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Ellagic acid is a plant-derived polyphenol, possessing antioxidant, antiproliferative, and antiatherogenic
properties. Whether this compound has estrogenic/antiestrogenic activity, however, remains largely
unknown. To answer this question, we first investigated the ability of ellagic acid to influence the
activity of the estrogen receptor subtypes ERR and ERâ in HeLa cells. Cells co-transfected with an
estrogen response element (ERE)-driven luciferase (Luc) reporter gene and an ERR- or ERâ-
expression vector were exposed to graded concentrations of ellagic acid. At low concentrations (10-7

to 10-9 M), this compound displayed a small but significant estrogenic activity via ERR, whereas it
was a complete estrogen antagonist via ERâ. Further evaluation revealed that ellagic acid was a
potent antiestrogen in MCF-7 breast cancer-derived cells, increasing, like the pure estrogen antagonist
ICI182780, IGFBP-3 levels. Moreover, ellagic acid induced nodule mineralization in an osteoblastic
cell line (KS483), an effect that was abolished by the estrogen antagonist. Endometrium-derived
epithelial cells (Ishikawa) showed no response to the natural compound by using a cell viability assay
(MTT). These findings suggest that ellagic acid may be a natural selective estrogen receptor modulator
(SERM).
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INTRODUCTION
Ellagic acid (Figure 1) is a dietary polyphenol present in

abundance in strawberries (1-3). This compound exhibits
antioxidant, antiproliferative, chemopreventive, and antiathero-
genic properties, in a variety of tissues and cells, such as breast,
colon, and prostate cancers, liver and lung tissues, and leukemia
cells (1-9). Ellagic acid exerts its effects via activation of
various signaling pathways, including apoptosis, protection from
oxidative DNA damage, or LDL-oxidation and alteration of
growth factor expression, as well as through the expression of
p53, NF-kB, and PPAR family responsive genes (4, 5, 7, 8, 10,
11).

Accumulating evidence suggests that some plant-derived
polyphenols (flavonoids and phytoestrogens) interact with the
estrogen receptor subtypes ERR and ERâ, exhibit estrogenic/
antiestrogenic activities, and may play protective roles in cancer,
inflammation, heart disease, and osteoporosis (12-15). These

substances are considered “natural” selective estrogen receptor
modulators (SERMs) and their use as an alternative for hormone
therapy during menopause has recently expanded (16, 17).

Estrogen receptors (ERR and ERâ) belong to the nuclear
receptor superfamily. They mediate the effects of estrogens by
binding (as homodimers or heterodimers) either directly to DNA
at their estrogen-response elements (EREs) or by protein-
protein interactions with other transcription factors (i.e., AP-1,
NF-kB) bound to their cognate DNA sequences, thus regulating
the transcription of estrogen-responsive genes (18).

The ER isoforms exhibit a high homology in their ligand-
binding domains, whereas they have only 18% homology in
their aminoterminal domains. A plethora of data indicate that
ERâ opposes the actions of ERR, a mechanism through which
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Figure 1. Chemical structure of ellagic acid.
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ERâ may play a protective role in breast cancer (19, 20). Plant-
derived flavonoids and phytoestrogens modulate ERR and ERâ
activities differently and may act as estrogen agonists or
antagonists or mixed agonists/antagonists, depending on tissue
type and ligand concentration (18, 21).

Ellagic acid carries in its chemical structure phenolic rings
and ortho-dihydroxyl groups, which allow ER recognition and
ER-mediated action. However, there is scant information
regarding the estrogenic/antiestrogenic effects of ellagic acid
in breast cancer cells, endometrial cancer cells, and osteoblasts
or its interaction with the estrogen receptor subtypes ERR and
ERâ. Therefore, we investigated the possibility that ellagic acid
influences ERR- and ERâ-mediated signaling, and its estroge-
nicity/antiestrogenicity in breast and endometrial cancer cells,
as well as osteoblasts. We used a panel of in vitro biological
assays and examined the ability of ellagic acid (a) to induce,
like antiestrogens, the Insulin Growth Factor Binding Protein-3
(IGFBP-3), a known estrogen-dependent marker in MCF-7 cells
(22), (b) to stimulate the differentiation and mineralization of
osteoblastic cells by histochemical staining for Alizarin Red-S
(AR-S) (23), and (c) to inhibit cell viability of endometrial
adenocarcinoma cells by use of MTT assay (24). The possibility
of a genomic receptor-mediated (ERR or ERâ) effect was
investigated by co-transfecting HeLa cells with an ERE-driven
luciferase reporter gene and an ERR or ERâ expression vector.

