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The Cytotoxic Effect of Benzoic Acid and Related Compounds against Oral Cancer Cell Lines
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Department of Oral Anatomy, School of Dentistry, and
**Department of Herbal Resources, Professional School of Oriental Medicine, Wonkwang University, ITksan 570-749, Korea
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Abstract — The cytotoxic effect of benzoic acid and related compounds on the growth of normal cell lines and human oral
epithelioid cell line was evaluated by the 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT) and 2,3-bis-
{2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-caboxanilide (XTT) methods. 3,4,5-Trihydroxybenzoic acid decreased
the cell viability of human oral epithelioid cells and the cell adhesion activity of human oral epithelioid cells. Under the light
microscopy, 100 uM 3,4,5-trihydroxybenzoic acid showed the highest cytotoxic activity. From these results, we can propose
that 3,4,5-trihydroxybenzoic acid has a potential anticancer activity.
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Fig. 1 -Molecular structures of 3-hydroxybenzoic acid, 2,3-
dihydroxybenzoic acid and 3,4,5-trihydroxybenzoic acid.
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A Z ke AR23 Minimum Essential Medium(MEM) ¥}
Dulbecco's modified eagle medium(DMEM) %! RPMI 1640
W %), fetal bovine serum, penicillin, streptomycin, fungizone
A|eEL- Gibco/BRL(Grand Island, NY, USA)A©1 3 2.1, 3-[4,5-
dimethylthiazol-2-y1]-2,5-diphenyitetrazolium bromide(MTT,
Sigma Chemical Co.) A3} 2,3-bis-[2-methoxy-4-nitro-5-
sulfophenyl}-2H-tetrazolium-5-caboxanilide(XTT) &l A8k
Aok} 3-HBA, 2,3-DHBA, 3,45-THBA= Sigma Chemical
Co.(ST. Louis, MO, USAR}eIA -915131ct.

A7

A Z2) wjek2 CO, incubator(Shellab Co., Cornelius, US.A.)
= AMEIF o, AlESe] AR Turkd 774 ] (Marienfeld
Co., Mergentheim, Germany)g ©]€-8139th. MTT &%, XTT
Aekoll+= ELISA reader(Spectra max 250, Molecular Devices,
Sunnyvale, US.A)S 2315t}

el

3-HBA, 2,3-DHBA % 34,5-THBAS] Ao th3t A
A7) Azl gist AEEAE S8 Aste, 3!
ojztefst s A EUS NIH3T3 A-fH Al
(NIH3T3)= MEM Hfxof|, M&thatn daldior Zopgke
olx e ShAE(KB)= RPMI 1640 vi=]¢] 10% fetal
bovine serum, penicillin(25 unit/m/) ¥ fungizone< % 7}8}
ARSI A HiGkE 2% 37°C, & 95%, BAEA B
S 5%° ®i%F7])(CO, incubator, Shellab Co., Cornelius,
US.AYE AMgsialtt. A flste], dab vt flaske] Al
£ 0.25% trypsin-EDTAR. Xg]sto} AEE F2|5t -, Turk®
YA o] gat] MEF7} 5x10% cells/mlZt HES AE

Roe el

Hd

R

MTT HEMY

Mosmann®] 3] 2)ate], NIH3T3 A-4-5 AL} 214
TR GAEE 7 wjokETol 510 cellym AZFE ¢
31 2477t HioF % 3-HBA, 2,3-DHBA % 3,4,5-THBAS] A3
=4S =46l] Ysled, 3-HBA, 2,3-DHBA % 3,4,5-THBAS
247y E5H(1, 25, 50 2 100 pM)E H7F3E 3, 484171 ufjokst
L 2] A5 MTT(Sigma Chemical Co.) 50 pg/mp| 3£
B owjekA S wjoF & wjokdlS W2 1, dimethylsulfoxide
(DMSO)E 2 mijwell® Fo] 5%+ AL W3ty MTT

formazans {33 3, FH == G-I ELISA reader®
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MTTS 358 S35 dizad ulw AL

XTT Mgy

Laminin-coated plate™ laminin 1 mg& PBS 2 m/o] £33}
o] W] BasbdA, D29 laminin® %%(20 ng/mhS
Aol 3k PBS §908 348k, o] 29U 24 well plate
9} 7} wellel] 200 WA 3te] 8RR 247 5 PBS®
5 9 Al3slo] 3% BSAS 7+ wellell 200 w¥ 37k & 25
o] & ok AAsI PBSE F # A% AHsigch

