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g ZEY Eo|olAHIo|E(RTA) & Bl2HIHEE vl8) HAsta, I5 kg vl §%50] 1
SAFE AlaAolth B Ao HAHLS A% 10 um v gi7] vPz EZPM10) 9l =EH A7 %9
AAAZ(HEK) o] 9= w80 that g2uFdESH RTAS IS A7) Y3 Aolt). wiekd HEKA
Y2HZtEES RTASY 5 2ANA PM10d =E3A 714, AIE AEE, 34 2AH4F(ROS) 2 A4
A5 Al EZIRIS IS BT PM10S A E3tE S uf Al AEEo] ZastH TFIARIA-—
a (TNF—a), QEF0-18IL-18), SIEE-6(1L-6) L <lEF71-8(IL-8) ¢ &ao] =7}ttt @
ZHZIEE Y RTAE PM102.2 53 M= AFE3} ROS S AAAAHY. PM109 23] S71sE o8
A3 Aol EFIRIS] Hd-2 H2wtEE RTA o3 AZEAUIL-6), SAFHAWRAL-14), A3k
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Abstract: Airborne pollution causes oxidative damage, inflammation, and premature aging of skin. Resveratrol is a
polyphenol compound that has various biological activities such as antioxidant, anti-inflammation, and anti-melano-
genic activities but it is unstable to heat and light. Resveratryl triacetate (RTA) is a new cosmetic ingredient that
is more stable than resveratrol and its skin safety and whitening efficacy have been reported previously. The purpose
of this study was to examine the effects of resveratrol and resveratryl triacetate (RTA) on the inflammatory responses
of human epidermal keratinocytes (HEKs) exposed to airborne particulate matters with a diameter of < 10 ym
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(PM10). Cultured HEKs were exposed to PMI10 in the absence or presence of resveratrol and RTA. Assays were under-
taken to determine cell viability, the production of reactive oxygen species (ROS), and the expression of inflammatory

cytokines. PM10 treatment decreased cell viability, and increased the expression of pro-inflammatory cytokines such as
tumor necrosis factor- @ (TNF- @), interleukin-1 3 (IL-14), interleukin-6 (IL-6), and interleukin-8 (IL-8). Resveratrol
and RTA reduced cell death and ROS production induced by PM10. PM10-induced mRNA expression of the in-
flammatory cytokines was either attenuated (IL-6), or enhanced (IL-1 /), or unaffected (TNF- @ and IL-8) by resveratrol
and RTA. PM10-induced IL-6 protein expression was attenuated by resveratrol and RTA. This study suggests that re-

sveratrol and RTA have activities regulating cell damage and inflammatory responses of the skin exposed to airborne

particulate matters.
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7] mFA EZPMI0, F3 EF EZ ERM-
CZ120), B2HIZBEE, RTA 5% 2 A& gIF
(lipopolysaccharide, LPS)E- Sigma (St. Louis, USA)l| 4]
FdtAT A WA XN E=T)(Dermatophagoides farina)
9] FZE(dust mite extract, DME)<2 GREER (#b83,
UK)olIA 48ttt
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o st A
sHA T
s N ZZrE 129 (high performance 11qu1d
chromatography, HPLC) &41-2 A&]Ad 7HA33A4 A=
717} 224 Gilson HPLC system (Gilson, Inc., USA)S
o]&3st] FatATE £4E AH-L 5 mm Hector-M
C18 Z#(4.6 mm x 250 mm, RS tech co., Korea)©] 2\ T},
ol E(A)H 0.5% EEAHS T3 oA EL0]
EYB)9 EFNSZ 50 min FF 30% BollA 100%
B7MA] F7HA71E A FHlE &Sk 5
0.6 mL/min .= 0}0511:]- AE719 34 372 280 nm
o AAATh WS EFES olehEE 10,0008 314
staL, Al A JJEi(oz um, #CLS431219, Corning, Inc.,
USA)E ojFste] Alzg MES 10 uL FARBHATH

