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Effect of Unripe Apple Peel Water Extracts on Tyrosinase Activity and Melanin
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This study was carried out to evaluate the possibility of unripe apple peel water extracts as cosmetic
materials and to evaluate the biological activities of the antioxidant and whitening effects of the
samples. The antioxidative properties of the samples were confirmed by 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
cation radical scavenging ability. To evaluate the whitening effect of the samples, several analytical
techniques were used, including toxicity evaluations of the samples by MTT assays. Measurements of
the inhibition rates of cellular tyrosinase, melanin synthesis rates, and expression rates of whiten-
ing-related proteins and genes were confirmed using melanoma (B16F10 cell). At equivalent unripe
apple peel water concentrations (1,000 pug/ml), the DPPH radical scavenging and the ABTS cation rad-
ical scavenging activities were 77.3% and 93.1%, respectively. The whitening activity evaluation showed
that tyrosinase activity and melanin synthesis were inhibited by 19.8% and 17.3%, respectively, at un-
ripe apple peel water extract concentrations of 50 ug/ml. In B16F10 cells induced by a-MSH, the ex-
pression of tyrosinase, TRP-1, and TRP-2 decreased. Also, the activity of the transcription factor MITF
was inhibited. In real-time PCR experiments, the expression of related genes at the upstream signal
level was also found to be progressively lowered as the concentration of unripe apple peel water ex-
tracts increased. From these results, it was confirmed that the unripe apple peel water extracts showed
excellent whitening efficacy and could be used as safe, natural, raw cosmetic material in the future.
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TeE &3 a0l tyrosines L-34-dihydroxyphenyl-
alanine (L-DOPA)C.Z W8t aA% 4SS A
DOPA-quinone .2 ##HA| 71T}, TRP-1-& 5,6-dihydroxyindole-
2-carboxylic acid (DHICA)< carboxylated indole quinone 2
& 443l5 3 TRP-2& DOPA-chrome tautomerase® %83}
o] DOPA-chromed DHICAE A 33TH23, 29]. A9 Al o] 9
&l ¥} 4-29] keratinocyte7t A= W7l H|™ a-melanocyte stim-
ulating hormone (a-MSH), adrenocorricotropic hormone
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line)= A 323 (Korea Cell Line Bank, KCLB, Seoul,
Korea) of| A &-aFubol AR-&-3F3Th B16F10M 2 9] v &2 10%
fetal bovine serum (FBS; Introgen Therapeutics, USA)¥ 1%
penicillin/ streptomycin (Hyclonem, GE Healthcare Life
Sciences, USA) 100 U/ml€& 7} Dulbecco’s modified
Eagle medium (DMEM; Gibcom, Thermo Fisher Scientific,
USA) wj A & A&t 21, 37°C, 5% CO; incubator (Forma
™ Thermo Fisher Scientific)oll A-3AIA AW 8] ¥3tH .
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DPPH radical 2784 & o3t 22 PP A P3}4
o Alg 9} AU 2T ascorbic acid (Sigma-Aldrich, USA)
ZF 100 plefl 0.2 mM<] DPPH (Sigma-Aldrich, USA) 50 ul&
Qo] AFEEE 10, 100, 1,000 ug/ml2 WO muHd I
30 min WA & Th& enzyme-linked immunosorbent assay
(ELISA) reader (PowerWave' XS Microplate Spectrophoto-
meter; BioTek Instruments, USA)E ©] &3] 517 nmol| A &%
=E ﬁ%o}%‘:} Z“P‘Oq s A3 NEEYY H7b7e *
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ABTS &}00Z 274% £4-& 7 mM ABTS (Sigma-Aldrich,
USA)% 24 mM potassium persulfate (K2SOg; Sigma-
Aldrich, USA)E 11% £33t ¢ 3 A-Lo)A 24 hr 53

HEE A7 &, AL Ao ABTS £9& ol ghgol 843l 734
nmol A EFF %= o] 0.706+0.001] FA 3ted AT Al

