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Inhibitory Effect of Gallic Aicd on TNF-¢ -induced matrix
metalloproteinase-1 (MMP-1) in HaCaT Cells
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2 ¥ E AvE FFE 2AE M) YA BHuREE gallic acid (GA)E 2elst] FisksS 4649,
HaCaT Aol A AZEEAS =435}tk T3t HaCaT A|3Zoj|A] tumor necrosis factor alpha (TNF-q)o]] 23] GE=%=
matrix metalloproteinase-1 (MMP-1) mRNA &, protein &a, EH]of ot GAQ] a2 st AT =4 GA= 30
ug/mL O] ICsox} 3+ 3FAFSs-S Ve, 1A 9] SHAkss-& 3H4d3HAES1A 2] butylated hydroxyanisol (BHA)X T} 2=9F
t} GAL HaCaT A|olA] 1350l 200 pg/mL H2)A] okt A EZEAS UeERgIth. E3F HaCaTA|Zo| 4 TNF-a (10
ng/mL)&] A o3 F7He MMP-12] mRNA W4, protein '3, fH]= GAY] A 2of 93l H= o9& oz {oF¢]
Hag et p<0.05). 18 BE GAE A4S} aulet TNF-o2 R E FEE= MMP-19] WdS Aigrozn] ot
F8L AT U FEANARAC] BEIRAE el

Abstract In order to develop anti-wrinkle agent, we measured the anti-oxidative activity of gallic acid (GA) from
Paeonia syffruticosa Andrews and investigated its cytotoxicity in HaCaT cells and then investigated its effect on tumor necrosis
factor alpha (TNF-a)-induced matrix metalloproteinase-1 (MMP-1) mRNA, protein expressions and secretion in same
cells. GA showed anti-oxidative activity with ICso of 30 pg/mL and its activity was higher than that of butylated
hydroxyanisol (BHA). GA showed weak cytotoxicity with high concentration (200 pg/mL) in HaCaT cells. MMP-1
mRNA, protein expression and secretion induced by tumor necrosis factor alpha (TNF-a) in HaCaT cells were
significantly decreased by treatment of GA with dose-dependent manner(p<0.05). Therefore, our findings suggest that
GA can be useful as an active ingredient for cosmeceuticals of anti-wrinkle effects.

Key Words : Anti-wrinkle effects, Gallic acid, Matrix metalloproteinase-1 (MMP-1), Paeonia suffruticosa
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ST B e (A
WAl Fepdel AAE il osjeta & 4 gk
[4-6]. A|xZe]7]2  E3= matrix metalloproteinases
(MMPs)of| o] Yojutn, 53], MMP-1] 9JsA] Zc}
A) wal7h wAsle] 78, BB ol WA BTl
wfetA] w|iestol 22o] Ao

species (ROS)Q} 7S &4 g@ =2 A7

oy ZEtAdlo]=9] 28-S JAleln kAl TS
=3 A7le 249 %}%0] %3}

Be ATEL ojud Rag glo] Ay WRE ¢
oo

o AR 7%g 2 A BUSS e
F=3)| 231 )t} Alpha-naphthoflavone UVBZE A

}%} Y fobAEAN A Fuwst ENE el B 1)
AR mReln R 9
(Diospyros kaki folium) . 2K g 2|3l Z22|9|s9 &5
N &S Bauskglct [10]. 3 In vivool Al 2214
-2 HEFO|=E (collagen-like peptide)-S ] Frof] 2834
S o BE3) wisk 22 A 57 Jeldckn B us)
QAT 11].
vlueloblula (Ranunculaceac)ol] el Skl
(Paeonia suffruticosa Andrews)= 8=, ZFAA ), FaL
e W, AARS BT Qe AR LA ot
[12-15]. 1ejut Beka]e] MMP-1Aa] Ejo] cfshis
SFelA 9lx etk webdl B ATelAL Beiwmziy
FAsHsS ZF= gallic acidE E2]5kaL ©]4 2] MMP-1
mRNA expression, secretion®] gt Gk 2slo] 3
M 3PgE 2249 N 7HsAE AESHITH

