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Abstract+ -)-Eptgallocatechin and 28 other plant flavonotds were tested for cytotoxic acttvtty against HeLa cells 
Flavones and flavanones were active and several compounds with planar and non-planar rmg systems showed high 
cytotoxlc actlvltles Although no clear structureeactlvlty relationship was deduced, hydroxyl groups on the A- and B- 
rmg affected the cytotoxlc potency positively or negatively, depending on the position of substitution The uptake of 
thymldme was predommantly inhlblted by myncetin, whereas the uptake of urldine was inhlblted by (-)- 
epigdllocatechin, the uptake of both thymldme and urldine were mhlblted by 7,8-dlhydroxyflavone 

INTRODUCTION 

Since (-)-eplgallocatechm, an antlblotlc of the Okma- 
wan medlcmal plant, Elaeagnus glabra Thunb (Elaeag- 
naceae) [l, 21, showed cytotoxlclty against HeLa cells 
(uterine carcinoma cell) [l], 28 related flavonolds were 
tested for the cytotoxlc activity against the cells m this 
study 

Edwards et al. [3] have tested a large number of 
flavonolds for cytotoxlclty against KB cells (cells from 
human carcmoma of the nasopharynx), and have also 
shown WI uzuo activity of the flavonoids with other tu- 
mour systems other than HeLa ells Several workers 
[4-71 have isolated cytotoxlc flavonolds from plants by 
blologlcal assay with KB cells However, cytotoxlclty 
against HeLa cells has not been tested systematically 
with plant flavonolds Furthermore, no work has been 
reported for effect of flavonolds on uptake of macromole- 
cule precursors in the uterme carcmoma cell Therefore, 
this paper reports the cytotoxlc activity of the flavonoids, 
their structure-actlvlty relatlonshlps and effect of several 
cytotoxlc flavonolds on the uptake of the precursors in 
HeLa cells. 

RESULTS AND DISCUSSION 

The structures and cytotoxlc actlvlty (ICJ against 
HeLa cells for 29 flavonolds are shown m Table 1. The 
conformations of selected (1, 2,7, 16, 17, 22 and 27) were 
analysed by computer graphics. The results mdlcated 
that the A/C rmg system of the flavones and flavonols 1s 
planar, while that of the other flavonoids IS non-planar 
(Fig. 1 shows the computer graphics of 16 and 27) Among 
the flavonoids tested for the cytotoxlaty, mne showed 
significant actlvltles at less 10 pg/ml, and mne others 
medium activities at 10-20 pg/ml dosages 

*Author to whom correspondence should be addressed 

Structure-actnxty relatlonshlps in Jlauones and jlavonols 

On the A-ring of the flavone skeleton which, itself, had 
the cytotoxlc activity (see l), 2 vicmal hydroxyl (OH) 
much enhanced activity (2 and 3). In the case of the 5,7- 
dihydroxy flavones, catechol substitution m the B-ring 
was required for high activity (compare 4 with 5). Ho- 
wever, in the flavonol series 3’,4’-dihydroxylatlon was not 
needed for activity (7). 2’-OH and 6-OH substitution m 
the flavonol series reduced actvlty (8, 13 and 14). The 4’- 
OH, 3’,4’-OHS and 3’,4’,5’-OHS decreased, m this order, 
the activity m the range 6-20 pg/ml dosages 
(7> 9> 11 > 16 m the activity). 

Structure-actzwty relatlonshrps zn javanones, jlavanonols 
and catechtns 

The 2,3-double bond was favorable for activity (com- 
pare the followmg pairs: 1>17, 5~19; 10~22, 11~23; 
and 15>24) However, when a B-ring hydroxyl was 
methylated (20 and 21), the 2,3-double bond chd not 
increase activity (compare 5 with 20 and 21). In non- 
planar flavonolds, the activity was diminished by 3- 
hydroxylatlon (flavanones > flavanonols and catechms). 
For greater actlvlty, a 3’- or 4’-methoxyl was advanta- 
geous (20 and 21) 

Comparison of the activltles of the catechms, 26 and 
27, suggests that a S-hydroxyl group enhances activity. 
In the planar flavonolds, 5’-hydroxylatlon had no effect 
on activity (see 11 and 16). 3’,4’,5’-Trihydroxylatlon 1s 
only effective for cytotoxlc activity m the catechm series. 

