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Abstract : In this study, to investigate the possibility of using ethanol extract of Petasites japonicus
(PJE) as a functional material, we investigated the activity of improving skin barrier and inflammation
through UVB-induced human keratinocyte (HaCaT cell). As a result of confirming the antioxidant
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effect through DPPH radical scavenging activity, ABTS" radical scavenging activity, and hydrogen
peroxide scavenging activity, it was confirmed that it had an antioxidant effect similar to that of

ascorbic acid, a control, at a concentration of 1 mg/ml. As a result of confirming the mRNA

expression of the production ability of filaggrin and aquaporin—3 in HaCaT cells induced by UVB, it

was confirmed that the reduced expression level by UVB stimulation increased in a concentration—
dependent manner when the PJE was treated. It was confirmed that the mRNA expression of TNF-«
and IL-18 were increased by UVB stimulation and decreased when the PJE was treated. As a result
of the migration assay, it was confirmed that the proliferation of skin keratinocytes and the recovery

rate of wounds were increased in a concentration—dependent manner. Based on the experimental

results, it suggests that Perasites japonicus can be used as a functional cosmetic product that can

improve skin moisturizing and skin barrier function.

Keywords : Petasites japonicus, Skin barrier, Anti—inflammatory, Filaggrin, HaCaT cell
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AN ELL 1 AtolE A¢= ADFTORE o]Fo]
A om FAHEL Algtatol= (ceramide), =4
AHE  (cholesterol), ARFAIRAE  (free  fatty
acids) 522 &d=A QUoH5]. AEAZF A4
QIRZHE HAFS ZIT st AFozH
H Houls o] mEAgHo o9ks sy
filaggrin, loricrin 59 At} Tidoe] o3
FAETH4]. F Aoz HE AdH g4t
A= QIgt 7)5of Aste] AZAH AEZ Y AT
AGAAZE E43teo] Ato]E7LRI(cytokine) H
& x5S Tdo] FUete] fRAZRE &
5t Aol S A ofEmel 72 R
Ak AF4 mEgo] vebd & Slthel. AA
2  Interlukine-1a  (IL-1a), Interlukine—6
(IL-6), Tumor necrosis factor—-a (INF-a) 5
9 A% WA ATHGA AR Ago] A7l nt
S0 mERdoA FA mRAHEAg] B
7} AdHEttE 2ue QUo7 FE ‘mEAHE
(MR 713 vPEZEo EAste 2425 =1
£ gith el 715 IESH JHEe 59 A
of g F R VSR Hes

=

Aol o2t B9 7152 MAE ¢ e A4
a0 AHARF a7F ol A 9l7t Sl
I SItHE] B AFE Ao s QIgh m R
9 &g 9 dF WS A Al U BHEE A
J cytokines®}t filaggring ZE3ZFSF TR

LS Fv dFEW FE olFH A
% Bdxe wRZPEA A UVel sl
filaggrin, involucrin 59] E53H Az}
51713, A= filaggrind} serine
almitoyl transferase®] WHZS JI7HAA T8
He Hosh= Zlog HIUEH9, 101 E}
H2HE2L ROt FEEFL  Interferon—y IFN-7y)/
TNF-a 2t UVBY| 95 =49 Interlukine-14
(IL-1p), IL-6, Interlukine-8 (IL-8)1}, reactive
oxygen species (ROS) F& &40 THS JA|
STt BUEATH 1], W (Petasites japonicus)
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B Ao E W9 70% ofehe FEEo| my
ZFAPAAMESQ HaCaT AHZ U UVBE §EH
ndlof A o FAZo ujxs IFS dot

oRg SPE 2 2A TPsAe] A

21, ¥l M2
o= AE ZctA AHiE RS BEE
of| A 2020L:1 1299 Fedston AXI Alm
£ ot & 70% gHES Sui2 sto] ABF
o] 108 kS Jlsle] ALofA 24A]7F ZoF
74]1]0]-1 /\JZOH_L]- 7‘(114‘:' 0 ‘:‘ o]-oq 50101— l:ﬂ'
o2 23 HHE —Zréo}‘ﬂﬂr N A=E 94
EE] 9 o{7SF o} rotary vacuume vaporator
(HS-10SP; Hahnshin S&T, Korea)E AHgsted
wz3 & EA7|(FD5525: lishin  BioBase,
Korea)2 Z1ZsIct. AR Ase Wi
Hyksto] ARGt

