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Abstract—Several classes of flavonoids (flavones, flavanones, 20-hydroxychalcones and flavan-4-ols) having a variety of substituents
on A ring were investigated for their antiproliferative activity against MCF-7 human breast cancer cells. Structure–activity rela-
tionships of these compounds were discussed. 20-hydroxychalcones and methoxylated flavanones were found to be potent inhibitors
of MCF-7 cells growth whereas flavones and flavan-4-ols appeared to be weak inhibitory agents except 7,8-dihydroxyflavone.
# 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Many clinically successful anticancer drugs are them-
selves either natural products or have been developed
from naturally occurring lead compounds. Great inter-
est is currently being paid to flavonoids—one of the
major classes of natural products with widespread dis-
tribution in fruits, vegetables, spices, tea and soy-based
foodstuff1—for their interesting pharmacological activ-
ities.2,3 The antiproliferative effects against breast can-
cer cells,4 anti-aromatase activity5,6 and binding affinities
for the estrogen receptor7 of these compounds have
drawn attention due to their role as potential anti-breast
cancer agents.

In our attempt to design flavonoid-related compounds
having a balance between the above activities, we
undertook a screening relating to several classes of
flavonoids and we recently described the aromatase
inhibitory effects of some flavones, flavanones8 and
chalcones.9 The aim of the present study was to explore
thoroughly the structural requirements on A-ring of
chalcones, flavanones and flavones for inhibition of
MCF-7 breast cancer cells growth, both to identify an
optimal candidate among currently available
compounds, as well as to ascertain potential directions
for synthetic lead-optimization studies.

Finally, a previous study about anticancer activity of
cis- and trans-40,7-dihydroxyisoflavan-4-ols,10 two pro-
posed metabolites of daidzein (40,7-dihydroxyiso-
flavone) prompted us to investigate for the first time the
antiproliferative activity against MCF-7 cells of synthetic
flavan-4-ols,11 which are of a rare occurrence in nature.

Chemistry

For this study, we synthesized a set of flavonoid deriva-
tives, increased by commercially available compounds
(flavanones 1a and 1d–1i, chalcones 2a and 2c and fla-
vones 3a–3e), all of which bearing either hydrogen,
hydroxyl and/or methoxy substituents on the A-ring
(Table 1).

20,40-dihydroxychalcone 2b was synthesized as pre-
viously described12 (yield 36%). Flavanones 1d–1h were
treated by a methanolic KOH solution to afford 20-
hydroxychalcones 2d–2h respectively (yield 50–60%)
while flavanones 1b and 1c were obtained, also in mod-
erate yields, by cyclization of the corresponding 20-
hydroxychalcones 2b and 2c in a methanolic H2SO4

solution. Inspection of the 1H NMR spectra of both
commercial and synthesized chalcones clearly indicated
that they were configured trans (JHa, Hb=15–16 Hz).

Reduction of the flavanones 1d–1f was performed with
sodium borohydride to give the corresponding flavan-4-ols
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4d–4f for which the assignment of stereochemistry was
readily made on the basis of the 1H NMR coupling
constants of the heterocyclic ring protons.11 NaBH4

reduction of 7-methoxyflavanone 1d was stereoselective
leading to the 2,4-cis-7-methoxyflavan-4-ol while reduc-
tion of the 4-keto group of the 5-methoxyflavanone 1e
and of the 5,7-dimethoxyflavanone 1f afforded a mix-
ture of 2,4-cis- and 2,4-trans-flavan-4-ols which were
separated by TLC.

Proliferation assay

The growth inhibitory activity of the compounds was
determined in the MCF-7 human breast cancer cell line
using the MTT assay as described by Mosman et al.13

Results were represented as % of inhibition compared
to control absorbance. The IC50 concentration was cal-
culated graphically and represents the concentration
which results in a 50% decrease in cell growth after 6
days incubation. The given values are mean values of
three experiments. The deviations were within �5%.

Results and Discussion

The antiproliferative effects of flavanones and flavones
on MCF-7 cells are reported in Figure 1 while results
from testing 20-hydroxychalcones are summarized in
Table 2.

