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The Effects of Orally Administered Fermented Porcine
Placenta and Its Major Dipeptides on UVB-induced Wrinkle
Formation in the Hairdess Mice
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'Department of Genetic engineering, Collage of Life Sciences, Kyung Hee University
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Q o E Ao wF = (fermented porcine placenta, FPP)Z} 19] 8 t}o]g|Elo]=2]  L-Leucyl-Glycine
(Leu-Gly), Glyeyl-L-Leucine (Gly-Leu)®] 41517} UVB ZALl €]gh F3L F o] 9] 35 Al WA= S5& dobr gt
Human Primary Dermal fibroblasts-Neonatal (HDF-N) Al oA AlE 548 YERWA] &5 FEg AAsIe] B8 o,
FPP, Leu-Gly, Gly-Leu *12] A] procollagen®] <7} = MMP-1 (matrix metalloproteinase-1)2] 7+AE BH1e}4) T3k 12

AF el F 33 UVBE ZAMSIe] #w3lE fX35+9)3, FPP 10, 100 mgke, Leu-Gly 10 mg/kg, Gly-Leu 10 mgkgS i
& 8T AR ¥ F, R, B MMPse] B ES Ssksith 83 I E T8 A A3 UVBY 4K
w3} v wEke] UVBE FAlSHal FPP, Leu-Gly, Gly-Leu 4324171 oA 24 7} Zako] 7043kl al 94 S25-a 2}
Fepl Aol F7kskgiek. Wk ol FPP, Leu-Gly, Gly-Leu 417 ol Al Zebal ) £4¢1 MMP-3, MMP-13°] mRNA
g ko] 743kl AL, MMP-29F MMP-99] &/do] 7rAstqlth AxE £3515S ul, FPPO 2 tho]fEto] =41 Leu-Gly
3 Gly-Leu Z9Jdo] o8k 5 AS Alsta, 35 &35 S5ATE S5 2he 971 825% AN &8 7hs

Abstract  The effects of orally administered fermented porcine placenta (FPP) and its major dipeptides,
L-Leucyl-Glycine (Leu-Gly) and Glycyl-L-Leucine (Gly-Leu), on UVB-induced wrinkle formation of the skin in
hairless mice was studied. Treatment with FPP, Leu-Gly or Gly-Leu increased type I procollagen synthesis and
decreased MMP-1 (matrix metalloproteinase-1) in human dermal fibroblast cells (HDF-N). Hairless mice were also
exposed UVB irradiation three times a week and fermented porcine placenta extract (FPP), Leu-Gly and Gly-Leu was
administered once a day for eight weeks. Daily intake of FPP, Leu-Gly and Gly-Leu for eight weeks decreased
wrinkles, erythema and thickness of the skin and increased skin hydration and synthesis of collagen relative to a
UVB-control. Moreover, FPP, Leu-Gly or Gly-Leu intake decreased the expression of MMP-3 and MMP-13 mRNA
levels and inhibited activation of MMP-2 and MMP-9 induced by UVB irradiation in hairless mice skin. These results
suggest that major dipeptides of the placenta, Leu-Gly and Gly-Leu have the potential for use as a functional food
ingredient with anti-wrinkling properties.
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o & ¥2 &% #e
[17-18], @& = €9tz F 717
FEo #S Rue e vt gk

Ay TE = it 2553 oo FHrE thols
Elo]=2l L-Leucyl-Glycine (Leu-Gly), Glycyl-L-Leucine
(Gly-Lew)®] #1=3t Q13 FEMMA H5& dolri
b RSy o]& $18] Human Primary Dermal
(HDF-N) o]-&-3}o]
procollagen¥ MMP-19] #&-& ELISAZ 11819 1,

fibroblasts-Neonata MEE

Fw3l2 fatet $5 F (hairless mouse) 5% Fdo|
g = gt %5 (FPP), Leu-Gly, Gly-Leus 375
o & 5 F5 A4, IF 74, MMPs 2E 2 Feall
e 55 SAs] 1 2%S &l 4t
2, A gy
21 He M=
Age] Age BIEENE FZE (Fermented

Placenta Extract Powder A (K), HORUS Co., Ltd.
Tokyo, Japan)2 HORUS Co., Ltd.Z5FE, Leu-Gly
(G2495), Gly-Leu (M1460) Bachem AG (Bubendorf,

