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2 9oF AFof A= %(Morus alba)& FFdo] WATAA(Hericium erinaceum) = WaA|7]
A4 TEE(MA HE)9] 34itst &S Eelstiat shglct. MA-HES] 4tst €442 DPPH radical,
ABTS radical &AEA %Xé—‘% ol dotHEgitt. I A3 DPPH radical £AZ4L 500 pg/mlL 5%
oA 61.73%, ABTS radical £AZAL 250 ug/mL %A 97.39%& et MA-HES DNA
o] 4tetd] &E adHo=w ‘3"74]’5]' Aot ES YA LEAZAR] AFHS] YA AtetA EAFS
CASISIEE AR HO:E AUt 1 ARAEE 3] SRR 100 wy/ml 552 3 A2
St NZAYEZES 8% F71eH, 1?2}—9— = 50 pg/mL FE= HAPE Az o 24440 4
o] folHoR AL & A+ ﬁl}t MA-HEo] g4tet 244 7]’1]_’ Qo Asty AEHHA
of o5} op7|El= ME FAdo] et HE 28k Hold AOR AR

Fxjof : Bl (Felx] He YA IHEIL gFiFe; Y,

o> o>

YL E

Abstract : In this study, the hot water extract from Mulberry (Morus alba) Leaves fermented
with  Hericium erinaceum mycelium (MA-HE) was assessed for antioxidant activity. Radical
scavenging activity of MA-HE evaluated using 2,2-diphenyl-1-picrylhydrazyl(DPPH) radical and
2,2'-azino—bis(3~ethyl-benzothiazoline—6-sulfonic acid)(ABTS) radical. MA-HE showed 63% DPPH
radical scavenging activity at 500 xg/mL and 98.27% ABTS radical scavenging activity at 250 u
g/mL. MA-HE was shown to significantly inhibited DNA strand breakage induced by free radical.
MA-HE also inhibited free radical-mediated human serum albumin modification. MA-HE
effectively inhibited H,O, induced cell death and significantly increased of the 8% cell survival at
100 pg/mL. MA-HE decreased intracellular reactive oxygen species (ROS) levels in H,O,—treated
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cells. The results suggested that MA-HE can contribute to antioxidant and protected cells from

oxidative stress—induced cell injury.
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1. M B

B9 (Morus alba L) TZFAE9] 7|25
(Urticales), ZuUH3 (Moraceae), S
(Morus)oll &dt= =Y GI-2 GALEEH
2tfx)def] 24 g8 EXol= AEo|tl]. ¢
gutetol A BURLE 54 13F0] BExsty (4
AHde g FEH Ay AHEE S494F 2
FAALS FEIA 61571F0] glom, tiiEo]
FRAAEe R A Io2]. A B2 F=2
FHIGE o] Holz o] 8sf sfou, A=
Alojokg A2 Z8sty] 9§ Atso] Es
A AP JoH3]. HZE &5E Aok
alanine, aspartic acid, glutamic acid®] =Fo]
=0 g8”d glew, E95] ¥ —aminobutyric
acid®} rutin®] d=Fo] =1, serined}t tyrosinel
A haElo]l Qo] kel Aujet FHWAIE
oifetcta g QIcH4l, E5 &, &4, &
At JuAds 4 dgde] 3t = A
o=z gHA JQas5] 4F ulE FolAE 2w
I3 HE 9 ZE9] el =2 Ao dHA
AcHel. whepa] Bel e oieker e
B3 &8s5t7] g dF &S| o]Feixn
ATHTI.

uH oRgHA F st Fgwlo] WA
(Hericium erinaceum)2 S-2Uets H|%3$E &
=, 42 5 B9 2ix Y] EiEoe] Stk
[8]. lef-gwo] MAZ Hela cell 54 #sfl, 4l
A A e 4, A9Vl 24, &F
F T Agdo] B IeH9-13].
o= ohFRt AlEAOl FARAS] AAHFS F
At AR T 22 Aol e
A7} BES| AP k. A4S o] 83 o
2 7} A BFES] A9EAd[14,15] o] B
g v Qa1 QX&) wjFRlr LR To]HA
A Y] FE2E0] 59 1Y dFS AT
Sol avrF ok BaE | QoH16-18]. 1
drof Aldzot A1 zubo] vjeFst L 2gelo] H
A FAA FEEY s Esta[19],

