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ABSTRACT

In this study, the effects of Miglitol, Voglibose, and Validamycin A, which
are used as a—glucosidase, on melanogenesis in B16F10 mouse melanoma cells
were evaluated. In addition, it was confirmed that it can be used as a useful
ingredient for external preparations and cosmetics for the treatment of
hyperpigmentation due to the repurposing.

Miglitol reduced the protein expression of the melanin—producing enzymes
TRP-1, TRP-2, TYR and their transcription factor MITF. It was confirmed
that Miglitol reduced melanin content through down-regulation of MITF in
the Wnt/B-catenin, PKA, p38 MAPK, and MAPK/ERK signaling pathways.

Voglibose also confirmed that TRP-1 and TRP-2 and their transcription
factor, MITF, decreased their activity as a result of examining the protein
expression levels. Regulation of Wnt/B-catenin, PKA/CREB, PI3K/Akt, and
MAPKs  signaling  pathways  reduces melanin  synthesis  through
downregulation of MITF by phosphorylation and activation by Voglibose. In
addition, it was confirmed that melanin contents increased when the treated
with an ERK-specific inhibitor (PD98059) and an Akt-specific inhibitor
(LY294002). However, it seems that additional confirmation is needed by
increasing the expression of Tyrosinase in B16F10 melanoma cells induced
with a-MSH of the alpha-glucosidase inhibitors.

Through human skin primary irritation test, Miglitol (125 pM and 250 pM)
and Voglibose (50 pM and 100 uM) were tested for local use. Squalene was
used as a negative control group, and the test substance was judged to be

“non-irritating” in terms of its primary irritation potential to human skin.

Keywords : BI16F10, Drug repurposing, Drug repositioning, a-glucosidase,

Miglitol, Voglibose, Validamycin A, anti-melanogenesis, signal pathways
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Zuj o] 71" 2 A L-tyrosine2 248 L-DOPA (L-3,4-dihydroxyphenylalanine)
o2 AZE 3 L-DOPA7} o] % tyrosinase®] 23] DOPA quinonel.Z # 3=
] Al ZFE T L-tyrosine®] DOPA quinonel 29| A3He wabd A 2 1

= AAHst= T3 Ao t) [17,18] DOPA quinone< DOPA chrome® &
W33l TRP-2, TRP-19] @49 93] DHICA (dihydroxyindole-2-carboxylic
acid) ¥ DHI (dihydroxyindole)= #2-#lt}d H3 DOPA chromedl A ¥ 3kE] o
tyrosinase &4°l 93] IQ (Indole-56-quinone)® A3t T} o]23t Aol <3
Eo A AAANME He fugdo]l AAdEY. |, DOPA  quinone
glutathione %=+ cysteine®] ¢]3l glutathionyldopa =+ cysteinyldopa® #3+=
T Jon, o5 A FHodeds A [2,1519-24]

Webd A g2Za 71uA 84 KIT, 217t= SCF 2 MITFE 233 2o
Ao Alz=gl 8l WAL QIzbel &) Al At ol - E [24-26] 34, A3HEA
wookglel A Fd wEw MCIRe Alzddo] Wbl AAS AAGE FQ

dlolet B =AUt [11,17,27]

Ao Adell mIzkeE I xy AAAEE ded AlEd A o-MSH  (a-
melanocyte stimulating hormone)S 3¥3tste] #Wad A S 3= QA=
At 18y oldlicdl B E A o] E(cAMP) EH R
S ZAgt. deleAto] E9] oA F&AQ] Wetesa=d #8441 (MCIR)ol
Azed W T2EL otddAt Al FHAI(AC)E A3t Ax Ul cAMPE
AT cAMPE @9d 7luA A (PKA)E 43838 o2, cAMP RS a4
23 @94 (CREB)| <QlIiFstz MITF ¢ fxz 2ds &3t MITF=

detd A #d g4 58 eR dAdsteta dWad AYES ASgh

=¥ MCIRS T tu& #Hzid A Ay 2152l phosphoinositide 3-kinase
(PI3K)/ AKT Aadg A=2E5 @43ttt €4dstd PIBKE Alx9 1A
PIP,Z5H PIP;e AAdE  Fwisith ojuf PIPs=2 s A% o

()
o

=
iy



serine/threonine kinase Akt (protein kinase B) & <¢lAl3lxlo] AL A2 o] =3

o} wEbA PISK/AKT A& F29 &A4st= MITFE 2d S A sk}, [29-36]

MITF®] fx4 #dS Ao o= & thE 235 F =<2 Wnt/B-catenin Al
T AE Aot o Adzdea AALS Wnt Zt=vE # #8840 dEg)

rob

Frizzled®t ZAdste] 43
glycogen synthase kinase3 (GSK3B)& <12tstE ) GSK3B (Ser 9) 2] w]3HA
3}+= cytoplasmic B-catenin® =2Z& FE35tH, o]= oz ZHolFHo] T-cell
factor (TCF) % ®xF+ ZF74 AA-1 (LER)® EFAE FAste] B-catenin®]
MITF #Ad2 2ds 43 =43, websd Wnt 429 &43= MITF &4

2 4% Aol Bebd ATHL AFPh olsh BEHOE Wnt FEo| WF

&

foi
-

t}. G-protein—coupled receptorsel| ZA3grslal

k= GSK3B (Tyr 216)e] Y&l &x4d o= Qitsts]a, 14ksE B-catenin
ubiquitin  ligase  complex®]  9]3] A%  B-catenin®] w3}

[14,16,17,37-41]

T3l Stem cell factor (SCF)+= AlXE99] c-kitell ZAE3sFe] Mitogen—activated
protein kinases (MAPKs)9] &A1& FZdsle] datd A &4 wds =4
stofa BuFEdeh [42-45] MAPKs+= MY &5 OY9ds =dse
serine/threonine 7] ttobA] Aol wWepd Aol Fod S g} [43-47]
MAPKsE= A2 wgA 7luAl (ERK), =E#H~ @435t did 7)ol
(SAPK)®% €& % c-Jun N-terminal kinases (JNK) 2 p38o] 3t} [42-47]
p38 % JNK MAPK<®] <litsli= MITF #4315 <tAdsir A ded S
Babs o w vERRT [47,48]

ofo wka] AMEe] A Z|volAl (ERK) d&E+= MITF @ de] Ea& Fa 2
U APES 243 c-Kit A=l ok ERK &4 317 ser73¢l 4 MITFE <l
Abetstal MITF  ubiquitin-—proteasome .2 o]o{X|& Zo=z e
[16,30,35,42] w4 ERK 4 =9 &43t= MITF €49 & =d= s A
W AR A [16,49-51]
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Al Jhkel dig Bale] Wuh [4] ey ol e A4 FAELAE IR 3T
AR AFAE FAS] 93 Aysts "Wepd A= A Eo] jlernw
olg}dt Ex= Ao s ul= AAF 9L ugsor b A Max X
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Zbol thek Wabd A A Z dAA Hydroquinone [52], Kojic acid [53-56],
Arbutin [53,54,57,58] & 71EF B2 A AlFEo] A Gt o] spFET o<k
Fol ARgEa Ak [4] ZAAES TYR EAH-$19 coppers Zdlo]® &l
tyrosineol 51  DOPA, DOPA quinone®. &9 A3 Aafsty [59], LFiele
tyrosine¥t BAA o2 Aafst= A Aoty [66] Ly ol JAlAl= AlE
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Figure 1. Melanin production mechanism
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Miglitol nojirimycin (1-deoxynojirimycin %3+ N-OH-ethyl nojirimycin)ll A
g %9 pseudo-monosaccharide a-glucosidase inhibitore]th.  [67]
Miglitol 2% 138FS AAlste] G Sxjo A dnky o=z e, &

A 28 FuH X8 AFEEE F2 Fg WS LA A a-glucosidase

o

&
o
it

Z gAgtth [68-72] Miglitol> 19961l 9
A, v, S5, ZzRa 5 AFQ 29 a T oe FUbelA HAujEAS
g 55 2 A AFE 7|92 Miglitolo] &u|%F 35 w33t
B ¥ ot [71-73] Miglitol2 5719] slo|=224 1HF0] &4 3+
o

B St A F88 724 5L /3 ek [71]

ol

AmAlz SAE3lem

o
T

r{ﬁé

(
'~

[e5

Voglibose= Validamycin A2 H& #3fo] ol&] XA ¥ Valiolamine®] N-*| 3%t
H Aot} [74-76] Voglibose= Takeda Pharmaceutical CO., Ltd.ol A 7§t
gom dEA 7 A or AgEHE B8 e XEA T stuolth
[74] AW o]FFHF EHEAQ a-glucosidaseE o A|3te] HolA =T SF=

AAANA ASF s HAaAZT [74-76] =3 AHgr Agk [77], g

[7879] &4l °Fgjsta Fool vt Husa .

