J Korean Soc Food Sci Nutr
46(3), 320 ~326(2017)

SEREEDEREE
https://doi.org/10.3746/jkfn.2017.46.3.320

B16F10 Melanoma M| Z0|M o B & FE=2| HatH MM X =1t
Aol . Mgt - MBI &A% - ghojof]
TR MM EAAT B AIE A A THE
’BEC)stm kst

Inhibitory Effects on Melanin Production in
B16 Melanoma Cells of Fallen Pear

Bo Yeon Shinl, Bo Ram Jungl, Jong Gi Jungl, Seung Sik Choz, and Mi Ae Bang1

Food Research Center, Jeonnam Bioindustry Foundation
ZDepartment of Pharmacy, College of Pharmacy, Mokpo National University

ABSTRACT This study investigated the water extracts of fallen pear (FPWE) on tyrosinase activity and melanogenesis.
In the present study, we examined the effects of FPWE on mushroom tyrosinase activity in vitro, BI6F10 melanoma
cell tyrosinase activity, melanin contents, and expression of melanogenic enzyme proteins such as tyrosinase. An appa-
rent down-regulatory effect on tyrosinase activity was observed when B16F10 cells were incubated with FPWE. Results
of melanin assay using B16F10 cells treated with different concentrations (50, 125, and 250 pg/mL) of FPWE showed
a dose-dependent decrease in melanin content. To determine whether or not FPWE indirectly affects tyrosinase activity,
we assessed mushroom tyrosinase activity upon treatment with various concentrations (125, 250, 500, and 1,000 pg/mL)
of FPWE. In addition, we investigated changes in the protein level of tyrosinase by using Western blotting. Tyrosinase
and microphthalmia-associated transcription factor expression levels in B16F10 melanoma cells were reduced in a
dose-dependent manner by FPWE. These results suggest that FPWE reduced melanin formation by inhibition of ty-
rosinase activity. Therefore, we suggest that FPWE could be used an effective whitening agent for skin.
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A2 H=E

2 A AR Y vl ?3"35"‘
Fubo}l FAAZE sl EA% &
20812 S5, 25, 50, 75, 100% | ¥-2 5714 &wj&2
2ol A 24A13F Rt FESI T ARelA 24X 3 F=
3}o] o 3% (Whatman No. 1, GE Healthcare, Arlington
Heights, IL, USA)Z 7ol z} 3 3 FF3le] 544%
st RS gl A3l

M= = Ak

vl gy Ao AFEH A E B16F102 Korean Cell
Line Bank(Seoul, Korea)ol Al 48t AL-8-315ldk. 7+
gk A= 10% fetal bovine serum(FBS, Gibco BRL Co.,
Grand Island, NY, USA), 1% penicillin/streptomycing
353+ Dulbecco’s modified Eagle’s medium(DMEM,
Gibco BRL Co.) #j#]l]l 100 nM a-melanocyte stimulating
hormone(a—MSH, Sigma-Aldrich Co., St. Louis, MO,
USA)E #7138ke] 37°C, 5% COz w71l Al vl &3kl th.
MEAESE SN SF 3-(4,5-dimethyl thiazol-2-yD)-
2,5-diphenyltetrazoliumbromide(MTT), L-DOPA, L-ty—
rosine, arbutin, dimethyl sulfoxide(DMSO) &< Sigma-
Aldrich Co.ol|A 943} AF83}9 ). Tyrosinase A=
Santa Cruz Biotechnology(Texas, CA, USA)ol| A <13}
Fqom MTF % 23 &A= Abcam(Cambridge, MA,
USA)el A F+43tke] ARSIt
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Arbutin &2f 2XM
Yk v FEEo] el A= arbutin E41S $F
HPLC ¥4 272 Table 1] f29Fs}%ith HPLC ZH&
Zorbax extend-C18 Analytical(4.6X150 mm, 5 ym)& A}
€319 31, pump, autosampler, column oven, photodiode
array UV/VIS detector(Waters HPLC system, Waters
Corp., Milford, MA, USA) &H|& AH&3Ilth A &vll=
methanol, B €7+ 0.2% acetic acidE AF&3F o &

=
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Table 1. Analytical conditions of HPLC for analysis of arbutin

Parameters Conditions
Column Zorbax extend-C18 Analytical
(4.6 X150 mm, 5 pum)
Flow rate 1.0 mL/min
Injection volume 20 puL
UV detection 280 nm
Run time 30 min
Time (min) % A" % B”
0 5 95
. 15 5 95
Gradient
radien 25 100 0
26 5 95
30 5 95

YMethanol. 20.2% acetic acid.

