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Abstract — In order to investigate whether or not CCD-986sk cell line can be affected by Korean
Ecklonia stolonifera Okamura, we examined the MTT assay when we treated Korean Ecklonia
stolonifera Okamura extract in CCD-986sk human fibroblast cell line. The sample wer e tested for
cell proliferation activity by means of a modification of the MTT assay. Ecklonia stolonifera
Okamura extract showed significantly strong cell proliferation activity at the range of from 6.25
mg mL~1to 1.56 mg mL 1 compar ed with control group.

And in order to search for inhibition agents of skin melanin formation, we tested for inhibition
effect of melanin pigmentation of Korean Ecklonia stolonifera Okamura using Clone M-3 mouse
melanocyte cell lines. when we treated the extracts of Ecklonia stolonifera Okamura to the mouse
melanocyte cell lines, the sample showed a significantly little formation of melanin pigments
compared with control group at the only range of 200mg mL ~%. These results suggest that extract
of Korean Ecklonia stolonifera Okamura may represents an excellent candidate for inhibition of
melanin pigmentation and for protection of human skin aging at in vitro level.

Key words: Ecklonia stolonifera Okamura, CCD-986sk human fibroblast cell line, Clone M-3
mouse melanocyte cell line, MTT assay, bioactive effect

* Corresponding author: Kap Joo Park, Tel. 02-447-5018,
Fax. 02-3436-5432, E-mail. kkupkj@konkuk.ac.kr



The Bioactive Effect of Ecklonia stolonifera Okamura Extract 31

M £

‘/}017} Eoiitel uwiel F|Ee} I)ALE o= H&

<> W3ks AAEY. F, 317 ARAH FFe] F
Nem wee GAHEA SpEdel GelAA dot
(Lavker et al. 1987). ¥ 115 n}o]] 2]5}H I H 3=
intrinsic aging®} extrinsic aginge. 2 W¥ = +=1| intrinsic
agingeldt At xe-g ¥3o) w32a ¥ 7z A
25t 7)5o] AAAGA HEc A D), extri-
nsicaging AHs14 3 2Eed 2o Sla) e 9y
o] wx3t= o3tc}(Lavker et al. 1987). & orelxl w}
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vheleh. 33 ARl de] xEEW s|¥e] FAAE
collagens} elastine] WHAI=w <Jo]e] horny Iayer7]— =
AYA 1 FEo] A D} (Braveman 1982). =3t z}9)
Aol =23 I)E: pigmentary deposite] Z7}s1A] =3
olo] whe} FRAZ el melanincell®] 471 Z7131A
ol 387t AF3 A #Hake Zlooh(Kimetal. 1988).
wpEhA] QIzke] I Fe3ts whA|Eh] fls W 2kt
Eol #E2 75 Adste] g vk IR E A
3}e] %]zl collagens =7}, &Al3H1]7] a2, fibroblasts
=2 4 3}A7)H, extracdlular matrix2 =7}, &4 3447
= EA9) sfte)] AFAS AF3sle] ghof(Han et al.
1987). ©o]2|3t <& Lee et al. (1997)2 L-Ascorbic AF2]
fibroblast growth 2! collagen biosynthesisel| 3] ® 373}
917, Kang et al. (1996)-2 retinoids®} vitamin D] 3]x-
x3pa] &3te] o] ®Buslelow, Kim e al. (1989)-&
Panax GinsengZ} Radix Astragai®] ¥]X:=3hx] &3},
Han et al. (1987)-2 sulfhydryl compoundse} cysteine, glu-
tathione 5-2] IR x3ulx] &3 Sof 3] B3l
A7)el] dFE ule)l 7o) AAM oz § 23} WR
3} Xa2dE& Awslr] 98 ks chemical com-
poundel] w3 77} AP g A= A& Feol
A9tk o]= chemica compoundE-2 Az 5A 92 2zkg
o2 <l I ARgo] dAFE AFEH T Gl= Aot
A o]t EAHE A S8 HAE =E 9
g 2T o] g3l YKoz AT IF =
e o B R B Bl e R e el
& Yoz WAdos Frleskm gl Al
&3]+ (Ecklonia stolonifera Okamura) ¢z} S-3) gt
dalolel FyA REshe il 2z 4
2~10m91 zstdell F=2 AAska slet (Kang 1968). ©]
Z2 oot Ae|A] F83F 1xAALe] Jd&e Jsla
Zo|y (Druehl et al. 1977), S| =4 Fo FAHE
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ARE Agos ogdem o dxFolt 53, F
o= A7IAF Bul ol el =7} %2 fucoidane] ot
F THEe odew, #9]¢] fucoidan EFHl Ao
ol d|FRIe] of 1L4ufe] Ftrha kx| gl (Leeet
al. 1995). EE‘& FoolE ¥R xspxe] &L QlE
oz ezl L-Ascorbic AF 2 collagene] ©}ef &-5-%
o] glo] IR 3IIAA] MLE 93 HAE TrEA
28] FFsAe] 8% Aoz B ATl o3 24
Qeleh dehd 9T FIFEES T s
% As FREAdAC) sBsE A7) 99 invitro
e A o] A5 Pt F, F39]FEES CCD-
986sk cell line monolayer (human fibroblast, KCBL-21947)
o Fodte] I|FEAE] 3 FIFEES] IFAE
Ae|gA &2 =239, =3+ Clone M-3 mouse mela-
nocyte cell lingol| ZI)FZE-S Fosle] Zu|ZZE9
melanin formation A &)l £ 2}& =3} ).