AL, ollgk&ol A AZAA sk

A o

2.3, MIZ HiY 2 2= X2

ARlel I A oA FZ3+ HEK A X (Invitrogen,
USA)Z 5% CO, &+ 37] 3tollA, 37 T2 &3 vk

71004 f-A8+ T}, EpiLife medium (Gibco BRL, USA)
o 10%°] EpiLife A8 74 H7F=#S0125; Gibco
BRL)# YA E H7letd S wiA = AREsHA
A ZE 6-well plateol] 7 x 10° cells/well®] A EE B
Stal 24 h wiekete] 25t gl QEYstE Alsjstaith
o] 43| LPS, DME, PM102 =2 2|3k 324 h
&< o HHOk'SPOElE} AF A A = A=) gl 2H

EE, RTAET NACE A 3o PMI10<S 100
ugml EEZ ziﬂlﬁ}%lt}.

24 Nz HEE FF

M3 AEE-E (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenylte-
trazolium bromide (MTT)= AH&-3F] 7433 TH8.9]. Al
Z Qtol AYAH formazans dimethyl sulfoxide® =©]
1!, Spectrostar Nano microplate reader (BMG Labtech
GmbH, Germany)= ©]-83} FF=E 595 nmollA =

s

2.5. ROS ¥4 &%

ROS®| 4432 2, 7-dichlorofluorescin diacetate (DCF-DA)
< AHg3te] S48 MEE 1.0 uM DCF-DAZ 30
minZt APA 3EXEE, PM109] 30 mingt =EAZ T

M EE 1% sodium dodecyl sulfateE -3+ 25420
mM Tris-Cl, 2.5 mM EDTA, pH 7.5)2.2 &3}3 3
13,000 rpmoilA] 15 minZt LA E2]sle] A& A5 9
34 =5 Gemini EM 83 njo| A2 ZHo|E #5

7](Molecular Devices, USA)E AF8-3le] SHSIATHF
T 2 485 nm, H=E L 538 nm).

2.6. WA AXA S 54 ¢ HES(Quantitative
Reverse—transcriptase Polymerase Chain Reaction,
gRT-PCR)

ME2] mRNAT RNeasy 7]E(Qiagen, Valencia,
USA)Z FZ3}9 3L cDNA 7]E(Applied Biosystems,
USA)Z AMg3te] A2 DNA (cDNA)S A %3t}
FRAA-EolA ZetolnE A Z A (Korea)oll Al T+
st o] dATollA AREE ZEpolm o AES th
I} 2t} : TNF- a (TNF- @, NM_000594.3), 5°-TGC TCC
TCA CCC ACA CCA T-3’ (forward)3} 5°-GAG ATA
GTC GGG CCG ATT GA-3’ (reverse); IL-13 (IL-13,
NM _000576.2), 5’-CCT GTC CTG CGT GTT GAA
AGA-3’ (forward)®} 5°-GGG AAC TGG GCA GAC
TCA AA-3’(reverse); IL-6 (IL6, NM_001318095.1,
NM_000600.4), 5>-AAG CCA GAG CTG TGC AGA
TGA GT A-3’ (forward)®} 5>-TGT CCT GCA GCC ACT
GGT TC-3’ (reverse); IL-8 (IL8, NM_000584.3), 5’-CTG
CGC CAA CAC AGA AAT TA-3’ (forward)®} 5°-ACT
TCT CCA CAA CCC TCT GC-3’ (reverse); glycer-
aldehyde  3-phosphate  dehydrogenase = (GAPDH,
NM_002046.3), 5’-ATG GGG AAG GTG AAG GTC
G-3° (forward)¥} 5’-GGG GTC ATT GAT GGC AAC
AA-3’  (reverse). qRT-PCR £42  StepOnePlus
Real-time PCR System (Applied Biosystems) 2.2 3§ =]
At ¥H-E EFE(20 ul)2 SYBR Green PCR Master
Mix (Applied Biosystems), cDNA (60 ng) ¥ 32+ &
o7 Zglo]lW MEQ pmol)E TFAAT}E PCR HH3-ol
g & &8 242 50 TollA 2 min, 95 CTollA 10
min, 40 3] FZ(95 CTollA 155, 60 CTAlA 1 minZh),
2 &g GAZ AT 2 A4 mRNA FE2
i t=T(GAPDH)%} Mlulste] ZThAl 93] F7]
WS ARESk] Atk
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Table 1. Compositions of Reaction Mixtures for the Synthesis of Resveratryl Triacetate (RTA)