MATERIALS AND METHODS

Plant Material. Pomegranate (Punica granatum) pericarps (peels)
were collected from a mature tree, growing in Attica, Greece, in June
2002 and authenticated. A voucher specimen was deposited at the
herbarium of Division of Pharmacognosy and Natural Products
Chemistry, Department of Pharmacy, University of Athens. Ellagic acid
can be easily isolated from pomegranate or strawberries. Due to the
differences in concentration of ellagic acid in the varieties of strawber-
ries and the difficulties in the identification of the cultivated species,
we consider a safe choice to isolate it from pomegranate.

Extraction and Isolation. The dry powder of P. granatum pericarps
(2 kg) was defatted with CHCl3 and extracted with EtOH (80%), which
yielded a brownish residue (120 g) on removal of the solvent. This
extract was applied to a (R18 Si gel 60, 20-40 mm, Merck) reverse
phase column (36 × 460 mm, Buchi) and eluted by H2O followed by
H2O-EtOH mixtures (500 mL each mixture) of decreasing polarity to
yield 12 major fractions. Further fractionation of Fr.10 on a MPLC
RP column (15 × 230 mm, Buchi) using gradient H2O-MeOH (150
mL each mixture) afforded ellagic acid (48 mg).

Plasmids and Transfections. HeLa cells (ATCC Cell Bank) were
grown in Dulbecco’s minimal essential medium (DMEM) (Gibco BRL,
Thessalonica, Greece) supplemented with 10% fetal bovine serum (FBS)
(Gibco BRL, Thessalonica Greece). Stock cultures were subcultured
every 4-5 days using a 0.25% trypsin-0.02% EDTA solution (Gibco
BRL, Thessalonica, Greece). Before each transfection experiment, cells
were maintained for 2 days in DMEM Phenol Red (PR) free (-)
containing 10% dextran-coated charcoal stripped serum (FBS DCC-
treated). For each transfection experiment, 2 × 105 cells were plated
per well in six-well dishes in DMEM PR (-) with 10% FBS DCC-
treated. After 24 h, HeLa cells were transfected with 0.2 µg of ERR
(hERR) or 0.2 µg of ERâ (pSG5-hERâ) and 0.2 µg ERE (3xERE-
TATA-Luc) expression vectors by using Effectene Transfection Reagent
(Qiagen, Athens, Greece) according to manufacturer’s guidelines. After
24 h, cells were washed once with phosphate buffer saline (PBS) and
2 mL of DMEM PR (-) 10% FBS-DCC-treated was added, containing
various final concentrations of estradiol (10-9 M) or ICI182780 (10-8

M) or 4-OH-tamoxifen (10-8 M) or substances (10-7 to 10-9 M). Co-
incubation of ICI182780 (10-8 M) with estradiol (10-9 M) or ellagic
acid (10-7 M) was also performed. Cells were harvested 24 h later and
cell extracts were assayed for luciferase activity, using the Promega
luciferase assay system (Promega, Athens, Greece) according to
manufacturer’s instructions.

Breast Cancer Cell Studies. The Insulin Growth Factor Binding
Protein-3 (IGFBP-3) has been shown to be down-regulated by estrogens
and up-regulated by antiestrogens in MCF-7 breast cancer cells, an
effect mediated via the estrogen receptor (22). MCF-7 cells (ATCC
Cell Bank) were maintained in Dulbecco’s minimal essential medium
(DMEM) (Gibco BRL, Thessalonica, Greece) supplemented with 10%
fetal bovine serum (Gibco BRL, Thessalonica, Greece). Cells were
plated at an initial density of 25.000 cells/well in 24-plate multiwell
plastic culture dishes and grown to confluence. After 3 days of cell
culture, the media were changed to DMEM without Phenol Red
supplemented with 2% FBS DCC (dextran-coated charcoal slurry)-
treated.