Switzerland) 2 FE8 FHwo} A&tk

2.2 MIIE H{QF

HDF-N AX:= 10% 1%
penicillin / streptomycin (WelGENE, Seoul, Korea)<
833+ Dulbecco Modified Eagle Medium (DMEM)
(WelGENE, Seoul, Korea) #]#| = Al&-3le] 377 C, 5%
CO; AE mjEFzHA wsl

fetal bovine serum,

23 M=Z =4 A

HDF-N 4|22 96 well plate®] 1x10* cells/well &
ek thay Al wjkzzdol A 24417k wiFEEQATE. wiA]
& AAsta DPBSE AlAgh 5 A 5 A 2e wiAE
Wl wjekstalTt 24417 5 A9 B wjxE A At
Dulbecco's Phosphate-Buffered Saline (DPBS)Z A %]

35, Ao AESS 574317] 918 EZ-Cytox (Daeil
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Lab Service, Seoul, Korea)E ¥ &3l HIXE g &
o] 1 A FeF WEEAIZ] %, 450nmol A FHEE
L5 R=e) ]_
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2.4 Procollagen I AI™

HDF-N A|XZZ 48 well platec] 1.2x10* cells/well =
Fata Al 27004 2447 mjdaigich L 5,
WA S A AL Al 7o 24 ARE A F
A EAE AE e wfRlel) g Aske] Al A e
= stk 24 A7 Sl wjeFE AES] WA E
A% procollagen type 1 c-peptide(PIP) EIA kit
(MK101; Takara, Shiga, Japan)E A}-8-3}4] procollagen
&S S} wpetel] F-2 5 o] A %= DPBS=
AZ3E 3 1 N NaOHZ lysis A]7] BCA Protein Assay
kit (Thermo Fisher Scientific, Rockford, USA)E ©|&
ato] & i ¢S SA8%lal 9 9 procollagen

o) [e)
9 =

Al

[SIR=%
DA

2.5 MMP-1 Xalf &M "It Al

HDF-N A|XE 48 well platel| 1.2x10* cells/well =
wotal AlEE Y 30l A 24 AR wiekltE 1
WA S AAsEAL A|ES] 7] ElE 24 ARE AR

B AIE o wiA el 54 ste] Al A2g
H) sk, 24213 Foll wieFE A E Q] wjAE 57
% Human total MMP-1 kit (DY901; R&D systems,
Minneapolis, MN, USA) & A3t MMP-1 4% &
otk nhetoll FZhulo] gl M= DPBSE A&
% IN NaOHZ lysis A1 BCA Protein Assay kit
(Thermo Fisher Scientific, Rockford, USA)E ©]-&3}
o & wud ¢ S4a E Y MMP-1 3

2 wAgstel F4srk

A

e

2.6 MBUSE Y AIREE
BT 6 #2025 g A SAHAA B

(Specific pathogen free, SPF) %% hairless mice
(SKH-1:HR-a)& 22| 9lE H}o]Q (Seongnam, Korea)
25Y F}iste] ARSI 499 459 9o <38 7]
He AAIL 10 Y 6150 E 5 E g o] %o
ARS APt HPsE ASEES 2 (24 +

27), 5% (55 + 10%), L8] HYgF7 S H

s

3 12 A

A Atk Atge v HA8ALE (Feed Lab Korea,
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Guri, Korea)& Aol= A8 A3
SteE stk H¥EEE AMSHEE “Guide for the
Care and Use of Laboratory Animals"E 7|22 3}
om, A3 4713387]E31E4 Institutional Animal
Care and Use Committees (IACUC) <1 3fol] 3=

Atk

o]
A
=

al
=

27 a7 A HeEE 37 EY

Reagan-Shaw et al (2008)2] =& #=3lo] FPP
9o A2 2S animal dose® EHF &+ 3L [19], Nam et
al (2006)e] A¥ FLE Faste] FPPE 10, 100
mg/kg 2=, Leu-Gly?} Gly-Leu 10 mgkgo s A%
3t} [17]. &, UVB, UVB + FPP 10 mg/kgt,
UVB + FPP 100 mg/kgwt, UVB + Leu-Gly 10 mg/kg
7, UVB + Gly-Leu 10 mg/kgw o2 A3-S 13}
T} (Table 1). Al59] Fol& vlg-2 1 3] A Fof 4
A 10 mL/kgo = 3h7el & W AT a5tk

Table 1. Experimental group and dose design

Test Amount of
Group UVB . . .
material  oral administration
Con X water
UVB o water
UVB +
(@] FPP 10 mg/kg
FPP 10 mg/kg
UVB +
FPP 100 mg/kg
FPP 100 mg/kg
UVB+
Leu-Gly 10 mg/kg
Leu-Gly 10 mg/kg
UVB+
Gly-Leu 10 mg/kg
Gly-Leu 10 mg/kg
2.8 UVB ZA}
Frego] 9@ FEL YY) d9) dxrg A9
g U] e vlF F 33] FUF Al UVBE =