Inhztxtion of uptake of macromolecule precursors 

For the mcorporatlon experiments, 2, 16 and 27 were 
employed as test flavonolds. 2 was selected because of its 
high activity. Myricetm (16) with a planar structure was 
selected for comparison with 27. 

Incorporated radioactlvlty was counted dependmg on 
flavonoid concentrations (12 5, 25 and 50 pg/ml) and 
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Table 1 Cytotoxwty of plant flavonolds agamst HeLa cells 

Flavonold 

Flavone 

Flavone (1) 

7,8-Dhydroxyflavone (2) 

6,7-Dlhydroxyflavone (3) 

Chrysm (4) 
Luteohn (5) 

Aplgenm-7.4’-dlmethyl ether (6) 

PosItIon of Other Cytotoxlclty 
OH group substltuent (I( 5,,, pg/ml) 

107 

7,g 39 

6,7 26 

5,7 56 3 
5,7,3’,4’ 40 
5 7.4’~d]OMe 54 4 

Flavonol 

Galangm (7) 

Datlscetm (8) 

Kaempferol (9) 
Flsetm (10) 

Quercetm (11) 

Rhamnetm (12) 

Morm (13) 

Quercetagetm (14) 

Robmetm (15) 

Myrlcetln (16) 

S,l 63 
5,7,2’ 304 

5,7,4’ 86 
7,3’,4’ 99 
5,7,3’,4’ 169 
5,3’,4’ 7-OMe 70 
5,7,2’,4 6C 5 
5,6,7,3’,4’ 53 3 
7.3’,4’,5’ 200 
5 7,3’,4’,5’ 189 

Fldvanone* 

(+)-Flavanone (17) 159 
(h )-5,7,4’-Tnhydroxy-flavanone (18) 5,7,4’ 109 
(A)-Eriodlctyol (19) 5,7,3’,4’ 153 
( F )-Homoerlodlctyol (20) 5,7,4 3’-OMe 40 
(i I-Hespertm (21) 5,7,3’ 4’-OMe 79 

Flavanonolt 

( ~ )-Fustm(2P,3z) (22) 

( + )-Tdxlfohn(Zz,3/I) (23) 

(+)-Dlhydrorobmetm(2%.3[1) (24) 

7.3’,4’ 25 3 
5,7.3’,4’ 49 I 
7.3’,4’,5’ 23 3 

Catechln 

(+ kCatechm(2a,3/1) (25): 

( - j-Eplcatechm(k3r) (26~1 

( T)-Epigallocatechm(2r.3r) (27)$ 
Acetntc of 27(22,3x) (28)s 

Methyl ether of 27(2~,3a) (29)h 

5,7,3’,4 >I00 
5,7.3’,4 574 
5-7 3’.4’,5’ 184 

3,5,7,3’,4’,5’- 

hexaOAc 1x0 
5,7.3’,4’,5’-pentaOMe 314 

*Racemates 

t[rlo values (L 10, 50% Me&O-H,O, 25.) are 22, - 14’) 23. +49 . and 24, + 17 

:[rIn values CC IO, EtOH. 25 ) are 25, +59’, 26, -64’, and 27. -64’ 
6[~]~, value\ (c 1 0, Me,CO, 25 ‘) dre 28, -20 , and 29 - 14’ 

culture periods (24 and 48 hr) (Table 2) Since rehable 
data for the mhlbltory actlon of the flavonolds on the 
mcorporatlon of the precursors (labelled thymldme, LITI- 
dme and leucme) was observed at 25 pg/ml concentration, 
degree of mhlbltlon (%) of the flavonolds for mcorpor- 
atton was calculated on the basis of concentration, and IS 
shown m Fig 2 

2 mhlblted uptake of thymldme and urldme, and addl- 
tlonally mhlblted that of leucme at 48 hr (Fig 2a) The 
high cytotoxtclty of 2 may be due to this non-specific 
mhlbltory actlon on the uptake of these precursors In 16, 
the uptake of thymldme was mhlblted predommantly 
(Fig 2b), while that of urldme was m 27 despite weak 
mhlbltory actlon (Fig 2c) 