After 24 h of cell culture, the media were changed and 300 µL of
fresh DMEM PR free supplemented with 2% FBS DCC, containing in
final concentrations estradiol 10-7 to 10-9 M (Sigma, Athens, Greece),
ICI 182780 10-8 to 10-9 M (Tocris, Germany), or ellagic acid (10-6 to
10-8 M) were added and incubation followed. MCF-7 cells were also
incubated with vehicle or ICI 182780 (10-8 M) or ellagic acid (10-7

M) in the presence of 10-8 M estradiol. The culture fluids were collected
from the dish and centrifuged at 12000 rpm for 10 min. The supernatants
were used for Insulin Growth Factor Binding Protein-3 (IGFBP-3)
measurement. The cells were removed carefully from the dish using
cell scrapers, collected in approximately 200 µL PBS buffer and counted
using a hemocytometer plate. IGFBP3 was measured after 24 h of
incubation. IGFBP3 was measured in all samples directly using an
enzymatically amplified “two-step” sandwich-type immunoassay (DSL
Diagnostic System Laboratories, Athens, Greece), according to manu-
facturer’s instructions.

Bone Cell Study. The KS483 cell line is a nontransformed stable
subclone of a parental cell line KS4 that has the ability to form
mineralized nodules in vitro in the presence of estrogens (23). KS483
cells were grown in Phenol Red free R-minimum essential medium
(R-MEM) (Gibco-BRL, Thessalonica, Greece) supplemented with 10%
fetal bovine serum (Gibco-BRL, Thessalonica, Greece) and penicillin/
streptomycin (Gibco-BRL, Thessalonica, Greece), in a CO2 incubator
(5% CO2-95% air) at 37 °C and subcultured every 3-4 days at a
dilution 1:5 to 1:6 using 0.125% trypsin/0.01% EDTA solution.

For our experiments, KS483 cells were seeded in 12 well plates (at
a density of 45.000 cells/well) in R-MEM Phenol Red free, supple-
mented with 10% FBS DCC-treated. Three days after plating, cells
reached confluence and were subsequently induced to differentiate by
the addition to the culture medium of 50 µg/mL ascorbic acid (Sigma,
Athens, Greece) and in the absence or presence of ellagic acid at four
different concentrations (10-6 to 10-9 M). 17â-Estradiol was used as
positive control at four different concentrations (10-6 to 10-9 M). Cells
were also cultured with ICI182780 (10-7 M) in the presence of ellagic
acid (10-8 M). â-Glycero-phosphate (Sigma, Athens, Greece) was added
after day 10. The medium with the reagents was refreshed every 3-4
days for 24 days in total.

Alkaline Phosphatase ActiVity. At the end of the culture period, the
cell layer was washed with PBS and then frozen (-20 °C). For the
determination of alkaline phosphatase activity, cells were sonicated for
15 s in 0.1 M Tris buffer, pH 7.2, containing 0.1% Triton X-100.
Alkaline phosphatase activity was measured by using p-nitrophenol
phosphate as substrate (kinetic ALP/DGKC method). Total protein was
also determined by Bradford method.

Assay for Mineralization. After 24 days, the cultures in 12-well plates
were rinsed with PBS, followed by fixation with 5% formalin for 10
min, and stained for calcium deposition with Alizarin Red-S (solution
2% pH ) 5.5) (Sigma, Athens, Greece) for 5 min. Mineralized nodules
were counted by light microscopy at a 10-fold magnification.

MTT Assay [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] Method. Cultures of Ishikawa cells (ECACC, No. 99040201)
were grown in Dulbecco’s minimal essential medium (DMEM) (Gibco-
BRL, Thessalonica, Greece) supplemented with 10% fetal bovine serum
(FBS) (Gibco-BRL, Thessalonica, Greece), 50 units/mL penicillin, and
50 µg/mL streptomycin (Gibco-BRL, Thessalonica, Greece) in T-75
cm2 flasks at 37 °C, 85% humidity, and 5% CO2 atmosphere.
Subcultures were carried out every 3-4 days using a 0.25% trypsin
and 0.02% EDTA solution (Gibco-BRL, Thessalonica, Greece). Cell
viability was estimated by a modification of the MTT assay (24).
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Briefly, cells were plated in their growth medium at a density of 10000
cells/well in 96 flat bottomed well-plate. Twenty-four hours after
plating, ellagic acid was added at final concentrations ranging from
400 to 0.16 µΜ in DMEM Phenol Red free. After 48 h of incubation,
the medium was replaced with MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (Sigma, Athens, Greece) dissolved at a
final concentration of 1 mg/mL in serum-free, Phenol Red free medium,
for an additional 4 h of incubation. Then, the MTT-formazan was
solubilized in 2-propanol and the optical density was measured at a
wavelength of 550 nm and a reference wavelength of 690 nm.

