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ABSTRACT —The objective of this study was to evaluate antioxidant effect and tyrosinase inhibitory activity of methanol
extracts from Hypsizygus marmoreus. The Hypsizygus marmoreus was divided into two parts (pileus and sipe) and
extracted with methanol. Tota polyphenolics and flavonoids in the methanol extracts were measured by spectrophotometric
methods and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radica scavenging activities have been determined for antioxidant
activities. The total polyphenolics and flavonoids contents of methanol extract of the pileus were higher than methanol
extract of the stipes. The tota polyphenolics contents in methanol extracts of the pileus and stipes were 8.7 ug/mg and
5.6 ug/mg, respectively. The total flavonoids contents in methanol extracts of the pileus and stipes were 2.8 ug/mg and
1.4 ug/mg, respectively. The tyrosinase inhibitory activity was proportional to concentration of methanol extract. The tyro-
sinase inhibitory activity of the methanol extract (200 mg/ml) of pileus (66.9%) and stipe (57.97%) was lower than those
of podtive control 2% arbutin. The DPPH radical scavenging activity of the methanol extract (20 mg/ml) of pileus and
stipes was 52.55% and 30.35%, respectively. Moreover, the effects of methanol extarcts on cell proliferation of B16BL6
mouse melanoma cells were investigated usng WST-1 assay (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-
benzene disulphonate) and B16BL6 mouse melanoma cells treated with methanol extract of 200-2,000 ug/ml were higher

proliferation rate than those of 0.04% adenosine.
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Gutterridge, 1990; Vercke -5, 1992; Aitken &, 1993;
Baublis %5, 2000). WNAL kst el A A
2 5= 9Jor kAol & ascorbic acid, tocopheral,
flavonoid 59 HAZHH isHALE  butylated
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A HdAERE A ARk &3 oA 28
gk Aol S7Fskal itk(Branien, 1975; Feskanich
5, 2000; Montonen -5, 2003).

W3 v Reshrt 2= Hehd (mdanin)e] #HY L
2 AkElo] A (pigmentation)S IO 2 A
| 5-2] Al Agte] YepfA Hnt. depd2 13 7145
o] &A= meanocytes®] melanosomel| 4] tyrosine®]
tyrosinese?!] ¢Jal 4kslE]o] DOPA(dioxyphenylldanin),
dopaquinonee] 3L ©]7lo] 5, 6-dihydroxy indole,
indol 5, 6-quinone® & A5 AkalElo] HFZ el S5t
Hhgol oz Hapd FAE JAdTe=A AAdH
tHHearingZ} Ekel, 1976; Nita2} Young, 2005). w}
2Z}A] tyrosinase &/do] A= A AZ2E A S
4 917] W&ol tyrosinase 48 A &= U= 3}
FE A Ag AvF s P o
(Aburjai} Natshen, 2003) % So] $-2uetelA
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(Hirase %5, 1976; Chang} Miles, 1989). &3+ =
ol MAFE=o] dts), dek, A o E )
A, ZElZEE Ast 5o a3 olgte AT7Ad=
o] B35 3 9Jrh(Lees} Oh, 2007). S-2lutetell A Al
HiE] 3L e AlEwAlel= FFol, a7, o], =E}t

, TR, =ERHE WAl Fol o oFgH
Aoll= A, 55, 94, 4 Al 5ol At o] F
ol A E]7k7 ek Al (Hypsizygus marmoreus)S o =
oMM Ao = Q1 Afui= 2] (Ohashi, 2010) -
glutEtell A= 200230 GEe] eFtetrzst 71wl
FE EHETFLAM ANFAE A28t B H
Ao FHZ o] AAE &H7F ST AL Qe WA
% shto|th(Zanabaatar &, 2012). =E]T7FEHAl
< 2t FEHAE, FolFe] Sake A&
AozA thido] e SR dAES sk
ot F AWl ST (glutamic acid)yS
Bol ghHraial 9= 570] irk(Lee &, 2011). =E|RF
7HeAl o] Ajgd o 2= 9 4(1-3)-Dglucan,
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a3, st & Sol Hixo] Slti(lkekawa,
1995; Matsuzawa 5, 1998).

