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Abstract :
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In this study, in order to evaluate the possibility of using Jubak as a functional cosmetic

material, evaluation of antioxidant activity according to fractions and anti—wrinkle efficacy in

CCD-986sk cells,

a human fibroblast, were conducted. As a result of confirming the antioxidant

activity by measuring ABTS® radical scavenging ability, Jubak's Ethyl Acetate fractions was found to

be 75.5% at a concentration of 1,000 xg/ml,

showing the highest antioxidant activity among the

extraction solvents. The wrinkle improvement effect was confirmed by measuring the inhibitory
activity of elastase and collagenase, and in both test results, Jubak's Ethyl Acetate fractions showed the

highest efficacy at a concentration of 1,000 xg/ml. As a result of measuring the synthesis rate of
pro—collagen type I in CCD-986sk cells induced by UVB, Jubak showed the highest efficacy in the
order of Ethyl Acetate, Water, Acetonitrile, and Hexan fractions at the same concentration of 20 u
g/ml. As a result of measuring the inhibition rate of MMP—-1, a collagen degrading enzyme, all four

solvent fractions showed an efficacy of more than 70% at 20 pg/ml. As a result of measuring the
mRNA expression levels of pro—collagen type I, MMP-1, and MMP-3 in a real-time PCR
experiment, the protein expression level of pro—collagen type I increased when treated with Jubak
fractions compared to the UVB group alone. The mRNA expression levels of MMP—-1 and MMP-3
were confirmed to be decreased, and Ethyl Acetate fractions was the most effective in improving
wrinkles after the control group (EGCG). As a result, it was confirmed that the Ethyl Acetate
fractions among Jubak's solvent fractions has an anti-wrinkle effect against photoaging caused by

UVB stimulation, and is expected to be used as a natural material for cosmetics.
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mrtsta, mE Aol E CCD-986 sko] thsh
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21, NR9 F&

2 AFolA Aeet FEH( Makgeolli Lee)2 <t
HEF22E Agitol Adol AHgstairt. 24
g dejia 42 FEE A= FH9 3 &
9] Acetonitrilesr go] A-2o)4 247t} 3§10
AA FE2EE AU} olE AEF°] (Whatman
No.2, GE healthcare, Arlington Heights, IL,
USA)E AREste] ofagh 5, ofaftlls Adss
st AH FEES AUTh o] FEES B
314 & B4 Zui7|E Abgste] &80 hexane
o 7K 3¥H &S] Hexaneo]| &Y 894
A7 =tk Hexane & § Eol A" F=
B2 oA FEQI o]EA 3l4H, Bof 5
H FEES ™ 2E ZTUE ARESt] =&
S Ethyl Acetate2HE 3% F&35to] Ethyl
Acetate] FEH 8z Aot F=E49 s
2 B 4 Coll Hytsto] Aol AlgsHott.

1% N

oty

2.2, M= % 7(7]
st Adol AREE ARl ABTS [2,2'-
Azino—bis (3-ethylbenzothiazoline—6-sulfonic

CCD-986sk Al W 5 2929 &5

ool
o
fol
olr
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acid) diammonium salt]¢t 5 &5 A4S 4
St AJ2Fol porcine pancreas elastase, N-succinyl—
Ala—-Ala—Ala—-3-p—nitroanilide, Collagenase from
Clostridium histolyticumi= Sigma chemical Co.
(St. Louis, MO, USA) oA ot Ar8-st3ATT.
Az wjeF viz]et A]=<Q] Dulbecco’s modified
eagle medium (DMEM), fetal bovine serum
(FBS), penicillin/streptomycin Gibco BRL Co.
(Grand Island, NY, USA)ollA], A=A S Al
SF  3-[4,5-dimethylthiazol-2-yl]-2,5~diphenyl-
tetrazolium bromide (MTT)2 Sigma-—Aldrich
(St Louis, MO, USA)lA Fdstgltt. Fiest
g4 =32 MMP-1 ELISA kit (Abcam,
Cambridge, MA, USA), Pro—collagen type I
C-peptide kit (Takara Shuzo, Kyoto, Japan)
oflAl 24zt sto] ARESEIH

2.3. ABTS" radical A5 &3

ABTS" radical 275 &3 o< i
w2t 243514 ABTS™ radical® 7.4 mM
2,2-Azino-bis (ABTS)?} 2.6 mM potassium
persulfate (K;S,09)2 1:12 E&ste] 234 &
A2oA 24A17t FQF BESAIFTE ARE Al
ABTS €& 99% EtOHO| 435t Almwo] &
o] 0.1 ml A7t control ¥9] SFT Fhol
734 nmeoflA4 0.706+0.0010] =|A] st AF&5E
o},

