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We tricd to optimize the assay system using humall ureast. cancer MCF-7 cells for 
detection of esr.rogenic activit.y of pnviromneut.al estrogens. Since fetal bovine serum (FBS] 
contains various grmvth factors im:luciing estrogen, l00ml of FBS ,>vas I.reat.ed ''lith f,g of 
activated clmrcoal to remove estrogen. !I·ICF -7 cells w(~re CUlt.1Hf'd with RPMI 1640 medium 
supplement.ed v,.ilh FBS or charcoal treated FBS (cFBS), in the presence of 17,8 ·r;st.radiol or 
navolloids. Then, the cells were trypsinized and cell number "\-vas counted using a Coulter 
Count.pr. When the crlls ,""ere cult.ured in the medium containing 0 t.o f'i% FB .. S, proli[eratiorl­
stimulating activity of daidzein and genistein \vas det.eeted most strongly in the medium 
cOIltailliIlg 1% PBS. III the case cFB,s-sl1llplpIIlPllied IILpC\illlll, the effpci. o[ navolloids was 
detrctablc, in all cFBS concentrations. The prolifcrat.ioll-stimuiat.ing eff('ct of daid:-:ein and 
genistein "\-vas delectable after a 72-hr lag period. Tn the presence of I % FRS or Ilfil cFRS, 17 j3 
-estradiol enhanced proliferat.ion of the cells at the concentrations bct\vecn 10 and 10 "M, 
whilp daidzein and geni:i\.ein enhanced it only aL lU-"r.l On the other hand, quercdin and 
Iutcolin exerted a proliferation-inhibiting activity against MCF-7 celis at t.he concentrat.ions 
owr 10"\-1 Thesf' results indi(\'l.ie that. estrogenic act.ivit.y of fiavonoicis against. 1-1CY·-7 cells 
was detectable in the medium supplemented \vit.h 1% FBS or 1 to 6% cFBS. 
Proliferatiun-inhibitory activity' of quercetin and lut-polin Sll&gPSt.S t.hat. t.hese compounds f'xert 
anti-estrogcnic anci anti-cancer activiTies. 

INTIWDUCTIO:-l 

ReI)Orts OIl environmental estrogens have been \videspread in the last fe,,\' years. 
}lany environmental estrogens and natural compounds have been shown to modify the 
enclocrine system in \vildlife animals and even human bpings CCluillenp, 1D95). As 
endocrine disruptor chcmicals, rnany kinds of chcmicals have been targeted for study in 
hormonally response assays. It has been shown t.hat many natural and synthetic 
chemicals exhibit. estrogenic acl.iviLy (Sharpe eL al., 19fJ:3; Safe eL al., 1995; Colborn el. al., 
19~n). \Vhen \ve deal \ovith t.he problems associated \vith environmental estrogens, we 
have to pay all attention to fla.vonoids (Bradbury et a1., 1 H54). Besides environmental 
estrogens, t.here are at least 20 types of flavonoids, the substances derived from plant 
1,vit.h estrogenic activit.y (Farnsvvort.h ei aI., 1975; Cheng ei al., 1954). \Vhen such a 
substance is t.aken by animals, it "ill influence estrogen synthesis and merabolism, and 
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may exert estrogenic or anti-estrogenic effects (Stob, 1983). The amount of flavonoids 
t.aken from the diet is much larger than the amollnt of environmental estrogens. In 
addition to their weak estrogenic and anti-estrogenic activities, they possess a variety of 
characteristics, such as antioxidative, anti-proliferative, anti-virus, anti-bacteria, and 
differentiation-inducing activities CSetchell ct al., 1985; Price et aI., 1~)85; Kelmeth et al., 
1998; Leclerg et. aI., 1979). Thus, they can affect many biological and physiological 
processes, especially as a candidate for cancer prevention (Adlercrentz et al., 1990). 
Recently, studies have been carried out. on absorption and metabolism of flavonoids in 
human body as well as on their biological effects (Messina et aI., 1991; Steinmetz et aI., 
1991; Messina et aI., 1990; Setchell et aI., 1984; Bames el aI., 1990; Hawryewicz ef aI., 
1995). 

It is important to establish screening and testing methods to assay [or endocrine 
disrupting activity. However, the assay system for environmental estrogen is fev,T and not 
so sophisticated. Thus, we tried to optimize the assay system for the detection of 
estrogenic activity using human breast cancer MCF -7 cells. In addition, \ve evaluated 
estrogenic or anti-estrogenic activity of natural estrogens including flavonoids using the 
optimized assay system. 