9 ¥Adi =7 BHT 7 50 ploll ABTS$} potassium sulfate
EFY 950 plE A7t #HFsEF 10, 100, 1,000 pg/ml=
BE F 734 nmol M FHEE SHIHT
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27% (%) TN FRE
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AZAEE ZAH L 53 2ol 24385t BI6F10 Al £
Z 96 well platecl] welld 0.6x10° AL E 180 pl BF3}x
37C, 5% CO, incubator®ll A 24 hr B} &3} Fc}. vk & ] S
s b deEFEE] HFEE7H10, 25, 50, 75, 100 ng/
mlo] B=F 247k 20 pl A H7FeE & 48 hr vt gich vz
T AR TFY SFRTE HAUbete FUT 2o E Wik
stk W F 24w noﬂ 5 mg/ml 52 AXF MIT
(Sigma-Aldrich, USA) €< 20 ulg #7bste] 4 hr Wi &FE &
Wl H & A A3 dimethyl sulfoxidest o B&< 1:1 4]
S92 2 welld 150 s 7hste] &4 30 min ¢ WHe
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A7) ¥ ELISA reader® 550 nmol X &3 =2 =438}
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Cellular tyrosinase XMaig &3

Cellular tyrosinase A3} & 34 & tha3} 2o ZA3A
t}. BI6F10 A1 £Z 6 well plateol] 5x10* cells/wello] &&=
AESHAL 2 wellell Pl s A} 3] d53EE(10, 25, 50)
ng/ml& 48 hr ¢ Aejstitt. Ae] & PBSZ 23] Al A
T 7k welldl lysis buffer (1% triton X-100, 0.1 M sodium
phosphate buffer, 50 mM phenylmethylsulfonyl fluoride, pH
68) 7IatSith & oA AMEZE &E A7 12,000 rpm,
4°C, 30 min 94! Efﬂﬂ ot 4 Bof aagdon
AHE-3H3 T L DOPAE 2 mg/ml %% 0.1 M sodium phos-
phate buffer (pH 6.8)°ll %o 7] &< Fulsta 7] 160 plol
H2EY 40 pE 7heta 37°CHA 1 hr 7he3a A4
DOPA chrome®] %< 490 nmol A A3 & A &S AL
skt

Melanin contents &%

Melanin contents 742 o3 Zo] A339 Tt B16F10
AEZ 6 wellol 5x10" cells/wello] 5] g B335 24 hr
5, —.7—}«] welld] W]ds AL 9] EFFE2ES FEH(10,
25, 50) ng/mlZ 48 hr &<+ A € o}ait}. #2] % phosphate
buffered saline (PBS; Gibco, NY, US.A)Z 23] A &3 &
12,000 rpm, 4°C, 30 min ¥4 Eelste] 454E W A
£l 10% dimethyl sulfoxide (DMSO; Duksan, Korea)7} 7}
H 1IN NaOH €92 150 ul #7}skar 60°Col A 1 hr &3]3+
o 405 nmol A FREE AT F APLY Ped Fe
zwo depd ofo that HEERE A4t Yey T
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BI6F10 Al & 6 well plateo] 1x10° cells/mlo] 5 £ 2 &
FoFA 24 hr ¢ HA S AT WiAE AAR
A B3 AFFEES FEE(10, 25, 50) ng/ml A28t
1hr & @ad A=5A4< a-Melanocyte-stimulating hormone
(a-MSH) 200 nM 2.2 Normali*& A 93t A28t 9o} 48

hr A8 & PBSE A& st AXE £33t #5872 Al
o lysis buffers well B 30 W& H7tste AEZE &3 A7

I FAE (12,000 rpm, 4°C, 30 min)dte] MEZS AR ES
AAs G A Belste] & dWA L pradford assay®
Ak skl or, 20 ple FA S 10%°) sodium dodecyl sul-
fate polyacrylamide gel electrophoresisE ©] &3t 7] ¥
s %, gAY v Eold AgE JAANY] A3 PVDE
membrane®] &7 T 60 VoA 2 hr ©]/¢ transferd} S th.
Transfer’} EUH 5% skim milkell 1 hr <+ %218+ back-

w44

groundE AAAHT 1xTBSTE 33] washing ¥ 12 &4
mouse anti-MITF, TRP-1, TRP-2 ¥ goat-tyrosinasex 1:1,000
v &2 843te] 4Tl A 16 hr W& ThE 10 min 314 0.
& 1xTBSTE 53] washing ¥ mouse anti-goat [gG-HRP}
rabbit anti-mouse IgG-HRP F 7}4] Zi} A+ 1:1,000 Bl &
2 3Msteo] Ao 2 hr & & ECL kit (Amersham
Pharmacia, England)E ©] &34 filmol &4 ZA3Hh
Band density+ EZ-Capture MG (ATTO corporation, Tokyo)
o= el