= %UHL‘ /\]—Q- Z—] E]—7] o %Eii 0411} :,5—_ /\]—%‘5‘]—03]:]- 9‘,3
#4242 1.0 mL/min®| ¢ 330 nm I3 A] A5+
A gE 20 plLE F9sgivh
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MTT assayE 0|28t M= =4 &0l

al9-~ EZMZE(mouse melanoma, B16F10) A& 96—
well platedl] 5x10* cells/wello] ¥ == HFat0] 2471
Zol wjokdt T A RS =W E 245 A sta 37°C,
5% COgz incubatorol| A 4~5% F<F w3t of7]dl 5
mg/mL FEZ AZF MTT £9 0.01 mLE H718le] 44
ZF s & o gA S AASL 4 welld DMSO'E— 0.2
mLA Yo formazan crystal A4 ES &34 F 570

nm gl FYEE Pk

7|&0] M2 tyrosinase &H

Tyrosinase 84 =4 Al 714& L-DOPA%} L-tyrosine
S AFE-3FS T L-DOPAS}F L-tyrosine< 100 mM potas—
sium phosphate buffer(pH 6.8)2 93] *FolxL, ty-
rosinaset 25 units/mL2} 125 units/mLE Z}zF RSt}
L-DOPAE= 2 mg/mL9} L-tyrosine 0.3 mg/mLE Eppen-
dorf tubeol 450 pLE Y3, A8 HF v=5 2435}
5 uLZE 7}3lt}. Tyrosinases H% T=7F 2+2; 25 units/
mL, 125 units/mL7} =5 ALksle] 50 pLE A X845 2
™ 37°CollA 30% WHSAIZl Y2 475 nmolAq SF ==
SA4skith

MIZE LH melanin MM x| 1t
B16F10 A|E£Z ©]-&3} melanin A3 Asl =4S Hosoi
(159 AT S wYste] 54318 th. DMEM HiA| 2
Hj k¥l B16F10 22 6-well plateo] &AM E5(2x10*
cells/welDZ #F3}1 2™, 37°C, 5% CO; incubatorel 4]
24N W ge & AR E ﬂﬂg}oﬂ‘jr T2A1F Mg = A
AFH(pH 7.2 AH 5 AAEE ste] AE A
S A% 10% DMSO7F #7149 1 N NaOH €92 130
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Bl Are. AE7]
Biotech, Uppsala, Sweden)< ©]-83}¢] bandE 22135} t}.

0°Col Al 1A17F &A1 A o™ 405 nmell A

A3}t Melanin %2 %72 melanin
A8 A= Statistical Package for the Social
[e) -
‘l‘l’0 e}

= Aq
Sciences 17(SPSS Inc., Chicago, IL, USA) 54 Z21%
ARgsET A oA
=2

3F3L 60°
& 54
WEEE ALste] o3 Al o3| AHEakalth
Melanin As HA7bY 535
wagew " Aw watrd gam )00 =
EAEN
ASRSS
M= L} tyrosinase &M &3
B16F10 Aol ¢kE A2 & wjFo] EvtH 1%(w/v) < o] &3l dUdTAEAH S
triton X-100= &3+ 10 mM phosphate buffer(pH 6.8) < Duncan’s multiple range test® 2 #k¢] 0.05 vx+d
= 100 pL 7}stal 53%-7F shaking 3F & A9} A8 75 o FAHCR fosirta #EsAT).
Eppendorf tube® o] HAI7]3L A& 3t FTHE ty-
rosinase A3} T A Ao o] &3t} oFE A F Zn} 2 =k
AL A5 AL 96-well plated] 40 pLE ¥3t3L, 0.1 M
sodium phosphate buffer(pH 7.2)9] %< 10 mM L- HPLC EAME E£5t 1t} U FE229| arbutin &H2f
DOPA 200 uLE 7}ate] 37°CellA] 308 &<t w33l Y v FEE EA8E FEYE 22 arbuting A
Tyrosinase®] ¢]3] 4% DOPA chrome< 475 nmol A A3t} Table 18] ¥4 HS nlglo 2 slo] Y} v o gk
FEEE S48 & g FEE U9 arbutin IS SAEITH O A3
arbutin & F& 2] 0.690 mg/gl.2 AY ¥ IS 1S
Real time PCRZ ¢t 0|4 2ZHH mRNAQS| sl £ O (Table 3), A&t st&Fo] Z71d 4= HAA} #A3A T}
Total RNA F%-& RNeasy mini kit(Qiagen, Valencia (Fig. 1). w&}A v 75 &2 arbutin®] & vpgo
CA, USA)S o] 83191t} cDNA S-S 2 gl total RNAS 2 o} w] B 22525 Ado] ALLatdn)
Reverse transcription kit(Qiagen)S ©]&3}o] & A ALA]
7 A8t cDNAE 4% cDNA 14 kitS AF8-3}o] MTT assayE 0|2%t M= =M =191
ZZ At} Real time PCRS SYBR green premix(Qiagen) g v B FE5ES AX FAN =EF3= AYow
£ o] &3l AxALe] A AR el uhe} s e} A F540] A=AFE FRlst] 98] MTTE o]&3te H}
|™+= Bioneer(Daejeon, Korea)oll A &4 #1238l o v Hl e FEES 55 st Al 548 A3
Table 29} 2t} PCR 74L& 95°Co A 30% ot Y3} v 0, 50, 100% e FEES w5 MEs54
ing), 72° S SA A9 B FEES AYE dEE FEENAM=
3| A E 5448 Yehth(data not shown). Y3} v & &
=< 50~1,000 ug/mL-O/] == 72X A3 A3} 50~
250 ng/mLe] FEel = 90% ovu AEES Boon,
500 pg/mL &%= OV‘}Oﬂ’ﬂL &gl 75% ]0} st
4 AEEol| 3
S A3 /\}%OH’@P—“%

