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Evaluation of Cosmeceutical Properties of Fish Skin By-product
Hydrolysates Collected During Surimi Manufacturing Process
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This study investigated the cosmetic effects of enzymatic hydrolytes of an aquatic by-product, fish skin. The skins of
olive flounder Paralichthys olivaceus (PO) and Alaska pollock Gadus chalcogrammus (AP) were hydrolyzed using
pepsin, Alcalase, and Protemax. Three enzymatic hydrolytes were obtained and the inhibitory effects of these hydro-
lytes on the aging-related enzymes tyrosinase, elastase, and collagenase were determined. The results indicated that
the pepsin hydrolytes of PO and PA had stronger activities than the other hydrolytes. PO and PA also significantly
reduced the intracellular reactive oxygen species levels in and improved the viability of H,O,-treated Vero cells;
decreased nitric oxide production by and increased the cell viability of lipopolysaccharide-treated RAW 264.7 cells;
and reduced intracellular reactive oxygen species levels and improved the viability of ultraviolet B irradiated HaCaT
cells and human dermal fibroblasts. Furthermore, PO and PA remarkably reduced the intra- and extracellular melanin
contents of alpha-melanocyte-stimulating hormone-stimulated B16F10 cells. These results demonstrate that PO and
PA have potential for use in the cosmetic industry.
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A EAAGE0] A% ) ™ (Sadowska et al., 2003; Kit-
tiphattanabawon et al., 2005; Nalinanon et al., 2007), ©13]
& SS9 thelRt g Sol et A H-E= BaE ]l
(Jia et al., 2010; Gu et al., 2011; Baehaki et al., 2015). FE3} o]
1 froff Fepe] E aE AR S flske] njH, B
5 957154 A At e Ith(Wood et al., 2008;
Hayashi et al., 2011; Hou et al., 2011; Hou et al., 2012). o] ¢
ol 2 Aol AAE L 9l Fol (Paralichthys
olivaceus) A52] FAHEQl o] oj e} Fujof| A S22 A4
11 1= WEl(Gadus chalcogrammus) $1-8-2] F-AHE<1 THEl o]
& il fejasg rkeafistal o] 59| sHE AXE
A 7FsdE B8] fleke] Hatel, A, rlH, =54
55 Bt

B Aot 2 Rz
ARAA ARG Yol ofziol He ofalt HLAFEE o

£32(Teju, Korea) =R AWk, o|F AHs
Fol, W 1)1 AES Ak P Belste] 2
Z T ARSI aavReEdlo] AREE alcalase?} prota-
mex+= Novozyme Co. (Bagsvard, Denmark)of| 4] <0l 3} 1,
pepsin, mushroom tyrosinase, (-) - Epigallocatechin gallate
(EGCG), arbutin, dimethyl sulfoxide (DMSO), N-succinyl-
Ala-Ala-Ala-p-nitroanilide, Elastase from porcine pancreas,
Azo dye-impregnated collagen, collagenase, 3 - (4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide ~(MTT),
2,2-azobis-(2-amidinopropane) dihydrochloride (AAPH), Li-
popolysaccharides (LPS), 2’, 7-dichlorodihydroflurescin di-
acetate (DCFH-DA), alpha-melanocyte-stimulating hormone
(a-MSH), Hydrogen peroxide solution (H,0,), 1 X phosphate
buffered saline (PBS)+= sigma-aldrich (St. Louis, MO, USA)
o A F+J 3l AR8-8} T} Dulbecco’s modified Eagle medi-
um (DMEM), Roswell Park Memorial Institute (RPMI-1640)
medium, Ham’s Nutrient Mixtures medium (F-12), penicillin/
streptomycin, fetal bovine serum (FBS)= Gibco BRL (Life
Technologies, Burlington, ON, Canada)of|A] G- 3}o] A-8-3}
ek 7 9] 71ek AlORE BA§ 5] Aok AHgatsi
oo 7teEsliE ME

