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Anti-melanogenesis and Anti-wrinkle Effects of the Fucoidan Isolated
from Turbinaria ornata
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Abstract: Objective: Investigating the in vitro anti-melanogenesis and anti-wrinkle effects of the fucoidan TO-F10 isolated
from Turbinaria ornata. Methods: The colorimetric method was utilized to evaluate the inhibitory effects of TO-F10 at
different concentrations on tyrosinase and collagenase in this study. The methyl thiazolyl tetrazolium (MTT) assay, DOPA
oxidation assay, 2',7'-dichlorofluorescin diacetate (DCFH2-DA) assay, and enzyme-linked immunosorbent assay (ELISA)
were used to examine the effects of TO-F10 on the cell viability, melanin content and tyrosinase activity in a-melanocyte-
stimulating hormone (a-MSH)-induced mouse melanoma cells (B16F10), as well as its impact on the reactive oxygen
species (ROS) level, the collagen content, matrix metalloproteinase (MMP) expression, and pro-inflammatory cytokine
production in ultraviolet B (UVB)-induced human dermal fibroblasts (HDF). Results: At a concentration of 100 pg/mL,
TO-F10 inhibited tyrosinase and collagenase by 26.98%+1.76% and 37.60%=0.60%, respectively. The increase in melanin
content and decrease in tyrosinase activity in a-MSH-induced B16F10 cells were significantly reversed by TO-F10
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treatment (P<0.01). UVB-exposed HDF cells were protected by TO-F10 through the inhibition of oxidative stress, collagen

degradation, and inflammation. However, it significantly increased in cell viability were observed only at 50 and 100 pg/

mL (P<0.05). Conclusion: TO-F10 was shown to possess anti-melanogenesis and anti-wrinkle properties, with its

applicability in the functional food industry being indicated.
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e BRHMAEMET R R E P X SEIRE R 25|
AT . SAE SN . EFR A IR IR RIS S i e
fip S S JIRAGADs, BETT S BOK IR 8 i R H e R
It

EeHh 2k (ultraviolet, UV) HE 5] J2& F 230 A IS B iR
R FEAE R R EAMLARIE AT DL
UVA(315~400 nm) . UVB(280~315 nm) Fil UVC
(100~280 nm) —Ffr3E 7Y, 1]+ i 58 ML (ultraviolet
B, UVB)XJ B JR IS RM . PR AA R RS L J TR
52 MRS Rk, MHIR AR 1Y 5 A R
RIS FECEAERE . HAR DRSS R AR, K2 R
REMSMEIL IS AR A B L- BRI AR e, ik —
A OB AR AT 2 R, 2 R ARG UV
PR OB R SR T R I A 1 2 R R P ) DG B A A R
IEeE i —, WA b R BT 2, 23k
AN IR g Jie D A A ) T DR T R R A 2 S 3
S PREEAR IR L B J2 BB , 33 e J R A0 i) 3247
i 2z —8, H 5 4 8 2 M B (matrix metalloprotei-
nases, MMPs) J& — 2 &5 A4 250U e SRl T LA S fi
25245 20 b (4 RS T A 0 A R B, s AR S A ™
T 58 SN S AT LU DR B Jz A B D B, R fire Jie I 2
1, 75 &% 1% PE 4 (reactive oxygen species, ROS) F14l
MR R Rk B0 Bk, 23R B i R R
A R T A, 1 AR A D 2 i i P 43 I HL v T
el iATIl, SR 1) 2 .

oA Z R E R RS, indE BT NI
. ZW . RS, b2 h T E A 30%-~
40%!" 12 A 2R R AR B AN S b A B HE R 1Y
iR 2, A ZRMa R e AL, anpiRM | Hriafet,
BUMIREYS FIPTER AN SEE T . AT HIGEFR, EASE
TR B )25 v 22 BE BB S8 1 R E A ME SR T
/22 24 J5 G Ak £ A ¥4 % ( extracellular signal-
regulated kinase/mitogen-activated protein Kkinase,
ERK/MAPK ) il i 417 il /) Bl €8, 22 98 40 fifd ( mouse
melanoma cells, B16F10) PN [ B S B2 il M, A EE L
Pl Akt BiW\EE(Turbinara ornata) J&—
Ao T J5 35 s V) R A v, HL ™ b A A RNV
JZ 53 AT TR - N Le b X A
SR M GE B PTAEARY | PO EER 1 o- i bl
R G PERY . eI BT AT s, MRl sErh
Sr B — R A PR (TO-F10), ¥ TO-F10 REf%