IvlETERIALS AND ~METHODS 

Chemicals 
The steroids, 17,B-estradiol and ar:tivatf'd charcoal \-vere ohtaineo from Sigmtl 

Chemicals CSt. Louis, MO). Daidzein, genistein, quercetin and luLeolin were obtained 
from Fujicca Co. (Kyoto, Japan). These chemicals were dissolved in 70% ethanol solution 
bufferized with a phosphate-buffered saline, pH 7.4 (70% EtOH/PBS). Fatal bovine 
serum (FBS) was obtained from Bio Whittaker (Maryland, U. S. A) and all other 
chemicals used \vere reagent grade. 

Charcoal treatment of FBS 
To remove endogeneous estrogens, 100 mL of FBS was treated v.ith t¥.-ice 5 g each of 

activateci charcoal at 55 'C for 30 min. Then) activated charcoal was removed by a 
centrifugation at. 450 X g and 4 "C for 20 min ami a filtraLiun U~iIlg cellulmie acetate filLer 
(0.45flm). Then, the charcoal-treated PBS (cFBS) was stored at -20'C until use. 

Cells and cell culture 
Human breast cancer MCF-7 cells were grown in HPMI 1640mediuID supplementcd 

with N-2-hydroxycthylpiperazine N' 2 ethanesulfonic acid (HEPES, 2.3 mg/mL) , 
penicillin G (lOOllnitlmL), streptomycin (0.1 mg/mL) , sodium bicarbonate (2.0Smg/mL) 
and 5% FBS. The eells were cultured using 100mm plastic tissue culture dishes (Nunc 
Roskilde, Denmark) at 37°C v.ith R% CO2 in a humidified incubator. 

MCF -7 cells from stock cultures \'I"ere washed twice with PBS. Then, the cells were 
treated with 0.2% trypsin/PBS and washed once with RPMl 1640medillm by centrifuging 
at 150 X g at 4 'c for 3 min. The cell pellet was resuspended in RPM! 1640 medium and 
washed tv;ice vvith the medium. The finally obtained cell pellet was resuspended in RPJ.-H 
1640 medium and cell number was counted using a Coulter Counter (model ZI; Coulter 
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Electronics, Hialeah, FL). The cells (O.S-l.OX 10') cells/mL) were cultured in 24-well 
plastic dishes (Nunc) in t.he medium containing FBS or cFBS, and flavonoids or 17 fj 
-estradiol were added at 24-hr after the inoculation. 

Statistics 
Results are expressed as the ratio of compound tested over the vehicle cont.rol and as 

the mean ± standard deviation (SD) of 3 or 4 independent assays (two-tailed) with 
Sigma-plot software (SPSS Inc, IL, U.S.A.) 

RESULTS 

Effect of flavonoids on proliferation of MCF-7 cells 
As a preliminary experiment, proliferation inhibiting activity of flavonoids was 

examined. Figure. 1 shows the time-dependent effect of 10-;) M flavonoids, such as 
daidzein, genistein, quercetin and luteolin on proliferation of MCF-7 cells cultured in 5% 
PBS/RPMI 1640 medium for 144 hI. In this condition, doubling time of t.he cells \vas 
around 72 hr and all flavonoids exerted a proliferation-inhibiting activity. Among them, 
luteolin exerted the strongest inhibitory activity and Lhe effecL of daidzein was weakesL. 

10' f • 
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Fig. 1. Time-dependent effect of flavonoids on proliferation of MCF-7 cells. 
Cells were cultured with 5% r'BS/RPMl1640mectium at 37T for 24hr 
and cultured further in the presence of 10 oM flavonoids. Cell number 
was cowltcd using a Coulter Counter and data are means ± SO (n=4, 
**0.001 <p<O.Ol; ***p<O.OOl) 
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Fig. 2. Dose-dependent. effect of Oa\'onoirts on p roliIeration of MCF - 7 cells. 
Cells were cult ured \vi th 5% FBSlHPMI 1640medium cont.ain in,g 
f1avonoids bet.ween lO-'~M and 10 "1\·1 for 06 hr. Results arc expressed as 
percentages of control, which were treated ,-vi.t.h 70% EI'()HIPTIS. Data 
are means:::!:: SD (n",,4). 

Dose-dependent effect of flavonoids on proliferation of MCF-7 cells 
Because the concentration of flavonoids used above was very high, we examined the 

dose- dependent effect of flavonoids on prol ife ration of MCF- 7 cells. The cells were 
'reated with 10·' to 10 ' M flavonoids for 96hr. As shown in ~·ig . 2, these flavonoids did 
not e ntlance proliferatjon of Mer - 7 ce ll ~) but inhihitcd it at all concentrations. 
Proli ferat.ioTl- suppressing activity of daidzein \>\'as significantly weakcr than those of oLlier 
flavonoids. 

