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Abstract This study examined the effects of collagen peptide intake extracted from the tilapia fish (TFCP) on
UVB-induced skin in hairless mice. To cause photoaging, the hairless mice were exposed to UVB irradiation three
times a week and TFCP was administered with 545 and 1090 mg/kg once a day for 12 weeks. The level of wrinkle
formation, thickness of the skin, acute erythema, skin hydration, amount of hydroxyproline, expression of MMPs and
filaggrin were measured. Wrinkle formation, thickness of the skin, and acute erythema were significantly lower and
skin hydration was higher in the TFCP intake group compared to the UVB-control mice group. In addition, the
amount of the collagen and hydroxyproline of the collagen peptide intake group were much higher than the
UVB-control group. Oral administration of TFCP inhibited the expression of the MMP-3 and MMP-13 mRNA level
as well as activated MMP-2 and MMP-9 induced by UV irradiation, and increased the protein expression of filaggrin
in hairless mice skin. In summary, the oral administration of TFCP can inhibit wrinkle formation and protect the skin
from UV-damage. Therefore, this study suggests that TFCP is a potential candidate material for skin functional foods.

Keywords : Collagen, TFCP, Matrix metalloproteinase, Skin hydration, Wrinkle

*Corresponding Author : Jae Sung Hwang(Kyung Hee University)

Tel: +82-31-888-6179 email: jshwang@khu.ac.kr

Received January 8, 2016 Revised (1Ist January 29, 2016, 2nd February 26, 2016)
Accepted March 3, 2016 Published March 31, 2016

611



S| Eeel=RA) ATd A3E, 2016

ol

ol
2R g

oo T

ox I

ox >

o

| SN

S g
e
o
fu
rie
>
o
X dn ol

N
)
>
=c)
o
o

©
4

ol

2
ro
off
3o
2,
oX

oft

fol

[

e

fo
Broro b

e

(reactive oxygen species, ROS) 5-°] 3t} o
& TR I BG4S doA IR 2 7]
2ck (2419 % iﬁ}% e Qe

o et it

N
~

¢

‘.4
ﬁ%é‘zrﬁu
2 =0

N
ot M B Or oo o M g ol Rl ¥ ro fr iy

ot ox
o
— O

ol
w =
W 2

(collagen) &< ZAAZIY [
Matrix metalloproteinase (MMP)+= o}le] ¢<&

Seichob A ek 40 9 ohle) A% 2
o] gl dofst, FIA, AF A% 2L F
Ae3} Aolo] Faw 4UL sk o del

gﬂ Ay o}v_

2,

|

N
1o 1~H

o2
ol

>~

~

extracellular matrix, ECM) ] T8
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membrane Type MMP, matrilysin®]™, 73 2 7|4 &
ooz TR & & 9t} [14, 17]

=l E“E}O]‘: (collagen peptide)™= A3 H]&,
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21 2 M=

Age] 283 Fepdl Elo]= (KER-30DR,

manufactured by Nitta Gelatin India Limited Co.,
Cochin, India)+ Tilapia fish (Oreochromis mosambicus)
9] scale ZHE FF, TaFHS Foz Fgldx
(F)EFH Fatol ARg-atsiTh

22 MESE Y AISHR
AT 6 5% 2025 ¢ BES] FAAA A (Specific

pathogen free, SPF) ¢/ hairless mice (SKH-1:HR-a)
2 QlE Blo] L (Seongnam, Korea) € T4 3}o]
ARS-sEATE o3 o] =5} 7|7k AR AL 119
¥ 40502 F& B 3 o]Fo HES 7Yt
) AEEE ASEEL 25 (24 £ 27), FE (55
10%), 18]l BgF7] 12 Ak 1A shdeh Alae
v}-$-2 A-EALR (Feed Lab Korea, Guri, Korea)S

593 AEEE A= “Guide for the Care and
Use of Laboratory Animals"& 7|02 3}, A3
& 713817143 & 9 Institutional Animal Care and

Use Committees (IACUC) <! 3loll 3= 3ict
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=
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UVB + 545 mg/kgw, UVB +
1090 mg/kgT o2 2138l (Table 1).
Normalw¥} UVB1*2 &, UVB + 545 mg/kg 2} UVB
+ 1090 mg/kg - TFCP 545 mg/kg, 1090 mg/kg]



