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Abstract: The human skin is an organ that protects the body from physical and chemical factors. The skin is the largest

and most massive of the body's organs and is composed of the epidermis, dermis, and subcutaneous tissue. Constant

UV exposure to the skin can cause DNA damage, oxidation of proteins, and contribute to adult diseases. Nypa fruticans

Wurmb (NF), rich in phytochemicals (polyphenols and flavonoids), has been traditionally used for treating respiratory
and other diseases. This study investigated the effects of NF ethyl acetate fraction (ENF) on DNA damage healing and
inhibition of wrinkle-related factors in UVB-stimulated Hs68 cells. Westernblotting was used to assess the expression
of DNA damage-related proteins and wrinkle-related protein factors. In addition, the wound recovery capability of ENF

was confirmed through wound-healing experiments. ENF significantly suppressed the expression of DNA damage-related
proteins Phosphorylated H2AX (y-H2AX), checkpoint kinase 2 (Chk2), protein53 (p53), and Phosphorylated protein53
(p-p53). Furthermore, ENF inhibited the expression of wrinkle-related proteins matrix metalloproteinase-1 (MMP-1), matrix
metalloproteinase-3 (MMP-3), and matrix metalloproteinase-9 (MMP-9). High concentrations of ENF also enhanced wound
healing in Hs68 cells. ENF is thought to have the potential to heal DNA damage by significantly suppressing the expression
of y-H2AX, Chk2, p53, and p-p53, as well as to inhibit wrinkle formation by suppressing the expression of MMP-1,
MMP-3, and MMP-9. These results suggest that ENF can be used as a natural resource to suppress skin damage caused
by UVB by regulating the y-H2AX, Chk2, p53, and MMP pathways in Hs68 cells induced by UVB.
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species, ROS)©] A/t 21544191 DNA /45 fHgichar
A A ITH4T].

Checkpoint kinase 2 (Chk2), 21418} E protein33 (pp33),
A ikt ® H2AX (v- = DNA &4 83+ o
S gt 8] o]59] W DNA &4F & Hto o]
3Hm[9,10], protein53 (pS3)- M) ROS 4ol zx%s}oq
FF oPE fuEsiod] SR SRS oIl sheg
ROSS| Q42 ps3e] QIAIBLE: 213 A7AA w32 elo)
CH12]. ROS 2719} DNA 432 28, gt 72 W32
TPk 4= QIE{13,14].

HEFEE FABRs A2 7] (extracellular  matrix,
ECM)2- tfelet el (e8| ekl S, 9 defs
EhZ AdEo] QJri15,16]. ECME matrix metalloprotenase
(MVPYol Sfs1o] 23] 2 4= QIC17). Matrix mtalloprofeinase-1
(MMP-1), matrix metalloproteinase-3 (MMP-3), 2! matrix
metalloproteinase-9 (MMP-9)9] £71= BECMS 45l= =
eple] HajE furslo] T A2 OFSAIZICHIS). 1
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21 Shize FE=

£ Aol AMGE ENFi= o] 75 B3] ddojxl 3=
SES FUSH| AMESIHEH24]. SN, fiuticans, NF)
484.0 g& 80% methanol 42 L2 7 ! Eo} x| ZZgc)
ZzEyl Helo A3 ;1%7](1\?11105 EYELA, Japan)Z A}
g3l0] =) _,_9_1\4 ZERE-S petroleum ether@} ethyl
acetate 2 B3IQUc) B3] %] AMZ(ENF, 36.82)2 ALgSt w7t
2] 4 CollA] W3 Hgct: A%l A% ENFi= DMSO
01%EF 23512 9F&)e] 50 mgmLe] Fw e a3k
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22, M= HiY H M2 =d

2 Aol AREE QIE AdfobA|EE2] Hs68 (human
skin fibroblast)= American Type Culture Collection (ATCC,
USA)E FE 2 Wbk AR E Itk Hs68 AlZ= 10%
fetal bovine serum (FBS, Biowest, France), 1% penicillin/
streptomycin  (Biowest, France) %! plasmocin prophylactic
(InvivoGen, USA)o| 3E3+=E DMEMoJA] 5% CO,, 37Co]
A e St FEEe] M) g B4 Bl
Ol 1 x 10° cellswell THZ- 96 well plateo]] A|3ZS 24 h
=t vljekstt. o]& Hs68 A|3E= 12.5, 25, 50, 100, 200,
2 400 pgml EO] 2B HuE 5 24 h F3 %
CO,, 37 ColA] viek=]2ir). 24 h 3 Cell-Titer 96" AQueous
One Solution (Promega, USA)E ©|-8-5}¢] microplate reader
(Epoch 2, Bio Tek, USA) 490 nmoj|A] &35 =435t o}
& Ak vlmsle] AE S48 Bk