RESULTS

Ellagic acid was obtained from the pericarps of pomegranate
(Punica granatum). The isolated compound was identified as
ellagic acid by comparison of its spectroscopic data (1H and
13C NMR) with those of the literature (25).

ERR- and ERâ-Mediated Reporter Activity. Figure 2
demonstrates the effect of vehicle control (in the absence of
compounds), estradiol, pure antiestrogen ICI182780, and ellagic
acid on luciferase activity on HeLa cells transfected with ERR
or ERâ and EREs. Estradiol was used as control for agonist
activity whereas ICI 182780 was used as a control for antagonist
activity. ERR or ERâ bound to EREs in the absence of ligand,
an activity which was set as 100% (vehicle control), respectively.
In HeLa cells transfected with ERR, incubation with estradiol
significantly increased (p < 0.001) luciferase activity at a
concentration of 10-9 M compared to vehicle control. On the
other hand, the pure antiestrogen ICI 182780 significantly
reduced luciferase activity at the concentration of 10-8 M (p <

0.001), whereas 4-OH-tamoxifen did not show any statistically
significant effect. In ERR-transfected cells, co-incubation of ICI
182780 (10-8 M) with estradiol (10-9 M) abolished the
stimulatory effect of estradiol in a statistical significant way (p
< 0.01). In ERR-transfected cells, ellagic acid significantly
increased (p < 0.05) the basal luciferase activity at the 10-7

and 10-9 M concentrations. Moreover, co-incubation of ellagic

acid (10-7 M) with ICI 182780 (10-8 M) abolished the inhibitory
effect of the latter via ERR in a statistically significant manner
(p < 0.05).

In ERâ-transfected cells, incubation with estradiol at a
concentration of 10-9 M significantly increased luciferase
activity (p < 0.001). ICI 182780 reduced luciferase activity at
the concentration of 10-8 M (p < 0.05). Co-incubation of ICI
182780 (10-8 M) with estradiol (10-9 M) abolished the
stimulatory effect of estradiol in a statistically significant manner
(p < 0.001). 4-OH-tamoxifen significantly reduced the basal
luciferase activity (p < 0.001). Ellagic acid alone significantly
reduced the basal luciferase activity (p < 0.01-p < 0.001) at
a concentration range of 10-7 to 10-9 M in ERâ-transfected
cells. Moreover, co-incubation of ellagic acid (10-7 M) with
ICI182780 (10-8 M) enhanced the inhibitory effect of the latter
(p < 0.001). These results indicate that ellagic acid may act as
an estrogen antagonist mainly via ERâ.

Breast Cancer Cell Studies. Figure 3 demonstrates the effect
of vehicle control (in the absence of compounds), estradiol,
ICI182780, and ellagic acid on the IGFBP-3 levels secreted by
MCF-7 cells. The dose response curve showed that estradiol
reduced IGFBP-3 levels significantly at a concentration of 10-7

M (p < 0.01) and 10-8 M (p < 0.001). On the other hand, the
pure antiestrogen ICI 182780 significantly increased the
IGFBP-3 levels at 10-8 M (p < 0.01) and 10-9 M (p < 0.001)
concentrations, an effect abolished by incubation with estradiol
10-8 M (p < 0.01). Ellagic acid significantly increased the
IGFBP3 levels in MCF-7 cells at a concentration of 10-6 M (p
< 0.01), 10-7 M (p < 0.001), and 10-8 M (p < 0.01). Co-
incubation of the ellagic acid (10-7 M) with estradiol (10-8 M)
abolished the stimulatory effect of ellagic acid on IGFBP3
levels, like ICI182780, in a statistically significant way (p <

0.01), implicating an ER-mediated antiestrogenic effect in
MCF-7 cells.