Validamycin A& Streptoyces hygroscopicus 5008¢] &= <lal el = ot

trehalose inhibitorol™ & ZEZ2H A2 W AvE, 7Faw 2 EY WA
SwbiH HFsty] 9% FqAA, At ddAR de] AMEEI e B

a7b dom, [80-83] o oF okl A= B A HAE AR E L gl [83,84]

o
gto] HAgS FHastd 4 dvkal AAbekar itk Miglitol, Voglibose 3

Validamycin A¥ a-glucosidase inhibitor® AF&5H+E= 9 X5 A ojn wu] o
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ool

¥ SATh [29,84,85] AR "epd A oA e ATt A
o7 B Ao A= BI6F10 Al XA Miglitol, Voglibose 2 Validamycin
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Figure 3. The chemical

structure of (a) miglitol (b) voglibose (c)
validamycin A
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,d
L

0I. Alsg 2 =

0:

1LAE 2 Ao

oo AF8¥ Miglitol, Voglibose:= TCI (Tokyo, Japan)el A T8t o,
Validamycin A 2 Sigma-Aldrich (St. Louis, MO, USA)dl A TF+Y3stA

M E wgFS 995te] Thermo Fisher Scientific (Waltham, MA, USA)]A
Dulbecco’s Modified Eagle’s Medium (DMEM)3}, penicillin/streptomycin (P/S)
S 7Y e, Merck Millipore (Burlington, MA, USA)°l| 4] Fetal Bovine
Serum (FBS)& 9 3t3th

ME Ao += Sigma-Aldrich (St. Louis, MO, USA)°lA a-MSH (a
~Melanocyte stimulating hormone), L-DOPA, Kojic acid, sodium hydroxide
(NaOH), protease/phosphatease inhibitor cocktail & T3t 2™, Biosesang
(Seongnam, Gyeonggi—-do, Korea)oll 4] dimethyl sulfoxide (DMSO), phosphate
buffered saline  (PBS), enhanced chemiluminescence (ECL) kit
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT),
Radioimmunoprecipitation assay (RIPA) buffer, 10X Tris-Glycin (SDS) buffer
TYstth. Thermo Fisher Scientific (Waltham, MA, USA)e| 4 BCA protein

assay kits TYste] Aol AFEH ST

Western blot2 ¢33 AF£% Trans-blot turbo transfer pack, 10% Tween 20
£ Bio-rad (Hercules, CA ,USA)olA 43} 2™, BLUEstain Protein ladder,
11-245kDa2 Goldbio (Olivette, MO, USA)ol A 3%ttt B-Mercaptoehtanol,
10X  Tris-Glycine buffer (SDS), 20X TBS+ Biosesang (Seongnam,
Gyeonggi—do, Korea)ollA T3tttk 12 & MITF, Tyrosinase, TRP-1,
TRP-2, p-CREB-2 Santa Cruz Biotechnolgy (Dallas, TX, USA)olA +43+%
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, B-actin, t-CREB, PKA, p-PKA, GSK-3B, p-GSK-3B3, B-catenin, p—{3
-catenin, ERK, p-ERK, p38 p-p38 AKT, p-AKT, t-JNK, p-JNK$¢}

al

anti-rabbit, anti-mouse?] 2x}38-A+= Cell signaling technology (Danvers, MA,

USA)A 743t
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2. A%

i

U

o

2.1, MEw

B16F10 mouse melanoma cell> ATCC (The Global Bioresource Center,
Manassas, VA, USA)olA TR e AlE v Dulbecco’s modified eagle
medium (DMEM, Gibco BRL) ®j#]9] 10% Fetal Bovine Serum (FBS, Merck
Millipore) % 1% penicillin streptomycing 3k 100mm cell culture dishell

5% COy 37°CS] Z7oA 3 7HA o= Au]g 519
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22. AX AEE

82
als
off

B16F10 Aol A a-glycosidase inhibitore] Ao =4S YERA =
= ZAFE7] Y8l MTT assays a3tk BI6F10 AX (15 x 104

cells/wel) S 24-well plateo] EF3o] 2447 S<F wjdksldtt. A 85 A2

!

TEHEE AT F 724 Bk wjgstdth olF AFAE BT AASL well
T MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) & <} o]
05 mg/mL ¥ %% Yi 4A3F dbgAF o oju] FAH W84 formazan

crystalsE® DMSO9] 9] Spectrophotometric microplate reader= AF-&3}o] 540

mmel 4 FHEE Z4ser

B16F10 Aol A a-glycosidase inhibitor AtA¢] AlE ZAS el A %= &
L2 A7) $18] MTT assayE 335tk B16F10 A1 (1.0 x 10°

cells/wel) S 24-well platedl] EF3Fo] 24A17F Fob wjdeldct. A 85 A Ed
TR At & 24A1F sk wgEtATh ol % AT AE BT AAsIL 99
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23. Wekd g

o

g

BI6F10 Ao A AX Aol YeEhR] e HE oA Hebd g3S =743}
ATl BI6F10 Al¥E (8.0 x 10* cells/dish)S 60mm cell culture dishol]l #F3Fal

24X 7k v kel A BE AFEd TR dAYsda, FAYERFLOZ Kojic

)

acid (500 uM)<& AH&3&tth o] a-MSH (100 nM)E A glste] 72A1%F &<t

HlFetith 1 3 AS s AAS vE, A7HE 1x PBSE 23] AlF sk

Protease inhibitor cocktails 33t RIPA bufferS “o] 4T, 208 <t
Lysis 3ttt} Cell scraperE ©]83}o] celle =& % 15 mL e-tubeol =71t}
—8T, 1,500 rpm, 20 min ZZolA YA R 5] pellets oAt Aol

pellets 10% DMSO7F ¥3% 1IN NaOH=Z 80T, 10 minzt &sjAz *
96-well plateoll 100 pL 2 %] Spectrophotometric microplate reader< A}-& 3}

o] 405nmolA] FFEE =As 9
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2.4. M3 W Tyrosinase activity =74

B16F10 A3 (8.0 x 10* cells/dish)E 60mm plateo] =F3FaL 24417 v sl
o AlRE AT v E dAgeda, FANERLCZ Kojic acid (500 uM)

= AR&EFSATE ©o] % a-MSH (100 nM) & A g|sto] 72A13F &<t v ksl Hi

& T ASAS AAT v, AU 1x PBSE 23] AlFH3 a1 1% Protease
inhibitor cocktails 3l RIPA buffere] 4T, 208 &9t Lysis 3%t} Cell
scraperZ ©o]g€3te] celle & 3 15 mL e-tubed] &4 ow, Wy F=A
I g 2o dAEgste ASHdES EEstth dojdl 4SS BCA
A% kit (Thermo Fisher Scientific, Walham, MA, USA)Z A}-§3to] gala A
2ttt 96-well plate 2+ welld]l H93 o @A (20 pg/mL) 20 pLeb

