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Abstract

Purpose: The purpose of the present study was to explore the possibility of using
sinapic acid as a skin anti-aging cosmetic by demonstrating its antioxidant and
anti-inflammatory effects in keratinocytes damaged by ultraviolet (UV) irradiation.
Methods: The effects of sinapic acid against oxidative stress were examined in a
UVB-induced aging model of human keratinocyte HaCaT cells. The water-soluble
tetrazolium salt (WST-1) assay was employed to examine protective effects against
UVB. Changes in the concentration of reactive oxygen species (ROS) produced by
UVB were measured using 2’,7’-dichlorofluorescin diacetate (DCF-DA). Expression
of genes associated with anti-oxidant and anti-inflammatory effects were confirmed
using quantitative real-time polymerase chain reaction (qRT-PCR). Results: Sinapic
acid protected cells from UVB-induced cytotoxicity and reduced ROS produced by
UVB irradiation. Expression of genes associated with antioxidant effects including,
superoxide dismutase 1 (SOD1), catalase (CAT), glutathione peroxidase 1 (GPX1),
nuclear factor (erythroid-derived 2)-like 2 (NRF2), and heme oxygenase 1 (HO1),
increased and lipid peroxidation decreased in a dose-dependent manner. The
expression of cyclooxygenase 2 (COX2), interleukin 6 (/L6), and interleukin 8 (/L8)
genes, which are associated with inflammation, also decreased in a dose-dependent
manner. Conclusion: These results suggest that sinapic acid has potential as an
anti-aging cosmetic ingredient with anti-oxidant, anti-inflammatory properties against
UVB irradiation.
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AY3l= ROS (Kulms et al., 2002)0]] 2J@t Aksla] 2 Ed| 2 (oxidative
stress)= W FL-510] F5 ¢]0] 0 2 A2 tiKujoth et al., 2005),
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UVB Protective Effects of Sinapic Acid in HaCaT Cells
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kS ot HKensler et al,, 2007), NRF2= A=A <1
ZZ30)14%= Kelch—like ECH—associated protein 1 (KEAP1)o]| Zgt
Elo] AlazA Yof] A5t ROSE}H -2 A= W] =H KEAPLS
2328 fEEo] 3 Y= o]Fslo] 3 Yol ExsH= Maf THfde
251 dimerE o Fal @H4te} 5429 promoter F-91ofl EAsh=
ARE®} Z35Ee 24 GR, HOL, NAD(P)H quinone dehydrogenase
1 (NQQI), gamma—glutamate cysteine ligase (yGCL), glutathione
S—transferase (GST)¢t 22 34} G459 HES F7HITIH
(Kang et al., 2005; Lee & Surh, 2005; Lee et al., 2017),

ROS|| o3l /=)= AteHd AEH A9 n|EZE 01| Aka
iRl 93t AsAET} 229 5t3l= nuclear factor kappa
B (NFxB)9] &% w7l 845 HaAA AW 4592 +2
SlA| g}, NFkBe Al oA g5 ¥h82 2dske di#A<d
XA Aok, MlZ2Z o)A NFkBe E443HE Aok o
2l inhibitor of kappa B (kB)2t &7 EA%tct, UVe ROSeE 2
& Tkt A=l QJahiA] IkB kinase (KK)oll &J3] <lAtst=]o] NF
kBERE kB ZAgo] Eali=lHA HolA|A Htt, kBEFE #}
FE2HZ NFBE 3 £.02 o]Fstm 3 &of|A «B binding site
of] 2¢3}¢d inducible nitric oxide synthase (NOS), COX2, tumor
necrosis factor—alpha (TNFa), interferon gamma (IFNy), IL6,
IL8, interleukin 1 beta (IL1B), 52 Y& F-=3tcHBaeuerle,
1998; Longley et al., 1988; Takeda et al., 2003).

