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Protective Effects of the Calyx of Diospyros kaki
against UVB-induced Oxidative Stress in Human Skin Fibroblast
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Abstract

Ultraviolet exposure causes photoaging such as pigmentation, dryness, and wrinkles of the skin.
This study investigated the protective effects of the calyx of Diospyros kaki using Human foreskin
fibroblast (Hs68) cells against UVB-induced photoaging. The calyx of Diospyros kaki extract was
not toxic to Hs68 cells until 20 1g/mL concentration and noticeably increased cell viability compared
to the UVB (30 ml/ecm?) treated group. The calyx of Diospyros kaki extract had very strong activity
in inhibiting reactive oxygen species production. In addition, the extract significantly reduced the
production of MMP-1 and MMP-3. In particular, at 10 and 20 pg/mL concentration, the extract
showed a very strong inhibitory effect than the 100 1M of ascorbic acid, which is a positive control.
The collagen levels tended to increase markedly by the extract. The calyx of Diospyros kaki can

be used as a herbal material that exhibits protective effects against photoaging.
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2 AFof| AMEE AlRlE SUs1H (Daegu, Korea)ollA] TS Zg TSI =10 Q] SHoF(AoF) -4
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mL STtAT0] B4st AR bg € E2 & 150mL O] HEISS Y1l AL0A 24 A7 nHEEE7|
(VS-8480, Vision Scientific, Daejeon, Korea)E 0|85t FE3ILE =EEE Whatman No. 5
(Whatman International Ltd., Maidstone, UK)Z 0J7}gt & 37°C oA L

TEE 95%% UERAL F£5 TS dimethyl sulfoxide (DMSO)E 0]&3}0] 1 OOmg/mLi &3]
st F 0.22um W WHEZ ojulsial -20°C o H¥stH Ao AMESIRLT

Sio] sHAL =, O

2) MIEHIF

A1 AROPNEZFQ] Human foreskin fibroblast (Hs68) AlZE American Type Culture
Collection (ATCC, Manassas, VA, USA)OIA] 510] AFESIILE. Fetal bovine serum (FBS, 10%)x}
penicillin (100unit/mL), streptomycin (100pg/mL)0] 7% Dulbecco’s modified Eagle’s medium
(DMEM)E AFE3510] 37°C, 5% CO; humid air 2 &% HI7](Thermo Scientific, Tewksbury,
MA, USA)OIAl HIFSIRALE.

1__\__'!__

3 ME 54 54

Hs68 AZE 96-well plate o 1.0x10* cells/well 9] T2 BZGHACE 24 AIZF Bl & FBS 7}
= HiKIol AISE SlAf6to] 24 AIRE =7} BiQSIQITE. 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphe-
nyltetrazolium bromide (MTT, 1mg/mL) €N 20uL & 2} well o] F7}5111 2 A7 St v SHRICT.
A=He AAGT ME HZOA MAEE HA formazan 28 DMSO 2 7H2SFAA microplate
reader (Epoch, BioTek Inc., Winooski, VT, USA)E AFZ23I0] 550nm OIA1S] ELEE &H5IQICH
ANEAE Alofli= DMSO 9] F&E 857 01%(v/v) AIHO] Ees AISE HiXZ S)Aoto] AMESICH

4) UVB ZA}

Hs68 MIEZE 96-well plate o] 1.0x10* cells/well O] BSEE 2335103 24 A)ZF S0 st & 2}
well ol FBS 7} Q= HIRIZ A S S48 & A2lalo] 24 Al7F S0t HiYsll). 11 < HiKIE ®lASH
11 phosphate buffered saline (PBS)CZ 13| Al&st T UVB lamp (GL20SE, Sankyo Denki,
Japan)E 0]8310] UVB (30mJ/cm?)E ZANSIR I, UV light meter (UV-340A, Lutron, Taipei,
Taiwan)& AFEot0] A1 Z L& HUEHSIYE E UVB ZAK= 96-well plate off F2FE A E
o PBS € GfAl xSt & 3SIRICE A £ FBS 7t @l HiRIOIM AIRE SlAd510] 24 AlZE S¢t
Azzof ZEISHAnt MENEZE MTT FAHOZ SFoIRICE AT S UVB A glo] sYsh Ao
2 AT
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5 ROS 44 &F

