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Additive Anti-photoaging Effect of the ZnO Microsphere Soaked with Esculetin
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This study was aimed to examine the synergetic effects of photochemopreventive external agents composed of
inorganic ZnO and esculetin. Zinc oxide (ZnO) is widely used in sunblocks because of its excellent biostability and little
toxicity. Esculetin derived from Citrus Peel has an anti-oxidative effect. We made the hollow-shaped ZnO microsphere
(MS), soaked it with esculetin (EZnO). We used SKH-1 mice to measure the photodamaging effects of UVB. The mice
were divided into five groups as follows:; UVB nontreated group (N), vehicle (C), esculetin (E), ZnO MS (ZnO), esculetin
+ ZnO MS(EZno) group. Each group of samples was topically applied to the dorsal skins before the UVB irradiation.
The changes of collagen fibers in the skin tissues were observed by H & E staining and Van Gieson staining. The
expression of mast cells in skin tissue was observed by immunohistochemical staining of tryptase present in the mast
cell granules. Expression of inflammatory cytokines such as TNF-a, IL-1B, and MMP-9, which plays an essential role
in wrinkle formation, was measured by RT-PCR. Interestingly, the composition of collagen fibers was better in the
EZnO applied group than in the E or ZnO group. Moreover, mast cell expression and the expression of TNF-a, IL-1B,
and MMP-9 mRNA were markedly suppressed in the EZnO group, indicating that the synergetic effects of esculetin

and ZnO were excellent.
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1. ZnO microsphere9 A9} esculetin® x|

ZnO microspheret 7F2d {LEo] 9+ Ui /Olo]32 cage
2oFe 2t PA2A(Fig. 1) vIEAF0] Holx YT} 5ol
bset paolth U 7a AZPES 14T g9yol g,
£ Aol e Ae goAue E8stel Agsteitt. Zine
nitrate hexahydrate [Zn(NOs);'6H,0], hexamethylenetetramine
[HMTA; Ce¢HisNg], sodium citrate tribasic [C¢HsNaszO7-2H,0],
ammonia solution [NH4OH]= Sigma AldrichoA Jt¢35}9ict.
7ZnO sphereitx %+ 0.02M9] zinc nitrate hexahydrate®t HMTA
£ 100 ml9] 2o &9 & 0.005 M9 sodium citrate tribasic2
Aototo] F2od =dch =5 £Ag FFLZI] Si (100)7]¢®
o7 &7]3 80 "CoAlA 1AIZF ¢ EFAIN & AAE wixio] 2
ME22 2 OAo A2t ZnO microsphere= 0.01 M9]
zinc nitrate hexahydrate?} HMTAES 100 ml9] o] %9l
0.002 9] sodium citrate tribasicg A7sto] 1087t &t}
ol 8HBZ ohA] FFERZIIO 7], 80°CAlA 15, 30, 45, 60,
75 B2t wh AIZH thobabAl shgith. 8ole] pHE NHOHE of
£5t0] 92 HFUch ZnO microsphere LRFE|= WEYIAR
Ab AAHEU ] (FESEM)d} S£aHAAE0 (TEM), Lo =RAE
0]7 (HRTEM)o| ¢Jsto] A6ttt g%l ZnO microsphere
AR42 XA FEAR FAcHAH.

esculetin® EX|5t= ¥WHL 7ZnO microsphereS esculetinof
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ZnO microsphereo]
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A T w2 7Y § B AL, FHx ZARFZ 300
m]/cm’2 391, 3% & ThA] 300 m]/cm’ o]ojA 3YU Zof 3
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= muxxe 3 stPct. UVBEAF Ax|= BLX-254 (VIVER,
FRANCE)E o] &3}¢ict.
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W Zojg AR 3, Tumol $AZ AE F Lol
o131, xylenecz mztHE AAHSH & hematoxylin & eosin
(HYE) @42 APsteict. & ANSY BAWYSY Wate w2
StALAF Van Gieons's @A A|3stQict. £t o B2 HgtA|®
o] &g WESILA H|WAx ;o] EXSte tryptaseo] Tigt

4. = RNA %3573} RT-PCR

HBxAo|A9] RNA9] #&2 Trizol reagent (Invitrogen,
CA, USA)E o]835}9ct. £&3F RNA: spectrophotometerS o]
£35to] FFt & M-MLV reverse transcriptase (Promega, WI,
USA)E o] £5}lo] ¢cDNAS 45191, o] MMP-9, TNF-a, IL-1
B. GAPDHO|| tjgt primerE A|&$t & PCRYHOR ZEsiirt.
2 HY0A o]§d primere Table 13t Zch. 5E% PCR Zits
2 1.0% agarose gelo] A7]¥9%L A|3¥st & GelDoC Imaging
System (UVP, Upland, CA, USA)E o|&35}t9 XA sttt

Table 1. List of primers used in this study

Product Size

Primer Primer Sequence (bp) Accession No.
F 5-CTCTGCTGCCCCTTACCAG-3

MMP-S 5 AGGTTTGGAATCGACCCACG-3 281 NM_0135994
F 5-AGGCACTCCCCCAAAAGATG-3

TN 5 CCACTTGGTGGTTTGTGAGTG-3 213 NM_0012786011
F 5-GCCACCTTTTGACAGTGATGAG-3

118 R 5-CCATGAGTCACAGAGGATGGG-3 289 NM_0083614

GAPDH ; 5-CCCTTAAGAGGGATGCTGCC -3 263 NM_001289726.

5- ACTGTGCCGTTGAATTTGCC -3
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1. ZnO microsphere Alx @ $IFEEE X
Fig. 1, 2014 2t uigt 2ol openslo] 9l okl Pz
ZnOE Azsti(Fig. 1A, 1B), R &2 FAAZAHFig.
1C, 1D). TEM EAX& E3] 7ZnO microsphere? hollow
space(Fig. 2A)7} 3tFRE&ER AA5] AYA USS FUASIA
tHFig. 2B).