Bone Cell Study. Figure 4 demonstrates the effect of vehicle
control (in the absence of compounds), estradiol, and ellagic

Figure 2. Effect of estradiol, ICI182780, and ellagic acid on luciferase activity in HeLa cells, transfected with ERR or ERâ and an EREs-containing
reporter vector. HeLa cells were exposed to estradiol (10-9 M), ICI182780 (10-8 M), 4-OH-tamoxifen (10-8 M), or ellagic acid (10-7 to 10-9 M).
Co-incubation of ICI182780 (10-8 M) with estradiol (10-9 M) or ellagic acid (10-7 M) also occurred. Results are expressed as percentage of control
(vehicle). Columns and bars represent mean ±SD of the results of three experiments. *Significantly different from vehicle control (*p < 0.05, **p < 0.01,
***p < 0.001). +Significantly different from E2 10-9 M (++p < 0.01, +++p < 0.001). #Significantly different from ICI182780 10-8 M (#p < 0.05, ###p < 0.001).
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acid on the alkaline phosphatase activity and on the mineralized
nodules formation. Ellagic acid significantly increased (p <

0.001) alkaline phosphatase activity at concentrations of 10-7

to 10-9 M with the higher effect at a concentration of 10-8 M.
Treatment with ICI 182780 (10-7 M) in the presence of ellagic
acid (10-8 M) or estradiol (10-7 M) abolished the positive effect
on the alkaline phosphatase activity (p < 0.001). Treatment with
ellagic acid stimulated significantly the mineralization at
concentrations of 10-8 M (p < 0.01) and 10-9 M (p < 0.05),
whereas concentrations of 10-6 and 10-7 M exhibited no effect.
Treatment with ICI 182780 (10-7 M) in the presence of ellagic
acid (10-8 M) or estradiol (10-7 M) abolished the positive effect
on mineralization (p < 0.001).

Endometrial Cancer Cell Study. The dose-response curve
concerning the effect of ellagic acid on Ishikawa cell viability
revealed that at all tested concentrations there was no statistical
significant stimulation above control and no inhibitory effect
on cell proliferation either (data not shown).

DISCUSSION

We assessed ellagic acid as a natural SERM molecule by
using a series of reliable, previously established, widely accepted
cell culture systems and sensitive estrogen responsive markers
(26, 27). In HeLa cells, ERâ had a lower activity in response
to E2 than ERR, which is in agreement with previous reports

Figure 3. Effect of estradiol, ellagic acid, and ICI182780 on IGFBP3 producing by MCF-7 breast cancer-derived cells. MCF-7 were cultured with vehicle
control, estradiol (10-7 to 10-9 M), ellagic acid (10-6 to 10-8 M), or ICI182780 (10-8 to 10-9 M) for 24 h. Cells were also treated with ellagic acid (10-7

M) or ICI182780 (10-8 M) in the presence of estradiol E2 (10-8 M). Results are expressed as percentage of control (vehicle). Columns and bars
represent mean ±SD of the results of four cultures. *Significantly different from vehicle control (**p < 0.01, ***p < 0.001). +Significantly different from
ICI182780 10-8 M (++p < 0.01). #Significantly different from ellagic acid 10-7 M (##p < 0.01).

Figure 4. Effect of estradiol, ellagic acid, or ICI182780 on alkaline phosphatase activity and on mineralization of extracellular matrix in KS 483 cells.
Cells were exposed to vehicle control, estradiol (10-6 to 10-9 M), ellagic acid (10-6 to 10-9 M), and ICI182780 (10-7 M) in the presence of ellagic acid
(10-8 M) and estradiol (10-7 M). Results are expressed as percentage of control (vehicle). Columns and bars represent mean ±SD of the results of four
cultures. *Significantly different from vehicle control (*p < 0.05, **p < 0.01, ***p < 0.001). +Significantly different from ellagic acid 10-8 M (+++p < 0.001).

7718 J. Agric. Food Chem., Vol. 53, No. 20, 2005 Papoutsi et al.



(28). The pure estrogen antagonist ICI182780 inhibited ERR-
and ERâ-induced transactivation, as expected. ERR and ERâ
responded differently to ellagic acid, which displayed a low but
significant estrogenic activity on ERR and complete antagonist
activity on ERâ at low concentrations (10-7 to 10-9 M). This
is similar to the estrogen agonist/antagonists activities of
tamoxifen, 4-OH-tamoxifen, and raloxifen, which display low
but significant estrogenic activity in hERR- but only antagonism
in hERâ-reporter cell systems (28). Thus, ellagic acid, a plant
polyphenol, functions like the known partial agonists/antagonists
tamoxifen, 4-OH-tamoxifen, and raloxifen. The differences in
the responsiveness between ERR and ERâ to ellagic acid may
be attributed to hERâ having an AF1 domain that allows only
partial agonism in the presence of ellagic acid, similar to
tamoxifen (29).