L-DOPA (2 mg/mL) 80 pLE ¥ 37CelA 2A1ZF &< WA AT 1 %
o3

1

O:

Spectrophotometric microplate readers AF83t¢] 490nmol A SHFE=E =AY

o},
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2.5. Western blot Analysis

B16F10 M3 (8.0 x 10* cells/dish)E 60mm plateol] +3FaL 24413+ vl &3k
o 7 g 3y A7k wEl Al E AR wREE HAA SR o]F a
-MSH (100 nM) & Azt 72A1%F st wigetint. i & ZFAs AlA
3tal 27 1x PBS buffer® 23] A2 3}¢] 1% Protease inhibitor cocktails 3t
f35H= RIPA bufferol €43 &3]3ttt Cell scraperg ©]&3}e] cells & &
1.5 mL e-tubedll &7 &3ELS —8TC, 1,500 rpm, 2083t 4l F-2lste] A5
S e Aol FE A BCA assay kitE AME3te] @ A7k (30
g/mL) 3}t Loading sample®} 2x Laemmli sample buffers 1:1 H| &2 &3

3led 100C, 5 min %+ heat 3 ¥ 23 Al&3ith Al %3 Loading samples

N

1

sodium dodecyl sulfate-polyacrylamide gel® loading $to. 24 walz S =
2 HA7]9Fstdtt. olw] BLUEstain Protein ladder, 11-245 kDa< Goldbio
(Olivette, MO, USA) = marker® A}&3dct. =27z oy dizde
PVDF membrane® 2 transferstil 5% skim milk (in 1x TBS-T(Tris-Buffered
Saline with 1% Tween 20))% 2A]%} blocking ¢+ ¥ 1x TBS-T buffer® 10%
b % 63 MASAT 1:1000 Hl-&<] 1% A2 4T, overnight shacking 3F$1
ot 2" o5 1x TBS-T buffer2 1023F 5 63 A& 3tar 1:2000 Hl-&9] 2%k
FAE AHgste] 25T, 2413 WEEAIZTE 1x TBS-T buffer® o] ¥3 543 o
Ho=z F 63 AF & = ECL kitsE AEste 54 didsS HdA[7]a
Chemidoc (WL. VILBER LOURMAT, France)o & &3ttt dAArsk whulz

2 image ] TE2I1WS A&l AT
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s nAge] Qe AZF 20404 604 Abolel 33w el o4 T AR o] A
zgEAY. AdAe] A"e 2MolA B54Al Aloler] Wi AW 4358 +

zAe ~gddon e AxaPon, olu AREE &)
2 SqUETOR FATh APBEAL 20 Le A9 o] 2447 B9t P T3
CAIA T 208 F 13 97F, UA F 24 B2 Adedn 17 9% 45
g A E o) ebE oA A (MFDS), W%34F @3 (PCPC) Aol wet 3714
AU 7 A% BAe) we Ak ofgel Ao we Ao B Ape
vz A AES 93 (RB)S Swston, 7 sAde] Ad FoAs
kol Z3sldtl. (IRB M3 @ 1-220777- A-N-01-DICN22080).

r

Y (Grade x No,of Responders)
4 (Maximum Grade) x n ( Total

Response =
ject
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(

BE dgel Aste Al Mol wE 492 Ba) Bty EFAA (mean + SD)E

vetdet 44 59A4-S Studant’s t-testES AFE3A o1 p-value® HERY

n kel xp < 0.05, ##p < 001, #xxp < 0001 = FASAT}
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m. 2 S

1. B161F10 Al3¥oA #ad Ao tf3t a-glucosidase inhibitor 3852 <8k

371

1.1 Al AEE F7}

B16F10 Al X°lA] a-glucosidase inhibitor 3}gt&Eo] Al¥ AFo] TS 1 XA
A= FrE Fgoldr] sl MTT assayE 33ttt [86,87] a-glucosidase
inhibitor 3}3t&2 ot s A7o] sl em (a) Miglitol (31.25 uM
to 1,000 uM) (b) Voglibose (125 pM to 400 uM) (c¢) Validamycin A (125 pM
to 4,000 uM)S 77} A glste] 24A13F 72413 FQF vl ksl ith. Al e Ao
FEF= VAA Fe= TlE2 ALY AE dEzs b 90% ol e AEss %
Aoz 72417 v F Al Miglitol> 250 uM ©]38}2] &%= 4 Voglibose= 200
uM ©]3}, Validamycin A+ 1,000 uM ©]3te] FXo A AE FAo] YEHA]
Aoyt Ag AA ZAS sty Y& 2441 7F vl Al Miglitol & Y %h

FLo A Voglibose= 100 uM ©]3}, Validamycin AT 250 uM ©]s}oll A A%

s

o] YEUA] ekt mEba] o] & Ao A Miglitol 250 uM °]ste] v
o /] Voglibose:= 100 pM ©]3&}¢] & XZolA] Validamycin A3 250 pM ©]3&}9

sEAAA S AP H(Fig. 4).
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(a) (b)
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& =
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< w0 < 60
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.; >
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Figure 4. Evaluation of cell viability of alpha-glucosidase inhibitors in
B16F10 melanoma cells. Cell viability of Miglitol (concentration within
1,000 uM) , Voglibose (concentration within 400 pyM) , Validamycin A
(concentration within 4,000 uM) was investigated by MTT assay. The cells
were plated at (a) 1.5 x 10% cells/well, (b) 1.0 x 10° cells/well in 24-well
plates for 24h, and each sample was treated at various concentrations for
72h/24h. Cell viability was expressed as percentages relative to untreated
cells. Each bar represented as presented as mean * standard deviation (SD)
of three independent experiments (n=3). *#** p<0.001 vs un-treated control. (a)

is the left graphs, (b) is the right graphs.
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1.2. Melanin contents

B16F10 AlXo°lA a-glucosidase inhibitor 3}3t&Eo] Weld Aol v x&= A9
< W7Fst7] 918k Melanin contentsE X1ttt A2 =240 YEUA] e
W99l (a) Miglitol (62.5, 125 and 250 uM) (b) Voglibose (25, 50 and 100 pM)
(c) Validamycin A (625, 125 and 250 pM) 2% g3ty e a-MSH (100
nM)2} Kojic acid (500 pM)2 ztz} SAUZE3 FAgELo 2 AFEFH A
O Ay, dEid e SRS e S W Miglitole #HalwEel 250
uMell A 33.96%, Vogliboset™ #1751 100 uMoll A 34.28% Wl 23/ o] <

AHNES el A A9 Validamycin AE @45 Holx &dth(Fig. 5).
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(a) (b)

1200
120.0

1000 - 1000

80.0 - 80.0

60.0 60.0

400 40.0

200 200 L

Melanin contents (% of control)

0.0
a-MSH (100 nM) - * + + * *

Melanin contents (% of control)

0.0

Kojic acid (500 uM) - - - - - N a-MSH (100nM) + + + + +
Miglitol (uM) - - 625 125 250 - Kojicacid (500 uM)  _ - - - +
Voglibose (uM)  _ 25 50 100 _

(c)

120
100 -
80 |
60
0 - B

20

Melanin contents (% of control)

0

a-MSH (100 nM) - + + + + +
Kojic acid (500 uM)  _ - - - - +
Validamycin A (uM) ~ _ 62.5 125 250 _

