-3 &4J-2 ApoAlert caspase-3 colormetric assay
kit(Clontech Co., CA, USA)S o]|-&-3}o] 221319t} HepG2
A ZE 6-well plateol] 1x10° cells/well 2 24| 7F v ¥ 3,
AEE A g v, 500 iM HO,E A &]ste] 124]7F ¥k
A7 o, daliteate] s HEa AlETE 4
o). Zob Mazol| chilled cell lysis bufferS 715t 10%
7+ AL&Yol uHEAI7] v, 387 9ARFET, 15000%g)
3l A5 d-S 96-well plate= % 7|31 reaction bufferS 3
7¥ste] 37°ColA 3087 WHS-A]A caspase-3 substrateS 3
7¥skaL 1AIZE B 37°ColA WHS-AIZ] F 405 nmell A 53

e

SAHXE

RE ZAde Pu+FEAAE e, 344
o] S-S statistical analysis system(SAS, 9.3, SAS
Institute Inc., Cary, NC, USA) ZZ 1S ]85} one
way ANOVAH O 2 EAHEA8- A A|S}al, Duncan?] U5
H 91 714 ¥ (Duncan’s multiple range test) &2 FA} =5
] oS 5% FEAA A

= E)S 4047 AAslA

A 10 HA o2 st a9 S-S S48t A A%
il 2 P, S48

MO 2= DPPH radical scavengings ©]-8-3}%t}. DPPH
radical 2752 A& FEE B A% s 5 SAHS
A% ti3eA )] MR eZ, MSE®| 574 A¥h= Hg. 19 2tk
MSE #HF&%= 100 ugmLel tiste] A7 717t &< DPPH
radical 22752 F7Fske], A% 30€7} 402 l= 27} 65%
2 66% = T2 A& 7|17 Blwsle] fojRo g =9ko
u, A% 3093 40€3H] #44 ztol= /It Kim &
(22)& ot der %% E(400 ug/mL)ol A 59~67%ll
DPPH radical 427158 HEFATAL Hargh u} gle}. o)/
73?%?— ol o] F AP H= AlE AP ol= 4043t AFA]
2 oY FHEATS ARt SAstaat stk

~N
)
o
X,
ol
(<0
o,
0
=
Bl
iz
i)
=2

N
>
oo
ol
o,
=
_|>i
ol

F

~100}
S
2 80t
? [ . .
b
I
= A
= 40t
g |
E 20}
Q L
0
10 20 30 40
Storage time (day)

Fig. 1. Antioxidant effect of mulberry sugar extracts (MSE) during
storage time.

The amount DPPH radical was determined spectrophotometrically at 517 nm following
incubation with 100 gfmL MSE for 40 days. The present data were expressed mean<SD.
Means with different letters are significantly different by Duncan’s multiple range test
(p<0.09).
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Fig. 2. Cytotoxic effects of mulberry sugar extracts (MSE) in
HepG2 cells.

HepG2 cells were treated with MSE (0, 0.1, 0.25, and 0.5%) for 24 h, and the cell
viability was determined by MTT assay. The present data were expressed meantSD.
Means with different letters are significantly different by Duncan’s multiple range test
(p<0.05).
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Fig. 3. Cytotoxic effects of mulberry sugar extracts (MSE) against
H>Oz-induced oxidative stress in HepG2 cells.

HepG2 cells were treated with vehicle or MSE (0, 0.1, 0.25, and 0.5%) in the presence
of 500 M H,0, for 24 h. The cell viability was determined by MTT assay. The
present data were expressed meantSD. Means with different letters are significantly
different by Duncan’s multiple range test (p<0.05).
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Fig. 4. Effects of mulberry sugar extracts (MSE) against
H,0,-induced lipid peroxidation in HepG2 cells.

HepG2 cells were treated with vehicle or MSE (0.5%) in the presence of 500 uM
H0; for 12 h. The present data were expressed meantSD. Means with different letters
are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 5. Effects of mulberry sugar extracts (MSE) on antioxidant
enzyme activity in HyO, treated HepG2 cells.

HepG2 cells were treated with vehicle or MSE (0.5%) in the presence of 500 uM
H)0, for 12 h. The present data were expressed meantSD. Means with different letters

are significantly different by Duncan’s multiple range test (p<0.05). H, control; A,
500 uM H,0; A, 500 uM H,0,+0.5% MSE. SOD, superoxide dismutase.
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Fig. 6. Effects of mulberry sugar extracts (MSE) on antioxidant
enzyme activity in H,O, treated HepG2 cells.

HepG2 cells were treated with vehicle or MSE (0.5%) in the presence of 500 uM
H)0, for 12 h. The present data were expressed meantSD. Means with different letters
are significantly different by Duncan’s multiple range test (p<0.05). I, control; A,
500 uM H,05; A, 500 uM H,0,+0.5% MSE. CAT, antioxidant enzyme activity of
catalase.
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Fig. 8. Protective effect of mulberry sugar extracts (MSE) against
H,0s-induced apoptosis in HepG2 cells.

The cells were treated with MSE and then stimulated with 500 uM H0, for 12 h.
The caspase-3 activity was measured by the colorimetric assay. The present data were

expressed meantSD. Means with different letters are significantly different by Duncan’s
multiple range test (p<0.05).

Fig. 7. Protective effect of mulberry sugar extracts (MSE) against H0,-induced apoptosis in HepG2 cells.
The cells were treated with MSE and then stimulated with 500 uM H,0, for 12 h. Fixed cells were stained with Hoechst 33342 and examined by fluorescence microscope

(Magnificationx400, a: control, b: 500 uM H;O, ¢: 500 yM H,0,+0.5% MSE).
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