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The Inhibitory Effect of Ferulic Acid and Related Phenolic Compounds
against Cancer Cell Lines

Du Seok Han, Joo Won Chun, Sung Woo Jeon and Seung Hwa Baek”

Department of Oral Anatomy, School of Dentistry and Department of Herbal Resources,
Professional Graduate School of Oriental Medicine and Institute of Basic Natural Science, Wonkwang University, Tksan 570-749, Korea

Abstract — The inhibitory effect of ferulic acid and related phenolic compounds on the growth of normal cell lines and can-
cer cell line was evaluated by the MTT and XTT methods. Ferulic acid decreased the cell viability of human skin melanoma
cells by the MTT method and the cell adhesion activity of human oral epithelioid carcinoma cells by the XTT method. These
results suggest that ferulic acid has a potential anticancer activity. .
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won X84, 784 9 T 5 ol 7] HEl=
. Syringic acid= shikimic acid pathwayel] 2J3|A 45
*351% e EEA FHols MAIZ A ZE okg
2arE 285k7 k'Y Syringic acide] Rzl B3t A
F= A0 9l AAojut SAkEAE5) DPPH radical-scavenging
activityell B8+ 77} Jth® Syringic acid®] AlAHZ FEA
1 phenylethanoid glycoside:™ 733t &itahat-g-& vERl =)
o] 42 syringic acid®] W¥Z vl = 7| (aromatic methoxy
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## = acyl moiety == phenylethanoid moietyoi»] WE7]
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& ¥5)7] Y3 Aol gallic acide AZF7 ]8] Aol o3}t
o AeidE veRA] AZFT1Y] oo 4k A o
gallic acid®] 7-%2] #H3} & phenolic hydroxyl group] wI&3}
9} carboxyl group®] olAHEISl= MEEAE £HE3] A7
ZFEEA e thet gallic acid?) AsAEE= X U Zg ol
T} ZAAA(ROS)T 2Jstod M3sht gallic acidell 28l f=
HE AZA AR Axe] uel tEvn »asiglon =it
WFAEE AL} A viokatd AZAPL FEA] ¢gor
gallic acidell AsH= HEE gallic acid®] AIZEA ] tisto]
e BESAY ALEALS AR Zloz $239rES0 1)
% vEr], A7) 9 obA7(Ce-Cp8l EE ZHE syringic
acid’t BAREERgo) 9l gallic acide} FARSE FEE 2L §lO
B2 AN TR R E| Mz5o] ZstA vEhd Ao
2 Wds)o] syringic acidS NIH3T3 A-EAlEe} <14 )54
FRAE FEHE A83k7, UFAHEQ AA] FRITA|
T8} 1A PHAIHUYTHEANE FEER AE3tT 48r10]
AGE AE BERS Dolr7) f5te] MTT A=H2A1E, Al
o2 Yotr 7] flsto XTT A HE AAlska A%
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Fig. 1 —Molecular structures of benzoic acid, gallic acid, syringic acid and ferulic acid.
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A Zujoke) AFE-5F Minimum Essential Mediom(MEM)}
Dulbecco's modified eagle medium(DMEM), RPMI 1640 8 =],
fetal bovine serum, penicillin, streptomycin, fungizone A|<F
2 Gibco/BRL(Grand Island, NY, USAyAollew, 34,5
Dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide(MTT,
Sigma Chemical Co.) &3} 2,3-bis-[2-Methoxy-4-nitro-5-
sulfophenyl]-2H-tetrazolium-5-caboxanilide(XTT, Sigma Chemical
Co.) 3ol AF&3 Al2ka} syringic acid, benzoic acid, gallic
acid?} ferulic acid= (73224 Fig. 1= Sigma Chemical Co.(ST.
Louis, MO, USAA A #4315t

