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ABSTRACT In this study, we investigated the protective effects of green tea seed extract (GSE) against UVB-induced
skin damage in human skin fibroblasts. GSE was first analyzed for antioxidant activity using 1,1-diphenyl-2picrylhy-
drazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical scavenging assays. Treatment
of UV-irradiated fibroblast with GSE at 10~50 pg/mL significantly increased DPPH and ABTS radical scavenging
activities in a dose-dependent manner. GSE treatment inhibited matrix metalloproteinase (MMP-1, MMP-3, and MMP-9)
expression and MMP-1 secretion caused by UVB irradiation. Moreover, treatment with GSE significantly increased
type-1 collagen expression and production. We next examined levels of antioxidative enzymes (SOD, catalase, and
GPx). Reduced antioxidative enzyme activities caused by UVB irradiation were recovered by treatment with GSE
at 30 pg/mL and 50 pg/mL. In conclusion, these results show that GSE has protective effects against UVB-induced
skin damage in human skin fibroblasts by regulating antioxidative defense systems and MMP expression.
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acid)]¢} DPPH(1,1-diphenyl-2-picrylhy—
MTTI[3-(4,5-dimethylthiazol-2-y)-2,5-di-
phenyltetrazolium bromide], potassium persulfate, DMSO
+ Sigma-Aldrich Co.(St. Louis, MO, USA)dl| A T+ 35}
ALg3 o, Ml Zu] kel A8 DMEM(Dulbecco's mo-
dified Eagle's medium), FBS(fetal bovine serum) % an-
tibiotics= Gibco BRL(Grand Island, NY, USA)oll A 7<)
]—031:]— 7= /\]ok =1} &UH‘— o]:L = E:L o]/q_/] ‘::LO

g3

sulphonic
drazyl),

ABTS 2iC|Z AHsS

ABTS 2tt]Zt 2715 @42 Re 5(22)°] W 35t
o] =231t} Potassium phosphate buffer %"—’,J(pH 7.4)
o] 7.4 mM ABTS$} 2.6 mM potassium persulfateS 83l
A A ABTS" 2oz &8 wHE9lom, 96-well plate 2
wellell Alz¥ ABTS" ghelZ & 180 pLo} HAHE 4
FEE 20 uLE o] & st A2 3021 A
% 732 nmol A FF =S FAH3A . 24 ABTS 2z &
A oty Aog Astste] WiEgE YER AT
ABTS &1tz gz F3=-AsH7H F3%
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o] ZA3FA T} 96-well plated] HAUHE A =55 100
uLell 200 uM DPPH €9 100 uLE F7hste] 2ol A
3087 WES-AIZ1 ¥ microplate reader(Molecular De-
vices, Sunnyvale, CA, USA)E AFE-3}l4 515 nmolA] &
FEE SAS T 24 DPPH o) 2752 olgl9] 2o
2 Ailste] WEE=2 ‘/}E]r‘—ﬂoqﬂr.

DPPH &tz

275 (%)

M| HH 2
2 A AR A FF o] EAlEE Aol E
+ ATCC(American Type Culture Collection, Manassas,
VA, USA)ol A 43921, 10% FBS$} penicillin(100
units/mL), streptomycin(lOO g/mL)¢]| ¥ DMEM uj
A& ARg-sho] vl dskalaL, 37°C, 5% COz, 95% humid air
2 Z2AE w7 (Thermo Fisher Scientific Inc., Pitts—

burgh, PA, USA)ell A ¥l 3ot

AMEXE] & XM
A A@Z_ S
o} QA R AfolA 10 cell S/well TE
well plateol] &£F38}o] 24/\]{ Fob wj ket & 7+ welldll
AR R FEES FREE Folsle] 2443 vl YA A
S A FEE Y *é A E Sk AL AR
W25 A A% = DPBSZE A% 3}l UVB lamp(5 Sankyo
Denky G5T5 lamps, Sankyo Denki Co., Yokohama,
Japan)Z ©]4€354 25 ml/cm? 50 mJ/cm® 2A}SF 3 =3}
A FE=S Folate] 24413 viAIA A
A R gkar 2o del o gk WstkE whEelgitt 24
MTT ﬁ"”(BOO pg/mL)S 3 7}0}31 4A) 7 Eek vl
H7Fske] 560
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gFAk3} |49l SOD(superoxide dismutase), GPx(glu—