2 s

e
olt
L

SRR WaE el gatst By
Edze] ot AX HEASE

[20]. 22y opA7A] Eslel kFgwe] WA
AR TEAR FEE0 ARgde Hid
vb gle, mhebd 2 dFollMs B dd=HiA
o =fgwo]l MATAAE MFAIA Az T
G0 et 750l e AE FHlstaA s
Fek olet g2 dAFe =TTl HATAA
TasS o8 Vs AE A T 9 At

sl £82 & Aoz Az

2. 4 ¢
21, 4 ME H A

2 Ado| AES ¥ (Morus alba; MA)2
20149 4o Fhm AFAFoNA AFF A
ARgSE o, wFE ARER Lefgdo] HAl
(Hericium erinaceum) @ Al 558 71
(Chungbuk, Korea)22RE EoFdtol  potato
dextrose agar (PDA, Difco, Detroit, MI, USA)
AEBiZ] A 25 C oA 10€7E viekst & 4T
REg negdel WABAAS A,
1,1-diphenyl-2-picrylhydrazyl (DPPH),
phosphate buffer saline (PBS), human serum
albumin (HSA), hydrogen peroxide (H;O,),

dimethyl  sulfoxide =~ (DMSO),  Dulbecco's
Modified Eagle's Medium (DMEM),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra
zolium  bromide  (MTT), 2,7 -dichloro—

fluorescein diacetate (DCF-DA), 52 Sigma
Aldrich (St. Louis, MO, USA)ZEE U454
1, sodium dodecyl sulfate (SDS)= Bio—Rad
(USAZFE  FYstlth. 2,2'-Azino-bis
(3-ethylbenzo—thiazoline=  6-sulfonic  acid)
(ABTS)=  Boehringer ~Mannheim  (GmbH,
Germany)oll A FUsk] ARSI, 2,2'-azobis
(2—amidinopropane) dihydrochloride (AAPH)=
Wako(Chuo—Ku, Osaka, Japan)ollA] “-¢istod]
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AHg-sHTh
2,2, 8ol ws

Zolo] dWrgE 2SS AT & ARofA
3-4U47F AxAA FEAFS -9 o, Ax
& 100 goll 1.581=9] & H7boto] 3A13F HA
ANAFE T 12174 2417t Bt dollA et

st A Y-S WA F 10% F
o] HAHFAIAE HEoto] 25TA 6043t
HiF7] (multi room incubator, Vision Scientific,
Gyeonggi—do, Korea)oll HjFstal 60°CollA 2¢
Tt AxRAA Y HEES AX ok ol¢t
2 HRES g FEE AXE o B T
a5 (MA-HBE) 209 FH{SE Hulst
homogenizer ~ (Ultraturrax T-50, Janke &
Kunkel GmbH & CO., KG-IKA-Labortechnik,
Staufen, Germany)Z 5,000 rpmofl4 1087+ B
At F 5 FESHeH, oAz No. 2,
Toyo Roshi Kaisha Ltd., Tokyo, Japan)Z ZFA}
oF FENHS EEotal A= O] §HE =& S
art. 23] gHE =5 §F g 2
308 B9 8,000 Xg=2 YRS
AL At A5dE 55 2 5
of Ao A8t

2.3. DPPH radical A7{&XM

AAFAs EH) AHgE DPPHE 22 AHM
S D HnE dHT AR A FASHA,
WEE ofuli Soll s SHeEe] AR,
O|AL ttefst AEZRE FAst &AL AMst
=g wo] AREET 9tk 0.1 mM DPPH 900
2 LE DMSO 50 xL¢h, MA-HE 50 L& &
Slsto] AeoA 2087F UG Al7l & @A H e
(10,000 Xg, 5 min)E T3 E+-ES AAsI