1. &3] (Ecklonia stolonifera Okamura) & 52| A%
X
]

=3 (Ecklonia stolonifera Okamura):= 2% 3] 2F4
FAIEle] erjubabz e 20079 59 Aehd= w7
= guitela AHse] Sl AxIF AL Fopp

oF Abgstoict AxE F3) 50g& AT F olF A=
500mL 2] 80% methanol-&- 22 & 60°C %A 184]
7+ AR FE319 2, 355 methanol §-24-> 8,000
xgoll A 1587F 94 28] 3 & o 3}3led rotavapo R-
200 (Buchi, Germany)& o] 4-3le] &3tz 474 x 3}
Gt =4AxE A& 192 1mL2 0.8% methanol (con-
centrated sample)el] 4-3]3F % 0.45um poresize2] mem-
branes filter (Millipore, France)2 o] 3}sle] 7N o=z A}
2-3}¢]c} (Kang et al. 1997).

2. 75“1;“,‘.“ z nl u“c]:oﬂ

CCD-986sk cell line (A}Fg+3] 24 9] M| Z£3=-human skin
fibroblast, KCBL-21947)& 38t=+ M3 23] (KCLB:
Seoul, Korea) ¢ 2 ] 20071 74 F3)5le] A3l A}
23} }. CCD-986sk cell line2 10% fetal bovine serum
(FBS: Hyclone, USA), 0.22% sodium bicarbonate (Sigma,
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USA)7} 3531 Dulbecco’s modified Eagle’'s medium
(DMEM: GIBCO, USA)¢| wjefi o 2 Al8-% 75cn? plas
tic tissue culture flasks (Nunc)el|A] == wjjekslelx 2

o] AYMEFLE 37°C, 5% CO; incubatorol] 4] -8 A]
Ziet.

Clone M-3 cell line(mouse melanocyte, KCBL-10053.1)
A A] g M Z2F 23] (KCLB: Seoul, Koreg) ©. = K& 2007
Q7Y Fasted Al¥el Al&-3}¢it). Clone M-3 cell line
2 0.22% sodium bicarbonat (Sigma, USA) @ 10% fetal
bovine serum (FBS: Hyclone, USA)¢| 713l Dulbecco’s
modified Eagle’s medium (DMEM: GIBCO, USA) o] wjj ek
Aoz A= 75cm? plastic tissue culture flasks (Nunc,
USA)ell A ©Zafeksli iz o] AldiAl 2+ 4] 37°C, 5%
COz incubatorel| A vl ¢}l A Al el AFg-3lodct.

