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Abstract

Repetitive or excessive exposure to ultraviolet (UV) radiation causes oxidative stress-mediat-
ed skin photoaging through the overproduction of reactive oxygen species. Actinidia polygama
is known as a medical plant used in oriental medicine for treating several diseases such as
abdominal pain, stroke and rheumatoid arthritis. Recently, it was reported that A. polygama
extract had anti-wrinkle and skin hydrating properties in ultraviolet B (UVB)-exposed hairless
mice. However, the molecular biological mechanism of this extract on alleviating skin photoa-
ging is still unknown. Therefore, we investigated the anti-photoaging effects of PB203, which is
the powder of A. polygama extract, in the in vivo and in vitro photoaging models. First, PB203
showed 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and 2,2-diphenyl-1-picrylhydrazyl
radical scavenging activities due to the presence of anti-oxidant components including flavo-
noids and polyphenols. In UVB-irradiated hairless mice, oral administration of PB203 (100 mg/
kg) significantly improved wrinkle formation, skin dehydration, elasticity and skin barrier func-
tion by decreasing the levels of matrix metalloproteinases (MMPs) and increasing those of col-
lagen |, filaggrin, involucrin and loricrin. Especially, the reduced production of p-p38, p-c-Jun
and p-c-Fos by PB203 reversed the elevated levels of MMPs mediated by UVB exposure, re-
sulting in the upregulation of collagen | expression. Consistent with these animal data, PB203
remarkably enhanced the mRNA expression of collagen |, filaggrin, involucrin and loricrin,
while suppressed that of MMPs in UVB-irradiated HaCaT cells. And PB203 increased the
wound recovery rate of cells by promoting their proliferation and migration. Moreover, PB203
significantly recovered the activity of superoxide dismutase inhibited by UVB in both mice and
cells. In conclusion, PB203, which protects skin from UVB-induced photodamage by exerting
antioxidant properties, can be considered to have sufficient potential as a functional ingredient
or therapeutic agent improving skin photoaging and related skin symptoms.

Keywords: A. polygama extract (PB203); photoaging; matrix metalloproteinases (MMPs);
collagen I; filaggrin proteins
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A2 =gtof] sl R, 14 koke Al A (ultraviolet, UV), dI7] 24 =4, 3 2
7“’1‘74 &2 ‘:}Oﬁ} 30101] S ““”0}‘1}[1 3]. 1 SOlA X}ﬂ/ﬂoﬂ 916} =9} ‘5’4”% B

N
(reactive oxygen species, ROS)«] B/3E& E75] DNASE &44A] ]_’ Thil 2 o] :rL =i
A17]H, SOD(superoxide dismutase)@t 22 3P4} §49] W& 7HAA7] 1 HSHe-S
woto] u] i Feohi ofy e} uBA7IA = I 4= Sl o' A QUTH3-8].
UV =Z0f 93t ROS 57H= MAPK(mitogen-activated protem kinase) A5
%‘éﬂ-ﬁ}oﬂAP-l(activated protein—l) 23 iﬂg '5'“4‘5} c-Jun ¥ c- Fos«]

—

= Z*/\]-O]X}E uvol ogf Qs = ERK(extracellular s1gna1 regulated kmase) INK(c-Jun
N-terminal kinase) ¥ p38 MAPK”} 57}=4, c-Jun ¥ c-Fos T 9] W 4 &3k}
Ao g FEEh AP-10] E/3tE9, o7 gy} 35} 593 FAAI7]5= collagen,
elastin?} &2 A & 2]7] A (extracellular matrix, ECM) E}E“Zé-_‘:% 235 5l= MMPs(matrix
metalloproteinases)2] @0l ZFEslA SEELt| o]t AZ WR 32 P ZA5}] F
3= Ao 7|4 EH9, 12-16].

