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Abstract: 54'-dihydroxystilbene-3-O- 8 -D-glucopyranoside (Polydatin) is one of the stilbenes found in Polygonum
cuspidatum (P. cuspidatum), however, the effects of polydatin on skin biology remain to be elucidated. In this study,
we obtained polydatin from P. cuspidatum and investigated the effects of polydatin in skin-derived melanocytes and
fibroblasts. In melanocytes, polydatin inhibited not only the tyrosinase activity and melanin production but the ex-
pression of melanogenic factors, tyrosinase and microphthalmia-associated transcription factor (MITF). In addition,
the level of type I procollagen in fibroblasts was analyzed, and polydatin significantly induced the production of type
I procollagen in a dose-dependent manner. Finally we conformed that topical treatment of polydatin improved wrinkle
and induced whitening of human skin in vivo. These data provide evidence that polydatin can be a potent candidate
for the improvement of both skin wrinkle and whitening from the point of industry view.
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melanogenic enzymesE2] E-& ol Hzhdo] &

AeH6,7], H2hd A 34L melanocyte specific en-
zymes?! E}O]ZAJH0] =9} tyrosinase-related proteins
(TRPs) el o3l 2= [89] AA -+ 7HA Bl
Wahdo] Y5 =], e oA F2 Mo MAE H
ol Hodepdy FEAo|A A4S w= fepdol
o101, Hehd Ao HQ3k Elo]ZA|Y|o] A= ty-
rosines 3,4-dihydroxyphenyl-alanine (DOPA)S.Z w
3kA]7] 31, o]31o] DOPA quinone . & AtglE &= A& &
Z13F, 5,6-dihydroxyindole (DHI)< indole-5,6- qui-
nonel.# Atslel= A& FZ skt WbdA TRPs: 71
GAIQ! eumelanogenesis©ll o etti[11,12]. gt Az}
W Ao 2dIAtE & ¢4ef%l Microphthalmia-asso-
ciated transcription factor (MITF)+ helix-loop-helix-
leucine zipper -5 7} transcription factor=4] @z}t
u aﬂ}a S E3} Fﬁl_L}Zﬂ /q] ,] Z/\] Ul /\gio ZX46‘]—
o] Zr A 9lrH13-16]. MITF= Efo]ZAdlo]= d
TRPs®] M-box sequences®l] Agsle] wWahd dAlo
FHoJst= gAE] WS o) ZAst= Aow - dEA
Q71 wiZell[17] depd s 2deh= skin-light-
ening agentsE 7N'L3t7] 913 2 B O RA oA %]
I QIvH13,18-211.
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2.1. M= ZH|

A& BEAEANA 388 skl ARkl i
Y 7y F2eE 1 9]E 8] RP Cl column (Shiseido
C1 DM1020, 200 um, Japan)<, TLC 4% 14} silica

gel 60F254 (Merck, Germany), Prep-HPLC (Shimadzu

238l Prevail RP C18 col-
2y 7; Ag-sk

Prominence LC8A, Japan) &
umn (Alltech, 10 mm x 250 mm, USA) <
At FZ2EAS 98l Auto Spec mass spectrometer
(Micromass, UK) ¢} Bruker DMX-400 FT-NMR spec-
trometer IR-435 (Shimadzu, Japan) & AF-alAth A3
ks flsiA ARESE ®iAlE Gibco BRLAHLong
[sland, NY)elA FJsto] AREEFIS™,  Arbutin,
L-tyrosine, phorbol-12-myristate-13-acetate (PMA),
methylthiazolyldiphenyl-tetrazolium bromide (MTT),
Triton X-100< SigmarltZ5E] (Sigma Chemical Co.,
St. Louis, MO, USA) %J3ke] AHE-3H3Itt. Protease
inhibitor cocktail Boehringer-Mannheim (Indianapo-
lis, IN) el Al 9J3te] AFg-aF31 0™ L-[U-14C] tyrosine
¢} [3H] tyrosinex™ Amer-shamA}l= ¥ (Piscataway,
NI) Jstadeh Feb 2415 918 AH8-3 Emzyme-
linked immunosorbent assay kit TAKARA (Japan)
AbellA ekl Adell AFE-sk B 3= Santa
Cruz (Santa Cruz Co. CA, USA)AA 9J5te] AR
skl
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7HA 3L gt Fe S350l 22 o] Fgk
== 7L §ritEete] 53 Feess wElekal
t}. Melanogenic-inhibitory activity (ICs = 100 ug/mL)
£ Hol& 216 g9 HEEST sHES B EF8
(25 : 75) 0% Cl 729 AZvE 1YY E 535t 12
Me] 8-S ATt 12719 8 F 370 = elA] st
melanogenic-inhibitory activity & B3, o]& 37 ¥
= A E-vlles S84 6 - 3:7) 0% CI8
4 AznETHIE F35ko] polydatino] T3]
38 Aoty FE FE2 E-vEE 896 1 4)
< 7}A) 11 C18 prep-columne ©]&3t prep-HPLCE
&3l 6 g9 polydating L2 Felskit) o] 3kt
E9) ¢4 EA< X (MELTEMP- O laboratory
devices. Inc., USA) % UV spectrum®A 9] Hd] 43
(DU 7500 Spectrophotometer, Beckman counter,
USA)S =739}t Polydatin® %2} & e+ spec-
trometric methods® THaI e, PC-NMR
'"H-NMR (Bruker DRX 600 MHz, Germany) ¥ E&
A glo]EE o] A9 assignment Ho]E] 9} vl wate] F
TH o 2 31320 polydatingl S 215+ TH 26,271,

