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Abstract

Purpose: In this study, we aim to study the functionality of multiple effects of peptide
collagen and naturally derived compounds through in vitro experiments and human
application tests. Method: Cytotoxicity of inner beauty film (IBF), pro-collagen generation
ability, elastase and collagenase inhibition, DPPH radical scavenging and tyrosinase
inhibition ability were measured, and skin improvement, through in vitro and human
application test. Results: Cytotoxicity was not confirmed up to 1000 ug/mL. Elastase
inhibition was 7.2% at a concentration of 125 pg/mL, and collagenase showed an inhibition
rate of 16.3% at 31.3 pg/mL. The pro-collagen synthesis showed expression of 34%,
compared with the negative control when the concentration was 62.5 pg/mL. The antioxidant
activity of 250 pg/mL and whitening effect of 62.5 ug/mL are showed in the Results section,
and there was no observed deformation or color change even after confirming the stability for
6 months. Even in the human clinical study, the wrinkie improvement before and after using
the IBF was 32.2% at maximum, skin melanin and brown spot improvement was 32.5%, pore
improvement was 31.5%, and skin density improvement was 12.8%, as shown in the Results
section. Conclusion: Therefore, the IBF containing the complex of peptide collagen and
naturally derived compounds has a positive effect on wrinkle improvement, skin melanin and
brown spot improvement, skin pore improvement, and skin density improvement, as well as
exhibiting antioxidant and whitening effects. As a result, IBF can be developed as a key

material for cosmetics and foods.

Keywords: Inner beauty film, Wrinkle improvement, Whitening, Functional cosmetics, Peptide
collagen



Introduction

B w37t A wel 22 AAAE, AIAE, dgdAE, Gl 59 750
A Em Fgo] A7]aL ©@EAES 9ol 7HA "k o], Ao Fo W
Eg2 29 wio] 979 vy HE3to] AlgA L FFo] A7|A o
AE Aet B AE R AEE BE T fhael uet IR & ko] AYIA 1 I3t
o Fol A FE FHE YehyA Pd. webd JRFES dier] ged i
B5ES Z7pA 7 R (T o RE WEor ] WRAELE A3t A Zet
7, dead T AAdnd A S8 FEsok dk(Waller er al, 2006; Skobe et
al., 2000). AF-F57} gy FAo] Fag JS st FehaAe Lshof wel A&
oA i 3l &o] wobA Feplol aE FF TR oozt o]t dtE =
FAY FES AaA7I7] 8 HE FI5AE 2AES ol &kl oysta R A=
O RHE HosAY AA U @ AL FWHE dFse]l AFH wWelAa A
(Kang, 1997). olg]gr Ze}7lg o] &8 IF AW F55 S Aol Bol ystoy
& AFAge] A AR TAETTE LA FEAdle] F5Eo] a&H oA Esjrhe
AR o}l A YtHChoi et al, 2014; Zhang et al, 2020). &322 HAFHLHS U
A e Fae] Fart FolAa ot Fehal 7z AU Sl daAeE oA
7hA] o BB oy x| ¢ar dtt(chikawa ef al, 2010; Kim et al., 2011). dFA] 7t
HOAxE B3 Fehe 5571 A 288 53 F5ug waga A+
Hom @] Arlel gako] Ao i Feple wEA FEAZ ATkl B
i ¥ ltHTakenokuchi et al., 2018). stAIFF 7]& ABAFol A= -4 9 A Fehad
o] FF&ol AR el s G&o] solus o R AFE Hivl BedE B

=T
stal FEpale] Al dl Farell tid AAR A= ®el Hof A ¥tk (Chai et al,

gt
=

|

al,. 2019). b3 &epd, AW FeES £ ALA =Y dd
sto] Au Z2Hle] F4ES Fola AAFEHTE VIede FUlet
=

4= 9)+= oral disintegrating film (ODF) A



IBF) 7Aessol tigt 7157 A3 ¢Hggel el o+ starak g

Materials & Methods

TAE A =42 242 500 g4 &71ol "ol doll ofF 4L 9str] fls) 60Tl
A 59 s AxFAH Larrauri et al, 1997). AZ3 HAEZAM e UE, B2,
k2 E70)S B 7] (HM-2100S; Hanilelec, Korea)® ##]3}e] 50 mesh?| #E £33t
Al AE AT E4 2ol w10 g8 Feed ¥ 3% SRTE A
HEHo= 100 mL7F A & & "dH g AejolA 200 rpme.= 30 min &
(MSH-20A; Daihan, Korea)Z o]&3le] dgNS wk=E11 4T 2] Wil Yo] 48 h &
ot AL Ak o] & 94172 7](UNION32R plus; Hanil Scientific, Korea)E ©]
ko] 4T A 5,000 rpm (PFAE: 3000%g)C i 90 min ¢ AHAEL A AsL F
Feds FEsEith. 7 ARy FEES AdAdTe] HAAuistnlol wel wj g o] 4]

|

o EETZA WAl wFo] gNstel gtk AFUE R BEAS

r'O
=
[-'DZ
)

of

ol

s

o] 985E ESHFARENTYH Frjste] ARESlom Zelle oyoRRY FEE AR
2 FEba o2 Geltech (Korea)oll A AE g2 Frufate] AL&ak3iTh