Apelsie
(VARIOCONTROL, Waldmann ver 2.03, Villingen-
Schwenningen, Germany)& ©]-83}¢] 1 MED (minimal
erythemal dose, 2F 75 ml/cr)2] #S =438l UVB 9
2 (TL 20W/12RS SLV, wave length 290 to 390 nm,
peak emission 315 nm; Philips, Netherlands) 6715 -
Zsto] UVB ZAHE k4l AA = 1 MED, =4 +
£ 2 MED, A4l 3= 3 MED, YA F4E 23FE Al

7H4 3.3 MEDS ZAFsk3 o, o) el 9 e 5

SN
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EOS 600D, Canon,
Japan) 2 27 FY3sta, 5 A= 4 2 H7tE 915
Ag]ZZ ™ (SILFLO impression material, Flexico,
England)E ©]-&3l] @& 7} (replica)S AJT) ]+
FY2 dof YAHE 2052 uAEa, 5 - B
oF @4E Visioline ZRIFE o]t ARIS HY
i ojux|st o F, AFE #A Al=#2 Skin
Viosiometer SV600 software (Courage & Khazaka,
Mathias-Briiggen, Germany)E ©]83l9 &< W34,

%, el 2ol @& HA4sa 75 W sk

-5 wolulal 10%
gelshy Wals B9l ¢ 5 9
= hematoxylin and eosin (H&E) 942} 3ol &5}

& 4 9J& Masson's trichrome 94
& 3k9ich 441E 22& Nikon ECLIPSE Ti-E A5 =
HY&33v]7 (Nicon, Tokyo, Japan)S o]-&3le] AS
Aol olu2|3} gk & NIS-Elements BR 3.0 Software

(Nkion, Tokyo, Japan)E ©]-&3}o 4135t}

i

212 TR B4 M}
SR gw Zge BRY $Ee AR)

(spectrophotometer, KONICA MINOLTA, Tokyo,
Japan)$} Corneometer (CK Electronics GmbH, Cologne,

Germany)S o] &3] =433

2.13 AHAL SEEA HAHIS(Reverse
Transcription—polymerase chain
reaction)

J]F ZZo] RNAiso Plus (TAKARA BIO, Seta3-4-1,

Otsu, Shiga 520-2193, Japan) Y1l RNAZS &3 &
cDNAZ 3§43}, PCR premix (ELPIS, Daejeon,

Korea)9} primerE AFE3] Z 3} CKTable 2).
MMP-3 5% 95T, 30 &; 56, 1 &; 72T 1 &, 35
CycleZ Z133}93 3., MMP-139} B-actin 2 95T, 30
Z;56C, 1 %5 72T 1 &, 45 Cycle® 333k T&
H cDNAT 3 % agarose geloll #7]9% & Gel-doc
(Bio-Rad, Hercules, USA)E o|&3}o] #2415}

Table 2. The nucleotide sequences of forward and
reverse primer sets for mouse genes

Gene Primer Sequence
5'-CCA GCC AGC CAC CAT CGC
Forward ,
. TC-3
B-actin S
5-TGA CCT TGG CCA GGG GTG
Reverse ,
CA-3
5-TAG CAG GTT ATC CTA AAA
Forward !
GCA-3
MMP-3 :
5-CCA GCT ATT GCT CTT CAA
Reverse ,
T-3
5-CAT CCA TCC CGT GAC CTT
Forward ,
MMP-13 ATS
5-GCA TGA CTC TCA CAA TGC
Reverse GA3

2.14 Gelatin zymography 2¥H& 0|28t
MMP-2, MMP-9 2T 7}

IR 2o 2R Y did S 53 $o 10 X Blue
Juice (Invitrogen, Carlsbad, USA)$} &3131o] Novex®
10% Zymogram (Gelatin) Gel (Invitrogen)oll ¥ il 125
Vel dAg Ao 15 AkEet W719EE Sl
ANGE ¥ AL
(Invitrogen, Carlsbad, CA, USA)dll o 30 &7+ 2&
of Wk & WzZ]al Zymogram Developing buffer
(Invitrogen) 0. & A 3 30 &7+ A-20)A wrkals]
o]% A2 Zymogram developing buffer2 1A 35
aL 37°CellAM 36 A FSE FAATE 36 ARE Foll s
Simply Blue" Safe Stain (Invitrogen, Carlsbad, CA,
USA)C. 2 2 AJZF A F distilled water= 1 A|7F )
22 W 2 A7|aL 243 ¥ MMP-2, MMP-95 %]
st @43k ® MMP-2, MMP-9-& 62 kDa, 86 kDa
oA gelskad

Zymogram renaturing buffer
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3. &y

3.1 M= =4 gt

FPP, Leu-Gly, Gly-Leu?] Al
3] HDF-N Aol 2 A|57t e of
24A7F WF F AE BEES FRIGIh A A,
FPP$} Leu-Gly=> HDF-N A|32o|4 100 pg/ml 5=7}
A, Gly-Leue 10 pg/mi7kA] A% E40] YehtA] &
St} (Figl. a~c).