[persimmon leaf

7
sloby] Brkns Ay ZH0A A

erARjereiAtolq Tztel
YA 8N (Antibiotic-
antimycotic solution), &3 [fetal bovine serum (FBS)], =
A] [Dulbecco’ s medium (DMEM)],
EFAl-o]t]E]of|o] (trypsin-EDTA)= Gibco BRL (Grand
Island, NY)oll Al F-¢)ste] ARG8Tt AlsZufeF S o]
E (Tissue culture plates)5-2 Falcon (BD Biosciences,
Franklin Lakes, NJ)o]|A] H£]3}o] ARg-3}ic) Alsz=c)
9l B [Sulforhodamine B (SRB)]2} Butylated
hydroxyanisol (BHA), 1, 1-diphenyl-2-picryl-hydrazyl
(DPPH)-&- A]1n} [Sigma-Aldrich (St. Louis, MO)]Jo]|A]

s modified Eagle’

Uk ARSI 2E THE AdES =2 589
A& AHEsHlH:

7| FHABEZ (NMR spectra)> Varian Germini
200 spectrometero] 4] 'H-NMRo|| tfj}] 400 MHzoj|A] £
213}, Varian VXR-30 spectrometero]] A “C-NMR
of s 100 MHN EASACh by ols
(Chemical shifts)2 WX 7]& 2 24 tetramethylsilane
(TMS)E AFG3IRIA 6 271212 ppm T912 7]% 819
o A AEEY (Mass
ionization mass spectrometry (ESI-MS, Fisons VG
Quattro 400 mass spectrometer, USA)oJ|A] EAI5}3ICh
Alg]71HA 60 [Silica gel 60 (0.063-0.200 mm, Merck,
Darmstadt, Germany)]2 column chromatographyo]] AR
Hojch ule] A Ae7bA & 0| E[Pre-coated
silica gel plates (Silica gel 60 F254, 0.20 mm, Merck)]+
vh= 3 2u}&E 23] [thin layer chromatography (TLC)]

spectra)>  electrospray

A F - E EEL LR E R
[high-performance  liquid  chromatography  (HPLC);

SCL-10 AVP, Shimadzu, Kyoto, Japan]:= EA] AR S B
2Jal7] 915) Aol AT

ol olail + 047 55
slod Oﬂ._e —.—%% 75 g% Oé‘iiq- o| RS
acetate, butanol <02 H35 HEIE 11 g 25 ¢,
19 g& it Bt oghs 255 Y o5 8 B2
=9 etslEAd-S HASE AT} butanol EEE-2 ICs &

0] 13 pg/mLZ4 7}3+ DPPH radical A~7&A-S LEY
o] o] butanolEFES w|Er2-E [MeOH-water (0:1—
1:0)]2 olFAezZ  3Ffof YMC  gel
chromatographyS A A|5}o] 87§19 AXZ (Fr. 1- Fr. 8)
2 QI9ch. ztzre] 4250 Y5k} DPPH radical 443
A& AMTE A3} Fr. 2 B2 (3.8 g)o] 50 ng/mLo] F
of|A] 50%0]4 73t radical £AG/E UEFHGIOER,

O|AL Z8 2 L2 0Ehe-E [CHCL-MeOH-H:0 (70:30:5)]
=2 silicagel column chromatographyd}o] 57[2] 4R35
(Fr. 2-1- Fr. 2-5)& &)1, 0|3 Fr. 2-3 (1.9 g)of| thato]
prep. HPLC [column: YMC-Pack ODS-A (20¥250 mm,
YMC), mobile phase; CH3CN-H,O (20:80), flow rate: 3
ml/min, 254 nm]& AA|8}lo] thA] 2719 B3F (Fr. 2-3-1
and Fr2-3-2)0.8 U}=9ith Fr. 2-3-1 (0.8 )& oS4}
10% OMEUC|E™ (CH;CN)Z prep. HPLC[column:
YMC-Pack ODS-A (20 x 250 mm, YMC), mobile phase;
CH;CN-H,0 (10:90), flow rate: 3 mL/min, 254 nm]& 2!

