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Melanin Inhibitory Effect and Anti-inflammatory Effects of Jictyota
corigcea Extracts Derived from Adjacent Sea of the Jeju Island
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We investigated several biological activities using the ethanol extract and its fractions from Dictyota coriacea to evaluate the
usefulness of its extract as a functional biomaterial. The ethanol extract and n-hexane and ethylacetate fractions showed
dependently inhibitory effect on tyrosinase activity and melanin content in B16F10 cells. The ethanol extract and its fractions
showed inhibitory effect on Tyrosinase and TRP-1 gene transcription but didn't showed inhibitory effect on TRP-2 gene
transcription. Also, the n-hexane and ethylacetate fractions dose-dependently inhibited the NO production in a RAW 264.7
cells. These results suggest that extract of Diclyota coriacea could be used as functional biomaterial in developing a skin

whitening agent having the anti-inflammatory activity.

Key Words : Dictyota coriacea, tyrosinase activity, melanin content, anti-inflammatory activity
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H] %3} tyrosinase-related protein 1 (TRP1)¥# dopachrome
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AP} % dihydroxyindole?] A8te) Z&4ch3-5). wat
A tyrosinase 84 AAAE 2= A7 WAL Aol o]
A Fod BES AR doH, A Al eI U=
tyrosinase A3 A} & hydroquinone, 4-hydroxyanisole, ascorbic
acid $-%7|, kojic acid, azelaic acid, corticosteroid, retinoids,
arbutin, catechin, 3,4,5-trimethoxy cinnamate thymol ester’s°]
AL, ol59 AT HAA Tl A7 Bol Algel 9o
A o gl Ute-9). T Aejddel os 1 Aol 3
o depdd s S ln 9459 R 38 Rk
B4 F s4¢ nimic oxide (NO)& 2 ¥lEd E9ry3}
oS40 e 771 AR griZelrk NOE BAde FA
(NOS: nitric oxide synthase)?I= constitutive NOS (c-NOS)$}
inducible NOS (iNOS)7} BiL¥|o] gith cNOSe] 2]g NOAA
< A W 3 2Ed F23 9L sH(10), INOSE
cNOS9= 2] lipopolysaccharide (LPS), interferon-y (IFN-y),
intereukin-18 (IL-1B) ¥ tumor necrosis factor-a (TNF-q) 5
o A=l o3 AAE, SHPIEIAE, AT, AEY
AZAE Folld ddhd1). o) 2 dA =R iNOSE
AL F B ¥ NOE A Ho 459 T8



e, 229 &4H FA2 Wel # A3 F
gEch(12-14). WA HZoe 54 A8 5 UIH 2
& a3 X887 Y3 7154 AE 715 s B
ASAA 5 7zt opollA AFEZH0| ofd AAEAS o] &3t
A77t 23] AP IT15-17).

228 (Dictyota coriacea)yS ZF2E2] 1EWIE
ikl St AEFRA BE B2 PARges Yasy
FAE Aoy, Zol= 40 cn AT Arfx Toko g Zd
Atk 7HAE digoln vHle 15 m A= PR Y
7b qitk Ao §lE dole wels gadoly weH A
B340 91 BHEY FRAeIT, o AZFE U} 20

oA zshdel 23 ulgel Bojatd) A (A - 9
& - A3l TEE - BE - FAL - AFT), 2, EHolg FA
o BXgth EaEuigTe olEy IRE F9 ¢y
2714 R4 ¢ A4, §7, =58 TS 454 I5
Aol A7t glod, AT WA B Fad
F49] acyl CoA: diacylglycerol acyltransferase (DGAT)S] A
E4e Mo 2 A v 28] f-838ltka Bl Hoj Qlirk18).