£ %42 B3] 9
o

ol kst
[e]

cell viability (% contral)

Control

FPP (pg/ml)
(a)

cell viability (% of control)

Control Leu-Gly (pg/mi)

(b)

120 4
100 4
a0 4
60 4

40 1

Cell viability (% of control)

20 4

Control

Gly-Leu (pg/ml)

©

Fig. 1. Effect of FPP, Leu-Gly and Gly-Leu on cell
viability in HDF-N.

Cell viability of FPP-treated (a), Leu-Gly-treated (b), Gly-Leu-treated
(c) cells was measured using EZ-Cytox assay kit. The experiment

was repeated three times. Data are indicated as mean+SD.
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3.2 FPP, Leu—Gly, Gly—LeuO| Procollagen

gdoll 0jx= &

FPP$} Leu-Gly, Gly-Leu9] procollagen 343 &%
B7¥el7] S8l HDE-N Aol A 7k4] A28 42519
W5 Zepl T =& 28k type 1 procollagen®]
dS& ELISAZ 301513t 2% 23} FPP, Leu-Gly,
Gly-Leu 2] Al f2]3t type 1 procollagen 33 <7}
= 515190} (p<0.05, p<0.01) (Fig2. a~c).

=

o

e

80 1

60 4

40 4

20 4

Procollagen level (% control)

Control

FPP (pg/ml)

(2)

Procollagen level (% control)

Control

Leu-Gly (ug/m)
(b)
o - )
120 4
100 1
80 4
60 4
40 4

20 1

Procollagen level (% control)

10 ng/ml

0.01 01 1 10

Control | TGF-B Gly-Leu (pg/ml)

(©)
Fig. 2. Effects of FPP, Leu-Gly and Gly-Leu on
procollagen synthesis in HDF-N.

Type-1 procollagen synthesis of FPP-treated (a), Leu-Gly-treated (b)
and Gly-Leu-treated (c) cells was quantified using a Procollagen
Type I C-Peptide (PIP) EIA kit. All experiments were performed in
triplicate. Data are indicated as mean+SD. Data were analyzed
using the Student’s t test for independent samples.

*p < 0.05, **p <0.01, ***p <0.001 versus untreated control.
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3.3 FPP, Leu—Gly, Gly—LeuO| MMP—-1 X{5}{
2ol ojxl= g

A7 AEe] MMP-1 A8l BeS BI7HE A,
FPP 0.1pg/ml *12] A] 18%, lpg/ml 2] A] 20%, 10u
gmlAE] Al 6% FAsrh E$ Leu-Gly 100pg/ml
2] Al 13%, Gly-Leu 10 pg/ml 22| Al 17% 3+43h]
Fo3k 02 MMP-1 A8 B

T35S BT (p<0.05,
p<0.01, p<0.001) (Fig3.

a~c).

MMP-1 level (% control)

Control | Retinoic FPP (pg/ml)

MMP-1 level (% control)

Control | Retinoic Leu-Gly (pg/mi)

120 4
2
£ 100 {
§
= 80 4
&
< 60 4
E
40 4
g
20 1
H
0
10pM
Control |Retinoic Gly-Leu (pg/mi)
acid

(©)

Fig. 3. Effects of FPP, Leu-Gly and Gly-Leu on

inhibition of MMPI1 in HDF-N.
MMP-1 synthesis of FPP-treated (a), Leu-Gly-treated (b) and
Gly-Leu-treated (c) cells was quantified with a Human Total
MMP-1 DuoSet ELISA assay kit. All experiments were performed
in triplicate. Data are indicated as mean+SD. Data were analyzed
using the Student’s t test for independent samples.
*p < 0.05, **p <0.01, ***p <0.001 versus untreated control.
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=]
=

fob o oy
1o,

2MED 3.3MED
.

ey
Experimental diet intake period

weeks 0 1 2 3 4
biopsy
3.3MED

I

Experimental diet intake period

| I | | |
6

Body weight (@
- - N N
= w (=] W

w

0 1 2 3 4 5 6 7 8

Week Week Week Week Week Week Week Week Week
= Con = UVB
UVB + FPP 10 mg/kg —— UVB + FPP 100 mg/kg

= UVB + Leu-Gly 10mg/kg

(b)