In earlier reports, plant-derived polyphenols have shown
variable dose-response curves in ERR- and ERâ-mediated
effects in ERE-driven reporter gene assays. For example, some
tea catechins, particularly epigallocatechin gallate (EGCG), were
antiestrogenic for ERR at high doses (5 × 10-6 M) and
estrogenic for ERR at low doses (5 × 10-7 to 10-9 M) in the
presence of E2. However, the ERâ response to the same
phytoestrogens was estrogenic for a wide concentration range
(5 × 10-6 to 5 × 10-9 M). Catechins alone, on the other hand,
induced luciferase activity through neither ERR nor ERâ (30).
Resveratrol, a polyphenol found naturally in grapes, binds ERR
and ERâ with comparable affinity, but it transactivates ERR
and ERâ differently in an ERE sequence-dependent manner
(31-33). The phytochemical polyphenol lindleyin, on the other
hand, transactivates ERâ with a higher potency than ERR,
whereas glabrene, a polyphenol isolated from the licorice root,
is a natural estrogen agonist that activates ERR-mediated
transcription in vitro (34, 35). Recently, it was reported that
phytochemical glyceollins exerted antihormonal effects through
ERR and ERâ (36). Moreover, a new phytoestrogen, namely,
4-ethoxymethylphenol, transactivated ERR with a higher po-
tency than it did ERâ (37). Our findings and the aforementioned
results indicate that plant polyphenols influence ERR and ERâ
activity in different ways, quite likely causing different allosteric
conformations of ERR and ERâ and that nature is rich in
selective hERR and hERâ ligands.

Due to the similarities between ellagic acid and the synthetic
SERMs tamoxifen, 4-OH-tamoxifen, and raloxifen in the HeLa
cell system, we thought that ellagic acid might be a natural
SERM. Thus, we further examined its effects on the bone
mineralization process and its antitumorigenicity in breast and
endometrial cancer cells, by using sensitive, postreceptor, tissue-
specific response in vitro assays reflective of a SERM profile.
The use of KS483 cells and the measurement of alizarin red-S
staining reflect possible osteoblastic activity of a test compound,
whereas the production of IGFBP-3 by MCF-7 cells is a well-
established marker for screening compounds acting as estrogen
agonists/antagonists and cell growth promoters. The MTT test,
on the other hand, tests the effect of a substance on cell viability
and proliferation.

Ellagic acid-induced mineralization of osteoblasts, inhibited
estrogen-mediated activity by increasing the IGFBP-3 produc-
tion by breast cancer cells and showed no effect on endometrial
cell proliferation. These data indicate that ellagic acid exhibits
the characteristic effects of a SERM compound. The divergent
biologic activities of ellagic acid, being an agonist in bone cells,
but an antagonist in breast cancer cells, may be attributed to
the recruitment of tissue-specific ERR or ERâ coactivators or
corepressors, as well as to varying proportions of tissue ERR

and ERâ levels (18). Another plant compound, genistein, like
estradiol and 4-ethoxymethylphenol, is influenced by certain
ER modifiers such as cofactors, coactivators, and corepressors
(37, 38).

In an earlier report, ellagic acid suppressed glucocorticoid-
induced luciferase activity. The mechanism for this is not clear
but it is plausible that ellagic acid might change several steroid
receptor-mediated signaling systems, by means of which it may
exert beneficial health effects (39-41). In conclusion, ellagic
acid is a natural selective ERR and ERâ ligand, exhibiting
SERM properties similar to those of synthetic SERMS. As a
natural hormone, ellagic acid warrants further investigation.

ABBREVIATIONS USED
ERR, Estrogen Receptor R; ERâ, Estrogen Receptor â; EREs,

Estrogen Response Elements; IGFBP-3, Insulin Growth Factor
Binding Protein-3; SERM, Selective Estrogen Receptor Modu-
lator; FBS, Fetal Bovine Serum; DCC, Dextran-Coated Char-
coal; DMEM, Dulbecco’s Minimal Essential Medium; PR,
Phenol Red; a-MEM, a-Minimum Essential Medium; PBS,
Phosphate Buffer Saline; ALP/DGKC, Alkaline Phospatase/
German Society of Clinical Chemists; MTT, 3-(4,5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