517 nmollA  FF=E  S74siqich.  DPPH
radical AL T+ Ao o) MEaE
Lehp it

DPPH radical scavenging activity (%)

= {1_(AExperiment/ACOntrol)} X 100 (1)

2.4, ABTS radical 27

ARTS radical £2A&A4S Brand—Williams 5
[21]9] ®HE WSt SAotHct. 7 mM
ABTS®} 2.5 mM potassium persulfateg 1:12
Egste] 37T GAolA 12417F Bt vhg A

HATA EE E

HO,
o
e
it
1o
ol
=
o
l
o
w

T 3l4doto] Apgolith. ABTS 900 uLel
DMSO 50 L9}, MA-HE 50 uxlLE& &Eds}o
A4 10827 ¥+ A1 F 734 nmollA &
I Z2A5EY. ABTS radical 2784 o2
A1) oo WEg2 YeERf Tt

ABTS radical scavenging activity (%)

= {1_(AEchrimcnt/AControl)} X 100 (2)
2.5 MxM|nE2Xte| L5t &40 st ES
xg

2.5.1. DNA®] 41514 &4 it 25 2§

DNA®] 4teba] &4f]o] oigh He 283
Qstr] ffsh[22]9] WHE o]-85k3lth. DNA &
A2 peroxyl radical2 FEotI S A oA
peroxyl radical& AA4st7] $8l AAPHE A&
5}lth. DNAX pUC19 plasmid DNAES A&}
ot pUCI9(100 pg/mL)T 10 mM AAPHE
urSofo] Hrlsly MA-HES =¥z A2t
of 37Tl 247t B ¥Rg AT 3 ogel
electrophoresisE F3ll Atshd &4 digt B
28-S SISk

2.5.2. HSAS] 4314 &40 djst 535 &

HSA9] A8 &% peroxyl radicalZ2 f%
stk HSA(I mg/mL)x} 50 mM AAPHE Ht
Sl gol 11 MA-HES FH7Fste] 37°Cof|Al
6AIZ 9t BRE AIZl & sodium  dodecyl
sulfate  polyacrylamide gel  electrophoresis
(SDS-PAGE)E Fofl ©#d wo] Je& =elst
At

2.6. MEAIHO| 3t B35 =8

2.6.1. AZuig 2 AZAEE 573

Alzxejere 95 NIH3T3 fibroblast A|ZE
274 100 mm culture disho|4] 10% bovine calf
serum (BCS), 100 U/mL penicillin, 100 gz
g/mL streptomycing 3 DMEM HiZ|E A}
&5t 5% COyF g%+ HYg7IMCO
17AIC, Sanyo, Osaka, Japan)ollA 37C=2 wj%F
Sto] ARESEITE AIZZE 96 well plateo] &3t
T 1247 8% 9 T H,0,(2 mM/mL)& Hz]
sto] ARekd AEF Ao o7t MEZEAIEE FE
SHTE AMZES] AEEE MTT assays Fol
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ELISA reader(Labsystems Multiskan MCC/340)
2 o] g5t 550 nmolA] EFE= =45

2.6.2. XA A AR

Az g OLi A4 TS DCF-DAGAH
S olgste] EASH23,24]l. AIEE 3x10°
7|2 cover glass?lofl Zotsx F 37 Coﬂfﬂ 5%
CO; HIZ7IE & 1247 Higt & Hy,0,(2
mM/mL)E 7‘130}04 ROS BAS frestaled,
2~33] A1 & 20 uM DCF-DAZS 1A3F ot
vk 271 & F3An] A (Nikon eclipse  80i,
Tokyo, Japan)& %3l &<lstHich

