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Abstract : Ultraviolet is the one of the main environmental factors promoting aging process via increased intracellular
generation of reactive oxygen species (ROS) and decreased expression of endogenous antioxidant enzymes and
molecules, Therefore, in this study. we tried to search for natural skin-protective antioxidant materials from marine
origins (Porphyra Thalli, Laminariae japonicae thallus, Ostreae Concha, Sargassum Thallus, Undaria thallus, Haliotidis
Concha, Codium thalli, Syngnathoides biaculeatus, Hippocampus, Stichopus Stichopus, Thalli, Hizikia fusiforme thalli)
which exhibit free radical scavenging activity and protect against UVB-induced cytotoxicity and oxidative cell death,
Free radical scavenging activity was shown in order of Undaria thallus, Sargassum Thallus, Laminariae japonicae
thallus, Hippocampus, Haliotidis Concha, Ostreae Concha, Syngnathoides biaculeatus. In another experiment, UVB-in-
duced cytotoxicity and cell death were effectively suppressed by treatment of Sargassum Thallus, Haliotidis Concha,
Codium thalli, or Hippocampus water extract, Furthermore, UVB-induced cell death was mediated by intracellular
accumulation or ROS, which was significantly inhibited by treatment with aforementioned extracts. The protective
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effect of these marine natural products seemed to be mediated by increased expression of antioxidant enzymes such
as catalase, superoxide dismutase, and heme oxygenase-1. These results suggest that Sargassum Thallus, Haliotidis
Concha, Codium thalli, and Hippocampus may have preventive and protective potentials as new functional cosmetics
against oxidative stress-mediated skin damages and aging with antioxidant properties. '
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2.1. MEMZE Y Al

Q1zk 37 A-fobA ZF(human skin fibroblast, HS68
MEF)E ATCC (Rockville, MD, USA) Z5-¥] F-oft
of ARgaF o M EHYE 918 Dulbecco’s modified
Eagel's medium (DMEM), fetal bovine serum (FBS)
2 A (penicillin/streptomycin) £ GibcoAH Grand
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Island, NY, USA) &S FYsto] AR&3ISith 277
dichlorodihydrofluorescein diacetate (H:DCF-DA) %
tetramethylrhodamine ethyl ester (TMRE)+ Invitrogen
(Carlsbad, CA, USA)°lA F9dste] A&-8lat, MTT
[3-(4,5-dimethylthiazol-2-y1) -2 5-diphenyltetrazolium
bromide] % 1,1-diphenyl-2-picrylhydrazyl (DPPH)&
F 3 Ay Aok Sigma-Aldrich Al (St. Louis, MO,
USA)& AR&3F3IT

2.2, Lo} FE

A Porphyra Thalli: PT), YA vH Laminariae japoni-
cae thallus: LI), B3 (Ostreae Concha; OC), BApE
(Sargassum Thallus: ST), V19 (Undaria thallus: UT),
A AY (Haliotidis Concha: HC), 7 (Codium thalli:
CT). #N&(Syngnathoides biaculeatus: SB), 1" Hippo-
campus: Hc), 3WAH(Stichopus Stichopus: SS), ¥l
(Thalli: Th), $(Hizikia fusiforme thalli; HE)< 7%
B Z3A FSI8lh 2o 494 FEE(water
extract : WE)& & 15 LE 78t 3 h A28 ¥ No2
filter paper (Nalgene, New York, NY, USA)& o333}
Rk o)F ofdE HAFIHAEFI(EYELA, Tokyo,
Japan) & AHSHY &8t 1, B3 7Fsko] 20 TollA
Rt 4 2259 A5 82 (PTWE) 4638
%, A PHLIWE) 2.74 %, ZARHSTWE) 6.63 %, &
H(OCWE) 0.27 %, "I9S (UTWE) 3.32 %, 212 (HCWE)
0.2 %, 8#4H(CTWE) 538 %, 1% (SBWE) 15.82 %, &l
"HHcWE) 14.23 %, 31HHSSWE) 3.74 %, +l( ThWE)
1315 %, %(HFWE) 3.69 %3t}