Bilokgl NIH3T3 A5 A9} Q1A 7499k A3 5x
10* cells/m/ AEFZ laminin® = coatingdt WiEE7 10 Y1 24
ARE Hjelst 3, MTT A3 9) 22 W 2= 3-HBA, 2.3
DHBA ¥ 3,4,5THBAS 911, thA] 48A13F wljokst & wix)=
ZAXAYGA AAST PBSE F W AlFI o7 XTTe}
E3510] 7 wjokgr)ol 200 W Uk, 4~6417F Bt ok
3 = 450 nmol|4 ELISA reader® &3%& &431%c}

IC,, &d

3-HBA, 2,3-DHBA 2 3,4,5-THBAS) IC,, 242 wjkEdl
NIH3T3 AR5 AEs) 1A #2539 GAEE 7} wjokgr)
2 5% 10% cellym! 211, 24713F ¥iF 3 1, 25, 50, 100 pMS)
3-HBA, 2,3-DHBA ¥ 3,45 THBAS 371310, 484)7F wiokst
F MTT % XTT A slod ol& Zzof} oist 50% AA%
3 ICS A el <)) Talsint.

BAIX2|

A8dvto] EAx2)= Students' t-testel] 8131, Sl A
4L one way ANOVA t-test?} H] 23} 09, p-valueZ} 0.05
vlgked A9 felst 2o st

g =

AzAke] me)rel ddd 72878 ab12) 429k 9]
o] wE AESAT ATFE AR5 BAE A7) S5k,
bgE ezl FtEEA719 @ A A AEE 3-
HBA, 7+22217]9} 2719] ab7)7} A3kl 2,3-DHBA, 7125

okt

2719} 3709 A7 AEE 34,5-THBAS A3, A
2] NIH3T3 AR5 AEst GAEQ) Al F2ds &5A
ol AL F, AX AEET AERE AX)5) digh, 3-HBA,
2,3-DHBA 9l 34,5 THBAS] &438A1E ZHE3IIT 3-HBA,
2,3-DHBA 2 3,4,5THBAS] AAHEQ NIH3T3 A5 AE
of g MTT $85E 935 g7 71254719 4%
71¢] ek BAQLe), w5 &Ao] meksiAl AAsiglon, Al
EENE TAHOEE g Xoliz #EEA] YSitt 3-HBA,
2,3-DHBA ¥ 3,4,5THBA?] IC,,°] E3gkolM €& a7
ol oJshd, WizAte] wepg A o] #4717 A 3-HBAUC,,
1,385.0 uMy7} 7P 2 AESAe] BEEHGoR, Mxite] &
A719) $7F 7V %2 3,4,5-THBA(C,, 2552.4 pM)BC) oF 1.8
o) ol AlEFAo] Fohow, Wizt F 8] 417 4
e} 9x]ef] = 2,3-DHBAAC,,, 3,105.8 uM)2] BARCH= oF
2202 73 i AAFEES BEE 571 UQh Azl A
A 4719 7 U= 345 THBAS H4 AAsES] &3
ke 23-DHBAS] ARt 1.24] & AEE0) &
259tk NIH3T3 AF-5 Ale] IC,, #(3-HBA=1,385.0 uM,
2,3-DHBA=3,105.8 yM, 3,4,5THBA=2552.4 uM)] B} ¢
shd, AEAo} FEAN o WA Y NIHITS AFE A%
o thst HA AR TS 3-HBA>3,4,5-THBA>2,3-DHBAS]
FAE A ook AFATel ©Jshd, NIH3T3 A+
T OAES] iRt WizAte] 12 B9 A1e] RIg) el w)

o3 Rog Azt webd wizAte] ERprzeA siEEA
718} A1) 9iR)g) ol WhE AREY AE A7E Es
o] QTETHTable 17 Fig. 2).19 ,
3-HBA, 2,3-DHBA ¥ 3,4,5-THBAY] AAAIESQ] NIH3T3 A
FEAZ gk XTT S35 MTT 38544, 035 11z
Tol| FhEEAY| 9} b)) S2¢k YRe] vkl B9 s 9
FAo] vjeksHAl Al on, AXEARE SAHCE o3t
2ol BEFA gich. 3-HBA, 2,3-DHBA 2 3,4,5THBAS)
IC5,9) EA7IA B2 A7FATe] oJshd, Wizite] deke A
ol 417} Qi 3-HBA(C;,, 1,385.0 uMY} 718 & Al
2 AR o] AR o, WzAte] A1 FUt P B
3,4,5-THBA(Cs,, 2,445.6 pM)v= AER-2E Ax)50] VepstoLy,