2,7, SAHXz|

AgAte] gt FAREAL SPSS FAZE
M (Statistical Package for the Social Science,
Ver. 12.0, SPSS Inc., Chicago, IL, USA)& o]-&
sto] EASIGlow, BE AW 33 ol wr
2 A ZA3E ¥Hd  + Z2EFHXA(standard
deviation, SD)2 uetHlct. Z+ & 7He] =4
2] HWE  one-way analysis of variance
(ANOVA) testE AAISH & 95%(/40.05)9] &
942l Duncan's multiple range testS ©]&
stof 7+ kel {9l zpolE AFIHA

3. it { n¥

3.1. DPPH radical & ABTS radical
AT

2o TaEe] st &4 Brhe DPPHS
ABTSE o|-gsto] Z74stitt. DPPH radical 4
AZGY A FdxTFeRE AMSH ascorbic
acid 50 pg/mL =M  79.52%2] DPPH
radical A2ASAL Hgon B HigR 250
pg/mL E= 500 pg/mL FENN ZAZ
26.53%, 63% 23S Ut dth(Fig. 1). £ I
SE9 DPPH radical AAZAL & L oA
FeUET ke 2A UEASE HEE 5k
of vl S0l TS & 4 AN

ABRTS radical A7AZAS] AL DPPH
radical &AGGT AR AFS Bt FA
gixztoz2  AREE  ascorbic  acid®] ABTS
radical £2AZAHL 10 pg/mLsEoA 87.69%
2 yepgon B9 WaEES ¢ 5 upg/mLe
A FoA 23.18%9 &S L1r‘5’ruﬂ a1, 250

Journal of Oil & Applied Science

pg/mL FXZoA 98.27%2 S veEbith
(Fig. 2). B HEE] ABTS radical £HZ4
T 22 koM Fhdixd Hoe W2 Ao
2 UEAR HaEe] =7t SRl wEt
2ol FostA(p<0.01) F7Fksk= AS =9l &
S

ES

100

*3

60

40

b

20 |

DPPH radical scay enging activ ity (%)

0
(ng/mL) 50 25 50 250 500

Ascorbic
acid

MA-HE

Fig. 1. DPPH radical scavenging activity of
fermented Morus alba leaves with
Hericium erinaceum
(MA-HE). The reaction mixture

mM DPPH in the

presence  or absence of  various

concentrations of MA-HE at 37C for

20 min. The wvalues represent the

mycelium

contained 0.1

meantS.D. for triplicate experiments.
Significantly different from the ascorbic
acid treated group. "p<0.05, "'p<0.01

oz aAgge A e Fitst 249
Arz FEEHI 9lom(2526], wrgRt Fxok
BA%E AL Ay 3 Sehinols SUES
%“Ji}, Sut, I 5O g dEg
Ak, Aoft &

Kol
urh Re gasiEe st
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120

EE

100 -

80

ABTS radical scay enging activ ity (o)

60 [ %

40 t -

. . . .
(mg/mLl} 10 5 15 50 250

Ascorbic
acid

MA-HE

Fig. 2. ABTS radical scavenging activity of
fermented Morus alba leaves with
Hericium erinaceum mycelium

(MA-HE). The reaction mixture

contained 7 mM ABTS and 2.5 mM

potassium persulfate in the presence or

absence of wvarious concentrations of

MA-HE at 37C for 10 min. The

values represent the mean*S.D. for

triplicate  experiments.  Significantly
different from the ascorbic acid treated
group. 'p<0.05, ~'p<0.01

3.4, DNAQ| 4t5tx 24tof| CiSt S =HE
2ol FEEMA-HE)°] DNAQ] Atsta] &A4F
= AIsks AE gotHdth. AAPHE A A4t
S}o] initiatorz 8 AfoflA A4 radical ol
5l peroxyl radicals AAdsheE SEEA=R
Z g8 JoH30]. Peroxyl radical2 Z]Zo|Lt
DNA¢} §hgato] Astd &4 kst 3=
Aoz Aol 7]5& ke ZIth pUCL9 DNA
0.1 pg/mLef A5t &£48 dov7] o &
BES AYstAl o2 At A=t AdHolA
10 mM AAPH AHz|sto] 37Cof|A] 6AIZF HE-GA]
Fot HgBE A5 F agarose gel 49
DNA &HIE ¥&s Z3 pUCI9 DNA+
supercoil form (D2 YeFF O™ (Fig. 3, lane
1), DNAS] 4t8}& &Afo] dojd H9+= strand
breakage (D7} &= Ack(Fig. 3, lane 2). ¥
500, 1000 zg/mLo] SE&E ®ol Ha2S A
S ) strand breakage’} G207 A E et