Table 1. Experimental group and dose design

Group UVB Test Amount of
material oral administration

Normal X water

UVB (0] water

UVB + TFCP 545 mg/kg

545 mg/kg

UVB + (0] TFCP 1090 mg/kg

1090 mg/kg

LR np9-2 1 3] AT Fo] A1 10 mLkg 0=
AR sl g W AFRAR HHAAZTL

2.4 UVB ZEA}

st o FE& A7) 918 Normali-S Al
98k UVBT# UVB + 545 mgkga, UVB + 1090
mg/kgoll v F 33 FUI Al UVBE ZAVS)
Aok At ZAES 9181 UV meter (Waldmann
Lichttechnik GmbH, Germany)E ©]83to] 1 MED

(minimalerythemal dose, ¢F 75 mJ/cm)2] 3tS S48t

X

2 MED, XA & 3 MED, U F3E A8EE A
Al 3.3 MEDE ZAFslglon, v e 3 A% 75
108 MED<]

=

o] HHES 2AYe 2dsD 3

(EOS 600D, Canon,

F93ta, 5 A% A U 31 99

Hu

Japan) =
A ZEE
England)E ©]&3}o] #Z2]7} (replica)g ATt I]F
FY2 o] rts 2052 143t 75 184
oF 94S Visioline ZRIFS o] 3] AKIS Ao

ojm A8} 3 & FFE w4 A]2~8l9] Skin Viosiometer

(SILFLO impression material, Flexico,

SV600 software (Courage & Khazaka, Mathias-
Briiggen, Germany)E ©|-&ste] 59 W4, o, 2o,

2ol g2 F43kn 75 WS vk
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Masson's trichrome
S Nikon ECLIPSE Ti-E A

ool m 3% rf M
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#

=}

&9 A2
(spectrophotometer, KONICA MINOLTA, Tokyo,
Japan)¢} Corneometer (CK Electronics GmbH, Cologne,

Germany) & o]&-3te] Z43i%ich

20
o 1=

I

2.9 SIO|IEEAZER =

2mm x 2 mm 37]¢] FJF 224& T3
Screw Cap Vial (Agilent technologies, USA)°| D.W
100 ul, 6 N HCL 100 pl9} zFe] ¥ir 120TCel 3 Azt
Bo 7FE3s] 3tk Hydroxyproline assay kit
(BioVision, USA)el A A|&¢ W8 o] &3lo] gol=

SAZEY ¥ SR

2.10 HXAL SEEA HAHIZ(Reverse
Transcription—polymerase chain reaction)
g5 ZZ]of] RNAiso Plus (TAKARA BIO, Seta3-4-1,
Otsu, Shiga 520-2193, Japan) Y3l RNAS &3 &
cDNAZ ¥4J3ta, PCR premix (ELPIS, Daejeon,
Korea)9} primerE AFE3] Z 3K Table 2).
MMP-3 5% 95T, 30 %; 56T, 1 & 72T 1 &, 35
CycleZ Z133}933l, MMP-139} B-actin 2 95T, 30
Z; 56T, 1 %5 72T 1 &, 45 CycleZ ALk T=
H cDNAE 1.5% agarose gelol #7]%9% T Gel-doc
(Bio-Rad, USA)E ©]&3}4 #4131

2.11 Gelatin zymography HHHE 0|25t

o =
MMP—2, MMP—9 H51%7}
i Mo RNE G 53 Fo 10XBlue

Juice (Invitrogen, Carlsbad, USA)¢} Z3}3led 10%
Zymogram -8 A (Invitrogen)oll 231 125 V] A
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Table 2. The nucleotide sequences of forward and reverse

primer sets for mouse genes

Gene Primer Sequence
Forward 5'-CCA GCC AGC CAC CAT CGC TC-3
B-actin
Reverse 5TGA CCT TGG CCA GGG GTG CA-3'
Forward 5'-TAG CAG GTT ATC CTA AAA GCA-3'
MMP-3
Reverse 5-CCA GCT ATT GCT CTT CAA T-3'
Forward 5'-CAT CCA TCC CGT GAC CTT AT-3'
MMP-13
Reverse 5'-GCA TGA CTC TCA CAA TGC GA-3'
g Aoz 1.5 AlRbEet 7195 stk A7
% A& Zymogram renaturing buffer (Invitrogen)oll %
o] 30 #Z Ao mWk & Blgla Zymogram

Developing buffer (Invitrogen) &2 x| & 30 £3+ A
oA wHHEATE, o] $F A 22 Zymogram developing
buffer® WA 8531 37T 36 ARF B2k FoATh 36
A|7F Zo 7S Simply Blue™
22 ARFEA S DWRE | ARF SRR 2 W g A7)
3 st ¥ MMP-2, MMP-9-5 Elatolch. &3} €
MMP-2, MMP-9-2 62 kDa, 86 kDacllA] E215}31ch.