Figure 5. Intracellular melanin contents in B16F10 melanoma cells
induced with a-MSH of the alpha-glucosidase inhibitors. The cells were
plated in 60mm cell culture dish (8.0 x 10* cells/dish) and incubated for 24h,
followed by (a) Miglitol (62.5, 125 and 250 uM), (b) Voglibose (25, 50 and
100 uM) (¢) Validamycin A (625, 125 and 250 pM) was pre-treated for lhr
before, and then treated with a-MSH (100 nM) for 72h. The cells were then
harvested and assay. a—-MSH was used as the negative control and Kojic
acid (500 uM) was used as the positive control. Melanin content Data are
presented as mean =+ standard deviation (SD) of three independent
experiments (n=3). # p<0.001 compared to un-treated group, * p<0.05, **x*
p<0.001 vs a-MSH only group.
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1.3. Tyrosinase activity =%

B16F10 A3 o4l a-glucosidase inhibitor 3}31&©] Tyrosinase /el w1 X+
geke Hrtelr] Y3l Tyrosinase activitys &8sttt Al¥ =40 e
A ek W 9lol (a) Miglitol (625, 125 and 250 uM) (b) Voglibose (25, 50 and
100 uM) (¢) Validamycin A (62.5, 125 and 250 uM) FE& AHgstgoey «
-MSH (100 nM)¢} Tyrosinase &2 S dx=3 vu39 S vl Miglitol
IFEQ1 250 pMell Al 13.60%, Voglibose™ il&%=<9l 100 pMolA 10.18% 74
ke shelslgdt}. AWk Validamycin A¥E Tyrosinase &Aoo A& gL Hels}t
| E3AHFig. 6). Wk o] F A3 LS Miglitol, Voglibose?] F7} A43d& %
3ttt

N

ol
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(a) (b)

120 120 -

100 - 100 -

80 80 |
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40 40 +

20 20

Tyrosinase activity (% of control)

0 0

Tyrosinase activity (% of control)

a-MSH (100nM) - + + * + *

a-MS) a-MSH (100nM) - + + + + +
Kojic acid (500 uM) -~ - - - - - * Kojic acid (500 uM) - - - - - +
Miglitol (uM) - - 62.5 125 250 - Voglibose (uM)  _ _ 25 50 100 -

(c)

120

100

80

60

40

Tyrosinase activity (% of control)

20

0

a-MSH (100nM) - + + + + +
Kojic acid (500 uM) - - - - - +
Validamycin A (uM) - - 625 125 250 -

Figure 6. Intracellular tyrosinase activity in B16F10 melanoma cells
induced with a—-MSH of the alpha-glucosidase inhibitors. The cells were
plated in 60mm cell culture dish (8.0 x 10* cells/dish) and incubated for 24h,
followed by (a) Miglitol (62.5, 125 and 250 uM), (b) Voglibose (25, 50 and
100 uM), (¢) Validamycin A (62.5, 125 and 250 uM) was pre-treated for lhr
before, and then treated with a-MSH (100 nM) for 72h. The cells were then
harvested and assay. a—-MSH was used as the negative control and Kojic
acid (500 uM) was used as the positive control. Tyrosinase activity Data are
presented as mean * standard deviation (SD) of three independent
experiments (n=3). # p<0.001 compared to un-treated group, * p<0.05, **
p<0.01, =+ p<0.001 vs a—-MSH only group.
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2. B16F10 Al Zo A Miglitol®] @by A J3F H7}

2.1. Western blot

D depd g 34 29

BI6F10 AlZolA wWepd g #d deigdeo] oy
Miglitol®] F&E WA= o

blot& R &ste] ZAleAth. 1 A3 o-MSHE #=t# BI6F10 A% TYR
TRP-1 2 TRP-2 ¢ ¢wiz ug 4=

skl Miglitol®] =7F S7Hgel el 5% o]EA oz folatA AN 7= A
S st th(Fig. 7). 53] ¥ =9 250 pMolA TYRS oF 41.91%, TRP-1%
ok 66.15%, TRP-2Z ©°F 20.32% #AaAzv. webd =Had Aol g
Miglitol®] <Al #4o] TYR, TRP-1, TRP-29] ©uide] &3k &3 #eo]
AeS UERH AT
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(b)

(a) -
g2
2
a-MSH (100nM) - + £ + g3
Miglitol (uM) - - 625 125 250 &5
Tyrosinase ‘ ’ . ‘ 75 kDa £ §
se
v 3
TRP-1 P 70 kDa g8
TRP-2 [0 | 60kDa e
B-actin | — — — — -| 43 kDa
Miglitol (uM) - - 62.5 125 250
a-MSH (100 nM)  _ + + + +
(c)

(d)

o
- @® o
o S =3

TRP-2 protein expression
(TRP-2/B-actin, % of control)
s

TRP-1 protein expression
(TRP-1/B-actin , % of control)

N
5]

0

L Miglitol (uM) - - 625 125 250
Miglitol (uM) - - 62.5 125 250 a-MSH (100 nM)  _ + + + +
a-MSH (100 nM)  _ + + + +

Figure 7. Effects of miglitol on the expression of melanin
synthesis-related enzymes in a-MSH induced B16F10 melanoma cells.
(a) Western blot analyses of the dose-dependent effect of Miglitol (62.5, 125
and 250 pM) on the expression levels of TYR, TRP-1 and TRP-2 in B16F10
cells treated with a-MSH (100 nM) for 48h. (b),(c),(d) The expression of
TYR, TRP-1, TRP-2 was determined by Western blotting using the specific
antibody. Equal amounts of protein loadings were confirmed by using B-actin.
Data are expressed as the mean SD from single triplicate experiment using
Image ] software. “p< 0.001 vs un-treated control group. *#* p< 0.001 vs a

-MSH alone group.
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2) MITF 28 % =4

Aebd YA z2dox MITFE M-boxol ZAdste] TYR, TRP-1, TRP-2
promoter®t #Z-2 Wepd A 4 G Fe] BtHg xdaE Fad Axolrt
[12,13,26] wtebA B16F10 Al o)A Miglitolo] MITF o m X+ 3S %A}sl7]
g8 HIFS AYPerPdrr. 1 23, «MSHE A28 SAdNETH Hluse s
ol Miglitol& MITF®] WA Zs 5% oEA R A= As &0 + 9
ow, 53] aEeel 250 uMelA oF 29.06% ZHAskthFig. 8). wEkA Wk
B4 Z24AAN MITFE d&xd3se] TYR, TRP-1, TRP-29 2d<& 74
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(b)

(a)

a-MSH (100 nM) - + + + +
Miglitol (uM) - - 625 125 250

80

(=2}
=}

MITF |-—- — — —....| 60 kDa

-
(=

MITF protein expression
(MITF/B-actin, % of control)

B-actin |- — — — —| 43 kDa

N
=}

0

Miglitol (uM) - - 62.5 125 250
a-MSH (100 nM) - + . N .