SHH, filaggrine ZHAA| 2o ek F5ke} w5 A (skin barrier) 7|5 2 HF B0 52
St eHlA R involucrin, loricrin®} 7 UV k=Zof it A A woj 49l ZHa%E FAJof
ofsk=t], UV o]2I3t filaggrin 59 WEZ HAAOZH HT 9] £ £A4S F7HIR]
TH17-20]. 2= UV =& MMPs|| 2J3t collagen 315 £715t0] T & A4S 71
313 8 o2}, filaggrin 59] ZFAE Tl ZFAE Q15 I B A 9l g 7]0] 7
SIS 2efjslu g, o]8)st Pusta e WBE ®H 551 YAt uvel 95t Asd AEH

A5 HAAF]AL w7 EAYEEHE HIkE i 2 et Qi

Nt (Actinidia polygama)= THIUFIH Actinidiaceae)?] THAAY A &2 Sh=), 5=,
2Alof, A& 5ol BEsIH, B, 5T, FUEl L BEY 55 A=dhe ol AREHAA St
[21, 22]. E, et =20 =, it FEE2 ovalbumin 2 {4 -0
A SAE ST 7] 8A1 2] ARINESS A on, AAA] o] FIe HIWE uRe-AofA] fH]
T aYE BYE & oty IS 4T A dAIZEY] F4 IA AES 7 o= g
A= ATH23-26]. ©] Hol = AF AF-E 53l 7tk F5&°] UVB(ultraviolet B)E ZAFE
FI uke-20A] collagen®t MMPs?] @S 2Fsto] ] £5 P41} 1 &4 % oJ 4]
Fo = Ze o] ot w R &S AT Aol ERIEACH27], /i FE=2
T} 5 F1 o} A 7)o s o4 @94’5‘] A 952 AElolH.

ol & AFoA= UVBE RARE 72 vkt QIZF ZHAAZA Ntd 5=
(PB203)9] F=3} Al AHE HS3taL l"ﬁ: MIESH 2H8 713 gRlgo 2 a4 Ao
ot w4 Bl v 53 JiAdshke At 17716 4F £&A=A PB2032] E-8 74
= H7FotalA} Skl

l

MATERIALS AND METHODS

ZES 7Y e,
85 + 5T 9 A9

el $&E(PB203)S AR517] 98] At Acteuhite] oy

ol A% % AAstaL AAES °F 148f°] sfgohe P+ FUL
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A 4817 B B 23N 2EEL o3k AN L, 60T olstolA A%t 553
gon], ol FEhg BAEAT NYR V1% 7302 BT AF U AZHHE AH
(o)

ot g 9] AIFEZQI PB203S A5
F224FH(Jincheon, Korea)2] &1UF-4]

=1
=
A3} FAYPREL LS nE 2EE 73 /|Z20 3 ZojFS A4S

£ EHL0|E & 2
/}_]'%‘,] T;H:}iPQO o]—/\]-g]- AB Cd

gelstr] fsto] o5t Zol & —%E}El;O]EQ} & ""‘E] =9 kil
& ETHE 0= 2 Byun 50 S 3-85t0] £A4I5HATH28]. 0.1 mLe] PB2032%
1 mL2] diethylene glycol& E3tgt T2 0.1 mL 1 N NaOHE $=7}5k0] 14]7F B2t 37T
A W-g-A1Z1 & microplate reader(SpectraMax ABS Plus, Molecular Devices, San Jose, CA,
USA)E o]83519] 420 nmollA SF=E St EFEZ 2= naringin(purity = 95%;
Sigma-Aldrich, St. Louis, MO, USA)& AH8-6H%1 2™, naringin®] A4S 0|85t & &
g2t o] & §1EFS AHESH & mg NE(naringin equivalent)/g of extract® ¥ &3}t

% Z99&E I Folind Denis Wl Wt Folin-Ciocalteu A]2F(Sigma-Aldrich)©]
FEE9 EYuH=4 sekEo] 9df gHelEo] ZYBEd FAo g WAL= P& 0]&S
of B3 tH29]. 4 PB2032 &°f %9 1 mg/mL == =0 100 L& 3 o
o
el

Z0|Hs 1 =X

x e assc,
A

oJ7]°f| Folin-Ciocalteu A|9F 40 pL2} SF<= 400 pLE 7FoIt) o& A=2of 587
A3t &, 20% Na,CO; 400 pLE 71513l ThA] ARofl A 1A1ZE BESAIZ] ThS, micrOplate
reader(Molecular Devices)E ©]-85t%] 765 nmo|A] ¥H-&-99] SF=5 Z4oIct. BF
A2 gallic acid(purity = 98.5%; Sigma-Aldrich)E AFH&5I 2. H, gallic acid®] 7&%’}‘1%
ol-gsto] F Ea|Hl= TFS AFESH T, mg GAE(gallic acid equivalent)/g of extract® 7|4
St

ABTS(2,2"-azino—bis(3-ethylbenzothiazoline—6-sulfonic acid)) 2 DPPH(2,2-diphe—
nyl-1-picrylhydrazyl) 2{C|Z AHS AI™