From the data in Table 2, unexpected high radloactlvl- 
ties were counted m the experiment with 50 pg,/ml of 27 
on leucme mcorporatlon (data with t m the table), and 
were reproducible m a second experiment (the data m 
Table 2 were from the first experiment) These high 
mcorporatlon values mto HeLa cells are, therefore. as- 
sumed to be due to an Increase m the cells beyond the 
cytotoxic effect of 27 

Recently, Mookeqee et al [S] reported effects of some 
flavonolds on lymphocyte prohferatlve responses, and 
have concluded that the flavonolds mhlblted the uptake 
ofthymldme mto phytomytogen-stimulated lymphocytes 
but did not affect mcorporatlon of the transported thyme- 
dme mto newly synthesized DNA It IS. therefore, Imposs- 
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Fig 1 Computer graphics of myrlcetm (16) (a) and (&)- 

eplgallocatechm (27) (b), m which large open circle (0), small 

open circle (0) and closed circle (0) indicate oxygen, hydrogen 

(of OH) and carbon atoms, respectively The viewpoint is adjus- 

ted to view from C-5 to C-8 of the A-ring 

ible to state whether or not the effects of the flavonolds 
studied here to decrease the mcorporatlon of the precur- 
sors IS due to rnhlbltion of uptake of the precursors or to 
inhibition of uptake mto HeLa ceils The difference m 
activity between 16 (planar) and 27 (non-planar) IS in- 
teresting, but it IS not clear whether this IS related to 
conformatlonal differences Other workers [e g 91 have 
suggested the partlclpatlon of planar flavonolds with 
nucleic acid bases by Intercalating interaction mto the 
stacking of the bases. 

Edwards et al [3] have tested the cytotoxtclty of 4,5,7, 
9-16, 18 and 21-24 with KB cells, and recognized cyto- 
toxicities [ < 30 pg/ml (ED&] m 4, 9 and 14, 15. These 
activities are different from the cytotoxicities against 
HeLa cells Several flavonolds (mainly 11) have been 
reported to inhibit DNA and RNA synthesis m Ehrhch 
asclte cells by increasing cyclic AMP level [lo] or by 
inhibiting RNA polymerase actlvlty [l l] 

EXPERIMENTAL 

Chemicals Flavonmds l-25 were obtained commercially 

From optlcal rotations (Table 1) and Cotton effect m the CD 

curves of 17-25 1121, It was estimated that the flavanones 

(17-21) were racemates, and the others (22-25) were optically 

active with the configuratlons at the 2 and 3 posItIons as shown 

m Table 1 Catechms, 26 and 27 were isolated from E g[abra [l], 

and, 28 and 29 were prepared from 27 

Acetate of 27 (28) Treatment of 27 with Ac,O and pyrldme 

(room temp. overnight) gave 28, mp 189-190”, [a];’ -20” (c 10, 
Me,CO), EIMS m/z 558 [M]’ (2), 516 [M - HZCO]+ (7), 498 

[M-AcOH]’ (15), 139 (100) Found C, 5833, H, 477 

C,,HZhO,, reqmres C, 5807, H, 469, IR, ‘H and WNMR 

data were consistent with the structure 

Methylether of 27 (29) MeOH soln of 27 was methylated with 

diazomethane (room temp, overnight) to afford 29, mp 182”; 

[a]&’ - 14” (c 1.0, Me,CO), EIMS m/z 376 [M]’ (37), 358 [M 

-H,O]+ (6), 167 (100) Found. C, 64 10, H, 621. C H 0 20 24 7 
requires C, 6382; H, 634 IR, ‘H and 13CNMR data were 

consistent with thus structure 

Radloactlve precursors [2-“‘C]Thymidme (51 mCi/mM), [2- 

‘V]urldme (51 mCi/mM) and L-[U-‘4C]leucme (348 mCl/mM) 