3.MTT assay & o] £3 o 3A 2 A&
=4 A3

96 well platee] 1x10° CCD-986sk fibroblast cell line
well-18 A 23}31 0.8% methanolel] £33t Fu|FZE
A& (200l #3]3+&E A& 1,000mg mL-& )
0.8% methanol ¢]&-3le] 28] AD3|As & 7+ wello)
A7)skar o] culture platesE 37°C, 5% CO; incubatorel]
A 497k ] ekalch (Kang et al. 1997). oju] <ul 0.8%
methanol & 2wl A=3] A ste] 7 welle] A7}star o] =
normal control 2 AF&-3}gich 25 7 wele] AleE 3
uA oz FAste] HZAEES T, A =3Pd A, culture
plate®] 7+ wellef] 0.1mg(50pL of 2mg mL-1)2] MTT
7}511%3 thA] 37°Cell A 4|7k o wljeFste] MTT7}
A =% et FaAl 7 welle] wiA g A7 s
100 uL 2] solubilization solution (DMSO)&- & 7}5}o]
FAE A A AAA S formazang 313 =
Ql %) ELISA plate reader (Molecular devices, USA) =
3 = (test wavelength 540 nm, reference wavelength of
>650 nm)S =A 3¢t} A 89 CCD-986sk fibroblast
callel et A @A Fee) Frle HEeH A8

o FHEE VIR ARAE AR AxE 5

N H r\°“ i

A F AAsigleh A AL 7)87] S8 A7)
& | wrRsl = 43 AY Ay} Sx= JFa)
ARG F Az YRy =T B

4. Melanin pigmentation A3 FA L =A

o

1.2 x 108 Clone M-3 mouse melanocyte cells well 18-
-8 6-wdll culture plates(Nunc, USA)el| 33| 3&E
2(200 L, F¥)F== A& 1,000 mg mL-1& 35
747} 0.8% methanol o] 8-3fe] 2uf A3 A &
wello] H7}slgdet. o)ju] dHl 0.8% methanol & A] 2w)
Aer3) A st Z+ wellel]l A 7}s14d =} (normal control). 2
= culture platesE 37°C, 5% CO; incubatorei| A} 4 7t
ujeFgl & 500uL<e] trypsin-EDTA (GIBCO, USA)E 7+
wellell A7}sta 72 wele] celg 2o} 1mLe] 3x} =
g A7 2 F Aol 2212 WA g - 1mL
2] 1N NaOH solutiong ZHzbe] M Zef| AH7}slar 244)
7+ wjekst & melanin pigmentse] <F& 475 nm wave
lengthel] A Spectrophotometer (Molecular devices, USA)
£ olgale] sl AR AL 7157 919
719 gL 43) Rl on o 4319 U At
Hastel FAAE F meanin s LA=E Heks}

oAk,

_>“,n‘
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5. Statistical analysis
2E ZA3E= meantstandard deviation= JER Sl
student t-test= o] &-3ke] 7+ = 7be] Zpol WS H]wEhe]

SA A2 skt
- a}
1. 29%%%E A 87} CCD-986sk cell line(A}&3] 3

A o) A E3-human skin fibroblast) 2] A2 &4
AE 9%

=11]

3] 3222 CCD-986sk cell lineol] &t x| =Aje| &

Table 1. Effects of Ecklonia stolonifera Okamura extract on the fibroblast cell growth measured by MTT assay.

Optical densities at 560 nm at the following concentration (mg mL 1) of the extracts

Test groups
200 100 50 125 6.25 313 156
Methanol 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0003 0.064+0.003 0.064+0.003
Eg‘g‘;}i?;m”'fera 0.052+0.004 0.054+0.005 0.080+0.008 0.088+0.011 0.089+0.023 0.121+0.017* 0.123+0.022 0.129+0.031*

All values are mean= standard deviation. “ * " values are significantly different from the control at P< 0.1 as determined by student t-test. Methanol (0.8%) is

control group.
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Table 2. Summary of Table 1

Optical densities at 560 nm at the following
concentration (mg mL 1) of the extracts

Test groups

200 100 50 25 125 625 3.13 156
Methanol - - - - - - - -
Ecklonia
stolonifera  — - - - - + - +
Okamura

“—" letter represents not significant difference. “+" letter represents
significant difference from the control at P< 0.1 as determined by student t-
test. Methanol (0.8%) is control group.