Figure 8. Effects of miglitol on the expression of MITF in a-MSH
induced B16F10 melanoma cells. (a) Western blot analyses of the
dose-dependent effect of Miglitol (62.5, 125 and 250 pM) on the expression
levels of MITF in BI16F10 cells treated with a-MSH (100 nM) for 48h. (b)
The expression of MITF was determined by Western blotting using the
specific antibody. Equal amounts of protein loadings were confirmed by using
B-actin. Data are expressed as the mean SD from single triplicate experiment
using Image ] software. “p< 0.001 vs un-treated control group. *#* p< 0.001

vs a-MSH alone group.
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3) Wnt/B-catenin A& A G742

Wnt/B-catenin 7 2|4 Wnt 2]Zt=7F 9 =84 Gl Al Fizzledo} Z23sld
A& #gstl. GSK3B+ Ser 904 ¢l1AkstE F3 B-catenin® 42 F%=3H,
o= dlor HdoJx o] TCF-LEF¢ 5dAE F4ste] B-catenin®] MITF
2 S A 2AdH Wnt A3 o] @A st = GSK3B (Tyr 216)° €]

3 ooz ikstyar, Q4kstEl B-catenin ubiquitin-proteasomeol] 2] 3]
-

el g}, [37-39] wEbA B16F10 Ao A Miglitole] Wnt/B-catenin 4l & A&
AR2E T3 Miglitolo] Wbl S A=A &2lslr] fs) AdS s}

=
Atk Ay A¥ Miglitole] s%=7F F7Fste] wal p-GSK3B9F B-catenine] 2

g AaAT)E AS Feskdth. =3 B-catenin ¥ p-GSK3BE a-MSHE
et AWz vlaste] E =Sl 250 pMoAlA 7+ 57.64%, 50.32% A4S
A7 A Felekdth wbdel] p-B-catening] WHES T o|EHom
7hHhe e 4 AT p-B-catenine FA =TI} HlAEAS W alE ol
A 9F 51.71% 5718t tH(Fig. 9). o] = S8l Miglitole] Wnt/B-catenin A& H &
BdEE gl MITFO s oAsta, dWepd Ao #ojsi= AS & 5+

ol\
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(b)
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Figure 9. Effects of miglitol on the expression of Wnt/B-catenin
signaling pathways in a-MSH induced B16F10 melanoma cells. (a)
Western blot analyses of the dose-dependent effect of Miglitol (62.5, 125 and
250 uM) on the expression levels of GSK38, p—B-catenin, B-catenin B16F10
cells treated with a-MSH (100 nM) for 24h. (b),(c),(d) The expression of p—f3
—catenin, p-GSK3B/GSK3B and B-catenin was determined by Western
blotting using the specific antibody. Equal amounts of protein loadings were
confirmed by using B-actin. Data are expressed as the mean SD from single
triplicate experiment using Image ] software. “p< 0.001 vs un-treated control

group. *** p< 0.001 vs a-MSH alone group.
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4) PKA A5 d4G44 =2

a-MSH¢| #=& e MCIRS ACE @A3A 7|3, AlE U cAMPE 714
21tk cAMPel| 93] PKAZF 14tslE a1, & Qko & o] 53l CREBY <l4tstE
ura] H o} [16,28] whebA B16F10 Al 3ol

%6]] MITF XJ_/\]-% %/\éi}‘?‘)—}% Aoz
Fa Wehd e FaATEA 2Abe)

A Miglitole] PKA AZHAGHEZE
$13l Western blot 28-S asdth. 2 A3 Miglitol> PKAS] <1H3lE &
L oEAow faNTE As FAEAT. 53 o-MSHE F:d AT
I HluetH S W =R 250 uMolA oF 54.13% #HASEAtH(Fig. 10). °ol &
&3l Miglitolo] PKA®] S14FstE 7HAA]A MITFO] 2HdS o Asta, Wepd A

B FaAE AL ¢ 5 A

o2
off
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(b)

(a)

a-MSH (100 nM) - + + + +
Miglitol (uM) - - 62.5 125 250
p-PKA ‘— — — - | 42 kDa
+PKA | | 22xDa

Practin [ w——— — 13 LDa

PKA protein expression
(p-PKA / t-PKA, % of control)

Miglitol (uM) - - 62.5 125 250
a-MSH (100 nM) - + + + +

Figure 10. Effects of miglitol on the expression of PKA signaling
pathways in a-MSH induced B16F10 melanoma cells. (a) Western blot
analyses of the dose-dependent effect of Miglitol (62.5, 125 and 250 pM) on
the expression levels of PKA in B16F10 cells treated with a-MSH (100 nM)
for 24h. (b) The expression of p-pka/t-pka was determined by Western
blotting using the specific antibody. Equal amounts of protein loadings were
confirmed by using B-actin. Data are expressed as the mean SD from single
triplicate experiment using Image ] software. “p< 0.001 vs un-treated control

group. *x* p< 0.001 vs a-MSH alone group.
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5 MAPKs Aladd4d =

MAPKs A e ddd 2 F ERKS @A 3st= MITF @de 313 %%

J
=

t
rO
-
=)

B A4S olAETh @ NK 2 p3se] RelE Fol wehd A4S 24w
o}, [42-48] B16F10 A3zl Al Miglitole] MAPK Al dgd =25 S3 dWahd A

3

ftlo
off

AAst== FAs7] 95 MAPK ClAbstE  xAlstgch 23 ZAx
Miglitol & %% 9 2 ERK9Y A23EstE 98 A S7HA 71 3L p38 74
golstget. 53] o-MSH A3 SAzT Haste] p-ERKE

LFEE 250 pMelAl oF 80.21% ZF7Fstlal, p-—p38a °F 46.01% 7t

FPN

A

)

mlo

7]

rr

32
off 1L

(Fig. 11). @&} MiglitolS B16F10 A|¥o4 ERK % p38 A& #Ad ARE
3 MITF 28-S 74aAA deid A4S JAstg= AS gl

=

ol
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(b)
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&g
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Figure 11. Effects of miglitol on the expression of MAPKSs signaling
pathways in a-MSH induced B16F10 melanoma cells. (a) Western blot
analyses of the dose-dependent effect of Miglitol (62.5, 125 and 250 pM) on
the expression levels of MAPKs in B16F10 cells treated with a-MSH (100
nM) for 3h. (b),(c) The expression of p-ERK/t-ERK, p-p38/t-p38 was
determined by Western blotting using the specific antibody. Equal amounts of
protein loadings were confirmed by using B-actin. Data are expressed as the
mean SD from single triplicate experiment using Image ] software. *p< 0.001

vs un-treated control group. *** p< 0.001 vs a-MSH alone group.
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(a)

a-MSH (100 nM) - + + + +
Volibsose (uM) - - 25 50 100
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70 kDa
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Figure 12. Effects of voglibose on the expression of melanin
synthesis-related enzymes and MITF in o-MSH induced B16F10
melanoma cells. (a) Western blot analyses of the dose-dependent effect of
Voglibose (25, 50 and 100 pM) on the expression levels of TYR, TRP-1,
TRP-2 and MITF in BI6F10 cells treated with a-MSH (100 nM) for 48h.
(b),(c),(d),(e) The expression of Melanin synthesis-related enzymes and MITF
was determined by Western blotting using the specific antibody. Equal

amounts of protein loadings were confirmed by using B-actin. Data are
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expressed as the mean SD from single triplicate experiment using Image ]

software. “p< 0.001 vs untreated control group. *** p< 0.001, ** p< 0.01 vs a

-MSH alone group.
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2) Wnt/B-catenin A AE7 =

Wnt/B-catenin 7 2|4 Wnt 2]Zt=7F 9 =84 Gl Al Fizzledo} Z23sld
A& #gstl. GSK3B+ Ser 904 ¢l1AkstE F3 B-catenin® 42 F%=3H,
ol dowg Hol¥o] TCF-LEF$ &&= dA3te] B-catenin® MITF ##
2 i S e At [40,41] Wnt Als o] vjEAd st M= GSK3B (Tyr
216)°l 9ld] =xH o= QlAbsts A, A4kstE B-catenine ubiquitin-proteasome
o] ofs] st} [37-39] wEtAl B16F10 Al XA Voglibose? Wnt/B-catenin