PB2039] @4tst &/ B71ot7] 9ol Re 52 Wil wat ABTS 22 &A% Al
HS AABFATH30]. FAIHCR, 7.4 mM ABTS(Sigma-Aldrich)2} 2.6 mM potassium
persulphate(Sigma-Aldrich& 1:12 233t &, A2 279] AofA 24417t vhSAIX1 o
=, B 7= 345to] 734 nmolA &8 o] 0.7 £ 0.1°] HA %= ABTS
solutionS A5 TE °o]F 96-well plated] FEE=Z A ZH PB203 50 xL2 ABTS
solution 150 uLE A 2]5to] FAoA 10& 52 ¥-3-A1Z] F, microplate reader(Molecular
Devices)E ©|-&5+9] 734 nmoA 8 =E S5

StH, DPPH 2HZ £A4 %52 Brand-Williams 59 WS HEPslo] s=EE A|xH
PB203 100 ¢LO] 0.36 mM DPPH(Sigma-Aldrich) o1&+ 89 100 £L& 96-well plate©]
A1 308 B9t §S-A]Z] TF2, microplate reader(Molecular Devices)E ©]-85F0] 515 nmOj| 4]

YES 2SI
ABTS % DPPH 2htl2 27% (42 338 §9%= g2 ol-gsto] okl 4jof utet Axtst
et
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gz 2745 (%) = (1 - PB203 A2+ E4%=/PB203 A+ S8%) x 100
UVB(ultraviolet B)E ZAISt 22 OIRAE 0|Z5H I &4 SE DY A
AYFEL @ 2MEHO] 2 (Seongnam, Korea)ollA 65772 45l SKH-1 F5 0he-A
Sadol ARSI AR GU7HA] IPAEEIA F47het B FE0] S0t &
23 + 2€C, 5% 55 £+ 10%, 12A17F-12A417Klight-dark cycle)?] 2Hgoll4] 1527t <=3}3t
o Ao ARESILE 2E TEAY 72 NIH(National Institutes of Health)2] ”fﬂ%%
2] 7+ (Principle of Laboratory Animal Care)S S5lHA SYstn 543
23] (Institutional Animal Care and Use Committee, IACUC)2] 591-& 1o} 5345} q(NO-
201800110).

UVB £ARE &%t 35 &4 82 Im 59 AFolA ARSE S S-85t1HH19]. &

48ntE] 9] upAE 1204 4202 e thE, BIO-LINK(Vilber, Collégien, France)E
ARESto] 3= 334 F 125 529 UVBE 50 mJ/cm?*(1 MED, minimal erythemal dose)%-E]
80 mJ/cm™7HA] wjl 25=utth 10 ml/em*® FEE S7FA17 &, 125714 80 mI/em™S 54
ShA] ml5o] ARSI SAlo] UVBE AR 552 t2E Al|=4<1 PB203% <
A 2EZQI HU-018S 22t 58 I E 715 100 mg/kg/day2 1257 -5 oF3)
onj, UVBE RAFSHA] %2 A1 UVBE RARE F 272 HFAQ salines 125
7 ZT-50] SEoith E, ARV 5%t 559 A% AHIE ERlstr] flste] 3 1314 AlF

2 Z4shont.

nz
oo

T

r
i)
)

¢

SO} Y % 2 5

Fglof] = gE Alg) HIE grishr] 98] UVB RAF 12F | Zoletil(Virbac,
Carros, France) 40 mg/kg®} Rompun(Bayer Korea, Seoul, Korea) 5 mg/ kgs ©o]-8of
o] W@ AZ uF 17|31, Dermascope”(Dino-Lite, NN Almere, Netherlands)& ©]-&3}
of RO HHE T ISt &, W7 A7 W= 07 F59 3AY S|
Ql PRIMOSLiw(GFMesstechnik GmbH, Berlin, Germany)& ©]-&slo] st o|u, &
35 o]u]x|= PRIMOS A& AZEF oIl PRIMOS * version 5.8E program= ©|-§-5}<f
Ra(average roughness), Rmax(maximum roughness)2} -2 15 A2 7] EA4 o] ARg53]rt.
JueEeaz d ]1|-'?'- =g