UVB + Gly-Leu 10mg/kg

Fig. 4. Experimental design (a). Mice were subjected to
UVB-irradiation and provided with FPP,
Leu-Gly and Gly-Leu for 8 weeks. At the 4
weeks and 8 weeks skin biopsies were obtained
and analyzed. Body weight changes in hairless
mice (b). Data are indicated as meantSD of ten
mice in each group.
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3.5 FPP, Leu—Gly, Gly—LeuO| UVB ZAIZ
Qlst =& ddof njxl= I

FPP, Leu-Gly, Gly-Leu®] 3 § & A%<l
o] WA, &, Ao, zlo] 5& B3 A
Zarol W3] e F59] At ke s g1l
i FPP 2 Leu-Gly, Gly-Leui*& UVB-dl| H|3]
245 BT} (p<0.05, p<0.01, p<0.001) (Fig. 5,
6a-d).

U
P oL >
o 2 & du

ro

8 weeks

Con uve Con uve
uvi UVB+ UV UVB+

B+
FPP 10mg/kg

4 weeks

B+
FPP 100mg/kg FPP 10mg/kg

UVE+ UVB+ UVB+ UVE+
Leu-Gly 10mg/kg  Gly-Leu 10mg/kg  Leu-Gly 10mg/kg  Gly-Leu 10mg/kg

(a) (b)
Fig. 5. Effects of FPP, Leu-Gly or Gly-Leu intake on
UVB-induced wrinkle formation after 4 weeks
(a) and 8 weeks (b).

FPP 100mg/kg

M con Huve

[ UVE + FPP 10ma/kg B UVB + FPP 100mg/kg

O uve + Leu-Gly 10mg/kg [J UVE + Gly-Leu 10mg/kg

60 P, (n=10)

w
a

40

Total wWrinkle arealmm2]

4 Weeks

8 Weeks

s (n=10)

Mo of Wrinkles
. I " S Y | w @ W
-8 2888828 8

4 Weeks 8 Weeks

(b)

£ 030

Mean length[mm

4 Weeks 8 Weeks

50 9

40 A

30 4

20 A

Mean depth[pm]

10 1

4 Weeks

2 Weeks

(d)

Fig. 6. Effects of FPP, Leu-Gly or Gly-Leu intake on
wrinkle value of analyzed replica in
UVB-irradiated hairless mice. Total wrinkle
area (a) number of wrinkles (b) mean length
(c) mean depth (d). Data are indicated as
mean+SD of ten mice in each group. Data were
analyzed wusing the Student’s t test for
independent samples. ###p<0.001, ##p<0.01,
compared with non-UVB irradiated mice;
**%p<0.001, **p<0.01, *P<0.05 compared with
UVB-irradiated mice.

3.6 FPP, Leu—Gly, Gly—LeuO| UVBZAIZ
QIgt St ool o= &

teom Aeldel og v Fuk ukgol FPP,
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Leu-Gly, Gly-Leu®] 37} nA& 43S &
UVBE ZAReE oAl gote] kel
Leu-Gly, Gly-Leu 432 2 UVBTel 3]
g FEoR Fule] Aag AS & T F AU

(p<0.001) (Fig. 7).

(n=10)

Redness (A.U)

4 Weeks 8 Weeks

Fig. 7. Effects of FPP, Leu-Gly or Gly-Leu intake on
skin redness in UVB-irradiated hairless mice.
Data are indicated as mean+SD of ten mice in
each group. Data were analyzed using the
Student’s t test for independent samples.
###p<0.001 compared with non-UVB irradiated
mice; *P<0.05, **p<0.01, ***p<0.00 compared
with UVB-irradiated mice.

H

3.7 FPP, Leu—Gly, Gly—Leu®| MF7} 2
312 Qlst m|f T Haiet 2k A

ol olxl= g
FPP, Leu-Gly, Gly-Leu®] 437} UVB7} A} € 3
-0 A} FEHll FAo ojwek JFg =X T
37l 8l 2H9AE AASHSITE Hematoxylin and
Eosin (H&E) 94 A3}, UVBw-o] thzatell vs) %y
o] FA7} 57} 893l FPP, Leu-Gly, Gly-Leu 4333
2 UVBol vl&] 13 FA7E 7233} (Fig. 7a).
NIS-Elements BR 3.0 SoftwareZ ©]-&3lo] ¥ F7
5 573 A A 7] AEE AF Al UVB A 9
& S7ke SR AT frolatAl adste A delst
At (p<0.01, p<0.001) (Fig. 7b). Masson's trichrome
A A, tizet vlaLste] UVBEe] el 34l
YA 748329 FPP, Leu-Gly, Gly-Leu 413 A]
UVB ZAt| oal] s el ZFepall whde] 3158 2

< gRIstATt (Fig. 8).