Mrol e

2.3, MIZHHQE

Melan-a melanocytesi= Dr. Bennette D.C. (St. George's
Hospital, U.K.) 2B A3ltt. Melan-a cellss= C57BL
mice 22 nontumorigenic melanocyte cell line©]t}.
Melan-a cellsi= 37 C, 5 % CO, Q15tH|o]Eof| 4] uljeFst
o MAEE= 10 % heat-inactivated fetal bovine se-
rum (FBS), A -mercaptoethanol 100 uM, penicillin 50
U/mL, streptomycin 50 pg/mL, L-glutamine 2 mM,
PMA 200 nM [28]& #7}Fst RPMI 1640 Hl=](Gibco
BRL, USA) = AHg-3to] uijFat3itt. AFt foreskin i
o] Q1A ¥ dfolAEE ATCCERE +13k3] om,
10 % FBS7} #7F¥ DMEM (Gibco BRL, USA) HiX]
£ ARESEe] 37 C, 5 % COp AFFH|olEfol|A] nljoFaSiTt,

™

2.4, "t Mz
A FEFZE NS 15,000 rpmIA 5 min F9F 4472 F
AL FHES 1 N NaOHell 3 Azl @ehd
SH2ko. Power Wave X340 ELISA reader (Bio-tech
Instruments Inc., Winooski, VT) |4 405 nmell A &%
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2.5, EIO|ZA|H|0|= &M E EH

Elo] 2 AJH|o] = 9] T 1= Virador 59 HHS WY
sto] ARGSFQITH29]. 1hds] Adetd, MEFEdES
96-well platesel] 58+ %, 0.01 % &S -3 pH
7.22] 1 M sodium phosphate buffer® W] 10 uL 2
L-[U-14C] tyrosine®} 10 uL.¢] L-DOPA cofactor 0.25
mMS Bgh AlekS THEY] 4 h F3F 37 TolA] wkgA]
| ARHA Baste] RESE FAAITTE 7 welle] W&
=2 A& 25 cm 3M filter disks (Whatman, U.K.) ]l
2 FH 7] Fol 2=t} DisksE excess cold L-ty-
rosineS 13t 0.1 N HCIZ 2%, 95 % ol&h&= 13 A
Hetal opAlE o2 A H ST 7} diskE 7] SOl U'l
% liquid scintillation vial®ll ¥ ¢] scintillation cocktail&
o] LS 6500 scintillation system (Beckman, CA,
USA)©. = radioactivity S 7 3},

2.6. Quantitative Real Time PCR

RNeasy Mini Kit (QIAGEN, Germany) 2. &S
2123k Melan-a cellsll 4] 3] RNAS F%3F32 RNA
AZ5(100 mg/reaction) QuantiTect SYBR Green
RT-PCR Kit (QIAGEN, Germany) ¥ &4 primer® &
Z313Th A3 primerste Tk 2 th Elo] 2 AJY]o]
Z(TYR_L: 5-CTT GGA ACA AGC CAG TCG
TA-3" TYR_R: 5-TGG GGT TGC TTC TTCTTC
TT-3): MITF (MITF_L: TCG GAT CAT CAA
GCA AGA AC:; MITF_R: CCG AGG TTG TTG
GTA AAG GT): B-actin (-actin_L: ACG GCC
AGG TCA CTA TT: -actin_ R: ACG GAT GTC
AAC GTC ACA CT). B+ primers+ Bioneer (Daejeon,
Korea) oAl =2 A|&Fsk3iot