£ A7e AFE 2l A s aEuET (Dicyoa
coriacea)ys ©| 83t AEE FEE E &34 SWRIES
o] B16F10 mouse melanoma A|E 2 RAW 264.7 AL
Aelete] Wahd WA L Tyrosinas A f34) 23
24 7ES 3T U8 2 EFFBAEAY FEAALTA
87140l deA golinx & dAFE A8tk
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e A AlZe F&
B A7 AR AE A8 FVEIENETY (Dicyora
coriacea) S (AHAFIIlHA NHPAETYE FEF LYo £
& wol ARREET WS ENET AR 1628 g B
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datx, o] BHES 70% ANego] AAAFL 2-39 FR
AgoA wptsle FEEY. Dol FEES A4 §

% s9en, A& - d9444S 2-33 o wEI
AAZ HFE AX ELFEHE 385 g9 oetE FE2F
Satgch SR ge AtsaEngY JdgeE F2E
Z545 05 Lol FEAZ Foll, 242k P4 (n-hexane, 0.5 Lx2),
ool A B0 E (ethylacetate, 0.5 Lx3), F&-& (n-butanol,
0.5 Lx3), & (Water)®] FAo] w2 LRy 4o &
) 08 AT fvf Bl 4o BYEL AU,
Ztztel BEES 2 dxstd AEE AME-sIAtHFg. 1).
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ANZo M=

TZE F 4 ddotdEHlE EYEL 100% SR
593, Fe23 B BIEL 100% A2 1xPhosphate
Buffered Saline (PBS, pH 7.4)7} 1 : 12 &9 &ujE 7}3lo
A3 G F A3t ARG

M Z ol ¥
B 3o ARR-H BI6F10 mouse melanoma A|XE vl|=
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AEF &8 (ATCOL.ERH Fugtth BI6FI0 AEE 10%
fetal bovine serum (FBS, Gibco), 1% Antibiotic-Antimycotic
(Gibco), L-glutamine9} sodium bicarbonate 7} &% DMEM
HlA] (Gibco)E AHE-3lH 37C, 5% CO, AMEujg7]|olA wjk
Bt 3k RAW 2647 A)¥E murine macrophage cell line
©Z KCLB (Korean Cell Line Bank)Z%-E ®U4do}l 10%
FBS$} 100 unit/mé penicillin, 100 gg/ml streptomycin®] X%
DMEM HiA] (Gibeo)E AHE3H 37°C, 5% CO, A|FEal%7]o)A
LR =

Dictyota coriacea (162.8 g)
L

1) Extraction with 70% EtOH
for 1 day at reom temperatuer (X 3)
2) Vacuum filtration

70% EtOH extract (38.5 g)

Suspension with water (10g/500mL)

Partition with EtOAc
500mL x 3

Partition with n-Hex
500mL x 2

Partition with n-BuOH
500mL x 3

[ ntex fr (689) || E0Ac . (11.5p) |[n-BuoH #r. (123p)|[ Water fr. (7.3g) |

Figure 1. The fractionation using solvent partition from the ethanol
extract of Dictyota coriacea.

MTT assayZ o] &3 AXE4 =4

BI6F10 H¥EE 24 well plated] welld 2x10°7]9) AXE
HES T 2475 37T, 5% CO, AFTu|E7)oA ufkgt
Z ANBE 479 welld] 125 pgml, 25 pgnd, 50 pgnd T
FI 100 pgmts] TEZ At 72217 Wik 971
o 2 mgmie] FEE AZF MTT &4 200 wE st
TUS v 2UoZ 4N wWigsl HIAE A AT A
¥Z PBSE 23] AAHsAth 2 welld DMSO 200 E 7}
3le] ELISA reader (uQuant, USA)E 570 molA FF =&
3733k

dapl MM el &M £F

24 well platec]l welld 2x10*709] B16F10 H¥E HZ8 1
24X 7HE3 37T, 5% CO, A EujE7|lA wiFs F ARE
247} wellell 12.5 pgmd, 25 pgml, 50 pg/md T 100 pg
me =2 At 34zt AR A & WAE Az
HAXE PBSE 23] Al&sch 2 welld 500 ££2] IN NaOH
Z 7}sta 56ColA 30% £33 3 ELISA reader (uQuant,
USA)Z 405 mollA FFEE A5

Tyrosinase X3 &M &3

BI6F10 A|¥E 24 well platec] $19 7]=3t whisl Y
A M T, welld) AEE ARG AE JHES
=1, lysis buffer (0.1 M sodinm phosphate buffer, 0.2 mM
phenylmethylsulfonyl fluoride (PMSF), 1% Triton X-100)&
7htit. @0 WAste A2E A7 AT
T Aeds Hoto ARZAHSA ARB3IAT. 7 AlRE
i | (125 mM L-Dopa, 1.5 mM L-tyrosine, 67 mM
phosphate buffer (pH6.8))aL 37 Toll A 1475t HE
2 A17] & ELISA reader (uQuant, USA)E ©]-&3} 405 nm
AX E2=F 24stack
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Nitric oxide (NO) =X