UVB ZAF 1253 &, B X ufeA 5 mH0] Hu|4=E& A3 transepidermal water loss,
TEWL)Z Tewameter(Courage+Khazaka Electronic GmbH, Cologne, Germany)Z =735}
%tk &, Corneometer”(Courage+Khazaka Electronic GmbH)S 0]-835}0] m i S~Heks =
Hotoinh ATlSredsk oy suego] 24 FAL A 2% 220-24C, F& 50%-
00%= FAIStR O, BuPREATE 27|8hE A 2Rt Btah 5 WAL 7P 22 g
ARESEAAL, IR SRS 5Y FHOIA EES 33 SHT F Bdk= o8-St
e
2 &8 UVB RA}F 125 3] &r2l&47] 91 Cutometer™(Courage+Khazaka Electronic
GmbH) %} Ballistometer(BLS780, Dia-Stron, Andover, UK)E ©]|-&3}o] =74 35}9t}.
Cutometer= A|&2 Q1 SUO 2 SHAIZE B probe 0.2 1 H 7} ShEd FH S%0] AA

Ij

i

e

HoHr
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= 07271 4 AR Sohe 9 E ol8sto] MuSo @Y =g Atk FHIEA
choFst ahatu] g Fol A X 02 R2(gross elasticity)2} R7(biological elasticity) &Fe =74
Shitk. 1212, Ballistometers= &MU AIE 715 o 1ol f-A|%= U= #4510
7ol &2, 31&2 firmness, softness, F% 5= SHL T Ue FHI=A £ AFolA=

Indent(indentation depth)2} Alpha(rate of exponential decay) %= =75}

5 &4 o2 2]
HY i zx28 B35t & 10% neutral buffered formalin®l] 124511, AEE5E 5%

He 7% 24 20) WSE BE) 99 UVB e 125 Fo] nhesw
et S0 GAH SrIYS AH et 222 AR 74 24 BEL 5 4

otskst ¥, 3o geAlFTh £HE 24 £8t0| 5= H&E(hematoxylin & eosin),
MT(Masson’s trichrome) @ VB(Victoria blue)Z Gt th-2, 345kl u] 7 (Leica, Wetzlar,
Germany)Z ©]-83t0] 229 e E B3Il Image J programe ©]-&3to] Y] FAE &
kot

gRT-PCR(quantitative real-time PCR)

371 & AolA 537 TR ueA0] u i 223 UVBE £ARE HaCaT Al X2
FH TRIzol(Invitrogen, Waltham, MA, USA)S AR&5l0] & RNAE FE5F9 . HaCaT
A AFZ of) Al =4 AT 5T HHE AHESIoith 29 RNAS 328
PrimeScriptTM RT master mix(Takara, Tokyo, Japan)E ©]-85}] cDNAE 3459t o|&
3HJ= cDNA®] TOPreal " SYBR Green qPCR PreMIX(Enzynomics, Seoul, Korea)S 7}t

2, StepOnePlusTM Real-Time PCR System(Applied Biosystems, Waltham, MA, USA)<
AR80to] qRT-PCRS AAIsHRATE. ZF -3 Ake] a2 4 Ct(cycle threshold) 31 ©]-85
of AAFsF L, internal control GAPDH(glyceraldehyde 3-phosphate dehydrogenase)S At
&0ttt 7 AR E AR primer?] A E-2 Table 17} 2t}

Western blot analysis

UVB Z2AM] wh w5 22 chid o] Hsle} ofof tigt PB2039| &35 H7FsH7] isf
I uk2A0] 18 X 2of| protease inhibitor®} phosphatase inhibitorS Z&F= RIPA lysis
buffer(Sigma-Aldrich) & ¥o] #43} gt o3, ol& Y4&(12,000 x g, 10 min, 4C)5t
o] A&HS FHskAL bicinchoninic acidH L2 cell lysate?] & THAZFE =4It o
A TS 5Y5HA 2 cell lysateo]] sample buffersS E¢H5ke] 100C oA 787 7135}
a1, o]gA Fvld A AR5 SDS-PAGEZ H7|%9% 3 &, polyvinylidene difluoride
membrane®] 711 5% BSA(bovine serum albumin)S $H8-3F TBS(tris-buffered saline)
£ AREsto] 1A]17F 52T blocking 3FTE. )% 12} A2 4] anti-filaggrin, anti-involucrin,
anti-loricrin(Invitrogen) ¥} anti-phospho-p38, anti-p38, anti-phospho-c-Jun, anti-c-Jun,
anti-phospho-c-Fos & anti-c-Fos antibodies(Cell Signaling Technology, Danvers, MA,
USA)E 0.2% BSA(in TBS)ol| 3]45to] 1A]7F 5t ¥H-3-A1Z] F, membrane Al&5Ha, 2
ZF A1 anti-mouse T anti-rabbit antibodies(Amersham, Arlington Heights, IL, USA)
£ WA A ¥hgo] B4 ¥, ECL 8902 X-ray W50 15 A7 the, EAE Wi
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Table 1. Primer sequences used in this study