HATAA Ba Y FEEY] S 24 5

E =
R
R
3 3

MA-HE (ug/mL)

50 100 500 1000

1 2 3 4 5 6

Fig. 3. Protective effects of fermented Morus
alba leaves with Hericium erinaceum
mycelium (MA-HE) on DNA strand
breakage induced by peroxyl radical.
pUC 19 DNA was incubated with 10
mM AAPH in the presence of various
concentrations of MA-HE at 37C for
6 h. Lane 1, control DNA; lane 2,
lane 1 + AAPH; lane 3, lane 2 + 50
rg/mL MA-HE; lane 4, lane 2 +
100 xg/mL MA-HE; lane 5, lane 2
+ 500 upg/mL MA-HE; lane 6, lane
2 + 1000 gg/mL MA-HE.

ief

SANAEFES A Holx DNAE HIPA
ofE ool Bash otk Qudow B
ogt DNA®| 4ol ojd A9, DNA
cleavage T fragmentation @4Fo] dojipm
deoxyguanosine E27t 8-hydroxy
deoxyguanosine2 2 WPEE Aol dojdtt
[31-33]. 0|9} & AALS ZodHio
St 2 Ae] YRlo] HA irh34,35]. whet
A B TEEe DNAS Atshd 448 Hodt
ozA ko Bl AW o] =go] 2 Zlom
2k,

T
=
o
12

3.5, HSAQ| 4tstx 24tof Cfst BS =&
HSA ©&o]| peroxyl radical& #2sle] At
34 Wge fota B9 WraZo] i o)l
HYS HOot= 25 okttt HSA oid
7} 50 mM AAPHE A 2|std HSA ©aizo]
HE Zgto] mpyxHA i mrp Aol Apet
FAth(Fig. 4A, lane 2). ¥ T8ES =
A = HSATE jo] st F7Fste)
T} HSA &4 oF 4k SA7|2 4% 4
B 500 pg/mLsEoA B TEES At
ol wo] Wizt AAPHYHS H2lgt o] H]
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=]
=
T

=

=
T
*

xx

Relatiy e density (%a)
L
=
T

[
=
T

Cont. Oxidized 10 50 100 00 1000
MAHE (ug/mL)

Fig. 4. Protective effects of fermented Morus
alba leaves with Hericium erinaceum
(MA-HE) on
of HSA induced by
peroxyl radical. HSA was incubated
with 50 mM AAPH in the presence of
various concentrations of MA-HE at
37C for 6 h. Lane 1, control HSA;
lane 2, lane 1 + AAPH; lane 3, lane
2 + 10 pg/mL MA-HE; lane 4, lane
2 + 50 wug/mL MA-HE; lane 5, lane
2 + 100 pg/mL MA-HE; lane 6,
lane 2 + 500 uxg/mL MA-HE; lane
7, lane 2 + 1000 pg/mL MA-HE.
The values represent the mean+S.D.

mycelium oxidative

modification

for triplicate experiments. Significantly
different from the control. “p<0.05,

"p<0.01
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3l 38.30% ol HIS HE=

Ath(Fig. 4B). Eg4ta Fol
A2 ofm|iite]l  ®1R[36],
linking[37], ©edo] dd = -
3], D}Hﬂmoﬂ it Atehd A2 ThelEe] gz
ot 7155 HEA7|ER L3t ¢ g