2 Ao e Al S0 2 “ETEHAS
Zh(pileus)s} U (tipes)= w2l sted F-918 kst &
A 2 tyrosinase A3l S-S ZAIFCEHA 754
AFE 9 sPEE AAEA 2 “ERIEHA &
=2 o] 7hs A& AAIskaLA} gt
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ZA “E[Q (A oEkE FES0| M=

2 Aol AREE AN “E WAL o]mtEY
A el WRkSo|(FER)E FUE F Ak
ARESEATE. FAIRE A SR ALS 2
715 AAT F 2t = 28 v Al e
o Azt gl 7242 e 9] WiekEe] JA|g &
oA 4 E<E 23] WHE FESIITE FEES
Watman filter paper(No. 2)2 ]33 T2 31472
5%7](Eyela, Tokyo Rikakikai Co., Tokyo, Japan)
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2 Folin-Ciocalteu regent’t =291 23| 2
P HA FAo g wAr= PdgE ol§
sl TH(Singleton, 1981). 2 “E]R7 e HIAl 1)
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A 2mle H7Ie & 3 & WXg the 50%
Folin-Ciocalteu regent 100 ulZ #7}etsicth. &gt
F2oA 304 Rt HESAIZL & 720 nmoll A &
L5 S48t 24 =HyEA ves 5
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o2 52 59t HES-A171 3 5% sodium nitrate(NaNO,)
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Tyrosinase X3l &4

24 eI Al HEke FEE9] tyrosinase
A8 24-S Tomita 5(1990)2] WS HA sl =
A&t 01M Sodium phogphate 98-8 (pH6.5)
220 ulel] A =Ejvb7 Al wlERE: 55 20Ul (200,
400, 600, 800, 1200mg/ml)=} Mushroom tyrosinase
(1800 U/ml) (Sigma adrich, USA) 20 ulS #7}sted]
&3 3 1.5mM L-Tyrosing(Sigma adrich, USA)
AOuE H7tskith SFdL 37°ColA 158 &3t
HRSA1Z] o2 #3333 =7 (Softmax M5, Molecular
devices, USA)E ©|&3lo] 490 nmel|A] 3 =8 =
Attt fixzT= A4 =gl veks F
%% th4l 0.1 M sodium phosphate $+5-8<4 (pH6.5)
S ARSI FUERTE 2% EH-El (arbutin)S
ARESFA T, Tyrosinase 4 A8& (%) T ¥4
o oJate] Fatith(a, tHET F34%; b, AIEH7H
3%, d, b', Mushroom tyrosinese 7-A 2|7 53%).

Tyrosinase &4 #13l€-(%) = 100—(b-b’)/(a-a’) x 100

DPPH 2iC|zar &

2 “EIT A veke 559 2,2-diphenyl-
1-picrylhydrazyl(DPPH) 2tt|Ztar 242 2 H
S H= MY SRl DPPHYE st 2%
o] HAgo 5ol o3l i S [AAE wol gl
= 98 = o] &3 Bloig(1958)¢] Wl Fate] =4
skt 24 =ER7 e Al vl eks F5& 50 ul(O,
10, 20, 40, 80, 100, 140, 200 mg/mi)° 0.15 mM
DPPH(Sigma adrich, USA)Z 200ul 718+ &
37°CAA 30 B WA TR EEE T
(Softmax M5, Molecular devices, USA)S ©]-8-3}]
517 nmellAl S35 S48t Sl =
butylated hydroxyl toluene(BHT, Sigma adrich,
USA)E AR&-319o™ DPPH 2Ht]zar] &4 (%)
ANEZ7HSE 2T Alele] F3E Aolg WiEE
2 et

DPPH Zjtd 7] 274 (%) =

(=Tt FE=

A2 S4=x%100

ok

B16BL6 M= HHQ¥

B16BL6 mouse melanoma cell-S 3H=rA| 2523
(Korean Cell Line Bank, KCLB 10092)0 2 FE] &
oFlo}l A3l 10% fetal bovine serum(FBS,
GIBCO, Rockvile, MD, USA)3} 1%9] penicillin-
streptomycin(Lonza Walkersville, Inc., Walkersville,
MD, USA)e|] 37Fe Dulbecco's modified Eagle
medium(DMEM, GIBCO) #i#]elA 37°C, 5% CO,
2702 3Y Ft vigsiaiTt.

MZ MEg =3

722 “ElRE Al v ek EE0) t)g B16BL6
mouse melanoma cdl®] AJEE-2 584321 tetrazolium
salt WST-1(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-
tetrazolio]-1,3-benzene disulphonate, Biovison, USA)]
AU mitochondria®] dehydrogenasee} WHE-3l
Q&AM formazan® 2 Wate WSS ©]8-31]
o158} tH(Francoeuret Assdian, 1996). ZH4 —E]vt
7HEAl HlERe 552 DMSO(dimethyl sulfoxide)
of &9l % 0, 200, 400, 600, 800, 1000, 1200,
1400, 2000 ug/ml === z}z} 843k o3 0.2 um
membrane filter(Sartorius, USA)= o] 33sto] AMES
Atk 12-wdl plaedr] 32 F<F =|YgE B16BL6
mouse melanoma cellol] 22 “Ejvreb Al Higk
S F==2 0, 200, 400, 600, 800, 1000, 1200,
1400, 2000 ug/mle] FEZ H713t F 24X7F S<t
37°C, 5% CO, %702 wjYdslon Az
0.04% adenosineS ARE-SIATE. vl ol tetrazolium
sdt WST-1 895 37hek s 37°CollA 4A7F &
QF ¥t $ 420 nmel| X S8 =5 Skt