A§17§

AZS "ok CO, incubator(Shellab. Co., Cornelius,
USA)E ALg3Ilom, AX4o A4k Twk® A4
(Marienfeld Co., Mergentheim, Germany)& °[-&3}ith. MTT
A, XTT AZol+ ELISA reader(Spectra max 250,
Molecular Devices, Sunnyvale, U.S.A)E AM3150t)

M| Z=HH 2k

Syringic acid A1) AESGH FAE theh MESdE
get7] flste] ity FEhels B NIH3T3
FREAET = MEM HiAof|, AJ2thgha AlSL23 oA b
Q1A I 582 A 3 (Detroit 551)= DMEM si=|, A]-&t)sh
i GAT Lol Bohihe QA 9 H-ZAF M L (SK-MEL-3)$}
QA TS A L(KBR= RPMI 1640 Hi=1o] 10% fetal
bovine serum, penicillin25 unit/m/) 2 fungizoneS 3 7}ste]
ARgsieltt, A2 Wik 2% 37°C, §% 95%, ®AVES 5
% 5%2] wj%k71(CO, incubator, Shellab, Cornelius, U.S.A)E
AT AE-g Yte] At wFt flaske) AEE 0.25%
trypsin-EDTAZ X2lslo] AEE Fdt F, Twkd E7AX

718 ol 4slo] MES7}F 5x10* cellymP} HEZ xﬂ}:-‘?«%o <

A= ei= )

MTT HEHEMY
Mosmann®] ¥ 100] ¢Ja}o, NIH3T3 Al-R=AZ e} Q1A 9
AR EAZ, QA FREAZAE G QA RS AEA
FE 7h wjoFg7) o 5x10* cellym/® YL 24717 wiok &
ferulic acid®} ¥ A =32 A 2) ML GFA Ee
)3} syringic acid®) AFESAEES E357) Y8le] ferulic acid®t
#8 HE3dES FEHEQ, 25 50 D 100 YME H7HEE F
48417k wijes 3 243 P ZASE MTT(Sigma Chemical Co.)
L3 < wjokgr)F 1mi Yol 347 Hi
okaloict, wfjok & wjorol-g W), dimethylsulfoxide(DMSO)
2 2 miwel®d o] 587 AL 83l MTT formazans &
A3 3, FHTE PYFSA ELISA reader® MTTS) $3E
540 nmE =738l tiEr o Hlm AR

XTT HEEAH

Laminin-coated plate>> laminin 1 mg& PBS 2 m/ol £33}
o] WAre) RstaA HaAlel laminin® F%(20 mg/m)E
Z7gslo] z+ PBS 490 343ty o] 89S 24 well plated]
z} wellell 200 W2 EFale] shEnk Bk A42AI7) 5 PBSE
= A AHsle] 3% BSAE ZF wellell 200 w4 Hrkeh 2 &5
o] & v} A78kn PBSE ¥ H AL AA S

wjokgl NIH3T3 A-R-EAE, QA o475, 4
g EAE 9 QA AREANEAL 5X10* cells/mlE
laminin ©. 2 coating3t wjF&-7) o Y 24A17F woFet &
MTT Az ke WPpH O 2 ferylic acidt &8 H&3}
FES W b 48217F Bl = uixlE ZAAHA AlA
t3 PBSE F ¥ A3t ©37]¢] XTT(Sigma Chemical
008} Zakste] Zh wjokgr]el 200 W FSIska 4~6A1%F
E¢ wioFst ¥ ELISA reader® &% 450 nmellA &7t
it
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FarEndd B2 918t NIH3T3 AF-5AEs} Q1A 7
FAREAE, QA TR 01GEAE D A SF-SATA
I= 217 NERF T ferulic acide} T Hl=3RMES AEg
. MTT=} XTTE 2lsh| el =3&v)7 (Inverted microscope
Olympus, Tokyo, Japan)©.2 #&s13iT}

