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B - AEEPRINERI ST BRI T 2R B e e A RENS L EL R AR AR - DB
BB » AR RIE T R RO AHRBRTSE AT Z BRAL - R AT S DU B Bt it s B i
ZRAEIETS (FRERIBIFIETS) BRI Z L ER - P DIRRE RS THE T AR BB G B ok PR
RS E R ZEE R - SISk i < B AR RS Ry 200 pg/ml Rf - e R
EER Ry 150% 5 $HEFE HE B EMERRE 250% « Shoh - AT » DU B o B
Y9453 1853 AR 4500 Da ~ 3500 Da ~ 2000 Da F1 1300 Da ZEPUfEfRS, - FLL FRANZ HUHEEcE
(Franz type diffusion cell) SfHRY]Frifa T SO USRI NE T SHREIVERE R > KERBUR > T
SRR i L B T AR SR KOS LR o » o SV 731~ 3500 Da Al 4500 Da P HH & BEAZ T
TR EEE B » SO RO A B T et S R BB - FLIEDE T ST R G RR
EEREHBRIE T EEEIERE - FERET 0 78R 4500 Da Fll 3500 Da Z &{Ba o 1B RE
W ~ SR EIEHIR P95 T51 2000 Da Jz 1300 Da Z ZRBEHAY > T REEIG ~ i
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BIFEEH (collagen) Fy AREisififHH 122
Wil E > A Pe R SR EI ARG
A > BUAEEE ~ DURE ~ B~ KORSE - KIBTAAE
AR B AL < B U H AT AR H 2 R A Rl Ry TP R
(Gelse et al., 2003) » ZXIIAFETEREAIIBIR R H A
oA LEBIAME B IR — 1 RIREA R
IR I EE A Er A e R — foefiaft » planss—&Y
(type 1) [BJFEE FH5E B 2 ML HOTIREEAE - E2HF
FERZRE ~ B BEEEAS AR - 28 AR
R RGHY ~ TR IRAHEAE - TR RIRTS
f > B E AR o 28 =AU 1 R B
AR A ERGETIRENE - BRIt > HE S
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HUAY B 5 1 A7 AR R 5 98 09 2% 80 A7 A &
(Ronald, 1979) - HHRABIFE A K EFER AR -
I 2R A RERS i RH AR B BT R R EE
5 # I P AR A2 BE IS BIAN LU i Bk
YRR A » R fE o IR R 6 PO 40~ H AR g ok
b - DRARIRRBRENNYEIE (Linke et al., 2006) 5 DUEJE
MR A B A e S22 - RS eI LS
SNEEE (in vitro) HCEIESHIIEAE SCAE IR ED Ko
FERUR » AR HE A R B e RS R e
BILSMEL (Brendan et al., 2007) » SH LB H R 5k
JEC R B B » Al E I BRI AT L
&5 (Wisser and Steffes, 2003) ; TR E HELA
AR LR FEY) » RITAT LA 5 RS Kz ]
[ EEk#E (Bennett and Henderson, 2003) -
RERZIRIL (transdermal permeation) f&—FHE
T2 JE P T b 2 o B EE AR A R R R i B 9 2
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1ffy SUPAC-SS #REJF AR HT -~ RE8
SR AIFLE ~ WE - BIBS) EHRERCREUE
FE B Iy - TR HET TR M Rk A B

AR e PR dta et BB 9 — B AN SR © TRl R
JEAY FRANZ BUHESE (Franz type diffusion cell)
FIATHR (BE ) AHETT R A A AS R IR GER
B2 — M B H B &R )% (Gondaliya
and Pundarikakshudu, 2003; Patriarca et al., 2007) °

PRI AGEE DL MTT A PR S il SR /K B R s
A BRI <SS OR B I & R A E
F > SUHRER S FRANZ RUSSHE S TROCRE R
SR BIENETS (collagen peptide) FYRE BZ IR HCAK
B > DIRESIBIEE TS 3 B R i B [ A 252 B e
AR - SR B s R A B A
BRSO B I T i BURE -