#1

#2 #3

Resveratrol (MW 228)

228 mg

228 mg -

RTA (MW 354)

354 mg

Acetic anhydride (MW 102)

1.0 mL

1.0 mL 1.0 mL

Sodium acetate (MW 82) -

4 mg -

1400 -
1200 -
1oo0 -
800 -
G00 -
400 -
200

'

#1 #2 #3
| [?_!
ot

#1 (after reaction)

Resweratrol

|

-z00 L

l bOeC, 24 h 1400 -

1200 -
1000 -
800 -
g00 -
400 -
200

m'y

#2 (after reaction)

-z200 b

1400
1200 |
1000
g00
G00 -
400 +
200

m'y

#3 (after reaction)

Solvent Resveratrol RATA

-200 &
Exposureto sunlight for & days

10 20 30 40 50

min

Figure 1. Synthesis of RTA from resveratrol. The compositions of reaction mixtures are shown in Table 1. The reaction mixtures
were maintained at 50 C for 24 h. The samples of the reaction products were diluted 10,000 times with ethanol and subjected to

HPLC analysis. The peaks of resveratrol and RTA were identified by comparing retention time with external standards (Sigma). The

lower left picture shows the solvent (polyethylene glycol 400), and solutions of resveratrol and RTA (1% (w/w)), exposed to daily

sunlight for 5 days at room temperature.

2.7. 24 HY E=HH(Enzyme—linked Immunosorbent
Assay, ELISA)
HaCaT ZEIHAAEFE 6-well plated] 7 x 10°
cells/well®] MNEE EF3ta, 10%2] FBSE FH7I5H
DMEM F12 HiA] (#11320-033, Gibco BRL)lI 4] 24 h HJ

ekl ss| A, A 4498 A 3 &, 2018

FslAtt dl2MZtEE, RTA =+ NACE 10 uM &
=2 ZAAYst 1 h & LPS (1 pug/mL) T+ PMIO
(100 pug/mL) E== A 2]8}AT 48 h 5 A3 vl vl
A2 AAIEZ](1,200 rpm, 5 min)dtaL A5YS AATh

A alj < viR 9] IL-6 Tl A o] F5+= ELISA 71E
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Figure 2. Effects of LPS, DME and airborne particulate
matters with a diameter of < 10 um (PM10) on the viability of
HEKs. The cells were exposed for 24 h to each material at the
indicated concentrations (ug/mL). The cell viability was determined
by using the MTT assay and data are expressed as percentages of
control values. Means + SEs, n = 3. p < 0.05 vs. control.

(Koma Biotech, Korea)& AH8-3t] AT} 1L-6 &
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A7Fste] W-g- AMAISHATE 30 min F W3 HA &
N& FH7FSkaL 450 nmoll A FAEE ST BF

Ao zRE Al wjt wijA] o I-6 S 5

SE ALtk
2.8, 7 Xz

B o] nE AYAns 33 o)} 2 FHFgk
o2 Yehldth dzwd Add Abeld] SAIEHE
oA AL one-way ANOVAH AL #8319 0
p < 0.05 FFANA o4& A5k
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IL-6 mRNA