< hexane, ethyl

column
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A1}, tRo] 12425 Lo et Al
4 0.046 g& HJATHFig. 1].

2.3 M|ZZHHQF
DMEM ufizo] & 10%, FAA] 0.01%F 73t uf
Ao Al 37°C LA FAIAA AHEEFATH

2.4 NE=N
SRB o] ojaf st doke

A e
2o %E A

5 &
FASE BAS DPPH H[17)0] o3 BAskn 2
I}= DPPH radicalS 50% AAAZ|= AlR9 s
IC5 0.2 3lo] Hrstgict.

Paeonia suffiuticosa (1kg)

BuOH extract Paeonia suffruticosa (19 g)
VLC(C18.4%12em, 230g)

MeOH! (H,0 stepwise gradient ) steprwise gradient

f T T T T T T 1
100%H0  20%MeOH  30°%MeOH  40°%MeOH  SO%MeOH  60%MeOH  80°%MeOH  100%MeOH
F ) Fr2389  F3) (Fr.4) (Fr.5) (Fr.6) (Fr.7) (Fr.9)

sitcagel colum chromatography
CHCI;-MeOH-H,0 (70:30:5)

(19g)

HPLC, Capeell C18, 3 whinin, 254 un
20%CHONB,0

Fr23108g) a2

HPLC, Caped C15, 3 mlinin, 254 im
10°% CH,CNVH,0

Gallic acid

[Fig. 1] Procedures of solvent partitions for ethanolic
extract of Paeonia suffruticosa.

Sz AlRYAl dEe-S B X7tste] HE
L, FdETeRe F *éf‘o“&ﬁxﬂ‘ﬂ butylated
hydroxyanisole (BHA)& ]85} FdgH HHH O = 44
steic

2.6 RT-PCR (Reverse Transcriptase
Polymerase Chain Reaction)
A 2]EHAF [RNA, ribonucleic acid(total RNA)]-2
TRIzol (Invitrogen, Grand Island, NY, USA)S ARg-3}H

Al HaCaT Alzz2HE st FAlEl RNA=
diethylpyrocarbonate2  *2]¥ &o| £3jAIZl X

agarose-formaldehyde electrophoresiso]| 2|8l 1A 9] =
£ 32l5}9t). ¢cDNAX DNAse DNA-free (Ambion Inc.,
Austin, TX, USA)o]| 23} 7% RNAZZE FH45t9ick
=, RNA7} §l+= DNA 1 pg2 oligodT 18 mer (bioneer,
Daejeon, South Korea), RNAse OUT (Invitrogen, Grand
Island, NY, USA), omniscript RT kit (Qiagene, Hilden,
Germany)e} 7| 37°Col|A] 60&71 WHg-AIH T o]d A}
&3 suppliere= o5 Zth

MMP-1 ZZof AF23l primers: MMP 1(521 bp,
accession NM 002421) forward 5
-GGAGGGGATGCTCATTTTGATG-3" , reverse 5

-TAGGGAAGCCAAAGGAGCTGT-3’ and GAPDH (446
bp, accession NM 2046.3) ’
-CAAAAGGGTCATCATCTCTG-3’
-CCTGCTTCACCACCTTCTTG-3" . 98t} cDNAQ] 1 1
L+ TopTaq Master Mix (Qiagen) d7}o] 2] 20 uL2]
Hulg A= ojHck 1 W3-8 GeneAmp PCR System
9700(Applied Biosystems)ol| A 4~3§3}ct. 1 FZE % Ab
EE5L 12% gelo]  Z7l=E]o]& 1L, Red
safe(intron biotechnology, korea)o] 23l A% & 2}9]
A ofefoll A FAFEtstslt.