2.3. UVB X501l 2lgh M|z == Fot

UVB ZeAfo]l ot Nlars/de 71s)7] fleliA] Hse8 Al
ZE 25 x 10 cells/well T2 60 mm cell culture disho] A
S 24 bt viosigin). theRt 74=2] UVB A2 ¢
3] UV Cross linker (XL-1000, Artisan Technology Group,
USA)E o]835}o] UVBE 40, 60, 80, 100, = 200 ml/cm’=
2B o] A MRS S1sl/] 918 trypan blue
dye 0.4% solution (Bio-Rad, USA)S ARESlA AEESE G
3} % automated cell counter (TC20™, Bio-Rad, USA)E A
= REES SIS

2.4, Western Blot

Hs684|32E 60 mm cell culture disho]] 2.5 x 10° cells/well
HHE 24 h FF uiPslth AlZ= 100 H 200 ug/ml &
IO ENFE 2 h 38F A= itk o5 UVBe| ofgh A=
< 7] 9J8l 40 miem® 7}=0] UVBE A Jslgict 0.5M
EDTA, protease inhibitor cocktail (Thermo Fisher Scientific,
USA)o] 39kl RIPA £h5-9ll(Biosesang, Korea)2 ARE-sfiAl
A22E gall Ak Al g8iEs 4 C, 16,000 x g o
A 15 min B<F 2441 £2)(1730R, LaboGene, Denmark)}3]
of AlZ BollEe] il RS AlRAY] TREFd
w2} Pierce™ BCA Protein Assay Kits (Thermo Fisher
Scientific, USAYE- ARgS1o] r2lolir): Thilzle- SDS-PAGE
E ARgaA B2l §F] Trans-Blot Turbo Transfer System
(BioRad, USA)Z 0}8:310] thilAS: polyvinylidene difluoride
membrane (PVDF)o|| transferd}$ith 0.1% Tween 20 (Bio

Sesang, Korea)©] 3Z&He] Tiis buffero] 5.0% Bovine Serum
Albumin (BSA, Bio Sesang, Korea)S A}&5}o] blocking 3}
Atk 1 2} FAIZ 3.0% BSAC] 1 : 1,000 345} 4 Co
A 12 h o) wiekslaick ol HRP7L Ak 2 A
2} S 1 h S92 vljokst ] enhanced chemiluminescence
(ECL) western blotting detection kit (Bio-Rad, USA)S A}&
slo] AZ3}al Chemi Doc (ChemiDoc Imaging Systems,
Bio-Rad, USA)2.& A|7+5} ahoick

2.5. Wound Healing Assay

Hs68 A|ZE 6 well plateo]] 3 x 10° cells/well T 24 h
B viekstGict M2t EatE 10 kL pipette tip Q= &
ol IBHOT YHS THETE oF 24 h ERF ENF
100 2 200 pg/ml. =2 ASlAk ARE WHE 0 h
24 hol] |7 (CKXS3, Olympus, Japan)& AME3HA 4]
A+ gE W& - DSLR 72} (DS126271, Canon,
Japan)= o[RS AQITE

= ARE 3 W ol W Sl s HlolEE
=A 2 73(GraphPad Prism 5.02, GraphPad Software,
USA)E ARESIA EA =T Z12H] Hlolel= dHaA]
& ARESIA 2AE e, Dunnett AR A4S S3HA]
A Folde ASSIek p <005 52 FARCE
Fojuet Avte 71559k
3. Zut & uE
31 M2 =4

ENFO] ENFO] NlZ542 2Rlsh] fJaiA Tt &
(12,5, 25, 50, 100, 200, 2 400 ug/mL)e] ENFZ Hs680])

1504

>
S

o
L

Cell viability (%)

o
ENF - 125 25 50 100 200 400 (ug/mL)