Gene NCBI reference sequence Primer sequence

or gene ID
Mouse NM_007742.4 Forward(5’ — 3'): GCTCCTCTTAGGGGCCACT
Collagen | Reverse(3' — 5'): CCACGTCTCACCATTGGGG
Mouse XM_017319842.1 Forward(5’ — 3'): ATGTCCGCTCTCCTGGAAAG
Filaggrin Reverse(3' — 5'): TGGATTCTTCAAGACTGCCTGTA
Mouse NM_032006.3 Forward(5’ — 3'): AACTACATTTAGGGGAGAGGTGT
MMP-1 Reverse(3' — 5'): GCAGCGTCAAGTTTAACTGGAA
Mouse NM_010809.2 Forward(5’ — 3'): TGGAGATGCTCACTTTGACG
MMP-3 Reverse(3' — 5'): GCCTTGGCTGAGTGGTAGAG
Mouse NM_013599.5 Forward(5’ — 3'): TGTCTGGAGATTCGACTTGAAGTC
MMP-9 Reverse(3' — 5'): TGAGTTCCAGGGCACACCA
Mouse GU214026.1 Forward(5’ — 3'): AGGTCGGTGTGAACGGATTTG
GAPDH Reverse(3' — 5'): TGTAGACCATGTAGTTGAGGTCA
Human NM_000088.4 Forward(5’ — 3'): AGACAGTGATTGAATACAAAACCAC
Collagen | Reverse(3' — 5): AACGTCGAAGCCGAATTCC
Human NM_002421.4 Forward(5’ — 3'): TCTGACGTTGATCCCAGAGAGCAG
MMP-1 Reverse(3' — 5'): CAGGGTGACACCAGTGACTGCAC
Human NM_002422.5 Forward(5’ — 3'): AGCAAGGACCTCGTTTTCATT
MMP-3 Reverse(3' — 5'): GTCAATCCCTGGAAAGTCTTCA
Human NM_004994.3 Forward(5’ — 3'): TTGACAGCGACAAGAAGTGG
MMP-9 Reverse(3' — 5'): GCCATTCACGTCGTCCTTAT
Human NM_002016.2 Forward(5’ — 3'): TGAAGCCTATGACACCACTGA
Filaggrin Reverse(3' — 5'): TCCCCTACGCTTTCTTGTCCT
Human NM_005547 .4 Forward(5’ — 3'): TGCCTGAGCAAGAATGTGAG
Involucrin Reverse(3' — 5'): AGCTGCTGATCCCTTTGTGT
Human M61120.1 Forward(5’ — 3'): GAGGTGTTTTCCAGGGGCA
Loricrin Reverse(3' — 5'): TGGGGTTGGGAGGTAGTTGTA
Human BC083511.1 Forward(5’ — 3'): GAGTCAACGGATTTGGTCGT
GAPDH Reverse(3' — 5): TTGATTTTGGAGGGATCTCG

MMP, matrix metalloproteinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

9] ZA=E Image J program 2.2 43131t} Internal control> S-actins AR8-5FSI Tt

SOD(superoxide dismutase) 24 =X

g7t w4t WHoR 5% TR ubes uR 229 cell lysates HIFLE
Superoxide Dismutase Assay Kit(Cayman Chemical, Ann Arbor, MI, USA)E AR&-5t0] A
ZAH] vl dof Wt SOD 8/ A5 &, ol Al 54 Alge sdgt o R
2|3t HaCaT A Z22] cell lysate©]] HisiA = SOD &/ £4I5H3itt.