AAFE57E A9 BEAF(EFT, ¥AAPE; ES Food, Korea)S aHH7|(T.K.
HIVIS Disper Mix, Model 3D-2; PRIMIX, Japan)°ll ¥ 3. 20/1500 rpme. & FA]el] 30
min 70ColA wHststa o|F HFACGHPIW, EotadiAERE 7St
20/2500 rpm .2 30 min 70Cel A 23} ﬂaiumeong et al, 2019). °|¥ IF &
NG 2o 1 h &<t Wzst & Z2Md F H7A(Collagen, Geltech)E 4o 20

rpme. &2 10 min I WHF & AE fA8 wuty]o] AZH HIFHIZE o] 8sle] -0.092

al
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il

Mr o oe
i
ot H
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%0

MPax7do =z g7]sle] 7|EE AA3 F Teflon ZHEZ &&A
(MSK-AFA-TIII, MTI, USA)°ll &7 30T, 15 h 72 AZXAA HZE +
3

10%27F Hes d55 Axs3 e in vitro A@NM = vl &) =
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Abere] I B2 AH A EQ] HaCaT A|Ee 213]/d oA 3E(human dermal fibroblast,
HDF)+= 3= A X523 (Korean Cell Line Bank, KCLB)olA F9F Hkol 10% fetal
bovine serum(FBS; Gibco BRL, Grand Island, NY, USA)Z} 1% Penicillin-
Streptomycin Solution(P/S)S #7}3F Dulbecco's Modified Eagle's Medium(DMEM;
Gibco BRL, Grand Island, NY, USA) wj#]o] 37C, 5% CO,Z71o 4| sttt Al
i Fai A= MEZE 80% o) ApeE Aol A 2-3dwtrt ulgkstqlt).

4. MTT assay

AAFE=5F=e dFH oJUREIEFY] AESAHS G987l 918 HaCaT Alx$}

HDF A XE 96 well plateo] 3x10* cell/well & =2 33 3 37°C, 5% incubator
[e)

oA 2447 B WFEAA AEZ 9 RHAIIL, JUREAES FEo| e

ﬂHN'

o

PBSe| g3lste] 24 h &<t A2 itk Welld 20 puLe] 3-(4,5-dimethylthiazol- 2-
y1)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) €(1 mg/mL)S #7}3}t
o] 4 heQt WbSAI AT MTT Aleke] #H7F= A7 formazang 5°]7] ¢l81A] dimethyl
sulfoxide (DMSO; Sigma-Aldrich)E 100 pL® #7}s}al, 1 h ¥ microplate reader
(Epoch, BioTek, USA)E o]&3} 517 nmollAd FFE=E S54SR, control

(medium only)2] 3% 41S 7502 AXESAS v|usglt).

-

g

e

5. Elastase oA &4

zd 4359 FEAMY a3%E Hrrekr] 8l elastase 244 A ot
YUl =7+ adenosines ARESFR S ™ 0.1 M Tris—HCI buffer (pH 8.0)ol 3]4]gk A]
2 220 plel 2 mg/mL N-succinyl-Ala-Ala-Ala-p-nitroanilide 20 pLE % 7}sFo] 25T
oA 20 min RESAIZ] Hh, €5 HolA ¥kSS& FZAIZ] $ microplate reader

(Epoch, BioTek)E ©]&3to 405 nmollA EF =S =439 (Moon et al, 2010).
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6. DPPH 2tz &7 &4

Aoz Axd AFY st adE Hrietr] #1ste] 1,1-diphenyl-2-picryl
hydrazyl) (DPPH)] 25 &tz 2A%S Felalglth. wekge] £3)8 200 uM DPPH
200 Lol 3FAg AlsE 50 pL FH7bste]l 37CelA 30 min &% §HEA|
microplate reader (Epoch, BioTek)E ©¢]&35}lo] 405 nmolA SHEE 5%
Ascorbic acidg FUETE AL oM HAE F& H3E AYLe F

A% AE 2 e A Y Brand-Williams et al., 1995).