TG 205 | A SAE S VL, S 2,2 -5 . (2-F
FLPYRPK) —ERARER (2,2'-azobis 2-methylpropionami-
dine dihydrochloride, AAPH) i )% 1 B AL 01475, theag
UVB 75514 Bz R A BT e 4t i i S A i 5312 Y . AR
WFSE B A o L (A s FT A I SE 50 PF U TO-F10 94T
AR AR IUFIHTAIIRL, Sy e e e D ek
B R e S A R B AR Y
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1.1 RIS {ER

W\ CRIE T H/RARIGRL; DREBAOE
JREANAL S [E B A AR K HP 0> (american type culture
collection, ATCC) ; A JZ ik 1l £ 4E 41 iy ( human
dermal fibroblasts, HDF) 4t [ 41 Jifd %% T AU i i St
¥R kK uii K ( procollagen type 1 carboxy-terminal
peptide, PIP)IAF&  HA TaKaRa Bio Inc. 2 F]; AZE
HL Bt 4 )& 45 M %% (matrix metalloproteinases, MMP ) -
1. -2, -8, -9 FI-13 [if§ B H2 22 W7 Y 1 56 ( enzyme-
linked immunosorbent assay, ELISA) &) & FL[FE
GE £EH1; H RLgms 5L pamk (methyl thiazolyl tetrazo-
lium, MTT) | a-22 {7 2= 41l g ] #% £ (a-melanocyte
stimulating hormone, a-MSH) . B % Fi% Z( % i ( 1000
units/mL) . B 5 2 H B (200 units/mL) ., — F FEAP
L 2,7- P R T 4 R I (2',7'-dichlorofluo-
rescin diacetate, DCFH2-DA) | iR £h 2% vh i (PBS,
pH6.5) 3Z[E Sigma 2y H); Ham's F-12 EFEIREG
i IR Ak . DMEM 15 3% 25 | Jifi 4= 1L 3 (fetal bovine
serum, FBS) Fiyi/E H (HFHEEMEETH R (P/S)) %
[E Gibco-BRL 2\ ] SE8 i FHIHC RG] 2045047
a5 5.

Synergy HT Fff #r41¢ € [E BioTek 2\ 7l ; VL-
6LM UVB 4T 7% [# Vilber Lourmat 2% H ; MCO-
18AIC "4 fbikE5 5748 H A< Sanyo 2\ F]; Cool
SNAP Pro ZEFGAHPL  HZA Olympus 23],

12 EWTEE

1.2.1 WUUHCA S 208 TO-F10 il #s  slmiss
B ZHE TO-F10 n9ihl #5 5 RAE S FSEHT Y IT SR,
SRAE W\ PELE T K PERREL L YR T . BB LI X 2,
BERLt ), e FHF 95% LBHEHE — IR0, LIHE
BREES AR ET . B3R . My dSSE iy T4, HL 100 g
AP BB WU B AR S 1L LR E T oK, PR
pH ZE 4.5 FHHNA 0.5% BILF4EZEEF (=700 U/g), F
50 C F#RFGHIEI 24 ho SR EHFESRET 95 C
FOKH I 10 min, ELFAEREGF KNG IIAGE &Y
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SAAS AR B P ) P IR R A W P IR 5 DL UE o
B EYE RO IETT pH Bk, Hedn 2R
Y 1/3 JE A 4 (5RO BE T 4 C §& 8 he %
JEES O YR AR RIS S s bl A BT
KA DEAE-£F4E 24 F LR R M E NaCl BEi 515
S 2H 0, TS BTG EAEAIZH 5> TO-F10,
1.2.2 TO-F10 WEFMHIVEA =M Wang 5517 1Y
Jrk, PEHY TO-F10 X% & el g /e o F5
A 10 pL B 7k >k U5 1 % 2 R B 77 W . 10 uL TO-
F10 # % . 40 pL L-F$ 2R (1.5 mmol/L) #1 140 pL
BEMR EL 22 Uk (50 mmol/L, pH6.5) B s W iR-& %) &
F 96 LA H, #E 37 °C FI%HE 12 min, SRJEH 96
FLAR B T UK _EA5= 1R S8, A e s ek o dr U,
FEAE 2 RS
Z: 18 Heo 259 (197073, VA TO-F10 191 5 4R