2.1. Western Blot

Melan-a cellsZ 25 x 10" cells/well 5% 6-well
platesell ¥l 7] ¥ Uh'd polydatine *]2|skal 48
h &<t o mjsiginh vkgo] B Al X E S § ex-
traction buffer (Intron biotechnology, Korea)$} pro-
tease inhibitor cocktail (Roche, IL) % &&A]7]31, BCA
WHow WA ses ST 4 ~ 12 %
NuPAGE Bis-Tris gels (Invitrogen, CA)°ll %2 ot
WHE loadingdtal A7]gEoz A/NAIZL ¥ nitro-
cellulose membranes (Invitrogen, CA, USA)Z ©]EA]
Zth, MembranesE 5 % nonfat skim milkE -3t
TBS buffer® 1 h 59t blocking$t H, 54 12 &AQ]
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Table 1. ®C- and '"H-NMR Spectral Data for Polydatin

Position 6 C § H (Jin Hz)
1 1416
2 107.1 6.66 t (2.0)
3 160.4
4 104.1 6.46 t (2.0)
5 1594
6 108.4 6.80 t (2.0)
7 126.6 6.90 d (16.5)
8 130.0 7.80 d (16.5)
I 130.3
2’ 128.9 741 d (85)
3 116.5 6.83 d (8.5)
4’ 158.3
5 116.5 6.83 d (8.5)
6’ 128.9 741 d (85)
Gle 17 102.3 493 d (7.7)
2" 74.9 345 t (89)
3" 78.0 351 m
4" 714 343 t (8.9)
5" 78.1 353 m
6" 62.5 391 dd (11.8), 3.71 dd

Chemical shifts (ppm) were recorded at 600 MHz for 'H-(in
Acetone-d6) and for "C-NMR (in Methanol- d4). Glc = -D-
glucopyranosyl. Multiplicity patterns were unclear due to signal
overlapping

Efo] ZAUlo] = (sc-7833) 9 MITF (sc-10999) &2 RE-S-
AN AL MembranesS 1 : 200022 343k 22} &4,
HRP-conjugated anti-goat 1gG2} WF--A|7]11, TBSTZ
A o]Z 3, ECL kit (Amersham, UK) S AF&-3&Fo] vk
L X737, BEE AFEsHe] immunoreactive bandsE &

A3

2.8. Sefdl Mak

AE ArFekA cEek FEfo]= 9] k2 PICP EIA
kit (Cat.# MKI101, Takara shuzo, Japan)< ©|-&3}o
A6t a4 S-S one step sandwich
methodZ 4] PIP (procollagen I peptide) ol th 3t w}-¢-~
GEEFAE 96 wells RSk 37 TellA 3 h 5+ 20
ulLe] AEn|FM I} peroxidase® ¥A|$F vl PIP
GSFE2SAASE WS A|7] HyO008 para-phenylenedi-
amine 2 WA 5 1 N ZAkS Hrlsle] 9hg-S &
AAZ & ELISA #57]2 450 nm 3-goA] FH =S
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wAste] vl Frketict

2.9. AMAIH

v g = shol A 9 EA; 227 (BAg s 44,
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1
Nl

s

494, A9 32 ~ 514D S thde = A
71#S B3 F7HE 38k Xenon arc lamp (1
kW, Oriel solar simulator, USA)Z o]&3F z}2]d FA}
£ Bl luAow Fshyl 3R] & F-9lof tiste]
polydatin 0.2 % & 3H33# (A3 ) 3 polydatin &+
f 3P (Z, placebo) = 1Y 281% F 8 wk &<t
A gahHA 352k AF2] 25 ot S 712} Chro-
mameter CR-400 (Minolta, Japan) ol 2]3t 3jFA =4
< AT

TE/MA Eee st ARt 24 (HedE:
483 + 304 AFH: 43 ~ 544D S tFo® A ¢
AAEAT7IHe T olsHAN R HE st
At @Akl F& w7 5 F-9lol polydatin 0.2 %
i SE (AT ¥ polydatin wIEHT SPEE (=
T, placebo) & 1 d B¢k 23] = 12 wk =oF A83hd
A T2 AL 2rgel o)st Sk rte} 3R EEA
T (replica) ¥ GAFEA174X] (Visiometer, C+K, Germany)
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A 7 Afasd e 2FEAHSD) R w75
Gu AddolE e hxy MZx 187 Student’s
t-test W= ol&stel At FA4 FAE p
valueZ} 0.05 ®¥kQl Aoz A3t
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3.1. Polydatin :rL—’E 2ol

AN AL SR 542 N2 B9 E B
A(mp.) 223 ~ 225 ColH, UV Amax (MeOH)+
306 nmolgth FAB-MS m/z% 391.38 [M+HI+°]%]
o} 3gEe 25 eley] g8 YCet 'H-NMR as-
say= F38eQ 1, 1 A7E Table 10 YERITE 3}
FEZ o] doly 9 Fuwdy vlwst 226,
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Figure 1. Structure of polydatin from P. cuspidatum.