MIZE Y 2 M S Bt
Q17+ ZHA M X2 (human keratinocyte cell line)Ql HaCaT A ZE(ATCC, Manassas, VA,
USA)E= 10% heat-inactivated fetal bovine serum(Sigma-Aldrich), 100 U/mL penicillin/
streptomycin®] Z3E Dulbecco's modified Eagle's medium(Sigma-Aldrich)& ©]-8-5}9
37T, 5% CO, £719] viF7 |0l A] B FstAH.
HaCaT A2 thst UVB % PB2039] A3 %*é% Hrstr] et Ax e 49
= ol &Stelth. WA AEZE 12-we
plate®] 1 x 10° cells/well 5 =& EF5}0] 24A]7J 52t Hg3lst 3, PB203S 2420, 10,
20 pg/mL2] FEE A2 5to] 24 A7t B v gstal LA Al ZE PBSE A|A %t v, UVB

flo

—_—
=

WST-1(water soluble tetrazolium salt-1) assay %

_ =
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£ 30 ml/em’E RAFSE & TRA] 24417t FRE Hi Tt Al viQF & 7} wiFl-S: 96-well
plateZ %71 T2, WST-1 solution(EZ-Cytox Plus, DoGenBio, Seoul, Korea)< welld 10
pILA H71sle] 37Co A 1417 B9t WRAIZ] B2, microplate reader(Molecular Devices)
£ 0|85l 450 nmo|A S EE S0t A3 AEE(cell viability, %)= AlAFSIATE

In vitro wound scratch and recovery assay

Aol &4 7Fet 3 Al F4] 9 o] 5o 93t A 3E-E&Z E1Ist] 913 Muniandy
59 WS WE5}Io] in vitro wound scratch and recovery assayS AAISFATH32]. A

O, 10 cm’ cell culture disholl HaCaT AlZZ 100% confluency AYEI & B3t oF-2,
UVBE 30 mJ/em’2 ARSI YAl 1 mL 3Ho]8l YO.& dishe] Hle-g Fo] AAE LA
AlFeE 1213 WA PBSE dishE 23] Al&3H th, PB203< 0, 10, 20 pg/mLE 2|5t
48A17F Bt sttt o W, PB203 A2 A 9 4847t Sl FHn]H(1X53, Olympus,
Tokyo, Japan) ¥ 7IH2t2 5L X & 40uE&2 # Pt o+, ImageView version 3.7
program 2 2 A9 7tA HL & ZHsto] A4A 3|E-E(wound recovery rate, %)= AFE3}

k.

SH 24
D= A3 Z3= mean + S.D.2E HA|SFY 2H, one-way ANOVA E+= Student's ¢-test
£ AAISHA pgto] 0.05 Bkl A--ofvt SASHA Q1 F-2l4d0] e AL 2 715513t

RESULTS

PB2030]l etRE = S2E0|E ¥ F E2|His ek} 2z A &Y

ETE o] Bt Eejuls2 oY A& EA5ks A Ql ek 24 = ROS A7
= JAlote At 4kt 2T A FHS A T TR AERE UEhie Ao
2 dHA AHH33, 34]. ol=3t EetE o] Eet Euzo] PB2030 Fuidt TR-E O] e
A gRlstr] flste] & ot H F Eduls & B4 24 § ol
28.39 * 0.58 mg NE/g of extract= UEF o™, & E8¥=2 61.67 £ 0.16 mg GAE/
g of extract®Z UEIY} SetE ottt EHEo To] ¥ &2 20 & eIt
%, PB2039] @4t @/ ERIsty] s AAlgt ABTS % DPPH 2tz &75 Ald
Al PB2032 &2 50% AASHR=E 5%91 ICs, 7|5E2.& 747} 259.83 + 7.12 pg/mL3t
209.74 + 4.97 pg/mLY = 71E‘3P?i‘:‘r. o]& Lee®} Lee7} H 13t 7ictel] Eufj<] ofjgha
9 S7 559 209 Hu S o, & St o= 9k 9 DPPH 2o d &7 842
o =74 vehd vhd, S EdHs %‘% 4 ABTS g 27 842 o AW HISE 2
o8 WHEAEH[35], o= DA=] AHA], HFHAIZIU 5% 52 Zfolof] 7]Ig A2
& 7=