Hs68 MZE black 96-well plate o 1.0x10* cells/well &) L2 BZ5H0] 24 AlZH SOF HjQFst
= 2} wellofl FBS 7} Ql= HIAIZE AIRE SJ4St = Aeleto] 24 AlRE S0 HiSIRITE 11 & HiXE
RASHL PBS 2 AIASH & HEZZ UVB(30mJ/cm)E FAIALE UVB TAFE Ao AI8E 30 &2
ZF Aggt £ 25pM 9| dichlorodihydro-fluorescein diacetate (DCFH-DA)E QML AIE LY
ROS M4o] sigdle g8 A= 485nm 9 017] ubd ¥ 530nm 9] W& u}AolA] fluorescent
spectrophotometer (LS-55, Perkin-Elmer, Norwalk, CT, USA)Z =H&3}FCH

6) MMP-1, MMP-3 B #8&d i 448 53

MMP-1 3t MMP-3 2] &£ human MMP-1, MMP-3 ELISA kit (Merck & Co., Inc., Whitehouse
Station, NJ, USA)S 0]&3}0] HIX] £2] MMP-1 1} MMP-3 ] AAgks ZHESIC} UVB TAF &
2A I M8Z2 Sircol™ soluble collagen assay kit (Biocolor, Carrickfergus, Northern
Ireland) g AFHE5H0] SESIATE

7 SAAE

EARAES GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA) 2ZEQ|0IE 0]83}0]
AASIATE EoIH 719 {OlR}+= one-way ANOVA Q] Tukey-Kramer method & €3 P ¢ 0.05
SO AESoHALE

2. 41 |4 g

1 1R AFotAxolA UVB RAN] Tist A2 54 9 Bsgi}

ANAH FEE0] Hs68 MI29] SAlof| niX]= gake Yotr] Qs MTT assay &
S ZFEIYUL} AlH 2E20| B2 217} 5, 10, 20pg/mL 2 Ale B AT AESS =
E=rdEE JHEo 27 ) AE MESE HOF 20pg/mL BE7HKE A9 AIZEH0] 188 LERIA
CHFig. 1A). ARl FEE20] 20pg/mL sE7HA Alx MES0] dekg XA &= Z1o] lH)
meh Azl UVB 2 At AERAE REFE W AIA 2229 skE Hs §E
Nz AlA FEES sTHG~20pg/mLE AAEIst 2, UVB E Hs68 Ao FARSH At AR
FEE0| AETA L2 AZoAE thAEFQ FAAZ] HIsK ME MEES0] 6943%% LASIAS
Lt AIFl 2EE0] A Al M2oA= Al MEE0] HE ok IA S71ICHFig. 1B). Ol=

AAl FEE2 UVB & R Alet AEZ 20 Tio] 218 AlX HE 1171 Qs A0E HHE U
=8

60 L+
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Fig. 1. Cytotoxicity (A) and protective effect (B) of the methanol extract from the calyx of Diospyros kaki (CDK)
in untreated and UVB irradiated Hs68 cells. Each value is expressed as the mean + standard error (n=3).
##/P<0.01 versus control and ***/<0.001 versus UVB by ANOVA and the Tukey—Kramer method.

2) U5 AKROMIZOIA UVB ZAMO] thst ROS MMl nixlE g}
A W MEEE ROS & A0 AStEZA 14 MEEH chlZldl DNA =4, HI3E9] AFE I}
O1&} 4], I8]11 ZEOILL /|BES £MAA w310t ZHE AMES Qulsl= 3o 9lo] ®rHY,

=
N
al
o
L

EfF offollA] mlH E UVB 9] =& E70] 9Jall ROS 7} A4k IR B BHo] A
Ze uRo] Fr-syt FREY Lot A¥e Yor7|E St MEUolA]l UVB A Qlaf 2y
Sh= ROS Mol thsh ARl FEE9 AMEHs LotRr] I8l Hse8 Ao UVB FASH F
DCFH-DA probe & 0]€5}0] ROS 9] &of| ME Jd AL E F4oIrt 4840 UVB & &g
3lo] 415t AEBAE fEsh MEolAE FAaAEo] HIsH ROS 9 A&o] W2A S715IoL, AA
FEES 5, 10, 20pg/mL 9 =2 "AESH Zil, AlX FEE sko w2t ROS dg0o] F=Sl6HA
YAlEE SIE HoFQICHFig. 2A). Ol= UVB 2 £4H Q1A 1] A RO ZoA ARE of&t
2 Z=EE 4 E BIES 1~20pg/mL L2 24 A7 S0t HPIetY S w] ROS M4 oA 2112