B A ) 395 M, % 100 L TO-F10 3% 5 800 uL
Tris-HC1(0.1 mol/L, pH7.0) . 1 mg M1 %0 i A
100 pL B IR G . IRGWITE 43 C /XM 1 h
J&, B IR A 5.0, (3000 1/min, 10 min), ¥ EH1E
TE 550 nm A4S 3 OGRS o
123 Ml 3E % BL6F10 4H il 5% 5% /£ DMEM
(10% FBS Fi1 1% P/S) 1, LA 1x10° 8k 3x10* ~4H
Md/mL % BE AR E 24 FLARER 6 FLARH T 5256 .
¥ HDF 40 i 1% 35 7€ F-12 A1 DMEM( 10% FBS Fl
1% P/S)1:3 IR-A MEEFRHEE T, I LA 5x10* >4t i/
mL (R EEF LA T 256 .
1.2.4 TO-F10 A0S PEMMIE ol g AN [R] e B
TO-F10 %} B16F10 4UAfu1E J1 095200, 7 2l i 12
e 24 FLAR A, 4331 25, 50 1 100 pg/mL TO-F10
AbFE B16F10 410 24 h, MTT 3£ 5E2R0, Sy T &
UVB a5 HDF 4t i J1, 75455 25, 50 Fi1
100 pg/mL TO-F10 AL¥RIFFAE 37 °C FHEF 2 ho 2R
JE ¥ 552 T 50 m)/ecm® ) UVB 10 H 48 h, I
M5E 540 nm ARG HE . K 1xPBS 22 AR
VA TR AL B A S REZH A A9 T5 IR 100%.
1.2.5 TO-F10 %} o-MSH 755 1) B16F10 4l jifd M4 {2
2R A 28 Tsuboi 25627 {1y 07 B2 3R VE &
WL, U E TO-F10 Xt B16F10 ZH fifd N 2A (0 25 S Bl
ma . CKF B16F10 AU 4E 6 FLAR T If-4-5 H 25,
50 F1 100 pg/mL #JE TO-F10 40P, 9% & 1 h )5, 1
50 nmol/L i) o-MSH AZbFRANMI, B )5 ARZLiF T 72 he
WG, FRRHIAMRAE S 10% —HIIEANAY 1 mol/
L & & ke, 80 °C ¥ & 1 h, BHELL 10 min J&,
ME FIEWAE 490 nm P T ARG RE . 1% SR il
WTEFEIRSE IS S 0/ 1.2.2 3 F0E .
1.2.6 TO-F10 X UVB 755 HDF 4H fifd 451 105 119 5 i

& DCF-DA ] 5 %% T UVB 1y HDF 4 ity
P ROS ZKF-281, 435l FH 25, 50 A1 100 ug/mL TO-
F10 4B HDF 40 30 min. Bf 5, JH 500 pg/mL

DCFH2-DA AhHRA M If-4k£20% 7 30 min, W HE A,
AR EE T UVB(50 m)/em?) J£7E 37 °C FIigHE
1 ho £ 485 nm PR IEIAN 535 nm (9 & K
TR 2'-7' TGRSR R

i F ELISA 355 &AM 28 it 5. e i
1R T 4 )@ AR K SR04 HDF 4H il 5
TO-F10 i & 2 h, I 2§ T UVB(50 mJ/cm®) . %
H 48 h Ja, WSS FRROIT H T PF S W 54 ik
S MMPs K35 7KSEFT PIP 7K. PIP Al MMPs 1)
FLIAHELE T ELISA 50 Gl i, AR P2 il i
R UL A
1.3 R

TEASWEgE T, A e E i ki T, Bda
FIRNFEMEERAEZE, [ SPSS 20.0. #F7HEZER
T 25T U HE . i Tukey K361 2 FHIME
ZIE A 25 57 P<0.05 FOR2E 7 W3, LIAR| 526
RFBHM2ZER .
2 HBRESH
2.1 TO-F10 MEEELEEFNAL R E B EERHIHIE R