FOREEEL T3 ik

— ~ ANFE T EABHEIF TS & B

SE ST DIk OEE - ARSI - IRk
firt i SRS TS (SR ERZE, 2006) > 73 I LLESEIE
& (ultrafiltration membranes, Millipore) 5 KDa ~ 3
KDa ~ 1 KDa H10.5 KDa #1753 » FRISCEERIHREZ
B S 0F- & 53 7 Ey 4500 Da~3500 Da~2000 Da
F1 1300 Da FRBIFIE TR - SIARIS I R pr 2
BN R A -

o MTT R Wl B e St Rhi e
BRI R BB IR 8 G e 1
H

(—) fBiRsE

A BH 88 HE B A M2 (human  embryonic  skin
fibroblast line CCL-110) A& B #& 4t £ #f i
(mouse embryonic fibroblast line STO) 43 71 LA
DMEM (Dulbecco’s Modified Eagle’s Medium) %
MEME (Minimum Essential Medium Eagle’s) 55%
£ (& 10% FBS) 2 37 °C~5% CO, ¥R N THE
g -

(2) MIRELEERR (MTT assay)

N R E B REAERAIELL 1500 rpm > B 5
min Y 5 % - DUAH M 31 2 2% (Sequoia-Turner
Cell-dyn 300) FHEHHMRRE - FRARIE ELBRE A
HIFHE Ry 2107 cells/ml - SEAMA FaBHIBIEIETS 20
uL/well 2 96 well 552 b Btk il A Sl 55
UL (100 pL/well) » B 37 C ~ 5% CO, REEF
K528 48 hrs #% » A 3-(4,5-Dimethylthiazol-2-y1)-2,
5-Diphenyl Tetrazolium Bromide (MTT)#1 Yolk
Lipoprotein (YLP) EEEBIZIEEY) > 1t 37 CIE
4 hrs #% > BN EZE % 2 min » 2 570 nm (Dyne-Exmrx
ELISA 96 wells plate reader) {HIEKGE -

(=) BHESHRNBREDGMEENZEHE

i

FIFH ELISA (Z3Fl /532 » SEATHEAE REHTREN
B 5 H & e TR - I DL TaKaRa A R4 2
Procollagen type I C-peptide (PIP) ZHiEEEMH » A]
Rzt B 3 H L AR - B Antibody-POD
conjugate solution 100 pl A 96 well £5E#ZH >
T 20 pl #5528 3 R ABAE REMIIE < 55 2R SR
HERIRTER TR 37 C T HSE 3 hrs L washing buffer
400 pl/well » SZFIHVE 4 K TEVERRF well SIS
g7 > FEHIA 100 pl substrate solution FEEE T
J€ 15 min % » JIA stop solution & DL £ 450 nm
HITEROEAE -

=~ EOEERR A BRHIB I TS 2 A BRI
B
(—) BCA (bicinchoninic acid)™Protein

(Pierce Product No. 23227 ) Assay

1. FEEURACSL (pH 7.4 Phosphate Buffer)

FE HY 13.60 g 2 potassium phosphate
monobasic ~ 7.56 g Z sodium chloride }z 0.47 g
sodium azide > JIAZY 2000 mL {4 dist. water |7 >
Ll sodium hydroxide {§¥& %% pH {HZE 7.4 ERX
F2L-

2. BRonisi
FEEY £ gk B R TS 15 mg » Jn A pH 7.4

phosphate buffer DU H iR (2 58 VAR E
2 20 mL - FAEBHEIRTE T BRI Ry 750 ppm
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3. EHESAIR
BY 2 mg/ml (2000 ppm) albumin standard
ampules f#{Fy stock solution °

4. Working Reagent (WR) Fi#d

HY 25 mL BCA™ reagent A Ei 0.5 mL BCA™
reagent B (50 : 1, reagent A ' reagent B) » R &5 °

5. BELEE

G3RIEL 25 pL AEHE SR SR S TR B R
microplate 97 > JIA 200 uL WR 7 well 1 »
#ix# plate 30 sec fif plate HHFIKIES95) - & E
microplate FYZ 1 » AR NG 2 hrs » FERIBESR
T ERHIERR LY 570 nm FYIROE(E -

(D) SRR IRINGH IR F SRR
1. RBE5

R LR A 25 0L T PR R DA B AR P 2 B
M7k 4534% o B FRANZ (Franz type diffusion cell)
BUBERUE - 5 BB R A T R (pH 7.4
phosphate buffer) 3IfiE BHERER A donor I » 55
EESfE .2 phosphate buffer XA receptor %
EZR (37+0.5°C) FLAHEGH 250 stirring/min BE45
HETEREREE -
2. PRER