Sinapic acide F2 4R, Hg|F9 A4, TEF, Ax, J=,
2 HE(oll seed)5] Thkst AlEolA WAEE HisskkEelt
(Sawa et al., 1999; Shahidi & Naczk, 2003). Sinapic acid= &F
(Balaji et al., 2014), 218G A3HCherng et al., 2013), A173A|EHR
B (Zare et al., 2015), FEA(Kim et al., 2016), 32K Yoon et al.,
2007), ZHHZER S (Shin ef al., 2013) 59 E37} HaEo] Qle
o, QI7F B B-H Al Z(human hair follicle dermal papilla cells,
HFDPC)9] sollx] /37 1A}e] WA fr=ste] ik Jahe &
oM gn AeE 9t A sRHEEAY 7heAE Al
E|cHWoo et al., 2017). & A7llAl:= sinapic acid #2] A] UVB
of o3| WA= A4Sk AEH Ao A7z F A E(HaCal)ol
A A S FTHIZ 5 UERAIE golEr] fiste] A2
W ROS AIAE dh= ti&4]Ql 4k} #2491 SODI, GPxl, CAT,
NRF2 18|31 HOI -31A1e] HEHstsE gelste] 4st a5
solatm Q2T $4R1 COXZ, [L6 9 ILS mRNA 23lo] ¥z}
£ ERlste] mRwest o] =5 & 5 Y= 715 8S 7R &
E Y29 7sAdE AXSEaLA} BTt
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Methods

1, MIZHHQF

2 AFA Arget A7 AP EF HaCaT
keratinocytest= American Type Culture Collection (ATCC;
USA)o A Ftufste] AHg-8F%lal, HaCaT AZF9] vjFS
Dulbecco’s modified Eagles medium (DMEM; HyClone™, GE
Healthcare Life Sciences, UK)l| 10% fetal bovine serum (FBS;
HyClone™)} 1% penicillin (100 TU/mL)/streptomycin (100 p
g/mL) (Invitrogen™, Thermo Fisher Scientific, USA)< 3-8t
HiRE ANGSHRaL, AlZEigr] el 242 37T, 5% COE

AA71H B st

2. MEX2| Y XplM EAL
Sinapic acide 54 A(090%)E ELFEZ Sigma—Aldrich
(UsA)olA FuistR o, A AH83 o= dimethyl
sulfoxide (DMSO; Sigma—Aldrich)oll 24 =2 £3l3}oi A
gt MlZejF Aol HaCaT (1% 10° cells/well)& 24 h
HjFet & A4 F%9 sinapic acidE #iX|o] H7Fste] 6 h F<t
A AEstgen, Alxze] UV-B lamp (UVP, USA)E AME-5to]
S ARG UVB A A 94 AlZejFg A1) viz] A
AE Y3l pH7.49] phosphate—buffered saline (PBS:; Thermo
Fisher Scientific)2 23] A&& stgom AE ARE dly| ¢
3 PBSE 92 & MZuiFHAIY F4& €3 UVBE A
Gt UVB 39 242 Fiber Optic Spectrometer System
USB2000 (Ocean Optics, USA)S AR50, UVB ZA} Z9f
PBSE AASIAL A= il AE H7ksto] 24 h wjd7]olA
71 vjoket & Ad o] ARg-stett

3 MZ MEE &Y

AN|3EZ ABEE0) AFH O 2= water—soluble tetrazolium salt
(WST-1) assay 98 o]&3}5th 96—well plateo] HaCaT
(8x10° cells/well) 100 pLA FHESIY 24 hS vt &
HaCaTe] sinapic acidE 5, 10, 20, 40, 80 uMZ X 2|3}aL 24h
F71 et & Al BEEE SGe, 22 2R £
7} vkt o2 vkE A2 HaCaToll= sinapic acid® ZHz} 10,
20, 40 uMZ A2]5l3L, 40 mJ/cm? UVB RAF & 24 h 53 &
7} v skt viFE AHlEo EZ—Cytox cell viability assay kit
reagent (ITSBiO, Korea)& 10 uL 375+ 1 h 39| microplate
reader (Bio—Rad Laboratories, USA)Z 490 nmo|A] ETL=S

=7gsict,

4. M= L ROS Hzk 24
HaCaT (2% 10° cells/well)2 60 mm BjSFZA o &ZE35}o]
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Figure 1. Cell survival analysis of UVB-irradiated and sinapic acid treated HaCaT cells.