A &Z3E MTT 7 A4 (Tetrazolium-based colorimetric
assay) & ol gsted ZAshaleh MTTAAYS Foixl A
27} R e B wI) ole AS RAE
o) AEgo] Z7S Hid ou oA AE AZET
o] A=) FEAiztgo] o)&) 3-(4,5-dimethylthiazol-2-yl)-
2,5-dipheny! tetrazolium bromide(MTT)¢] 3tdo= for-
mazan crystal -2 A AFsHA] Elo}. o] formazan crystale] oF
& F9Ez 24sel 3Azo} deht B 59
Brhe 2SR WHoR & FUES) Fhe AE
SAZS) e ovlse] AE SRAze] Fhe
BAZS) BHSE JRlsa o)k HRANETD
FAAA & H=rt HE Aeolvh MTTAHAY 43
A 96 well plates o]8-3lH Al xzte] 25371 7hs
st Alg Ade] AT AR = $pste] A=k
Aot 12} Aol X3Het Az Wi el

£ AdelA= 0.8% methanolo] &33t #93E=&
)
A

ENC)

A& (200pL, F3)F2E A& 1,000 mg mL1& -5
0.8% methanol & o] -4-3le] &z oz 2w Awhs]| A3t
5 2t wellel] Fo43 FIFE2E AT APL
o= Fgw o]-_r/\]_,_,__‘,:_ A7 A k-2 dul 0.8% metha
nol& A& o=z 2u) A3l 2+ wele)] 73k
e tﬂi% 2 AFgEl e oled 3 APAAE
Table1 ™ 20 JJehgich =, 222 560nmol| A
F7rell AA 0.064+000329] F4=2 vehd b A
Pl FIFEE FoId2 6.25~1.56mgmL -t F-7he]]
A} 0.121+0.017, 0.123+0.022, 0.129+0.031°] &3 =
(Optical Density)& vebie] dzol wls] 73 A=z
Al 2dE deple] {24 sl AdAAE B
JFA o2 g Ade FIFEES FAT A
Al Bzl vls CCD-986sk A}"‘al»l AA 2] 2
7} ¢F 200 HAE v F7be AL depllE Ho® ¢
t ¥35F2E° CCD-986sk ﬁlﬁﬂliﬂroﬂ A3k 73
AzAe] Gasts HoFes A3z Alsdq.

—

o

Table 3. Estimation of melanin pigmentation on the melanocyte
treated with Ecklonia stolonifera Okamura extract

Test groups(200mg mL 1) O.D. a 475nm
Methanol 0.187+0.006
Ecklonia stolonifera Okamura 0.127+0.007*

All values are mean+ standard deviation. * values are significantly different
from the control at P< 0.1 as determined by student t-test. Methanol (0.8%)
is control group.

2. FI9FEE A 82 melanin pigmentation *] 3|
a4 a3

Clone M-3 mouse melanocyte cellol] w3t Z3]F=E&
°] melanin pigment A& &S AU 1 AIAE
Table 3¢ “}elfiet. Clone M-3 cell lineg- vl oF3l7] 9
3] 0.22% sodium bicarbonate (Sigma, USA) 2 10% fetal
bovine serum (FBS: Hyclone, USA)¢| 713l Dulbecco’'s
modified Eagle’s medium (DMEM: GIBCO, USA)-S- uljoF
Hoz Agstlar o] wiFe] Hrhd 75cm? plastic
tissue culture flasks (Nunc, USA)el] Clone M-3 cell lineg-
kel Sl eFslaa o] AldjM| 255 37°C, 5% CO;,
incubatoroll A v ekl Al A&l AFL-3} T}

