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A Study on the Whitening Effect of Mangifera indica L. Peel Extracts through Inhibition of Melanin Synthesis Factor
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The purpose of this study was to investigate the whitening effects of hot water (AMPW) and ethanol
(AMPE) extracts of Mangifera indica L. peel. To verify the whitening effects, tyrosinase inhibitory activity
was measured. 9.51% inhibitory activity, and 35.98% inhibitory activity at 1,000 pg/ml. The effects of
AMPW and AMPE on cell viability were measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide assay in B16-F10 melanoma cells. Greater than 95% cell viability was observed at 100 pg/ml.
Thus, subsequent experiments were performed at concentrations less than 100 pg/ml. The whitening effects
were confirmed by measuring the protein and mRNA expression levels of microphthalmia-associated tran-
scription factor, tyrosinase, tyrosinase-related protein 1 (TRP-1), and TRP-2, which are factors involved in
melanin synthesis. Western blotting and reverse transcription-polymerase chain reaction results con-
firmed that 100 pg/ml AMPW and AMPE showed superior inhibitory effects than the control treatment
(alpha-melanocyte stimulating hormone only). Therefore, Mangifera indica L. peel extract had a whitening
effect, and thus, has potential as a natural material for use in cosmetics.
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transcription factor (MITF)E W&dA|ZItt. MITF=
Tyrosinase, Tyrosinase related protein 1 (TRP-1), TRP-2
9] promotero]| Agsto] detd APAHE A=t Ao=
g A ATH7-9]. Batd P42 2 Tyrosinase A4 2t
gl 93} ZWED, o2 ) AT Ashdlel FR2L
Y A4 % G o2 2Wehd pheomelanin) 2 744
2 A8 FEzhd (eumelanin) & 2 Yot} o] &
2ty A2 ofu]ie Akl L-tyrosine®] Tyrosinaseo]| 2)3f
L-3,4-dihydroxyphenylalanine (L-DOPA)%j| 4] DOPA quinone
o2 AglE]ojZ & DOPA chrome, leucochrome, 5,6-
dihydroxyindole (DHI)Z Z3t=]o] WHA¥Slch E=35F TRP-29)
Z+2o] 95 DOPA chrome©| 5,6-dihydroxyindole-2-
carboxylic acid (DHICA)Z A3 = o]Z & TRP-19] 23|
indole-5,6-quinone-2-carboxylic acidZ Ats}E o] o]= Wz}
d Sl &) frdetd ez I/ Ech[10-12]. o]2{3t et
d Ao #oisk= MITF, tyrosinase, TRP-1 @ TRP-2 5
I 22 QAES JAIsHE 138, 1415 T3l vHAAE
st A77F SEs] Z3P= L QlrH15)].

W31 (Mangifera indica L.y= £YF (anacardiaceae)d}o]
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o] At}H21, 22].
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Z3te] -20Co Bty 2 AP0 ARE Ao,
NELT HEY ¢ 4 qHE FEEL 47 21.22%,
2157%9] S22 A9
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Tyrosinase A3 &4 &% Ago] A&3t Tyrosinase
from mushroom, L-3,4-dihydroxy-phenyl-alanine (L-
DOPA) 52 Sigma Chemical Co. (USA)o| A ¢35t A}
galdth. MEZ =4 23 93 AL 305
dimethylthiazol]-2-yl]-2,5-diphenyl-tetrazolium bromide
(MTT)¢} dimethyl sulfoxide (DMSO)+= Sigma Chemical
Co. o4 Fastel AHgasict. vl 3t 2L 919 A6
3t A]2F2l o-MSH, Radio-immunoprecipitation assay
buffer (RIPA buffer), Protease & Phosphatase Single-
Use inhibitor Cocktail 100X ¥ Bicinchoninic Acid (BCA)
kit= Sigma Chemical Co.o|A] F3}o] ALg35t4TH T
Z gy A3 o)A AFE-E B-actin, MITF, Tyrosinase, TRP-
1 2 TRP-29] primary antibody?} anti-mouse, anti-rabbit$l
secondary antibody+ Santa Cruz Biotechnology, Inc. (USA)
of| A FLAst ARE-EFH 21, enhanced chemiluminescence
(ECL) €9 2= Immobilon Western Chemiluminescent
HRP Substrate2 Merck Millipore (USA)oA F¢3}o] A}
L2359t mRNA 18 24 Ao AHEE Trizol® reagent
£ Thermo scientific ambion® (Logan, USA)| A T35+
o, Go Script™ Reverse Transcription kits, Accupower®
PCR PreMix+= Promega (USA)2} Bioneer (Korea)o| A
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915l o, GAPDH, MITF, Tyrosinase, TRP-1 & TRP-2
+ Bionics (Korea)ol| A +9)sto] AHg-sH4iTt.