2.3. DPPH Assay

EF F2EY utst @492 DpPH el vigt
Alge g o s 433t DPPHE Belds uo
et o g Hd e Afett g 7T A e84
AR AAE 9 HY YT} Zadiy, g9
U B4 vt AAE Yol59 DPPH 2ol
gHo] 5] Regtdo] & @0z Wil S
F3tA 249,101, 7 50 mM Tirs-HCl (pH. 7.4) 1
AR TEZ INE dF FEE 1000 Lol 02 mM
DPPH &< 1000 yL 8 &7t 2204 10 min?t ¥F
SAZL & 540 nmollA FFEE EHSAG dE &
A 8’4 (radicald)cavenging activity)> F&E-S A}
BFA] o2 T TR E(Awna) B FEES 7R A
P (experiment) ] T8 Acxperiment) = 7501 ThHrd)

-

o5

1l
L

o b

Aoz Aursisinh, 53, izt 2ABAo) 50 % At
vl W w FEEO SE(w/ml)E 0% Sk

Radical Scavenging Activity (%)
= [ 1- (Aexperimentx/ Acontrol) :| x 100

2.4, M=ue

HS68 AlE= 10 % FBS, penicillin (10,000 IU/mL)
9 streptomycin (10,000 g/mL)& ¥&3H= DMEM Hl
A8 0] 8310 5 9% COy, 37 T w715 AHE-3fo] ek
vk Alzefof WA= 2dmith Al 22 WX E Aol
stk AL Asted 4 x 1070/ 300 L2 AEZ 48-well
9 2 x10°70/2 mLel MEE 6-well platec] HES &
24 h § A7 9RFoE RAEd A5 FHES A

2lg3iTh

2.5 KieiM ZAL

A4 B ZAE QIS AEEA W A3LE A EALE |
et I 2250 3% a9E Fdolstrl d&iA 2y
XM RE 87|92 oR Xasgtt HSes AHEE
80 % WE7) HEE okt H wjAE Hojuja 14tet
%8 (phosphate buffered saline, PBS) 2% 13| A1¥
3 o kA BAMEA (BLX-E254, Viber Lourmat,
Paris, France) S AFE8lo] 120 m)/ecm®e A4 BE
zZAbe T AR A ZAF & kst whe] EF 2
& A2lste] 24 h weFeRiTh

2.6, MEM=E ZH(MTT Dye Reduction Assay)

AE AEE AL Ysto]l MTT 48 o833
o ol wikM o tetrazolium®) AeblE AEe o
g&gol fmse] o8l Bepe formazan WEEE A
< ZA8Hs 24 ot HSe8 AlEE 48-well cul-
ture plate®] 4 x 10'71/ 300 uL 2] AXE HFT 5 24
h H A7) +gFog yasy A 22858 A,
T= 294 BE ZAMSE & g5 FEES st 24
h #%ke 5 MTT (HF 55 1 mg/mL) AlokS 37t
3 F 2 h B35 % CO, 37 T ujd]olA] wjdstsic
A5 BE A T 200 yL DMSOE 7Fte] formazan
& &43 vhe, ELISA reader (Emax, Molecular de-
vice, Sunnyvale, CA, USA) & AH&-38F] 540 nmellA &
FEE 248909, FE2ES WA @ wiAw
Uy wiekst g2 SREE VIToE AZAES

(%)& AL
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Table 1. Primer Sequence of Antioxidant Enzymes