forward 5

reverse 5

Agarose

2.7 Western blot

AES dmarsiis AAS Gashs 458
[50 mmol TrisHCI (pH 7.4), 150 mmol NaCl, 1 mmol
EDTA, 0.5% (v/v) NP-40, 0.1% (w/v) SDS,
EGTA, 100 pg/mL PMSF, 10 ug/mL pepstatin A, and 100
umol Nas;V0s] 100 uLE d7}ste] S3jA|H T 1 A
2]7] 12,000 x g, 4°CoflA] 2527t A4=

1 mmol

lysate:= A1 E

gst & thlz nrl HgEXT [Bradford
reagent(Bio-Rad, Hercules, CA)] H'-& AMR-3lHA 24
stck oAl 20 pgld sodium  dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)]|
Al 100V, 90 ExF A7RAFESE AVHE diEES
polyvinylidene  difluoride 2 [PVDF
(Amersham Biosciences, Piscataway, NJ, USA)]o|| =7l
t} 28 TBST €89l [10 mmol TrisHCI (pH 7.5), 150
mmol NaCl, 0.1% (v/v) Tween-20]°] &= 5%(w/v)
nonfat dry milk2 4°Co|A] 17} blockings}il, Thad
anti-MMP-1 (1:2000 dilution; MERCK)2} anti-GAPDH
(1:3000, Santa Cruz Biotechnology, Santa Cruz, CA) 3}
Z &313}o] 4°Cof|A] 1€7F blockingd}gitt 12} A=
RS o] TBST ekpgoiom AgolA 3 AHs)
11, horseradish peroxidase (HRP)7} AZ% 22} wpe-A
&}A|[horseradish peroxidase (HRP)-conjugated secondary

membranes
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anti-mouse (1:2000 dilution; Santa Cruz Biotechnology)]
oF A Aol A 1AIZE ¥EG-AIHTE 1 9k ohA] TBST
olzg oz A3t WA ¥WlE (immunoreactive
bands)= RAS-4000 mini (GE Healthcare Life Sciences)
o4} ECL ¥Ig-A| [ECL reagent (Amersham Pharmacia
Biotech, Uppsala, Sweden)|& ARE-3HHA &elsich 1
W= ZF (Densitometric band values)-2 ©|m|X] HA g
13 [image analysis software (National Institutes of
Health)]o 4] “o]m] =] J (image J)" & AME-SFHA] A7gs}
Atk

2.8 ELISA (enzyme-linked immunosorbent

assay)

HaCaTH|EX 6-well platesol] 4] L 2 x 10°2 ujoF
3t & tumor necrosis factor alpha (TNF-a) 10 ng/mLE 1]
2 A3t 3 GAS AT 2441 & A2 uljoFey
© wopbd APBLoIA 10,000 x g, 55 Fob YU
g2l AFHLh 2 A% F°9 MMP-12 Fluorokine E
Human Active MMP-1 Fluorescent Assay Kit (R&D
Systems)S AFE-5}HA] fluorescent assayol 23] =3}

stk
2.9 £7 %zl

ahsel B + BEUAE
Afole] EABHA S04 7

3. Zo Y ny

3.1 2Cto|2E2E gallic acide| 22|

Bcty] oeke FZEZYE ESIMS, 'H-NMRI}
PC-NMRE $35te] dojzl Aag 7|2 E3ln} v]ws}
o] gallic acid (GA)E A3} tHFig. 2][18].