&all Voglibose® #Hetd S Alst== &elstr] 93 A
Ae AdYeArt. 1 A3, 527 Skl wel p-GSK3B9 B-catenin®] 23
Fs A7l As delstd o, a-MSHE A#d A4z vl st
IEE<Q 100 uMel Al Z+zy oF 2552%, 63.60% A4S TAAIIE AS A5
Atk Wl p-B-catenin®] WHE Tk oEHoR FT/ES FAT 5 AU
T} p-B-catenin S WETH HWSH S o aFolA oF 88.27% S 7FsES
tHFig. 13). °]= %3 Voglibose?’t Wnt/B-catenin A Z Y425 E& MITF

of WES oAlsta, dWetd AHE H2AT=E AS & Ak
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(a)
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Figure 13. Effects of voglibose on the expression of Wnt/B-catenin
signaling pathways in a-MSH induced B16F10 melanoma cells. (a),(b)
Western blot analyses of the dose-dependent effect of Voglibose (25, 50 and
100 uM) on the expression levels of GSK38, B-catenin, p—B-catenin B16F10
cells treated with a-MSH (100 nM) for 24h. (c),(d),(e) The expression of
p-GSK3B/t-GSK3B, B-catenin and p-B-catenin was determined by Western
blotting using the specific antibody. Equal amounts of protein loadings were
confirmed by using B-actin. Data are expressed as the mean SD from single
triplicate experiment using Image ] software. “p< 0.001 vs un-treated control

group. *** p< 0.001 vs a-MSH alone group.
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3) PKA Az g4 =

flo

a-MSH?] #A=& ¥ MCIRS ACE #438A1712, AE W cAMPE S7HA
21tk cAMPol ©]3] PKAZ} Q14bste]ar, &) ko= o] F3ste] CREBS| 14hst&
3 MITF A LS @AstA 7= 2oz drsl st [16,28] webA BI6F10 Al
o /] Voglibose’} PKA A& 7G4 25 T3] dad S TaA7 =4 24
at7] f1al Western blot 23S Wastdnt. L 23}, Voglibose= PKA, CREB

o AEE BT GEHOR FaAYE AS FAGAT 53 o MSHE f%

it}
o
oX,
=
BN
Hd
&
I
=
ol
32

S v p-PKA® p-CREB2 is%<l 100 uMolA 2zt
7} oF 43.94%, 51.65% %43t tH(Fig. 14). 1= %3] Miglitolo] PKA, CREB]
&

s E HAAIA MITFS 23S AAleta, dWad A4S FdaA7le AS
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(@) (b)
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a-MSH (100 nM) - + + + + § £
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p-PKA —— - 2kDa @
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24
tPKA I- - e ete -‘ 42 kDa E_“‘;
ii
Y
P-CREB Sl Sl S L B | s3kDa &
t-CREB ’ — — ---l 43 kDa
. ] .
p-actin | 43kDa Voglibose (uM) - - 25 50 100
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Figure 14. Effects of voglibose on the expression of PKA signaling
pathways in a-MSH induced B16F10 melanoma cells. (a) Western blot
analyses of the dose-dependent effect of Voglibose (25, 50 and 100 pM) on
the expression levels of PKA signaling pathways in B16F10 cells treated with
a-MSH (100 nM) for 24h. (b),(c) The expression of p-PKA/t-PKA,
p—CREB/t-CREB was determined by Western blotting using the specific
antibody. Equal amounts of protein loadings were confirmed by using B-actin.
Data are expressed as the mean SD from single triplicate experiment using

Image ] software. “p< 0.001 vs un-treated control group. *** p< 0.001 vs a

-MSH alone group.
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4) PI3K/Akt Az AGd =

MICRel el&] &4dste PISK= PIP,24FH PIP; o A4S Zvistn ojul PIP;
&= Qs Akt = QIAbstEo] AEZAR o]sgith. webA PIBK/Akt 415 4 =29
45t MITFO 2aS oA gl [30-36] ol & F<lstr] 913 B16F10 Al 2o
A Voglibose®] Western blot A &S &3t 2 A w7t 71l ot
g g o] FrheE ®How o-MSHR AHEleh SAddi ety o] ko
1E=Ql 100 pMelA oF 97.79% S7HEE geleksith(Fig. 15). ol& E3f
Voglibose”7} PI3K/Akt XM AGH =5 dAdststo] depd A S AATS He

o,
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(b)

250

(a)

a-MSH (100 nM) - + + + +
Volibsose (uM) - - 25 50 100
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p-AKT |"—‘ — - am= —| 60 kDa

AKT protein expression
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s m— —
t-AKT ‘ 60 kDa
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Figure 15. Effects of voglibose on the expression of PISK/Akt signaling
pathways in a-MSH induced B16F10 melanoma cells. (a) Western blot
analyses of the dose-dependent effect of Voglibose (25, 50 and 100 pM) on
the expression levels of PISK/Akt signhaling pathways in B16F10 cells treated
with a-MSH (100 nM) for 3h. (b) The expression of p~AKT/t-AKT was
determined by Western blotting using the specific antibody. Equal amounts of
protein loadings were confirmed by using B-actin. Data are expressed as the

mean SD from single triplicate experiment using Image ] software. *p< 0.001

vs un-—treated control group. *** p< 0.001 vs a—-MSH alone group.
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5 MAPKs Aladd4d =

MAPKs 254972 % ERK® &Ast= MITF 2d9o &3 =d= <ls) 4
g S A s =3 INK 2 p3Re] HalE 53
T} [42-48] BI6F10 Al Zo14 Voglibose?] MAPK A& d%
AL AdAE=A gelaly] ¢l MAPK <lAsE zAlgch, AF
Vogliboset= &% &4 2 p-ERKS QIAstE fFolstAl S7HA171aL p—p38,
p-IJNK2 #AaA7]= 2 g9t 53] a-MSH A @ e S za ¥ vl

0 uMel A <F 60.80% ZF7FetS 3L, p-p38<t p-JNK+=
Z+7F oF 46.10%, 38.11% A3+ tH(Fig. 16). weks Voglibose: B16F10 Al 3%
o4 ERK % JNK, p3

AEE dAg s AS G
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=
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ox
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st p-ERK+= 15 %=21 10
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AN Ag FAEE F3) MITF 2dS #HAaAA dad
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(a)
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Figure 16. Effects of voglibose on the expression of MAPKSs signaling
pathways in a-MSH induced B16F10 melanoma cells. (a) Western blot
analyses of the dose-dependent effect of Voglibose (25, 50 and 100 pM) on
the expression levels of MAPKs in B16F10 cells treated with a-MSH (100
nM) for 3h. (b),(c),(d) The expression of p-ERK/t-ERK, p-JNK/t-JNK,
p—p38/t-p38 was determined by Western blotting using the specific antibody.
Equal amounts of protein loadings were confirmed by using B-actin. Data are
expressed as the mean SD from single triplicate experiment using Image ]
software. *p< 0.001 vs un-treated control group. ##* p< 0.001 vs a-MSH

alone group.
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4. AU S digk 54 dAA ] g3
4.1. Voglibose®] ERK A Ao th3F Melanin contents

Voglibose7} B16F10 Al ¥4 ERK 4% Z 24 3}8lo] wle} ERKe A&z o
AA PDIB0SIE A elste]l Wepd Aol tiek JaFs dofr iz zladstgl.
O Ay Wgd gEe o-MSH (100 nM)3} VogliboseES &7 =2 dF A9
Webd dreky vt o-MSHSF PDIS059 (10 pM)S 2 2] 3k A Ee] wlald o]
=7Vt o] 33 dolE = Voglibose’} ERKE <14k3}ste] wleld $}ako]
Hagths s RjANATT w1 AAAE AYFoEA ERKS A3t
%] kol wWialdo] Frhehs W H(Fig. 17). ©1#1d A3} Voglibosedl <3|

g 2ol 214ksl7} Vogliboseol 2l&f #Hetd A ok e Q)
25 wolFEr wEkd ole3t Ak Voglibosedl 93 Wabd A 7T}
ERK Al5 Z 2] <Qlikstel waae 3 #Aepd A As A2 54 AAA