2.2, DPPH 2iC|E 275 &3

FE=9 DPPH oz 4As2 o2 2
o] ZAstth Almet FAUiET ascorbic
acid 2+ 100 x¢Le] 0.2 mMe] DPPH 50 uLE&
go] FHESEE 0.1, 025 0.5, 075 1
mg/mLE THEo] wHteE & 30 min WX ot
2  enzyme-linked  immunosorbent  assay
(ELISA) reader (Power Wave™ XS Microplate
Spectrophotometer; BioTek Instruments, USA)
£ olgel SUmold SHES ZYetalc
Agels auke Amgole] Abpel AT
o gA gagw dehioln

1o

2.3, ABTS'2lC|Z A4S &3

ABRTS'®tHZ &A% &42 7 mM ABTS¢}
2.4mM potassium persulfateE 1:12 &35}
A F A2oA 24 h B BESAIR £, ARE-
Aol ABTS 8H-& ofgrgol 3Aste] 734 nm
oA &= ZHo] 0.706+0.0010] =A| AH&aHA
o} Alg2e} FAF L ascorbic acid ZF 50 L
o ABTS®} potassium persultate &l 950 4
£ A7kt FEFsEE 0.1, 0.25, 0.5, 0.75, 1
mg/mLE = § 734 nmollA SEE=E =45t

k.

W (Coptis chinensis)?] THGH} FAF A 3

2.4. Hydrogen peroxide 27| &d

Hydrogen peroxide £7% &AL 343 A
2 500 xLe 4 mM Hydrogen peroxide 500
pLE 71E & 37T oA 10& &< §HEAIA
ELISA reader& ©o]8s5to] 230 nmolA &FEE
214 o]-Oq /\ﬂhg =2 0}93\1:]-

2.5, M= Hig

2 AFgA AMEH  human  keratinocyte?l
HaCaT AMEZ= digtodidtn mRHoere]st
ARARRE Bt Ag}eet HaCaT Al
o] HjF2 10% fetal bovine serum (FBS:
nitrogen Therapeutics, USA)¥ 1% penicillin/
streptomycin (HycloneTM, GE Healthcare Life
Sciences, USA) 100 U/mLE A7}t Dulbecco’s
modified Ealge medium (DMEM: GibcoTM,
Thermo Fisher Scientific, USA) A& AFESIS
om, 37C, 5% CO, incubator (FormaTM,
Thermo Fisher Scientific)ollA] 8jFstATt.

2.6. MTT assay

HaCaT cell& 96-well plateo]] 2x1074 cells/
wello] 7] 0.18 mL EF3513, PJES 5=
Az T 002 mL H7F] 5% CO;
incubatoroflA 24417k EiFSEATE. o714 5
mg/mL FE2 A|E3Z 3-(4,5-dimethythiazol-
2-yD-2.5- diphenyltetrazolium bromide (MTT,
Sigma— Aldrich Co.) €& 0.2 mL 75t
M MR % gEele AAsD, @49
formazan®l|] Z+ well @ 0.1 mLe] DMSO &4
= 7ot} A2olA 1583 BHEAIZ1 F ELISA
reader2 540 nmollA FFTE ZSASIITE Al
T =X =Ao /\]ggoﬂ_q Art2nr Bgrraol
YT PAER JERfI