271 54'-dihydroxystilbene-3- O- 3 -D-glucopyranoside
(polydatin) = BF&I S th(Figure 1).

Polydatin =, U, S=olA dutx oz 4ulH
v 3] BeloA A& 5 Sl stilbenes 5 sholth
arsl a3l B B9, polydatine Efo] ZA|U|o] = o A
of thet g5o] g B v 2,30]. ow st A=
£ polydatine] WA Elo]ZAJu|o] 0] &8k I -tyrosine
oxidations SAIsH= &7 itk wWel71®E STk
[1,4,30]. g8t AFES BF AEFFo] ohd cell-
free system®lA] ER1E Ayfo] B2 -2 dhd 34
Az} 95 Ao E o] &ste] F]H-¢] w3} F&
of #HE ATE AW, IAH L ANPE B3l A

3
% polydatin®] &s= EJIsHATEH

32 et MM 2 EO|ZAHO|= A8 X 1t

Melan-a cellss= C57BL F oA 2% nontumori-
genic melanocyte cell line®] 31 tumorigenic B16 melano-
ma cell 2.t} primary melanocytesol] B A7) W&
°f, non-melanoma cellsllA] Lojvb= Hephd A A
oA €] polydatin E&< 3= A3ttty AlRs
o] $2]i= Melan-a& A3t} Polydatin® 2ehd
Aak AA S ASE] Y38, Melan-a cellsell 50 ug/
mlL %9 polydating 4 &<+ AH2lskdth 50 ug/
mL 5%9] polydating 443t 2] A] Melan-a A 3Z 4]
E290] Q1S MTT viability assayE 53l 2<lshlch
(data not shown). Figure 2a°lA X%, polydatine 2
ghd S FA 7 tizatel] vlal oF 70 % AAIShHs &
= wr) ol FAYFTORE AFEE AEE (200
pg/mL) At =4 Ag]ahA] o2 izl nls) of
30 %2 oA E3E KAtk o] Ayof|A polydatine %
AUz dRERT W2 oA o 435 dahd

A GA ase] ke AS ¢ g Y I Hgso
Z polydatin®] Efo]ZAUo]= B4 IA G55 <l

9 FEAA &l tigk a5 331
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Figure 2. Effects of polydatin on melanin synthesis and
tyrosinase activity in Melan-a cells. (a) Melanin contents
in harvested cells were assayed as described in Materials
and Methods. The melanin contents were expressed as
percent of control. Each bar represents mean + S.D. of
three separate experiments. (b) Tyrosinase was extracted
from Melan-a cells and tyrosinase activity was assessed
by counting [14C] tyrosine incorporation into nascent
insoluble. Changes in tyrosinase activity were expressed
as percent of control. Significantly different from the con-
trol (*p < 0.05). 50 ug/mL Polydatin and 200 ug/mL of
arbutin, as a positive control, were used.

al7] S1al, AlET4] F<F REEoiAl= Wehde] L- [U-14C]
Elo| 2418 ¥31EE 619117, polydating #]2]3F Melan-a
cellsoll A F-aafdl Efo] ZA| o] =2 A4S Felsl
o} A iz Bl v 50 ug/ml polydating
A2t Aol A glo]ZAdlo] = B2 oF 80 %7t
A=A, olu] FdoETd ERE(200 ug/mL) A
22 oF 33 %9] Efo]ZAYlo]= B4 AIE BTt
(Figure 2b).
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Table 2. Collagen Synthesis in Human Fibroblast (PICP
enzyme Immunoassay)

Concentration Rate of increase
(ug/mL) (% of control)
Polydatin 0.0001 114.0*
0.001 118.9*
0.01 127.6*
Vit. C 52.8 132.2*

*P < 0.01

Table 3. Objective Evaluation of Skin Whitening
Placebo Polydatin 0.2 % p-Value
VGp* (week 0) 4.86 + 1.04 509 +£ 097 -
VGp (week 8) 3.36 £ 1.00 327 £ 098 -
AVGp -150 £ 067 -182 £ 066  0.01572

