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Abstract — The flavonoids are a very large and important group of polyphenolic natural products, which are united by their
derivatization from the heterocycle, flavone. They are distributed in higher plants and occur widely in the fruits and vegetables
that make up the human diet. They exhibit a wide range. of biological properties, including antitumor, antiinflammatory, hepato-
protective, antimicrobial, insecticidal and estrogenic activities. They are also major components of many plant drugs and it is
possible that they contribute to the curative properties. For the purpose of developing anticancer agent of natural origin, we have
evaluated forty four kinds of naturally occurring flavonoids for the inhibitory activity upon the proliferation of cultured human
tumor cells such as A549 (non small cell lung), SK-OV-3 (ovary), SK-MEL-2 (melanoma), XF498 (central nerve system) and
HCT-15 (colon) in vitro.
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Flavonoid+= 2-phenyl-benzo-y-pyrone ring (flavone)S 3 FlavonoidE ©]4-8 21F H= ooREe] /s 43
FTERE 3= SRIMET S ZA] carotenoids, tetrapyrrole B 1990 o] A7A = i rutin, silymarin % <¥2] S}
A T3 A F93 WA ko) 313 ok A9 HA%o] 2 d#A flavonoid &-& °)ES FH3t A=
9 del 8ESR Sl favonoidis 28] BB e HERSES A4 AAFel Ausiudshe dwt £
S WL e AANLSFEEA AN T 29 o]Fo] gor} ofF B 33911 w1 wyY
ez Sk ti7le] 739- thamnose, glucose, rutinose 5 FiolA A % T Je AEEY FEES 831

o] R Adste] vigA (glycoside)e] FelRE STt 77188 AF T ookt s d8skEe A

T flavonoid= 2] E3}3H=2 (phytochemicals) 5 7173 TEo] £&% O]EOV]—L Jom 1 SEHAE ofokEe] |
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T oMY Fulelandd § 2 4507 vjole
273 ALY 23 A%, Ao 48, mEfs, 4%
= B4 HgsteiA L vk

= =
FHAET SRS Aol ojsle] SEES PR
2 whE o2 FgE ol gk 2 AT X

Wkl Ax AS49 QAN v 2A 28 B 59 ol
ol GAEEE o= sl AFB W (in vinw) AES
AN EHE AHS 3le] 7 flavonoid SFFHES] S
B AAs] B Az} Ao ARRS ge] flavonoid
3] vl ded eotads Yyehia 9oL &

2ok T BY JARAE EHE A7les otelel

o= -7

WERIETE

HEXME - g AF8E 7+ flavonoid 3132 & flavone
(1), chrysin (2), diosmetin (6), 6-hydroxyflavone (7), 7-
hydroxyflavone (8), 3-hydroxyflavone (9), 3,6-dihydroxy-
flavone (10), fisetin (11), galangin (12), myricetin (15) %
morin (16} 77} Sigmarb= 8 19)819d.om 1 wte] 3}
FEE2 BT 45 HEFZERYEH 32 Byl ALe
3t & baicalein® 25 @4, Curcuma longa)>-E -l
apigenin (4), luteolin (5)- parsley (Petroselinum Crispum) s
Y8, kaempferol (13), quercetin (14y2 33} (&, Sophora
Japonica)=E] 21381928 kushenol B (17), kushenol E
(18), kurarinone (19), kurarinol (20), norkurarinol (21),
naringenin (22), sophoraflavanone G (23), kosamol A (24),
kushenol L (25), kushenol M (26), kushenol N (27),
kushenol H (28), kushenol K (29) % formononetin (38)<-
4 (# 2, Sophora flavescens) -2 5-E1"® epiafzelechin
(30), (£)-catechin (31), (+)-catechin (32), (-)-epicatechin
(33), epigallocatechin (34), epicatechin gallate (35) %
epigallocatechin gallate (36) 5 catechin A€ SHEEL =
2} @S, Camellia sinensis)25-8] 22819t} ¥, daidzein
(37), genistein (39), biochanin A (40), 4'-acetyl-genistein
(41), 4'/7-diacetylgenistein (42), 4'-acetyldaidzein (43), 4',7-
diacetyl-daidzein (44) > ™F (soyabean, Glycine max)=
FE Eel AAste] AR-sisit