EAAZE o35 0.5%0.5 cm o]5}e] A7| 2 B4 ¥, A=
thu] 1%9] Hl& 2 a5 Hristo] a4l 2204 24
AlZHs <t 7 Raliat o, EA47keEE-2 10,000 rpmo]l
A1 2027 A4 Eelste] A5 S Aol shalar, of ik 7t
TEHESS 100°CY 2204 15258 B243E A
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off AFg5}5Ck Aol AHg5l A 22| ofoli= o] ]3] pepsin
7FEE5l=(PO), 3Fo] 19| alcalase 7H==3=(PA), ol o
] protamex 7<= 3l=(PTO), " 13 pepsin 723l =
(PA), ] ]3] alcalase 7123 E(AA), HE] ©]3] protamex
P BB PTA)Y 20

Tyrosinase sl &4

Tyrosinase A3} 2442 Heo et al. (2009)2] YH-2- 0]-8-3]
o] 2433t} 96 well plateo]] 40 pL2] 1.5 mM tyrosinase
9} 140 uL9] 50 mM phosphate buffer (pH 6.5)= I3+ %, 10
uL2] mushroom tyrosinase (1000 units/mL)2 & 2|3} %I T}, o]
10 uLo] Al&E A 2jgh ] 37°CollA] 12871 ¥hg- & 5°Ce]l
A 5EZE WA Al A AAaRRS-S AR AZ] - microplate reader
(BioTek Synergy HT, Woburn, MA, USA)E ©]-&35}o] 490
nmel 4§22 S5l

Elastase sl &

Elastase #13l] &2 Kraunsoe et al. (1996)2] WS ufet
2431t 50 pLo] A= 2} 650 uLe] 1.015 mM N-succinyl-
Ala-Ala-Ala-p-nitroanilide (dissolved in Tris-HCI, pH 8.0)
S E3tsl 25°CoflA] 1087t RESAIF L ¥ 5 50 ple]
elastase solution (0.0375 units/mL)S #&]5}o] 25°Cof|A] 10
E7F WS- 3 microplate readers ©]-8-5}0] 410 nmoj|A] &%
=5 S5k

Collagenase Mafi &4

Collagenase #] 3] €3> Wang et al. (2018a)2] WIS wlet
=431tk 1 mg9] azo dye-impregnated collagen2- 800 pL
2] 0.1 M Tris-HCI (pH 7.0)°]| 3521 % 100 uL2] collagenase
solution (200 unit/mL)3} 100 pL 2] A| 25 =513 32 43°Co||
A 1A 7HsoF wHls ¥-3-A1ZiTh, UhS- 5 microplate reader
£ 0]8:5}0] 410 nmelq FHES S5 elc
MIZ HHQS

Monkey kidney fibroblast cell (Vero cell)2 A2
S(Korean cell line bank, KCLB, Seoul, Korea) 10% FBS,
1% antibiotice X35k= RPMI vijX|& AME-5lo] vjeFalsl
11, Murine macrophage cell line (RAW 264.7)3} HaCaT-2
KCLBef|4, BI6F10 mouse melanoma cells (ATCC® CRL-
6475™)2 ATCC (American type culture collection; Manas-
sas, VA, USA)ollA] Ftufjsle], 10% FBS, 1% antibiotics $F
43t DMEM 8 #]¢] 8foF5}9th. Human dermal fibroblast
cell (HDF; ATCC® PCS20101™)2 ATCCof|A F-ufs}$le
, DMEM} F-12& 3:1 °]&2 &35t = 10% FBS, 1%
antibioticE 7}sto] i kel AR&-sFGITh Al 252 37°C, 5%
CO, incubator (Sanyo MCO-18AIC CO, Incubator, Morigu-
chi, Japan) Af| /el o whe} A of v Fsto] A7 of] ARE-5FT.
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195, FBS7F ] %) ok x| 2 A g 5 A=
OFoH &

Folch 2417F 3 UVBE 50 ml/em? 2AFS1S1 3L, 484
3} procollagen type T

OF3 93\
o 1=
protein synthesis kit (TaKaRa Bio, Kusatsu, Japan)E ©]-8-5}
AN

=

24
Alcalase®} protamex+= T 2] 01 AF]-g- v 2] B
=]

=z
o) AT Qo off % o]e] RAES 4
Adtate] Fetale] 482

HHO

o] Alg-%| 31 )tk (Herpandi et al., 2012). E3t
T =
ZRAZITEAL A A lo] HALS o] -3t ZahAl AT