were purchased from Radlochenucal Centre, Amersham, 
Buckmghamsinre 

Cytotox~ty test The method essentially that of Kurobane et 

al [ 131 HeLa-S, cells were mamtamed m a suspension culture 

of RPM1 1640 [NISW Pharm Co (Tokyo)] supplemented with 

10% calf serum [Glbco 200-6170 (U SA)] containing L-gluta- 

mme and a pemcilhn-streptomycm mixture (Gibco 600-5070, 

5000 U/ml) A 100 ~1 ahquot of 1 x lo5 cells/ml was mixed with a 

100 ~1 ahquot of two-fold serial ddutlon of a flavonord, and the 

nuxture was Incubated on a well of a mIcrotiter plate [96-well, 

Costar (U S A)] (37”, 96 hr) The cells stained with gentlan violet 

was solublhzed with EtOH Absorbance of the coloured EtOH 

soln was measured at 620 nm to determine cytotoxiclty (ICKY) of 
the flavonmd on the cahbration curve 

lncorporatlon ofradloactwe precursors mto HeLa macromole- 
cules HeLa cells (1 5 x lo4 cells/400 ~1) were distributed m each 

well ofa tissue culture plate (48-well, Costar), and Incubated m 

the same culture medium as used m the cytotoxlclty test (37”, 

24 hr) The cells m the exponential growth phase were used for 

the incorporation experiment After ad&Ion of a 100 ~1 ahquot 

of dlfferent concns [0 (control), 12 5,25 and 50 pg/ml] of 2,16 or 

0 24 48 

Culture per& (hr) 

Fig. 2 Inlnbltory effect of 2 (a), 16 (b) and 27 (c) on the uptake of thynudme (O-O), uridme (O-O) and 

leucme( &a) in HeLa cells The cells were treated with 25 pg/ml of the flavonolds together with 5&i/O 1 ml of [2- 

“Cjthymidme, [Z-“*CJuridme and r.-CU.-‘*CJeucme rnhibitlon per cent was calculated’ on the basis ot^ the 

incorporation data at 24 and 48 hr (Table 2) 
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Table 2 RadIoactIvIty of precursors mcorporated mto HeLa cell macromolecule at 24 and 4X hr culture periods 
- 

Flavonold 
Concentration 

(/lg!ml) 

7&Dlhydroxyfld\one (2) 0 12 024* 35 632* 80147* 177041* 4 noo* I6 530* 

12s 6 508 10494 46 X56 53317 4359 6 284 
25 4619’ 6883* 33 905* 34614* 3 131* 3473* 

50 I 047 I 706 8 644 105X9 I 113 I 563 

Myrlcetme (16) 0 10430* 34 480* 7374x* 1575x5* 6 69X* 15 194* 

125 8 857 30219 61 313 154 460 6 009 14 16X 

25 2 639* 4 960* 33 429* 75 735* 2 225* 6 214* 

SO 117 13x 108 20 I 117 136 

(-)-Eplgallocatechm (27) 0 6 146* 20 480* 30881’ 115507* 

I2 5 6105 20 184 29 547 97461 

25 4 944f 17073* 19 246” 70 254* 
50 4 OX6 I5 15X 16 l-l1 35 903 

2 507* 

2 408 

2049* 

32611 

1162l* 

10 140 

8 796* 

10351+ 

RadIoactIvIty (cpm) 

[2-“‘C]Thymldme [2-lJC]Urrdlne L-[2-‘4C]Lcucme 
24 hr 48 hr 24 hr 4X 111 24 hr 48 hr 

*Based on these data, mhlbltlon O/o of mcorporatlon IS calculated and shown 111 Ffg 2 

tSee text 

27 and a 100 ~1 ahquot (5 ~CI) of a precursor to each of the 

culture wells. they were Incubated for 24 or 48 hr at 37” 

At the end of the mcubatton penod (24 or 48 hr). the wells 

were washed with Cl PI buffer (Gbco 3lO-4190), trypsmlzed, and 

rmsed with Ice-cold 5% TCA RadIoactIvIty of the acid- 

msoluble was counted III a toluene based scmtlllatlon hquld 

Cornpurer qraphlcc The program ‘GONCHAN’ [l4] made by 
Dr S Ando, Tokyo Instttute of Technology, was used for 

lllustratmg computer graphlcq (Fig 1) of 1,2,7,16,17.22 and 27 

Ackrlowledyemerlr(--We are grateful to Dr S Sato and Dr J 

Ohya, Mltsubl\hl Chemical lndustrles Co, for the cytotoxlcIty 

test, and for aupplymg the HeLa cells for the mcorporatlon 

experiment 
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