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UV Protection and Whitening Effects of Collagen Isolated
from Outer Layer of the Squid Todarodes pacificus
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To develop a whitening agent, cytotoxicity of the soluble collagen isolated from Todarodes pacificus (CIT)
was evaluated. CIT tested for cytotoxicity on human dermal fibroblast (CCD-986sk) was exhibited very
low cytotoxicity. Because tyrosinase is the key enzyme for melanin biosynthesis, the use of various tyrosinase
inhibitors is a common practice for whitening purpose in cosmetics. Tyrosinase inhibitory activity and
melanin production assay were measured to confirm the whitening effect. The inhibitory effect of MMP-1
in UV-irradiated human dermal fibroblast was also performed. CIT showed strong inhibition potency on
tyrosinase by 51.5% at 0.2 mg/mL which increased the inhibition by increasing the concentration of CIT,
and showed 69.1% inhibition at 1.0 mg/mL. CIT showed strong inhibition effect on melanin production
with 82% at 1.0 mg/mL. The CIT also reduced about 76% expression of MMP-1 in UV-irradiated CCD-986sk
cell at 1.0 mg/mL. From the preliminary observations, we suggest that the collagen isolated from CIT could
be a potential source of natural skin-whitening and anti-aging agents for the photo-damaged skin.
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ARFEE DL e EFAL 2 SolA] oA dojAa Y=
t], acid soluble®] & 4143 71E 1 kgoll A 12 gitel] A&
g glom, 8ol 224d § 754 AA 5 Hxe BHo)
ERSA ZEAlS &3 HlEo] Bo] B, 3k A3
e S e dle B Azl AAgS & 5 Ao (Park,
2000). ©] A2} 3 2-& A3t 7)1 AFelA FabE 7
FAE-E o] gate] R wd) o =g} wha] "l AlH) Wil A 9]
e A A FF o7 A48 ascorbic acid®) citrie
acid &4-& o] &3 A Fatal gheFo] B2 catfish 72 A
T4 ZEA As FE5 A5 YA vk Jo Jung
et al, 2000). - S=3he Aldo] Eej7td wel 53 5= gl
=3} @adol WA =3} (intrinsic aging)2} 217 =3} (extrinsic
aging)= R &HedE Ao 22 oy 711 23
4000 JEFE ] g 19AQ] 2Ho) HnF Fo)3t}
(Gilchrest, 1989). YWt o2 ZuF9) oF 90%E 2}A|&aL
AU RIS o) FEe}t AH S Fojsie] 7o) 2]
W o2 RE B E Bishs 98 ) el g
W e s 950 ko) vl LA BAE 7HA
31 T} (Huang et al, 1997). 332 2F9)A 5 o] ~E7q)
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2 o] 4EshE Eade) oF BRE TAsE 71d BA
I Sepdlo] #37t fcth Fehal Bal7t Iy gl net 38
o] ZlojAaL go] 2w o} MBI} XA AL FHo| Axo]
& s BT (Gilchrest, 1989). welx] Zalae £33}
B4 (matrix metalloproteinases: MMPs)2] &AL A5}
At 48 Ashe W4 3o gl sl 248 o) g
st 9B AEZE REIHE =89S 33 YTh (Bernstein
and Chen, 1994). 5 9] 7}22 AAF YAF7o) whe}
AT MR FE geo] ol ReH HR FRo| BEF
Avk Z44F Wl A4 o) do] AA AdA A4S
gio] QA BT 4 o] gy ool AN 2}
FolAl "tk wEbA B¥ e ZEEo] A gTiE =
Ae IF B g AYr)se] A3 9k AL o)
Al #T} (Serup, 1995). o]9Jol = & w=35}7} o ula}
i FAZE gkl an, A9 A ZAbe)] oe) sk 7AW Al
S depdo] AAMER &8 Hug vRao] sl
AFHAA Hrt. 0|23 W3S Fa e o B w39
BEE A5 5 glonz 9o Ydts) Be sy
T8 A7t @ F AT (Peter, 1994). T3 219 Ao]| Zo)
A8 HT melanin 427} 9 Rol| Fo}alA HFEo] Hie
shii 9 RE4S 2854 Do) (Park and Kim, 1995), 22
ol# gk AF =3 WA9} AE Y8 B £4E HRE
3| EA1717] 43K melanin ) 49) HAE oJRshs B B3}
o] #ilo] S71E AL 0™ melanin A4 9] AL 2] 9)5)
o tyrosinase®l T3 T4 7AAG3IH T} Tyrosine & Z5E
melanin®] AN A 71 F 23 SAI= tyrosinased] vt
&5 B3t ol %7) b3 (Hearing and Tsukamoto,
1991)2. 24 tyrosine®] hydroxyl”] & #ZA|A 3 4-dihydroxy
phenylalanine (DOPA)E A4t} (Jimenez-Cervantes et al.,
1994). o]oll we} o] W3- A 54A H'H melanin AFFL
AAE 4= ATk ©]EM tyrosinase’} melanin A A 33 o) A
T2 98E v & 5 o}k old wet B AvAn
A2 tyrosinase A A A3 uvel g 2o S
S EHE AFs FAFQ VR v FHRE Yolr