AlFo] AMEE 7]7]% rotary vacuum evaporator
(EYELA), micro refrigerated centrifuge (Hanil Scientific
Inc.,, Korea), microplate readers (Molecular Devices,
China), nano drop (Jebio, Korea), SimpliAmp™ Thermal
Cycler (Applied Biosystems, USA), ChemiDoc™ MP

Imaging System (Bio-Rad, USA) 52 AM&3ITh.

Tyrosinase A3 A

Tyrosinase A3l &A =42 DOPA chrome?] YA H+=
A glst7] A3l Yagi 59 Ri[23]0] whet A5
67 mM sodium phosphate buffer (pH 6.8) 80 ulo] 10 mM
L-DOPAE =¢1 714 4 40 ul @ A|2-8Y 40 plo) £
o] 200 U/ml Tyrosinase from mushroom 40 plS & 7}3}
o] 37TolA 10& BHEAIA wHEH Fo 44E DOPA
chromeS 492 nmol|A 43}, Tyrosinase A3l &4
ARGAY AL BHATLY EHE FARE Leh
Aet.

ANE%) = (1 - ARAE FHE/LHIE FLE) x 100

A3z 3 D A wjg

= Aol AlzujekE 93 AHEE AlEZ F+= melanoma
cell?l B16-F102 ATCC (USA)o| Al EoF HFetom A|E
HjoFe 93 10% FBS2} 1% penicillin/streptomycin (100
U/ m)& 713 DMEM {2 & ARE-3F%Th A Z+& 377,
5% CO; incubatoro]l A 80-90% H = et & Atf uj s}
%k,

HN|Z RZE&(MTT assay)

A2 ZEE 24L& Carmichael?) B [24]0 wat =34
3l9ith B16-F10 A|ZE 1 x 10* cells/wellS 96 well plate
o] 2511 24X 7F v Et g o, o]E ABRE = HE
(5, 10, 50, 100, 500, 1,000 pg/ml) ZA|3te] H7Fst & 377,
5% CO, HjoF7]o) A 24A17F wjFalch. MTT £H&
2.5 mg/ml FEZ AR} 40 plE H74ske] 3—4AI7F ¥
3t & AF=dS A A3F DMSO 100 plE ZF wello]] B33}
o] ALoA 108 ¥ A7 ¥ ELISA readerE ©o|-§3}o]
540 nmo A ELEE 2AFT A E ARE AL A
22 AN e RAEES JRZOE so] P2
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Western BlotS $3 Tl uha
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Wellﬁ SeedlngJ T 247t St v st A2 o-
MSHE 1 pg/ml =2 A235le] 2A|17F & 5==H2(10, 50,
100 pg/ml) &5 A 3te] 2441t et = wjx & A
A3}l phosphate buffered saline (PBS)Z 23] A &3} 4
t}. 2 %, RIPA buffer 10 mlo] Protease & Phosphatase
Single-Use inhibitor Cocktail 100X 100 plE 7}ste] A=
3t lysis buffer N|ZE £33} 47T, 13,200 rpmol A
2087 94 Egstad. 94 24 37* 45d< BCA
protein assay kitE o]-&35}o] thidS ’3]-03 ow, 20 ul
o] Tl A-& 10% acrylamide gelof| A 787] 52 59 £
stTh A7 G50l B geld transfer 7] 7]% 0] g5}
polyvinylidene fluoride (PVDF) membraneo] THil2-S %
7 & ALoA 1A 7F FoF 5% skim milkE tris-buffered
saline & tween 20 (TBST)9 =9 blockingd} A t}. Primary
antibodyE A 7}3}le] 4Co|A overnightdt T2 TBSTZ
10% 33] A3t Th. o] & secondary antibodyS % 7}3}
of A4 2417F ¥H-3-A1Z] th TBSTE 10& 33| AjA3gh
t}-& ChemiDoc™ MP Imaging System2 £33 HHEE &