Y

o

2.4, Elastase X3l &4 53

Elastase Aol 84 5742 th59] ol ot
ZAotdrt. Al=-8 0.1 mlo] 0.4 M Tris—HCI
buffer (pH 8.6)°] elastase (0.6 units/ml) 88
< H7keta 37 ColA 2Pg & 3083 ¥
AR 1 & 7128 N-succinyl-Ala—-Ala-Ala-
3-p-nitroanilide (I mg/mD<S 0.05 M Tris—
HCl buffer (pH 8.6)l =] 2087t ¥H-SA|A
43k 405 nmolA FE= Fol 0.5~0.7]
w]A sto] AFESIANL elastase Aol TS A=
o] M7ttt RO EE HAasE UEY
Ak,
2.5, Collagenase Xsli &M &H

Collagenase Adl &4 A2 0.1 M Tris—
HCI buffer (pH 7.5)°l 4 mM CaCl,Z #7}shod
4-phenylazobenzyloxycarbonyl-Pro-Leu—Gly-
Pro-D-Arg (0.3 mg/mDE =< 7]EH 0.25
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ml @ A=8H 0.1 mle] T&He| collagenase
(0.2 mg/ml) 0.15 mlE F7Fste] A-2olA 20+
7+ WAt & 6% Citric acid 0.5 mlE& go] Hb
S-S AAAAY. 81 ethyl acetate 1.5 mlE
H7Fsted 3,000 RPMo|A 10837 centrifugation
< o F ASAE Eol 320 nmolA FBEE
225ttt Collagenase A3l &AL Almo] A

el Rk Tel FRE AAeE LehhlT,

2.6, M= HHQF

2 AolA ARgE HRotAE (CCD-986sk
fibroblast cell)= whgteltistn shgEofe|stat
mEolor Agldold  epol  ARgsISi,
CCD-986sk A|Zo] vi¥F2 10% fetal bovine
serum (FBS; Introgen Therapeutics, USA)Z} 1%
penicillin/streptomycin (HycloneTM, GE
Healthcare Life Sciences, USA) 100 U/ml &
713t Dulbecco’s modified Eagle medium
(DMEM; Gibco™, Thermo Fisher Scientific,
USA) HiAE ARgstdew, 37 C, 5% CO,
incubator (Forma™, Thermo Fisher Scientific,

UsA)ell H-gA1A A s st

A Q&S ]S MTTE o|&sty] o237
Zo] ZPstact. CCD-986sk AZE 96 well
plateo] 5x10° cells/well® 0.2 ml¥ EFsk1,
37C, 5% CO, incubatoro| A 24A17F Zot ujjoF
stk BloF & serum free DMEM HIAZ2 W
Asta Ngel 2F =7t 5, 10, 20, 40, 80,
160 pg/ml &7t He& AHgt & 2443 5
MTTE welld 0.1 ml¥ st 23 & 24]
7F Zor Az well Wo] AJ9F2 suction
Sl F formazan crystalE& 83lot7] st &
7140§el DMSO 0.1 mlE “EolFth. plate
readerg ©]85t well& 20% §<F shakings}
I 570 nmollA cell viabilityE &7t

2.8, Pro—collagen type | &y U MMP-1
el 2d &3

CCD-986sk AlZZ 5%x10* cells/ml =& 12
well plate©] seeding 3 &, UVB (25 m]/cm?)Z
ZARE & AgE FEE=E Aste] CO, HIY
710l 48A1ZF Estlet. oA ARt A=
o HiFlls ok Aol ARESHTE Al By
g W Zed A A== Pro—collagen

Journal of the Korean Applied Science and Technology

type I C-peptide (PIP) ELISA kitE ARgoto]
Pro—collagen®] & ZAsloH, MMP-1 #
) &4 =4S MMP-1 ELISA kitE ©]-85}9
A ZA] protocol A tHE S 5FATE

2.9, Real-time PCR

CCD-986sk A|EZZ 24 well plateo] 4x10°
cells/well2 EF3I 24A17F H Alags =9
& Z7ksto] 2447 FSE HiFSHGITh i &
FENE AASEL cold PBSE 281 AlH
TRI-Solution (Bio Science Technology, Daegu,
Korea)2 ©o]&3ste] M= 70111 chloroform&
Qo 48937 gol8ThEoR Rl
phenoldE-S A|ASH H, isopropanolZ RNAE
AHAANA T5% o2 AHsHATE olF of&
25 AASI RNA pellet?t A air-dry 5}
RNase free D.WE 21 pellet& o] FFHS
2 total RNAE FEsHIth. F&7 RNAE
nano drop (microdigital, Seongnam, Korea)=
o]-gsto] Aokl RT master mixs ©]8s 9
AAE wEgSte] cDNAE §4% % filaggrin,
aquaporin-32] mRNA =& 1S 95 TB
Green® Premix Ex Taq IIE ©]85to] FE53
tt. PCRZAL 94 TollA 30% (denaturation),
55 Tl 30% (annealing), 72 ColA 30%
(extension)E 403] w¥HESIITh. Ado] AR&H
primer §7]4 €2 Table. 19 foFstct.