UVB + FPP 100mg/kg

UVB + Gly-Leu 10mg/kg

800

Epidermis thickness {(pm)
Now B o0 o N
g8 8 8 8 8 8

"
E

o

Con UvB FPP 10 FPP 100 I.eu-ﬂy 10 Gly-l.eu 10
mgky  mgky mgky mghkg
(b)

Fig. 8. Hematoxylin and Eosin (H&E) staining from the
dorsum of the hairless mice skin. Magnification
x400. Scale bars = 100 pm. Data are indicated
as mean+SD of ten mice in each group. Data
were analyzed using the Student’s t test for
independent samples.

###p<0.001 compared with non-UVB irradiated
mice; ***p<0.001, **p<0.01 compared with
UVB-irradiated mice.

3.8 UVB ZAIE2 REE MMP-3 & MMP-13
o U Aol cHSt FPP,
Gly—Leu?| &1}

FPP, Leu-Gly, Gly-Leu AF°l w2 MMP-13%

MMP-39] mRNA 2&d& RT-PCRE o|-&3o] =43}

Leu—Gly,



WE Ediist 1 %8 cholHetel= Y7k UVB EAfel ot

52 A7) 93 2B HAE w3

Aok A8 AF, gzl nste] UVBTolA MMP-13
7 MMP-3¢] mRNA w&o] F718l9ial, FPP 100

mg/kg, Leu-Gly¥} Gly-Leu 10 mg/kg 4% A] UVB =
Aol olall Z7HAEl MMP-13 3} MMP-39] #H&lo] 9]
3 FEo 8 7adkdt (p<0.001) (Fig. 9a-c).

UVB + Gly-Leu 10mg/kg

S D Uz
UVB + Leu-Gly 10mg/kg

Fig. 9. Masson’s trichrome staining of collagen fibers
from the dorsum of the hairless mice skin.
Masson trichrome staining of the skin tissue
showed tissue morphology. Magnification x400.
Scale bars = 100 um.

3.9 UVB ZAIZ Clsff SI7tEl
MMP-92| & Axlof
Leu—Gly, Gly—Leu?| =1}

Gelatin zymography 2 FPP. Leu-Gy, Gly-Leu?] 4
#7} UVB ZAle] 93] &4Jstd MMP-2, MMP-9

theto] oAl BakE zh=A Fleitt A3 Aot FPP.

MMP-2 &
NSt FPP,

Leu-Gy, Gly-Leu 43 Al UVB ZAlel 9j&) S7h4
MMP-9 (86kDa)¥} MMP-2 (62 kDa)<] & o] 7+A3}
ATk (p<0.05, p<0.01, p<0.001) (Fig. 10a-b). we}A,
FPP, Leu-Gy, Gly-Leu?] AF7} ZHd &Esaadd
MMP-2 % MMP-9 9] 845 FaA7]E 3S 891 &
T AT
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Leu Gly
FPE
c  Uuwe - Gly - Leu
10 100 10 10 (mg/kg)

600 1

400 4

FPP (mg/kg) Leu-Gly | Gly-Leu

(mg/ka) | (mg/ka)

(b)

]
g

200 4

150 o

100 A

Relative expression (%)
@
=}
"

o
L

FPP (mg/kg) Leu-Gly | Gly-Leu

(ma/kg) | (ma/kg)

Fig. 10. Effects of FPP, Leu-Gly or Gly-Leu intake on
MMP-3 and MMP-13 mRNA expression level
in UVB-irradiated hairless mice. RT-PCR
analysis (a) and percentage of MMP-13 (b)
and MMP-3 (c) mRNA expression. Data are
indicated as meantSD of ten mice in each
group. Data were analyzed using the Student’s
t test for independent samples. ###p<0.001
compared with non-UVB irradiated mice;
***%p<0.001 compared with UVB-irradiated
mice.
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(n=5)

Relative expression (%)
R -
8888888

k=]
N

FPP (mg/kq) Leu-Gly | Gly-Leu

@

600 - (n=5)

2
500 o
400 4
300 A
200 4

100 1

Relative expression (%)

FPP (mg/kg) Leu-Gly | Gly-Leu

(mg/kg) | (ma/ka)

(b)

Fig. 11. Effect of FPP, Leu-Gly or Gly-Leu intake on
MMP-2 and MMP-9 activity in UVB-irradiated
hairless mice. MMP-2 (a) and MMP-9 (b)
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.