tathione peroxidase), catalase®] 4-& =435}t SOD
841 8 SOD assay kit-WST(Dojindo, Kumamoto, Japan)
& o]&3le] ZHAslqlth. 96-well plated] MES Y1
WST-1(2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, mono-sodium salt)¥}
xanthine oxidase working solutiong 7}3F 3 37°Col
A 205-7F v Fsle] 450 nm Il SHEE S5
t}. GPx &4 glutathione peroxidase activity assay
kit(BioVision Inc., Mountain View, CA, USA)E ©]&3}4]
=73} t}h. 96-well plated] NADH, glutathione, gluta—
thione reductase &99& 71t & 340 nmoll A &3 =9
WH3kzkS =431 ). Catalases catalase assay kit(Bio-
Vision Inc., Mountain View, CA, USA)S o]-&3}o] &4
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Type—1 procollagen M2 =X
Type—1 procollagen® A& procollagen type [
C-peptide EIA kit(MK101, Takara, Tokyo, Japan)= A}
gato] AAIHE st 2k 2Abeh Als A 24
Azr % wAel 89 type I procollagensd enzyme
linked immunosorbent assay "W o2 SA3to] Ai}gk
S & 9 d o= WAt vaskgith
MMP—1 MM =H
UVB ZAtell 93] o] S71H = MMP-19 5382
ELISA kit(Merck & Co. Inc., Whitehouse Station, NJ,
USA)E ©] 83} enzyme linked immunosorbent assay
o g HAAIESITE AFe A AL Al A E] 24417
MMP-19l] )3t @& & A Z coating® microplate?]
wellel Bl#] 100 pL¥ #F38ke] 2A17F 220 A njj <
AlF At MMP-10l i3k B2 &A1& 100 plA
o] A7 A0 A Al H AFH & 7)d &S
3l 30 ¢ stop 89S YWl 450 nmoll A 3%
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RNA =& 2 AA|ZF HZF PCR

Hj kg A frob o] RNA®] F%2 RNeasy Mini kit
(Qiagen, Valencia, CA, USA)E o|&3le] F&E31%th
cDNA A& 7zF Algol] thste] 1 uLe] RNAE o] &-3}o]
iScript cDNA Synthesis kit(Bio—Rad Laboratories, Inc.,
Hercules, CA, USA)Z A3t A5 2dS &
Asl7] #3te] SYBR Green(iQ SYBR Green Supermix,
Bio-Rad Laboratories Inc.)& ©]83F 2A7F A& PCR
(real time quantitative PCR) A A3} 1L, 7] 7] Real-
Time PCR(Applied Biosystems, Foster City, CA, USA)
-% ARSI T BB fAke] PCR AHE9] 271+ 100 bp

el 2 3133, Tm(melting temperature) k%= 54°C B
o2 fadlsgiet. 24zt fd kel gk PCR primer?]
AN LEe &7 2t} GAPDH forward primer 5'-GGA
CCT GAC CTG CCG TCT AG-3', reverse primer 5'-
CCT GCT TCA CCA CCT TCT TGA-3'"; MMP-1 for-
ward primer 5'-CCT CGC TGG GAG CAA ACA-3', re-
verse primer 5'-TTG GCA AAT CTG GCG TGT
AAT-3"; MMP-3 forward primer 5'-GAG GCA TCC
ACA CCC TAG GTT-3', reverse primer 5'-ATC AGA
AAT GGC TGC ATC GAT-3"; MMP-9 forward primer
5'-GGA CGA TGC CTG CAA CGT-3', reverse primer
5'-TCA AAT ACA GCT GGT TCC CAA TCT-3'; type
1 collagen forward primer 5'-CTG TTC TGT TCC TTG