[Fig. 21 Structure of gallic acid

5781

3.2 Gallic acidQ| MZ=A T™I}

GAS A%E9 6.25, 12.5, 25 ng/mLE ] 2|Alol&= At
oRQl= Al2E7F A9 100% Y A== S48 YepliA &
AL, GASl A7 57t 50 ng/mLY wf Aof Qle Al
E= 9F 90%E YEM SO W, 100 pg/mLE A E]A] 80%
Aol A5 {AISFATHFig. 3] E3F GAQ A2 F
7} 200 ug/mLY wf Ao} Q= AlE= oF 79%F YEY
UTHFig. 3]. 22 B2 GA9 A 527} &olgef wet
BE EHOE Mo g AmAL FLHS ¢ 4 9
At

X3 HolA GAE HL-60 (human promyelocytic
leukemia cells)Af|3o] T3l 300 umol2] ICs) ZrS YERY
2131, A549 (carcinomic human alveolar basal epithelial)
MEZo A= 100-200 pmole] ICsy FHE YERHSICH
[19,20]. & A+ AT}ol|A] HaCaT A|EZofA GA A2 &
w7} ol wat B ojEdos Ao} gl Alms

S

120

100

40

20

Cell viability (% of conirol)

6.25 125 25 50 100 200

Concentration (ng/mL)

[Fig. 31 Cell viability of HaCaT cells treated with gallic
acid. Gallic acid treated with concentration of
6.25, 12.5, 25, 50, 100 and 200 y g/mL for 24
h and the cytotoxicity was measured by SRB
assay. The data are displayed with mean * SD
(n=3).

3.3 Gallic acid?| &rtsl &hd
GA+ 30 pug/mLO] ICsod}t &7 FAshs-& YeEtH Sl
a1, ARl BHAE 58 ug/mLo) ICs) & YEFHA
k1

H
BHART 1 ksl w52 & & A

[Table 1] Antioxidant activity of gallic acid.

DPPH radical

Compounds
P (ICso, ng/mL)
Gallic acid 300 + 2.4
BHA 58.0 £ 3.6
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Results are presented as the mean IC50 values obtained
from three carried out in

triplicate = SD.

independent experiments

3.4 TNF—« 2 ST = MMP-1 mRNAOG| CHSt
GAe| &gt

HaCaTA|3%0] TNF-a (10 ng/mL)2] X2jo] o]st #4=+
o AAF AJES] MMP-1 mRNAS] oFo| H|3|] MMP-12]
S22 GOJHOR ZAPAIE A0 LeRgTt (p<005,
Fig. 4). GAE A%%=2] 10 ng/mL *2]A] MMP-1 mRNA
o] Fellz 2 HBE AR = A= e, GA
20, 50 pg/mLe] F= *E|A] MMP-12] mRNA= ¢F7F 7+
asl= Ao g Yehgdth 18y GA 100 ng/mLe] =
HelA] TNF-a8] 3o 93] Z7bE MMP-1 mRNAL
TNF-a9t H2]3k A9 MMP-1 mRNAQ] ool 1|3 &
oFon 7hashs Ao LERtTHp<0.05). webd,
HaCaTA]|3£o)| 4] TNF-a (10 ng/mL)%] *]g]of 2] &7}
A MMP-12 GAS] Hejo] oaf 55 G202 74ad
S

o 4 qlgiet

TNF-a(ng/mL) -

10 10 10 10 10
GA (ug /mL) - - 10 20 50 100
20 A
: &*
2
g 15 -
ET
SE10
== #
z U
[
= S 05 -
I<
Z 00 -
= Normal TNF-a 10 20 50 100
Concentration (ug/mL)

[Fig. 4] Effect of gallic aicd on TNF-¢ -induced MMP-1
mRNA expressions in HaCaT cells. HaCaT cells
were incubated with TNF-¢ (10 ng/mL) in gallic
acid. To investigate effect of gallic acid, cells
were stimulated with TNF-¢ (10 ng/mL) and the
indicated concentrations of gallic acid for 24 h.
Total cellular RNA was analyzed RT-PCR for
MMP-1 and GAPDH. GAPDH was used as
control. *Significantly different from normal
(p<0.05). #Significantly different from TNF-o
(p<0.05).

