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Antioxidant and tyrosinase inhibitory activity of white beech
mushroom (Hypsizygus marmoreus) extracts
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ABSTRACT: The objective of this study was to evaluate antioxidant effect and tyrosinase inhibitory activity of white beech
mushroom (Hypsizygus marmoreus) extracts. The white beech mushroom was extracted into hot water and methanol. Total
polyphenol content was highest in the hot water extract (8.4=3.27 mg GAE/g) compared to the methanol extract (7.3£2.85 mg
GAE/g). The flavonoids contents in hot water and methanol extracts were 3.8+3.81 ug/mg and 2.5%1.95 ug/mg, respectively.
The tyrosinase inhibitory activity of extract was increased in a dose dependent manner and tyrosinase inhibitory activity of extract
(hot water extract, 69.72%; methanol extract, 52.67% at 40 mg/ml) was lower than those of positive control 2% arbutin (96%).
The DPPH radical scavenging activity of the hot water and methanol extract was 80% and 74%, respectively. Hot water extract
(63.34+1.00 uM TE/g) were more effective in ORAC (oxygen radical absorbance capacity) value than methanol extract
(46.33+0.48 uM TE/g). The toxicity of hot water and methanol extracts was investigated using WST-1  (4-[3-(4-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulphonate) assay on the B16BL6 melanoma cells.
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oJokE, 7164 AE, 7154 sHEE Soll tig ds=rt
Z718kal TH(Kim et al, 2013). 2k A W o)
= = HGolA BrETPAS wAto|Rt 1|9 At
WA E]= 4 2FAF (reactive oxygen species,
ROS) EQFF gt Aka SIEEA] vheAo] & B0l 9
on, ZAMZAN Ateld 2EH2E s "ot
(Droge, 2001; Kim et al). A uWloli= super oxide
dismutase (SOD), catalase, glutathion reductase ¢} 72
GAkst G247t SlojA ZAdatael] gk Wolr 1S THA]
AL JARE oA Al oF Ak REF A 7he] 7ol 7)A]

BAY e Hay Dol
S8t A dth(Halliewell  and
Gutterridge, 1990; Verckei et al., 1992; Aitken et al.,
1993; Baublis et al., 2000; Kim ef al, 2013). #HIE

ol# gt fraff S A A B S AATeEN H
HE AWstAY ARt e A=z SEsiAal 2len
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olst Bstel YPH O HANL Yk HE 2AF F
Hom WA Tt Qe Thdd 2ASS Pajo] F

25 Uy 9] }(Aburjal and Natsheh, 2003; Kim et al.,
= A3 tjEe] B 233 Al
=l; ‘C F8% AR THFEI glom
Al ~2E# A= A (melanin) AZE A}
depd AaE At = 7u], F270
N 59 M= (pi gmentatlon)é frgeict. 4
= melanocytes<]
melanosome®l A tyrosine®] tyrosinase®l] ]3| At} o
DOPA (dioxyphenyllalanin), dopaquinone®] ¥|3L ©]719]
5, 6-dihydroxy indole, indol 5, 6-quinone2Z A5 4Fs}
o] HFHQ Tl o) dad FFAE ILF
o224 A4 Hch(Hearing and Ekel, 1976; Nita and
Young, 2005; Kim et al., 2013). AW melanoin®] 3}
& A= 7], =20, AL AWAL Fo] A ZlEbe] o
oL} JH3l 2 &8 2 3Ith(Aburjai and Natshen,
2003; Kim et al., 2013).

AA 2Fe] dFA WAl F2kt7d (Basidiomycota) 2t
A7) (Ascomycota)dl] &t AHHAE 71K ALEHF
E/\ﬂ 1:1—21 r/]—un;d H]F/]—‘iﬂ _?—7]7\1;]. AN R oﬂol:/\ ]- ZH
sk 01’41;{4 HE A ”—9“0 2 okg o= Jdg] ARgHo| gke
w AZREe AF, FEel AE, 71E AEeEA 99Tt
Al SHMT ole} kAl a3 U= “wholesome
food”= Q12 Eo] An|Fo] & F7lslal Y= FAlolth,
T3 FZoll= HAle] Aol Ak tefe A7 B
JEEA AAE ”"V—’ﬂk% A=A WAL 754
of #3 HAlol 7} Haz =
ZHE Astas, 9374 3]' 2, gt AS, AT
PR3 2R, kst 28, AEERE, 3ERE ol B
E]Oio‘:“] HVH o] 8422 alkaloides, flavonoides

9 terpenoides®} - AEAL EZ¥RtolU g} bR, o
‘5"4?—:_3 tannin 5 7 R 4 Fo] HIHATh
(Hirase et al., 1976; Chang and Miles, 1989; Lee and
Oh, 2007; Kim et al., 2013).

