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ABSTRACT. The purpose of this study was to determine the role of substituted groups in phenolic
compounds to develop an anticancer agent having strong cytotoxicity against cancer cells but weak
against normal cells. The phenolic compounds used in this study were gallic acid and ferulic acid with
hydroxyt and carboxyl groups, syringic acid with hydroxyl, carboxyl and methoxy groups, and pyro-
gallol with hydroxyl groups. Cytotoxicities of these compounds were evaluated by MTT assay for cell
viability and XTT assay for cell adhesion activity in normal human skin fibroblast (Detroit 551) and
human skin melanoma (SK-MEL-3) cells. Syringic acid, gallic acid and ferulic acid decreased the cell
viability and cell adhesion activity in SK-MEL-3 cells but not in Detroit 551 cells while pyrogallol
decreased in both cells. The susceptibility of cell viability based on the ICy, values of MTT assay in
Detroit 551 cells was in the following order: pyrogallol > gallic acid > ferulic acid > syringic acid, while
it was in SK-MEL-3 cells: Syringic acid > progallol > ferulic acid > gallic acid. These results suggest
that carboxyl and methoxy groups of these compounds play an important role in selectivity of cytotox-

icity in normal and cancer cells.
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2 Ao WBIEHT At Inoue $(1995) H =315t
Eo| MEZAF g8ty Lol Aol #3l Aol
T4HH hydroxyl group)e] WEst T A4S AEEA
3] AASE7] Tl e e AlEEA
o]} BUSIHTE W Z ethylgallatest gallic acid
o] ethylester?l tannic acid7} AJAEol] AEEAS
YeRZ gallic acid®] ©yHA3Hdecarboxylation)&
Al ol A 9} o] HAAA EAME MEEFS veRE 2
I= 1A FhEEAF(carboxyl group)yS QHAlEE
A9 548 Est] flsted "zolgla Hasisiv).
Khan 5{1998)2 gallic acid= tannic acidZ.t} DNA ¥
Aeo] 7l gallic acidy] 3709 471 & 2707} =
g3l8 syringic acides DNA B&%8o] F4:38] 7443}
9 gallic acid®] 7I2247]7} A% pyrogallol2- DNA
FAF5go] Frista Raskieh

Ishibashi 5(2002}2 Lamellarin F=3]2] +x9} 2
o] AAol A ApoA GAIE] Hela cellel st
Lamellarin F-%=41¢] Al 2542 C-8% C-20 94Xl ¢
WNE zhs fxA7E 73S AEEAE ey C133
C-21 9122 209 wEA77} AZEEA @ Fashct
3 BEkgde}. Lamellarin 54 & C-87 C-20 99
PN E 2= FEAE AAAIES Vero A|Z2F MDCK
A2ze, M ESL Hela AES} XC A XEo] &3 &
FeHEA M (colony assayre o838t IC,S ZAAs 2
Z mitomycin CETh 78F A E=A4o] veltort At
Azl Aol veille AEEAFe] Aole ok
Hsket 13k Inoue 5(1995)% gallic acide] Fxo
F7tol whet A EE i3t AlEEAgel Zhzt o2 A
vehdom ME54d-S 7H4 E(hepatocytes) > Ti2AE

o]

o

e,

> AREAME Folvh 53] ARrAxEd disk gallic
acide] Alx =442 oA x| JeEhE AlXxEAEch= ok
st ot 2 xpol= A 2ot}

olo Azkz FHEle] 4], FI2EA7] 9 HIEA]Y]
7b 2z t2A Agel & gallic acid, syringic
acid, ferulic acid 2 pyrogallolo] YeR= A Z 54 9]
a1 S ER13817] sk A £ QA HEAE-FRAE
oF GMEQ] AA HFZAFTAH XL L3 T AHEA
S 24317 9lsked MTT assayZ, AR5 &<
317] 93l XTT assay® A3+0t}.
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Alek: Ao ARESE MEM(Minimum Essential
Medium)3 DMEM(Dulbecco's modified eagle medi-
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Fig. 1. Structures of gallic acid, syringic acid, ferulic acid
and pyrogallol.

um), fetal bovine serum, penicillin, streptomycin,
fungizone®  GibcoAle]|3leH, MTT(3{4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) &%=}
XTT{2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-carboxanilide) A &l A18-3F Alekat He=
AHFEA Fig. 1% Sigma Chemical Co.(St Louis,
MD, USAjllA F+dst3itt.