PB2030| UVB(ultraviolet BYS XAISt R DIRAO| IE FE A0 D)X= S}

o7 35 PP QIS wi A7 F7H=s AYAHCE QIgh R &4
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Fig. 1. Effects of PB203 on the wrinkle formation in UVB-irradiated hairless mice. Hairless mice were
exposed to UVB (50 to 80 mJ/cm?) and orally administrated with saline, HU-018 (100 mg/kg/day) or PB203 (100
mg/kg/day) for 12 weeks. (A) The optical images of dorsal skin in mice were taken using a Dermascope® (top)
and PRIMOS"™ (middle and bottom) after 12 weeks. Two parameters of skin roughness due to wrinkle formation,
(B) Ra (average roughness) and (C) Rmax (maximum roughness), were quantitatively evaluated via the 3D
images of dorsal skin using PRIMOS"™. All data are expressed as mean + S.D. " p<0.001: significant difference
versus normal group. * p<0.05; * p<0.01; ™ p<0.001: significant difference versus UVB + saline group. UVB,
ultraviolet B.
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Fig. 2. Effects of PB203 on the skin hydration, elasticity and softness in UVB-irradiated hairless mice. After 12 weeks, (A) the contents of TEWL were
analyzed in UVB-irradiated hairless mice by a Tewameter®. (B) The skin hydration of mice was evaluated using a Corneometer”. (C) The gross elasticity (R2)
and (D) biological elasticity (R7) of dorsal skin in mice were measured using a Cutometer”. (E) The indentation depth (Indent) and (F) rate of exponential decay
(alpha) in the dorsal skin of mice were assessed by a Ballistometer. All data are expressed as mean + S.D. " p<0.05; ~ p<0.01; * p<0.001: significant difference
versus normal group. * p<0.05; # p<0.01; ** p<0.001: significant difference versus UVB + saline group. UVB, ultraviolet B; TEWL, transepidermal water loss.
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Fig. 3. Effects of PB203 on the skin structure and barrier function in UVB-irradiated hairless mice. (A) The skin tissue sections of mice were stained
using hematoxylin and eosin (H&E, top), Masson'’s trichrome (MT, middle) and Victoria blue (VB, bottom) after 12 weeks. Scale bar, 100 ym. (B) Epidermal
thickness was measured from the micrographs of H&E staining using Image J program. (C) The mRNA expression of collagen | in skin tissue was analyzed
by gqRT-PCR. (D) The protein levels of filaggrin, involucrin and loricrin in skin tissue lysates were detected by western blotting, and the band intensity of each

protein was calculated using Image J program

. (E) The mRNA expression of filaggrin in skin tissue was analyzed by gRT-PCR. All data are expressed as mean

+S.D. " p<0.01; " p<0.001: significant difference versus normal group. * p<0.05; * p<0.01; ** p<0.001: significant difference versus UVB + saline group. UVB,
ultraviolet B; gRT-PCR, quantitative real-time PCR.
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Fig. 4. Inhibitory effects of PB203 on the MMPs expression by reducing phosphorylated p38 and AP-1 in UVB-irradiated hairless mice. The mRNA
levels of (A) MMP-1, (B) MMP-3, and (C) MMP-9 in the skin tissue of mice were measured by qRT-PCR after 12 weeks of UVB irradiation. (D) The protein
expression of p-p38/p38, p-c-Jun/c-Jun, and p-c-Fos/c-Fos in skin tissue lysates was detected by western blotting, and the band intensity of each protein was

calculated using Image J program. All data are expressed as mean + S.D. " p<0.05; * p<0.01; ™

p<0.001: significant difference versus normal group. * p<0.05;
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Fig. 6. Effects of PB203 on the cell viability and wound recovery rate in UVB-irradiated HaCaT cells. (A) The viability of UVB-irradiated HaCaT cells
was evaluated by WST-1. (B) The condition of wound induced by cell scratch was photographed at 0 hr and 48 hr using an optical microscope at x 40
magnification. The wound recovery rate of cells was analyzed via ImageView program. All data are expressed as mean + S.D. " p<0.001: significant difference
versus non-treatment group. *# p<0.01; ** p<0.001: significant difference versus UVB + media group. UVB, ultraviolet B; WST-1, water soluble tetrazolium salt-1.
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Fig. 7. Effects of PB203 on the mRNA expression of various genes related to skin damage in UVB-irradiated HaCaT cells. The mRNA expression of (A

collagen I, (B) MMP-1, (C) MMP-3, (D) MMP-

9, (E) filaggrin, (F) involucrin, and (G) loricrin in UVB-irradiated HaCaT cells was measured via gRT-PCR. All data

are expressed as mean = S.D. " p<0.05; * p<0.01; " p<0.001: significant difference versus non-treatment group. * p<0.05; * p<0.01; ** p<0.001: significant

difference versus UVB + media group. UVB,
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ultraviolet B; MMP, matrix metalloproteinase; qRT-PCR, quantitative real-time PCR.
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