Effect of FBS concentration on proliferation-regulating activity of flavonoids 
Enctogencous estrogen in FBS may inhibil thc expression of estrogenic activit.y of 

tlavonoids. Thus, the effect of FBS concentration on proliferation of MCF-7 cells in t.hc 
presence of various concentrations of flavonoids was examined (Fig. 3). Tn the presence 
of 3 01' 5% FBS, flavonoids inhibited piolifenition of the cells at all concentrations used 
here (10-11 } i to lO-'I M). On the other hanel, daidzein significantly enhanced proliferation 
of the cells in ) % FBS/RPMI)640 medium at )0 "M. 

Since 10"",1 daidzein significantly stimu lated proliferat.ion of MCF -7 cells in ) % 
FBS/RPMI 1640 medium, time-dependent effect of Oavolloids was examined at. the 
condition. A..«. shown in Fig. 4, daidzein and genistein exerted a stimulatory effect on 
proliferation of MCF'-7 cells after a treatment for 72 hr. On the contrary, JO·' M quercetin 
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Fig. 3. Effect of fHS concentralion Oil vroliferation regulating activity of flavonoids. 
Cells \',:er~ cultured\vith flavonoids belweell JO'I: M and 10 'M in rBS/RPMl 1640mediwn 
containing 1 t.o G% FRS for D6 hr. Hcsults arc expressed as percentage of control. which wpn~ 

I.r p..., .. ltI"d ~\'ith 70% r.;tOH/PBS. Data arp means. ± SD (n=.'3, "'0.01 < p < 0.0."); **O,(Xll < p< 0.01). 

and lu tcolin exerted a s lrong prolireration-i~hibiting actfVJty . 
. ~', ~. ·t 

Effect ofFBS and cFBS con~entratlons on proliferat10;' of MCF-7 cells 
Sincr. FBS contains various growth fa{~to'rs including ~;ti-ogens, FBS was treated \\ith 

activated cltarcoal to remo~e them. MCY:-7 cells were Q.t1r:Jrccl \ ... ith np~H 1640 medium 
• . I • 

containing FJ3S or cFBS for 96 hr) as shown in F'ig. 5. Number of the cells in cFBS 
supplemented medium was sign·ifieantly smaller than that Li FES supplement.en medium, 

" , , 
at all serum concentrations. 

Time-dependent effect of flavonoids on proliferation of MCF-7 cells in 1% 
cFBSIRPMI1640medium 

Then , tiJJ\e-dependent effect of flavonoids on proliferation of MCF -7 cells in 1% 
cFBS/RPMI 1640mediurn was tested (Fig. 6). After an 120- hr cultivation, proliferation­
stimulating activity was observed in daidzein and genistein. Genistein exerted a stronger 
cell proli fe raUon- stimulatillg activity than daidzein in 1% FRs/RPMI 1640 medium. 
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Fig. 4. Time-dependenL effect of flavolloids on proliferation of MCF- 7 c:e lls in 1% FI3S/l{PMl 

1640 mediwn. 
Cells were t reated ~ith 10-oM l1avonoids in the prcscnr.e of 1% FBSlRP:\U 1640mooiwlI for 
120 hr. flight. figure is expressed as percentage of the control treatt::d .",ith 70% E!,OH/PBS at 
96 hr. Data are means ± SD (n=4, ***p< 0.001). 
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Fig. 5. Effect of serum concentration on prolife ration of Mer -7 ce lls. 
Cells were cultured in the preSf'_llce of various cont;ent.rations of d'BS or 
FBS for 96 hr. Data are means ± SD (n=4, "'*p<O.Ol ; "'*"' p<O.OOI). 
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Fig. 6. Tirne-de petlfJe ll t e rrect. of navoJlo i<.1::; 011 vruli ferat ion of \1(;P- 7 cel ls in 1% cF BS/RPM I 
1640 mcdiwn. 
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144 hr. Right figuH'> is expressed as pcrccnt.a~e of the cont.rol t.rea tcd 70% B tOHIPRS al 
1:l0hr. Data are means ± SD (n= 4, *0.01 < p < O.05; ""*0 .00 1 < p < O.Ol ; ***p< O.OOI). 
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Fig. 7. b:1'fcct of 17p - estradiol and llavonoids on proliferation of MC1" - 7 cells in the medium 
containing 1 % cFHS or FBS. 
Cells wore inoculated <ll 1 X l(Y'cells/mL in 21- wcll p late and cultured with 1% cFBSIHPMI 
l(i40rneciium for 120hr CA) or 1% FBSIHPMI 1640medimTl for 96hr eIJ). At 24hr afte r 
inoculation, l7p-estradiol between l O' ''M and JO~ M and 10 1,\1 fiavonoids were treated. Thp 
horizontal hat.ched (In' .. as indicate the range of lht'! contl'Ol values. Dat.a are means ± Sl) 
(11 =4, "'0.01 < p <O .(15; **O.QOl <p<O.Ol; ***p < O.OOI). 