ASTIGAEASAZ SN T 25, 50 A1 100 pg/
mL (1) TO-F10 JZ W J5 i) 22 VR B, 1100 HY i R
Pt A1 S D S P A A R R an ] 1 s . B 1A RO,
TO-F10 7EAIK . H . vy 7o) X i 221 156 1) 90 1) 25 B
e IR R TH(P<0.05) . FAEWMEEE S T
FhAAC W A M PR, 0.1 mg/mL WRIE
I ZAL S TO-F10 A4 60%~70%. Heo %55 5%

A 100+
90 |
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S 70
N
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2 40
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£ 204 b
] ]
ol  mmmm ,
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Fig.1 Inhibitory effects of TO-F10 on tyrosinase (A)
and collagenase (B)
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T 21 FpR B SRR B AE 100 pg/mL ¥R T B 1%
SR B, P SRR A% & T TO-
F10. & 1B #HH, 100 pg/mL A TO-F10 X i J5 &
FA B R 3 FIR B T 37.60%+0.60% . T 1 5 4 74
WEETE 1000 pg/mL ¥R T 14 158 I AR P T 1) %,
1A 39.80%52) Fi L AT DL, DA\ o 435 14 25
Z W TO-F10 R G Ik 4170 151 7 221 1l AR g e e i L
EER AR il A oY 1 0 kR e e | S B I o
2.2 TO-F10 MinEaEERIER

TO-F10 Y3 H IR ULIE 2. & 2A H1, 25, 50,
100 pg/mL ) TO-F10 X} B16F10 40 Jifd 25 JC 3% 1 .
miE 2B #&HH TO-F10 i 3 (P<0.05) &K T a-MSH
HE ) B16F10 AU i B (a3 % . 50 nmol/L a-
MSH HIl BRI 2H M 3R 5 i 2 32 =5 (P<0.01),
X —HUEAER. . SFlE N TO-F10 ALE )5 535
TrET 16.47%. 27.17% F1 30.12%. K110, M5

a a a
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AN B R EERE E (%) O
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El 2 TO-F10 [k H Tk
Fig.2 Skin whitening effects of TO-F10
H:: A TO-F10 X B16F10 41 iy () 40 g 5 ¥ ; B 4 TO-F10
XF o-MSH HI#4 (9 B16F10 4l 2 (5 4 s 5205 C 4 TO-
F10 X} a-MSH Hli# B16F10 £ g A%} il P fik R e P 11

=
o ﬂr’il o

B4 Y MBI Z2 BETE TR BE G T e (i M (o
=S HIBEAK 9.85%. 29.00% Fil 37.37%, A
LIFE I AE 25 pg/mL B TO-F10 P30 35S BE 4, T
100 pg/mL ¥R, B b8 SR 2 B Bed o B3R
BrE AR B R . B16F10 41 P 14 19 &2 ik it 17% 1
WMARAILH ) 176.55% 433 FRET 15.10%. 30.60%
Fi1 39.84%, 1fij 200 pmol/L [ 10-35HL 5 4% Hf Fil [ 24
PR AL R T 20%~30% [ B16F10 2 g PN ik 42
BREEHSPEPY . Xt R T TO-F10 a] GEiE i a-
MSH i3 B16F 10 £ P P 22 R Fifg v P4 1 s
R A, XL R, TO-F10 EAEENIEH
TR, s HAE =25t it Tl i 77 o

2.3 TO-F10 %t UVB BB RIZRREA IR AR RIP/E R
2.3.1 TO-F10 XT4Hi% 71 5 40 e ROS /K15
mE o ARFEIHEEE TO-F10 4RFE%) UVB FEETAY HDF 4M
MOTE 1FAHLN ROS ZK-FRys2mm DLIE 3. FEE] 3A
dr, SR BRSO 4REAR L, UVB BT HDF 4iit i)
W 77 3 BRI (P<0.01) . X P RESE: UVB RE 5T 5[
T ROS y=4, dEmdhifs T 4uifg, 1 TO-F10 TikbHE
ZEfR T XA, K 3B MU4E R R, UVB TR S
{# HDF 4ujifi ;¥ ROS 7KF I Ft % 186.87%+2.48%,
A, b, & TO-F10 20} ROS /K- 5 Z K
. 160.36%+1.02%. 146.34%+0.02% FN 133.44%+
0.02%. Liu %50 (W IF5E 3% B o 20 m ok Rt
FACTEK S LABEAR ROS P, RIEXST AN P
YEM . B2z, TO-F10 5] 32 AR 8 Pk i b 25 10 i 1