)

oW

&

i

oL
ol

(

AC)

]

)

7. Tyrosinase A a3 =4

AEo R AxH AEo nw FiE Hrlslr] 98+o] tyrosinase TA AATS
A5kt 0.1 M phosphate buffer(pH 6.5) 50 plol Al& 50 pL<t 0.1 unit/pL
tyrosinase 50 PLE FH7Fato] 2ol 4] 53k REgAIZTE 1 mM L-DOPA 100 pLE
7} ko] 37Coll A 30 mingt ¥H-&A1Z1 ¥ microplate reader (Epoch, BioTek)E ©]-8-3}
o 475 nmolA FFEE SAHSIATE Arbuting FAAUERTOE ALESESiow
tyrosinase AL HAd= F=& 5T AL FAULY FHE #FagE Uy
WStk (Sripathi et al., 2016).

||V

8. Type-1 procollagen C-peptied A& =4

AAF=5ded ARAzdbds 73 olUREdE o Ax il F20 g v
A= FEFS Lolr 7] $13] human dermal fibroblast cell (HDF) MXE 10% FBS”}
Eo]7t DMEM A Xuldo] 37C 5% CO, 7oA mde 5 welld 1x10* cell®]
=% 96-well plated] ZolF ¥, 12 h &<t vigslar] AEE s F2AFATH
Z} wello] AEES Fd3 DMEM HigdHow A3 tfs ZF welld ARE FHE
&5 62.5, 125, 250, 500, 1000, 2000 pg/mL7} S5 A2 §- 48413 g7t v
st o). vkl S =33} procollagen type 1 C-peptide assay kit (Takara Bio Inc.,
Japan)E AH&3ete] Fehall e SAHSN o, ofnf Fehale] F== kit E3H
= X7 &9 (Procollagen Type DemHH At&d FFEFAdo=Ry AXMEAH

(Ryu et al., 2019).
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Al 2 A
(Chroma Meter, CR-400; Konica Minolta Inc., Japan)E AF&ste] L(HE), a (+ A=
[~ 5E), b(EA RS S8 ol dxwo® 78 Tl AFGA TE)E AHE
fol wlwstglom HFEAIe] Lgkd 92.74, agkS 0.19, bake 3.67¢1%121, 253] nk

=A43 & 7 PGagker Yetdy. EA =AH S Texture analyzer (Zwickiline

H
rir
S
il

Al

1l
ON

ol

8

70.5 TS; Zwick Roell, Korea)ell screw grips type 80332 &&35}e] test force 0.1 N,

test speed 10 mm/min®] 27102 77t t& WX &S 4&3ste] S4sk9l)

Az BF At &aAgre F435H7] S8l Bl @ Al 29& wrEo] AR
ok Alg ) AZzE Ql 0.2 N QA AZFKH.PODA el 0.2 N E

Alel 118 mL % E& Yol 1 L2 93 pH 6.898 3t o
A EHE wet Fa= Al 7I(KDIT-200; KUKJIEENG, Korea)E ©]
ot AHE SA s AlEwd &2 (SAH e, Korea) 7 7/ @ E Qo
HE Hd SaAIteZ YERYQLTh

AzxE AFe] 25 9 G S AlFsr] 8] 502TC = Baste] 1833120
9 Lux/hr, 500 watt hrs/m?)S =% A7 A2 WH3lo] w2 WA 5o Agdst= 0,

3. 6709 For nassict.

12, QA §AH FAAGA 2

W oage] AARAE F 5090l 2 Aol “20vls 300 4 Hlgow
dt oURERE & @ FA A ANAE ANGT AAe] NRAQ 444
(949, Wel, A, Felbsd B)Z Ba ow @ AFoINE Se2r)7h glor], A3

4 Aoyt W ge] glar, AR, FR5TF obyn WA FAdoly 2ol gl Al
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Elastase A5 ¥ix3to] HEg ALREW w319} R zt=to] uwle} elastase?
gAo] molX= Ao=w dHA Uvh(Baud ef al, 2013). & AT elastase A &
s dotr7] f& o JlUREIZEY SAANERTY FEE AAEE YERAY. A3
Z72 adenosine 2000 pg/mLES AFE3dlom o|YHEIAELS 62.5 png/mLFEH 2000
ng/mLE=7kA A2 o™ 125 ng/mLAAFE F2 42l elastase A a37F A=
Aoz 3l HAthFigure 2A). o|UHEILE Al % 62.5 ng/mLolrE <F 3.5%9]
AA &5 v WARE oA FA= oA o |UREEE 125 png/mL &=l A
Bl 7.2%°] AAEsE Yl o 2000 pg/mLold 9.7%¢] #2#<] elastase A &
TS YERNRITE A dlZa ) adenosine ¢F 12.9%9 JA&TS HloH YU &
T g oJUREEEH oF 3.2% o AolE EUTh wekA o]y REEEo| FEid
olF myrt lvkal dd H