RAW 264.7H1 34 lipopolysaccharide (LPS)ol <13 444
g NO9 %& Griess reagent® =333t} 48 well plateci]
2x10° cellymie] RAW 2647 NEE A=} 24417 A Wi
At 2 F wAE AASE, BV FHE WRE A
3t 1A1ZF & LPS (1 pgmb) AEstATh A Wigd g4 =
ZoA 2443t Feb st 100 p09] WFAE 96 well
plated] @11 5% 2| Griess reagent [1% (W/V) sulfanilamide,
0.1% N-l-naphthylethylen diamine in 2.5% (V/V) H3PO4Z
A7kt 1083 d2oA wfkst F ELISA reader (uQuant,
USA)E 0|83t 540 nmoll A 7 F3H

Western blotting2 0|85+ CHHE 24

Hjoko] Y MEE 2-33) PBSE AJF F 100 w9 lysis
bufferS #H713ta, 30% B¢ lysis A7 F 12,000 pmeliA
2087 948 90 9¥id e BSA (Bovine serum
albumin)g 3 Z3}8l Protein Assay Kit (Bio-Rad, USA)E
AMg3led gkt 30~50 g ©AE 10% mini gel Poly
Acrylamide Gel Electrophoresis (SDS-PAGE)Z ¥4} &8l8}1,
¢]& polyvinylidene difluoride (PVDF) membrane (Bio-Rad,
UsA)el 15 VE 143 5 transferd} el 283 membrane 9]
blocking S 5% skim milk7} -2 TTBS (TBS (Tris-buffered
saline)+0.1% Tween 20) S-hollx] A2olA 2A17HF<E AA]
stk whgo] B Hell 13 FA| (1:500 - 1:2000)7F §
e 5% skim milkel|A 1417 25°C) Ex 24413 @05
HReA1Z1 &, TTBSE 33 AAsts 22 34 (1 :10000)%
o)A 117 HH-A1Z1 Holl TTBSZ 53] 4143} enhanced
chemiluminescence ¥ 0.8 7t band® F4HS AT

RNA £2| % RT-PCRZ 0|28 mRNA Z3 E4

wjke] Bt ATE 2~33) PBSE A3 F total RNA &
& TRIzol- reagent (Invitrogen, USA)E o]&-38lo] E&|3t¥rh
M Xo| TRIzol-reagent® H7}ele] g2sd §, ZERXES
A7kste] A% (12,000 rpm, 15min)atQqch A5 T
9 olAZ2HEE Hulste AL (12,000 rpm, 10 min)
3lod RNAE AAAF| 2 75% ) diethylpyrocarbonate (DEPC)
A g AHT §, 1xAA DEPC AYH FHF
of Z¢ch 260 nme} FHEE A3t RNAS AF5A,
A260/A280 nm®] HI&o] 1.6~1.9 BH el < 2t= RNA
2 g ALE3ET). DNA 3L Improm-TT™ cDNA kit
(Promega, USA)E ©]-83}41, 1 ug® total RNAE oligo (dT)
ptimer, dNTP (0.5 uM), 1 unit RNase inhibitor 7181
Improm-I™ reverse transcriptase (2 U)E 25T 5%, 37C 60%,
83 70TAA 1027t heating AL EA WSS FAAH
t}. Polymerase chain reaction (PCR)2 ¥4 ¥ cDNAZHEH
tyrosinase, TRP-1, TRP-2, B-actin® FFA717] 943t 1
cDNA, 4 pM2| 5’3} 3' primer, 10xbuffer (10 mM Tris-HC,
pH 83, 50 mM KCl, 0.1% Triton X-100), 250 yM dNTP,
25 mM MgCl2, 1 unit Taq polymerase (Promega, USA)YE 412
33} 2342 HF 25 B 2 RS Perkin-Elmer Thermal
CyclerE o] €3l] PCRS A5}t o|mf PCR 2L 94T
J30Z&, 50~55C/45%, 12C/45% 20~253]0l1, PCRY] <3t