SYRDAGRBRSE 1 -2~ 3~ 4~ 6 i1 24 hrs i(7
PREE > BRARIFHRED receptor Bz HY 1 mL JHIEVATR
BL 045 um JEREGEJER 0 LI BCA™Protein
Assay Kit {2 E 6 B 22 19 AU B e R A 2
& (BREEE » BERM#EA 1 mL pH 7.4 phosphate
buffer 2 receptor ¥if)

3. BIEAFK
FHEZER (ug) =[EE (ppm) x HIIAHEHE]
+ Y (BB x TR
n-1
_\L a?a\ = :;755 / 2 — i%%%%%
BN HEEEEER (ug/oem’) T Mg

(BEA7THIRE = 0.66 cm’)

Hor PR B PSR AM EER TS Z ppm
8+ ¥ItEREREFy diffusion cell Hi#J4RE SR < mL
%{ o

(=) DABEY# (Sigma FITC1 Fluoro Tag™
FITC Conjugation Kit) 3ETREBRM
BRZ BB Y HZ 5 — 4K FluoroTag™ FITC
labeling /537%

1. fid# 0.1 M sodium carbonate-bicarbonate buffer
(pH 9.0) » {F B ¥& i# FITC (fluorescein
isothiocyanate) Ei W5 AR -

2. FC PBS > A2 Sephadex C-25 A% - fiiif
SEERE T EDCATRR T BB T -

3. KRB
FEHY collagen peptide kY 25 mg » A pH

7.4 phosphate buffer DI SR IR G & 52 VAR
EEE 5SmL o FIRERTE 750 ppm o

4. LB ELEE

Y2 mL 0.1 M sodium carbonate-bicarbonate
buffer » % FITC it DU SR R HLE FITC
SRV -

5. FERIBIF T BT EAD B

HURE AW 1 mL A 2L 86 FEVS ¥R 0.25
mL » 7R DUEHESSRSEE 2 hrs - F5LL PBS Fuf%
BjAH » DL Sephadex G-25 ¥4 HEHUER R AT AL
kB -

I ~ SRR s
2

R AT A BRI R M TS AE 37°C K824 hrs 27
BZHRER 0 UE Ml (SAKURA Tissue-Tek
OCT No.4583) BEELER -20C MR- ffkdh
B LR DS RYT i (Leica CM1900) Y5k 20pm
WA E R ERIE A b S DUEER] (95% P Bl
SYolEM) ¥R1H 20 sec 1% FELL PBS IR{EIE B 20 sec
77 FIRB T E R #RRSE (hematoxylin) HRZLE
#J 1 min » DIEZKFRGE 1 min £ > R AIKFE
A 50% ~ 70% ~ 90% ~ 100% #5fE 4% 30 sec » £
Bt 2 R PR o BRI B AE
B2 FER A DUSREERREE (OLYMPUS BXS51,
Tokyo, Japen) FUAREER 100x #HEE o
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Fig. 1 Effect of the concentration of fish scale collagen peptide on the activation activity of human embryonic

skin fibroblast line CCL-110 and mouse embryonic fibroblast line STO.
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KR AT AR S B I I T T 2 2 < R ER R P
AEFAEE P b > DL 1 EE Byl fe S B 5
FEM 4B (Leica TCS SP5 Confocal Spectral
Microscope Imaging System, Germany ; pH{ER S
HEEGPLELFrENLEAREMEE
Confocal Microscope Lab, Instrumentation Center ,

NTU) S A BB RS -
ARE 3

EEEHIELL SAS (statistical analysis system)
FE4E GLM (general linear model procedure)#k #&{F
B[ BT (one-way analysis of variance)
WL ERE 288 HIEE (Duncan’s multiple range
test) JHIE 25 HHAH [l 2 72 5 - B /K HEEAE
0.05 -