HaCaT cells were inoculated into 96-well plate at a 3x10° cells/well and incubated for 24 h. (A) Sinapic acid was added at various
concentrations and cells were cultured for 24 h. The survival rate did not decrease compared with the control group until sinapic acid
treatment at 40 uM. (B) The cells were pretreated with sinapic acid at 10, 20, and 40 uM for 6 h and irradiated with 40 mJ/cm?2 of UVB.
After 24 h of incubation, cell viability was determined using the WST-1 assay. Cell survival was restored in a dose-dependent manner. The
results show the mean and standard deviation for three independent experiments (“p<0.01; #v<0.05). UVB, ultraviolet B; WST-1, water-

soluble tetrazolium salt.

Table 1. List of primers used in this study

Gene Forward primer (5'—3’)

B-actin GGATTCCTATGTGGGCGACGA

SOD1 GGGAGATGGCCCAACTACTG

GPX1 TTCCCGTGCAACCAGTTTG

CAT ATGGTCCATGCTCTCAAACC

NRF2 TACTCCCAGGTTGCCCACA

HO1 GCCTGCTAGCCTGGTTCAAG

cox2 CGCGGATCCGCGGTGAGAACCGTTTAC
IL6 TAACAGTTCCTGCATGGGCGGC

L8 CTCTCTTGGCAGCCTTCC

Reverse primer (5'—3’)
CGCTCGGTGAGGATCTTCATG
CCAGTTGACATCGAACCGTT
GGACGTACTTGAGGGAATTCAGA
CAGGTCATCCAATAGGAAGG
CATCTACAAACGGGAATGTCTGC
AGCGGTGTCTGGGATGAACTA
GCGAGGAAGCGGAAGAGTCTAGAGTCGACC
AGGACAGGCACAAACACGCACC
CTCAATCACTCTCAGTTCTTTG

B-actin, beta-actin; SOD1, superoxide dismutase 1; GPX1, glutathione peroxidase 1; CAT, catalase; NRF2, nuclear factor (erythroid-derived 2)-
like 2; HO1, heme oxygenase 1; COX2, cyclooxygenase 2; /L6, interleukin 6; /L8, interleukin 8.

24 h 8j%F &, NZ9 sinapic acidE AE$t o2 24 h& 712
viekstgict, Al W ROSE &43H7] $18l DCF-DA (Sigma—
Aldrich}E 10 uME H7F5te] 30 min i ol NEE &5t
At} PBSE A7ste] MEZE £0]& th2 Flow Cytometer (BD
Biosciences, USA)E ©]&3}o] ROSS WslEFs =435ttt
Sinapic acid®] ROS AA &% A5 fIste] FdzLe
Z ROS scavenger ¥8-2 3l= N—acetyl-L—cysteine (NAC;
Calbiochem, USA)& AR-3H30.H, sinapic acid®t FYg 4]
© g A & SAsIqrt

5. Quantitative real—time polymerase chain reaction (QRT—
PCR)
MEZujfoz dL& NEE TRIzol reagent (Invitrogen™)=

o] &3lo] &3¢t %% RNAE Nanodrop (Maestrogen,

http://www.e-ajbc.org

USA)E o]-&3t9] 260/280 nm ratio 1.8 oA £%X2] RNA
TS Ao A28t cDNAE PCR tubed]l 1 pg RNA,
0.5 ng oligo dT18, diethyl pyrocarbonate (DEPC; Biopure,
Canada) waterZ total 10 uLZ A|Z3F & 70T 4 10 min ]
25l RNA WHAS §%=38k0] M—MLV reverse transcriptase
(Enzynomics, Korea)Z ©]-&3}o] 37Co)|A 1 h ¥-$-A|# cDNA
£ F/dsto] ARSSHAT

qRT-PCR& PCR tube®] 5x HOT FIREPol® EvaGreen®
gPCR Supermix (Solis Biodyne, Estonia)S AR&3}o] Hh-L-olS
A z3FE e}, LineGene K (Hangzhou Bioer Technology, China)
£ AHESte] PCRE Z3stg e PCRY #8402 melting
curve® HF3ITh ZF f-A2Y -2 p-actin (beta—actin)
o IS EE3Iste] H|w FASHGTh ARl AN-E primere
Table 13} Zt},
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Figure 2. ROS scavenging in UVB-irradiated and sinapic acid
treated HaCaT cells.