o Aol oF &4 1

ol
w

TGT AAC TGT GTT=-3'", reverse primer 5'-GCC CCG
GTG ACA CAT CAA-3'. Real-time PCR W52 & 20
uL el ¢cDNA 1 pL¢} 10 uL9 2X SYBR mix, primers=
Z+z} 100 pmol/uLS 1 ulLA® H7Fsl i, UYWA= =75
Z YAFA BE FAAbl k] PCR 5% @& o
S 23 FZ cycle 40 cycled A AT} Hot start
£ 18] 95°CelA 10%, 5% T2 denaturation= 95°C

o4 15%, annealingS 55°ColAl 30%, extensions
72°Ceol A 30z%r W3, 7+ cycle?] extension $ &t
ol 7155 At EE cycleo] ¢ ¥ primer?] SolA&
Skelat7] $1al melting curve £41& AAIsHA T A2t
F28 Applied Biosystemsol| A #|-&3}+= One step sys-—
tem software v2.1% =A4&}it}

SH X

B 28 Azli= SPSS(Statistical Package for the Social
Science) version 20.0 ZZ13(SPSS Inc., Chicago, IL,
USA)% o]ﬁ_a}cq H/Hg}o:h:]_ »E :7:%4 z‘sLEg] ﬁi}b Eﬂ
¥ (mean)+ ¥ ¥ 2} (standard deviation, SD)Z EA]}%)
R R R ‘H_f/] z}o]lE= Student t-test$} one-way
ANOVA® frejds &gt &
testE o] &3lo] ALF HF3FP o, X0.05
dol AR5 "S5

0

Duncan's multiple range

FaoA e

BiCjg AVS S

P A A FEE )

A A F ol o gz 275
%74& Vit C9} Hlﬂ%}oa Ab wokth Al E A F ks W)
2 E534UT A FEE dUZ &A%Y sEEd wE
WstE #Ealr] flste] gield A7 5ol A A3 A e
g F=<21 100 pg/mL, 300 pg/mL, 500 pg/mLE B|ul ¥

GG £ O R AFRFE Vit CoF Bl m3lo] Bl A
ABTS #@HZ &275S 5383 2=
FZ% 100 pg/mL, 300 pg/mlL,
500 pg/mLE 247+ 31.42+0.71%, 78.82+0.41%, 94.00+
0.13%°] 271 &Ad5& BHol % oEH o= F7heslth
Vit C¢] 10 pg/mL T=9 &7 A5 v usdS o
=2 A F=E5E 300 pg/mLet F A<l AFol & HolA]
%t ¥t DPPH &2 &752 AU A 55
100 pg/mL, 300 pg/mL, 500 pg/mL+ 27 21.43+2.08
%, 33.14%+5.56%, 42.41+3.45%% ABTSH T} ©2 A7
& BAN ABTSS] A3Ad $ie o4 o= S7tst
o+ (7%X0.05)(Fig. 2).

ABTS+E %ol glt]Z(cation radicalDZ 2 7](hy-
droxyl, peroxyl, alkoxy)E3} HF-g-3lo] Jfjx oz oty
3 ABTS- t= 33X 6‘]—]’;]— 6]—)\]—§1_ 22 9 ukS- o]_oq @EAH o]
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Fig. 1. Effect of green tea seed extract (GSE) on ABTS cation
radical scavenging activity. Values are mean+SD. Different let-
ters (a-c) on bars show a significantly difference at P<0.05 as
determined by Duncan's multiple range test.
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Fig. 2. Effect of green tea seed extract (GSE) on DPPH free radi-

cal scavenging activity. Values are mean+=SD. Different letters
(a-d) on bars show a significantly difference at P<0.05 as de-
termined by Duncan's multiple range test.