* VGp : visual grade of skin pigmentation (0 : none -7 :

very severe pigmented)

3.3. EfO|ZA|H|O|= 2 MITFS| &5 A 21t

Polydatin®] #ehd 34 34 Asfishs WAYUS
zb7) Q& -2l ElolZAlo] =8} dehd Aol &
3} transcription factorq] MITF2] ¥&l o) wjx]+= 9F ¢
ZAFSFTE. WA, mRNA 2 JAstE gRlshr] ¢s
quantitative real-time PCR< 4338}tk 4 d &<F 50
,ug/mLf’J polydating Ao 2|5} mRNA 2&

= g1kl FAE a3t vl S W, Blo]=
/\] ] |22} MITF2] mRNA @éo] polydatin #]2] el
& FosHAl FAahE & 4 Stk Figure 3a). Poly-
datin®] ©]& wld WAl T G wx=A] &
Q15t7] 9@, Melan-a cellsollA] FZ&3F izl dkg
3}= Western blot0.& gl on, Fxa o>
H] 5}91-& l, polydatin> Melan-a cells 4] Efo]ZA|
yjo]= ¥t olug} MITFS] @ d Wd-g dAsi 2
AA A (Figure 3b).

E-FFoll A= melanoblastse] #3} & WelimAlo] Eof
A HEehd A7 doldth Ble]ZAdle] =, TRPI,
12]31 TRP29] Al 7FA] melanocyte-specific enzymes+=
tyrosines Held o g Wakst=d Polsts g407 &
HA AT 19,20,31]. ol2fsh aase] WS debieAl

o|Eovt EAgt=d], ol 15 A promoter’t
A5 A R Wl #odh= T2 ZHIAE 7] AL
5 Uohs Zlolth Vs e ®, MITFE flel A
st dghd Aol e G452 DNAC| dimer®

313+ O A melanogenic enzymes?] Ld-S ZA =

n:rl

&R 1o

mﬁ@;ﬁl-

£

stelEsts| A, A 378 Al 4 5, 2011
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I T MHF
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[RN] h

[==)
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Control 20 50

—
l. — ‘MITF

Tyrosinase

\t—-t-td’ B-actin

Figure 3. Effects of polydatin on tyrosinase and MITF
expression in Melan-a cells. (a) Total RNA was ex-
tracted from cells with non-treated control and polydatin
(50 ug/mlL)-treated samples. The levels of related gene
expression were determined by quantitative real-time
PCR analysis as described under Materials and Methods.
(b) Total protein was extracted from cells with
non-treated control and polydatin (50 ug/mL)-treated
samples. The levels of related protein expression were de-
termined by Western blot analysis. Significantly different
from the control.

Zro] B ¥ cH13,32,33]. 3k ZAE MITF £-4
2 dlgl Ao ES] #318 AaATE HeEE
ATH 151, omvﬂ X*ﬁ—% ?‘sH %‘E}ﬂ A =)

¢

, TRP-1 & TRP 2°] A d E‘l g4& =43}
T2 93 sk AS ARAFET) SEEAE o
A-FA el A HE polydatine EFo]Z AU} =2} MIT

O] mRNA 2 9 ez Ad-S 7FAAI7 T, o] pol-
ydatin®] MITF$} melanogenic enzymesZE <A 8l=t)

fsol $FEEe Ak Uk
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Table 4. Changes in L* value of Skin Color
Placebo  Polydatin 0.2 % p-Value

=
9 %

ol

AA fsol oigk A+ 333

ol

Table 6. Changes in Average Roughness (R3) of Skin
Replica

L* (week 0) 6275 + 232 6255 + 2.23 -
L* (week 8) 6490 + 228 6513 + 1.99 -
AL* 2.15 £ 0.95 258 + 0.82 0.03955

Table 5. Objective Evaluation of Skin Wrinkles
Placebo  Polydatin 0.2 % p-Value
VGw* (week 0) 354 + 093 3.71 £ 0.86 -
VGw (week 12) 354 + 093 354 £ 093 -
AVGw 0.00 £ 0.00 -0.17 £ 0.38 0.04277

* VGw : visual grade of skin wrinkle (0 : none -7 : very severe

wrinkle)
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Placebo Polydatin 02 % p-Value
R3 (week 0) 023 + 0.04 0.23 = 0.04 -
R3 (week 12) 023 + 0.05 0.21 £ 0.04 -
AR3 -0.01 + 0.04 -0.03 £ 0.02 0.02846
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