(fold)
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1 10 | 100 10 | 100

LPS DME PM10

Figure 3. Effects of LPS, DME and PM10 on the expression
of inflammatory cytokines in HEKs. The cells were exposed
for 24 h to each material at the indicated concentrations
(ug/mL). The mRNA levels of TNF-«, IL-1 3, IL-6, and IL-8
were analyzed by qRT-PCR and normalized to that of
GAPDH. Data are expressed as fold changes compared to
control values. Means + SEs, n = 3. p < 0.05 vs. control.
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Figure 4. Effects of resveratrol, RTA, and NAC on the viability
and the production of ROS of HEKs exposed to PMI10. For
viability test, cells were exposed to PM10 (100 x#g/mL) for 24 h
in the presence of resveratrol (RES), RTA or NAC at the
indicated concentrations (uM), or vehicle only (control). NAC
was used as a positive control. The cell viability was determined
by the MTT assay. For ROS assay, cells were pretreated with
RES, RTA or NAC at the indicated concentrations (#M). The
cells were labeled with DCF-DA and exposed to PM10 (100
ug/ml) for 30 min. The dye was extracted from the cells and
quantified by measuring fluorescence intensity. Data are
expressed as percentages relative to control values. Means + SEs,
n=3."p < 0.05 vs. PMIO group.
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40001 =o]aL 543t ol =ZEA|ZAt}. Figure 12]
= otdk TIRlolA HTo], Aol FAFEHEAE
»H|FPEE gdo] Y o) o] Fe F3pMo g
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Figure 5. Effects of resveratrol, RTA, and NAC on the mRNA
expression of inflammatory cytokines of HEKs exposed to
PM10. The cells were exposed to PM10 (100 ug/mL) for 24 h
in the absence or presence of RES, RTA or NAC at the
indicated concentrations («M). The mRNA levels of TNF-a,
IL-13, IL-6, and IL-8 were analyzed by gRT-PCR and
normalized to that of GAPDH. Data are expressed as
percentages compared to the PM10 group. Means + SEs, n = 3.
"p < 0.05 vs. PMI10 group.

3.2. PMI02| &F R =1t

LPS, DMEY PMI10°] HEK A|¥¢] &8 2 d=
HE-g-ol| vl A= Y-S v EF . Figure 29 =AIE
niel 7+o] LPS (1 ug/mL), DME (10-100 ug/mL) 2
PMI10 (100 ug/mL)S w50l et ME EES A

A F T

Figure 3o H<l nie} Zo] o]g E4dE2 BF 1
ug/mLA Al TNF- @ 2] mRNAL &S S7HAIZ T PMI10
2 & %9 DMERTH 1Y 738 3HA] TNF-«a, IL-14,
IL-6, IL-87} 22 A543 A EZIQIS] mRNA U &
7M1 F .



o] A 24 PMI0S] EH A2 9] AARAAES) 9F

IL-6 protein (% of control)

- LPS
- - | RES |RTA| NAC

IL-6 protein {% of control)

- PM10
- | - | RES |RTA| NAC

Figure 6. Effects of resveratrol, RTA, and NAC on the IL-6
protein level expressed by HaCaT keratinocytes. The cells were
exposed to LPS (1 ug/mL) or PM10 (100 ug/mL) for 48 h in the
absence or presence of RES, RTA or NAC at 10 uM. The IL-6
protein level in the conditioned medium was analyzed by ELISA.
Data are expressed as percentages compared to the control values.
Means + SEs, n = 3. "p < 0.05 vs. LPS or PMI0 group.

3.3. PM100]| LeEE M=o MEZ1 ROS M-dof it
dAH|IZIEE D RTAS| &

PMI0 (100 ug/mL)ol| %% HEKA|E2| A&=&3}
ROS Aol tist elamZtEEF RTAY FFS AL
gt Figure 404 & & Axol, #l2HlZEE(1-10
uM)3} RTA (10 uM)= PMI0 =2 27 3lol| A A2 A
&S IJEAFAT H2WIEE(10 M) RTA (10
uM)= EZF PMI0°] 5383k ROS S THAAIZTH
NAC (10 uM)= ROS A& ZAAAAT, PMI0 =F