AEI171: Azl vieke CO, incubator(Shellab. Co.,
Cornelius, USAYS ARSI om, Mol Aake Turk
3 @7-A47(Marienfeld Co., Mergentheim, Germany)
E o &3It. MTT A=, XTT A3l ELISA reader
{Spectra max 250, Molecular Devices, sunnyvale,
USAE A8ttt

Mzufel:  slsdt A AESAH ME gt
HZEARNS A7) st Aguiska gl 2
oFghe ofx] mRAM-G-EA E(Detroit 551 MEM BiA]
of, QA FF-ZMZFA ¥ (SK-MEL-3)= RPMI 1640 Bj=
ol 10% fetal bovine serum, penicillin{25 unit/ml) 2
fungizoneS 718t ARSI MEQ] wge &%
37°C, & 95%, §Ail7k2 F5 5%2] CO, vid7|E A}
gttt AL fsted dAF wigS flaske] HEE
0.25% trypsin-EDTAZR A &l8le, Turk® A7 1S
ol-gsle] MEF7) 2X10% cells/mlZt HEE Al EH-f-H

MTT HZHEAM: Mosmanng] B (1983 ¢lste],
A A FAFEAZ} QA HAFZAFHNEE 7} v

[s)
7191 4X10* cells/ml AESFE Y 2447 i & 3
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A& 2A37) 5l Elsike 2z FE(1, 25, 50
i=1}

=2

3l MTT formazane &33 3, E34-3=4 ELISA
reader® MTTe] EHEE 540 nmol|A] 245 =z
3} v 2AFSFA

XTT HEMY: Laminin-coated plate= laminin
1 mge PBS 2 mldl] &slj3le] W3 zel] Hasias] de
Aol lamining] F%(20 mg/mlyE 27 3td 2k PBS &1
o7 33} o] 48 24 well plate2] 2+ welld]
200 ut EFste] skt Bt A=Azl § PBSE F ¥
A F st 3% BSAE zH welldll 200 ¥ A7kl 2 &5
o] & th AASIAL PBSZ F ¥ A% A5t sl%f
B A ARAREARG A AR-EAFAEZ 4x10*
cell/ml AEFZE laminin 2 coatingdr Bl %-8-7)0] ¥l
24A17F B eket & MTT ARt 22 whio = v
AhE BaL TA] 48A7F wiSS F uiAle 242 HA Al
Askal PBSE 5 ¥l AHsIn. 7o) XTTE H7heied
zb HjFg71e 200 u FABAL 4—6A17F FRLb wjokst
5 450 nmellA] ELISA reader® &252 23310

ICs EH™: #HEA IC,, 2782w 52 UAA FHF
AFRAES} A AR ZAFAEE Z; oS8T 4X
10° cel/mi® W3 244170 wl%Fsk Tk 1, 25, 6O, 100
uMe] HlEARS H7Este] 48A17F ke = MTT A&
2 XTT AFE 3te] o5 Zhztol| st 50% A=
ICors S AZAA N EY T, 1991)0] <& 3t

SAME: dPAH FAAME Students' ttestE:
°]-¢ YFE one way ANOVA tests AME-sI81e™ p-
value7} 0.05 7)¥+d 739 9 gk Aoz HY3Isict
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Gallic acide| MZSY

ATH ¥HEo| 1A #RZMFMEE gallic acid 50 uM
FTEANTE FAZoZ Holde]l A #HAEAL

(P < 0.05) ICce& 471.7 uMoJTh MER2FS =24F
XTT AR QA IR ERFEMEs SAdoR
frejAdol gllen ICS 670.2 uMolith. whHol 1A
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Fig. 2. Cytotoxicities of gallic acid based on MTT and XTT
assays in human skin fibroblast (Detroit 551) and human
skin melanoma cells (SK-MEL-3). The cells were incubated
for 48 hrs. The values represent the meansstandard devia-
tions (%) from triplicate experiments. Significantly different
from the control value (Cont): *P < 0.05 (Students' t-test).