Safe Stain (Invitrogen) 2

2.12 Western blotting
s}

I Ao RFE FEI TNAE 10% A ¥
35 5 17195 S 52 membranedl| transfer S+
t}. Primary antibody® B-actin (1: 20000, Sigma),
filaggrin (1:1000, Abcam, UK)< AF8-8}%1 1L, secondary
antibody+ anti-mouse (1:20000, Bio-Rad), anti-rabbit
(1:5000, Bethyl, USA)S AHE-31S]ch iz ity sk
Chemi Doc XRS (Bio-Rad, USA)S o]&3}o] 24315

HitHS 0|2t filaggrin

al

A 7= Independent t-testS ©]-8-3}
o
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@ Normal @UVB @UVB + 545mg/kg BMUVB + 1090mg/kg
Fig. 1.

Body weight changes in hairless mice. Data are
indicated as meant+SD of eleven mice in each group.

12 week

UVB +
545 mg/kg 1090 mg/kg

Normal UVB +

Fig. 2. Effects of TFCP intake on wrinkle formation in
UVB-irradiated hairless mice.
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ENormal BUVB @UVB+C.P 545mg/kg EUVB+C.P 1090mg/kg ENormal BUVB @UVB+C.P 545mg/kg BUVB+C.P 1090mg/kg
35 - 50 -
& #
£30 1 40 -
‘T 25 4 g
o . % 30
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£ 15 4 -: 20
210 A =
E 10 4
505 1
(A) 00 A (A) 0
12 Weeks 12 Weeks
70 4
60 s
% 50 Z
S g2
5 30 <
g 3
=20 x ] 4
10
®B) 0 B) o
12 Weeks 12 Weeks
06 5 Fig. 4. Effect of TFCP intake on skin hydration and
o5 i redness in UVB-irradiated hairless mice. (A) skin
g ’ hydration (B) redness. ###p<0.001, ##p<0.01,
30'4 | #p<0.05 compared with non-UVB irradiated mice;
go3 1 “p<0.01, ‘P<0.05 compared with UVB-irradiated
£02 A mice.
L]
=01
© oo A T UVBol vl o3 248 Bl o & &sto]
12 Week: N _ _ _
= TFCP A3 A UVBell9l& 5 Aol that oA 3
3,500 - i S101=]
7 gleke A s,
5 3000 1
22500 1
§2000 1 3.3 TFCP7} XIQMZEAIR SHE MA U ms
© 1,500 A _ _
£ 1,000 =20l 0jX|= &
H
o 997k A9 AE WA H9 T (permeability
o e . —
12 Weeks barrier)o] 5o ¥ et ipo] ghad vk ohuz}
Y FAHoR Fwel fUAd (19 WY FEwe
# -
60 | Normal-oll H]&] UVBwoll A FA 71438911, UVBT
E 5o 4 -
%0 ¥} ¥])arsle] TFCP 545 mgkg 2 1090 mg/kgw-olAl
540 E
T30 4
c
gzo 1
10 -
(E) 0 4

Fig 3.

12 Weeks

Effects of TFCP intake on wrinkle value of
analyzed replica in UVB-irradiated hairless mice.
(A) total wrinkle area (B) number of wrinkles (C)
mean length (D) wrinkle depth (E) mean depth.
Data are indicated as mean+SD of eleven mice in
each group. “p<0.001, #p<0.01, *p<0.05 compared Mg
with non-UVB irradiated mice; ~p<0.01, "P<0.05 ’ UVB + 545 mg/kg UVB + 1090 mg/kg
compared with UVB-irradiated mice. (A)
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H#i# #it# H#i# ## *