SHXZ

AAFe] HFpd ZF e SAS(Statigtica
analysis system, USA) programs ARE-sle] 313
3 Duncan's U AAWORZ 5% <ol 24
ARE AT

3 ZflEL0|E &k
s Ao A AN 2EYE, &
AT, A, 24 sEEHH RIS BIske
Aol A FA T = tIAMHEZA hydroxyl(-OH)71 &
(o)

ZHAIAL 371 ool s} Agtete] g, &
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Fig. 1. Tota polyphenolics and flavonoids contents of methanol
extract from pileus and dipes of Hypsizygus
marmoreus. Values are expressed as meatSD (n=3),
Values with different superscript letters are significantly
different at p<0.05 by Duncan’s multiple range test.

Uel= E4dolth
FA LE] Sl dn=yzl
Za)¥|s ke
.7+3.27 ug/mg=} 5.6+2.85 ug/mg_i e H]
°H 4 ZEos gl © =4 UETHFg. 1).
3(2013)°] EIg ZA REZEHAl (Lyophyllum
fucosum)] Z&]dlE Fafol| ASH HioX % dli
the 7t E8juls ol =7 vebsdth =8 2
& LE]”WPD“H“ Heks FE5E9 & Egus o
;o :31(2013)0 | R38k Zb8 giriel Al W ek ==
E (7, 5.366+9.7 ug/mg; t, 3.574+7.1 ug/mg)Et} =
Al WYEFtAL Ferreira 5(2009)°] B3k opH A9
% Zg9E $9(0.391-1.725 mgmg)E.the =4 o
ERStT}. Chang 5(1993)2 Barros 5-(2007)2] X3¢
ok wWAle] AW H A= WAl
T, ASulA], 8 1.ZHHHH“ﬂq A 5370 m
g} gebd Bt opel A F A KEH AL
75 22 AR A=) AAo] A
SEo] WAL F Eejls T S
R o= A=) £, o, &7], @ Sl &
frelo] A= flavone 729 =7bd A= AAE F
Aot Az EAjdhe St o|Es ks, o
2EZA, Y9 &3 T opekst /‘3\’4%}"3 < Yerd
(Kim &, 2010). 24 =ElT7Al Weke: F2&
Z 73 g9 ZglRo|r dEre zhzb 2.8+3.81
ug/mg-\Jr 1.4+1.95 ug/mge.= tiol| #
wo|= gtko] 28] HAx =A ‘/}E‘rh"ﬁ‘r(ﬁg. 1). &
(2013)0] Hargh ZAY wire Al o] SefH molE &
Foll @3 BN E tirthe 2t SR eols
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g 5, 2001; Chen %— 7)
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— ©2% Arbutin BPileus OStipes
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Tyrosinase inhibition (%)
3
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Fig. 2. Tyrosinase inhibitory activity of methanol extract from
pileus and stipes of Hypsizygus marmoreus. Values are
expressed as meantSD (n=3), Vaues with different
superscript |etters are significantly different at p<0.05
by Duncan’s multiple range test.

SreFol E=A JERsth 24 “ERPIEAL e
FEE T 2 U9 EgfRrol= e $(2013)
o] Bk ZkA b7 eAl Heks F&& (%, 0.208
mg/g; o, 0.191+2.3 mg/g) ¥t} =4 Yeltoy &
ZYvs FFETE WA JERT sARe E2t
Hiolx o] & ZuE o] vlal] WA vEl
= A2 WAl F2 dssistEe] sls4(phenolic
acid)e] 7] W&o 2 B7Eth(Ferreira 5, 2009).

ZM ZE|O e HiBtE £&E9| tyrosinase X
sff &

2 SRR PEHAL v FEE
gRlIst7] #1ste tyrosinase Xﬂ 5 2
W 7 CE|E A W e =
As] AL L-tyrosineS 7]
FEEY T wEt STk ov 4 1’415:%2
2 A3 2% %—‘?—EM] H]3] 1200 mg/mle] F 5%

]/\L‘E 72 66.9%, = 57.97%2] 2 A3 &4
S YERNATHFig. 2). Yoon 5(2011)2] Href <
A AAL 2 A 9] wERE 252 1,000 ug/ml
o] F=olA 56.5%2] tyrosinase A3l &S UHEMJ
uk 5(2013)2] EJ_Oﬂ olsha Al ek