2,10, SANzZ

AdATe] oigt FAA = Statistical Package
for the Social Sciences (SPSS) software package
(Version 22.0; IBM, USA)E o]gdte] it
FEHAER YERIAL, Z At 7He] frolAdell
et AS2 2AREA(ANOVA:  analysis  of
variance)&  o-8sto]  [oHdS Rl 7

Duncan’s multiple test®} r—testS |-+ T}EH]
WE HABH FolE pC 0.050014] A5kt

3.1. ABTS* radical AHs &

2 dAPoMe FEF 2=
52 "rtel7] 98 ABTS' radical
Stelth. ABTS' 2tz &A% 534 |
goizdat g4tet 24 7He] Azt A g 9

ﬂ,
e}
rlo
>
&
H
w
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Table 1. Primer sequences.
Gene name Sequence ( 5' — 3')
Forward CAGCCTCAAGATCATCAGCA
GAPDH (human)
Reverse TGTGGTCATGAGTCCTTCCA
Forward GTTTTCCTCAGAAAGAGCAGCAT
MMP-1 (human)
Reverse AGCGTGTGACAGTAAGCTAA
Forward TTGTTCTTTGATGCAGTCAGC
MMP-3 (human)
Reverse GATTTGCGCCAAAAGTGC
Forward CTCGAGGTGGACACCACCCT
Pro—collagen (human)
Reverse CAGCTGGATGGCCACATCGG
m Acetonitrile Hexan m Ethyl acetate
100 - S
= m Water Ascorbic acid B =
G 80 -
L") C
N =
5}
2 60 -
g f
§ 40 -+ T
T h
S 20 - B : :
© .
= Jk ! M
o o Kk &k kjkiJ_k le‘IJ.
< 10 50 | 100 | 500 | 1000
Concentration (ug/ml)

Fig. 1. ABTS' radical scavenging activity of Jubak fractions. The result was presented as mean =+

S.D from three independent experiments. Statistical analysis was performed using Duncan's
multiple range test. Means with different letters (a—k) above the bars are significantly

different at p<0.05.

o o] Fatxlo] SFEo] HkE 4ok
wolti12]. A% A= Fig. 13 Aok AEZ
7} FHRS g (Acetonitrile &2}, Hexan,
Ethyl acetate, Water £&&)2 10, 50, 100,
500, 1,000 pg/ml SEZ2 AHZot9-& w 1,000
pe/ml oA Zb2F 259, 104, 75.5, 59.2%
o] FAS HYPomw ojFF<el ascorbic acide
1,000 pg/mlolA 93.1%°] &84S YehfdTh
819 Ethyl acetate 2Z=0] FAtstgo] 71
S8 gRlsk A THFig. 1).

3.2. Elastase X3l &M =X

At~ H(elastin) @ Z2Hl(collagen), 12|12
=8 ZA ] =F 2|7 Hglycosaminoglycans, GAGs)
o BT uRel TEE WAL A d F
8% 948 ste AEEE o954 Utk 1 F
dfArd2 g Af= AR glow, oirt
Solual ] FHE Zote+ d Tad @
< AFste] mie] g@Eds fAsty 5 FA4
= &= B3] degs
ElolA| (elastase)= AAEE Eollste B4R,
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5oy 3} o)A 17}0}“ 7ol glow,
ol HRO &S FAAF|IL
bl 7lojst= Ao=w dHA O‘E‘r[14] o
=2 “‘E}*E}O}Zﬂ 24S AAstAY 2
L gHro uitsly glon o]gt oq:,L%
H7H‘j*°ﬂ Z93% 942 28Ry
=8 4‘5‘1@ clastase A &S g 7&‘1}
Acetonitrile FZE3 Hexan, Ethyl acetate,
Water 23& 1,000 pg/ml BZoA Zz}
28.3, 10.9, 53.2, 24.7%°] &S Bor fx
= epigallocatechin gallate (EGCG)+= 1,000 «
g/mlolA] 66.9%% vebiigich. SA2AY Uz
T EGCG7t T8kl 7MY =2 elastase A
o TS UehiiglAe AaEe] 4 A
Bage] AL, HEhy, g, s
5ol Qo] AU chke ofelsl g E
mnel A4e FPAE o E4E F 4
o] AE AEFAZL Solubu 9l
S g0l A5 Hols] AestHes A% 7}
Sobe ofnlol Zuolahs A 2Rz A