Fig. 1. Field Emission- Scanning Electron Microscope (FE-SEM) images
showing the opened ZnO hollow microsphere (MS) (A), (B) and
opened ZnO hollow MS soaked with esculetin (C), (D).

1 jum

Fig. 2. Transmission electron microscopy (TEM) images showing
unsoaked ZnO hollow microsphere (MS) (A), ZnO hollow microsphere
(MS) soaked with esculetin (B).

2. Esculeting @X%]§t ZnO MSQ UVBZ §%E3F Sunburno] O]
A& &5 WH(In vivo)

UVBEZ QI Sunburn 22 U57] 95t SKH-1
hairless miceE A}85t9ct. SKH-1 miceS o4 #22 140
APE M3PotAt. Olive oil 500mlE 7HFste] 5089 WadZ 4
o] 98 Vehicleg WE91, Vehicleo] esculetin, ZnO MS,
esculeting ©AIE Zn0 MSE oA 91882 AxasirH1%
=) &4 RE F9] hairless AF]= avertino 2 Urst & £
o QeAE =x5t9Uct. AN +& Vehicle?r2 £x35t1 UVB:=
RAWSHA] 9ta (Fig. 3. N), 4| 2& Vehicle EX & UVBAE
A, AR 22 Vehicle + Esculetin® X & UVBXZA}, YA #£&
Vehicle + ZnO MS =X 3§ UVBZRAL, oA R #+& Vehicle+
esculetin @X]3t ZnO MS &% § UVBXAIS 5t9ch(Fig. 3).

N: Vehicle-UV (X)

C: Vehicle - UVB

E: Vehicle+Esculetin > UVB

Zn0: Vehicle+ZnOMS - UVB

EZn0: Vehicle+Esculetin+ZnOMS - UVB

Fig. 3. SKH-1 hairless mice were divided into five groups. The first
group of mice was received only vehicle without UVB irradiation(N),
second to fifth group of mice was received each sample to their dorsal
skin for 30 min, before the UVB irradiation.

3. H&E ¥ Van Gieson @A A&

H&E, Van Gieson @A-Z Fof mu-ZuAFR9oN AH
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ZHC)Y 2YA Hire FA| gas] AY(Fig. 4. N), acid
fuschino] ©]2kstA AME]QckFig. 5, C). 12]4 esculetin, ZnO
o} EZnOEZZe] An ST 50AE dxgol st way &4
g 29 A|7t FEEYL, acid fuschind] distol= ¥z A 7F
g gAgrgol wRE A (Fig. 4, 5, E, ZnO, EZn0). o]+
esculetin, ZnO%} EZnO7} &I]-Alo] Ao 2 YHG THA

o #ole odste] 234 AT 2 USS AAehE Holct,
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Fig. 4. Histological changes in the dorsal skin of SKH-1 mice exposed
to 300mJ/m’ UVB irradiated experimental groups(C, E, ZnO, EZnO)
and non-irradiated normal group (N)(H&E stain, x200). UVB irradiation
resulted in denaturation of collagen fibers in the dermis of the dorsal skin
of SKH-1 mice, and esculetin, ZnO, and EZnO application effectively
inhibited denaturation of collagen fibers due to UVB.
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Fig. 5. H|sto|og|ca| changes in the skln of SKH-1 mice exposed to
300mJ/m’ UVB irradiated experimental groups (C, E, ZnO, EZnO) and
non-irradiated normal group (N) (Van Gieson staining, x200). In Van
Gieson staining, it was confirmed that the denaturation of collagen fibers
induced by UVB was effectively inhibited in E, ZnO and EZnO application
groups as in the above H & E staining.
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Fig. 6. Immunohistological changes of mast cell tryptase in dorsal
skin of SKH-1 mice exposed to UVB irradiated experimental groups
(C, E, ZnO, EZnO) and non-irradiated normal group (N)(mast cell
tryptase immunohistochemical stain, x200) (A). ZnO and EZnO
treatment significantly suppressed the expression of mast cells in the
dermis elicited by UV irradiation (B). Values are represented as the mean
+ SD. ***p < 0001, *p<0.05 indicates significant differences from the
control group.
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5. UVBZ RE=3t AF5A A&7, 7|2THMEs]a 49 mRNA
-]

ZnO MS o] FA[3t esculetin Q&A9] BF7|XE wAstL
At oA 29 hairless mouse9 S XoJA XA RNAE F535}
At BF & JHPAELE o]8sto] cDNAE WE & MMP-9
TNF-o, IL-1B] Of$t primerE o|83to] PCR ¥r2-2 35t9ct Y
¥ )& 9FMAI2- GAPDHZ o|£35}%t}. RT-PCRS AJ3j3t 2
7RG E s &4 MMP-93t A5/ AO]E7FQIQl TNF-a9] H@
Zn0 MSo] Gx|gt esculetin® =E3§t 9] 5 X 7}
@out, IL-1p& ZnO MS AHA|9] f3t7} o] L4581t (Fig. 7).
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Fig. 7. EZnO's effects on the mRNA expression of MMP-9, TNF-q,
and IL-1B. EZnO treatment markedly inhibited the mRNA expression
of MMP-9, TNF-a, and IL-1B (A). Each sample was topically applied to
the dorsal skin of hairless mice 30 min before the irradiation of UVB (300
mJ/cm?. The bar graphs show the percentages of the band intensities
normalized to GAPDH for individual samples. Values are represented as
the mean + SD. *p<0.05, **p<0.01, **p < 0.001 indicate significant
difference from the NT group; statistical analyses were by ANOVA (B).
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