IC,, ZH

yAe) 1C,, A4S izl QA ALAFRAEE 2 vk
719 5x10% celly/m/ @1 244]7F wiek 3 1, 25, 50, 100
uMe] ferulic acid ¢} #H HE3HES Hrlslo] 48771 dlik
3 & MTT Aat XTT AL 31 ferulic acido] ©15 z}zh
ol thet 50% AAPsES IC,,S 37752 2o oall a1t

SHE|
ﬂ%‘éﬂ}'g’] %7"“7_(1‘:4% Students' t-teStoﬂ —7‘1_:6‘]'915’_, p-Value
7} 0.05 7)Y A 3% Aoz wgsigict
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HlE3lgEe MEEYLS g e] Baprtze| uel, @4
A7t FA40A DR, A= EY ABSoh 1)
HEels) B A4 AEEA o] AAEY] whte] e
= EEA ) B5Aolet A4ETE Table 114 AZYEE
S MTT FFAHoE 2793 duje]l 2Jshd, NIH 3T3 A
BAZS QA 3% RAE Detroit 5510 thek AFEES
901 uM~3,341 pM 9= T2={ch NIH 3T3 A5 320
A M| EABZEEL benzoic acidellA 1,226 pM FEZ 71 73
HEZAo|gltt. 28vt benzoic acid®) 3, 4, 581 Aol F4E7)
7} 213k gallic acidolM = AESAJo] ok 2] H= oksh &4
o] 2R A5, gallic acid?) 3, 53 2o methoxy”|Z ¢
¥ syringic acid(3,341 uMPIAE gallic acid®] MITEJRL) <F

Table I - The cytotoxic activity of phenolic acid by the MTT method
ICS() (ug/ ml)a

Compound

NIH 3T3 Detroit 551 KB  SK-MEL-3
Benzoic acid 1,225.8 900.6 419.9 5019
Gallic acid 2,552.4 2,158.3 471.7 168.4
Syringic acid 3,340.9 1,1729 282.3 501.6
Ferulic acid 2,753.0 2,130.0 334.0 143.0

ICg, value of compound against each cancer cell line which was
defined as a concentration (ug/m/) that caused 50% inhibition of
cell growth in wvitro. Compounds were examined in four
concentrations in triplicate experiments. NIH 3T3: NIH 3T3
fibroblasts. Detroit 551: Human skin fibroblasts. KB: Human oral
epithelioid carcinoma cells. SK-MEL-3: Human skin melanoma
cells.
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2.7 k3t MEEAe] ZAEATE. 18} benzoic acidolA] 3-
methoxy, 4-hydroxy= X3kl ¥l 72|19} propenoic acid’|Z 2|
3¢l ferulic acid:= syringic acid®] MEE/4d Ko} 73k 2,753
M w52 #2E QT )9} Zo] benzoic acidell A electron-
withdrawing group(hydroxy “2E)°] 2| g% phenolic acidi
electron- donating group(methoxy “15)¢] X$% phenolic
acide2t} HE5Ado] ZFelA 3 E ). Benzoic acide} A13EAS
F&& NIH 3T3 AAEAERE} QA sFAFEAE7F 901 uM
FEZ el A AA FRAAREAEAE gallic
acid®) Al3=4do] benzoic acidR T} &k 2.48) 2Fa}A PO
™, oli= NIH 3T3 AHEMEZET}H 7¢ AEEA T =
o}, 718} syringic acidoll M gallic acid®] Ml3ES/AdRc} 93]
& 75 AIEEA(1,173 uMpe] TS 0 v, ol benzoic acid
o] NEEART 130 oFst AEEJ o NIH 3T3 A-F-541%
B} 75t MEEAo) SRRk, et ferulic acidi= syringic
acid®] AZEA Boh oFsF 2,130 pM 55 F Bk Ayt
o7 MTT Ae-Asola] AA AFEGEMZE 901 uM~
2,158 uM =539 E NIH 3T3 A-F-RA xR A Z54 o] 7}
Al S