i SR By

— ~ SRS SRR SR R M 2K
REB I & H S e

BeRg e R EE ~ ERERIES MRS

JL
%

(Wicket and Visscher, 2006) » HHE {7 g (R
R 2 A B B R ) S A 2IG
SRR B AGHE - (O RO R ENE B AN - A
FRBELA MTT assay $RET BB R TS 0 A SR RE
HHM (STO) & EiEAERFMIIE (CCL-110) K
TERCR B A S SRR - KR
SRS A 2 TR R bt Rl R 2%
IRF > e BB < R 1 P BRI S TR o 3
bRy HAR AR - RS T T
2 TEARAE RERTNE B A S CR - HE TSR Ry
200 pg/ml s - HERIE{EH Sz 150% (Fig. 1) < 55
BRI T BRSBTS S-SR B A B 2
JEETH > HAMAIRE 2SR - EATI R
(Fig. 2a, b) » EMMARBEEEIET L [EIRSE 24 hrs
TRAERADIE T - NI m S B E RN A (e
JEEHTERSR » #% 48 hrs B5 1% HIRIE SR B S
JNHAEE (Fig. 2¢,d) °

DL ELISA JHI%E F I I I T A KA REAH
il (STO) B EHERIEEIERN - HiRA
Fig. 3 fivR » BT 2 B AR NMEE SRE T
(200 pg/ml) EHEAEREHIC B E H & e ErE
FIRI5E 250% BIMEAEARIREE (S0 pg/ml) KE7RAEHA
B SRR -

Maquart et al. (1988) fffgerh#sE » {EHEHERE
AN RS 2= A TR A SR =TS - ARG & R
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FEEH - M RHEPHRIR DR 5 BEAM N
(1995) FRHIH =1 rl e MEfgAE AR = - DX
TER BTG HEIZE - 55 Kau et al. (1993) JRELET
F1 TGFB-1 AR R A1 AREAE RETE 3t T
B EE o REIRFBUIRE HMIERAE (ECM, extra
cellular matrix) Y& ECREAIIERATHCR - DL L
FESRRER - R I T A R o EL A
TERCRAL AT HERB I o SR A -

CCL-110 treated with or without the fish scale collagen
peptide. A. Fibroblasts STO blank; B. Fibroblasts STO
were treated with collagen peptide; C. Fibroblasts
CCL-110 blank; D. Fibroblasts CCL-110 were treated
with collagen peptide.
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Fig. 3 Effect of the concentration of fish scale

collagen peptide on the collagen synthesis of human
fibroblasts.

= ANEIG TR SRR IR T RS S
WAz

FFE B DA Ay 5 il A B IEHETS - gEbY
0Nz v LR e RERIRA 2 1 A SR
JFARBHER BT MR I R Y B S AR
ST RS AR AT E YA SE R RUR
(Matsuda et al., 2006) - [tt4h - S3—WioesdeE > DI
B/ Ny EABEIET: - R O T =AM E
RETH AL B2 BORBAE REMTIIG - (236 B2 P B i A
METRAIIEEL - BEAS A B R 7K o3 B - SR
BHERT B R MERIRCR - [ARF /Ny 7~ BRI B IR
et AR A RIS MR IR 1z i 2% S R T A TRy
WS PR B RFOL (LY EE L (Tanaka and
Hasegawa, 2005)

KRS ESNE Ry B g - AR R8Ik
FRE AR B RY) ARSI L EHEE SRR DIRE - AR
it H R A g < VB BRREAEAE » FRDAKR G+
B ¥ g 2 BE SRR - HELOS L E g
FRRBAHE REREE - B R R RO RCR » HAT
A RHANE TS BRSO SAHBR B FE AT < BN - AR
BaiQ MTT 3 s SREER » SR IE R e T A R
AR ELAT BRTE R TR B R 2 AR - 15
TERF PRI TS - RGE AL 5 KDa ~ 3 KDa ~ 1
KDa F{1 0.5 KDa #1753 ~ WA IREZEUB LTS
S F-E5r Rk 500 Da DUR ~ 500 ~ 1000 Da ~ 1000 ~
3000 Da /1 3000 ~ 5000 Da ZEBEIE I3 » K45
FEJE A 3 A PR 007 &K P By 1300 Da ~ 2000
Da ~ 3500 Da F1 4500 Da - Ri&iEEmE R £
B IV TR AR R iR St