ACKNOWLEDGMENT

We would like to thank Professor J-A Gustafsson, director of
the Department of Medical Nutrition, Karolinska Institute of
Medical University in Stockholm, for providing the ERâ
expression vector, Dr. Tomoshige Kino, Pediatric and Repro-
ductive Endocrinology Branch, National Institute of Child
Health and Human Development, National Institutes of Health,
Bethesda, MD, USA, for providing us with the ERR expression
vector, and Dr. Kenneth S. Korach, Reproductive and Devel-
opmental Toxicology, National Institutes of Health, Bethesda,
MD, USA, and Dr. McDonnell of Duke University Medical
Center for providing us with the ERE-Luc expression vector.
We also would like to thank Dr. T. Yamashita, Head Nephrol-
ogy, Pharmaceutical Research Laboratories, Kirin Brewery Co,
Ltd., Japan, and Dr. M. Karperien, Department of Endocrinology
& Metabolic Diseases, Leiden University Medical Center, The
Netherlands, for providing us with the cell line KS483.

LITERATURE CITED

(1) Yilmaz, Y.; Toledo, R. T. Major flavonoids in grape seeds and
skins: Antioxidant capacity of catechin, epicatechin, and gallic
acid. J. Agric. Food. Chem. 2004, 52, 255-260.

(2) Hannum, S. M. Potential impact of strawberries on human
health: A review of the science. Crit. ReV. Food. Sci. Nutr. 2004,
44, 1-17.

(3) Herrera, M. C.; Luque De Castro, M. D. Ultrasound-assisted
extraction for the analysis of phenolic compounds in strawberries.
Anal. Bioanal. Chem. 2004, 379, 1106-1112.

(4) Saleem, A.; Husheem, M.; Harkonen, P.; Pihlaja, K. Inhibition
of cancer cell growth by crude extract and the phenolics of
Terminalia chebula Retz. fruit. J. Ethnopharmacol. 2002, 81,
327-336.

(5) Mertens-Talcott, S. U.; Talcott, S/T.; Percival, S. S. Low
concentrations of quercetin and ellagic acid synergistically
influence proliferation, cytotoxicity and apoptosis in MOLT-4
human leukemia cells. J. Nutr. 2003, 133, 2669-2674.

(6) Festa, F.; Aglitti, T.; Duranti, G.; Ricordy, R.; Perticone, P.;
Cozzi, R. Strong antioxidant activity of ellagic acid in mam-
malian cells in vitro revealed by the comet assay. Anticancer
Res. 2001, 21, 3903-3908.

(7) Chakraborty, S.; Roy, M.; Bhattacharya, R. K. Prevention and
repair of DNA damage by selected phytochemicals as measured
by single cell gel electrophoresis. J. EnViron. Pathol. Toxicol.
Oncol. 2004, 23, 215-226.

Ellagic Acid Exhibits SERM-like Activity J. Agric. Food Chem., Vol. 53, No. 20, 2005 7719



(8) Anderson, K. J.; Teuber, S. S.; Gobeille, A.; Cremin, P.;
Waterhouse, A. L.; Steinberg, F. M. Walnut polyphenolics inhibit
in vitro human plasma and LDL oxidation. J. Nutr. 2001, 131,
2837-2842.

(9) Buniatian, G. H. Stages of activation of hepatic stellate cells:
Effects of ellagic acid, an inhibitor of liver fibrosis, on their
differentiation in culture. Cell. Prolif. 2003, 36, 307-319.

(10) Narayanan, B. A.; Re, G. G. IGF-II down regulation associated
cell cycle arrest in colon cancer cells exposed to phenolic
antioxidant ellagic acid. Anticancer Res. 2001, 21, 359-364.

(11) Narayanan, B. A.; Narayanan, N. K.; Stoner, G. D.; Bullock, B.
P. Interactive gene expression pattern in prostate cancer cells
exposed to phenolic antioxidants. Life Sci. 2002, 70, 1821-1839.

(12) Kris-Etherton, P. M.; Hecker, K. D.; Bonanome, A.; Coval, S.
M.; Binkoski, A. E.; Hilpert, K. F.; Griel, A. E.; Etherton, T. D.
Bioactive compounds in foods: Their role in the prevention of
cardiovascular disease and cancer. Am. J. Med. 2002, 113, 71S-
88S.