g Eo] FEE %}f’% @r/\]ﬁ Ptstss SAHY 7
HbH DPPHE oHA A1 A-f 2t Z(free radical) 2,
golw) = Ak3) ascorblc acid, aromatic amine % °I
diphenylpicrylhydrazine©. & Q¥ o] B} A
o2 Wste 94 E ABTS S AT &4 ditsls
4ol 83 Wrgolth(25). DPPH 2tz 2757 ABTS

.

o gd’ %0,

RIEORE S

1

BHoZ 24 542 ANH R HoLS AAS = 2
71202 fFo Al S Hol= Aoz dHA ded,
DPPH7} R4 @akstAle]l AlghA o2 wh-gsh= vhd
ABTSE 74 @dbsiAle} 254 akshal B5o Al vt
25 3l7] witol ABTS®] &71%50] A SAHATH26,27).
L= A FEE RE FEET Vit Co 10 pg/mL
aF0] Ao R M e A S B HAoR Hof
SR A FEEC AT FAEA EAE AT
A

MEHME| & XM Z=AF Z &

QA 3% A frob £ ol%}o# =AUT A F5 59

AEZ 548 MTT assays ©]&3te] SAATh A4 3
Ao R i HA A FEE] s AR

60 -

Cell viability (%)

40 +

20 4

200 300 400
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Fig. 3. Viability of human skin fibroblasts following 24 h of
treatment with different concentrations of green tea seed extract
(GSE). The results were presented mean+SD at least three in-
dependent experiments, each performed in triplicate (n=3).
Asterisks indicate statistically significant differences from GSE

0 pg/mL group ( P<0.05, P<0.001).
AZEHL Fig. 39 YERYT. B2 4 =28 100
pug/mLel A 92.29+£3.82% AEES HolWA o4 A
o] & K.o]7] Al&8H IL(£X0.05), 200 pg/mL ©]4e] &
AN FoFor A BEE] Hadte] A4S BT
(7X0.00D). wahA] Hapus: 4 520 2424 A} 9
RS gaiE AR A8 54ES BolA B2 =<
50 pg/mLE 7V & =& Adto] A4S APt
224 25 ml/em?$}F 50 ml/em’E A} ¥ SR A
=% 50 pg/mLe] A7t AE AEE VA= TS
22 A= Fig 49 2tk Ao 2ANE 1A &AL Hab

™o

U A 55 50 pg/mLE A 2]3k 3 2Fe) A 25 ml/cm

2Vl A g A g, ARE ALY 2 BF
Go)H o] ol Holx ek}, vkA zF&] A 50 mJ/cmZE

ZARIS W] frolH 0w AlE AEFo] vtolx] Aol 2
AL JEH 02 HAS HYTHAX0.05). Wk o]H e =
3 AE At F5 sk A 95 AFotdEE A8}

= AFA A 2AFFS 25 ml/em’E QAL HAu

=
A FEEY] A3 $%5E 50 ug/mLE Aste] 10 pg/mL,
120 - O GSE 0 pg/mL
a 0O GSE 50 pg/mL
100 —=— @ b
| T I b
l [ c
S 801 L
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0 25 50
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Fig. 4. Effect of green tea seed extract (GSE) on human skin
fibroblasts viabilities under UVB irradiation. Values are mean+
SD. Different letters (a-c) on bars show a significantly difference
at P<0.05 as determined by Duncan's multiple range test.
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¢l SOD, catalase,
GPx %°] EAale] ¢lAS BRI Aoz delAd ok

71& 935 Fulete giolH, dE FAksaeAE GPx
o o8] B3} AaE BaEa(30) AR FeT) S
7balA CATE #-&3te] #3l=o] 3]53A171tH30,31).
wEpa] 2 APeA = 2o el ok BdAkAF o] Fohet
A 2EY2E FIAIZ QA I 5 A fobA| ol A =
2R A FEE] AP 7E dAtkst BojA Al nx= JEF
S AR 7] €8 SOD, GPx, catalase? FHEE =43}
At

2P R FEE0] SOD a4 % &= a9E
s A3= Fig. 59 2t} Ao) S AR 22 nor-
mal controli*(51.34£1.07%)°l H|3}e] =9 A&
controli(42.83£3.41%)° 4 SOD &4 &/ =7} 2o 4]

IdFdAE FE &4 A YErA] R R 71
=& Fx<l 50 pug/mLolA Vit C 10 png/mL3}F 9] 4 <l
zpol7F & AEZ SOD a4 A7) =% vH(X0.05).