Qlo] =1 QIrh38,39]. EH ‘“ﬂr‘ﬂ."ég] 50~60%
= Gxsh HSAL FAAEQLS zasie w)
Eold Aol FFaf teFet Wil EEES
A2 ZFgotal, 7FEe g4ket 28 9 free
radical &AZA0] okl BIUEATH4A0], A
W ZAditae] oo 4FstE HSAE AMeHd AE
20 Aw7b =, HSAS] 4ehd QiziAd2 of
g AT Aol o5 AFEHAT41]. ET 4HE}
H HSAS] 42 hemodialysis A5 A%
715 Aoflet WAHTE AdAdo] Qti= ARAoe] H
1= H42]. oA B TEE2 AlEuye] 4t
3t o tE ohilds HOoRA ohi
2 Hygor Qg oy v Al AL

AT Aoz AZHc

7] 2"] Aol B TS iEHﬂi Ae]ska
H,0,2 2 mM/mLZ Astoe] wjekst Azt
H,O0 5 ARt Ao AEEL 54.16%= 874
NZHT} 4525% ZHAstdou Brase 100 4
g/mL& ARt FhoHE AETEO] 55.75%=
Az Heaaprt gl Aoz l= (g, 5).
e dolup ZASASAHES (ALY 22 H
AgHNA S HOp= = Ao TF ZHHES
B2A AR=4e YA HoH43]. ol#gt
HzOz°ﬂ Ot AEZEAL A EAPE S 27|

E5] Y Ao T irondt H,0.8t A%

2k8-S 53 "hgAJo] &2 hydroxyl radicalS
oA Elo] e AE Ao o7k A9
Aol 3 HEnta Hate vb Qlrk[44,45].
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e
=

Celly iability (%o of control)
=i
(=]

[
=

=

Cont. Oxidized 10 50 100

MA-HE (pg/mL)

Fig. 5. Protective effects of fermented Morus
alba leaves with Hericium erinaceum
mycelium (MA-HE) on cell death
induced by H,0,. NIH3T3 fibroblast
cells were treated with 2 mM H,O; in
the presence or absence of varying
concentrations of MA-HE for 24 h,
and cell viabilities were estimated by
with a colorimetric assay using MTT.
The values represent the mean+S.D.
for triplicate experiments. Significantly
different from the control. p<0.05,

p<0.01
3.7. E4ta Mol st FE
X

el 2 A=
At A Al BASHs @3go] Uk
H,0,& Azt AlZoA= J3F
Al et} ol HO, A8 A=
sk ARSIEE el Aolo]
50 pg/mLE A3t 43 3
AES oF 2 01°4E]-(Fig. 6).
Eg wol MRS H,0,

FEs  HaAPI AEIEeREQ]
malondialdehyde®} caspase-32] #dd ZHo
2 Q% 417 & e TEESE AXina &
22 ArH46-48]. webA] 2 AT A= EY
o] BAMtAo ot Aehd &4t riH
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kr

ko
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0
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)
NI
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i)

ief

2

2

B>

2,

%0 lo

H,0, 2mM

Control H,0,

MA-HE (50 pg/ml)

Fig. 6. Protective effects of fermented AMorus
alba leaves with Hericium erinaceum
mycelium (MA-HE) on the generation
of ROS induced by H,0, NIH3T3
fibroblast cells were treated with 2
mM H;O, in the presence or absence
of MA-HE (50 wgg/mL) for 40 min.
Cells were washed then subsequently
loaded with 20 #M DCF-DA for 30
min and washed again. Intracellular
fluorescence images were analyzed by
fluorescence microscope.

2 AL BS AABMAR so] 1T
Fo] WARAAE HloF WANA Az Ta
2o Quist BHe sl A YA B4

1. 89 & =2 DPPH radical®t ABTS radical
2A24E vewlen, HaEl =7t 57t
ol wet Zgol FolskA(p<0.01) F7FsHA
=8

2. B9 FRE2 peroxyl radicaloll €]t DNA
O] ArebA &3t HSAQ] 4181d ®ig-& oA
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&

ol it #e AWME Foll, =FFgFoIHA
A HEES e S 7 AL
o o £4E mAdes ol ow
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