ARGE AL 12% agarose gelolM A7]9%5-S AAIBIAL ethidium
bromideZ F4a} 4 bandE EIBUTE RT-PCROAA AHE-
@ primer+ Table 13 2t}

Table 1. The primer sequences of the genes used in RT-PCR analysis
and the expected size of their PCR products

Fragment

Gene Primer sequences siz (bp)

Forward  5-GGC CAG CTT TCA GGC AGA GGT-3*
Tyrosinase 477
Reverse  5°-TGG TGC TTC ATG GGC AAA ATC3'

TR Forward  5'-GCT GCA GGA GCC TIC TTT CTC-¥' -
Revese  5'-AAG ACG CTG CAC TGC TGG TCT-¥

"2 Forward  5-GGA TGA CCG TGA GCA ATG GCC-¥ "
"~ Reveme  5-CGG TIG TGA CCA ATG GGT GGC¥
Forward  5™-TGG AAT CCT GTG GCA TCC ATG AAA C-3

B-actin
Reverse  5-TAA AAC GCA GCT CAG TAA CAG TCC G-3°

4n 9 1%
Mz Y=80 ojX s g
271 Z 18812 (Dictyota coriacea) NEHE FE2E 4 &3
A B3 Eo] BI6GFI0 mouse melanoma A¥2} AlE AFEFd
)2 GES golir] At 125 ugnd, 25 ugml, 50 ugnd
28T 100 pgmiZtA GFF FEZ 1Y MSi 3d wj Y
3t B0 MTT WHoz MX9 HEES #FAU Fig. 2
ol B wpel o] 7Y ME AEES 10%E S
o, INEIEHYT JEE FE2E 9 4749 a8 FEE
EEE 2 125, 25, 50 ugnl SEAME A9 $8~103%
2ol vl 97 AAEAY SVEHeH, 100yl %
oA dgolAglolE RPET 20%2 AAHE AL Bt
o1x& wizwel B3] 12.5 pgml, 25 ugnd, 50 pgmd, 100 ugml
o] ELELS 7t zpol7b gloy fo T WEE e
WA okgrom AEEA o] wojolsle WM 29 7|Ed|
100 pgmeolste) F7iE21E0RT AqEs 25 % A
B8 50| Bsle Ao Al HHH.

-

126 N EOH
™1 n-Hex
BE® Ei0Ac
100 - 1 n-BuOH
 Waier
s I
g wy | | T
-]
]
]
-
S 60 q
S
>
f
= 40 A
=
20 \
|
|
0 ‘ .
control 125 25 50 100

Concentration (pg/ml)
Figure 2. Cell viability rates of the ethanol extract and its fractions
of Dictyota coriacea in BI6F10 cells. The data represent the mean
+ SD of three determinations.
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o] A7 AaxsAdo] gle Aoz wexl syt
B oghs 325 2 oA EYEES 125 pgnd, 25 pgnl,
50 pgmt 123l 100 pgmi7hR R BE2 AEEk] 3Y
ek 3 5 depd e S8 Ak $4% 49 Fig. 3
M B uie} o] fixFogA muxz dud §A4ER
3 melasolv(®) Hz|A 74%¢ dald A4 dAFHL By
o, Z+z; 125 pgml, 25 pgml, 50 pgml 1T 100 pgmd
FETA AGA] AeE FE2EL 3%, 15%, 34%, T2%E €4
g AAEHS Back =8 44 A3 RYEE F
3 & BHES A 9437 oy olE LEEFo
100 pgmd FToA 85%, 76%2 ZT Hr} &3 wahd
A e Rtk geid EaEngT e 325
2 3k odolAEHolE RYEEL BIGFI0 AlFEoA Fof
Fol A7 =7t 37t Tl met deid o) JAE:s 4
= Byon BATHOE foyo] S Yt ueby
ol¥g A7z By wald WYL Zo|HM AEZAL Yrolo}
ke AGAE vlUAEAY 7|3 AriSaEnigTe Jdgke
FE 2 oA $9E80] ¥k ZoE AlEH R

100
e N EtOH
< 9 n-Hex
g T EtOAc
> 8071 3 #-BuOH
.‘5 R Water
<
g
= 60
=
=
=
—
8 40+
=
@
-
=
=)
SR
£
=
=
)
= .
control melasolv 12.5 25 50 100

Concentration (ng/ml)
Figure 3. Melanin contents inhibitory activity of the ethanol extract and
its fractions Dictyota coriacea in B16F10 cells. The data represent
the mean = SD of three determinations.