Gene Forward Reverse
Catalase 5'-CCG ACG AGATGG CAC ACT TTG ACA-3¥ 5'-CGC GAG CAC GGT AGG GAC AGT TC-3
CuZnSOD 5"CCATCA ATA TGG GGA CAA TAC AC-} 5'-ACACGA TCT TCA ATG GAC AC-3'
‘MnSOD S'-TGA CCT GCC TTA CGACTA TG-S 5-CGACCT TGC TCC TTATTG AA-3'
HO-1 5'-ACT TTC AGA AGG CTC AGG TGT CC-3 5.TTG AGC AGG AAG GCC GTC TTA G-3'
GAPDH 5'-GCC AAG GTC ATC CAT GAC AAC-3' 5-AGT GTA GCC CAG GAT GCt‘ CTT-3'

2.7. 0| EE2=2|0} =M (Mitocondrial Transmembrane
Potential, A¥) =X
v EZEgol BASE 5A3H7] A8t TMRE dye
E AMEEIATE AZ(6 x 10'71/500 uL)E chamber slide
of Y31 A BE AR & dF FE2ES A5t
5 % COq, 37 C io¥7]olA 24 h ¥l A& 2
od ¥ PBSE 23] AAg H 10 nM TMREE 713}
37 CollA 30 min 7+ BH&-& Al ¥ B39 W3S ex-
citation ¥ 540 nm 2 emission ¥ 590 nmeNA flu-
orescence microscopy- = 578 31 tH(SpectraMax Gemini
XS, Molecular Device).

28, MZ L EMMAT MM EH

ME Yol A EE #BAdA4E 2 7-dichlorodihydro-
fluorescein diacetate (H.DCF-DA)E AMg-ste] &4t
Ao H:DCF-DAE A8 24 AX U= 44 55
=)™ esterasedl] 2& oAE77} 75EE FHo| 84
<l HDCF7} 8/44kas) uheste 832 w= DCFE
A3k, o] FFUEE SHTOEN G944 AH
£ AT & Utk @9 EE 48k HS AlE
o 120 mJ Z%2 UVBE ZAR & 4 3EES 4
2 5te] 3A1ZE BlFek o 50 M H:DCF-DAS A28}
o] 37 CTollA 20 min?+ #F3FTh 20 min ¥ PBSE Al
A3 vk, DMSOE ARS8t A2 E §3lA1A 339
H3}E excitation 38 485 nm ¥ emission ¥ 535 nm
oA fluorescence microscopy® =78 3FAtH(Spectra-
Max Gemini XS, Molecular Device).

29. RNA F& % RT-PCR (Reverse Transcriptase-
polymerase Chain Reaction)

Total RNA %] &2 Invitrogen*F2] TRIzol Reagent

(Carlsbad, CA, USA)E AH&3te] AAE ol wet

dietal g els) ) Al 368 Al 1 &, 2010

RNAZ F&3}9th %% RNAZHH cDNA FHS
M-MLV Reverse Transcriptase (Promega, Madison,
WI, USA)E AHE3ted 93t on, gats 5489
FAA 2HE v 5337] A8t PCRE B33
o} PCR 272 95 T4 5 mint AAF F 95 T 30
s, 53~61 C 1 min, 72 T 1 mine 40 cycle T 5 72
T 5 min?t © ¥EEAIRTY ZF PCR A2 5 edithium
bromide® EF3FI Y= 1.5 % agarose gelolA 50 VE
2A719% 3% 3 BIO-RADAF] Image analysis (Gel Doc
XR System, Hercules, CA, USA) ZHE AH8-3to] 34t
3t 549 #3x 23S 5338%.29, Quantity One
Software (BIO-RAD) & ©]&3to] AZFEA ai3ivh A
ol Ahgd ZF ksl G40 54 Zeke] ¥ (primer)
AgE Table 15 2o,

FEE9| 2t s
& o} A3 FHEHAE g%e 7
L7 FHFQ 2glo] 43 A
2G5t watdNo]l e s A0 AZE A
3 ok A2 w2 A7AEe] gExAlL AR AT,
Ba g AZ AEEE AT 55 45 2] w3k
22 7|HES Bt gler, w38 AWt
&) ciakst 7d Eol AlRbsE T Ut} o= I A free radi-
cal theory, cross linking theory, accumulation of waste
product theory 5& X3t vF-AAE (2R H
somatic mutation theory, programmed aging theory 2]