==

Jo

l‘
¢

4. Collagenase 94 &4 =4

Collagenase = elastase®t 7o) IFRw-sji} &5 2o uwlgl &Ado] olx] 34
TFoAReR odHA AtHKim ef al, 2011). IF FE59A

collagenase Azl wel F5S /A &5 vkl dEA . olUREZE9
collagenase®] 7l S5 “olR7| 98 SN PBSY A2t At o2 AEH
QL oJUHEILEL 32.25 pg/mLAF-E 500 pg/mL7HA AHElH o uAE FHHE
7%l adenosine (500 pg/mL)¥} Blal s}SiTh o|YREEE 32.25 ug/mLolA ¢F 16.3%
o] AAaTS YERWon 125 pg/mLY-E 500 pg/mL 7= 20% ol4e] dAlsS v
EFH(Figure 2B). §2% %9 500 pg/mLe FAUESS 35%9] AAE&ES HElY &

8 AR Bwe 9T

=2

0

y

dEi in] of 15%°] Aols Hon 32.25 ng/mLFH o4l oAl a&& Hol
= AddA oY EHEEo| collagenase A &3 FEI/MMe w7 vk AdE
ot

A2 =2 FEepol= W HAFZEIFES X85t T4 FEMA 39 E
B71st7] Y8 Type-1 pro-collagen A =3 FAS 215t Pro-collagene

collagen F+%9] o}m= Wety} FE2 8 Al Tto] propeptidedts @71 DS 7HA AL §



© 1 propeptide= pro—collagen® %3 (folding)S =} collagen A= HE #g
ot 2EA ok oWl el¥ propeptide® F& SATFOEA, AL M9
collagen AgASS Foldd= Aui(Talwar et al, 1995). UANWFET+L adenosine
(2000 ng/mL)& AHE38Mlon AUl TS PBSYHS AMEste] wlalshglth. oy HEZ
2 625 pg/mlolA+= SAANETA(100%) thH] 134.4%9] procollagen #4H] &S EF
Yo 200 pg/mLollA+= 202%9 =27 #h]s < YER A tHFigure 2C). #H E}
AgAFol A AEA Feae] dHA 93 collagen®] F4 Fxlof tigh A450] ©ol
B ¥o] dti(Jeong et al,. 2008; Zhang et al, 2020). A gk E oA oA AL A
A ZFepAle] & BE AE sRoA sddo] T HAL HAFEHFEY w27t
S7Fgol e} procollagen® F%7F 571 H&= AS=E YER

gle] FET AAFEEFE= VIsAHoRE dddr. o8 e AnE AAFEE

&0 2]3} procollagen®] #H|5¢ Z7}

t
)
av
gt
kN

27 B4 5 w3t E AT = 9GS s o] A8 AWy x=3)
& A=Y 83 98-S s A S 2EA Advk(Assimopoulou et al, 2005). oY
HEZEE9 itsl &4 e doluy] 9] 125 pg/mLYE 2000 pg/mL7HA] &4atkst g4
S 3kl 3} tH(Figure 3A). A4 ZE1S PBSS AFE3Y 11 A EL-ES Vitamin C=
o]-&3te] Aa7eS Elstsinh. At 125 pg/mL =N 1.17%9 AAES HIS
U YA A= ofy] vk shAIRE 250 pg/mLA-E 8.5%, 500 pg/mLelA 19%, &
Az 52 552 2000 pg/mLolA 40.1%9) w3 A-fatdZd A7 5] el
HAT FANET2 50%2 275s Bl oJUREEFI oF 10%2 Aol BIARE
ool & AvE Kol kst g3t geldk Ao w ddhEn.