7] s1std A+E AASAT

N
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ME % gy
AESl %5 % =22
T84 S Junge] AHE-E W (Jung et al,, 2000)0.2

wE R AFEE U FaolM o83 @ Aol (Todarodes
pacificusyE 2ol FHloA filletS Tl Y BRI gkin
= AFHEY 1AZE ANEE FE 59 3% H,0, 01N
NaOH &40l 20%2] N85 YWx vl Feta 5242 Qo
Sl citric acid$} ascorbic acidE 7}-&-3}5te] WA o]3)
o] 2xox EFghA AL Axd T FASS HAsHY

HE 2 Alet

Enzyme-linked immunosorvent assay (ELISA)E ¢35l Al-8-%

MMP-1¢]] OIS+ 12} A9} alkaline phosphatase”} AHE 23}
A= Sigma ChemicalA 2 RE FY&te] AR89 Human
dermal fibroblasts (HDFs)= CCD-986sk 0.2 Fh=- A E 523
(KCLB)EZFH 52 Ae2 7U3FH9 . E3 melanocyte?]
Clone-M3 (KCLB No. 10053.)= A EZF &30 2 HE
SAZHE FHAAT FRAETFLYoRZREH Ty
HDF$} Clone-M3 cellS- 27k DMEMS}F RPMI1640 iAo
10% fetal bovine serum (FBS, Hyclone), 1% penicillin-
streptomycing 715t 37T, 5% CO, ZAS} oA vl 4ste]
AREEA T 2 9] A AMEE RE AlGER
ChemicalAtoll A F-43te] A}-g-8FA Tt

Mz =M

ML 5L 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl- tetra-
zolium bromide (MTT) A|2FS o] &5t X =8-S SA3}
T Mosmann®¥'H (Mosmann, 1983)& ¥ & 3ta] A A5t}
CCD-986sk A EZ 2x10° cells/well F%F 96-well platecl] 7
T A welldll A E T3l CO, v F7)o A 244131
A3 T MTT &9 (5 ug/mL)S A7V 4417 & A4
28l 45 A4S AASIL 10 4L 0.04 N HCV isopropanol
A7 e & FEN formazan®] £EEEE 3] micro
plate reader= 565 nmol A &FL=E =AYt

Sigma

=3

o FMz

UVA X2/ 0|8 MVP-1 &8l X3l S (ELISAH)