R G AR R [F] 73 1 B i S g I I A DL
FRANZ RUHEECE A TR EE RS R i - Slfo3
BIFAEE 152~3~4~6 F1 24 hrs £4E » LL BCA™Protein
Assay Kit {EHIZEERERRIBEIET & & - 4
SRANFig. 4 Fos » LASVEZ53-F-& 3500 Da #l1 4500
Da JHE TSRS 2B 4 hrs % - HCERA7 TATAE 2R 22
RN HAh A EAEEH - EHR 24 hrs SAEZE By
PSR 1986 pglem® il 1825 pg/em’ -
A AR B A (mixture) #H > HE
MR ARIZEE R EEE 1010 pg/em’ - ARASHARM
HIHERIfE#E A (standard division) {HE @ &HEtT
MR A 52
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Fig. 4 Transdermal permeation of different size of collagen peptide across nude mouse skin. The collagen peptides
were separated into four fractions, which average molecular weight was 4,500 Da (A); 3,500 Da (A); 2,000 Da (O)

and 1,300 Da (@), respectively. The mixture (Il is unfractional sample.

.
Fig. 5 Fluorescence microscope images of nude mouse skin tissue treated with different sizes of fish scale collagen
peptides. A. 1,300 Da; B. 2,000 Da; C. 3,500 Da; D. 4,500 Da; E. unfractional mixture sample; F. balnk.
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Fig 6 Fluorescence microscope images of nude mouse skin tissue treated with different sizes of collagen peptides
and then stained with haematoxylin. A. 1,300 Da; B. 2,000 Da; C. 3,500 Da; D. 4,500 Da; E. unfractional mixture
sample; F. balnk. The left image represented without fluorescence.
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Da (6¢c) ¢ 4500 Da (6d) HUfHERYI 2B E%
2 H SRR BE A tHER A s e 2B (B
r) BN A E T E A S B R e,
NERZIE - T f B R S e 5 72 i Ry

1300 Da (6a) J 2000 Da (6b) % CBEIRATEE
BB g HHEEELET 2 14 - 55
B AHHZ R BB R AR ) s 1 e IR 22 A
BRI S E Y -

I~ BRI T B
RS RS

T A R B G S BT Bl 0 ST R
o 0 FEFHE ST 2 AR i - AR
o SO SCHR T AT HCA [ R B R R IR o2
s BT T o IKITTRE 1T A YL #e DURe /R PR
[1P%iipa:=e 3 RN AT R A e s dantill) C (N RS
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FESRAN Fig. 7 FREBIF LTS H 95 F &k 3500
Da (7d) J 4500 Da (7e) BIRETS > FIRREBIRE A
% i B oy TSI 2B IR - SP¥E0T Rk
1300 Da (7a) K 2000 Da (7b) HfafsBFIET 2
Sy TIEREESE ~ Wt & > or TSI 25 A 8K -
SRR PP LI E SRR (Te) -

FHEL BAESREER - AT S B R S A mT
FE BRI B B g - Hor Loy T-& 53Ry 3500
Da #1 4500 Da FETHH R B2 B2 (9 LA THIAE SR
T 227 R A ey 0 R PRR A ER R O B IR A e B 2
o B E RS mBRE T8 LB A -
SR{f Tanaka and Hasegawa (2005) #ff52gH LI
RIBIFE FARSRESR IR ~ R I R B I 40
BIVE55 &Ry 460 Da ¢ 950 Da Bl
TS} Yucatan Micropig FZRFEA=AEEN @ 7]
TR B AR E R g H A B MRS - a5
F# Ry 3,500 Da Jz 11,000 Da 2 BT RIEAEAE
RN - B TIRBEAER - g5k B8
YT HETTFSMMZER (hydroxyproline; Hyp) E& 7>
MRS > FEEZIRIL 24 hrs 1% > DS9S T2

100 «m 100 um

Fig. 7 Confocal scanning laser
microscopy images of nude mouse
skin treated with different size of
collagen peptides, respectively. A.
1,300 Da; B. 2,000 Da; C. 3,500
Da; D. 4,500 Da; E. unfractional
mixture.