UM=Z SA XM (in vitro cytotoxicity)e] X — A
Holl AHESE UM FEFE-L A-549 (non small cell lungear-
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cinoma), SK-OV-3 (adenocarcinoma, ovary malignant
ascites), SK-MEL-2 (malignant melanoma, metastasis tc
skin of thigh), XF 498 (central nerve system tumor), HCT
15 (colon adenocarcinoma)°|™ ©] YAHEES ¥F human
origin tumor cell lineE 24, =9 =Y PA+4 (NCDE
e Bgtol sh=gletA-t oA Atuld 32 AS A
g5tk v N2 5% fetal bovine serum 2.2 B 7}EH
RPMI 1640 medium & AR&-8I12H, 37°C &2 35 5
CO, incubatorol| 4] ¥iFaFATE. AlZ] A= 3 — 4o 1
Y e, At AEE 87 FEHoR i gy
A17171 $13+e] phosphate buffered saline (PBS)-8-<Y o]
0.25% trypsin3 3 mM trans-1,2-di-amino-cyclohexane-
n,0,n,0,-tetraacetic acid (CDTAYS =<1 848 AlR-315)
ML S A DAL 198900 vl FHAATA
(NCDONA 2FE2] in vitro FYEAL 13HF 08 235}
9)&te] 7HEHE sulforhodamine B (SRB) assay 'Y< &
3159t} & AtEe MEES A AMEEr] Hsked
4 trypsin-CDTA &M 02 §7]F2H o 2 HE Ee|A]7]
1, 96 well flat bottom microplate (Falcon)®ll Z} well &
A ES7F 5% 10° (A 549, HCT 15), 1x 10" (SK-MEL-2,
XF 498), 2% 10" (SK-OV-3) ¢] Hx2 BFa)9ic}. B5g
A|FEE-L CO, incubator Lo} 24A17F vl of5}e] ultol) £
ZIAZ1 & aspirator® media £ AATL 6552 log dose
Z medium®=Z 843t test material +NES M E7} S0
A= wellol] ZHzF 100 p#) 3004 (triplicate)® H )51, 48
AlZFERY B wjFetint. AAlE-42 272l DMSO (dim-
ethylsulfoxide)l] =<1 & wjA| g o2 FAsion F 1t
< F DMSO 9] B5= 05% °l3P} H=s st} 4
Algole- Al3zof] 71317] #ef| miliphore filter® o343le] 4
o] A EHIE FAISIIT. Al EE oFE 484 7F wokst
B ¢ well®] mediumS AA3SF 10% trichloroacetic acid
(TCA) Z 100w 713te] 4°C ol A 1A12HE<r WA 51
|55 plaes] vheHol| GAIZTH Al 28] a4 o] Eyt
plate & TFT=E 5-63] A3t Hol8l= TCA &9
S 3] AAGL A2oA P2 717 S A=A
ok &ds] AxH plate & welld 100wl 1% acetic
acid -4l 0.4% SRBE ¢ FHE&d= 718k 3087
MEE GBI A 1% acetic acid N0 =2 5-63] Al
Aole] Ao AekA &L AP SRBS A AT
olgA GMH cell plateES ThA] A2ofA] AZAI7
well & 100 W] 10 mM trisma base (unbuffered) &
7¥3led titer plate shaker? 10%-7} shakingdle] 924l