AR

Total RNA £&] 2 ¢cDNA &4

B16-F10 A|Z& 1x10°% cells/wellE 100 mm tissue
culture disho]] £535}9 37T, 5% CO, incubatoro|A] 24A4]
7t vjo¥slict. Stimulator2 B16-F10 A=) o-MSH 1 pg/
ml FEE Ao} 247 & FEHE A RS A5t
24A17F v sttt RNA £215 flsto] ARE A3t vy
oFolS A A3} PBSE 23] A& 5IE LM trizol reagent
1 ml& A7} scrapingslte] A|EZE lysis 3} th. Chloroform
200 ul H7} F 5| EYTF F 40, 18,200 rpmolA] 202
b A4 Bt YR 4E2E T A4S 500 pE
#3534 isopropanol 500 plet £33t oh-2 EE ]t} 9]
3 47, 13,200 rpm ZANA 2087 YA Bt pellet
S AYs AEHE A AHFo diethylpyrocarbonate
(DEPC) water2 3|43t 75% et 2 A A3}t AA =
2 & AAHE & DEPC water 50 plE £33} tapping
3ttt Nano drop2 2 total RNAFFS =4 3}9] Oligo (dT)
15 primer (500 mg/ml) 1 pl, FEF RNA 2 pg)& 4oj&
% nuclease free water NW)Z total 10 pl2 $3o] F1
ot 75T o)A 5E, 4CoA 58 ¥ &

MgCls, polymerase chain reaction (PCR) nucleotide mix,

5X reaction buffer,
reverse transcriptase, rnasin inhibitor, NWE& % 7}3}

25C oA 58, 420l A 608, T0TAA 158, 4TA
102 53X DNAZ gHaheict.
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Table 1. Sequence of the primers used for RT-PCR.

Gene Primer Sequence (5'—3)

GAPDH Sense TGA AGG TCG GTG TGA ACG GAT TTG GC
Anti-sense  CAT GTA GGC CAT GAG GTC CAC CAC

MITF Sense AGC GTG TAT TTT CCC CAC AG
Anti-sense  TAG CTC CTT AAT GCC GTC GT

Tyrosinase  Sense GAC GGT CACTGC AGA CTT TG
Anti-sense  GCC ATG ACC AGG ATG AC

TRP-1 Sense ACT TCA CTC AAG CCA ACT GC
Anti-sense  AGC TTC CCA TCA GAT GTC GT

TRP-2 Sense GGC CAA GTG GCT GTAGACC
Anti-sense  AAT GCA GTG GCT TGG AAATC

AMPE : Apple mango peel extracted with ethanol at room
temperature.

Reverse Transcription-PCR (RT-PCR)

ujul 35 mRNA 2@ & &215t7] ¢J3 B16-F10 Al
EE o]&3}o] RT-PCRZ &43}4t}t. PCR PreMixe] g4
3t cDNA2} primer sequencesE FE3] 4ol & & AL
35t Aol AFE3E primer sequences= Table 13}
Zt}h. GAPDHE 96T oA 28, 96ColA 10%, 64°Col4 30
%, 72T A 18, 72CoNA 10E(30 cycles), MITF= 96T
o A 28, 94T A 10%, 57T A 30%, 72CA 18,
72°C oA 108 (35 cycles), Tyrosinase= 96C oA 2&,
96 CoA 10%, 56 Col A 30%, 72T AlA 18, 72T A
10E(35 cycles), TRP-1-& 96T 01] A 28, 94CoA 10%,
58T oA 30%, 72CoNA 18, 72ColA 10E(35 cycles),
TRP-22 96 Col A 28, 94Tl A 10%, 55Co A 30%,
72°ColA 18, 72°CollA 108(35 cycles)S AHII AT} 1%
midori greeng 73t 1.5% agarose gelZ 100 VoA 30&7H
A719% o & UVE 2AMSHY] HES 163

A A=
2E A9e 33 MBoE Yojol BN} REUAE
ety 7§_J-]— ] A 2= MeantSD (Standard

diviation)2 RO H, 4% Hlolgs a2t A2
of tigt Ag 2R ZRE ANOVAE AAJste] §-249 o
3}o] post-hoc testZ Tukey tange testS AA|3}o] 95% 4=
Lol A FoAdE ASSHT

o
AT Y DY

Tyrosinase A 3|&A]