=
==
ot

HCH= B9 KARBIQCH?, UVB ZAME Hs68 Aol )Y oeteFEEES 100pg/mL 9] L2
ATIEl¥ S wl ROS MAS JAISIACHE H1IQME SAISIICH!?, B8 HaCaT M0 UVB & XA}
S 2E9 {MM OBl FEES 25pg/mL SEE ATSIIS 1l F3igt ROS MES iR oR
ﬂ SHH= K0 QAKSH Ago|Irt . o]z gt ROS A4 oA Zik= Hs68 AlZOlA UVB XA
O]éH FEE ArgEitiZo] AEA FEE od) A0 TRAEE HEch=s 202 Holthe=

I ARGH= Aoz T2, 60 B0 ZAilst AJFQ] ROS AAEFe Hws 23, BE 5%
9 Aliﬂ FEE9| ROS 9] AEZre FAAEHLL O e X8 Ho AR FEES st AE# A0
oI5t ROS A8 Aol st o] Q= ZoF UERITE Eo AlAl FEE 20pg/mL sE0A19]
ROS 484 OJ&] 8 100pM BE0] SR TQ! ascorbic acid @F SAFSH ROS MAES LIER O]
AR FEE0] ROS A4 oFlo] Zst &4o] ASE HoiFUCKFig. 2B).
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Fig. 2. Effects of the methanol extract from the calyx of Diospyros kaki (CDK) on time course of ROS generation
(A) and ROS production at 60 min (B) in UVB irradiated Hs68 cells. Ascorbic acid (100 uM) was used
as a positive control. Each value is expressed as the mean * standard error (n=3). ###/<0.001 versus
control and ***/<0.001 versus UVB by ANOVA and the Tukey—Kramer method.

3) TE HROEANA UVB FAN| theh MMP-1 1 MMP-3 Ado] HIxle &t

MMP = ZeH, detas, detel 9 71" gEiEs 186k AlZe] 71ZECM O] 25 2lrddy
4 BE HdolH, ErE o R FAEQl ME|shy RA0A AR HHEEZ 0] {A
9 2L} UVB ZAK= DNA <431 I3 AFE S oF7|g #nt o)zt MMP 9] 4518 £48)] 1R
=58 ZRGSIIRICH B2 oAl Hs68 AIEO] UVB ZAM= MMP-131F MMP-3 9|
Mg g BHE S7RIREOL, AA FEES 5, 10, 20pg/mLo =EE At Al
MMP-13t MMP-39] Mg A AALAA KA Il aE UELh S5 AlA F
£E9 10, 20pg/mL =TO0lAE positive control 91 ascorbic acid @ 100pM =SEOIAHETH
O @48 MMPs &d Al &3E UENICHFig. 3) Ol= Hs68 A0l UVBE XA &
QhE HEE FEES S0pg/mLo sEZ FTSHE m MMP-131 MMP-39] A4
ol 2 HYUI= HIQF UVB ZRAFE Hs68 MZo] tiFE B FEES 50pg/mL 9 5L2
RE)sRE o MMP-13F MMP-39 M4 oA it HYCE HiHEOE O P55
1819 w5t Hs68 AEOl UVB ZAIE SLEE Zw-slo] oid] Qe du FE58 Asde
o) MMP-11} MMP-39 A4 9xl iVl A UETh: HI9E RARE Ago|qlct
20)

o
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Fig. 3. Effects of the methanol extract from the calyx of Diospyros kaki (CDK) on MMP-1 (A) and MMP-3 (B)
production in UVB irradiated Hs68 cells. Ascorbic acid (100 pM) was used as a positive control. Each
value is expressed as the mean * standard error (n=3). ###/<0.001 versus control and **/<0.001
versus UVB by ANOVA and the Tukey—-Kramer method.