2.7. Filaggrin, aquaporin—-3 AMM2F =X
HaCaT cell& 6 well plate] 1x10° cells/mL
2 24X7F vjF & UVB (50 m]/cm?)¢} Hwd
= Az WY FEES At F 18AT H
ME viFH-S FHste] filaggrindt aquaporin—32
Zsec. A FAAslel ZHAA 70
Cold H&elH, filaggrin %2 Echelon
bioscience®] filaggrin ELISA Kit (Cat: LS-
F40135-GOS14)E Aquaporin-3+ Gill Blood
Group®] Human Aquaporin-3 ELISA Kit
(Cat: MBS700774)E AH&SHH2™  protocolell
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2.8. Real-time PCR

HaCaT cell& 24 well plateo]] 4x1075 cells/
well2 EF3}1 24A17F F] PJES w2 7t
Sho] 24A17F E9F viFeteltt. i & e
AASEL  cold-PBSZ 2% AH & TRI-
Solutiong ©o]-&ste] AMEHE 7§11 chloroform
= 4ol #89FY {78 eRE FEste
phenol’d 2 A|ATH F, isopropanol2 RNAE
AHANA 15% ogE=2 AlHstqit. ol ofg
<5 AAsSI RNA pellet?t A air-dry oo
RNase free D.WE Y1 pelletS o] XFHo
2 total RNAE FE5Ith. 5% RNAE
nano drop (microdigital, Seongnam, Korea)=
o]-85te] Aot RT master mixs ©|8al g
Al wRgSte] cDNAE 4% % filaggrin,
aquaporin-39] mRNA 3 2l& 5] TB
Green® Premix Ex Taq [IE ©]&5t FE351%
o}, PCRZAE 94Co|A 30% (denaturation),
55Co|A  30% (annealing), 72CoflA 30x%
(extension)E 403] WHESI)

2.9. Wound—-healing Assay

HaCaT cell& 12 well plateo]] 5x10%ell/well
2 EFoh 24N vigstah WiRE Al
7St PBS= AlFste] FBS7F fle HIAZ

Table 1. Primer sequences for real-time PCR
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overnight H%Fst3ict. 200 xL Yellow tip2 ©]
okl T A2ZFZ F1 PBSE 13] AlHsk3
o drder wE $ PEE s=E= Adst
ATk 2447 B iR & dmjFoR A
olF 4=g Tdsta Fgstlrt

=2 ==

i o0,

2.10. SAINzZ

AdAte] tigt SAIA = Statistical Package
for the Social Sciences (SPSS) software package
(Version 22.0; IBM, USA)E o|-gste] Hatt
FEHAR eI, 2 A 7He] foldell
et AS2 BAREA(ANOVA:  analysis  of
variance) & ©|-85te] FolAdE RIS &, rtest
E o8 tFHIWE AAst] foeE p (
0.05014 A sF3iTt.

3. @dat ¢ n#

3.1. DPPH radical scavenging activity &3
DPPHE free radical2A4] HezpAo] QrAH 35}
24 Fo5 B4 24 U S elad g
FHolcH17, 18]. PJES] DPPH radical 47
SR A% Fig. 13 Zo] yeigict. 4
PJE 0.1, 0.25, 0.5, 0.75, 1 mg/ml 5%
o, 1 mg/ml =X 93.2% &
ot FUEEOA Hxdow ARE

e

r_O'll‘ ol
N lo o

o #

_\.‘EIWU%OIV
ek

ox,

o

He

@

Target gene

Primer sequence

forward
FLG
reverse
forward
AQP-3
reverse
forward
TNF-a
reverse
forward
IL-1b
reverse
forward
GAPDH
reverse

5" -TGA AGC CTA TGA CAC CAC TGA-3’
5" =TCC CCT ACG CTT TCT TGT CCT-3’
5" -TGC TAC CTA CCC CTC TGG AC-3’
5" -GCC AGC ACA CAC ACG ATA AG-3’
5" -TGT AGC CCA TGT TGT AGC AAC-3’
5" -TTG AAG AGG ACC TGG GAG TAG A-3’
5" -GAT CCA CAC TCT CCA GCT GCA -3’
5" -CAA CCA ACA AGT GAT ATT CTC CAT G-3’
5'=CCA CCC AGT ACA GCG TCA AC-3
5-CAT GGT GCT TCT GTC GCT CT-%
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ascorbic acid= 96.1%% PJE7}t tHZ:r"JJ' H]
b AAGYE YEhfglen tdEkso] &