AECEERERE: % shz wehd A

sk 20 QA
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Fig. 1. Tyrosinase inhibition activity of extracts from Mangifera
indica L. peel. @ AMPW: Apple mango peel extracted with
distilled water at 100C, [ AMPE: Apple mango peel extracted
with 70% ethanol at room temperature, [] Vit. C: L-ascorbic acid.
Results are means + SD from triplicate experiments.
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A ATh[25, 26].
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3 &4 &4 23} Fig. 13 Zo] Yetf gt o EF 1L 4
A 9] Tyrosinase A3 &4 1,000 pg/mlo| A B¢ F25
< 9.51%, 70% eE FEE0 A= 35.98%%] A3 E4<
gttt ¢ FE2E HE 0% e FEE°] °
=2 tyrosinase A TS EHh

MTT Assayo] 2|3 N|Z BZ=&

NEZ AEES SAshs YHO=E 934 7|2 MTT7}
Aot ME nEZE2oF W redoxased] T Z-§
o2 Q3 Y=ol B formazand PA =1 o]E
S Hoz SN F Hosle A2 +8 FHEE 5
sk W olTh[27].

oS A E4 H oS FEE et Waken}
A|3£2] B16-F109] Al &S MTT assays 83l &
47 A Fig. 29 o] sttt &4 HEY d
2 oete FEZEL 100 pg/ml FEolA 27 95.64%,
103.36% ©]/49 AE FE&S Uetfideh mabA o] &
B16-F1091 4 & N ZAHL 95% o|Are] N ZPEES e
W B 0]3}¢l 5, 10, 50, 100 pg/mle] X2 AAsho] A
& Aystgict
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Fig. 2. Effects of extracts from Manfigera indica L. peel on
B16-F10 cell viability. B16-F10 cells (1 x 10* cells/well) were
treated with various concentration (5, 10, 50, 100, 500 and 1,000
pg/ml) of Mangifera indica L. peel extracts prior to the determi-
nation of cellular viability through MTT assay. Results are means
+ SD from triplicate experiments. (*p <0.05, **p <0.01, ***p
<0.001 vs control). @ AMPW : Apple mango peel extracted with
distilled water at 100 C, @ AMPE : Apple mango peel extracted
with ethanol at room temperature.
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2 A WO A8 e F7HAI71E Uelold, Eat
DHICAZE indole-5,6-quinone-2-carboxylic acidZ AFS}A]7]
£ TRP-137} DOPA chromed DHICAZ A A]7]= TRP-2
of o) Wk £ £ wAehdo] WAL ole
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MITF7} HaE o] A glow, oj#f3t datd Ay n #Hd
718& AAsh= Aol Fastr[28, 29].

NETE A9 g4 ¢ oghE &5 o3 Daplen}
A|3£Ql B16-F10 A|25 AHE-sto] m|wl] & QIx}Ql MITF,
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Fig. 3. MITF, Tyrosinase, TRP-1 and TRP-2 protein expression levels of water extracts from Mangifera indica L. peel in B16-F10
cells. B16-F10 cells (1 x 10° cells/well) were pretreated with a-MSH (1 pg/ml) for 2 h and then treated water extracts from Mangifera
indica L. peel at an appropriate concentration (5, 10, 50 and 100 pg/ml) for 24 h. It was confirmed that the protein expression level of
melanogenesis factors was lower in the a-MSH untreated group than in the o-MSH alone treatment group. MITF, tyrosinase, TRP-1, TRP-
2 protein expression was determined in B16-F10 cells treated with AMPW. Results are means £ SD from triplicate experiments.

(*p < 0.05, **p <0.01, *** p < 0.001 vs 0-MSH alone-treated group).
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Fig. 4. MITF, Tyrosinase, TRP-1 and TRP-2 protein expression levels of ethanol extracts from Mangifera indica L. peel in B16-F10
cells. B16-F10 cells (1 x 10° cells/well) were pretreated with a-MSH (1 pg/ml) for 2 h and then treated ethanol extracts from Mangifera
indica L. peel at an appropriate concentration (5, 10, 50 and 100 pg/ml) for 24 h. It was confirmed that the protein expression level of
melanogenesis factors was lower in the a-MSH untreated group than in the o-MSH alone treatment group. MITF, tyrosinase, TRP-1, TRP-
2 protein expression was determined in B16-F10 cells treated with AMPE. Results are means * SD from triplicate experiments. (*p < 0.05,

**p <0.01, ***p < 0.001 vs 0-MSH alone-treated group).
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A wnE Lot
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