100 um

950 Da fHHELZE Hyp &5 (£ 7.0 png/mg) 5
FrEn R A e o S R B A BB SR 0 B
AR HEHICRIA S R AR R /KR 1
BT EREENIER - =i - A BA
FEIRBIEIETS » TR CR R R o0 R DA T
(C=0..H—N) K4r+AnyEst RIS E
S E=TEOM ¢ v RN T Dtk g S AVA
e B G B 15 — AR RS A B e S (o-helix) ~ AR
(B-sheets) AT (turn) SFEAFEREE - 2HAKEA]
B AYAREE (Crisma ef al, 2006 ; Rotondi and
Gierasch, 2006) - #X[f )5 NG AR R &
H 35%H T H AR 25/l R BRI RR - H R
TRAECETN HE AR ERe R A R e itheE ST - 1
TR BRSO v (FOR o BREHREERR
ATTEEIARD) K o (o BREARRREIZ I 2R T2
e aRE) fREtEL o-helix ATaE L (H - [AIRFHLATHY
JE I Y H AT Al e & B AR ey - 2 TS E
3 g EE < A 1 IR LA HE R RS AIES
SERE o KB TSR B 3 g KT i iR
=k R e e e RS -
ARG R B e FE B P 2 E N £
B NET 00T RS - S35+ E 53Ry 3500
Da J¢ 4500 Da Hy453FIEREIR ~ H 2@t H o
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TP 2GR - AR TN N EAE
YD S A e T RN A
b s e K R B EL R o (A R 24
hrs BRI A RHEEER - P90 7
ER/NIRBEEEYS (MW 2000 Da &z MW 1300
Da) SR E SR oy TP RER ~ 3T
Do v 2B EMIN - AN H ERERE
BEFGRZIE TS 2B R R IR L2 Tl P R A
ERIfrEE (charge) #Z #RER T 23 B E AT -
A I T 2 N R I 7 R RRReE - T S
SRR SRR > B HAE RZIR KL 24 hrs (2 BRAZTH]
RRMEEEERIK o SORGABE b DU i 8 R 53
Frdfiry & atbat - (R AP0 T R&NIET
BEY > MR 0T8T - thrTRe R A
B H AR S e H o 7 B NI T R T H Y
TR ZAFFTAE o AARABESRESRT 7> 1R B
BRI FHRRBIF SR - SEAS a0 TR B Y
WKL S > o> T8~ 3 TR RO KR e =
HZRATRIIRE— S5 -

o a

A 3B T T R A AL T AR R R
BEEEE - MO LA R U SR
Z ORI TR AR B T LUEE95 T8 3500 Da
FIT 4500 Da I AHELAS B2 1% B o7 T At 2t
CEB RIS 0 24 hrs BUSVSE ST A 1986 pg/em’
F1 1825 pg/em’® » FHLAFAIRFZEC B E 4 TR A/
B RO I 2 B R SRS e AR ER BRI 7T
S BT RN ST
Bt R BRI RS2 —
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Study on the Fibroblasts Activation and Transdermal Permeation
of Collagen Peptides from Fish Scales

Huey-Jine Chai', Jing-Hua Li and Chung-Heng Wu

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

Oral collagen peptide could raise the density of the fibroblasts and increase the diameter and density of
collagen fiber in derma of the skin to improve the skin quality. If the collagen peptide was directly applied to the
skin, it must passe through the skin to activate the fibroblasts of dermis and to promote the collagens synthesis.
In this study, the bioactivities of collagen peptides including activation ability of the fibroblasts and permeation
ability of the skin were investingated. Collagen peptides were extracted and protease hydrolyzed from fish scales.
The proliferation activities of the skin fibroblast induced by collagen peptides were evaluated by MTT assay.
When the concentration of collagen peptides was 200 pg/mL, the proliferation activities of fibroblasts could be
enhanced to 150% and the collagen synthesis ability could be increased to 250%. Four types of molecular weight
(Mw) 4500, 3500, 2000 and 1300 Da were used for the investigating of the transdermal permeation ability
through the Franz type diffusion cell model. The results showed that all sizes of the peptide samples could
permeate into dermis. However, those at average Mw 3500 Da and 4500 Da collagen peptides had the higher
amount of transdermal permeation than the others. In order to study the permeation of collagen peptides in the
nude mice skin, the collagen peptides were labeled with fluorescence dye and then observed by confocal
scanning laser microscopy. The fluorescence images showed that the collagen peptides ranging with Mw 3500
Da and 4500 Da had longer, more folding and coiling shapes, while those at average Mw 2000 Da and 1300 Da
showed the shorter, less folding and straight shapes. These results suggested that application of the fish scales
collagen peptides on skin could also activate fibroblasts and accelerate the collagen synthesis in the dermis to

improve skin quality.

Key words: fish scales, collagen peptide, nude mouse skin, transdermal permeation
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