R

=

o
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ol oo flo o

O
A1Z1 & microplate reader® AFE-310] 520 nmol| 4]
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sl eSS 7Els Al AlES(Tz, zero time)}
o il FEFe] vl Rk 713le] 48A17F B kel o]
A E2(C, control) B ZH5E2] =3 A 48A17F MlF
e o] AE (T, testyS 22 43t th29] 4]0
wet FAFAH L AT & Tz> T Z$ol= [(T-
T2)AC ~ T2)] X 10082 AXBA T, Tz< T Aol
(T - Tz)/Tz] x 1008] 222 AT, o|ZA ALk
ZEZ HE LOTUS program®] data regresion tool& ©]-&
atod oFEo] M2 S-S 50% Ak F= 50%
inhibition concentration (ICs)& AT H2GERE
A QA 71 BHASA AFEEL = cisplating

A8,

Compound R, R, R, R, R,
1 Flavone -H -H -H -H -H
2 Chrysin -OH -H -OH H -H
3 Baicalein -OH -OH -OH -H -H
4 Apigenin -OH -H -OH -H -OH
5 Luteolin -OH -H -OH -OH -OH
6 Diosmetin -OH -H -OH -OH -OCH,
7 6-hydroxyflavone -H -OH -H -H -H
8 7-hydroxyflavone -H -H -OH -H -H

Compound R, R, R; R, R; Ry R,
9 3-hydroxyflavone -H -H -H -H -H -H -H
10 3,6-dihydroxylavone -H -OH -H -H -H -H -H

11 Fisetin -H -H -OH -H -OH-OH -H
12 Galangin -OH -H -OH -H -H -H -H -
13 Kaempferol -OH -H -OH -H -H -OH -H
14 Quercetin -OH -H -OH -H -OH -OH -H
15 Myricetin -OH -H -OH -H -OH -OH -OH

16 Morin -OH -H -OH -OH -H -OH -H

Kor. J. Pharmacogn.
A % o

AS549 ()24 £ L), SK-OV-3 (d4945), SK-MEL-
2 (BAEF), XF98 (FFABALT) & HCT-15 A3
Z) & 5%9] human tumor cellss AW SAZFE 3}
o] SRB (Sulfrhodamine Byl &3led A& A
oM X AR ANEHE AR 3l 4452 flavonoidA| S}
HE- (flavone 8%, flavonol 8%, flavanone 7%, flavanon-3-
ol 6Z, catechin® 7% ¥ isoflavone 8%)2] JYEFE 3
7Vt B3ttt}

Flavone 392 (1-8) % hydroxy 237171 37 52 4
A FAE 3, 4, 5, )52} 73F hydroxy XE71¢] F7}

OH

Compound R, R, R, R,
17 Kushenol B -OH -A -B -OH
18  Kushenol E -OH -A -A -OH

19 Kurarinone
20  Kurarinol
21 Norkurarinol -OH -H -C -OH
22 Naringenin -OH -H -H -H
23 Sophoraflavanone G -OH -H -B -OH

R, O
N f< N :/§—/=< C:j /——<0H D:_/—<0H
R

Compound " R, R, R,
24 Kosamol A -OH -B -D -OH(B)
25 Kushenol L -OH -A -A -OH(B)
26 Kushenol M -OH -A -B -OH(B)
27 Kushenol N -OCH,4 -H -B -OH(o)
28 Kushenol H -OCH, -H -C -OH()
29 Kushenol K -OCH, -H -C -OH(B)




Vol. 35, No. 2, 2004

Compound R, R, R,
30 Epiafzelechin (2R, 3R) -H -H -H
31 (%) -catechin (2RS, 3SR) -OH -H -H
32 (+) -catechin (2R, 35) -OH -H -H
33 (—) -epicatechin (2R, 3R) -OH -H -H
34 Epigallocatechin (2R, 3R) -OH -OH -H
35 Epicatechin gallate (2R, 3R) -OH -H *G

36 Epigallocatechin gallate 2R, 3R) -OH -OH *-G
*-G = galloyl group

R;0

o
SRy
R, O

Compound R, R, R,
37  Daidzein -H -OH -H
38  Formononetin -H -OCH;, -H
39  Genistein -OH -OH -H
40  Biochanin A -OH  -OCH, -H
41  4'-acetyl daidzein -H -OAc -H
42 4'-acetyl genistein -OH -OAc -H
43 4 7-diacetyl daidzein -H -OAc -Ac