Some structure–activity relationships for cytotoxicity
are apparent from these results. First, the unsubstituted
flavanone 1a appeared to be a weak inhibitor of MCF-7
cells growth as well as flavanones with hydroxyl groups
like compounds 1b, 1c, 1g and 1i. In contrast, the sub-
stitution by a methoxy group at position 7 and/or 5
increased the antiproliferative activity (the IC50 of fla-
vanones 1d, 1e and 1f were, respectively, 35.7, 35.7 and
36.0 mM) while a 6-methoxy group (compound 1h) did
not enhance the growth inhibition.

Flavone 3a and 7-hydroxyflavone 3b were shown to
have only a weak antiproliferative activity as previously
described for the corresponding flavanones. Then, the
presence of a 7-methoxy group on the A-ring of flavone
did not enhance the inhibitory effect as shown by the
low activity of the 7-methoxyflavone 3d while the sub-
stitution by a methoxy group at position 5 (flavone 3e)
increased the antiproliferative activity. Among the

Table 1. Structure of flavanone, chalcone, flavone and flavan-4-ols

derivatives

Compd R1 R2 R3 R4

a H H H H
b H H OH H
c H H OH OH
d H H OMe H
e OMe H H H
f OMe H OMe H
g OH H OMe H
h H OMe H H
i H OH H H

Figure 1. Antiproliferative activity of flavanones and flavones: MCF-7 cells were incubated with flavanones at 60 mM for 6 days. Cell viability
was determined by MTT assay. Results were expressed as percentage of control (untreated cells); data points represent the mean values of three
independent experiments.
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flavones tested, 7,8-dihydroxyflavone 3c was found to
be the most potent (IC50=27.5 mM) whereas the corre-
sponding flavanone 1c was inactive.

The inhibitory effects of some of the flavanones were
compared to those of corresponding 20-hydroxy-
chalcones. We noted that in all cases, 20-hydroxy-
chalcones were more potent against MCF-7 cells growth
than corresponding flavanones. Surprisingly, the most
active was the 20,40-dihydroxychalcone 2b correspond-
ing to the 7-hydroxyflavanone 1b which is inactive
against MCF-7 cells proliferation. The 20,30,40-trihy-
droxychalcone 2c was also active whereas the corre-
sponding 7,8-dihydroxyflavanone 1c had no effect on
MCF-7 cells growth. Therefore, unlike flavanones,
hydroxyl substituents on A ring of chalcones are not
critical for antiproliferative effect except hydroxylation
at position 60 since 20,60-dihydroxy-40-methoxychalcone
2g is much less active than 20-hydroxy-40-methoxy-
chalcone 2d.

All the flavan-4-ols synthesized showed no inhibition of
MCF-7 cells proliferation (data not shown) while the
corresponding flavanones had significant activity. So,
the 4-keto functionality appeared to be essential for
antiproliferative activity against this human breast can-
cer cell line. This result provides further support to pre-
vious studies which underlined the importance of this
structural feature for interaction with different cellular
mechanisms involved in cancer growth. Thus, Con-
stantinou et al.14 have reported that some flavonoids
were DNA topoisomerase inhibitors and that the C-4
carbonyl group of these compounds was essential for
the inhibition of topoisomerase activity. Edwards et
al.15 have also shown that chalcones were effective anti-
mitotic agents by binding to tubulin and they noticed
that reduction of the carbonyl group of chalcones
diminished this activity. Interestingly, the 4-keto group
of the flavonoids is also essential for aromatase inhibi-
tory effect since the flavan-4-ols were found to be weak
aromatase inhibitors (unpublished results).

In conclusion, on the basis of the above findings, the
7-methoxyflavanone 1d and the 7,8-dihydroxyflavone 3c
scaffolds were selected as skeleton for the development
of flavonoid structurally-related compounds having a
balance between different anti-breast cancer activities
since these compounds were found to possess not only
antiproliferative activity against MCF-7 cells but also
aromatase inhibitory effect.8 In spite of their great anti-
proliferative activity, chalcones could not be selected in
our synthetic lead-optimization study because they were
shown to be only weak inhibitors of aromatase activity.9

However, a further evaluation of chalcones will be
undertaken, concerning the structural requirements on
B-ring for inhibition of hormone-dependent human
breast cancer cell line growth.
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Table 2. Cytotoxicity of 20-hydroxychalcones

Compd IC50 (mM)

2a 28.4
2b 16.3
2c 22.2
2d 26.8
2e 18.3
2f 20.0
2g >60
2h 29.2
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