[EX gk 2MS Q|5 RNA 22| 2 real-time PCR
n A4 A 3y deFEE0] nlgsS oy 9

5

tyrosinase, TRP-1, TRP-2, MITF-rerX} dEo v = G
B3k ith. BI6F10 Al E£E 6 well plateo] 1x10° cells/ml o]

EE EF8a 24 hr T 3 ST MiAE AAT
3 s A Ao d5FEES FER(10, 25, 50) ng/ml
2 AA3ta 1 hr § @ebd A=A< a-Melanocyte-stimulat-
ing hormone (a-MSH) 200 nM2.2 Normal#& A ¢]8}3 Al
FE AST F 48 hr § PBSE A F st MEE +33ginh
71 % total RNA= PBSZ 3¥ A& AEE 483 g,
trizol reagentE ©]-&3to] E2]etth. cDNA F4 2 Tran-
scriptor First Strand cDNA Synthesis Kit (Roche Diagnostics,
Switzerland)E ©] &3] th&3 Zo] &35t Oligo (dT)
primer (500 pug/ml) 1 ul, RNase free water 10 ul, 23 RNA
2 ug)E ¥ 25T A 10 min ¥-& ¥, Transcriptor RT re-
action buffer 4 pl, Protector RNase inhibitor 0.5 pl, Deoxynu-
cleotide mix 2 pl, Transcriptor reverse transcriptase 0.5 ul&
A7Vsted 55CAIA] 30 min, 85Tl A 5 min, 4Tl A] 1 hr ¥-&
A 7A cDNAE §-331%th. Real-time PCR (FastStart Essential
DNA Green Master Kit; Roche Diagnostics) s ©] &34 34
3t cDNA 2 pl9} SYBR green 10 pl, primer 1 plE 77} 4 o]
PCR (LightCyber® Nano Real-Time PCR System; Roche
Diagnostics) 7|71 ©]-&3fo] AT AFE4 S & 7 234

= 24

SAAzZ

AAA] g FAAEYE Statistical Package for the
Social Sciences (SPSS) software package (Version 22.0; IBM,
USA)E ol &3] Host 2EdAZ YehllaL, 24 AT
ke frogel i AE5E EAHEA (ANOVA: analy51s of
variance)§ ©] &3] FAS FUF F, p<0.05 FEAA
°]&

Duncan’s multiple test®

DPPH radical 275



Aehd i debie Aol Eo) &3 o
Ao Ahakol #d Qe BANE Fo o4
ol[22] wet vl s ARt gy deFEE ) E4E B
o dzd A gAY EsS UYeeA Fdstr] 94
g 4tsl 24571l DPPH radical &A%< —’Ffﬁ st &4
Aae A dd, A F3 ikt A 3 945
o A=Az <A doH, DPPH Wi o3 &Aita
A% AP AT A F(reactive oxygen species,
ROS)C.2 #4hst 529 gt3td e AFsted def AeH
I YT M s A #E 43S ES 10, 100, 1,000 g/
mle HFFEE A 2, FEEH R radical £2A%F
< YepdigleH 1,000 pg/ml F=4 77.3% 2 o2 Vit.C
< YEHH AT (Fig. 1).

83.2%SF FAHS 2A%

ABTS" ajc|zt

ABTS radical &7 %2 DPPH 43 A &4t3l &4 S
238 st M 7127} He A E 22 peroxidase, HO;
sho] wkgof o3 AP E &4 do] & ABTS7F A8 F9
g sty B wud AR A EA ] g HEd O
FE PO FEE9 ABTS Uiz &7 B S 24T

A s At ] @FEFEES FEEE ABTS
Mi}%% 24 27 Fig. 291 YERH AT 2T Vit.C

Hla Al A AbaL 3 @4FEE-E 1,000 pug/ml o A
93.1%, Vit.C 98.7% % &4+l o] LEbytth(Fig. 2).
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MTT assayE 0|28 MZSA

oA A} o) G¢FEE0] BI6FI0 Al Z o 542 o
Bl A o RBE ZASH] st AlZof tiA Ao A
nEZC ot g

MTT formazan ©]