GPx &4 @A % AFo| - SOD 54 &4 =9t vhrt
A & 2}9] A& ZAFSE controli©] normal control®.th
Fo¥ o=z A4t on Vit C 10 pg/mLatoll A ZHAE

BHE FOH0R FANASS TG HAUT A

®
o
|

o
o
L

SOD activity (Inhibition rate %)
N B
o o

Normal ~ UVB  VitC10 GSE10 GSE 30 GSE50
control control Hg/mL pg/mL pg/mL pg/mL

UVB irradiation

Fig. 5. Effects of green tea seed extract (GSE) on superoxide
dismutase activity against UVB-irradiated human skin fibro-
blasts. Values are mean+SD. Different letters (a-c) on bars show
a significantly difference at P<0.05 as determined by Duncan's
multiple range test.

ol
@)

%% 10 ng/mLe] A= AL)dE A controlat 3%
Frol ARl 2pol & HolA| FAA R, 50 ng/mLel A GPx &
2 G E7F F7Vsle] controlit @ 9 & Q1 Afo] & HolH
A Vit C 10 pg/mL3= 79491 2Fol & Holx]| %
(/X0.05)(Fig. 6).

Catalase &4 ZA Lo mAE= 3 A9E A}
SOD¢} GPx9] &4 w9 W3alel nx7FA] & normal con—
troli- 3} Hlnlle] #Fe] A8 FAFEE controlao] F-9] %o
2 a3k o, Vit C 10 pg/mLTolA felx oz 7}
HATh e H2 b A FEE] Age Vit C 10 pg/mL
T ARl zbol7t Gl AER BHYEE FUHAH O,
1% 50 pg/mLatell Al freld oz 7h =3kth(/X0.05)
(Fig. 7).

wEhA o] 4e] AdE AWM LS ul, zFe]A At 2
sto] EAbsl G4 ST ol S Flskalal Yokl
AP EE Vit CoF F2hHT A FEE AR F7HEAS
S 38l o= Vit CoF HahT K FE2E2 A7t
L) A AR 13t F7hE At AFT S AASH) $s
50 -
40 | —
bc b

30 A

20 A

GPx activity (mU/mg protein)

Normal = UVB ' VitC10 = GSE10 = GSE 30 = GSE50 '
control control pg/mL pg/mL pg/mL pg/mL

UVB irradiation

Fig. 6. Effects of green tea seed extract (GSE) on glutathione
peroxidase (GPx) activity against UVB-irradiated human skin
fibroblasts. Values are mean+SD. Different letters (a-d) on bars
show a significantly difference at P<0.05 as determined by
Duncan's multiple range test.

bc c —

Catalase activity (mU/mg protein)

Normal =~ UVB  VitC10 GSE10  GSE 30 GSE50 |
control control Hg/mL ug/mL Hg/mL Hg/mL

UVB irradiation

Fig. 7. Effects of green tea seed extract (GSE) on catalase activ-
ity against UVB-irradiated human skin fibroblasts. Values are
mean+SD. Different letters (a-d) on bars show a significantly
difference at P<0.05 as determined by Duncan's multiple range
test.
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MMP—-11} type—1 collagen AAMZF H3}

5= 329, 219 9 FstARe] IfFor FEE 9
o}, E9) = A A A E(keratinocyte), M EHd A ¥ (mel-
anocyte), LangerhansA ¥ o2 FAE o] a1, M3 =
F 2 collagen fiber, elastin fiber® A%+ AAZ2 3

714 (derma matrix)® ©]FojA| W, |52 EF AfolAl
2o o) REHTRE). X3 o] i F-i& A3k colla-
gen< I H-o] B3 FEE AGsto] I H-E HEsa f
A 71E Fee & v 5 collagen T WH-ES A 5=
AL type-1 collagen®|t}. Wb 1]%-9] collagen Zae