Z, Clone M-3 mouse melanocyte cell o] well & 1.2x 10°
cells 351 6-well culture plates (Nunc, USA)Oﬂ =3 F
Z2E A2 (200 pL, Z3)|F2E A& 1,000 mg mL-1&
S 08% methanol & o] g-3le] 2w Axk3] A s}e]
Z+ wellell =] 2]3}1z, culture platesE 37°C, 5% CO; incu-
batore| A 4d7F wjekslggom 2+ welle] cele =o}
buffer 2 1N NaOH solution& *]2]3}x 24A]7F w) ek3t
& 475 nm wavelengthel| 4] - Spectrophotometer (Molecular

devices, USA)ES o] 43} melanin pigmentse] of& =
At 1 Ads HE2LI vwsise
AlgAs 92 200mg mL-t kAR F94 Sl
ARAAE Jepligd e, o] Tl iz F3=
L 0.187+0.0062 2 ZAHHYT A|PLe FIFZE
T F3xE 0127100072 ZAH F9F=
B FojFo] tmol Hls) 200mgmL-t 7kl A mela:
nin pigment 43S FIA UA F2AT|E=E Hew
A A7} ehge.
= o
e | S
3] FZE2] CCD-986sk cell line monolayer (human

fibroblast, KCBL-21947))| w3t z|2A|= A=A &}
E =A3}a1, =3k F3)FZEE-2] Clone M-3 mouse melano-
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cyte cell linesl )&k melanin formation #3) &35 =
3k7] 1) invitros| el g A s

E_j]l——_ D}L:]Ag 71—on] olz_oi o] z__CL ‘5‘]-—7«
Aol o LAY e Feky U F
ofef <lek AuiAlel gleir Ausbd ozt Akl
e Fed X Aasta gk AZ ol 4y

Zzfol HT AFE F2 AWl oA o F
o]z ¢tom (Notoya and Aruga 1990), FF#}2] wtole}
2o (Yabu and Notoya 1985) 5ol #3t dA37 F=
Qe A7ASe st wE w} QT Fol A
Park et al. (1994)¢] 3-Abah 12l 2v]e] At o
3 2R A 472 3, £ RAE ol &
& g9 o]4] Fo % 20027+ %)
ul glek. e 2|34 HE mx FEAA 2
Mol A1sE welE o Ju)g Agos o
of 3t AALS A7 $ET A o]t

w2 AFE FIFEE] TR T fuco-
idan, L-Ascorbic A} 2! collagen ol FE3}e] F3]2]
TR R A 2A Y] TPsAE AAH ez AT
93k d3toz A FIFEE] IR, FEAAA
9 g Rujl gl &aE Jep A Felsr] 9§
CCD-986sk cell line 2! Clone M-3 mouse melanocyte cell
FElA IRz AEY &
Z}9} melanin formation A &) 38 =A] 8}9] o}

1 A3} CCD-986sk cell lineol] o3t A =zAe|&A] &
I AgeA Al FIFEE FoLE dz2Te
vlEl] st M zAEEY 23E Jelle] fo4 e
Al A7E W39 31, Clone M-3 mouse melanocyte cell
o =& melanin pigment A3} &4 &3} AN = F

9 FEE2 fj 2Ll B3] meanin pigment YA S
4 QA 2 ARETE vehe] W En)
2 A nefFgnh

o2 b mael] sl el wlF, o, e
Fu) Azl 2skAREL- intrinsic problems (3] 37
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2 2] 7)52] x4])3} extrinsic problems(2}2] A
AEHA)S skinagingd] TEPgloz FAA T
geplat detaR e AAA 7% homy layere] F5
2 AAATE & B2 272 chemica drugss 7l s}
R A= A Fel sl (Lavker et al. 1987; Choi
and Oh 1997; Han et al. 1998). 721} ]2 chemicall|
als) Aol WF Bakgelt AEsygel gidoz
AL HAAEE o]L3}ed anti-skin aging drug2- 7 L3)=
I 39l REPY Ao] Aot} = oA
o] satgdol o B4o AABEE
£3ed & g AT 9l meb 2 A7
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92 geetel AN At Fule) PR
=SpAA 2L Y Sedel FEe B ATE
ARl AT A%} FoFEES 3P 2 sin
darknessel] ©}3t o)A %] =.E-3 (alternative therapeutic
agen) 24 9] F88 7PsAE RedFoeh

AL AL

B Q7= 20079 % A7)k W s okl
4 7-%}4] (F10600206A210000100)

&l
d7H] A el 23 = 0
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