C

—4
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Figure 17. Effects of ERK inhibitor (PD98059) on cellular melanin
contents in B16F10 melanoma cells. Cells were treated with a-MSH (100
nM) in the presence of Voglibose (100 uM) and PD98059 (10 uM). Each
treated cell percentage is reported relative to that in the control cells. Melanin
contents Data are presented as mean * standard deviation (SD) of three
independent experiments (n=3). #p < 0.001 vs untreated control group. s
p < 0.001 vs a-MSH alone group. ##p < 0.001 vs a-MSH and sample

co-treated one.
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4.2. Voglibose®] Akt & A Ao st Melanin contents

Voglibose”} B16F10 Aol A PI3K/Akt 2155 &Adstgho] wel Akte] A=4
AA A QD LY2940025 A elste] #epd Aol oigh s otz Wt
Aot 2 A3, Wepbd ek o-MSH (100 nM) 3 VogliboseE 7 A 2|3+ Al
o] Wepd geFy Hlauske] a-MSHSF LY294002 (10 pM)E A 2] sh Alxze] 4
gdo]l | Z71ettl o83k "o]E = Voglibose?}b AktE QAksbsle] wabd
s ero] 7bashe A

AL oA AT I gAAZ Ao mM Akt A 3}

il

7F A gkol Wepdo] F7FehS H S th(Fig. 18). o]¥ s Z 3= Voglibosed| 9
) Akt AE Ag H=2e] <23 7F Vogliboseol ¢ol&] wWatd A i A4
NS HolFEr) wheba o]# 3 A= Vogliboseol o3 Wabd A 747}
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Figure 18. Effects of AKT inhibitor (LY294002) on cellular melanin
contents in B16F10 melanoma cells. Cells were treated with a-MSH (100
nM) in the presence of Voglibose (100 uM) and LY294002 (10 uM). Each
treated cell percentage is reported relative to that in the control cells. Melanin
contents Data are presented as mean * standard deviation (SD) of at least
three independent experiments (n=3). “p< 0.001 vs untreated control group.
sk p< 0.001, * p< 0.05 vs a-MSH alone group. ##Hp < 0.001 vs a-MSH

and sample co—treated one.
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5. QAT R AdxAF A

5.1. Miglitol®] 1AI¥] - dxpak= A&

AP QAT AT APS F& Miglitolo] =Fa-9jol] AM&71H5 34|
Al stk Miglitol & 125 pM 2 250 pMe] =2 % 9ol 20 pL¥ 2443F
e HEshddoh 19 o HAE AAsIL 202 2447 Fol HF WEE
Bt FUth A2FdAS SAYERTLOZ ARHYoH AFELAL QA I

A A= 7hsAd SHelA AASTo® fekE lvH(Table. 1).

Jr
2
fiu)
rob
}—A

(IRB H& @ 1-220777- A-N-01-DICN22080).
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20min after 24h after
Test No. of patch patch

Reaction Grade

No. (R)*
Sample Responder removal removal
+1 +2 +3 +4 +1 +2 +3 +4 HZI?H 24h  Mean
g Miglitol 0 -~ — — — — 00 00 00
(125 uM) ) ' )
g  Miglitol 0 -~ — — — — 00 00 00
(250 M) ) ' )
3 Squalene 0 - = - = — — — — 00 0.0 0.0

Table 1. Results of the primary human skin stimulation test for miglitol
(n=33). The sample was removed according to the PCPC guidelines (2014),
and the reaction was confirmed after 20 min and 24 h. The range of irritation

from "no stimulation” : 0.00 < R < 0.87.
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5.2. Voglibose?] AT Axpxt= A

B AELE QAR AT AlFdS Fd Voglibose? = aF-9lol ALE-7bE g
A A& &tk Vogliboser 50 yM 2 100 pMe] =2 5 5ol 20 uLA 24
AZE Fob RStk 2Y o X E AAS 2083 2447 Fol T H o
32 #BAEsgY. A2FLAS SAYEToR AMREHQoH AFEAL <A I

g 12k A= 7hed SHelAM ARSTo R AekE 9tk (Table. 2).

o
(IRB "% @ 1-220777- A-N-01-DICN22080).
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20min after

24h after

Reaction Grade

Test No. of patch patch -
No. R)
Sample Responder removal removal
+1 +2 +3 +4 +1 +2 +3 +4 rrzlf)n 24h  Mean
Voglibose
0 - - - - = = = =00 00 0.0
(50 uM)
Voglibose
2 0 - - - - = = = =00 00 0.0
(100 uM)
3 Squalene 0 - - - - - = = =00 00 0.0

Table 2. Results of the primary

Voglibose (n=33). The sample was

human skin

stimulation test for

removed according to the

PCPC

guidelines (2014), and the reaction was confirmed after 20 min and 24 h. The

range of irritation from "no stimulation” : 0.00 < R < 0.87.
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AA wWepd Mxzel A 9 bl @3 oe AFrt FdEAden, dAepd §
el Ao dd 24 B AE W s AE A2 e How

A 9tk [93-95] wEbA  a-glucosidase inhibitor® AFEE I 9lE  Miglitol,
Voglibose. Validamycin A ¢ °FE fxw7Zoz watd AAAAAZ &84
T A=A FAEH] 98l B16F10 melanoma cellS 53 A58 AP o
A BI6F10 Al xEolA Ax AEES syl 98] MTT assays T8 skith

-1 A}, Miglitol, Validamycin A =5 500 pM "9k FZo A AX AEE
T 9FE vAA &S JERNATH(Fig. 4). Voglibose= 200 tM 5% 1|7k

FEAA AE AEE FFS MAA Fes FAsATh WA o]F AE S

AE Sde] b g FEel 250 UM, 100 pM olshel A 2@e AW

oy

_4

Ao Ao #ofetes B
. ZAstE MITF= TYR, TRP-1, TRP-2 ¥d& F3ste] dg)
U g% a5 TYR: @ed 44E =dss S Adarer a3
AgE ok dWopd Ado ke HEAUA 243 A AaEaArE A
t}. [12-14] w2} a-glucosidase inhibitor® AM&% 31 21+ Miglitol, Voglibose,

Validamycin A°] a-MSH=Z %% Z4F AM3Eo Tyrosinase &4 dAE &

A5 AR o, BE Alse A5 MITFE

o
o2t
% BN
i
rob
i}

>

g Hepbd F4S dAT F A AFE ZAESUY deid Ay S5
A gtetE & A< TyrosinaseE F A3t WHoE FEFAINE WAL Zv)
gE A EHE 7HE3 sk Zlo]l xFEY. TYRE 7|5 A4 =

23= 93] N-glucan gl 2¥A (ER)9F ZA AN AE W a-glucosidase
2 ootmpieAltpobAlof o) s FalE Tt o] BAVE JAHW TYRZF BG4S
2 HE dmahA ol AR =] WA gt} [88-91,96-100] wekA] Miglitol
Voglibose2] Al¥ U tyrosinase 42 1F%=Q0 250 pM, 100 pMelA 7+
13.60%, 10.18% A3ssltl. o]= N-linked glycoprotein®! tyrosinase]
glycosylations 9} A 8lo] tyrosinased] AE W o]Folt} XS AT = Y&
= ¢ g AUk E=F o-MSH= A=536ts o debd A4S A4 g st

of oA 7} 33.96%, 34.28% AT R Ao wWad A
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Aol IasteE AL @estdt. sHARF Validamycin A+ Tyrosinase &4 3 4

Zhd Aol st B 2A4S dEhlA fas seled vk (Fig. 5, 6). wEbA
2 A= Miglitol® VogliboseZt a-MSH=E 2% SAE A EZoA B ZAL

o

A S sHHoR 3 -t Mx dehd S ALRAE F S E
stol Al A =}, A HF Validamycin Ay ®Wabd A A| A 2 A2 dgo] o

o gitta weste] o] F NPE Validamycin AZ A 915l + 5

MITF+= dehd A A zdolw, MITF 29 o3 xdy+= As &<
3t AL A o|t), B oo Miglitole] Tyrosinase, TRP-1, TRP-
oA A % olse AR Al MITFS] @i whd s 2lst]