Figure 1. Effect of ENF on Hs68 cell viability. ENF; ethyl
acetate fraction of N fruticans Wurmb. All data are presented as
mean + SD for N > 3.
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Figure 2. Effects of UVB irradiation on Hs68 cells. (A) Effect of UVB on the cell viability of Hs68. (B) Effect of UVB irradiation
intensity on y-H2AX and p53. (C) Effect of UVB irradiation intensity on MMP-1, MMP-3, and MMP-9. All data are presented as
mean = SD for N > 3 (* value relative to the control; *» < 0.001 vs. untreated group and ~p < 0.001 vs. UVB stimulated group).
UVB; ultraviolet B, y-H2AX; Phosphorylated H2AX, Chk2; Checkpoint kinase 2, p53; protein53, GAPDH; glyceraldehyde-3-phosphate
dehydrogenase, MMP-1; matrix metalloproteinase-1, MMP-3; matrix metalloproteinase-3, MMP-9; matrix metalloproteinase-9.

—1a1= (A)  uvB - + + 4

st T, MIS AJoRS ALESiA AlZE=AS Hr7Iska, ENF - - 100 200 (ng/mL)
SH2AX [ —— =

ENF= BLE ol fo)50= S4o] SRelsA) oiotet o = ———

(Figure 1).

UVB XA} 220& #RIsl] ffell TRt A= (o, 60,
80, 100, & 120 men?)e] UVBE ZARSH TS A} %
9 Aﬂa‘h%*é(Flgure 2A), v-H2AX, p53 (Figure 2B), MMP-1,
MMP-3, ZMMP-9 (Figure 20)9] 212 glelalolet. Al
S48 40, 60, 80, 100, W 120 mi/en2o] E 7ol 4] o
Zto] lsf foldo] QA vrebdtk ol xsiE Aldol
Ae BE difeln dixztel] Hjsl] oS 2l 40 i
milent ZHE0] UVBE Aejsieitt ps3< tlokst 259 A e
E AEHAARESS, AISH] 2Bl 9l DNA damage)o]

100 200
UVE

Figure 3. Inhibitory effect of ENF on UVB induced DNA

=15 = = Aoz oF o]
fste] o] 371 He 3 2 23] damage markers: y-H2AX, Chk2, p-p53, and p53 on Hs68 cells.
(A) Expression of y-H2AX, Chk2, p-p53, and p53 based on
3.2, ENF7} DNA Damage 3|20 O|x|= Hst UVB irradiation. (B) Bar graph of the expression of y-H2AX

_ _ _ based on UVB irradiation. (C) Bar graph of the expression of
UVBE 131 DNA damage 3]o] ENF7} njX]= oJ3ke:
et DI e 2] F Ak g Chk2 based on UVB irradiation. (D) Bar graph of the expression

RI517] 918l western blotting RHS ARE-SHA] Hs68 A of p-p53 based on UVB irradiation. All data are presented as
9] v-H2AX, Chk2, p53, 2 pp539] HHele Elskict mean + SD for N > 3 (* value relative to the UVB irradiation

(Figure 3). UVB A2l= tjZ=3(1.00 uf)o] H|3] DNA condition; p < 0.001 vs. untreated group and “p < 0.001 vs.
UVB stimulated group). p-p53; Phosphorylated protein53
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& =5<=(Nipa fruticans Wurmb) FZ52] UVB = DNA <4 2 MMP 2& oA &z} 275
(A) UVB 7 + + UVB = + + +
ENF - - 100 200 (pg/mL) ENF - R 100 200

MMP-1[»—— —— | T .

MMP-3 [ = [ ] | 0h

MMP-9 [ - - |

GAPDH | |

(B) (C) 1004

150-
801

=
3

601

40

w
2

201

MMP-I/GAPDH (%)

’ MMP-3/GAPDH (%)

o
ENF (ugiml) - - 10 200 F (ugiL) - 5 100 200
uvB UvB

—_
=
~

MMP-9/GAPDH (%)

0
ENF (ug/ml) - - w2

Figure 4. Inhibitory effect of ENF on anti-wrinkle on by UVB
stimulation MMP-1, MMP-3, and MMP-9 on Hs68 cells. (A)
Expression of MMP-1, MMP-3, and MMP-9 based on UVB
irradiation. (B) Bar graph of the expression of MMP-1 based on
UVB irradiation. (C) Bar graph of the expression of MMP-3
based on UVB irradiation. (D) Bar graph of the expression of
MMP-9 based on UVB irradiation. All data are presented as
mean = SD for N > 3 (* value relative to the UVB irradiation
condition; *p < 0.001 vs. untreated group and “p < 0.001 vs.
UVB stimulated group).