24 sloll A Al AESNE FFS HIAA FUT

3.4, PM100]| &= MIE2| AtO|EFHRI mRNA 2H540]| CH
St HAHIZIES T} RTAQ| H&F
PM10 (100 ug/mL)°ll =Z% HEKA|XEo|4 TNF- e,

of gt dlxmHESY PanetEd EfolopEo]E(RTA) S 93 255

IL-1 3, IL-6, IL-8 529 F54 Al E71R1S] mRNA &
FHol| 3t B 2HFEZH RTAS 32 AT
Figure 5014 & 4= 915%0], PM10°)] =&% =74 &
ZH|ZEE(10 uM)F} RTA (10 zM) E5F IL-62] mRNA
WS A7) B, 1L-1 8 2] 23S S A AT
TNF- @ 9} IL-8-2 233 T2 Alo] E7IQI] mRNA T
o] Hste SAIFCE fFolshA] ot RluELE
AHEE NAC (10 uM)E= PMI10 =& 27 3o A Alo)
E7IRIe e & &S XA eyt

3.5, IL—6 THHE 2IS40f| CiSt 2f|AH|2tEE Dt RTAS| Hat

LPS % PM10° =Z% HaCaT ZHE A EF0l A
IL-6 T ol theh g 2w 2t EEY RTAS &3
5 AT AlZ dieF w1 IL-6 BHE FES
ELISA W o 2 ZH3}Ath Figure 60 HI vie} 2
o] IL-69] ©@uld W&o] LPS (1 ugmL)oll &J3lA=
G S W] ek, PMI0 (100 ug/mL)ol ol&fl =713}
At F2HZEE Y RTAE PMI0 8] 2713}l A
IL-6 T2 &S PMI0 A E|8HA] & iz 5
o= JA|SHA vl EHZ ARE-E NAC (10 uM)
5 IL-6 S E ] d-S foshAl AASAA N # 2
HZFEE 3} RTART &3/} v]ekstaich

£ E°|1, 2) W7l

N

[\)

e

=
=

)

N
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2 A9 A= g 2HgEES RTAZF PM109
% ME 54 9 ROS S &3tA7]= d &4
olglE AL BAFIL P 2HZtEES BIE3 T
3 2 E FFEES ROSE EHFH O 7 A A,
2het ~Ed 2ot A o frxke] dEs 2435
tH25,26]. Bl=HIStEES E3] A 24, 2EH X~
HhS, =38} Aol T3 sirtuins (NAD' 2] &4] o
1A deacetylases /deacylases)e] EASIAZ FERHET
ATH27]. wEbA] Bl 2HFEEL ROS 279 A3 2l
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3 AY =4S 53 PMI10°] 93 HE =4S 943}
A= Ao 2 ALRHTE RTAE A|E 9] o ~E &
A ol o3| HMHEERE HMEH T AESHY

Zo 2 ALRETHI).

2 AF"EHe Hd3AFA  punicalagin, (-)-epi-
gallocatechin gallate, dieckol 52 Zg|¥& gFEO]
PM10°) 98l F+=¥ TNF-«a, IL-18, IL-6, IL-8 52
ASA APlETRIS BdS % ASHATHS-11].
T £ AT A H2WZEE Y RTAE 2] Ao
E7Rl F IL-69 W3S g o g AR5y, o2
Aol E7RRIS] Mdo= Gl IAY 2318 F7HA
Ak IL-62 95 2 A7F 1Y FGE& A=3s O
sk AE] EAdo] Ale|EFIRIe|ti32]. B AFrollA #l
H|ZtEE3 RTAE PMI0°] 23] HF=%E IL-62
mRNA 2 ©d 23H1-S A3HA] A A TE PMI10
o 93t A APES JAsH= F2HZEET} RTAY
o] zhgo] [L-62 Wd -3 2HAHA B0l
A=A A= &5 A7 asith

o A AFEME gaudEESS Al F
Foll et 54 Ao BRI & ZFAAIT| ALY =
o 57}f\l9iﬁ¥[2%3] MBI EE LS AlZ 37

of me} A5 JAAY S N E £33 ]‘%Otﬁl
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