Sinapic acid was added for 6 h, and cells were UVB-irradiated and
cultured for 24 h. DCF-DA (10 uM) was added and the cells were
harvested after incubating for 30 min. After the addition of PBS,
the amount of ROS change was measured using flow cytometry.
Compared with the control group that was not irradiated with UVB,
ROS decreased in a dose-dependent manner when pretreated
with sinapic acid. In addition, increased anti-oxidative effects
were obtained when compared with 20 mM NAC control group.
The results show the mean and standard deviation for three
independent experiments ("*p<0.001; “p<0.01; ##p<0.001).
ROS, reactive oxygen species; NAC, N-acetyl-L-cysteine; UVB,
ultraviolet B; DCF-DA, 2’,7’-dichlorofluorescin diacetate; PBS,
phosphate buffered saline.

6. Lipid peroxidation Hz12F 2A

Lipid Peroxidation Assay Kit (Abcam, UK)E AM&3le] A2
| Aguhol whet A& $-33kgith. Malondialdehyde (MDA)
lysis buffer2 cellS iceoll Al #2371, YAEZ (1300 xg,
10 min)3te] 200 pL AAZMTRS Balska, kito]l Qs 600 uLo
thiobarbituric acid (TBA) solution& Z} test tube®] 21, 95T
oA 1 h, iceollA] 10 min 43l ¥, 96—well plate®]] 200 pL4 £
ZF3}o] 586 nmol|A4] microplate reader2 S EE=E 4514t}

7. SHEA

£ AFoAe RE AHL FYE 2dstolA EHH R 3
3] o]ifE AAst] AF ANE dlew, AFY A= e
+EFH 2 mean +standard deviation, M+SD)E eI
ZF A3lof| #3}to] Student’s t—testS ©]-8-3to] RE A3 Ax}o]
p—value gto] 0,05 o|5}Ql ol TAZHLZ fofsirtar EA45t
art.

Results and Discussion

1. Sinapic acid2| M=Z M= 2N
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Sinapic acid”7} HaCaT AllZo]| v]X|= AlZ2=/33 E1sl7] Sk
WST-1 assayE ©l-85to] Al BEE-E S7s15irt. HaCaT Al
lA] sinapic acid®] E4-& ERIgH A7} sinapic acidg A 2|5HK] ¢
Ltz Al ABEE(100%) 712202 3192 W, sinapic acid
£ 5, 10, 20, 40, 80 uM A& A] 105%, 121%, 130%, 136%, 97%2]
AEES B 40 M7= BEE0] k] ggko™, sinapic
acid 80 uM A2] A] AlZZ BEE0] Tha: sl A2 Uyt
THFigure 14), E3}, UVBo| 2J3)) $41E HaCaT HIEZollA] sinapic
acid®] MZHT 85-S dolr] ) A|lE &L HIE 573
stgict, 1 Ant UVBYE 2ARE t2to] Al AEE(59%)°] H
3| sinapic acid= 10 pM A A2t 739 73%, 20 uMollA 92%2] Al
3 BEES B sinapic acide]] 9J8f B JEH R A =
£9] IFEE= Ao] A & 40 uMoflA A AEE0] 79%
2 ZkAste] 5 AP 10, 20 uM B AMS |2 2Askt
(Figure 1B).

2. Sinapic acid2| ROS M|/ &5 24

E Ao A% sinapic acid7} HaCaT Al W ROSE A|ASH=
TS 2RIE] 434 DCF-DA assayE ©]8314it}, HaCaTel
sinapic acidE A|2J3}A] ¥31 UVBE ZARE =72 ROSH©] 6.9
2 Z71319 21} sinapic acidS 10 uM A 212} A] 3.6, 20 uM A =]
2] A 228 B oEF o7 Fasigirt, PN OE ARG
ROS scavenger 92 k= NACS] 10 mM2] 1,59} H|w5}E-2 w]
Ho} Holut ik} a3l7) gl AL ERISHHTHFigure 2),