44 4']-diacetyl genistein -OH -OAc -Ac

i

e Bk (1, 2,7, 8)=°l vist] AdriHor st o
HEAES BAFen A&7 FF 2 AR wel @

Table L. Inhibition of tumor cell growth by flavones (1-8)
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A& potency?) W3 #ZH A ok} ©A] B-ring4]
meta-position®l] $1X] 3} hydroxy *|%7]7} methoxy X7
2 v shetE 59 Bk 69] - SIgE 5o Hisled 3}
FE 60 Tol Huloldle) o hAEE o]
e o} Ao ARgE BgiEe] R 27 Algd
Az dukzel Aatolglal AEA e tha FEl7 A
o ek I, BE SIEES A5 T AR
M EF oA B5E Ao MEAAY A EAE B
oFEglom B oA E3o] digh Mgjgolt Solde
ZE 2] EATH(Table 1).

Flavonol 335 (9 - 16214 E flavone SFd=(1 -8)%
= 22 morin (16)9] 7355 AT B A sigkEo]
Aoz 5 I 85S HAFeH ol ofnlx
3H 91%]9] hydroxy X3717} @A o] il FR 3%
pharmacophore® 2183131 310 &2} Al EtH(Table ). 1,
°]E flavonol BFFEE2] 9ol Yo% flavone 3=
£o] A9 vEAR XE7)Y] £/ 2 A wE F
g8t %o WS AEsA &t ©A flavone SHEF
E(1-8) ®& flavonol FEE(9-16)2] 35 hydroxy A
37} 3- 5§17} Aring 2 B-ringoll A3 73-oll= vlwA
s ST A A aaE vepdigzt AlsETh

S A, Sophora flavescens) O 2B 2 AW
flavanone (17 -23) ¥ flavan-3-ol 3HES (24 -29)°] 735
o QJoire Aeol AMg-d diFte] sigEEC] isopentenyl
(A), lavandullyl (B) 22 hydroxylavandullyl (C) X|&71&
7R A Qo] ol X8r]e] Wsle] mE &4 e| sty
=HAA AFHI Qo] o8 AIWE 7HAL A W=
T}2 flavanone ¥ flavan-3-ol 3EEQ] o= v 2=
& 5= QoTh o5 FFEEL AR BE SHIEF o
st} 2 X A A EAE Ve 43 9fA]
2] ketone groupe} 748 AATE AL = 5 H1A¢

hydroxy X717} methoxy X|87]2 2|3+ 73-5- (19, 20,

ICy, (pg/mb)*

Compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
1 10.9 13.6 214 14.0 12.9
2 25.0 26.5 18.4 382 193
3 52 24 1.9 0.9 2.7
4 7.8 7.5 43 6.0 6.5
5 3.4 44 1.9 2.8 44
6 8.9 8.2 11.2 232 2.0
7 422 46.5 > 50 8.5 14.2
8 44.1 18.4 > 50 32.0 36.8
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Table II. Inhibition of tumor cell growth by flavonols (9 —16)

IC5, (ng/ml)*

Compound
A549 SK-OV-3 SK-MEL-2 XF498 HCT15
9 59 8.9 5.7 5.6 5.0
10 3.0 2.0 3.0 5.1 2.5
11 3.6 29 3.1 4.8 43
12 4.4 5.0 4.9 53 5.1
13 55 4.0 5.3 54 6.6
14 58 6.3 4.7 6.0 4.8
15 17.5 9.4 15.8 10.3 12.5

16 > 50 > 50 28.0 40.2 36.4

Table III. Inhibition of tumor cell growth by flavanones (17 —23)

IG5, (Mg/mby*
Compound
A549 SK-OV-3 SK-MEL-2 XF498 HCT15
17 3.8 43 34 2.7 30
18 6.4 6.4 53 5.0 46
19 9.0 9.4 6.4 59 8.6
20 30.3 258 21.8 259 28.7
21 15.4 14.8 12.9 10.7 16.5
22 10.3 134 14.1 135 12.6
23 6.4 79 3.9 5.8 57