70 4
., 60 1
=
350 4
Q
£ 40 -
[3
230 4
x
°
5 20
T

10 A

0 A .

Normal UVB + UVB + Normal UVB + UVB +
545mg/kg 1090mg/kg 545 mg/kg 1090 mg/kg
(B) (B)
Fig. 5. Effect of TFCP intake on skin thickness in Fig. 6. Effect of TFCP intake on collagen of dermal layer
o UVB-irradiated haitless mice. (A) H&E staining and hydroxyproline in UVB-irradiated hairless
(B) epidermis thickness. Data are indicated as mice. (A) Masson's trichrome staining (B) amount
. . of hydroxyproline. Data are indicated as mean+SD
meaniSD of eleven mice in each group. of eleven mice in each group. “"p<0.001, “p<0.01
#a#p<0.001 compared with non-UVB irradiated 2 . group. p R p .
mice; mp<0.001 compared with UVB-irradiated p=0.05 compared with non-UVB irradiated mice;

mice “'p<0.01, "P<0.05 compared with UVB-irradiated
mice.
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o8 F7FEATh (Fig. 4A). B8 UVBollA Eyto]
FE AL, TFCP 1090 mgkgolA UVB-ol 1|3}
FolaA A4asY (Fig. 4B).

Normal<-ol| H|3} 33| 9] 577} 57} 31913, TFCP 545
mg/kg 2 1090 mg/kg= UVBTl| Hl3] f<]3A 7+
231} (Fig. 5A). NIS-Elements BR 3.0 Softwares
o]-g3le] uF FAE Z4F A} TFCP 545 mgkg 2

3.4 TFCP &fI7h Bx=3i2 QA% LT T |00 ongitol UVBS) Hlmete] folahl taskel
Hst 2 Zapd Lol Dl l= 8 t} (Fig. 5B). 3% 24 ] Masson's trichrome @4 Z
Ao At ofdf v wBhh JAYE W AR FA geaw UVBTEES Normal ol H|ate] Zebale] 7]

7EFARA DL, FEl el B 28 Hol NS g gad AL B 5 QAN TECP 545 mgke
o] Fepll el Fxlo] dofutri[20, 21]. wHA, TFCP
7FUVB AL © 93 57 9 Zepilel] oju g 9&E

O ¥
e = N . N
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-4
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Normal UVB + 545 UVB + 1090
mg/kg mg/kg
(B)
Fig. 7. Effect of TFCP intake on MMP-3, MMP-13

mRNA  expression level in UVB-irradiated
hairless mice. (A) MMP-3 mRNA expression (B)
MMP-13 mRNA expression. Data are indicated
as meantSD of eleven mice in each group.
qWp<0.001, qw‘p<0.01, dp<0.()5 compared with
non-UVB irradiated mice; **p<0.01, "P<0.05
compared with UVB-irradiated mice.

o] UVB-HU 571 #
(Fig. 6A) ek ZajA WA
EY% TFCP 1090 mg/kg ol A
=7} )\AE]'(Flg 6B).

3.5 UVB ZAIR SEE MMP-3 2! MMP-13
of cHst TFCPe| 1}

o] A4 TFCP7F UVB k&0l of3) Zhare
Fepile] fAd =i Frhs AS sy, ol®
8 TFCP7F Zebdl 28 fael 9%= wa =+ Qo
= A %%ﬁ.j} ek webA, TFCP7F bl 28l &
291 MMPell oW dgg wx=A] Eelsty] 9ls)
type VEePAS E3llete MMP-3 9 type 1 i<

Eas= MMP-132] mRNA 28 28 RT-PCRS ©]&
ato] =439t} [23,24]. MMP-3 % MMP-13 mRNA
W& o] Normalwell H]3] UVBolA F7Hd A& gl
T HhH TFCP AT UVBTol s
MMP-3 2 MMP-13<] mRNA & o] §-2|3}A 4=

St} (Fig. 7A.B).

. _
s A=

617

3.6 UVB ZEAIZ A3 & Mmp-2 &
MMP—90] Cist TFCP2| St

71 Aol 2JshH MMP-2 2 MMP-9 &
Aol A &4 8] AL type IV 2 type VI Z&}2
et FES s Aoz A ot
Gelatin zymography '8-& ©]-8-3lo] UVBZA} 2
3t MMP-2 2 MMP-9 ol thsle] TFCP7} A &3}
U A Selskit} (Fig. 8A). UVBTAAE
MMP-9 (86 kDa)®| o] S7}gt b, TFCP A H