SthH(Fig. 2). upehA] FAIZE J-Eoﬂt Az
EES
2 AA3AY

]

(denaturation) 50 Coll 4] 30%(annealing), 72°CellA 90
S 353 HFES= AL ROz 39

]

H7144
Z(extension)®] Hk-&-S 353
o A3 g2 gyceraldehyde 3-phosphate dehydro-
genase(GAPDH) 9] Jt# 2l gte 2 B A3
Western blot
A 2= 7247F 223 B16F10 Al £2 28 3 lysis buff- S HAA g v e B 5
er 100 uLE F7}ste] &aA17] 3L %@%ﬂ—ﬂ(m 000% g, 250 pg/mL EE/AE A Ao
4°C, 15 min) 3p3ich. 4ite] s} & w2 Brad-
ford assay® A#sle] 2+ AWME 40 pgel @ AS 10% pol- M= L} melanin 4A x| S}
yacrylamide gelol] 7|53} ©]& 0.45 um pore size Melanin< tyrosinase &4 2| A 3] ME A7)
PVDF membrane®] %31 T3 80 VoAl 1A%} transfer <l ribosomed| A ¥ 7] Al &gk}, Tyrosinase 84
3l ). Transfer’} €494 5% skim milkZ 1A%t block-
. Table 3. The content of arbutin of fallen pear water extracts
Table 2. The sequences of the primers of the tyrosinase and and various concentration
GAPDH - Sample EtOH (%) Arbutin (mg/g)
Gene Primer Sequence (5'-3") 0 0,690
Tyrosinase Forward GAC GGT CAC TGC ACA CTT TG 25 0.646
Reverse GCC ATG ACC AGG ATG AC Extract 50 0.633
GAPDH Forward ACC ACA GTC CAT GCC ATC AC 75 0.623
Reverse TCC ACC ACC CTG TTG CTG TA 100 0.639
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Fig. 1. HPLC chromatograms 1) standard and calibration curve of arbutin. Standard peak: 0.1, 0.5, 1, 2 pg/uL, 2) FPWE, 3) 25%
EtOH extract, 4) 50% EtOH extract, 5) 75% EtOH extract, and 6) 100% EtOH extract.
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Fig. 2. Cell viability of water extracts from fallen pear (FPWE)
on B16F10 melanoma cells. Cells were treated with various con-
centrations (0.05~1 mg/mL) of FPWE. The data shown repre-
sent the mean+SD derived from three determinations. Signifi-
cant differences were determined by Duncan’s multiple range
test at P<0.05.