= AT 5 A

ok Sy i

OPetasites japonicus  m Ascorbic acid

100 4 a a b a a _a a
- RS =

+n

DPPH Inhibition activity (%)

01 025 05 0.75 1
concentration (mg/ml)

Fig. 1. Electron donating ability of Perasites

Japonicus ascorbic  acid
(Positive control), Results are means =+
S.D. of triplicate data. Values with

different abed significantly

extracts,

letters® are
different each other by ANOVA and
Duncan’s multiple range test (p < 0.05).

3.2. ABTS* radical actlvny E=$3]

ABTS"#HZr 2752 potassium persulfate®]]
HEAA FAdE 2E FEMO free radical®
PAE = P E o83 Wolt19]. AAAT}
PJE 0.1, 0.25, 0.5, 0.75, 1 mg/ml s&==& A7
S-S o, 1 mg/ml XA 99.8% 42 K
P, FYFLY thREQl ascorbic acide
99.9%°] ~AZdor PJES talsol ¢t
= 1T 5 Ak

OPetasites japonicus  mAscorbic acid

100 2 2 ! L] I |
£ w0 c
z
ER
] d
2
.E 40
o
E 20
<

0

01 025 05 075 1
concentration (mg/ml)
Fig. 2. ABTS' inhibition activity of Perasites

Japonicus ascorbic  acid
(Positive control), Results are means
+ S.D. of triplicate data.Values with
different letters*>*¢ are significantly
different each other by ANOVA and

Duncan’s multiple range test (p<0.05).

extracts,

W) (Coptis chinensis)®] T4 H} FEF g3 5

3.3. Hydrogen peroxide (H202) &7

Aoliap g A&He) opATo] o
L=2 H,0,0 e dHAE AHHH
2EHAE FESH H,00= BESAR
Az A 2 wrEo] DNA2F Proteing &
b__gl_ ol /L—]o]aio 0107]1— 7_1013_ ELI_E]_’ M
oH20, 21]. PJEY] H,0, &A% &% Zi} Fig
37} Zro] yrErtth 0.75 mg/mL wkZoflA tix
o ascorbic acidE 99.9%2 FYFZoA PJE=
99.0%°] £75& HATh

l‘>‘ r_?l[ 0|r
ﬂllo j& o, JI)"
o Wt 4z 02

o¢
>

120 OPetasites japonicus mAscorbic acid

b ab
100 ¢ ab a

e

,JW

025 05 075 1

Hydrogen peroxide scavenging activity (%)
a

=)

Concentration (mg/mL)

Fig. 3. Hydrogen peroxide scavenging activity
of Petasites japonicus extracts, Ascorbic
acid (Positive control), Results are

means£S.D. of triplicate data. Values

with different letters*><d are
significantly different each other by

ANOVA and Duncan’s multiple range

test (p < 0.05).

3.4, MZ =4 &3

oI7t AAFAN|EF2 HaCaT A|Eo] PJEE
0, 0.025, 0.05, 0.1 mg/mle] SEz Halstn
2477 A & MTT assayS ©]-&3o] A ZAY
285 Flstgen] O A= Fig 40 LR
At A FEolA 95% o139 /‘ﬂit*ﬁf%g_ B
of Algo ozt A4 uEhliAl  gskow
0.025, 0.05, 0.1 mg/mle] oA AE 5
Skt
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Cell viability (%)
& 8 8 2 B

ha
=
L

Nor 0025 0.05 01
Concentration(mg/ml)

Fig. 4. Cell  viability —assay on  human
keratinocytes. The cells were treated for
24 h with the indicated concentrations
of 0.025, 0.05, 0.1 mg/ml. The data
are representative of thee experiments.
Each value is expressed as the mean +
SD of thee independent experiments.
The statistical analysis of the data was
carried out by use of ANOVA test.
*p < 0.05, compared with absence of
extract.