A 849 MIT tetrazolium©] ¥H$-31H
YA HI o] & DMSOZ A434A 7| H =

100
mUAW mVitC

80
60
cd
40
e
20 |
L

10 1000
Concentration (;lg/ml)

DPPH radical activity (%)
H

Fig. 1. DPPH radical scavenging activity (%) of dependent on
concentration from extracts of UAW. UAW; Unripe ap-
ple peel water extracts, Vit. C; Ascorbic acid. Results are
expressed as means * S.D. of triplicate data. The super-
scripts (a - ) within the same column indicate that they
are significantly different at p<0.05, as assessed using
Duncan’s multiple range test.
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g0 2 Hahs e FHERE YEUE MIT assay S Al 3
SFATH24]. N EFEEE 10, 25, 50, 75, 100 ug/mlE A2 g

A3} B16F10 cell oA 50 pg/ml o3} F=< HEAYEL]
90% o3 o= et om 75 ng/ml w=ollA AZ=4e 1
Bl 23 EWE vAds A 3y deFEel] vy A
P ANETEE AEE 2 SHd 2 %S nAA 4

]
50 ug/ml o2 APz 2 dFstd gAdds 23t
Ao (Fig. 3).

Cellular tyrosinase & melanin 8&AM Halig

ded Y4 f = 49 oMSHE W34 2 958 %
Sk o) 22 oA ErlE ], debd Aol ol A tyrosi-
nase® 24<& A Atyrosines DOPAE DOPAE DOPA

—

(%]

(=}
1

mUAW mVitC

1000

—

(=3

(=}
T

[~}
(=]
T

D
(=]
T

P
(=3
T

(8]
(=]
T
[}

l

ABTS cation radical activity (%)

Concentration ( ng/ml)

i

=
a9

N

. ABTS radical scavenging activity (%) of dependent on
concentration from extracts of UAW. UAW; Unripe ap-
ple peel water extracts, Vit. C; Ascorbic acid. Results are
expressed as means + S.D. of triplicate data. The super-
scripts (a - e) within the same column indicate that they
are significantly different at p<0.05, as assessed using
Duncan’s multiple range test.

I I T
| I *
10 75 100

Concentration (pg/ml)

Cell viability (%)

Cont

Fig. 3. Cell viability of Unripe apple peel water extracts on treat-
ed B16F10 cells. B16F10 cells were treated with various
concentrations (10-100 pg/ml) of UAW. Cell viability
was measured using the MTT assay. The results are pre-
sented as mean + standard deviation of triplicate data.
The results were expressed as the average of triplicate.
*p<0.05 compared with control.
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quinone. & A&7 = A& FAZ B9 ol e} eumela-
ning A= QANA HEEEE FI7HAIZITH16]. BI6F10
cellf PlA s At} 3o GEFEES U]‘»il.‘%”‘é% 43 4
3, AIZ Y tyrosinase AN L4 =4

dH EFES FEH(10, 25, 50) ug/m

2 % OF XX
12, 75,198%°] tyrosinase &/40] Aa H=2S FstAt
(Fig. 4A). 4822 o ’\H]H dd & 33 wje de
FZE9 tyrosinase #1352 50 ug/ml A4 10% #¥E 1

Bl on[18] ¢ =X AF(ET2A) 3 drFE=
2164% % "5 AL #3] d4FEE ] tyrosinase A 3l
ol @A YERGTH33]. Bebd 2 tyrosin®| tyrosinase®] 2
&l e o 7t A= gAEE A4 Sl AFHo=
e E4ol7] wEo] Wepde] A EAQ tyrosinased]
gHgol AAEHAY 1 4ol Ael = r ‘Qa}‘d Aol Zad
1. 7158 ST AHEEE w75 S 7H AlA 2 2as-
corbic acid, kojic acid, arbutin 5°] 121, o] EHELE ty-
rosinase®] A= A AU YL Adfste] v £
YoslE Aoz BudEg7] A vuA e dHe AFA
IR, ArAH T BAES 4o W wedd A2
SE dAdAME FA&o] gle A2 E Fe 9771
3] 1= 3 9tk Melanoma Al X9 o-MSHE ﬂﬂ‘é}ocl
melanin®] FAH S ZJAA dehd P S = F A5
At e dEFEES $50 vt A2 T melanin A
Aol M3 S 34T 23 50 pg/ml =04 Bepd o
AL 173% A3k o™ FA tyrosinase A3 A=A AR&
¥ & arbutin® 152% WHlste] Tl ¢+ deilt
(Fig. 4B). ole| ¢t A= Hol n]d% At} 3y dFFEE<
B16F10 Al 2 W tyrosinase 48 A A7 24 dhd A
A Aol dFe F= AR FUHAoH HA=ZNA 9