FREBEMEE gallic acid 100 uM FZ0lA EAH O
2 f940) JYLH(P < 0.05) IS 412.7 uMoI Tt

Syringic acide| MIZ5X

Syringic acidE A2 1A AA-G-=A EQ) oF
A2 QA A F-EAFA Fel A8 MTT =4
Hol ot} AZAYEEES ST A AA IAFAHERE
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Fig. 3. Cytotoxicities of syringic acid based on MTT and
XTT assays in human skin fibroblast (Detroit 551) and
human skin melanoma cells (SK-MEL-3). The cells were
incubated for 48 hrs. The values represent the meanzstan-
dard deviations (%) from triplicate experiments. Significantly
different from the control value (Cont): *P < 0.05, **P < 0.01
(Students' t-test).
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A h=4
0.05) IC,y& 251 6 ur\/lolOiE} A xR S4%
BRFEAAME QA AR EAEE FAZORE &
o] glglem ICx2 1,110.9 uMe|Slth, vhd <l =RE
syringic acid 50 uM FEollAFE FAA o
2 folAdo] Ao m(P < 0.01) IC;2 438.0 uMo| 3t}

AT

Ferulic acide| M=5Hd
Ferulic acidE A73M 221
FQ1 QA FF-ZAFA X AR
o olste) ATAEES AT A AA JFHEFE
s BARe=R —.1—9]/‘30] giglen |C2 938.6 uMo]
g}, whdol <14 HFESMEAMEZ= ferulic acid 100 uM
= of| A HLE] E;:“z—l__i _I_’_/]/\-]o] QA Ao H
(P < 0.01) ICs 333.8 uMe| it Al xF2teg 27g3t
XTT Ao s oA wRPAendZs Eﬁlxq—i
frelAdo] iAo ICye 844.6 uMeoitt. A I+
A2 3E3= ferulic acid 1 uM =M SAIHoRE W—J
A3o) AP H(P < 0.01) IC2 311.6 uMoIAT.

Pyrogallole| M=S4
Pyrogallol& A EQ1 olﬂl | FFEAEZS} ghA)
L1 AA| HFZAFA 2] A G F MTT AR
o ot AHEHEES é—%@ A Q1A HRAFEA
X pyrogallol 25 uM FxoIM FAHoE felidol
AR H(P < 0.05) ICey& 327.6 uMo]AT}. 1A |75
ZAEANM T pyrogallole 50 uM FE4A FAA S

100 -J Qil—ﬁ'\

901 \

—O0— Detroit 551{(MTT)
—e— Detroit 551(XTT)
—a— SK-MEL-3(MTT)
—4&— SK-MEL-3(XTT)
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Fig. 4. Cytotoxicities of ferulic acid based on MTT and XTT
assays in human skin fibroblast (Detroit 551) and human
skin melanoma celis (SK-MEL-3). The cells were incubated
for 48 hrs. The values represent the meanzstandard devia-
tions (%) from tripiicate experiments. Significantly different
from the control value (Cont): **P < 0.01, ***P < 0.001 (Stu-
dents' t-test).

100 1 %
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Fig. 5. Cytotoxicities of pyrogallol based on MTT and XTT
assays in human skin fibroblast (Detroit 551) and human
skin melanoma cells (SK-MEL-3). The cells were incubated
for 48 hrs. The values represent the meanzstandard devia-
tions (%) from ftriplicate experiments. Significantly different
from the control value (Cont): *P <0.05, **P <0.01 (Stu-
dents' t-test).

2 §940) U2em(p < 0.05) ICxS 349.7 pMol AT
H]E—‘%%‘%—% 243 XTT AZFEAM = A gFdH

= 25uM FoA BAHCR feolie]l e
U%(P < 0.05) I1Csy2 369.0 uMoIAT 1A 3] F-Z22 A4
Fo X% pyrogallol 50 pM FeoliA] EAZHOZ {24
o] A S H(P < 0.05) IC;;& 292.2 uMeol Lt

MMM =Ll M= st MES
Fig. 65 7914 HE wre} 7o)

A H|®
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Fig. 6. Cytotoxicities of gallic acid, syringic acid, ferulic acid
and pyrogallol based on MTT assays in human skin fibro-
blast (Detroit 551). The cells were incubated for 48 hrs. The
values represent the meanzstandard deviations (%) from
triplicate experiments. Significantly different from the control
value (Cont): *P < 0.05, **P < 0.01 (Students' t-test).
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Fig. 7. Cytotoxicities of Gallic acid, Syringic Acid, Ferulic
acid and Pyrogallol based on MTT assays in Human Skin
Melanoma cells (SK-MEL-3). The cells were incubated for
48 hrs. The values represent the meansstandard deviations
(%) from triplicate experiments. Significantly different from
the control value (Cont): *P < 0.05, ™P < 0.01 (Students' t-
test).