NA TR UFAZEB)Ol et AE=/d2 NIH 3T3
AeEaEele= BT syringic acid(282 uM)el 12912) 25 A)
Z540] #FEgow, SolstA UAl AT LETMES
benzoic acidell P15 150 3, 5 ol Xgk} 40 YAl
hydroxy 7] X18kgl syringic acid®] MEEAo] 7 Z&HA
= om, BEgaeol mlEAl2go] 3 2R XA
ow, X%t # ferulic acids <t & A3EEJ (334 uM)e] v
Ebutr), 7849 benzoic acid(420 pM)ell 3, 4, 51 2] A o]
hydroxy® X]3H8) gallic acid(472 pM)2] A EEAL- @3] <
o A EEJo] BWEESITE YHE 07 A T S GEA
SEKB)!) Tk A=A (282 uM~472 uM)E NIH 3T3 445
A|E (1,226 pM~3,341 uM)s} Q14 33452 AH L (Detroit 551;
901 pM~2,158 uM)el] thst AZEA R} 23t FXdo] AF )
o}, wiebA] QA R AEAE (KBl gt AlZEAde] 1l
7H3L syringic acid>ferulic acid>benzoic acid>gallic acid <
A& ZHaso] AEE

QA HRIFAFA L gk AZ=AL AA 7R
MEel= 2] ferulic acid(143 pM)ollA] 743t A|xEEA)o
Zlit}. o= ferulic acid’} benzoic acid®] #lAize] 3,
Aol x&%E methoxy, hydroxy ZE3 T4 1¥
propenocic acid’| 2 A &E IF <A AR A4
benzoic acid®] WAl 3, 4, 53 Yx|of| hydroxy ITHL=E
25 gallic acid(168 pM)7} ferulic acid®.the 28k AlE 520
o, 2 Aele ok 22X R e Az}

_Og‘:
W

O
40 oX o

&odo
oo
nszﬁ_i,—ﬁlé



368 Y - A5 -

[ A
2GS - wis)

Az eks gl A AR-ZFAFAEAA = benzoic acidot
syringic acid®] MEZ/J(502 uM)S- 7] FAlRE E/do] ZAlE]
k. JAA| AFSAFAEE AA PR SEA L=
2A AZEA gt 1Ado] ferulic acid>gallic acid>
benzoic acid=syringic acid A2 ZAEo] B2}

AnbA o Z Aol SN 7P wWol AM-EE MTT 3
SR 07 PAA| LS} G thEt AEEAS £ 2
= NIH 3T3 AREAE >N 9945 FA Z (Detroit 551)
>AA PRI LEAEKB) >N 224542 (SK-MEL-
39} 2 WA o2 B3 vt Il th(Table ).

AR5 S35 XTT FZEAe] Aol <8, NIH
3T3 ARr=EAaEel A T -F2AE Detroit 55101 thst Al
ERAFE 975 uM~2,462 WM 92 BEE T NIH 3T3 A
FFEAIZAA AFER-2ES benzoic acidolA 1,292 pM FEE
78 73sk &Ado) BT T8} benzoic acid®] 3, 4, 59
Al 7 17F A2 gallic acid(2,446 uMpIME A2
o} of 194 A% ofst /g0l FAHHSARL, gallic acid®] 3, 5
w 912)o] methoxy?]| 2 X218 syringic acid(2,462 LM)elE
gallic acid®] A32F-2F57 A9 n)5:3t Edo] A=, 19
1} benzoic acidellA] 3-methoxy, 4-hydroxy® X3¢ WAzl
¢} propenocic acid”?] 2 X #F ferulic acid®= syringic acid®}
gallic acide] AEF-2Fs2] 4 Z ojL.7)glel &R
o] Ja I}, o2 HB AT 95, benzoic acidolA]
electron-withdrawing group(hydroxy 785)°] X1&% gallic acid
= electron-donating group(methoxy “1&)°] X2+ syringic
acidi.0} A ZF-2go] okt 281 54 EA.0H, benzoic acid
o] wiAlzre] 3, 48 ARl X2E methoxy, hydroxy1E7+ &
A 1Al propenoic acid’1Z XM ferulic acid= 27F Al
FERaRgo] ZFsiAl st NIH 3T3 A-f2A| ol digt A
FR2E 9 NPALE benzoic acid>ferulic acid>gallic acid>
syringic acid M2 ZAso] A,