3.5. FilaggrinZl aquaporin—3 M5 =3

x1 71-Fe] AAFPAE (keratinocyte) 24
§ 2HE ) g0 BEY AU s 3
A Atole] filaggrin T Ho] WA o]= 7}
7H ¥HE FXE wtesg dFdstke JFRAe o

=

[UN

+

Filaggrin levels (%)
Fe o oo
5 8 8

(=]
=1
L

100!

Nor Con 0.025 0.05
Concentration (mg/ml)

=1
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&2 stof Agde Ags] fFEE Hostr &
W fABE 1
Sk d=A QloH22, 23], Profilaggrine
filaggrin®] A= ZHA-fatg UlollA EAst

= gHAEg Ao R4S Bl filaggrin

o] mHw HFHor HATEHFIA (natural
moisturizing factor, NMPZ mi HZFo] L&

QT B ET QIek24]. E3F ZPEA|
—J 7_301' /gl loricrin® involucrin
deote dFde "@oste] o {20
ottty g glom filaggrin 42ke] &
o] £HA 89l T {4 ®ol9 o Ha
St =W w R dFa o o] ool it
g 4 okl B EIeH9]. Aquaporin E
o] ®u]of keratinocyte Wol o] =Hm ub
d A=A Aaatos 52 28F T-E I
o] ZAZo)H NMF= Z-g3tch, 712 A
oAME 13709] aquaporins (AQP 0~AQP 12)
7b AR en  mE muFold AR
aquaporin—39] W&ol FAEH TH ol
Folgo] kSpPh JEEA dHA QIHH13]
[25]. Aquaporin—3°¢] knockout ¥ wh¢Al= 3
o] HEgm A fs Asto] diRt &4
7h Uehtbe o2 delA glo] mf mu 4
715l we Fagt AR g A ATH26]. Fig.
594 PJEE 0.025, 0.05, 0.1 mg/ml 52 A
2lot= o, filaggrin®] AT 42.1%, 48.0%,

o) r.EL‘ O{N o Hil E

o
f

100 4 +

40 4
20
0

Nor 0.025 0.05 01
Concentratu)n (mg/ml)

AQP-3 levels (%)
2

Fig. 5. Expression levels of filaggrin and aquaporin-3 on UVB-irradiated keratinocytes treated with
PJE. The cells were treated for 24h with the indicated concentrations of extracts before
treatment with UVB (50 m]/cm? for 24 h. There sults were analyze dusing ELISA kits.

Nor : Neither extract nor UVB treatment, Con :

only UVB (50m]/cm? treated. The data

are representative of three experiments. Fach value is expressed as the mean £ SD ofthee
independent experiments. The statistical analysis of the data was carried out by use of

ANOVA test.

*» ( 0.05, compared with absence of extract.

- 263 -



Vol. 40 No. 2 (2023)

55.3%% 7Vt aquaporin-39] AJATF
50.7%, 59.3%, 66.5%% Z7}5te] Ll olZEZ]
2 7 Holg AL st

o
—
o

3.6. Real-time PCR &3

WRs} BEd Aeldel A3 wA Hw
TNF- «, IL-18, IL-6 53 22 AI3A At
olEFele] Z7he <ls) mWRe| WA (rght
]UHCUOH)E oH|ete] mEAGHE EgAA HR
FHE WAAE Rz MRAZE ehy
Al HoH 27 29]. HaCaT A|ZoA nE H&w}
45 ¥d RS vAe dFE Lot
sl PJEE ®EdE=R  AH2lstal  filaggrin,
aquaporin—3, TNF-a, IL-18 5822 mRNA
W3S Real-time PCRE o]-g3to] EA51c},
O A3 4% ¥4 TNF-«, IL-182 mRNA2|
HHAZFLS controlit@l UVB Ap=of 935 AjAo]
Zrkstgom PIES] 27t F7btel wet gof