Cont Arbutin
100

=
=
o

=

-
8 8
T 1

(<]
o
T

iy
o
T

rn
o
T

Cellular tyrosinase activity (%)
[+2]
o
T

o

u-MSH(200nM)
Concentration (pg/ml)

Fig. 4A. Effect of Unripe apple peel water extracts on inhibition
of intra cellular tyrosinase inhibition rate. The results
are presented as meantstandard deviation of triplicate
data. The results were expressed as the average of
triplicate. *p <0.05, compared with control. Nor, normal
group (a-MSH-untreated group); Cont, control group
(a-MSH-treated group).

MaAzA $& A%E Jeu.

B16F100A{2| O|H2t QIX|S| CHMA WHE £X

s A 3] dFFEEo] o-MSH
¥ tyrosinase &4 % Betd
$5te] Western blot. & v 38 A AFQI A9l MITF, TRP-1,
TRP-2, tyrosinase 4@ ZAHH T} Tyrosinase, TRP-13%
TRP-29] Hd & 2H3te AARIAZ = MITF/F #93te 2
o7 dA glon, Wt Alo| ESf W} FElol A FQa3
24 FAAE deA o10]. =& MITFE 94 B
el Eo|d DNA A gl Aiste] £3}, T2, AZols, T
& #A (tumorigenesis)? 2 A E W3S = dte=sl 02
G A ATH32] M Zolla-MSHE @& A2l 3t 9o tyrosi-
nase ¥ MITF 2@ dA 3 F7F HAUL v|ds AT 73
FFEES F5H(6.25 125, 25) ng/mlE A 3tA & o
#d G o] A EHe AS FstA o TRP-29] TH A
a7k 7HE w=A Uttt oo AR ERY dAebd AEA
o oA Al adA de AAYIA MITFY €45 o
A& 2 2 M Tyrosinase, TRP-17 TRP-2E A 3t A& &2l
3% th(Fig. 5).

B16F100AM{2| O|H2t QIX|E
oA Az g3 o —%%g«]tyrosmase L
dado mAeE 93e 27 Y39 real time-PCRE %6\}
mRNA B3 FE God A3} o-MSH A=l thule) A Al
E«] FE7t AT E A &o] HobdE Y oH 25 ng/
S BEFAA BdFo] FYA A A&

10:1 nAdg A 33 @FFEES FAALE GA AR
Bl MITFS| HALE A A8 tyrosinase B8 4N A Het

RN

Nor Cont 50 Arbutin
100

120

8

[=+]
(=)
T

e
o

Melanin contents (%a)
an
o

ro
o

o

a-MSH(200nM)
Concentration (pg/ml)

Fig. 4B. Effect of Unripe apple peel water extracts on melanin
synthesis rate. The results are presented as mean =*
standard deviation of triplicate data. The results were
expressed as the average of triplicate. Nor, normal
group (a-MSH-untreated group); Cont, control group
(a-MSH-treated group)
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Fig. 5. Inhibitory effects of Unripe apple peel water extracts on whitening related protein expression in B16F10 cells. B16F10 cells
(1x10° cells/ml) were treated with 200 nM a-MSH and UAE except Nor group. The results are presented as mean + standard
deviation of triplicate data. The results were expressed as the average of triplicate. *p <0.05, **p<0.01 compared with control.
a-MSH, a- Melanocyte-stimulating hormone Nor, normal group (a- MSH-untreated group); Con, control group (a-MSH- treated

group).
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Inhibitory effects of UAE on the mRNA expression of whitening related genes in B16F10 cells. B16F10 cells (1x10° cells/ml)

were treated with 200 nM a-MSH and UAE except Nor group. The results are presented as mean * standard deviation
of triplicate data. The results were expressed as the average of triplicate. *p<0.05 compared with control. a-MSH, a-Melanocyte-
stimulating hormone Nor, normal group (a-MSH-untreated group); Con, control group (a-MSH-treated group).
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