3. Sinapic acid2| gtst R TR} LSHEM

A2l o8 tjApge] A3t A== 0,7, HO, 59 iz}
B2 Al k] DNA, @i, A 5o T RAEAT whgsto] o
£ ROSE A5l Adidatatg S Ao 7IvHNiki et al., 1991),
olof -3t QA W) AR EAE2 A1EH AEH AR Qg &
Fo 2 HE| AAE HEstm Jozkgo] Qste] Z42te] galst 7
= ASAAFLEN A3 AEHARRE QIAIE Wolste F
S sl Aoz ¥ uER QrHFre et al., 1990, Schmidt, 1991),
doAE UVBZ 28l $7H Al8ta AEF AR QI8 o] H]
e By 9 A8 94| 7152 $1aiA Altellx A/de]
We of=] st EEE9] WsleRS SRIst) 218t qRT-PCRE
=845}t HaCaTol|4] UVBE Q18 SODI, GPX1, CAT, NRF2
mRNAS] W& #ko] 744-5}9] 21} sinapic acidZ 10, 20 pME 3]
2] A| Wko] SODIL 0,750 2 ZAastgout 101, L3718 &
oz o7 ZFBIg o, GPXIE 0310014 0.90, 2,462, CAT=
0230114 0,77, 09722, NRF2*= 0,46°14 0,75, 0,992 == 2]
EH 07 F7IEE AL ERIT 4= AUt HOI mRNAS| Hawke
UVBRAM] 17702 27151929 sinapic acidE HA7 A] 2,51,
3722 Tk SEH 02 WP B2 FrlEo] o W 4Bt &

O

I A ]

(R
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Figure 3. Anti-oxidant gene expression analysis of HaCaT cells treated with UVB irradiation and sinapic acid.

The indicated concentrations of sinapic acid were added to the culture medium for 6 h then cells were irradiated with 40 mJ/cm?. After
further incubation for 24 h, changes in anti-oxidant gene expression were analyzed using gRT-PCR. (A-D) The expression of SOD1, GPX1,
CAT, and NRF2 mRNA increased in a dose-dependent manner when cells were pretreated with sinapic acid before UVB irradiation. (E)
The gene expression of HOZ mRNA was also increased in a concentration-dependent manner when compared with the control group.
The results show the mean and standard deviation for three independent experiments (‘p<0.05; “p<0.01; **p<0.001; #p<0.01;
#1p<0.001). UVB, ultraviolet B; gRT-PCR, quantitative real-time polymerase chain reaction; SOD1, superoxide dismutase 1; GPX1,
glutathione peroxidase 1; CAT, catalase; NRF2, nuclear factor (erythroid-derived 2)-like 2; HO1, heme oxygenase 1.

52 AT 9122 BIskgtHFigure 3), 0122 sinapic acid7t
AVSPE AEFAREE NEE BEY B ohfeh AlE o] 22
2 §ASHY] HI7E Qe Ao Az,

4. Sinapic acid?| lipid peroxidation 3|2k £
ROSZ QI3 Ak} AEF AL thilzlo|u) DNAS AFSHAIAA]

http://www.e-ajbc.org

T2 Hsts YoyA shar, Alazete] Ak ABIAIA A It
ABHERI MDA $Hgs 571714l |k, ol2lg MDAS] F7h=
Az At &8 doA NS 715S Ao =N Tt
22 o7 71X TR 8351HA| tHGloire et al., 2006), 18
B2 2 dFojA= MDA assay 2 o|-83}0o] | 2Alske] A4S
273}t Sinapic acide} UVB 25 & 2]314] o2 2519 level
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Figure 4. Analysis of changes in lipid peroxidation of HaCaT cells
treated with UVB and sinapic acid.

HaCaT cells were inoculated into 6-well plates at 1x10° cells/
well and were further pretreated with sinapic acid. The cells were
UVB irradiated and cultured for 24 h. MDA assay was performed
to determine the degree of lipid peroxidation in cells damaged
caused by UVB irradiation. When cells were pretreated with sinapic
acid lipid peroxidation decreased in a dose-dependent manner.
The results show the mean and standard deviation for three
independent experiments ("p<0.05; "p<0.001; #¥p<0.001).
UVB, ultraviolet B; MDA, malondialdehyde.