LE|N YA (Hypsizigus marmoreus)S BAER, T+
EHAE, FolFte) &= HACRE Zte] A7 Hlsto
o] Aozt Ao} SU7HAE Holm o JiA7F T2
o} S, “ElR e AlS SEe T T USR]
T3 e =ERHAC] Hlste] & RiefR] o Wy

71ell= %EL o J—ehﬂﬂ‘)r “}:r“ﬂ‘”]tq e =94

o

;ﬂ; Aol 54010}, eI WA s o
%, FokAlol, #7, Bl SAGNIPE, SEUE, UE
bR 5o %"OSZF TAR O} 2R 7)ol thiE WAy

=z oz o]: 2009F dHEA Q) OD:] ORI AL

&45—%}&1 ol Aaa 2uEFs il lal &

3% WA FZFo] AujE AL ATh(Ohashi, 2010; Lee ef al.,
2011; Zanabaatar et al., 2012). =E]5H7}ek BjAlS 2%
HF 7oA FemA o g thilAe 15T 9l ol
= FOIA AUAR FRHNL Bol TR 9O
W ebe uAe) B RE EPY p(13)
Dglucan, A8 F&E2] peroxyl# alkoxyl radicalell o
3 g3, ksl 84 So] B Eo] Qth(kekawa, 1995;
Matsuzawa et al., 1998; Kim et al., 2013).

2 Aol = Al F2 A4 “EWEA & =
3 HEE FEE9] kst @4 2 tyrosinase A&l &
e ZARICEA 7154 AookE 9 sPEE AAEA
A =Rl °o|& 7Fs/d& Al skt

Cis g

F3u9

3] 24

Tl et WukSol (FER)E ‘?O]ﬁl 5 T"ﬂ—}o:] /‘F&O}
AT FAIE DA =EveAle FH e E71E Al
gk the Al on AlEE WAL 72t 4ufje] I }
HEkEol] HA|g & 24 52t 33] vhE FEsiTE F

£ Watman filter paper (No. 2)2 I3}t T Q?ﬁﬂ'
4&5=7](Eyela, Tokyo Rikakikai Co., Tokyo, Japan)Z
Tt 2FEEE AT

el weh
Folin-Ciocalteu regent7]' S =g “’J’ﬂ"j FEE o3|
shlE EejElo] FMom dir= 9 E o] 85t
Sgsnh. A4 =B 525 100 ulel 2%
sodium carbonate (Na,CO,) € 2 mlg 718k & 3%
B9 WAkt 50% Folin-Ciocalteu regent 100 ulZ
H7reldth, TN oA 308 B vESAIZl &

BEE 5T A =ERbigHA
e gallic acid (Sigma aldrich,

% 158 o83t S35
=3
& EE 0| &E &N
= ZdH o= ke hlshen et al.(1998)2] "o

w2} colorimetric assay'H =459}, A =Elgk

7 A i%% 1 mloll $7F 4 mlE F718F U 5&
B¢ WESAIZl & 5% sodium nitrate (NaNO,) £ 0.3
ml3Z} 10% alumlnlum nitrate (AI(NO;);-9H,0) €< 3 ml
E H7belith. £F9e 6 & vl T 1M
sodium hydroxide (NaOH) 8 2 mlS 3713 & 57/
T2 REgAe] S 10 ml2 FHFsATE. HgskE &

—
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He 510 nmolX FEE=E S8, 3 “ERbte
WA 559 F kR 0| S quercetin (Sigma
aldrich, USA)S BEFE=E 23 AFAHES o] &3l
Z4 3t