|

filo
Ol

of
X

Se 2N #7122 wWeiAA g alAl
e AAEHE 22N 1 FEET &

T A T
_O|L
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3.3. Collagenase X3l &8 =3H
Collagenase A3l &4 &4 Ade =
asel Eﬂ}ﬂhf‘ro}?ﬂ](collagenase)/] 24

sto] FepAUelA o] &5S Ak

= Btk A¥er ¥R k3t 9

Agtyt FHE kR g 9 SAk=E

ol g8 ARSHTHIS] F49F9] collagenase A

S /de Felt Ai}t Acetonitrile FEET}

Hexan, Ethyl acetate, Water 3= 1,000

g/ml FxollA Z+Z+ 329, 12.8, 61.7, 23,7%9]

42 Ho] Fthyl acetate E&E9] 7}7‘} =2

%= UEIth mebA, FHEEEC

N HA PFE AR o] 8IHAE ’i}?lﬁal —’F

ATt

sg
=0

of W oXx

olN m NIO
ofl L ] chiA
O fob ot Qb

i

[
M

3.4, M= M=g =X
S AAEA ABTE Al gEE HA]E
FEFE 457 Hsi Ao E] CCD-
986sk AZEANA MTT assays T3l 58 28
9] *ﬂE =4S @15ttt MTT assay= MTT
Aolle AlE WollA] AtsteE]o] A=
A=l formazan®] AA-S SATHCH16].
e formazan®] ¢ AE Yl mlEZE =0l

100 -
— B Acetonitrile m Hexan M Ethyl acetate
[¢]
£ 80 W Water EGCG °
S -
S €0 - b
£
% 40 1 de
© fg
[ =
2 20 - h
0
LE mui Ikl &
= 0
2 | 1000
@
5 Concentration (ug/ml)

Fig. 2. Elastase inhibition activity of Jubak fractions. EGCG: Epigallocatechin gallate (Positive

control). The result was presented as mean
Statistical analysis was performed using Duncan's multiple range test.

+ S.D from three independent experiments.
Means with

different letters (a—m) above the bars are significantly different at p<0.05.
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100 -
B Acetonitrile Hexan m Ethyl acetate 2
%0 m Water EGCG
60 4
40 A

Collagenase Inhibition rate(% of control)

d
20 E® i fo
| |I | = ke =
5 -
10 | 50 |

Concentration (pg/ml)

Fig. 3. Collagenase inhibition activity of Jubak fractions. EGCG: Epigallocatechin gallate (Positive
control). The result was presented as mean + S.D from three independent experiments.
Statistical analysis was performed using Duncan's multiple range test. Means with different
letters (a—1) above the bars are significantly different at p<0.05.

120 4 B Acetonitrile Hexan M Ethyl acetate W Water
T 10 { mn ! .,
£ [ i
*
S s0 * ¥
e - .
o
3 60 = * ok
=
= = ® ¥ L
] 40 1 T,
>
g 20
0 4
0 5 10 20 40 80 160
Concentration (pg/ml)

Fig. 4. Cell viability of Jubak fractions in CCD-986sk fibroblast cells. The cells were treated with
concentrations (0, 5, 10, 20, 40. 80, 160 xg/ml) of Jubak extract. Cell viability was
measured using the MTT assay. The result was presented as mean + S.D from three
independent experiments. One-way ANOVA was used for comparisons of multiple group
means followed by rtest (significant compared to the extract treated only group. *p< 0.05).

24 e P WA BEY TRl glom o] & 40, 80 pg/mld SRR ARES AT BH 20
e dofols AZN WS, N=O] AZ  ug/ml olate] FEolA 90% ool AZ AE
=4 Agol} B avt 5 WSt ¥ Yel 82 Uehlel FF URY FAFEE 20
AgEch o 2223 22 5 10, 20, g/ml 2 APeiAcy
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Ethyl acetate

Fig. 5. Effect of Jubak fractions on UVB-induced pro-collagen type I production in CCD-986sk
fibroblast cells. The cells were treated with Jubak fractions (10, 20 xg/ml) and EGCG (10

pg/ml). The production of pro—collagen was determined by ELISA kit

EGCG:

Epigallocatechin gallate (Positive control). The result was presented as mean + S.D from

three independent experiments. One-way ANOVA was used for comparisons of multiple

group means followed by rtest (significant compared to the extract treated only group..