Mol AEH AT REE MEESST} A|ZE
) ] = g5
512 =2 0 RSO = =
Vero cellof A Atehs] AEHAS fie - A== AEEE S 7} o} vjoFaleit. o] j
A2 Wang et al. (2018b)2] ¥ o] @3lo] H7}agict. uf
oF=] Vero cell2 1 X 10° cells/well9] =2 25511, 1647 o ) ) o .
_ kO =A5lol
B AREE S U A 200 7 Ampands g e TS CRES TE S, MMP | Fise
E22(10 mM AAPH, | mM H,0.)% 10 L H2j}e] 37°C K ; OE]G ealt Hc:;eak gﬁsier;c;s; };eéir, evon, UK)E 0|8
- [ VIMP- = 580 .
9] incubatoro]| A 24 A1 7F S0t vl ekt vjeF & MTT solu- srew oA
tion (2 mg/mL)S 50 uLA& A )3t ¥ 3A]7F uf ksl ar, A Melanin 44 9x| 24
Qj% ﬂ ?alﬂ ]?MSO (dimeth};l Sulfffide)% o]-g-s}of ;‘:‘3 BI6F104| 204 AJEZ 9 melanin 3 4L ¢Js}o]
T2 jjodmmplate reader ©|-8:5101 540 nmelA 2y 05 elig/well® H5t0] 2447 HlOF 2 50 nMS] o-MSH
=g Skt (Melanocyte stimulating hormone)@} Al 2& & 2]5}0] 72A|7F
Reactive oxygen species (ROS) Md x| &4 et ujekatolct. o] F ujx|E 3l4=5to] 10,000 rpmol| 4] 105
O] Al H o] 3} B AFZoHO < :
Aboh AEesol olsh AlE B4 ROS el wap - SAEEEl TGS 90 wel plarl] %7 mictoplate
= 2= = o 5 . readerg ©]-8-510f 540 nmol| A SH=E SAoFch A= W
£ ZA3517] 95to] Vero cell2 1 x 10° cells/well 2 253} = . _ _ _
5% CO., 37°C] incubatorol| 4] 2447k WiCFSto] AR = melanin 5 545 9Isto] v A= wix]E AlAsIL
G S o PBSE 4] 5 500 rpmoil 4] 5E 52k Q415 31931 10%
=R AEsigct 308 A7 & ARAEY A FEEE(10 N L= o
6 =1 a1= . DMSO7} 7= 1IN NaOH-891-2 A 7}510] 80°Col|A] 1417+
mM AAPH, 1 mM H,0,)Z #2|5}%13L, incubatorof A 30+ ol Uh9A] 7] 5 490 nmol 4] ETEE =45t
- O = [e}
7F8k2-A171 5 0.05% DCFH-DAZ 10 uL A2jata 1057k wr 0 v o T MR e mma =7e oA
$-A]171 3 fluorescence microplate readerE- ©]-8-5}] excita- SHEAN
el 1A, SPSS Version 14 program= AME-3}9] Oneway
ANOVA-test= AAsF3T =5 7] 94 A5 Tur-
° key's testol] 2]l P<0.01, 0.05, 0.10]| 4] AA5}-ct.
Zo o o
oo 7teEoi=2 Tyrosinase Maf 2
3 AR
= 3st7] 9
Al b
%
s

Nitric oxide (NO) A XMaff &4
NO A4 A3l &4 H7l= Kim et al. (2013)9] & whe}
RAW 264.7 J]EZ=1 X 10° cells/well 2 E-535F11 16A]7F 5] A
25 A g5, 1A7FFH | LPS (1 pg/mL)E A 2]3}¢] incuba-
torof| A 24417t 54k v eFsATE. o] 2 7} well9] %] 100
Tl Ao A 105 59 53
7458159 telopeptide
=