CCD-986skS 1.5x107 cells/mL2] FX=2 35 mm disholl 2}
80%2] confluency®ll =28 wWj7}A] w3l HTh UV ZAF ol
A E AAT ¥ PBSE A3t A U] serum GE-2
A A Uhg UV 5 (Coralife, 35W, UV)oll HEJE ©]-&3}
UVA (6.3 Jem?)E 24X 7F ZAFSITE UVA RAF & nj o) 2]
T FBSE #7184 @-& DMEM HlA] @A) f2) S
FE2ES ImgmlLe FEZ T3t 244)7F vt
A 241 93 f=5= MMP-1 238 % 4L Dunsmore
o] A18-8F W (Dunsmore et al, 1996)S A A 3lH T UVA
ZAL & A EE A5t 24A1F v S WX E 96 well
platedll EF3ld 4T A overnightdte] WH-2-3} ¢t TBS
(phosphate buffered saline+0.05% Tween 20)Z 33] A& 35}aL
3% PBSE 37Tl A 1417 T2l blocking ¥ ¥, 13 I
(monoclonal anti-MMP-1 antibody)E- blocking bufferZ. 1:3,000
o2 33l AHstar 37ClA 90 mingt WH3-A1Z{ T} PBS
2 Al A v 22} A (alkaline phosphatase conjugated Goat
anti-mouse IgG)E blocking bufferdl] 1:3,000°.2 3]4)3}e] ]
2JstaL, 37CAA 9083 WH-AIZ] ¥ PBSE AHE thd
alkaline phosphatase 7] &89 (1 mg/mL, p-mitrophenyl pho-
sphate in diethanolamine bufferyS H7}3lo] -2 3087+
HEZAIZTE 3N NaOHZE ¥H8-& ¢-33] XA & micro

plate reader® AME-SFSY 405 nmolA FFE=Z2 =A &0}
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33T} 150 #L9) mushroom tyrosinase-150 unit (Sigma Chemi-
cal Co.), 225 L (2.5 umM)2] L-tyrosine, 225 1L2 04 M
Hepes buffer (pH 6.8), 18] 3L 300 «L2} ethanol &¢ Z-&
A& (1 mg/mL)&A-S 412 & wjdA 1587 wjFe 3
475 mmoll A FBEE 7M7) SAe QAEHE YES 2y
o} Tyrosinase®] AAF =+ gt 2o] =45

Tyrosinase inhibition (%)= (D-C)-(B-A)(D-C)x100

paiis

A%} BE 47 AEE 7HA = S99 vk A wjg Fo
450, o} D 242 A8 E ¥R ke &9 (7]F &)
o] WA ek $o FFEolt} o]E tyrosinase A T}
10022 el o 2143 JAE 9n)sin, oY o) 3

AAE A Tete AL oln @,

Clone-M3 MZ=ZFE Haf ddg 5

#l 52 melanocyteQ! Clone-M3 A E= dabd-S QA gch
(Choi et al,, 2006). Melanin> ¥3] 7} 4 %] 23+ melano-
cytet] €] 47|21 melanosomeoll A MFAEH o] 7pAHB
A Fdte] FAEE =20 ZTH melanin®] AAES v
& 4 31T} (Lim et al, 2006). Wb E 370 4 Clone-M3
AZ HAF F 347 A8 A F RS AAS L XS
PBSE AlH % 2 well & 1 mL9] 1N NaOHE 78l bt
of Mk gaete Wahd RS o] oA sl 7hA
B AU F P gge] g8 FEA JPARA el

400 o) ERTE Z4ste] YL vlwact

A
SPSS package program®] paired T-test2 FAA3H o B E
datav B + 3% 5 23} (mean=standard error)® LFERA QATH

ir

Z#3n 9 pE

= = =

FE TE
12 W Feha B2 AA F EFe e 89.4%9] EL
TEE e e 23 W) el £2) A §F delge
BL3%E %& &S YEhllth ole FolA 75l 23t
= el viste 458 E2 el V& 04?(Jung et
5 2000)]1 P4 THE MRS o Fell M o) & 81.7%9
Hl~6¥ —’Ffoi g FeEh FAAES VhE e EA