A ZHA-FE A Z(Detroit 551)°0 Tk AEF250) )
Aol olFPd, benzoic acid®) MERZES NIH 3T3 A2
A3E(1,292 pMpRT} A SFHFRZAETHITE uM) FEE %
Al HEEHT QA SR FEAEAME gallic acid®] A3E
B2E50] benzoic acidHTF oF 2.1 okelA A9l on) 77
U syringic acidolAE gallic acide] AEF-2srt 938 %
3 24(1,111 pM)e] BEEQI 0, o) benzoic acid®] M FER-
2sHu} 118 ok 8402 NIH 3T3 A-R2AZsct 240 4
T 73t AlxRazo] SAERIT). 12vt ferulic acide syringic
acid®] MZH2s B} okt 1,474 M 552 2259t} NIH
3T3 AFEAEE B A s FEARANE 7P ot
o] vt 1A oFARRAR) tiE AlE-Ese] W
732 benzoic acid>syringic acid>ferulic acid>gallic acid &

Table II - The cytotoxic activity of phenolic acid by the XTT
method

ICsy (ng/ml)®
NIH 3T3 Detroit 551 KB SK-MEL-3
1,292.8 974.6 3755 464.4

Compound

Benzoic acid

Gallic acid 2,445.6 2,035.1 216.6 512.7
Syringic acid  2,462.4 1,110.9 418.8 438.0
Ferulic acid 2,125.0 1,747.0 184.5 311.6

*ICy value of compound against each cancer cell line which was
defined as a concentration (ug/ml) that caused 50% inhibition of
cell growth in wvitro. Compounds were examined in four
concentrations in triplicate experiments. NIH 3T3: NIH 3T3
fibroblasts. Detroit 551: Human skin fibroblasts. KB: Human oral
epithelioid carcinoma cells. SK-MEL-3: Human skin melanoma
cells.

MR Thase] gk dbEog XTT AsHE-AHoflA <
A FFAAFEAEE NIH 3T3 AREAZRvh= Al 2i-2so]
ZdsiA FErE Q] .

DA TRATLFAEEB) et AxF A2 e Al
z oEA 7P FES gqAEEe] sle ZoE #EEglon,
ferulic acid®] M E#2H5-2 benzoic acid®] WAl mzlo] X3
phenolic acid®.t} AlZF-2gof thst g0l ZatAl ekt
Gallic acid®] A|ZH-2H50] benzoic acid¥wrh 743k &4do] e}
oo, gallic acid®] #llele] 3, 54 X methoxy 18-
2 X% syringic acidlN st Azalzo] #E=Egict, MTT
AR R AESAHS S48 A T3S A Z
3 G4 o 852 BEHI ol AL AR
o) mE MEEA) VRIskE Ao AlZkEr), Ak oZ MTT
ARl F73 Mol dist 3= d=2A A8 &%
< WAET TEiA AA) PRI A 2 gig 1A
X ferulic acid>gallic acid>benzoic acid>syringic acid $4 2
FaEe] TEE

QA FR-BZ AL (312 pM~464 pM)ell ik A LH-25
UREA O R ) P LA (185 uM~419 M)l
A EFAETE ok B0 T A TR
Ajze]) it AJEF-253 o] ferulic acidolA 7Het B0l
ZEl o™, gallic acidE benzoic acidTh °¥3l M| TR A 50
LERE O, syringic acide 84 ©] 2zF AskAl SH=HA )
A HREAFAE et V7T ferulic acid>syringic acid
>benzoic acid>gallic acid =42 7F4-%]o] 2L JTHTable II).
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d =

ool AvANE FERA, RN Z Phenolic acid
o st AEe] B 53 Al BT ulet #@4go)
g24 #EEglon, dutd oz XTT Aoz =331
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A7} Azl tiat BAo] E707 AzbHT