Tyrosinase X5l &

Tyrosinase A3l &2 Tomita et al. (1990)2] HHE
st 2438 0.1 M Sodium phosphate £H-8-<
(pH6.5) 220 ulel] 24 =Ev7gA FZE 20 ul (0,
2, 4, 6, 8, 10, 20, 40 mg/ml)>} Mushroom tyrosinase
(1800 U/ml) (Sigma aldrich, USA) 20 ul& 7}sle] &
38k & 1.5 mM L-Tyrosine (Sigma aldrich, USA) 40 ul
A7hskdeh, e 37°ColA 157 Bt WHAIZI

4335 A (Softmax M5, Molecular devices, USA)
£ o]&3te] 490 nmollA] FEEE S 2T =
A e Al FE5E T4l 0.1 M sodium phosphate
AZ=8-ol (pH6.5)S ARSI A ERTE 2% LFE
(arbutin)S AFE-3F3AT}. Tyrosinase T4 A&l & (%) T
2ol oJte] Falith(a, HET S8%; b, AEH7H
&3 %; a°, b’, Mushroom tyrosinase T2 §3%).

il
m

:

Tyrosinase 279 A3l1€(%) =100 —(b —b’)/(a —a’) x 100

DPPH 2iC|ZaH &

2,2-diphenyl-1-picrylhydrazyl (DPPH) Z}t]zda7] E4e
Blois (1958)] ¥iiell we} 2 Hejals w= Pk 2
U]z}l DPPH7} d4tsl B9 dAlgodsel od 4
S HAE Wol 2R = AT s o]&sle] A3
A “E Al 25 50 ul (0, 2, 4, 6, 8, 10, 20,
40 mg/ml)°ll 0.15 mM DPPH (Sigma aldrich, USA)E
200 ul F7FeE § 37°ColA 308 <t vFSAIZ T &
F4 =7 (Softmax M35, Molecular devices, USA)E ©|&
sted 517 nmellA S92 =S S5t 3 dxTe
butylated hydroxyl toluene (BHT, Sigma aldrich, USA)
£ AHgskien DPPH St Z4A 84 (%) AlE3H7)
T} 2T Abe|9] FBE Aol WEEE YERNSITH

DPPH )47 B4 (%) =

2T 8% -AE7H 3527 335 x 100

Oxygen radical absorbance capacity (ORAC) &M

Peroxyl ZHZ42ASS YERE oxygen radical
absorbance capacity (ORAC)E peroxyl 2Hc]Zde] AAd3} 4
ol ¢]3} fluorescent®] 7HAE-S A= Cao ef al. (1993)
o] Wil whe} Z4siglnt. M R 5+ 10 uldll
300 mM 2,2'-azobis(2-amidino-propane) dihydrochloride
(AAPH, Sigma-aldrichChemical Co., St. Louis, MO,
USA) €4 20 ul®} 250 nM fluorescein (Sigma-aldrich

CElR A 550 kst @4 9 tyrosinase A3 &3 326

Chemical Co., St. Louis, MO, USA)& 2.7 mlE 7}
3l T2 multi-mode microplate readerS ©]-8-31>] 485 nm
(excitationwavelength)©} 535 nm (emission wavelength)ol]
Al IAIZE E<F 23wt @3S Ao JA =gk
7HgHAl F5E9 ORAC AFE  trolox (Sigma-
aldrichChemical Co., St. Louis, MO, USA)S ¥+=3
B2 AT HFAE o] &ste] Tkt