A de 77
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wolE =3tk Park et al. (2015)9] el wa=w
= B8k $%E0| Human keratinocytes (HaCaT) /H]JOJ]
A UVB ZAel ol Z7bg AU ROS A S 9A
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A7), MMP-2¢] mRNA &S 24471t} [21].
E}EW ol9} 2L E N FEHES o] &3 7|Ee] o
TES WFFOR FPPO FwElE Qle) fuEs v

24 2AEAY VA4S d&E9a [16,21], FPP
9} 19 2 go]HElo]| =2l Leu-Gly¥} Gly-Leu®] &
55 oolry] 9JE B AT HaaiA =k

WA FPP, Leu-Gly, Gly-Leu?] 2H&7]4& do}lr 7]
Qe AE Ad Azl A 7kA] AlE= HDF-N A o) A
ZAtk. Aol MMP family
Bl a2 21

procollagen®] &S S71A|

T MMP-12 2 ZEHal&
rEE I5E MMP-19] dde] Frlste] Sl 4
S A#fste Aow A Adrt [22]. W MMP-1
24 oA Hr1E A 3 Ay, A 7HA] AR 25T UVB
o o Z71E AE W MMP-19] B4S A 7)=
B85S HSTE FPP, Leu-Gly, Gly-Leu®] 83 A 1 &
ol 7] A F

=0
=

R =]

S & 2% Z3 FPP, Leu-Gly,
Gly-Leu®] 4151:= UVBel 9fall A i 5 742
TE5O WA, 4, o], o] B Suk S TAaAA L,
9% FEFE ZTAA AH 2ARs B9
g I7MIa Fe R aAE 248 A JA9E
9| %a}ﬂ *é%% ¥ gl wEhA FPP, Leu-Gly,

UVB7} ZAF ©

4]

o] FAsh e
sls] gla) x4
W A

_‘:_x]

L

3 Z71E

Al pro-MMP-9S A3t Al7|a
fibronectin®} & o&] 7}# 7|29
t} [23-24]. MMP-29} MMP-9 & UVB %Ak &4
S B L type IV 9} type V =244, fibronectin 2 <
ghawl AiE weleke 24E #Hew [25]
Leu-Gly, Gly-Leu g3 =
£ IBAZE F Advk=
Leu-Gly, Gly-Leu®] Ze}7l 3] £4:91 MMP
oA g S A=A E<

Leu-Gly, Gly-Leu®] A7} A<
MMP-137 MMP-32] mRNA
MMP-2¢} MMP-9¢] @48 A=
Leu-Gly?} Gly-Leu tto]siete] =7} FPPo} H]%?}

o & wol: 2L A & 5 goik

=
S
1
L O
TN
<
8
]

A

FPP,
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Table 3. Comparison of total wrinkle, number of