FRAAAEZE 11,121,

o] # ‘free radical theory’ & 19563 Harman©ll 2|3}
AE o, FAAQ tatggolA FrAor gAY
He oy 7R s Ee gate] AT AE(A
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BRI AkskA &) F B3] X 3AkE) 1)
el A1A 2] hydroperoxyl radlcal 0]%-3 B3R
Ao olF AFHRTE FAAAE 0}‘4' i Srot hydro-
peroxide®} alkyl radical® J&E} ©1&F alkyl radical
& Aka g Agahd A2 hydroperoxyl radical & ¥
ol AAN Aghbg-& Joiv} ojw) Bxzky &
g8 =8 "% o2l 74 A4S (malondialdehyde,
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AstAL, T gl Ak} 2831 cross-link
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2758e 5457 215t DPPHE AME31th DPPH
e ﬁi‘?& of P Hr)Z-g 2 B4R
& % DPPHY iy At AANS-S 2u)gi}
3

FaA FE2E 4 gz AA5S v 543 a3
A (UTWE), EAHHSTWE) €5 &89 4% 2
HUZE 50 % 2AE F U FE IC o) 7t 27} 27 45,
4588 pg/mLE vln A WA Ve & 8 *:6}*:‘3% B
goH 7 oo g thAeHLIWE), EleﬂHHcWE

AH(HCWE), E2(OCWE), shE(SBWE)Y %9_3
ZF7} 66.10, 87.46, 87.65, 112.92, 118.86 pyg/mLE 3+ 4
Lo gatse s eRigith & 2 s E dg &
ZE9 A9 ICx°l 300 pg/mL o1 F=A& l‘i‘ff 2]
Z 2Aso) vl oksl Aow BaAEt) ki
FE2EY 5o WE(ug/mL) FEQA At &
A5 (radical scavenging activity %)-& Figure 1914 B
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Figure 1. Free radical scavenging activity of marine nat-
ural products. The radical scavenging activity (%) was
caleulated as described in the Materials and Methods.
Values are represented as mean = S.D. (n=3). Water ex-
tracts (WE) of Porphyra Thalli (PT), Laminariae japoni-
cae thallus (L), Ostreae Concha (OC), Sargassum
Thallus (ST), Undaria thallus (UT), Haliotidis Concha
(HC), Codium thalli (CT), Syngnathoides biaculeatus
(SB), Hippocampus (Hc), Stichopus Stichopus (SS),
Thalli (Th)., Hizikia fusiforme thalli (HF) have been
tested.

v 9E%S AEETY vkt FX(0, 01 03, 1
mg/mL) ¢l deaA FE5E-E HBS6 MET 24 h 5
ot A3}l MTT reduction assay® AEAAE AE=E
gestodct s —r%%‘é% HAHSSWE) = #19
81 1 mg/mL ©18ke] FTZolA ME 598 ®ojA &
of HujHo R 51“3— ?l‘d"o% BYH(Figure 2). 3P4
HFAHSSWE) 8] AF UE Ui Ad 2559 vlnd
A9 0.1 mg/mLe] SEAME MFE PELE0] 15 9% ©]
R iy or 4% 548 et

olF v o R YA FEEEY $EF 01,03, 1
mg/mLE 178 th& A2 BE APt AESA
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Figure 2. Effect of marine natural products on the cell vi-
ability in HS68 cells. HS68 cells were treated with various
concentrations (0, 0.1, 0.3, 1 mg/mL) of marine natural
products for 24 h and cell viability was measured by MTT

dye reduction assay. Values are represented as mean *
SD. (n=3).

of mAE Ui A FEEES BRI EAE AE ST
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ol vhekdt QA w7 Fo| Medtri14]. €
HEA © 2 apoptosis?t A= E oA vlEZ= o}
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&3S wrol 2-d 9 (mitochondrial transmembrane
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= rpekst @il 2 Eo] mitochondriaZ B M EA (cyto-
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Figure 3. Protective effect of marine natural products on
the UVB-induced cytotoxicity. HS68 cells were exposed to
UVB (120 mJ/cm®) and treated with various concen-
trations (0, 0.1, 0.3, 1 mg/mL) of marine natural products
for additional 24 h. Viable cells were determined by MTT
reduction assay. Values are represented as mean * SD.
(n=3).