Table 1IV. Inhibition of tumor cell growth by flavanon-3-ols (24 — 29)
1G5, (ng/mb*

Compound

A549 SK-OV-3 SK-MEL-2 XF498 HCTI5
24 59 6.3 71 2.7 6.5
25 114 11.0 124 12.0 8.4
26 55 55 5.0 57 5.1
27 13.1 13.8 6.7 9.6 14.5
28 > 50 > 50 > 50 > 50 > 50
29 > 50 > 50 > 50 > 50 > 50

Table V. Inhibition of tumor cell growth by catechins (30 — 36)
ICs, (pg/mb*

Compound
A549 SK-OV-3 SK-MEL-2 XF498 HCT15
30 > 50 > 50 > 50 > 50 > 50
31 > 50 > 50 > 50 > 50 > 50
32 > 50 > 50 > 50 > 50 > 50
33 > 50 > 50 > 50 > 50 > 50
34 134 114 9.8 13.9 13.6
35 5.2 32 1.2 39 6.1
36 14.2 13.7 10.2 13.7 18.1

27, 28, 29)°ll= /0] TtaEe AFE HAFUT &, ul 72920, 21, 28, 290l %= EA4do] AA8] Zad
lavandullyl (B) X]%+7]7} hydroxylavandullyl (C) X872 28t 4= QIUTHTable III, Table IV). 88 HZ AYA

oo o
o i
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Table VL. Inhibition of tumor cell growth by isoflavones (37 —44)

IC,, (ug/ml)*

Compound
AS549 SK-OV-3 SK-MEL-2 XF498 HCT15

37 13.3 12.4 8.7 14.9 19.1
38 > 50 > 50 > 50 > 50 > 50
39 32 5.2 4.3 33 3.0
40 5.8 6.1 6.3 54 52
41 11.5 4.3 8.5 17.8 17.6
42 4.0 2.8 32 38 5.6
43 16.9 53 32 15.8 20.1
44 32 2.0 32 4.9 5.4

Cisplatin 1.4 11 1.2 1.3 23

*1Cy, value of compound against each cancer cell line, which was defined as a concentration that caused 50% inhibition of cell

growth in vitro.

o] opdEFol Uigt gdedo] F2t=aL = epigalloca-
techin gallate (EGCG, 36) S19 =21 H, Camellia sinensis)
=78 2249 catechin A1E SH3HE (30-365°] -l
B-ring®ll 3712} hydroxy X|8717} EA8HAY (34) 33 91X
2] hydroxy”]¢ll galloyl group®] X3 -9 (35, 3615t &
o] YERITH(Table V). 9, tiF 5ol v EAshd 2
PAFE ddasol de] BT HA s isoflavone 31
20 37-)=2] 79= formononetin (38)S A28 BE
PtEEo] g MR 238 Al anE vehigion 4
22 il YX]S hydroxy XI847]7} acetyl groupo = gk
¥ Aol gt o] hae WEER] 29kTH(Table V).

g B

Apigenin 5 4479 flavonoidZl 3}gHE (flavone 8,
flavonol 8%, flavanone 75, flavanon-3-ol 6%, catechint- 7
%, isoflavone §5)= Ak AAE slo] SRB (Sulfrhodamine
B) el w2l A549 (B]2A|EH U5, SK-0V-3 (29t
), SK-MEL-2 (54 5-5), XFAR (TFABALF) &
HCT-15 (A7) 5 582 JAfel GAlETo oigh A]
Fou) HAE Y A EoE dAst] B An AA

o] SHMEEL 30 pg/ml ©l8ke] F=F Al

S
o

i

2

_{

M

L

A P A E AR A adEs deEpIew o) 3}
FEE T AW o] SRIEES 5 pg/miolsle] FmolA
T RE AU HNEFEY S 50% o) Asst
£ 5 3t sS Rojqin)
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