MZ =4 53

2o AA ¥ AL 0.1 mg/mLolA 1.0 mg/mL7HA)
haksl = -1373}37_ 48X 7} Hjokst ¥ MTTH o g
Azl BEES BB Fig. 1004 B v} o] Hx

xx9 10mg/mL4 FEAA 27 FHE o)z} e}
WA stor HAFEEQ 02 mgmLoAE §2HQ] 2ol =
Holz) giskrh. g Mxo] Fejetsd Wsls 20 5ok B
e A7 Fig. 30 vEb nke) Zo]l HTEE 1.0 mg/mLo
ZeH Al Aol A @8Nt 2o B Kol
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Fig. 1. The effect of commercial collagen (type 1) and collagen
isolated from Todarodes pacificus (CIT) on the viability of
human dermal fibroblast (CCD-986sk). The results were
expressed as the average of triplicate samples. The values
represent the mean=SD. Symbol @ represents collagen type
I. Symbol M represents CIT.
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Fig. 2. Effect of collagen isolated from Todarodes pacificus
on the production of MMP-1 in UVA-irradiated human dermal
fibroblast (CCD-986sk). The results were expressed as the
average of triplicate samples. The values represent the mean+
SD.

Tt o)9} o A AEFFANM FTFAL A =
VERA) e Ao S8 5 glorn 7)Ee] Za
AA ko] 2k Al Mojeha o g Rakgo] Hube 218 Sk

P
&= ZA3}o)T} (Cui et al.,, 2005).
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UVA AZ|E 0|28t MMP-1 &8 Xalf St
g o] Pl Qo] FaF 9YE Hetn
MMP-12] &2 UVA©] efsf Al ZolA JNK/p38 %
7VEkaL HARIARR] AP-19] BAET} FUHE =
53] MMP-1 28-S Z7HA1A FHE A g EA
gk ¢4 Ath (Chun et al, 2000). ©]# 3 UVA
o 93] Wdo| F7tEE MMP-19l] FIZ|E o] AR #
ZepAle] &S ¢olr 312 HDFsoll UVAE ZA}SHaL A2
£ #Hrbeto] 24417 wiFsE & MMP-1 B Aa] &i4E
FLISAZ Z733l9t) 2L 27 X85 H/Ble & o&3o
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Fig. 3. Comparison of cell morphology in dermal fibroblast cells (CCD-98

Todarodes pacificus and non-collagen at 20th day.

HeERHATE 3 ZX A B3k g2 A8 2 0.1 mg/
mLe FEANME L EH7) 79.1%2 Yo %S FR AT
B JeE & F Uh FHNEF R ALF ascorbic
acid®] 7% 0.2 mg/mL2) F% oA 425%2) EHE B}
0.6 mgmLel F=8 277} 04 mgmLe) F=9] Aol v
A b A5 AL FE oEFog A o] F7}
3 o)== vEbd 94k MM #83 &2 A
I M A ol wYd R HPte R-H AEY A
21 UVAS] o) 2AE 73] AE afHog AAFGew
A MMP-12] &S G3Ho 7 243 Folg Al
ol Ao A= o)d FHA 1 Bl =& E AEFY
AAS 2AAA Balete $58 wad due 2Y18)2
HE dE o = Zdoln 2n] Nz Ui A-49 st
UVERY o7|de wdde] 5t g vlolxn] ojzH Ry
Azt ZeAel =259 MMP-19] w3 o] v& A3 = o
wgAe g FAATGE AMEE AT = YA} &
A7+A] B8 7 MMP A 3| A4 & metalloproteinases-2 (TIMP-2)
24 A A7F dedl, 718 AZoA BEulEe 715 MMP
TEA A AR A3t MMpel A3 E wrgow

-
@l Balso) Wojth BF LA £ Hie wdd
Zo) B2 AT FELY A5o] 2P At E ATY
& 9% Aot

Tyrosinase X &1}

Wi gBo X NMEU tyrosinaseB= &40 AEA
HA ol A g5 01X ™ (Invergar and McEvily, 1992), 224,
AE, % 2% Td Uig IR ALHS F9FAD, Jx
& dapd AL AA O Vv, 2, HAUA T3 e