Al o] cyrochrome ¢, ©l&= ThFe 39 caspase
2 FHINA FFHOE apoptosisE wi7lEHA Ak,
2B E, olF Aol E AZAEY AEFS stz
2Z49) BE st &8 AX Ul vEEEg ot vyt
£ TMRE 338 ok AHg-8to] S48 A2l
BE ZAM 49 MMP7E30 % 3% Zad Aol 1t
o] ZAHSTWE), 227 (HCWE), ¥Z(CTWE), 3
tH(HWE) €7 F2ES 1 mg/mLE A& 15
A& MMP7} 93.38, 96.13, 94.43, 96.56 %z 277 §
AVt £EO B FEEE g AT F USUTHFigure 4).

f

re
o

UL FEEQ B 2
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Figure 4. Protective effect of marine natural products on
the UVB-induced dissipation of mitochondrial membrane
potential (MMP). HS68 cells were exposed to UVB (120
mJ/cm®) and treated with various concentrations (0, 0.3,
1 mg/mL) of marine natural products for additional 24 h.
MMP was assessed based on the TMRE fluorescence as
described in the Materials and Methods. Values are repre-
sented as mean = SD. (n=3).
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Figure 5. Inhibitory effect of marine natural products on
the UVB-induced intracellular accumulation of ROS.
HS68 cells were exposed to UVB (120 mJ) and treated
with various concentrations (0, 0.3, 1 mg/mL) of marine
natural products for additional 3 h. Infraceliular ROS levels
were monitored and calculated by DCF fluorescence as
described in the Materials and Methods. Values are repre-
sented as mean * S.D, (n=3).

494 B2 3 h HSE8 Al A e 23 X %
3 938 el AX2 57 F7F Ho B340
A Ae, & AX U BT FHEE € ?.-.k
T 9%lon ol EXMHSTWE), 4™ (HCWE), 3
ZHCTWE). 3InH(HcWE) 45 2503, 1 mg/mL)
Aoz #{A43] A4H At (Figure 5).

34. H=F FEE FE BS0H

S Bolle olg| et FAPALATE QIS &4t tigshe
FAatgl o} A AEE ZEEa 31101 2beha AE A
ate] gy E4E AZE SESte] 33 (ho-
meostasis) & FY Ol %74]3}34.1— g} o]z gk gAtksl
ylo] AlAul ghakgl g4 ogk o7 vt vl aady

Az} wrojz1 A o) F Jkx] Pl FRET{16], 53],
FAo) o3k o7 catalase (CAT) S} sueproxide
dismutase (SOD) & HRxALE & & Urh

J. Soc. Cosmet., Scientists Korea, Vol. 36, No. 1, 2010



86 #7438 - o - AR FAS - 2R

Catalase™= hydrogen peroxide® €3 At4=Z H33}
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2] heme oxygenase-1 (HO-1)°ll th3t #4lo] Folx]
I Yok HO-12 heme catabolism® 5273 @A o &
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Figure 6. Effect of marine natural products on the mRNA
expression of antioxidant enzymes. HS68 cells were treat-
ed with marine natural products (1 mg/mL) for 24 h and
total mRNA was isolated and amplified by using specific
primers indicated in the Materials and Methods. Equal
amount of mRNA loading was verified by comparing
GAPDH levels. Representative images (A) and quantita-
tive analysis of specific band/GAPDH ratio (B) were
shown. :
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