Al =2

o] EF-2 2004¢% AFrhstmo) wulx|glol] 2jate] Faw)
glom, ole] ZA=FUL,

I
re

{2

1) Cao, Y, Lou, C., Fang, Y. and Ye, J. : Determination of active
ingredients of Rhododendron dawricum L. by capillary
electrophoresis with electrochemical detection. J Chromatogr.
943, 153 (2002).

2) Xu, L., Liy, J., Min, D., Wang, S., Zhang, Z., Guo, D. and Zheng,
K. : Chemical constituent. Zhongguo Zhong Yao Za Zhi. 23,
293 (1998).

3) Kong, L. D., Abliz, Z., Zhou, C. X,, Li, L. J., Cheng, C. H. and
Tan, R. X. : Glycosides and xanthine oxidase inhibitors from
Conyza bonariensis. Phytochemistry 58, 645 (2001).

4) De Heredia, J. B., Torregrosa, J., Dominguez, J. R. and Peres,
J. A. : Kinetic model for phenolic compound oxidation by
Fenton's reagent. Chemosphere. 45, 85 (2001).

5) Andrade, P. B., Oliveira, B. M., Seabra, R. M., Ferreira, M. A.,

Ferreres, E and Garcia-Viguera, C. : Analysis of phenolic

Vol. 49, No. 5, 2005

compounds in Spanish Albrarino and Portuguese Alvarinho
and Loureiro wines by capillary zone electrophoresis and high-
performance liquid chromatography. Electrophoresis 22, 1568
(2001).

6) Dawidar, A. M., Ezmiriy, S. T, Abdel-Mogib, M., el-Dessouki,
Y. and Angawi, R. E : New stilbene carboxylic acid from
Convolvulus hystrix. Pharmazie. 55, 848 (2000).

7) Heilmann, J., Calis, I, Kirmizibekmez, H., Schuhly, W,
Harput, S. and Sticher, O. : Radical scavenger activity of
phenylethanoid glycosides in FMLP stimulated human poly-
morphonuclear leukocytes: structure-activity relationships.
Planta Med. 66, 746 (2000).

8) Hirota, A., Taki, S., Kawaii, S., Yano, M. and Abe, N.: 1,1-
Diphenyl-2-picrythy-drazyl radical-scavenging compounds
from soybean miso and antiproliferative activity of isoflavones
from soybean miso toward the cancer cell lines. Biosci
Biotechnol Biochem. 64, 1038 (2000).

9 Li, Z., Inou, M. Nose, M. Kojima, K. Sakaguchi, N,
Isuzugawa, K., Takeda, T. and Ogihara, Y. : Metabolic fate of
gallic acid orally administered to rats. Biol. Pharm. Bull. 22,
326 (1999).

10) Sakaguchi, N., Inoue, M. and Ogihara, Y. : Reactive oxygen
species and intracellular Ca*, common signals for apotosis
induced by gallic acid. Biochem. Pharmacol. 55, 1973 (1998).

11) Mosmann, T. : Rapid colorimetric assays for cellular growth
and survival: Application to proliferation and cytotoxicity
assays. J. Immunol. Methods 65, 55 (1983).

12) AY, AL, A%, 0GRk : 7| 2P
(1991).

13) Inoue, M., Suzuki, R., Sakaguchi, N., Li, Z., Takeda, T,
Ogihara, Y, Jiang, B. Y. and Chen, Y. : Selective induction of
cell death in cancer cells by gallic acid. Biol. Pharm. Bull. 18,

1526 (1995).

, SR}, p. 179