7] &t R wEA)7] 2707 AjE syringic acide] A4
AZLA A AFEAZL} FMAEQ] QA B FZFA
of thgh MlE549] Apol7t 7 ok whH k]
7 A% pyrogallole] AAFAIER] Q1A FRAFEAE
oF QhA 2Rl 1A FAFZAFHE et AlxEA e =}
ol7} 7V Attt =47 e}t 284 st AF
H gallic acid®} 2F7] s, 712527] S, o EA]7]

shuzt AfHE ferulic acids AAAAIES S1A] w6
EAZEG GAEQ A HF-SAFA T A EEGo]
735 UEREO U syrigic acid BUF AlEEA]S] zjolr}
gk},

BAAE] QA AFAEFEAE g AESHS
pyrogallol>gallic acid=>ferulic acid>syringic acid ]
20w QES] A FREAFH T hG HEEYL
syringic acid>pyrogallol>ferulic acid>gallic acid &=

olATt.

i) &

HAEZHE A 2xed gigh S48280] A gt
G4 7het FIGEAS AL Zoly] g A+
E ksl o]FojR| 3L UL o) AE MR T
Ho| e 7 AR siety p2As) gl dte) B
Ao Jek A= Fol o]Ro)X] A drKInoue &, 1995;

Khan 5, 1998; Ishibashi &, 2002). 334 ?‘i’l}"’ﬂ
FIFE vEF e ARA, Zibslrd, superoxide %
peroxinitrite(ONOO-) 2] AkslZol| #3 AH(Chung

2000; Virag &, 1998; Szabo%} Salzman, 1995)}
ArsEAe] B A7 FE Dbl olReiA T vk
Aol A, FIEEAY] B WEr) ) 3k
sEgzxe] 4z 2 2gEe] U=
acid, syringic acid, ferulic acid ¥ pyrogallol& 4143}
o GAER] A -4—‘?'—"‘:*%3/‘11559} PAES] Q1A
FEAFTHE 285 & ol Hex AzsAde
Uehlie #lEike gohd)7] fjste] A3dgh 43 syringic
acid>ferulic acid>gallic acid>pyrogallol 22 A=
A 254 Ve

Khani} Hadi{(1998)= gallic acid< tannic acidiE}
DNA 28%80] Zsht} gallic acidel] A= Ue
he] b F 270 FAkEel wlEskE syringic aC|d
o] DNA #4542 F43] 143l gallic aciddl 2%
Ho] & FEEEA o] dicarboxylation® pyrogallol
Al DNA #2580] F7letE g olg Hsitl 23
oS DNA B-858d dpdolgla sich T3
tannic acid, gallic acid, syringic acid & pyrogallol2]
DNA #4532 pyrogallol > gallic acid > tannic acid
> syringic acid =o|Thal B vsle] B A Aztel o
28 o 5 9};} Il ?slA]—g]_E k=1 O"Eﬁ?q(Gali =
1992; Sroka %, 1994) 2]&-¢] 2xlt)AaHEQl tannic
acid®} gallic acide ascorbate(Rowley2t Halliwell,
1983; StoeweS} Prutz,1987), uric acid{Shamsi®} Hadi,
19956), GSH(Jain %, 1996), 2 flavonoids S(Ahmad,
1992)7} #ro] g, W7k, AAES} 72 transition metal
iono] EA3E FE AAH O E DNA &8 dod &
A LA EQI

[‘HI o_‘,"_‘, oj

sE2 # gallic

21 promyelocytic leukemic cellsol] Al E7
AHapoptosis)s FE=3H}.

Inoue (1995} #=3lgtEe] A=Azt shets ¢
zete] AallA Ay e x5 d4Felx

FIE2EAEE 2 A AE5AAS YeRl7] $lst
o "Folgt Btk H3 gallic acidel AlEEA
< w3y #Aglo] ka4 hydroxyperoxide
Ao elste] YeRIZ R proxidative stressol] ¢
o MEZIAZEEH AEZE HEITE Busich. 3
gallic acid®] AAMEZe] tgl MEZZ AT NA 72
of M EE AEEAGC] A AT HA=EAM Es}
WA el Al E5Ao] Vet GAEol tigh A=
SARETE oFsitial B usks]

Wk gl HlEAlE 6707 AEE flavonoide]
nobiletin® 1A A82AFe] AHLS{tumorinvasive
activity}2 9A|3}3L(Sate 5, 2002) nobiletin® 3k o]
ekFol(Minagawa, 2001) nobiletin® NOg O,2] A
ArS AAsly Az #AEE G sl X B
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Az AR 7sAd o] ltHMurakami 5, 2000).
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Epbs Aoz A 4 glon oz Tkt A7t
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SaEglon ole] ZhR=YUT,
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o
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