Table I - Cytotoxic effect of 3-HBA, 2,3-DHBA and 3,4,5-THBA by the colorimetric method®

ICqo (M)
Cell line MTT XTT
3-HBA 2,3-DHBA 3,4,5-THBA 3-HBA 2,3-DHBA 3,4,5-THBA
NIH3T3 1,385.0 3,105.8 2,552.4 1,4149 3,552.9 2,445.6
KB 323.1 260.7 168.4 366.0 299.5 216.6

3_HBA, 2,3-DHBA and 3,4,5-THBA was examined in four concentrations in triplicate experiments. "IC;, represents the concentration
of a 3-HBA, 2,3-DHBA, 3,4,5-THBA required for 50% inhibition of cell growth.
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Fig. 2 - Cytotoxic effect of 3-HBA, 2,3-DHBA and 3,4,5-THBA by
the MTT method on NIH3T3 fibroblasts. The values
represent the mean=standard deviations for triplicate
experiments.

FAZ7} EAERAl ] 3l 2,3-DHBA(C,, 3,552.9 pM)2
BAETRE oF 250 B4 AFRE AAEE A 5t 3
4o, 3-HBA B} 17812 W ANz} 2z)50] ekt
NIH3T3 AfE Ao dist MER2 AR5 4 JATE
%ol 3-HBA>3,4,5-THBA>2,3-DHBAS] =A% Z713i5ith. o]
< A7l sk, AFAER] NIH3T3 A= Al
e XTT 355 MIT §354Y, 2a-729 #4719
AX g} ol whe, FARSE B9 BT S Qiolnk. dlEAke)
BATZoA FI2EA7) 9} 41719 X9} off i AT
& A2 #AE A7T 77} vk Al s grk(Table 13
Fig. 3).19
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Fig. 3 — Cell adhesion ability of 3-HBA, 2,3-DHBA and 3,4,5-THBA
by the XTT method on NIH3T3. The values represent the
mean=*standard deviations for triplicate experiments,
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T FAo] BAjo] FTIEI o, BAIHORE {2lst XJolrt
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& % 345THBASY MTT S35 U8 o] AEEA
BT} eyl whel, 84.4%, 80.9% X 70.1%% M| digh
A g7} BaEE Ik 3,4,5-THBAY Q1A 7435 =54
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AE] H A B EAC,,), 3,105.8 Mol ulste], oF 18.54] 2]
7 e AESAo] B olefet AT A= dAEe]
579 WAty FI2BAT| 9 A719) ARIg) 9t vlEe]
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Fig. 4 - Cytotoxic effect of 3-HBA, 2,3-DHBA and 3,4,5-THBA hy
the MTT method on KB. The values represent the mean+
standard deviations for triplicate experiments. Significantly
different from the control value: *»<0.05 **/<0.01
(Students' t-test).
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F2 AR5l digt A7del olshd, Wzt F542) 100 uM
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2 ARl & MRArY] X BT A7) 422 Fo1) wlel, 72
7} 86.0%, 83.9% % 762%% AR AA TR o
A tigt AxzRa x5 gt 4L Mk veks)
2ol 417F 9l 3-HBA(UC,, 366.0 uMy7H 7H8 W& 84
o] #FE O, NIH3T3 A-RFEAEe sk AEH-2 x5
off Plwsie, MEF2 2252 E40) 3.9 FEZ A et
Wk 133 AR SarERgIA]el] 2719 S 2k gl
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HIgH, oF 1189 AEE ¥ MENE AReg B 471 3l
o, wizatel] 4718 471 78 B2 3,4,5-THBAQC,,
216.6 pMy= AR A=) 50] NIH3T3 AHE Alazel oish A
ERE ARER 1139 AR 2 54 @4o) BRI
A TR A ol MERA ARl gk g4
< NIH3T3 A5 Aol st 282k A=52 #H4 o4
FE/ v, 3-HBA>2,3-DHBA>3,4,5THBAY] IC,, =4
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Fig. 5 - Cell adhesion ability of 3-HBA, 2,3-DHBA and 3,4,5-THBA
by the XTT method on KB. The values represent the
mean+standard deviations for triplicate experiments.
Significantly different from the control value: *$<0.05
**5<0.01 (Students' t-test).