Mz 4ZE8 53

A “E|R7 g Al =5E°] B16BL6 melanoma cell
o] A5l A= FF T8AQ tetrazolium salt WST-1
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-
1,3-benzene disulphonate, Biovison, USA)°| A|3Eu
mitochondria®] dehydrogenase®} WH3-Slo] QXA 9]
formazan®® WHol= WS o]&ste]  ERIsiTh
(Francoeur®} Assalian, 1996). B16BL6 mouse melanoma
cell> 3=1A| L5238 (Korean Cell Line Bank, KCLB
10092)© ZHE] Eopwrol A8 10% fetal bovine
serum (FBS, GIBCO, Rockvile, MD, USA)Z} 1%2]
penicillin-streptomycin (Lonza Walkersville, Inc., Walkersville,
MD, USA)°| &7} Dulbecco's modified Eagle medium
(DMEM, GIBCO) Bi=]ell- 37°C, 5% CO,ZASo=Z 3
b mFeEtsint. A “ERIEAl 552 DMSO
(dimethy! sulfoxide)oll 331 5 0, 2, 4, 6, 8, 10, 20, 40
mg/ml =2 Zt7} 8143k T2 0.2 um membrane filter
(Sartorius, USA)Z o3}3te] AE-31TE. 12-well plateol]
2] 39 E<F vjFE B16BL6 mouse melanoma cellol] 3
A CERHEHA FEES 0, 2, 4, 6, 8, 10, 20, 40
mg/mle] FEE F71EF F 2427k B9t 37°C, 5% CO,
ZASZ wjksld e A thEF= 0.04% adenosine
S ARESITE. Wl tetrazolium salt WST-1 82
7K vk 37°CelA 4A17F S9F wigSE F 420 nmol)

E A3 53] o) RSP STt dojzl A
ol Aol HFyd HF QA= SAS (Statistical
analysissystem, USA) program= AREsto] 8192
Duncan’s S AAHO R p<0.05 FollM A4 #2
A A8E AASEAT
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Fig. 1. Total polyphenolic and flavonoids contents of hot
water and methanol extract of white beech mushroom
(Hypsizygus marmoreus). Values are expressed as mean+SD
(n=3), Values with different superscript letters are
significantly different at p<0.05 by Duncan’s multiple range
test.

wo] S Ay} Adtste] F+dAd, ks, ek 5 oo
&3t AEEdS Yellle £tk (Yang e al, 2001;
Chen et al., 2007; Kim et al., 2013). 34 g]wt7}eH
A Gy FEES S FEEY T S0 g
Fz}b 8.4+3.27 mg GAE/g3} 7.3+£2.85 mg GAE/gC.Z |
& FEE g dF FEEC] FguE dEo] ¢
=7 UeRetth(Fig. 1). 7912 24 =Ew7te #A F
Bo] gtsl @go S Kim er al. (2016)°] R
= M EREHA dEE FE= (2 11371038
mg GAE/g; tl, 7.00£0.06 mg GAE/g)°l| vl3l] E5F=
(%, 9.2340.18 mg GAE/g; ], 3.24+0.03 mg GAE/g)2]
gus o] o =7 vebsen 4 =Enbriehy
g5 FEEO EHHs FFS Ferreira et al.(2009)

Hgk opwAle] F ZullE §9(0.391-1.725 mg/
me) .tk =] UESITE MAle] URigE B AEdd =
< WA FF, ASA, A7), A 5 S-S
730l met debd Wk olyel A F A 2Ed
27t 2&FE 23 UARHES] A ER Y Aol &}
S5 WAl F Egvle TF%E F7FTH(Chang er
al., 1993; Barros et al., 2007; Kim et al., 2013).

A& £, 9, 271, grl SOl &-Eo] U= flavone
TR =T AE AAE T FEHrolEs
Arsh, A 2EZA, 9 &3 § ohde ARgd S JE
WTh(Kim et al., 2010; Kim ef al., 2013). 2 =g]qkr}
SR d¢ FEEY vEe FEE] IR E0E 3
> 747} 3.8+3.81 ug/mg@ 2.5+1.95 ug/mg O 2 HWES
& Hal EF FEEY SR ol FEFe] =4
YeRdth(Fig. 1). 34 “ET7igwA d4 2554 1
e FEEY ETtH 0|t S Kim ef al (2013)°]
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Fig. 2. Tyrosinase inhibitory activity of hot water and
methanol extract of white beech mushroom (Hypsizygus
marmoreus). Values are expressed as mean+SD (n=3), Values
with different superscript letters are significantly different at
p<0.05 by Duncan’s multiple range test.