—

|\

7. Tyrosinase &4 YAl =4

Tyrosinsasets H|W o] X 3E nARZA AEZY dold PSS R Aoz ddA
AL AAE A4 depde] Aol JAHo] wjwle] ddo] YElYE Aow dEA 9l
}(Hearing, 2011). Tyrosinase A3 @452 L-tyrosine®] 7]&d= 2Z}83}¢]

tyrosinase°l] &J&] L-tyrosine®] L-DOPA=, L-DOPA 7} t}A] L-DOPA quinone®. &



14 62.5

3]

}S9 S (Hwang et al, 1997). St Z++2 PBSe} v

S

g5 ol
ng/mLol A 14.3%2] A4 &

&

I
B

X

9
AN
=

o

o]l =

o = [e)

S S
o
A

=
o

il
3

[<]

3

I3
=

8 (Fna) 842 1

dzao] 4.227 238
[e)

o] 0.47%

=t

o] 3.02,

e S tHFigure 3B).
QA= A

28.62% tjZT A& A7}
= S HERs T H

=

=

d o

o
S

L

°] 0.17, H=

i
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Tables

Table 1. Tensile strength and maximum strain test of inner beauty film

Frmax (kgf) dL at Frmax (%) Fereak (Kgf) dL at break (%)
Control group 3.3840.10 96.8746.91 2.2410.28 373.45437.45
5ﬁﬁf””mn““ 9 1044013 478.32446.73  0.6540.14 592.15+109.12

35.361 19.780 -12.330 -
t-value (p) (0.000)™ (0.000)™ (0.000)™ 4.643 (0.003)

**n<0.01; ***p<0.001.

Table 2. Results of disintegration test of inner beauty film

Disintegration time (sec.)

Samplet Control ~ Experimental

group group
1 243 224
2 250 212
3 242 280
4 250 300
5 242 203
6 244 230
7 244 300

245 250

+ Each sample is shown with independent experimental results.



Table 3. Stability results of artificial sun lamp test of inner beauty film on
storage time

Storage time (month)

Sample *
0 3 6
1 Stable Stable  Stable
2 Stable Stable  Stable
3 Stable Stable  Stable

* 1,200,000 Lux/hr, 500 watt hrs/m-

Table 4. Results of human clinical study

Mean score (% of 0 day)

Function

0 day 5 days 10 days

4.02+1.87 (10.92)  3.14+1.91 (32.18)

* T *k*k

Wrinkle improvement 4.9442.09 (0)

2714182 (10.36) ~ 2.1642.01(32.53)

**k*k Jkk

Skin melanin & brown s 3.2241.77 (0)
pot improvement

1.68+1.69 (17.34)  1.20+1.44 (31.54)

*k*k *k*k

Skin pore improvement 2.46+.71 (0)

38.1849.42 40.8748.77 (8.61)  42.5049.43 (12.77)
Skin density improvement ©)

*k*k *k*k

tMeans3S.D. (n=50); *p<0.05; **p<0.01; ***p<0.001.
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Figure 1. Cell viability determination of HaCaT and HDF treated with IBF through MTT assay.

HaCaT (A) and HDF (B) were treated with IBF (31.25, 62.5,125, 250, 500, and 1000 pg/mL) for 24 h at 37 C. MTT assay was conducted to evaluate cytotoxicity. Each
value is the mean + SD of three independent experiments that are significantly different (p < 0.05) from the control. IBF, inner beauty film; MTT, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide.
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Comparison of the elastase inhibition effect of IBF through enzymatic
= 200 - experiment (A). The positive control was adenosine (2000 pg/mL).
= *kK Collagenase inhibition ability of IBF (B). Expression levels of pro-
S collagen type | in HDF cells that were treated for 48 h with the
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Student’s t-test. IBF, inner beauty film; SD, standard deviation

CON 62.5 125 1000 2000 Adenosme

IBF (pg/mL)



>

DPPH Scavenging activity (%o)

60 - 40 -
5o 35 -
***
;\o\ 30 i **
40 - =~ o
525
] '§ **
30 £ 20 1 . >k
**% % |
< ]
20 - £ S
o
* |z\ 10 T
10 - '
5 4
O -|— T 0 m T T T T T
CON 125 250 500 1000 2000 VitC CON 62.5 125 250 500 1000 2000  Arbutin
IBF (g/mL) IBF (g/mL)

Figure 3. Antioxidant and whitening effects of IBF.

DPPH radical scavenging activity of IBF (A). Comparison of DPPH scavenging activity effect of IBF with different treatment concentrations. The positive control was Vitamin C (2000
ug/mL). (B) Tyrosinase inhibitory activities of IBF. Arbutin was the positive control (2000 pg/mL). Values are mean+SD of three experiments. Asterisks indicate significant differences
(*p <0.05; **p < 0.01, ***p < 0.001) between negative control and the IBF-group using Student’s t-test. DPPH, 2,2-diphenyl-1-picrylhydrazyl; Vit. C, Vitamin C; IBF, inner beauty film;
SD, standard deviation.



100

80

40

Forcein N

20

Experimental
Group

Strain in %

Figure 4. Stress strain curves of inner beauty film.
The result of tension tests obtained using 25 samples. Texture analyzer measured with screw grip type 8033 at test force 0.1 N and test speed 10 mm/min.
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