M ZLY tyrosinase X{all EXof D|X= Y&t

WlEagued dee 25 9 479 ¢34 2IE
B A F FHF depdoe] dAE 2L depd Ao #o
s 8459 4% #¥o] S-S YEEZR BI6FI0 AX
oA tyrosinase 84S Zkz} 12.5 pg/ml, 25 wg/ml, 50 pg/ml
T 100 pgmiZkA] ThFRt w22 A)sie] 39 w3 A,
Fig. 49} 2] t=79) melazove AE|A] 20%9) tyrosinase
As B4E BoH, 2 Eugd dus 55 ¢
Zzve] ¢ad EEEES 125 pgnt, 25 pg/ml, 50 pg/ml
T2 100 pgfmé FE AN 100 pgnt FEOA 42 52%,
82%, 36%, 24%, 21%S] AAEE Bt wehA s
EHRE d9E FEE 2 44 A¥ 8852 BIGFI0
Az A Aelszrt 71l o} tyrosinase $AE7} €Y
Al JAHE AS BAoH, BARHOE [Fo40] Sl
=+ B Fo}h oy A#g E o BI6FI0 AlEFojA ]
A7HEE2ENET dEe F5F € oAF 2EEEd 9%
webd A4 ZAE tyrosinase A3 Aol o9& o] Fo
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100

@
=1
X
=
£
Q
=

- ™
= =
L

Cell Tyrosinase Inhibition Activity (%)
[
=

e
-~——

control melasolv  12.5 25 50 100
Concentration (pg/ml)

Figure 4. Cell tyrosinase inhibitory activity of the ethanol extract and
its fractions of Dictyota coriacea in BI16F10 cells. The data represent
the mean * SD of three determinations.

Nitric oxide (NO) MAof O|X|= H&t

RAW 2647 AXJA NO A4 COX-25 A3}l
PGE St 2& 9% wi/Ae AFAE FHslo €58 413
Ale Aoz d#A Urk19-20).

RAW 2647 AXAAN H7E02018% gL FEEF
I EEE59 NO AA A4 84& 43819 ICx e 4
23l 2 AHE Table 29 YeERRRATE 100 ng/mle) LPS9}
hEaEvEd oEhe FEEY 4 £YE, dEoi
OE EHESL TFHEE AHISAL W, TE gFEHo=
NO Aol Fo=e AL AT + T 2L s=8
At o AEEAHE JeluR] eisith s asug
ANEE FEEF ¥4 EHE, oMb olr BB
NO A4 A&l e ICs FH& 242t 47.72 pgimd, 40.37 pgimd,
3891 ugml ©|RAth. o] d A= olEN AP Fo| de=
718 HEAG 537} vk 23 Hojd AR BE
aEutEge] FAE FE5 5 FES EA dided
YA 23 7|2 g7 D Aol Al Hk

Table 2, The effects on LPS-induced NO production of the ethanol
extract and its fractions of Dictyota coriacea in RAW 264.7 cells

Dictyota coriacea ICso” (ug/md)

70% EtOH extract 4772 £ 0.5
n-Hex fraction 40.37 + 29
EtOAc fraction 3891 + 0.8
n-BuOH fraction >100
Water fraction >100

" ICs is the concentration producing 50% inhibition of NO production
in RAW 264.7 cells.