1500ug/ml.4 =l A 40.35%9] tyrosinase

< YERIUT 24 =E AL ek
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Fig. 3. DPPH-radical scavenging activity of methanol extract
from pileus and stipes of Hypszygus marmoreus.
Values are expressed as meantSD (n=3), Values with
different superscript letters are significantly different at
p<0.05 by Duncan’s multiple range test.
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Aoz AT 4 AUTH(Cha, 2009). 24 =ERt7tet
HA HebE FEE 5 2t o] DPPH itz &7
5C 20mgmle] FEolM T ZFzF 5255%9 30.35%
2 Y e tHFig. 3). Zanabaatar 5(2012)2] X
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& FEE2| DPPH gt &A% ¥l &
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Z4 E[2IEHA OERE F£&ES0| B16BL6 mouse
melanoma cellofl O|X|= A&t
LEITEHAl HgEke FEFE°] B16BL6
mouse melanoma cellol] VX FaFs Lolrr] 9
3t B16BL6 mouse melanoma cdlol] FE2 0-
2,000 ugmle] FE2 223 S WST-1 assay=
ol-&3ate] MEAESES ZARRINY. 24 “ERb
Al MEhe 2222 23} o) 2% 200-2,000 ug/ml
o] FEE X73l3S W B16BL6 mouse meanoma

24

ol&d -

LRt LIS

o
£
_‘

350 00.04% Adenosine ®mPileus DStipes

300 e - _ =
250 - M
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0 |
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Ade N
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Fig. 4. Effects of methanol extract from pileus and stipes of
Hypsizygus marmoreus on cel proliferation in
B16BL6 mouse melanoma cell. The B16BL6 mouse
melanoma cell was incubated for 24 hr in DMEM
media with different concentration of methanol extract
form Hypsizygus marmoreus. The cell proliferation
was determined using WST-1 assay. Values are
expressed as meantSD (n=3), Vaues with different
superscript |etters are significantly different at p<0.05
by Duncan’s multiple range test.
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celZ 100% °)de] BEES YA FE252
A L7t 7 et NEAEERE F7hsE
S YRl om Adtizt?] 0.04% adenosine
< AHEg AgHT MEAES] =4 e
(Fig. 4). wehr] 24 “ER7IEAl Heks 355
<zt o) B 200ug/ml o] oM E
B16BL6 mouse meanoma cellol]l EAS YeER|A
2= AL RISt 53] FEES 600ug/ml ©]
3] T2 XSRS we= dlxo) zke] Al xAE
$o] A Veben) 800 ugiml 04+ Fx=2 2 g
}ME = ZtEn glo] Az AEEo] ¥ 718

78S YehQIt}. o] A= B16/F1I0 meanoma
Ce||°ﬂ 27PHAl HERES: FE2ES AHET A FEE
o] Ag] TEIt IS A EAEE0] At
= Guk 5(2013)¢] Hore} dnts= Ax=H 244
LEYIEAL s FEE0] AlxEe] Aol
3kE S g deAol Ag FIH A &

Q3

==

H g

2 AFolA= 2 sPE A EA 2
2 hE]‘{WP%"H%i(Hypsuzygus marmoreus)]
7FsAE AR Sl 24 =E AL v
e FEE9] it &4 2 tyrosinase A5l 23
£ Zt(pileus)?t t(stipes)= HE]ake] FEE A}

7]_‘:/\-1 /K] iz
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2o 7bzt 8.7+3.27 ug/mg}t 5.6+2.85 ug/mge| AL
ZH o= SRS 717 2.8+3.81ug/mg) 1.4+
195 ug/mgeliem & EHEdsy) SdtE o= 9
& 2% g} ZrellA =4 YERs Tl Tyrosinase A
3 S FEE & wt Srteke A o
Epfl ot A tHEFE ARE-S 200 Y- (arbutin)
7 H]jl‘ﬂ% w1200 mg/ml-°4 IEFEAME ZHE
66.9%, U= 57.97%2] =2 A3l 448 Vel
itsl 2 *é 2 DPPHol| 93t jtjzdaA €4S =
gste] gRlstiem ztz the] DPPH itz 47
T2 20mg/imle] FEolXM %= 77t 52.55%2) 30.35%
2 9 et} $5E9°] B16BL6 mouse mdanoma
cdlol] VX G Lolrr] $3l WST-1 assay (4-
[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]- 1,3-
benzene disulphonate)E ol-gst] MEAEES =
Aelom 7k o] 5 200-2,000 ug/mle] &%=
ﬂilO}ME o 100% l’%PJ EES UERAAL
=9 A7 FE7F SVl wEt AEAEEE
—7} e 733S Ueplilem iz 0.04%
adenosineg A2 gt 73-¢-Hr}t =7 e
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= 201249 AdHshr|esdsta 713 A+
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A=EHY T
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