0|

3.5 TNF-z 2 SEE MMP—1 CHHZ gr5iof

o

MMP-1 ©held 28.S HaCaTA|Zo)A] TNF-a (10
ng/mL)9] Helof o3 {ojFer F7HE|]lt) (p<0.05).
GA 10 ng/mL ZJ2JA] MMP-1 £hild o= 2 wish
2 u|z|2] IR, GA 20 pg/mL 2 2]A] MMP-1 il
S 7h25g o, 50, 100 pg/mL A o 2 7
A5 UERY LAl HaCaTA| ol A] TNF-aqlk A g]sh AJZ
O] MMP-1 thill] Whgof H|gjx foldor FHastel
tHp<0.05, Fig. 5).

TR

TNF-a(hg/mL) . 10 10 10 10 10
GA (pg/mL) - - 10 20 50 100
GAPDH

MMP-1 SEEE = T
20 4
g *
£ 15 -
=
E ’
=5 10
£3 I
S
L=
Zs 05 A
E 00 4+

Normal TNF-a 10 20 50 100
Concentration (ng/mL)

[Fig. 5] Effect of gallic aicd on TNF-o -induced MMP-1
protein expressions in HaCaT cells. HaCaT cells
were incubated with TNF-¢ (10 ng/mL) in gallic
aicd. To investigate effect of ethanol extracts,
cells were stimulated with TNF-¢ (10 ng/mL)
and the indicated concentrations of nutmeat and
husk extract for 24 h. The cell lysates were
analyzed by Western blotting with anti-MMP-1,
anti-GAPDH. Anti-GAPDH was used as control.
*Significantly different from normal (p<0.05).
#Significantly different from TNF-¢ (p<0.05).

3.6 TNF-¢ 2 L= MMP-1 E2H|o| CHEt
GA2| gt

TNF-a (10 ng/mL)e] #j2jo] oJ3)] $=E MMP-1 &
H] %= ELISAC] &Jsf 245130t 2324 HaCaTA|
30| TNF-a(10 ng/mL)©] 2= MMP-19] En|= A4}
Alazof| Blsl oA es S7HE Ith(p<0.05, Fig. 6). GA
LE=2 10, 20, 50, 100 pg/mLOZ Z7pAFlo| wlet
MMP-1 EH]3= TNF-at H2|5k Alzo] Hlajs fojzo
& 7F23HATHp<0.05, Fig. 6).
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200 4

150 A

100

50

Relative fluorescenec units
(RFU)

Normal  TNF-a 10 20 50 100
Concentration (ug/mL)
[Fig. 6] Inhibition of TNF-¢ -induced MMP-1 secretion

from HaCaT cells by gallic acid. Cells were
stimulated with TNF-¢ (10 ng/mL) and the
indicated concentrations of gallic acid for 24 h.
Level of MMP-1 in culture media was measured
using a commercially available ELISA kit as
described in Methods. *Significantly different
from normal (p<0.05). #Significantly different
from TNF-« (p<0.05).

A% AT 5 TRl SR MMP-1 o] o
AR 2R GFE AP A3 AR 3
EE9 M7 MMP-19] IS HaAfS Bastgl
oH2]. E3F AHAE F=EE0] MMP-19] WS =
BElTH21] B ATFoAE GAZ MMP-1 mRNA,
protein expression, secretionS TFAA|F O 24 FEI|A
2 2A 9 §-87FsS EelsksiTt

4. A8

Ir

2 AFolA: Bekn) 22ERRE FUHS 2
GAE =831l 1218 MMP-1 A8 44 515t
ok 71 A3 GAY] FASte2 T4 FAEHAIQl BHAR
o =90om, HaCaTAH 24 % QEHOZE ot A
2EE Yetd el E3F GA= HaCaTA|3Lof|A] TNF-
0o] Aol o3| 2R MMPI
expression, secretione F & O]EX O F GOo|F Q] IAE
ERRRckp<0.05). mebd Bete e Rels GA
WA W FES AL - ke A TAske
o, 25 ANAZA B THsetelel A

32 7

mRNA, protein
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