346 D. H. Han el al. 

Effect of 17p-estradiol and flavonoids on proliferation of MCF-7 cells in the 
medium containing 1% cFBS or FBS 

Since proliferation-stimulating activity of daidzein was detectable in the medium 
supplemented 1 % FBS or cFBS, \ve examined the effect of 17;3-estradiol at various 
concentrations from 10- 11 to 10-811 or IO-AM flavonoids (Fig. 7). Cells were treated with 
t.hese estrogenic compounds for 120 hr in the medium containing 1 % cFRS (Fig. 7A) or 
96 hr in the medium containing 1 % FBS (Fig. 7E). Proliferalion-stimulating aclivity of 17 
p-cstradiol is more marked in 1 % cFBS containing medium than that in 1 % PBS medium. 
In the presence of 1 % eFBS, proliferation-stimulating activity of 17{3-estradiol vms 
significantly higher than daidzein and genistein. 

DISCUSSION 

Reproductive dysfunction involving exposure to hormonally action compounds has 
been extensively document.ed in ,.,..ildlife animals and implicated in human breast cancer. 
As endocrine disruptors, many kinds of environmental estrogens have been targeted for 
study in hormonal response bioassays (\Vang et aL, 1997). Recently, flavonoids llave 
received an increasing attention, because of Lheir possible role in human cancer 
prevent.ion and t.heir high hioavailahility. There are numerous reports OIl tlw dfec­
tivencss as an anti-cancer activities in a variety of tumor cells (Yolanddle et al, 1983; 
llarbrc et aI., 1983; Andreas ct aI., 1998; Theodore ot aI., HI97). 

Although proliferation-inhibiting activity of flavonoids have heen reported in MCF-7 
cells, most of these studies were performed at high dose of daidzein and genistein (Barkly 
et al., 1981; Vignon et al., 1979; Katsuzo et aI., HI7S; Richard et al., 1981). In the present 
study, ,ve found that flavonoids: such as daidzein, genistein, quercetin, and luteolin 
inhibited proliferation of MCF -7 cells in the medium supplemented vvith 1 to 5% FBS at 
range from 10 7M to 10 :IM. In this assay system, genistein, quercetin, and luteolin exerted 
a stornger proliferation-inhibiting activity on MeF -7 cells than daidzein. On the ot.her 
hand, proliferation-stimulating activity of daidzein and genistein was also detectable in 
the medium containing 1 % FBS. These results suggest that one factor affecting t.hp 

inhibition of cell proliferation by flavonoicls is serum concentration in culture medium as 
reported by other researchers (Osborne pI. al, 1~)76; V,·1ute et aI., 1994: US EPA Report, 
1997). 

As part of a study focusing on our in. vitro assay system, \ve have treated MCF -7 cells 
with l7p-est.radiol or flavonoids in r.he presence of cFBS. In the studies evaluating 
honnonal act.ion, researchers have eliminat.ed est.rogens [rom sera, a prerequisite for cell 
culture experiments, and considerable efforts have been applied towards the devel­
opment of serum-free media. MCF -7 cells have been reported to possess the receptors 
for est.rogen, androgen, progesterone, glucocorticoid, and insulin. This means that the 
cells may demand serum for their grmvth as these hormone supplementation. The 
complex and undefined nature of serum adds a complicating aspect to the designed 
interpretation of any experiments aimed at understanding t he interactions of hormones or 
drugs ,vith mammary epithelimn (Vignon et at, 1979; Katsuzo e1, aJ., 1975; Richard ct al., 
1981; Osborne et al1976; US EPA Report, 1997; UK Emironment",l Agency. 1998; Vera et 
al., 1999). Although estrogen in serum was not totally removed from cytosol by t.he 
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chan:oal treatment, we found that cFBS was s uperior than FllS for detection of 
es r.rogenic activity of isoflavones such as daidze in and geniste in . And the p rolif­
eration- stimu la t ing effect of daidzcin and genist.ein \ovas de tect.able after a 72-hr lag 
period. }1oreover , 17 p -estradiol in the presence of 1% FBS or 1% cFBS sufficiently 
enhanced proliferation of the MCF-7 cells at t he concentra tions bet.ween I O- I M and 
10 '~ M : while uaidzein and genist.ein enhanced it onI,;.' at 10 ~ r\'l. On the contrary, quercet.in 
ann lutcolin exerted proliferation inhibiting activity against MCF-7 cells at th o 
concentrations over lO-I:M. These results indicate that estrogeniC acti~lity of flavonoids 
such as daidzein and genistein against MCF-7 ce lls \vas detectable in the RPM! 
1640medium eontaining 1% FRS or 1- 1)% (:FBS after a 96- hr treatment. On the other 
hand , proliferation- inhibiting activity of quercetin and luteolin suggests that these 
eompounris exert anti- estrogenic and anti- cancer activities a,';ainst human mammary 
c:ancerMCF- 7 cells. 
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