FEALY e TS A A ATkE2). Ao
Atell eJ3te] 35 F 3] o] Al fofA e A= NF-kB path-
way$} AP(activator protein)-12] DNA binding®] & %15
o] MMPsE 372 171tH(10,11,32). MMP-1- collagens
&5t &4 % type-1 procollagen® 2 HE 2] s
collagens #3l|3to] o5 FEFH A IS v XTH(33).
2 AFAAME DA IF oA zel A Ao FAle] 9
sle] W3lE = collagen® MMP-1 A4 o] 52 A
FEE9 A 93l ojunjg WstE doy|=X AFr
2t wj gt el collagen? MMP-1& Z743F3itt.

Collagen®] AAHS FA37] 98t procollagen
type-1 C-peptide EIA kitE AMHEs}ATh AlE ®H )
procollagen peptidase©] ¢3}4] procollagen®©] C-pep-—
tide®} -3l = o] collageno] A== HE|& AH&3te] C-
peptide®] &S SO ZA collagen B FS 543t
Aot 1 A3 ZeldE ZAEA 2 1(439.06+2.12
ng/mL)¥} H|udle] 2] S ZAFSE controli(298.53+
19.98 ng/mL)o A oA o & collagen BAFo] 7HAFH
Ak, REE 2e] A ZARe] 93] 7hAE collagen A HFS
Vit C] A& <18t 379.41+£16.72 ng/mL=E Z7HA A
oh EEg ST A FEES AR Vit CEE £ 491
ztol & HolA| & BER 7T AUy A FE5E
50 ng/mLit°] 407.93+£27.73 ng/mLZ collagen 44 %
o] 7H¢ frelA oz F7FH ATHA0.05)(Fig. 8).

AA I F AdFolM szl A 2kl o MMP-19] ¥
3= Ay R A= Fig. 99 2t} Collagens 33+
MMP-1& 2] 4 ZAel] ¢ le] A (16.09+1.03 ng/
mL)o] oA o= 7ttt vhH Vit C A gl gh ol A
Z7Fd MMP-10] §-92 o2 ZAangon, S3Us A
FZE 10 pg/mL¢ 30 pg/mLE Vit C 10 pug/mLe}t #9124
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Fig. 8. Effects of green tea seed extract (GSE) on procollagen
type-1 C-peptide (PIP) production against UVB-irradiated hu-
man skin fibroblasts. Values are mean+SD. Different letters (a-d)
on bars show a significantly difference at P<0.05 as determined
by Duncan's multiple range test.
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are mean+SD. Different letters (a-d) on bars show a significantly
difference at P<0.05 as determined by Duncan's multiple range
test.
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Table 1. Effects of green tea seed extract (GSE) on mRNA expression of MMP-1, MMP-3, MMP-9 and type-1 collagen against

UVB-irradiated human skin fibroblasts

mRNA expression relative to GAPDH (fold of normal control)

Groups MMP-1 MMP-3 MMP-9 Type-1 collagen
Normal control 1.000+0.231¢ 1.000£0.524° 1.000+0.344° 1.0000.078"
UVB control 4.13740.110° 9.743+0.949" 3.395+0.324° 0.314+0.041°
Vit C 10 ug/mL 2.002+0.194° 3.289+0.386° 1.875+0.230°¢ 0.757+0.090°
UVB GSE 10 pg/mL 2.161+0.187° 3.692+0.285" 2.154+0.255" 0.547+0.060°
GSE 30 pg/mL 2.016+0.270° 3.564+0.339" 2.123+0.220" 0.564+0.062°
GSE 50 pg/mL 1.581+0.080° 3.148+0.468" 2.295+0.248" 0.891+0.040°

Values are mean+SD. Different superscript letters (a-e) within the same column show a significantly difference at P<0.05 as determined

by Duncan's multiple range test.
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