P SElR A Ee 250 ZElHolE

(Zt, 8.743.27 ng/mg; W, 5.6+2.85 pg/mg) Hrt
A Ueigen & ZEsEs R 9A Jeldt
AR et icol= Fhge] & EEdlE el sl
A Ueide 2e wAle Fa dssigtEe] dsit
(phenolic acid)e]”7] W&o 2 Az}H T} (Ferreira et al.,
2009; Kim ez al., 2016).
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Sl ZE|QE7 A &89 tyrosinase Xaf| &

A “ElRpFEA FE2E nasE gelsh] 9
stod tyrosinase A8l B8-S SAACH A =Evr}
gAl FEE9] tyrosinase A3l &L L-tyroisneS 7]
AR AE3I9e A4S FEEY v we SUtsie e
U A tlzo 2 AR 2% EE-Elel BIE] 40 mg/ml
9] B FRAME F FEEL 69.72%, WEE F=
B2 5267%°] W2 A3 A4S JeRidtH(Fig. 2).

Kim et al(2013)2] Hiro| o]shd ZA g vh7iehiAl
e FEEE  1200mg/mle ILeLoME e
tyrosinase A3l B4 (3, 66.9%; t 57.97%)= e
3 Guk et al.(2013)9] Bel| 9|5 xp7hHAl vleke 3
=52 1,500 ug/mle] F=oA 40.35%2] tyrosinase Al
3l 248 YERAT

SN E|PV IR A FEE9| DPPH ZiC| &AM &Y
A “ElTy Al FEE0] ksl 84S DPPHO
kel

AL At el AxE gofste] Bzl 3RAddE
T7M7IE ATl mes A WM E44ta
of og x=3t5 aHH o AT F AUrk(Cha, 2009).
A mERbEEs A FEed dge FEE
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Fig. 3. DPPH-radical scavenging activity of hot water and
methanol extract of white beech mushroom (Hypsizygus
marmoreus). Values are expressed as mean+SD (n=3), Values
with different superscript letters are significantly different at
p<0.05 by Duncan’s multiple range test.

DPPH H|Z 2758 40 mgmle] FEolM= zHzt
80%%} 74%= UEFSTH(Fig. 3). Zanabaatar et al.(2012)
o Buo ofshd M “ElRPIEHAL oehy FE=
°] DPPH |z 2752 v|ofation &g F2&
Hohe & F2E9 DPPH &z &A5o] 533t
Zeiu B9 SN “ERPIEHA FE2E0] s &
Ao B3 Kim et al. (2016)2] BIoME Wers =&
£ DPPH g}t &A%0] @5 F2ERET =4 U
Wk, A e PgHAlL weks 559 DPPH 2t

4

Z Aol MEE FEES Bt E5FEE0A =2
olfE 94 LElEAleE A uthe 2154
AR BAEA ¥ Bol FiHo} ) WEo 47
H(Kim et al., 2013).

B ZE|FIEHA FEES|  Oxygen radical
absorbance capacity (ORAC)

FAARLY] radical  chain

Ago|&s HHEoe=RE
breaking antioxidant capacityE &d3sH= ORAC A=
5 HAagd AR 25 vESS7] it S84 9
7F itk A4S 72 o (Makato, 1986; Matsuzawa
et al., 1988; Kim et al., 2016).32 “g]utr}gu|Al g
FE=d vgs FEE9 ORAC AFE  Trolox
equivalents (TE)Z 2™ Fig. 49} 2o}, 34 gt
7HEA d7 FEES WEs FE5E9 ORAC AFe
Z}7} 63.34+1.00 uM TE/g3} 46.33+0.48 uM TE/g=Z "
@& FE=0l vs) 45 FF2 ORAC A&7k =7 v
bttt Foid S ERbieAsl FE2EY] S
g90] B Kim er al (2016)2] B30 o3ha X
LEIRIEHAIS] ORAC AlFe WEE FE2E (%
64.76£0.98 um TE/g; U], 46.22+1.12uM TE/g)ell ]

L

2N =

LERIEHA 5259 st 24 9 tyrosinase A3 £ 328

60

40

Trolox equivalent (uM TE/g)

20 -

Hot water Methanol

Fig. 4. Oxygen radical absorbance capacity (ORAC) of hot
water and methanol extract of white beech mushroom
(Hypsizygus marmoreus). Values are expressed as mean+SD
(n=5), values with different superscript letters are
significantly different at p<0.05 by Duncan’s multiple range
test.
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Cell proliferation (%)
3