S35t
Table 1. Optimum digestion conditions as per each enzyme used

UL} griess A 2F 100 pLE &5}3t
AlA 540 nmoll A FB =5 S48
Ultraviolet B (UVB) ZAL0f| /8t ROS 4 Xoff &4
HaCaT cellZ} HDF cell2- 48 well plateof 4 x 10* cells/well
B F5oto] 24417 vl F & FBSE H7161A] 92 v A 2wt
Sho] 24A17F 3 ajoFst ATt Al =5 A 2fstar 124)7F 3 v A
= A)75}k PBSE A 2319, 1 5 PBS 200 L2 7} well
of £ & UVB meter (UV Lamp, VL-6LM, Vilber Lourmat,
France)2 UVBE 30, 50 mJ/cm’Z ZASFIE UVB AL & and relevant abbreviations.
PBSE A|ASIL v A 2 wekgt & A 25 A 2stich. vi ey & Optimum condition
MTT solution (2 mg/mL)Z 50 pLA 2 2|_t 5 3417 wlj s} Species Enzyme Temperature Abbreviation
931, AF=oNL #7313 DMSO (dimethyl sulfoxide)S o]& P (°C)
sto] &S =<1 F microplate readers ©]-8-51°1 540 nm Olive flounder  PePsin -~ 2.0 37 PO
oA FFEE A Paralichthys ~ Alcalase 8.0 50 AO
. = = = . olivaceus skin

Ultraviolet B (UVB) ZAI & Z2tl &Hd& 3! Matrix Protamex 6.0 40 PTO

o An| 2y =4 Alaska pollack  Fepsin 2.0 37 PA

Gadus chalco- Alcalase 8.0 50 AA
s 510 24 :
el grammusskin - protamex 60 40 PTA

metalloproteinase (MMP)-1 &
48 well plate©]] HDF cell= 5 x 10* cells/well 2
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©
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c
S
©
O 0
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Fig. 1. Fish skin hydrolysates inhibits commercial tyrosinase,

elastase, and collagenase. The inhibitory effects of fish skin hy-
drolysates on (A) tyrosinase activity; (B) elastase activity; and (C)
collagenase activity. The experiments were conducted in triplicate,
and the data are expressed as the means+standard error (SE).

S ko o] L7} | 1% v} Qlth(Nagai and Suzuki, 2002; Jong-
jarconrak ctal,, 2005). k4] 5 Fojo} e o} o) Ze}

Ao AkIZ] BL-S ol5}od alcalase, protamex “L¥] 31 pepsin
2 o] L3}o] oM 2 7hRafatga, A9S Aayskact

Az & F2fj3t o], HEl o]9]E pepsin, alcalase, protamex
548 0| §5to] 229] R} pH 20A] 2442} 53F 7}
pfsiston A% 84 ofal FeolE Ay

2 Table 19 WEFQIE) Tyrosinase= A 4xAl|3E ol A A5
AbeREgoll ofste] Wehd Aol ofsts marolm Aol
w AFshkgol ofstol SAIstEE AlATRS dogitk o
4] Qlth(Hearing and Jiménez, 1987; Prota, 2012). o]&} &+
o] tyrosinase A3l &4 A7fj= 7 F D]HH A= AJLE 49
o B 477 150 kol iR S i
Aol &4d-& 543 A3h= Fig. 1A ‘%EM L, =

&= - Ads

© 2 95 ng/mLe] arbutin¥} H| w3}t 7HE
FEOEA 0 F tyrosinase A8l /o] F7sH=
o, 100 pg/mLe] POE A 2|5}9S uf 37.43%2)] tyrosi-
nase A|sf /42 UeRf St} PAL PTO= 100 pg/mLe] &
ol A] Zk2F 30.20%2} 26.74%2] A8l B3-S e gict.
g o]m] 7HRaE2l100 pg/mLo| koA ZH2t 28.90%,
28.59%, 26.21% (PA, AA, PTA)Z PASt AA7} G-AFeE EH4
< Yepfi= AS gR1E 4= stk slflE fEe] Sl
3l ZhAl(Abdillah et al., 2017), 274 G2 47145
&l (Park et al., 2005) 24 o] -2 Z2Hl(Kwon et al., 2008)
5 thofet A4S 8-8-3}0] tyrosinase A 3] 24 A7 288 E
%At} Kim et al. (2009)0]] W= pepsin 7H8-4 Aol 44 Fet
7“74 pepsin 74 Aol 8-22] ZabAl 2] tyrosinase A —aH 14
£ 100 pg/mL2] =0l A 10.33%2} 11.07%2] 4582 e}
q1 1, Nakchum and Kim (2016)2] ¢1510] w23 @ o] 4
A Fepd 7kl ARA REE2 1 mg/mLo] Fkof
A1 39.65%2] tyrosinase A3l &3-S LrEFU o] Fof o} T E o]
u] 54 7hallEo] 93t tyrosinase A3 2d& UE =
Ao 2 ek