*p< 0.05).

3.5. Pro—collagen type | M&tM =X
2 Z2H(procollagen)2 Z2HA1S] ALA =

el AR 4= Aol Al oA %“4
= Z 220 7] 34 dAERA Fagt
A% At Il dFo AE 9 7E
G2 A N 9 ujES o] FH]Eo] FAl
AR AL SHot= Ae= I8 AoH1TL
olggt He+= mRe FxF AAE AFsty,
E3] gk e x5t ¢ Xa3t 9T
5t7] W&ol Pro—collagen type I AEAAHFS =
Hsto @y =204 g5 Wil 2 ﬁlE’r[lS].
ELISA kitE E3] FuF zgg-\}
24 9o CCD-986sk ME Y| pro—collagen
o] S EIgh 7.:33'4', AdES 100% =
S o HF] UVB @5 A9 pro—collagen 3
AE0] 21.2%= Qiaﬂi‘ﬂ, Acetonitrile 25
T} Hexan, Fthyl acetate, Water 2= 1,000
pg/ml s&ollX ZZ+ 21.4, 19.2, 37.8, 21.1%
o AHES L]'E]-1H°1 Z4k Ethyl acetate 23&
o] UVB ©= A<+ tiH] Pro- collagen type I
Ayt ol 7}7\} =A YEgen {omg diE

el

3.6. MMP-1 X3l &M =H
MMP-1 (Matrix Metalloproteinase-1)2 =

el Bal mao] FozA F2 Zeb Hh)

L o polsio] Zehl e Hofsl
tod 0% 4% otk T2 Aremegs
(ECM)elA] 2H43telm] 1§obH fibroblasy) 3

G5 AZAA AT FolozE zpelAlo] 7}
2 dFoz zgotel MMP-19] &4357t
Z7Hckal geA QI 19,20]. ol FEHA A
o] BalE Fxsto] oo %E—ié A7
5 59 L3 nRE zdHEct. MMP-19] 3t
de Futels BEAT e d54 AgolA
T XA TS op|AlA s AHE dov|

71% 3tH21]. MMP-19] &2 TIMP (Tissue
Inhibitor of Metalloproteinase)oll 2J3l A=
- Slew TIMP= MMPES] &44& Alofstod]
AﬂiﬂﬂHE@.i(ECM)J 2oE =8k W F
Q3 g sH= Aow g Jri22]. ELISA
kitE o]83] UVBE ZAlgH CCD-986 sk A
W F=E2E0 2EES Agsls ‘ﬂi
MMP-19] ¥d HrE =34 47, UVB &

Aelo] Hlej FEFEEN ¥ ﬂﬂo}ﬁ
S ] 20 pg/mloflA 89.0, 91.5, 72.5, 60.2,
90.1%% Yeht 47FA] Alm B% MMP-19] &
Aol A= o™ Ethyl acetate EFEL Fk
10, 20 zg/mlollAl BE MMP-1 Asf 4o &
omgt A3E Uitk (Fig. 6). & £
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120 4

MMP-1 levels (% of control)

CCD-986sk Al W FHF 28E9]

o
N
o
o
olr
o

100 4
80 4
60 1
40
20 A
] s
- + +

0
25 mJ/cm2UVB
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Fig. 6. Effect of Jubak fractions on UVB-induced MMP-1 expression in CCD-986sk fibroblast
cells. The cells were treated with Jubak fractions (10, 20 xg/ml) and EGCG (10 pg/ml).
The expression of MMP-1 was determined by ELISA kit. EGCG: Epigallocatechin gallate
(Positive control). The result was presented as mean * S.D from three independent

experiments, One-way ANOVA was used for comparisons of multiple group means
followed by #test (significant compared to the stimulus only group. *p< 0.05).
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Fig. 7. Procollagen, MMP—-1 and MMP-3, pro—collagen, mRNA expressions on UVB-irradiated
human fibroblasts treated with Jubak fractions. The cells were treated for 24 h with the
indicated concentrations of extracts before treatment with UVB (25 m]/cm?) for 24 h.
Normal : Neither extract nor UVB treatment, UVB (25 mJ/cm : only UVB treated. The
data are representative of three experiments. Each value is expressed as the mean + SD
ofthee independent experiments. The statistical analysis of the data was carried out by use
of ANOVA test. *p< 0.05, compared with absence of extract.
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