. Mean Length
wrinkle, mean length, mean depth and

024 £0.02 032005 028+001 025005

[mm]
redness in the hairless mice skin at 4 weeks .. N "
. significance idiiid
after FPP, Leu-Gly and Gly-Leu intake. IVIT—
@ ea[rl‘l m]ep 3417 £ 286 42.68 + 124 38.00 + 282 35.65 + 2.75
UVB + UVB + .
f ### Fkk kkk
Con UVB  FPP 10  FPP 100 Seneanee
mgks  mefkg Redness 381 + 082 589 + 040 513 =035 478 = 08
Total Wrinkle ~ 3.18 = DUU21.02 £ 1008 £ 9.82 = significance st . o
area_{mm ] 206 8.40 8.68 05.84 Epidermi 25899 £ 65499 = 45238 = 38280 =
— ) " r pidermis . . . .
significance i Thickness 1681 91.16 46.70 29.63
Number of 146.40 £ 441.00 £ 317.10 £ 261.30 + —
Wrinkles 56.68 72.65 41.83 57.97 significance i ** o
significance H#itt HokE ok MMP-13(%) 100.00 = 27122 = 626.89 179.90
Mean Length 73 4 .04 033 = 0.06 0.25 + 0.05 0.27 + 0.06 0.00 0.03 0.06 0.01
{mm] significance #HH o o
significance Hitt HoHE Hx
Mean Depth 3412 + 3841 + 3526 £ 3525 = MMP3 () (000 E 169495 20613 £ 4438
[m] 2.56 245 3.54 2.53 005 003 002 001
significance ## * * significance idiiid ok Rk
Redness 4.13 £0.95 6.73 £ 0.68 4.61 + 0.53 4.59 £+ 0.51 MMP-2 (% 100.00 + 57519 + 145.86 + 340.76 +
significance iaidid - e 2 (%) 29.62 52.65 69.26 55.05
significance
UVB + Leu—G]y 10 UVB + G]y—Leu 10 MMP-9 (%) 100.00 + 41146 = 215.69 + 266.53+
me/ke me/kg 5891 81.63 145.44 145.44
i ignifi #H * NS
Total Wrinkle area 1022 + 5.43 9.59 + 3.93 Sienieance
[mm?] (b)
significance ok ok
- UVB + Leu-Gly 10 UVB + Gly-Leu 10
Number of Wrinkles 306.00+ 37.24 300.00 + 38.67 mgkg mgke
significance HHE HHE - 2
Total Wrinkle area [mm’] 1223 +£ 424 16.23 £ 12.78
Mean Length [mm] 0.26 £ 0.02 0.27 + 0.02
M 1 *kk k%
significance ok *x significance
Mean Depth [l—lm] 3590 + 1.82 3552 + 2.88 Number of Wrinkles 394.40 + 37.68 315.30 + 106.52
significance * * significance sk ok
Redness 422 £ 0.72 4.20 £ 0.30 Mean Length [mm] 0.27 + 0.04 0.26 + 0.04
significance ook ok significance * *
significance fiaiaia
Mean Depth [um] 37.16 £ 241 3725 £ 3.64
H Mean+SD, 2 ##p<0.01, ##p<0.001 compared with non-UVB significance *kk Hokk
: : : 3 ¥ #kp<() 0], FFFp< 1 ith
1rrad1alted Tmce, ‘ p<0.05, **p<0.01, p<0.001 compared wit Rodnoss 188 £ 021 180 < 034
UVB-irradiated mice
significance ok ok
Table 4. C()mparison of total wrinkle, number of Epidermis Thickness 416.55 + 4231 402.58 + 38.58
wrinkle, mean length, mean depth, redness significance ok ok
in the hairless mice skin at 8 weeks after MMP-13(%) 283.63 + 0.04 200.00 £ 0.02
FPP, Leu-Gly (a;ld Gly-Leu intake. significance e .
a
MMP-3 (%) 80.63 + 0.04 0.98 £ 0.00
UVB + UVB + L.
f *kk *kk
Con UVB FPP 10 FPP 100 Seneanee
me/kg merkg MMP-2 (%) 143.06 + 67.76 187.84 = 79.62
- significance AE -
Total Wrinkle 5 10 1 303 3879+ 13,02 23.62 £ 9.5 922 480 :
area [mm’] MMP-9 (%) 213.14 + 4754 109.07 + 34.63
significance i ) ok significance * %
N\l;/mbirl of 2392 66102i 7087 1'6102i 5(1)(3):2; 3382 é2l()zi D MeantSD, * #p<0.05, ##p<0.01, ##p<0.001 compared with
fineees : : : : non-UVB irradiated mice, » ‘p<0.05, **p<0.01, ***p<0.001
significance didid o o compared with UVB-irradiated mice, ¥ NS: not significance
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Glycine, leucine %

1\4].

proline< type I collagen
T8 o ako 2 o] F glycine FEHAl 4
3} 95 e S7IA AR A Gl
gl Tt [26-27]. FolF AAS
MMP-1 A&l &A< 5l E]QE].O]E_
& 3 olzlg Slgel=
leucine™ valine® & T4 5 o] glon AgA o}l
2717} MMP-19] pl° &4 84 =
grate] Al S-S 2= AS @
Park et al (2017)¢] AT-ollA
Gly-Leu tlo|sgto] =7} e
g 745 YEFIT [29]. Elastase®
El8int o}y 2} type | collagens w331
S-S AstAlA I A3 F5 G4 T8 &
Hr} 2 Ao A Leu-Gly¥} Gly-Leu tho]$lE}o]
F2 WA &5 glycine¥ leucined] ©]& 3 75
g5 Wl AR A7 Ak

Park et al. (2010)9] 15l UVB7} Z2AMH
AF el 74A] 71 (A. senticosus, AS) FEES
o g Az} Aol Mol ofF 5 A A
AaEE g¥7F Bard w) 9t} [30]. 3 Tilapia fish
oA Zeb Heto]=e] AF7F UVB ZAt 4]

S7HE MMPs9] &S THAAIZ AL, ] ZalAn
filaggrin G4 S 3| EA|A F5 A4 ofaL )
HFsl= BdE HERIY [31]. 919 AiE
I 2 Age] Aol AF S Hlaskis ©, FPP (10,
100 mg/kg), Leu-Gly (10 mg/kg), Gly-Leu (10 mg/kg)
9] 33‘._3’4-7]' 7HA 7] FEE (400 mg/kg)T Tilapia
fish %% (545 mg/kg, 1010 mg/kg)el &9} vt
TodE B3

ujebA] g = Rk FEE

Efute]  Leu-Gly,

[ et

o
=

Qo
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