BEEL BE

Ao e

=24 E ofO] 7teEeiE2
Xofl &4

Blastase= 53-0] 2404 189725 B4eo] 1
Here o o ’8}‘— elastin} collagen T S Bafjsl= G4
2 vj5o] £8 44T B 448 SRt diA o
(Imokawa et al,, 1995). &3t collagenases= collagens: 501 4]

2 BNy BARA] BRee S HolEeltn B E
tH(Nagase, 1996). a4 ¥ o]¥] 7}E3E552] elastase A 5]
242 Bt 20 Fig. 1Bo] tehfiglon, pgrhaao
2 45 pg/mL 2] EGCGE AME31T) 7} Bal s s o]
zRog 74 3 EAJo] EolR| = AFFS B G on, E3] pepsin
7}2=Ba)E0] POS} PAQ] 7} =& =10l 200 pg/mLoA
25.06%2} 22.90%2] #Jal 22 LFEF ATt SHAINE & of
Z-¢1 EGCG9| AJsf& 68.19% Hrbe W A Helr
PA, PTO, AA, PTAO| A= % 231 59 200 ug/mLoﬂ H
15% ol4F A3 BAE Hol ket of7) 4bal 2 s
collagenase |8l 2d-> Fig. 1Ce]| ‘«}E‘r‘ﬂ omn, 3 01 OM 7}
2 FAAE PO, e of5] J14-2ekE AN PAVE
200 ug/mu e 1z o] A 44.30%2} 38. 53%4 AsheS Lrehy]

R B4 WERH 1T pepsin 7184 Ao =1

j’%pepsin 718/ dols 22 Febll 9 elastase A5l 2 (Kim
etal., 2009)2 0.5 mg/mL2] 5ol A 51.11%2} 13.33%= 3%
ofo} we o}]2] pepsin 714-2a)Eo] S5 AT L 1}
Ell= Ao & 2Q1% Q). Tyrosinase, elastase, collagenase
o] 4 ABIEA shol At Fojo} Wy ofu] FlrohE
pepsin 7}EaflEo] Spgt AiAfsE g o] 2lE o] PAQ}

| elastase®t collagenase

ol
-

>
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(A 120
025 pg/mL 050 ug/mL 100 pg/mL
110
9 #H
= 100 |
[
3 . E
» L
8 90
o
% 80
3
g 70+t
=
60
50 L L L
Control 0 PO PA
AAPH (10 mM)
(C) 120
025 pg/mL 050 ug/mL 100 pg/mL
110
= #
X
< 100 -
] . .
7 =
» L
8 90 .
14
% 80
©
o
g 70
£
60
50 1 1 1
Control 0 PO PA
H,0, (1 mM)

A

o,

(B) 120
025 pg/mL 050 pg/mL E100 pg/mL
110
100 |
S
> 9 f
=
8
> 80 f
[
(&) * .
70
#H
o | i
50 L L L
Control 0 PO PA
AAPH (10 mM)
(D) 120
025 pg/mL 050 pg/mL E100 pg/mL
110
100 E
S
> 990
=
8
> s -
[
o *
70 * *
"l T ﬂ
1 L 1 1
Control 0 PO PA
H,0, (1 mM)

Fig. 2. Protective effects of pepsin hydrolysates of olive flounder skin (PO) and alaska pollack skin (PA) against AAPH and H,O,-induced
oxidative stress in Vero cells. Cells were treated with PO and PA at 25, 50, and 100 pg/mL for 1 h and then AAPH or H,O, (10 or 1 mM)
was added for 24 h. (A), (C) The intracellular ROS level was measured by DCF-DA assay and (B), (D) the cell viability was measured by
MTT assay. The experiments were conducted triplicate, and the data were expressed as the mean+SE. #P<0.01 compare with control group;

*P<0.05, **P<0.01 compare with stimulated group.