>
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UVB (50 mJ/ecm?)+TO-F10 (pg/mL)
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Fig.3 Protective effects of TO-F10 against UVB-induced HDF
cell damage
E: A UVB MU i) HDF 40 fg (975 J1; B 2y UVB BE55 14
HDF 440N ROS /K-
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= | #2001 d = 1
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® 601 EN R 2604
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Fig.4 Effects of TO-F10 treatment on collagen synthesis and matrix metalloproteinases (MMPs) expression
in UVB-irradiated HDF cells

H: A% UVB HES% HDF 40 B o B8 B 8 1 A B K A 5 B~F 435128 UVB RE ST (9 HDF 40 B8 H i MMP-1, MMP-2, MMP-8,

MMP-9 Fl MMP-13 357K,

UVB 7% 59 HDF 4ifi#ET-(P<0.05), TO-F10 43
i ROS K V-BRANAE X —id Bt B 2R .

2.3.2 TO-F10 ¥4k fEH TO-F10 23 UVB &
519 HDF 4uifs b it i SR 8 1 A LRI MMPs 3
IRULE 4. dEEE TR AT E R I A 2 A, (A1
SEL I A MK . UnlEl 4A Biis, UVB BEST i 35
I8/ HDF 48 {04 B2 IR AR 15 i, T TO-F10 22 51
AR I IR R A . SIE R AIMAE L, &8

UVB HE 5 J5 09 HDF 4l il I 2R A & E ML=
64.99%=1.16%, T TO-F10 &b 3 5 I 545 11 & e
MEEERE By BIER T T 3.20%£0.47%. 9.78%+0.40%
F117.92%+1.00%. IHtHh, MMP-1, MMP-2, MMP-8
MMP-9 £l MMP-13 FF 35 5 4 85 g 0 2235 7K
S RN E 4B~E 4F B R . AE UVB B4 HDF
AUHL T, MMPs 193235 7K5F 2850 (P<0.01), Wi
TO-F10 Tt &b ¥ i) 41 Mg v, 33X — 7 3ol b 25 % fift

(P<0.05). FH] TO-F10 BEA ZU#/> MMPs 33k

A 300 a b B 400
<250 _ igg' <
< c x ]
o 200 S 250/
:é 150 | d =4 200 4
S © #1501
v 100 - o e
s &5 100
= 504 — 504
0 04
Control 0 25 50 100 Control 0

25 50 100

MR IR A A . AR ELH T 6] MMPs 3
IR 22, Xt T EOR A R S m R T
BAREWREZ —, XEegs L, TO-F10 it
M MMPs 14 355k {729 HDF 4l ffi 9252 UVB %8
B 30 30 e DR B A R . AR, TO-F10 #1114l
MMPs FIHEFHIZ R & & | /E S 22 T UL ETAAE
Wiz bR E A B bl . BRI 100 pg/mL ¥k
BE R SRR A B 2 PR 58 2 HKTH UVB SIS IR
JE AR I REf#, T TO-F10 1Y B8 1% 2% /i 38 43 T %
FATAEA,

2.3.3 TO-F10 iyHt R AEH]  TO-F10 X HDF 4l jify
4 R FRIMRIVE A UNIE] 5 Bion . AR RE ST nT A
TRAR & 40 M, AL FE R 3R A6 B F o tumor
necrosis factor-a, TNF-a) . 1412 6(interleukin-6,
IL-6) #1442 18(interleukin-18, IL-18) » KT, 75
UVB 5114 HDF 4, 3 S 40 fafie 22 B F 7K
S e BEAK G 14 7 20 2 REIR (P<0.01) o 3X L5

C 300

0
Control 0 25 50 100

UVB (50 mJ/cm?)+TO-F10 (pg/mL)

UVB (50 mJ/cm?)+TO-F10 (png/mL)
K5 TO-F10 il UVB HRES¥Y HDF 40 i 2 & A0 PR ¥ i 3kik

Fig.5 TO-F10 inhibits pro-inflammatory cytokines expression in UVB-irradiated HDF cells
E: A~C 715179 UVB U HDF 4/t TNF-a., IL-6 Al IL-1509 154

UVB (50 mJ/em?)+TO-F10 (ug/mL)
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F2HH, TO-F10 n] A UVB 48553013049 HDF 41
RPE N o L EATR, TO-F10 38 a3 1 il S AL R 3K
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