L
=

6sk) with collagen (1.0 mg/mL) isolated from

A FEE doya, R &4 FAAZT 1
SR AFheA v ERE ZA = ul$- F28
g B dFAe 2o AA=RE 2ue &
tyrosinase®l] T3l 28-S Lol 1A} A|EE 1.0mgmlLe] &
T2 37} P& o) AES hxT thE Table 19 Y&}
WAt FobA] fa Z2HA type 19 B9HL =Y 1.0
mg/mLAA 72%9] AL BgPom CITS 7% 69%E
T Feha9 tyrosinase A3 #3E oA CITZ} 3% o]
o] FolHS BAAE 4 Uk ol AZHEY 3 744
Bt} efitel] 84991 o] HANA Fefgk Fpallo] vy
AL O] Hold-g orlsiH i FeHoR Qg oHY
5 1T AEE STl B & slowe Al Rk
H, 7]1F tyrosinase A3 &AL H=3haky g4kl a9
AAA 7} A=) (Ra et al, 1997), ¥ A7 = He gF
o] A& R ddEe Fehi AN Mg do] A
Ukt ol Aol M &S Sl 7189 P8R
Zole 9 FEAH FES Xo|2A Ao FEhale
A ol &e e 17t 8FHh
Hepd MMzl =5

Clone-M3 M| ZF9] "ol AT EAN 28 FEo A
dzld AT AE YEL) o)X E G dolrr] 9
3t 0.2, 0.4, 0.8 mg/mL¥ Hi1EE2) 1.0 mg/mLe] FE
347 AEstAt. A7 29 NEAEET A W
go] daid BAES Ao ) 49 749 02 mgmL
9 F=HH 1.0mgmlLe] F= 7+A] ZHzZ} 99.6%, 89.1%,
86.1%, 84.1%, 82.5%7+7A A& stAth. tZ< ascorbic acid
HAAEE9 02mgmLy FEAX 90.7%E CITS A% S

73
kis
)\o].

Table 1. Inhibitory effects of collagen isolated from the Todarodes pacificus against the in vitro melanin synthesis by tyrosinase.
The CIT is collagen isolated from Todarodes pacificus. Each data represents mean=SE (n=6). Significant differences from

extracts are indicated by *p<0.05, **p<0.01 and **p<0.001

Inhibition effect (%)

Samples

0.2 mg/mL 0.4 mg/mL 0.6 mg/mL 0.8 mg/mL 1.0 mg/mL
Coliagen type 1 61.5+0.40* 64.8+0.10* 70.0£0.50™* 71.74£0.06** 72.1+£0.06**
CIT 51.5+0.21*"* 58.7+0.20% 66.410.4* 68.4+0.06* 69.4+0.60*
Ascorbic acid 68.1+0.30* 68.7+0.21 69.4+0.30™* 70.1+0.30* 70.8+0.30%
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Table 2. Effects of collagen isolated from Todarodes pacificus
(CIT) on melanin production in Clone-M3 cells. Melanin
content of vehicle was set to 100%. Each value was expressed
as mean+SD (n=3). The CIT is collagen isolated from
Todarodes pacificus

Concentrations Melanin production
Samples (mg/mL) (%)
0.2 99.6+0.7
0.4 89.1+1.1
CIT 0.6 86.1+£3.5
0.8 84.114.6
1.0 82.5+0.9
0.2 99.7+£2.0
0.4 90.7+4.0
Collagen type 1 0.6 87.5+4.0
0.8 85.1+£3.7
1.0 84.0+2.2
0.2 90.71£0.6
04 90025
Ascorbic acid 0.6 87.5+3.7
0.8 86.7+2.1
1.0 86.7+1.8

A type 1 FEpARG FAHAE ZAAE JeRARCY 06
mg/mLF-H HILFE2 1.0 mg/mL7tx 2] a7l Aqzshe]
F 1 86.7%% CITS Algk Fol| BIste] m|v|3 A%S el
Atk o] Adte depd YL FoHA A EFA L yrolo}
ste guuA| 2o 7Fd Ao F ZetAo] Bist
© Ao FAFHARTH o= 10059 FaF 2ES 235}
o daid YAHS =4 712 AF A (Kim et al,
2006)H T} g A4S el Aol dxEdeH
AM8-2 ascorbic acidH T =& Akd A4 AL A
NMEZL A4 vy G042 B8 7154 Bt

A AL
A87)e 8 A4 (RTI05-01-02) A
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