=

3.0
25

2.0

i

0.025
Concentration (mg/ml)

Relative ratio(Filaggrin/GAPDH)

Relative ratio{ TNF-o/GAPDH)

Nor Con 0.025 0.05 0.1
Concentration (mg/ml)

2!
s
o)

W (Coptis chinensis)®] WHGH} FAF A 7

alsHA  Fasts Qg 4 QUSIth ERE
f‘Iaggrin aquaporin—3 3%12}9]

< UVBARS©] o5 Adke] Famglon iy
0}04 P]E— A Aetde ol FonlstAl 57t

r_>i
(o}
8
=
Z.
B
L
ral
o

3.7. Migration assay

AAA G SA T ME] FZ it Az o]
2 FAL A 22 o] A gEstel| oo nli
< 3Est {Aok= AAA ROl B4H
o7 ddHA Uoh25]. PJES] ME 4 U
Z78 Basty] ¢ste] HaCaT AlEo| A
A2 AAE Wi wound healing assayE

ot 24X7F 5 H9l FE= A=l
noramlwd} H]W3te] 0.025, 0.05, 0.1 mg/mle]
BT FFolA ZF 1718, 1.928f, 2.23d8) A=
olgS FXIste] nR ZHAAM|ZY] FA} A
AEES ST EE ZRlskel

LUAEOZiOH
ééolﬂo?d_lﬁ

w
n

+

N
2

Relative ratio(AQP-3/GAPDH)
r
» <

15 A
10 A
0.5 4 I
0.0

Nor 0.025 01
Cnncentratlon mglml)

0.8
06

04

Relative ratio(IL-1B/GAPDH)

0.2

0.0

Nor Con 0.025 0.05 01
Concentration (mg/ml)

. TNF-a, IL-18, filaggrin and aquaporin—3 mRNA expressions on UVB-irradiated human

keratinocytes treated with PJE. The cells were treated for 24 h with the indicated
concentrations of extracts before treatment with UVB (50 mJ/cm?) for 24 h. There rsults

were analyze dusing ELISA kits. Nor :

Neither extract nor UVB treatment, Con : only

UVB (50m]/cm?) treated. The data are representative of three experiments. Fach 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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Migration area (%)
e
[=]

~
=1

Nor 0.025 0.05 01
Concentration (mg/ml)

Fig. 7. Effects of a fermented PJE on
migration of HaCaT cells. HaCaT cells
were treated with PJE at indicated
concentration for 24 h. Wound healing
assay was performed as described in
materials and methods. Phase contrast
images were taken at 24 h after
scratching to determine healed distance.

represent mean+S.D. (n=3).

*p < 0.05, compared with absence of

Values

extract.

4. 3 E

Aharelo] charet o8 AL WA ol
Ak AN Akl T Aste Qor]w wio
Azot @5 §Uske Fas dgow g

oStk 2 Aqe] 522 PJE] Human
Keratinocyte¢l HaCaT celloA m]®2Ad n]8
HE T893 45 st wAl= °§5o‘3_ otH
37 skt DPPH @ttt 471% &%, ABTS
gz 7% =74, hydrogen peroxide 47]%
Z4S e A3 1 mg/ml FEoA xS
ascorbic acidet AR AAGTE HAFQh
PJES] AZ=4E Bletr] 948l MTT assays
A3P5te] 0.025, 0.05, 0.1 mg/ml FEoA AL
0] §le2 sttt HaCaT cellof] =57

3 mEng mRs P 9§ UVB
B0mJ/cm2)2  F="  AMEoJA  filaggrind}

aquaporin—32] mRNA &3 H=E sholst A}
0.1 mg/ml XA 2 tie] ZF2Z 1.48H),
2.554) Z7}sto] mEAH T} ﬂ—‘?—i’\‘—oﬂ 2
Al aits @ISkt mRASo theh o7A
4 Hogo digh a2 ?40}1-17] oaf T
TNF-a, IL-189] ¥dz PJE A A 5=

r&"ﬁ
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