ol gk XTT S45sks o2, Hixite] 72 847|9) &+
A712] 9A)9) ol wet A EHE AT F3FS F U U
T AlEso], wiEAte) Bxpzel AER-a AX)Eel uE &
AeAE A7 7107 ke AlEEriTable 13 Fig. 5).19
AL Q) NIH3T3 A2 A} Ml A 7704
3] k2N EE 24 Well multidishell 5x10* AEFE Y11, 24
AL jeksl wlokgr] wieel BElgE g 2k WA}
W5 o) F ], 48713 wiokshd o] Hele] MEEC] F-& o]
FrHPhotos 17} 2). A3E2] BFejshd] ol NIH3T3 A
AZe] 3,45 THBAS w8 E S7IsHAA, ikt 552
7holl w2k Ao Fejgk ol Wzt FAER oM, A T
SAk QEA|Ee] 3,4,5-THBAS #7)slo] wijoksld, 559
7ol mheh Ao EeA kel Mg go] ZHAESl o

Ha

ol ofN

& oy

Photo 1 - Inverted photomicrograph of KB cells treated with MTT
for an additional 3 hrs after incubation in unmodified
medium (control) for 2 days x100. Most cells had
abundant cyptoplaem and cytoplasmic process (1).

Photo 2 - Inverted photomicrograph of NIH 3T3 fibroblasts treated
with MTT method for an additional 3 hrs after incubation
in unmodified medium (control) for 2 days x100. Most
cells had abundant cyptoplasm and cytoplasmic process

2).

J. Pharm. Soc. Korea
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Photo 3 - Inverted photomicrograph of NIH 3T3 fibroblasts treated
with MTT for an additional 3 hrs after incubation in
50 uM 3,4,5-THBA containing medium for 2 days x100.
Most cells were formed cell cluster and number of cells
were decreased (3).

Photo 4 - Inverted photomicrograph of KB cells treated with MTT
for an additional 3 hrs after incubation in 50 uM 3,4,5-
THBA (x100) containing medium for 2 days x 100. Most
cells were formed cell cluster and number of cells were
decreased (4).

(Photos 37} 4), M322] E&y kel AlESe] it OA
ZHdy] A >NIH3TS 4% Al A8 gatEglon,
AT f=Alel] gidt Al PR3] Al WgkE do
1+ A&+ 3-HBA>2,3-DHBA>3,4,5-THBA 714 A4 Z A
E0 At SR o)9) 728 A3R= 3-HBA, 2,3-DHBA
9} 34,5-THBAY W/ 3AIX R QA 77Rda =Mz Al

Ny

FEAL MEAY SEA FtEEA7]9} $41719] el ]9
w2}, AlEe] Fejehs wlel] B AEE nA= Zow v

it

a

e

AT = wlzALe] FHERAT 9L F2a17)9] 4291 $1x)7}
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A g o) ojwl #AZE Y=A Be)7] Hshe], 3-HBA, 2,3-
DHBA ¥ 3,4,5-THBAZ A7gsto], A1 NIH3T3 A+
AEL GEAELR QA R AT AL T xﬂ
F AEET) AR AX5S 575 Aol 2Jshd, NIH3T3
AR Ao gt A BESoxS] 3-HBAUC,, 1,385.0 uM)
& AEAe] #AE%on, 2,3-DHBA U 3,45 THBAS] IC,:
?}7} 3,105.8 uM % 2,552.4 uM& F-540% waEch A
2 AQA)sel|A2] 3-HBA, 2,3-DHBA 9 3,4,5THBA?] IC,,
k4 4 1,4149 uM, 3,552.9 uM % 24456 M2 SAgho.2
m odtt. A I Azl tigk Al AT A
B2 x5 0 Tl wh o] 7Aslglor, 50 uM
FES 100 M FEAAN FAACE {23t o]zt SlSitt Al
¥ REEY] Aol wipake] Ak YRt 4] FTlel| uh
#}, 3-HBA, 2,3-DHBA @ 345THBAY) IC& 27F 3231 uM,
260.7 uM 2 1684 M 73kl 28t MAEEA o] FTksIgen,
ATRZ AR AT AE BEES] B9AEH, 74719 A
s} 9] 7o) w2}, IC, Z17F 366.0 uM, 299.5 M ¥ 216.6
uME gAdo] S71EIR. Wizl 34,500l A1t A
¥ 3,4,5-THBA(C, 216.6 uM)= 1R1$]A] ] 7F=2E47]2] At
AH Yl 28t AZEAT 3459312 37 FA)e] w2
A HEYsE 71tk A=t MR *WH A=A
9} ol ZE7lof| ulel, A AEET AEFE AA5E 3-HBA
>2,3-DHBA>3,4,5THBA <A #4o] AME Y} o]eish
AAi= 71 29 flavone 8% 5 FAV1Q 47t W 8
FA)9) 7 AL sgHEe] njskel, A oR oF
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uM(p<0.05) F=9 100 uM(p<0.01). T4 EAFOE &
o}3t Ato)7b 19itl. 3-HBA, 2,3-DHBA ¥ 34,5-THBAS)
MTTS XTT 24l 28 ICo; A T34 EA o
A 3-HBA>2,3-DHBA>3,4,5-THBA <013t}. oite] |43}
of ofabd, wlzzate] WEEE mejpzel A seBdrle) ¢
718 A8} ol W MEEG D MERA AR DA o
B v)Ae AR AlgE