AAS Hgsto] 23 AFS WAsct.
=

AAPHS} H.0,2 SEF AStY AEYAZEE NE
Ho5u % ROS A7 &4

golel e o] o] At E4d-S Z 57| sk A
3l vero cellof|A] AF3H AEH A (-E5ko] POSEPAS] 3H4F
3t S/dS Hrhellar, 1 A3k= Fig. 20f YR et A4
AEH A FEE4S AAPHE A28 ROSE FEAI S o
PO2Q] w7} 27138 422 ROSE ZIAA|FH O 11521 100
ug/mLo ARk §-0]4 © 2 ROS AJ/do] AR == AS &2lg
2= 9)2lth(Fig. 2A). PAE 25, 50, 100 pg/mLs- = & 42| = &}
T2 dofl= A QA ROS A/ A S YefutA] oFgiet.
AAPHE A 2|5}l POL} PAo|| oJgh A2 282] HTtE &
5k31aL, PO2F PAS] 100 pg/mL F=oflA] o] o= A&
£o] T7Fot= A& ERIg 4= QISItH(Fig. 2B). th o & 43t

A 2B A fFEEES H0,2 A8 w2 PO2} PAY]
ROS A/ W3kE 545k th(Fig. 2C). PO2] 735 =24
©2 ROS o] FoA g oA el A3 Helen, 100
ng/mLE A 2l5kglS wf ROSeO] oF 19% 74x3}3{th. PAY]
78%- 25 pg/mLe} 50 pg/mLoj| A= §-91 4 Q1 8-S LEfLA|
SEAIRE 100 pg/mL o] FrEo A= {24 22 ROS 440l
oA ¥ Ze ZIskSITh H0,2 A 2] 3 PO} PA]| 23t Al
EZ AEE IS 54T 23 PO9L PA HF oA oR
FOA AEE S7HE 2l & 4 S1%la, 100 pg/mLe] PO
£ A 59E 1 75.66%2] Ml ZAYEE0] BelE gl on, 100
ng/mLe] PAS A 2|5t3lS wf 64.58%9] HE&-5 el
tHFig. 2D). wetA] PO ROSE ZAAZICEM AL BE
FIE FTH7IE A0 R ERIET v 9425t A S
ZE31 Qlepar shekE Tt o] Aol 2o A Zebl 7t
=231 E(Giménez et al., 2009), S 7] A4 ZebAl 71458
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=(Yang et al., 2008), Eztujo} A2 bl 7tE3ll=(Yang
etal,, 2009) 50] A FhEa|Eo] GHaks) E4o] 1 e u}
1o, ROSO| IS w] it 2] o] chal 4bs}, Sz
3} detrle] T2 B, Wehdlo] AL SHAA 753
7|n] 59 wFeoks HAAIRIThAL Ba vl itk Davies,
1987; Foote, 2012). whahA] oju] 7k4=Es) 20 314 2] ROS
A oA BT A ZRT AR Qlste] B]Ho| A2 u]ugt
A3k oA TS 7| 4 9 Aol shersict.
LPSZ |EE Raw264.7 MEZHAM Ol 7e+2al=
o HHZ 2

NO+= AlfellA A% Ad, a2, o] 7]
= 5l7]1% SHARE I HSlS Al EEERE o
WFUIS AOr|AL, 28 Syl JTFS vIAE Aol
(Ohshima et al., 1990; Deliconstantinos et al., 1996; Liang et
al., 1999). RAW 264.7 cello] /| LPSZ NOE =471 & PO
e} PAY] S B/dS Eelstalen, 1 A3k= Fig. 3o Y
Bt ¢ict LPSE W= A 2]stgle of g8k NO A<
100%= 311, PO PAS A 28} 3l& o B+ 212|191 NO
Al &4 YeRtk(Fig. 3A). POE 25, 50, 100 pg/mL
9] = oA ZFZF 90.98%, 70.05%, 71.24%2] NO Ao =2
FEOEANO o] TS 31T 4 9190, PAZ 25,
50, 100 pg/mL 2|3} uf E3F 84.76%, 83.86%, 70.84%
2 527k 74 5 NO S ol AlsH: 212 Sl 4 )
Itk LPSE %] 2|3k 5 RAW 264.7 cell&] AYEL-0] 68.24%Z
HABIAAT, POS PAS H2lolle 1) 527t S7has
F& AIZAAEES el e, 100 pg/mLo] w4 2+t
79.52%2} 75.14%2] A Z-8-2 221514t