0.04%
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Fig. 5. Effects of white beech mushroom (Hypsizygus
marmoreus) extracts on cell proliferation in B16BL6 mouse
melanoma cell. The B16BL6 mouse melanoma cell was
incubated for 24 hr in DMEM media with different
concentration of hot water and methanol extract of white
beech mushroom (Hypsizygus marmoreus). The cell
proliferation was determined using WST-1 assay. Values are
expressed as mean+SD (n=3), Values with different
superscript letters are significantly different at p<0.05 by
Duncan’s multiple range test.

A4 F2E (3, 93.34+1.00 uM TE/g; ™, 58.33+0.48
uM TE/g)¢] ORAC A7t A YERTh. Jo e al.
(2012)¢] B1o) o5k "Eolo] ORAC AFE 101.16
uM/g, Z#1E0]E 91.57 uM/g, 3-E-o]= 83.87 uM/goI
©m Dubost et al. (2007)2] HIilo] oJ3hH <gole]
ORAC A4+ 86.33 uM/g, SAHAZ 39.33 uM/g, 3L
HAS 62.67 uM/go] ST,



A - 24
Sl “E[D7IEHHA] 2E£E20| B16BL6 melanoma cell

B16BL6 melanoma cellol] th3l 3121 “EjRb7lebiAl &
E9] Al 542 B16BL6 melanoma cell®ll 0-40 mg/ml2]
TEZ FEE2 A% U WST-1 assays ©|&35}
ZAbelSlh. S “HTEA A FE2E WEE
FE2ES 7217} 0-40mg/mle] FEE APYI}IS o
B16BL6 melanoma cellS 90% ©]d2] AE8-2 LEeR)
RorF dF FEEH WEE FEFE BT 40 mgmle]
=2 FEoA = B16BL6 melanoma celldl] 548 YER
2] er= Ao 7 BRETH(Fig. 5). Kim ef al. (2016)¢] 1.
ol oshd Bopd A “ElnbrigAl E5 FEE
Hehe FE2E2 tAME RAW 264.79] thal] Al E5A

UeRiA] efsktt. v Ap7Al vEs FEES

A F=7F $7Fd5E B16/F10 melanoma
celle] M| ZAYEE-0] ZHA3IATHGuk er al., 2013).
EI' -

2 AT = 71578 AYokE B SPE AAlEA 8

A “EIRE T A (Hypsizygus marmoreus)2] ©18 7Fs

e AR flsiA A “ERIYHA I FEE
I veke FE2E9 ikt &4 2 tyrosinase A3l &3}
FEES e FEE9 T £

2 wasigrt. 95
8.

s g 74z}

4+3.27 mg GAE/g3} 7.3+2.85 mg
GAE/go|aL Zeta o] = Hake 717} 4.8+3.81 ug/mg
2.5£1.95 ug/mgeler F Zojved S ol 3
B des FEERT I FEEA =4 vEkT
Tyrosinase A3l &4 FEE] s=d wat S7leh=
BAEFS YERIN oW Y dHETE AR 2% SR
(arbutin)¥]3l 40 mg/mle] E FEoME 4 FEE
[e) o

3}

+

o

£ 69.72%, e FEEL 52.67%2] W2 A3 24
vehliitt. @4tst @92 DPPHO o3 girlzdar &
AE SAst Elsien 9 FEEH WEE F&
E9] DPPH )z &A% 40 mgmle] =M% 7}
ZF 80%3t 74%= S et FEE] AlxsAde
WST-1 assay (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-
5-tetrazolio]-1,3-benzene disulphonate)E ©]-&3fo] 3
£E9 AExd wE B16BL6 melanoma cell®] Al
FAEER IIsIGoH EF FEEH HEs FE=
< 747} 0-40 mg/mle] BE2 A2)edS ul B16BL6
melanoma cell= 90% ©]/49] BE&S UYEHoERE
g FEES WEE FEF2 25 BI6BL6 melanoma
celldll 543 YehlA g+ Ao = dhden

79 Aglo] oJate] A7 Ae] AFoln ofe] A=
Hyh.
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