F=2°] melanin ¥/ A= FIFE& GRlstr] $sto
a-MSHZ #}=3%F B16F10 melanoma H¥Z o]-&3}o]
melanin A4 A3 &35 FA43IU . 2 A3 melanin
AL a-MSHe| A= F7ksiglon, Y3} vl & F&5&5
2 50, 125, 250 pg/mL AP v = JE=H o2 A3
2345 vepdideh. =3 93 v & F5E 250 pg/mL
SEE APAE w AHAR Lo FddET arbutind
Y2y 2%} 74%= melanin A Ao 23 +F&
HAtHFig. 3). webA H3} vl & F5E°] melanin A 3}
Aol S-S FRlasith

M= LY tyrosinase &4 =X

Tyrosinase melanin A JA ] Aosts TAEHN
tyrosines 7|2 & 3lo] DOPAZ A7) Yo7} DOPA
quinone L. & A3A 7| £9o d#H e g4 LS E51Y
melaning A4 D). G} 9] & F5E2] melanin A3
A3} BHE 3 tyrosinase?] A A S a-MSH=Z A3
B16F10 melanoma MX2& ©]-&3to] A3 tHFig. 4).
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Fig. 3. Effects of FPWE on melanin contents in B16F10 mela-
noma cells. Cells were treated with various concentrations (50~
250 pg/mL) of FPWE. The data shown represent the meant+
SD derived from three determinations. Significant differences
were determined by Duncan’s multiple range test at P<0.05.
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Fig. 4. Effects of FPWE on tyrosinase activity in BI6F10 mela-
noma cells. Tyrosinase activity in BI6F10 melanoma cells treat-
ed with various concentrations (50~250 pg/mL) of FPWE. The
data shown represent the mean+SD derived from three determi-
nations. Significant differences were determined by Duncan’s
multiple range test at P<0.05.

9 A3 (Fig. 3)¢} w7 A = 3t v & FE2E A2 A
F& oEH O 2 tyrosinase @S AMAIF S arbutin
o Asl SAu = vFPAT A AR FE A

48 depad.

4

Lial Bl 2 FE=E92| mushroom tyrosinase &4 =X

oo}l FE 29 melanin Al AAA tyrosi-
nase?] A A 24L& WX =R Lolr 7] 95+ mush-
room tyrosinase?] 42 543}t Tyrosinase?] 7]
A2 L-DOPAS} L-tyrosineS ©]&3} o Aoz
< 1 mM arbutin& A3t 21 A3} L-tyrosines 7]
A2 AFEES u 1 mM arbutin® 65%<] A3 48 el
WAL, L-DOPAE 7| = A S W= A 245 1
B A 229k TH(18). Arbutine tyrosinasedl] 7]&o] A3g3}1
= B9 #g3sle] 714 o] tyrosinaseo] A¥slE AS W
ot Aor A A
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Fig. 5. Effects of FPWE on mushroom tyrosinase activity. Puri-
fied tyrosinase was mixed with FPWE and incubated with 0.3
mg/mL L-tyrosine of 2 mg/mL L-DOPA for 30 min at 37°C,
Results are means+SD from 3 separate experiments. Significant
differences were determined by Duncan’s multiple range test
at P<0.05.
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Fig. 6. Inhibition effects of FPWE on the expression of tyrosi-
nase mRNA in B16F10 melanoma cells. Tyrosinase activity in
B16F10 melanoma cells treated with various concentrations (50
~250 pg/mL) of FPWE. The data shown represent the mean+
SD derived from three determinations. Significant differences
were determined by Duncan’s multiple range test at P<0.05.

% tyrosine hydroxylase 28-S A8l Aoz A 7—1’5
th(1,3). 93 v & 52 0.125~1 mg/mLe] &
mushroom tyrosinase®] A3 A& F433H oM L-ty-
rosine @ L-DOPAE 7|4 & A&3S uw] 5% A3 Ao
YERA] gtk (Fig. 5). ol Y} v & FZE°] melanin
Ao QoA A At Aol ofd A Yol A ty-
rosinase?] W#& Qe 7H5dS eI

Efd_l

Lol H & FEE9 tyrosinase mRNA 2& Xs| E1t
g3 v & 3FZEo] melanin A4 B tyrosinase
mRNA Edol] v A= §&E FAsk7] e a-MSH A

3k B16 Al X Z real time PCRS 3315t} a-MSHE
o= 283k A9 tyrosinase mRNAS] @3 o] F7}138}% o
], G ZET2 arbutin 150 ppmol| A W o] oA &+=
A& Fapsith G3t v B F5E9 a9 50, 125, 250
pg/mlL FEol A A3 e, 71 A7} o-MSH A= 9
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Fig. 7. Effects of FPWE on protein expression in B16F10 mela-
noma cells. Expression levels of tyrosinase were analyzed by
western blot. The tyrosinase or MiTF protein levels in each sam-
ple was normalized to the quantity of B-actin. The data shown
represent the mean+SD derived from three determinations.
Significant differences were determined by Duncan’s multiple
range test at P<0.05.
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