% ROS &7 g4

UVBE AlYollA] ROSLE NOE BAAIA AR AEH A
ofl @]t apoptosisS oF7] Al7|7|1} 7] ekl Astel 14 1
SRS etk BarE Qlk(Soter, 1990). ERE oA
Eo A UV sl @A8gH ROS7} matrix metalloproteinases
(MMPs)2] 18-S §HHA] 7] 7] & ghch(Deliconstantinos et al.,
1996; Schatrffetter-Kochanek, 1996). w}2}x] UVB XAt 2
gk PO2t PAQ] A2E Y] ROS A/ oA &9} Zebll 45
o] W3}, T12]ar MMP-19] d A &4& S48k Slch(Fig.
4). HaCaT cello]] 30 mJ/em?2] UVBE A 2|3}4= o ROS7}F
S AS E1E 4= 91%1aL, PO PAE FE = A 23
of wpe} = olEA 0 2 ROS o] dadte s Sl
tHFig. 4A). POS} PA % 100 pg/mLo] SEolA] 69.57%
9}70.54%2] FF0. &2 93t ROSAAZAY S Eelahgict. whd
UVB AR QIsh A2 &8-S5 5743 23 UVBYF &=
2AFSFAE W AEE0] 50.12%714] 45H31 AL, PO9L PAS
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Fig. 3. Inhibitory effect of PO and PA on NO production in LPS-
induced RAW 264.7 macrophages. Cells were treated with PO and
PA at 25, 50, and 100 pg/mL for 1 h and then LPS (1 pg/mL) was
added for 24 h. (A) NO production was measured by griess reac-
tion and (B) the cell viability was measured by MTT assay. The ex-
periments were conducted triplicate, and the data were expressed
as the mean+SE. #P<0.01 compare with control group; *P<0.05,
**P<0.01 compare with LPS group.

Aeslole f F=7F S7FeS ulu|sHA A|22AYEE0] S
7¥ek o 19148l Aak= YehA] $Eotth(Fig. 4B). HDF
cello] = 50 mJ/em?2] UVBE %AF5191 a1, POLF PAS X )5}
P2 o 2= koA FoF o2 ROS Aol Hadh= A
< gelgk 4= qlglen, 100 pg/mLe| F=oflA ZF2} 38.89%
34.4%2] ROS Ad< HAaAZl AE 21T 4= SlSIch(Fig.
4C). PO2} PAS] Az koA AliZ BT ads UERS
], 53] 100 ug/mLe| POE A 2|5t uff f-ol8 o= A&
&o] S7Fste] 100%9] AEE-S Heh sick(Fig. 4D). whet
A PO2} PAx= UVBZE X5 ROSE JAAA AlEZ 2E
]
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Fig. 4. Protective effects of PO and PA against UVB-induced cell damage. HaCaT cells treated with PO and PA at 25, 50, and 100 pg/mL
for 12 h, followed by exposure to 30 mJ/cm? of UVB. (A) Intracellular ROS scavenging effect was measured by DCF-DA assay and (B)
cell viability was measured by MTT assay. HDF cells treated with PO and PA at 25, 50, and 100 pg/mL for 12 h, followed by exposure to
50 mJ/cm? of UVB. (C) Intracellular ROS scavenging effect was measured by DCF-DA assay and (D) cell viability was measured by MTT
assay. (E) Collagen synthesis level was reflected by the amounts of PIP (Procollagen Type I C-peptide), and the content of PIP and (F) MMPs
were measured by the commercially ELISA kits, based on the manufacturer’s instructions. The experiments were conducted triplicate, and
the data were expressed as the mean+SE. #P<0.01 compare with control group; *P<0.05, **P<0.01 compare with UVB-exposed group.
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Fig. 5. Inhibitory effects of PO and PA on o-MSH-induced mela-
nin production in B16F10 melanoma cells. (A) The extracellular
melanin content and (B) the intracellular melanin content was de-
termined in B16F10 melanoma cells after co-cultured with o-MSH
(50 nM) and PO, PA at 25, 50, and 100 pg/mL for 72 h. The ex-
periments were conducted triplicate, and the data were expressed
as the mean+SE. #P<0.01 compare with control group; *P<0.05,
**P<0.01 compare with a-MSH-treated group.
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