=
=y
T
N
i

a}
?8l Western blot #4241 &3ttt 7 23 Tyrosinase, TRP-1
ZA = Aol FelxEda (Fig. 7) o813 A3yt MITF 23S oAlstx
TaAoRE Aepd AAS AR HH(Fig. 8).
TSk Voglibosed] Webd A 54 9 MITFeF 22 dapbd A4 4] dalg
o] HAE 2™ Holst=A FAF A3, TRP-1, TRP-2, MITF] 23 &
L YgEHo R FotA Hadte AE FdskAth(Fig. 12). kA9 Hepd A

d ARAM 27] SEAAGEA N Bolst= TYRS A4S HolA| @shen

-
off

)

f

Wnt/B-catenin A& A2+ Wnt 2h=7F 9 84 @Al Frizzledst 2%
ate] dezgstn GSK3BE <Ql4kst Azt GKS3B (Ser 9)¢] H|&Adst= B
—catenin®] F4& FE3H, o= oz Holxo TCF ¥ LEFS H53AE
dste] B-catenin®] MITF Az 2dS g x43t. [37-39] Miglitol
p-GSK3B, B-catenin®] W3S 7AdHon <it3td B-catenine X 93
o7 =713e YeE At ol = Miglitole] Wnt/B-catenin AT dEE 25 53
MITF #&dS A8 AS 2ol Foh(Fig. 9).

Voglibose®] Wnt/B-catenin A& ZA&Eo|A 9o wulza w3 Ax p-GSK3B, B
—catenin®] THES 7ZAFA oW, A4kstE B-catenine FTE EHOE FUHE

< YER A TH(Fig. 13).
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ko) Aol mzhek Qb %y M EE Wehd A EoA o-MSHE #H|she] 2
g S FHse AAE AT cAMP JEFRE S Wehd AAS
zdsE=d MCIRe] A5S W/ FI¥W 28 ACE ZAssle] AEX U
cAMPS AA3th. 5718 cAMP+ PKAES <143t A]7]1 CREB9 <1432
S8 MITF 32 @dS =3k [29-36] 2 23 Miglitole] 2d %2
Aoz vlaste] sk ofEAo R Fhaste AS FAskd 2w (Fig. 10), ©
© Miglitole] PKA®] Q14kstE ofAlste]l MITF 23S o3 =4S Yeds
HoFET

Voglibose 3% PKA, CREB®] Ql4tstE v % oJEd oz aA7e AS &9l

o
dlo

mlm

st om 2 (Fig. 14) PKA A5 deg A=Zo|A PKA, CREBY 2432 7FAA
A MITFS] &S oAt o540z Wapde] S At

<
e Fo AsEatelrh dAte] waw ERKY kst s zdd webd
= vEs g2Hoe s JNK 3 p3ge] Iibsh= MITFS
dstete] Ao Webd PHS AFeh [42-47] BI6F10 Al oA o -
o] "Webd Ao AAE p38/MAPK ¢ Q14tst FEE FaAA dekd A
& 9fAlgr}. Miglitole] ERKE 2H4d3}8ta p38 MAPK A& dd A25 oA
g oohE dekd A dmde] gt x9S oAgem Wkl A4S AT

BN

S Yerdt(Fig. 11). Voglibose E3 ERKE &4 3}sle] MITF 2d o] &3k
A7 depbd Agde Ao, INK 3 p38el #allE S8l detd A4S =
43} oH(Fig. 16).

7k o2 Voglibose?] PISK/Akt Alad@d2E sttt MCIRe <] s)
dstel PIBKE  AktE  QlAbstste] MxdE olFdict. [30-36] whebAl
PI3K/Akt A s 4 Z°] &Adst= MITFO 2ds oAst=d A3 243, 5% 9
TA o2 Akte] Wdo] FrFeHe Bt (Fig. 15).
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S4 JAAIE Agste] "Hepd Aol thgk Voglibose® FaFs AT
Voglibose”} B16F10 Al¥ |4 ERK A& =5 &A43}3te] uwlz} ERKS] Aelz <
AAQD PDIS05IE A elstte W, A HETI VogliboseE 7 A 2ld AxE
of Wb gy vaste] A UET PDISSIE A2 ek Alxel waldol
g 7S Bl ol= ERKVF &4 Alsdgdd==A ERKZE ¢14kstE

2

3 VogliboseE 74 At Axe] webd gy wlaste] AU
LY294002& A=ld Maxe "epde] o F7HeES BAtHFig. 18). o]+ Akt7h
AT A FEEA Akt7b AArstEE MITF] 23S HAaA7| o 54
o2 Wil AAHS oAt kA MITF @i ide] s 248 53
Aol #edo] S AlAMSHE Hlo|t

dlo
oX

2

]
=

E?‘J

/\

12

npz|eto 2 Ii 13 AFHAEE AFE3te] Miglitol, Voglibose?} ZA| 4 o2
Ta AEoR ALE F deA oAFE Frhstdn A5 e A7 AR &
A== gelslz] ¢e Miglitol(125 uM = 250 uM)¥# Voglibose (50 uM,
100 pM)E 337 9] A FALY] IH-( )l A8kt o] E4A4 A&
= ARETem AAE o] tdE =ddS st tH(Table. 1-2). o3 23}
i+ Miglitol#} Voglibose7} =74 AAl= AR o M4 A2p ofo] S o

¢ = dee BT

s

ok
21

FH 2 = a-glucosidase inhibitor® AF&% 11 91+ Miglitol, Voglibose
of "W A oAl wAYFA HE FFS BI6F10 AlEolA FAMSR o,
Miglitol, Voglibose ®F t&st 2AsAdAGHd2E &3 TYR, TRP-1 ¥ TRP-2
5 X3% vE depd A4 dwde] el #ojste= HAF -2l MITF
of Was AAFoEx dHitd AAS A= As WAT MiglitolS
PKA X+ Wnt/B-catenin ¥ MAPK/ERK, p38 MAPK <I4tstel] o] v 7] 5] =
TYR, TRP-1 % TRP-2, MITF?] 2&dS <jA|ste] BI6F10 Al3olA Hephd A

ko
ol
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AL 7FAaA 71tk Voglibose T3 PKA, Wnt/B-catenin %2 PI3SK/Akt, MAPKs
o] <latzto] ols] TRP-1, TRP-2 ¥ MITFS] #dS 318k 2dstozy deid
AAS Azt E AS vebdth wEbA Miglitol, Voglibose: ¥4 & %] 2F-&
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Abbreviations

ER Endoplasmic reticulum

KIT stem cell growth factor receptor

a-MSH a-melanocyte stimulating hormone

MITF microphthalmia—-associated transcription factor
TYR tyrosinase

TRP-1 tyrosinase-related protein—1

TRP-2 tyrosinase-related protein—2

MCI1R melanocortin 1 receptor

AP-1 activator protein 1

cAMP cyclic adenosine monophosphate

PIP, phosphatidylinositol-(3,4,5)-trisphosphate
PIP; phosphatidylinositol-(3,4)-bisphosphate
PKA protein kinase A

CREB cAMP-response element binding

p—CREB  phosphorylated cAMP-response element binding

TCF-LEF T-cell factor/lymphoid enhancer factor

GSK33 glycogen synthase kinase-3 beta

MAPK matrix metalloproteinase

ERK1/2 Extracelluallar signal regulated kinease 1/2

JNK c-Jun N-terminal kinase

DOPA 3,4-dihydroxy phenylalanine

DHICA  5,6-dihydroxyindole-2-carboxylic acid

MTT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-zolium bromide
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