HAte &

E d7E= 20089 E ggTistn wr|gdTnle] Xl o3k
ATEglor, old) ZAE AT},

=

1) Rice-Evans, C. A, Miller,; N. J. and Paganga, G. : Structure-
antioxidant activity relationships of flavonoids and phenolic
acids. Free Radic. Biol. Med. 20, 933 (1996).

2) B5A, 947, 984« Shelle) T} QA hE AEE
Aol viAE 9% FF54THA 19, 45 (2003).

3) A%, AA3, MAE, olRY, A7, Hde, A, A9,
AEE, A9, A4S A9 2] Flavonoid M) A
2% A an. S54erets] Al 35, 164 (2004).

4) Ishibashi, E, Tanabe, S., Oda, T. and Iwao, M. : Synthesis and
structure-activity relationship study of lamellarin derivatives. J.
Nat. Prod. 65, 500 (2002).

5) ¥Fd : Venillic acid®] T3} AXS 84 ¢ 7239 94
of @ A7 dFdsn g At =E (2005).

6) Isuzugawa, K., Ogihara, Y. and Incue, M. : Different generation
of inhibitors against gallic acid-induced apoptosis produces
different sensitivity to gallic acid. Biol. Pharm. Bull. 24, 249
(2001).

7) Inoue, M., Suzuki, R., Koide, T., Sakaguchi, N., Ogihara, Y. and

Yabu, Y. : Antitoxidant, gallic acid, induces apoptosis in HL-
60RG cells. Biochem. Biophys. Res. Commnm. 204, 898 (1994).

8) Inoue, M., Suzuki, R., Sakaguchi, N., Li, Z, Takeda, T,
Ogihara, Y, Jiang, B. and Chen, Y. : Selective induction of cell
death in cancer cells by gallic acid. Biol. Pharm. Bull. 18, 1526
(1995).

9) Sakagami, H., Jiang, Y, Kusama, K., Atsumi, T, Ueha, T,
Toguchi, M., Iwakura, 1., Satoh, K., Ito, H., Hatano, T. and
Yoshida, T. : Cytotoxic activity of hydrolyzable tannins against
human oral tumor cell lines-A possible mechanism. Phytomed.
7, 39 (2000).

10) Furuya, S., Takayama, E, Mimaki, Y., Sashida, Y., Satoh, K. and
Sakagami, H. : Cytotoxic activity of saponins from Camassia
leichtlinii against human oral tumor cell lines. Anticancer Res.
21, 959 (2001).

1D 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).

12) 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).

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

14) AL, FARG, 8, olgut : V|ZATEAS A 04 Aag
. SHFA}, A& pp. 179-198 (1991).

15) Borenfreund, E., Babichi, H. and Matin-Alcuacil, N. :
Comparisons of two in vitro cytotoxicity assay. The neutral red
(NR) and tetrazolium MTT tests. Toxicol. In Vitro 2, 1 (1988).

16) Han, D. S, Chun, J. W, Jeon, S. W. and Baek, S. H. : The
inhibitory effect of ferulic acid and related phenolic compounds
against cancer cell lines. J. Pharm. Soc. Korea 49, 365 (2005).

17) AFY - AAdE 924 554 23-DHBASH 2,6-DHBAS)
AT thet Aela MzEy, fgoisty oishd ek
=5 (2004).

J. Pharm. Soc. Korea