< 100%2 H3k& w) UVBRE #{2]A] 388%2 F715H3.2 ™, sinapic

acid A H] A F= & 02 TR FRIE 4= UUrHFigure

4), olgJ3t Aal= sinapic acid”} UVBEHE] Al2Z2] A2
A& BAAA AZ W A 2Tt & AR AlRET

5. Sinapic acide| EHE R LWSHEM

A2l Alsgile] Btg-2 NFkBe E4381E dov|1 43}
E NFkBE iNOS, COX2, TNFa, IL6, ILS, IL13 S3} Zro] o7
oo} IAE F44F 2 Al E7RI(cytokine)S WEA|Z]IL 0|2
Q18] FERESo] FUEY =32 AT} £ AtollAl= sinapic
acid7} ol&gt COX2, IL6, IL8S] Wdol| u|xj= S ERlsl] &
ottt UVBE &% HaCaTol sinapic acidE A 23t &, c0x2,
IL6, IL8 437 aE ERIgt Ayt UVBYE AEA] 242+ 9,31,
6.50, 3,622 2 Z7}=|9) 21} sinapic acidE 10, 20 pMOE H:A 2
A COX2= 4,42, 22102 162 4,77, 2,002, [1.82 2,23, 1.65
2 5k gEF o g ddsko] AaEE ERIT 4 IlrhFigure
5). °1& 831 sinapic acid’} A5 A A7} 9h& AoR
AlEEr},

Conclusion

ROSE AbegAHE ERSH AXjoj e Bebiae|z o)
RO whgAol i e} AEASSL A FaT A
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Figure 5. Analysis of inflammatory gene expression in UVB
irradiated HaCaT cells pretreated with sinapic acid.

The indicated concentrations of sinapic acid were added to the
culture medium for 6 h, and the cells were irradiated with 40
mJ/cm?2 of UVB, After further incubation for 24 h changes in
inflammatory gene expression were examined using qRT-PCR.
(A-C) The expressions of COX2, IL6, and /L8 mRNA, which was
increased by UVB irradiation, were found to decreased in a dose-
dependent manner when the cells were pretreated with sinapic
acid. The results show the mean and standard deviation for
three independent experiments ("p<0.05;"p<0.01; *p<0.001;
##pn<0.001). UVB, ultraviolet B; gRT-PCR, quantitative real-
time polymerase chain reaction; COX2, cyclooxygenase 2; IL6,
interleukin 6; /L8, interleukin 8.
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FR3CHEE
F+FB4&(Sinapic acid)3UVBIE S5 {HHIA B Bz R AREE R S LA BN A TIRY

HEEE, A8, THT, s, AR, &Xx="
'AERTEAFERFR, IRERMNT, HE
BIZRFAFEHERR, ), #E
SNEAFERGHER, IRERMNT, HE
REAFOERTFRRRD TR, 8R, HE
BEAFFIVAFREG LR, B8R, #E

B BT FEATUVBIZESRBMI A AR A ME M URMAIIN, BWIANFERIENMEZNRREEIR]
1T, A& WMHaCaTHMEBARRIRENAFELIES, FIAUVBHITEMES. NEIATTFENAMREIFER, #IB
water-soluble tetrazolium salt (WST-1)A &R ; AMIARUVBIES~EREMSR (reactive oxygen species, ROS)HY
REZL, FH2’,7-dichlorofluorescin diacetate (DCF-DA)SRTIE ; AMIASIRE MR X IEZEFHIFREX
72, FBquantitative real-time polymerase chain reaction (QRT-PCR)AEFRNE, LR FFFELHRUVBF AR
SMPRIPRE, FHRAOROSHER. TTFEIEMSMAMIEXIEER Fsuperoxide dismutase 1 (SODI). catalase
(CAT). glutathione peroxidase 1 (GPXI). nuclear factor (erythroid-derived 2)-like 2 (NRF2)LAKheme oxygenase 1
(HOIEMFERE, HLUREMAEAURDIEFRIE . o, SXAEHEXINEZEFcyclooxygenase 2 (COX2).
interleukin 6 (/L6)Kzinterleukin 8 (L8)MIFALUREMRIIEATURLD . Lit: MU LIFAFTER, FTFEWUVBEER
SHAMAIER, ErEAThREMMCRREREET S BB AT,

XigE: TFER, &L, %, UVB, ABBUTZAAIRR

522 http://dx.doi.org/10.20402/ajbc.2017.0177