SHA
=0

=

2 o] 714 %t} (Fig. 8B). MMP-2 (62 kDa)2] 2
# % UVB-ol4] W&o| Z7}81% 3L TFCP 1090 mg/kg
)
g
&
¢ &
9 N
x
- Pro-form MMP-9 (103 kDa)
— Active-form MMP-9 (86 kDa)
(A) !
- Active-form MMP-2 (62 kDa)
#H# .
_ 200 1 i
g T
S 150 4
‘0
%1
[
& 100 4
x
Q
3
: ]
Kl
[}
: ‘ \ NN
0 4
® Normal UVB + UVB +
545 mg/kg 1090 mg/kg
#
_ 160 # ] kk
& 140 ||
§ 120
@ 100 4
[
S 80 -
x
[ 60 4
Q
2 40
K]
o 20 4
4
0 T \
© Normal UVB + UVB +
545 mg/kg 1090 mg/kg
Fig 8. Effect of TFCP intake on MMP-2 and MMP-9

expression in UVB-irradiated hairless mice. (A)
gelatin zymography picture (B) MMP-9 expression
level (C) MMP-2 expression level. Data are
indicated as mean+SD of eleven mice in each
group. ###p<0.001, ##p<0.01, #p<0.05 compared
with non-UVB irradiated mice; ***p<0.001 compared

with UVB-irradiated mice.
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3.7 filaggrin a0l Cigt TFCP2| &3}

Filaggrin keratin-binding T & 24 7@ ZFof
Aetal ARE Bosted F28 AES dut [24)].
24 TFCP7} UVB ZAll o4 <44 filaggring

3| HAI71=A] #1lsl7] 918 western blotting
< ol8-38ko] 2AQlekITth(Fig. 9). UVBoll A<= filaggrin
o o] @A #HAENIL, TECP AFwolA=
filaggrin®] '#& o] UVBol Hlﬁﬁ 7l et A,
TFCP “%]/‘] o oJ3) & 3 5EE

glg 4= Atk

EE O, _& i

1o
=

Al

13}9

&4 filaggrin©]

UVB + UVB +
545 mg/kg 1090 mg/kg

GE—

Normal UVB

filaggrin

B-actin

Fig. 9. Effect of TFCP intake on filaggrin expression in

UVB-irradiated hairless mice.
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3 frdEE 5 F5 A4 9 &4 Tilapia fishel
A frejg ZEkA #Eelo] =(TFCP) 4371 o3l 3k
o

< WA =A] golE gkl TFCPY FAEL glycine,
proline, alanin % hydroxyproline2 2 4% HElo|=
24 7)) wiisk o] A9 oJa MR kg o]

A& 7heAdel e, dAZbA At vk g}l

Table 3. Summary of TFCP intake on UVB-irradiated
hairless mouse skin.

UVB +  UVB+
Normal UVB 545 1090
mg/kg mg/kg
\K};?;Ec 14540 225+ 189 + 140 +
b 0.55 0.69 0.61 0.51
area [mm’]
significance #? NS ¥ * )
Number of 3343 £ 5240 £ 4311 £ 37.00 £
Wrinkles 12.71 10.14 13.25 11.54
significance # NS *
Ll\::?h 045 + 050 046 + 043
0.02 0.04 0.03 0.04
[mm]
significance # * ¥
Wrinkle 1742.64 £ 263733 £ 1776.67 + 1786.18 +
Depth [um] 553.85 683.35 739.05 567.91
significance # * *
Mean 52.85 £ 59.00 £ 53.56 £ 51.85 £
Depth [im] 408 426 2.80 3.09
significance # * b
Skin 3470 £ 18.46 £ 20.82 £ 22.18
Hydration 3.96 2.63 230 3.00
significance Hitt i, * i, *
Redness 228 + 3.16 = 271 £ 2.64 £
0.34 041 0.46 0.27
significance # NS *
Epidermis 23.63 £ 60.73 £ 4728 + 40.88 +
Thickness 1.79 6.37 4.61 5.54
significance it i iiiii
Hydroxy- 5749 = 4415 = 47.68 = 54.50 +
proline 7.49 6.09 9.92 10.26
significance iiia NS *
100.00 + 22255 + 13347 = 101.06 +
MMP-3 (%) 4.05 4.03 3.12 2.54
significance it ok ok
100.00 + 279.99 + 187.67 131.03 +
MMP-1304) 2.53 0.55 021 0.13
significance it ok ok
100.00 + 176.62 + 147.96 + 42.08 +
MMP-9 (%) 0.55 1.63 123 3.90
significance it ok ok
100.00 + 121.54 + 139.07 = 62.67 £
MMP-2 (%) 6.88 9.12 11.46 6.63
significance # # ok
Y MeantSD, P #p<0.001, ™p<0.01, "p<0.05 compared with
non-UVB irradiated mice, > mp<0.001“p<0.01, P<0.05 compared

with UVB-irradiated mice, Y NS: not significance
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