Hatd Moo Bojst= CHMA S mRNA el A5
g2y

dapd AEe AMdel ofd] ZAAPHAE FolM A48
NO7} ¢cGMP AR2E T3l datd BA& FIHA7) 3,
Tyrosinase$t TRP-14 F7}A]7]3L Tyrosinase 42 mRNA
FHE fEshe g foshs Ao UviA Uth21-23).
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B16F10 mouse melanoma A|¥EoA HA& Ho|A| ¢ &
A WEaEuigT ogg FEE A, dopEolE
EI g9 dapd oA 5xpy} wiF Id A g YA
221317] 93te] western blottingS AA18IATE Aehd AAdo]
F23t 548 4#7 Tyrosinase €19 TRP-1, TRP-2 T3
o) Iy AAPFS BIsHATk 2 2t Fg. 59l BE Hiet
Zol ANEIENRD ogE FEET A, odopEo|E
P5Zo] TRP-1 T WHYo| F& OJEH ZAE
By AE2ENEY Jdud FEEY BYE FoMe
ik FEo] 7MY w2 A4 AT Bk £3 A &
WA WE A7} tyrosinase, TRP-1, TRP-2 F3A mRNA]
Bael A% AU A Ash RTPCRE ANF 23
Fig. 6914 X+ uls} Zo| tyrosinase, TRP-1 mRNAS] L3
go] F& d&E3oz #ATE Rk RE dapd A
A oA TRP-2% dopachrome® carboxylated derivative$!
5,6-dihydroxyindole-2-carboxylic acid (DHICA)Z HEA|7|&=
715 dcha B Ho] dA|9h24), TRP-2 T A7 mRNA
$Ae] WS 213 Ax), TRP2 WilAI} mRNA o]
oo BAle] dAEAT wtA iEaEuEY s
&5 2t Ao HE BYEL TRP-29 F#lol
tyrosinase$} TRP-19] mRNA #3S #AAAFOEA Hid
4 Aslshs Aoz AtgHe Pk o9 AHZ FHx
79 #71EaEnlego] BIFI0 SFAX tiste] wHod
Aabd A4 YA A 2 tyrosinase JA EHE 7MAI Qe
o2 AGHAY dF F4E 7 v #E 7154
AAEA Y RV UeS HAFE

a) C Mel 12.5 25 50 100 #g/ml
Re1
Re2
p-actin [T

b) C Mel 125 25 50 100 #g/ml
v
wre2 [
p-actin |

¢) C Mel 12.5 25 50 100 #g/ml
s
e

Figure 5. Effects of Dictyota coriacea on the TRP-1, TRP-2 protein
expression in B16F10 cells. BI16F10 cells were cultured for 72hrs
inducing melanogenesis with a-MSH. When it passed for 24hrs,
media were exchanged and (a) EtOH extract and (b) n-Hex and (C)
EtOAc fractions were retreated.

A) C Mel 125 25 50 100 48/ml

Tyrosinase
TRP-1
TRP-2

B-actin

B) C Mecl 125 25 50 100 #g/mi

Tyrosinase
TRP-1

TRP-2

B-actin

C) C Mel 125 25 50 100 48/ml

Tyrosinase
TRE-1
TRP-2

B-actin

Figure 6. Effects of Dictyota coriacea on the tyrosinase and TRP-1,
TRP-2 mRNA expression in BI6F10 cells. BI6F10 cells were cultured
for 72 hrs inducing melanogenesis with a-MSH. When it passed for
24 hrs, media were exchanged and (a) EtOH extract and (b) n-Hex and
(C) EtOAc fractions were retreated. Total RNA was subjected to RT-PCR.

[* 1]
=

2 d7e AFE Zdd AAdste FrE5asuvge
(Dictyota coriacea)®] 1&& FEE 9 ¢33 Sl gES
o] B16F10 mouse melanoma M XY RAW 264.7 A|Ee 8]
stod dabd A 2 tyrosinas HAGA, NO JAEES &
g} fEAlogA vw 2 vieA SRR A 84 I
o] Q=R Yot At ATE APtk A3 2 BI6FI10
AXNA At gulET des FEET 4 £98, 94
olAlElo|E BE & tyrosingses} Held AL T &
Hog golAl dAstgen, deld I mRNA L@Yo
tyrosinase®} TRP-1-37A oA B &EHOE 4% HY
o} kA TRP-2 ©¥ld 3} mRNA 349 HdS #1s
73, TRP-2 @43} mRNA 20| Fxo #Agl 9%
3tk T3 LPSE A58 RAW 264.7 AXA 7508
vl o] ofgkey 25T F BIE, JHoMHE £
2o] 7FF #& NO A4 94 SA4S By weiy B A7
e EIasuEY FE20 9% 24 e VY
T 71548 AARAMY 88717 UF

ut
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