4) U5 GROMZA UVB ZAO] thet 84 Sk 44 gt
et thREE 979] DMulSo Exfsh, a7 &A A% E29 9F 70~90%E AFAISHal 101,
7 OIRES RRIGHHA T)RE XK she &S Sith UVB ZAtd 9jgt Skl 2alle
I2210] B Kslet F5 A4 B0 A& gk njalth 2. AlA FEE9] UVB XA 9J3)
& Aol njxle 212 Br15h7] 916 Hs68 o] UVB & B=02 FAleH A1t ot
A9 skee= Tl HIgH 59.65%7HK] Aot Al FEEE 5, 10, 20ug/mL 9 522 &
xE)st MEo] UVB & Azlst dif SeH9] sk F2oH S7icke 49 Bl 53] BE
ELoA] AlA] FEEELS positive control Q1 ascorbic acid 100uM HC} 245t A 112 HACH
(Fig. 4). O]= UVB ZAFE Hs68 Ao Zetl g0l HalE st dil, UVB RAIE FeR9)
Aol FA ZAsIR oL Wnjel ] FEES 25ug/mL SEZ ADSIRE o ST §8e
ST Ha1oF QARSI . UVB RARZ SR 0] ZA4siioL) HHAd oete F&
E2E blpg/mL sE2 Melotde m ekl MA0] Kooz E7ellths Hilote RAHA
CH#), @5t Hs68 A0l UVB & TARH & ZeRilo] A-g0] A= oLt SHofriQl B, S5,
Hge Aeleldle o S e edsiizle A0E UETh= Hilote fAFSH Agoldrt
24-26)

Slip



Y Q| LR HAROPMZEON X[k B 2AI0f Cifet AM|o] DRET e}

200

L
T 150 | *EE
£ L
(¥)
=
®100 -
)
@
o0
@
3 so |
& o
Control  UVB 5 10 20 ASA
uvB - + + + + +

CDK (pg/ml)

Fig. 4. Effects of the methanol extract from the calyx of Djospyros kaki (CDK) on soluble collagen content in
UVB irradiated Hs68 cells. Ascorbic acid (100 uM) was used as a positive control. Each value is ex—
pressed as the mean + standard error (n=3). #/<0.1 versus control and ***/0.001 versus UVB by
ANOVA and the Tukey—Kramer method.

AJAIO= quercetin, rutin, catechin, gallic acid, tannin, ursolic acid, daucosterol S TIFst Az|g
A HR0] gHRE0] Qo ZeHEL0]=Q1 quercetin & UVA 7} ZAFEl human dermal fibroblasts
oAl MMP-1 9] MAE AAAIZ|H, 12- O-tetradecanoylphorbol 13-acetate 2% human dermal
fibroblasts 04l MMP-19] REE ZatA AFMAIZICH: Hal7k QT rutin & human der-
mal fibroblasts oA} H,0, o 9J3ll &&= ROS F MMP-1 9] mRNA @algks ZA4ARITH= Bl
7b AUk, GHE, AAIQ] oHOEIOIE E¥Ee miR thEol Eajo] o) mR w3
FdEts AR AT elastase o A3 4 AFolME Zot o[ FHS LERAACH.
TetA AFl FE22 UVBE REE A5 AEg2o] thsf ROSQF MMP-13 MMP-3
o MEg ArAZIA SR MEEE SO EN TRE HSE £ Ag 0T |t
Ch.

24
=

rhu

Ado] HHEA &2 Ro| A4 FEOILL 0] X0 5 89 Zists FYUARICEL 2 o4
olA= AlAl FEE0] Bistol et AA 1171 A=A1E Hs68 AlZZE 0185101 BIISIRATE AlA]

FEE 5, 10, 20pg/mL 5% W MESES LIERIA] ZROH, UVB ZAOl Hsl NZHEES
A E7IAHLE AR FEELS ASE AEFH A0 9§ ROS A4 ¢ ﬂoﬂ i 4ot &d0] = Ae
2 LERsTh E=8t AR —.—%%E’_ MMP-1 3} MMP-3 9] 84g 7| A4LAA |O%Q1 IF SE
LIEFACY. 53] 10, 20pg/mL &0l AlA] FEEE positive control 1 ascorbic acid 100pM &%=
Hr} 246 9A S0E HArt £84 R sk AlA FEE0 98] FHoA S7tehs
ATS HACE AlF 2222 UVB 2 RLE A AEF A Q5 )R £A0ZHE HE 1S
7 A 4AE g8E 4 JUS Aol
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