damage ¥ ThilA o1z} v-H2AX (6.40 Hlj), Chk2 (241
H), 9 ppS3 (2045 vY)S] WHS FVMAFCE v-HAX,
Chk2, 9 p-p532] &2 A|329] DNA damages o|n[glict
[2627]. ENFQ] #2](100 2 200 ug/ml)= v-H2AX (8.18
21 138 Hf), Chk2 (032 2 0.99 1Y), L p-pS3 (646 L 0.22
o] whgo] Fd thxte] wsl] dA3] 7ragh Aol &
=] Sic

3.3. ENFQ| &3} 7iM 1

UVBZE QI3 s} 2| 1o} Ty chilal olxpso] vt
L 3olsly] 9J5te] Hs68 AJEZS] MMP-1, MMP-3, 2
MMP-99] &g 2153 tk(Figure 4). UVB A= T
o= (1.00 ol H]s MMP-1, MMP-3, 2! MMP-99] -2
71T MMPE] |2 Fiesle) i A #E JTA
QJTH28]. ENF2] Z 2] (100 2 200 yg/mL)= MMP-1 (0.20
2 0.07), MMP-3 (046 2 0.11), 2 MMP-9 (0.18 2 0.39)
o] "Eo] oY tixtel vlgl FE JEHORE gt

=

24h

Relative density (%, 0 h/24 h)

z
Z=

5 100 (ug/mL)
UVB

Figure 5. Wound healing effect of ENF on Hs68 cells. All data
are presented as mean = SD for N > 3 (* value relative to the
UVB irradiation condition; *» < 0.001 vs. untreated group and
™p < 0.001 vs. UVB stimulated group).

£ S Slallch ENFE] 21§ makE Selel] Slai]
wound healing assay— 43 O]- E} Wound healing assay+
2oz ol | Bpeke 7y
= BRQlsks WHoR A=A QITh29]. ENFO] A2h= of
Z74(1.00 vfoll Hsf 50 X 100 ug/mLo] Feoflx] &4
wo] Hjsle] 023 d) W 045 wle] A 4] BEE
7o) EI=|Itk(Figure 5). ©l= ENF7} UVBR Qlsf &4
T Hs68 Al &4 B 7ls2 SIEAIE 5= ke Zlolzial
Az,

ENF= UVBo|| osff AoF IdE v-H2AX, Chk2, 3!
pp539] S FoFom ARtk v-H2AX:= DNA
24 MESODR)A] Zeah thild QlAE, v-HRAXS]
o= DNA E10) A|stefal & 4= QIel{30,31]. Chk2, 9
pS3 7=+ DDROJA pS33} AP Alaz AbE A= 24
3} 9 A|l227] RS FEghkar deiA] Qloi32]. Chk,
9l ps3 AEO) WA 7hhis Ak} AEelse] oAlE Ut
WCH26,33]. ENF= UVBol| 2JsiA im=shA I3
MMP-1, MMP-3, 2 MMP-99] QI ZHAA|F Tt MMP2]
Pl Qo] TiRislE WAsck WA Qe
E3L, 0] ENF (200 ug/mL)ollA] <4k AEo] 2|6
7 7P gelEoR vt

N
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Figure 6. Effects of ENF on DNA damage and anti-wrinkle.

4. 8 E

T O E ENF= UVBRE A}=5%] Hs68 A|3Z9] v-H2AX,
Chk2, p-p53, MMP-1, MMP-3, 2 MMP-92] &2 §11}14]
o7 AAIFTE o]t Aik= ENF7} 41 Hs68 Al|x
]| DNA damge ¥ 355 H5e} MiZ2 &4 2 715 3
Eol F74Q1 S vjA= AR APzl THFigure 6).
SEAGE & Aol AMEEl ENFi= 3l5<=9] ethyl acetate
weEolug, ool Agsh] HsiM= ol daE
Hi O 2§45 ¢t7p Fesieh F7H4Q1 A& F5f i
S AAEo] 7164 R AR AR s Y
Ao R ghgE ThsAdo] okl AgzEch
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