(13) Middleton, E., Jr.; Kandaswami, C.; Theoharides, T. C. The
effects of plant flavonoids on mammalian cells: implications
for inflammation, heart disease, and cancer. Pharmacol. ReV.
2000, 52, 673-751.

(14) Wuttke, W.; Jarry, H.; Becker, T.; Schultens, A.; Christoffel,
V.; Gorkow, C.; Seidlova-Wuttke D. Phytoestrogens: Endocrine
disrupters or replacement for hormone replacement therapy?
Maturitas. 2003, 44, S9-S20.

(15) Lissin, L. W.; Cooke, J. P. Phytoestrogens and cardiovascular
health. J. Am. Coll. Cardiol. 2000, 35, 1403-1410.

(16) Ewies, A. A. Phytoestrogens in the management of the meno-
pause: Up-to-date. Obstet. Gynecol. SurV. 2002, 57, 306-313.

(17) Brzezinski, A.; Debi, A. Phytoestrogens: the “natural” selective
estrogen receptor modulators? Eur. J. Obstet. Gynecol. Reprod.
Biol. 1999, 85, 47-51.

(18) Nilsson, S.; Makela, S.; Treuter, E.; Tujague, M.; Thomsen, J.;
Andersson, G.; Enmark, E.; Pettersson, K.; Warner, M.; Gustafs-
son, J. A. Mechanisms of estrogen action. Physiol. ReV. 2001,
81, 1535-1565.

(19) Matthews, J.; Gustafsson, J. A. Estrogen signaling: A subtle
balance between ER alpha and ER beta. Mol. InterV. 2003, 3,
281-292.

(20) Weihua, Z.; Andersson, S.; Cheng, G.; Simpson, E. R.; Warner,
M.; Gustafsson, JA. Update on estrogen signaling. FEBS Lett.
2003, 546, 17-24.

(21) Kuiper, G. G.; Lemmen, J. G.; Carlsson, B.; Corton, J. C.; Safe,
S. H.; van der Saag, P. T.; van der Burg, B.; Gustafsson, J. A.
Interaction of estrogenic chemicals and phytoestrogens with
estrogen receptor beta. Endocrinology 1998, 139, 4252-4263.

(22) Pratt, S. E.; Pollak, M. N. Estrogen and antiestrogen modulation
of MCF-7 human breast cancer cell proliferation is associated
with specific alterations in accumulation of insulin-like growth
factor binding proteins in conditioned media. Cancer Res 1993,
53, 5193-5198.

(23) Dang, Z. C.; van Beznooijen, R. L.; Karperien, M.; Papapoulos,
S. E.; Loewik, C. W. G. M. Exposure of KS483 cells to estrogen
enhances osteogenesis and inhibits adipogenesis. J. Bone Miner.
Res. 2002, 17, 394-405.

(24) Denizof, F.; Lang, R. Rapid colorimetric assay for cell growth
and survival: Modifications to the tetrazolium dye procedure
giving improved sensitivity and reliability. J. Immunol. Methods
1986, 89, 271-277.

(25) Nawwar, M. A. M.; Hussein, S. A. M.; Merfort, I. NMR spectral
analysis of polyphenols from Punica granatum. Phytochemistry
1994, 36, 793-798.

(26) Papoutsi, Z.; Kassi, E.; Papaevangeliou, D.; Pratsinis, H.;
Zoumpourlis, V.; Halabalaki, M.; Mitakou, S.; Kalofoutis, A.;
Moutsatsou P. Plant 2-arylobenzofurans demonstrate a selective
estrogen receptor modulator profile. Steroids 2004, 69, 727-
734.

(27) Kassi, E.; Papoutsi, Z.; Fokialakis, N.; Messari, I.; Mitakou, S.;
Moutsatsou, P. Greek plant extracts exhibit selective estrogen

receptor modulator (SERM)-like properties. J. Agric. Food.
Chem. 2004, 52, 6956-6961.

(28) Barkhem, T.; Carlsson, B.; Nilsson, Y.; Enmark, E.; Gustafsson,
J. A.; Nilsson, S. Differential response of estrogen receptor alpha
and estrogen receptor beta to partial estrogen agonists/antagonists.
Mol. Pharmacol. 1998, 54, 105-112.

(29) McInerney E. M.; Katzenellenbogen, B. S. Different regions in
activation function-1 of the human estrogen receptor required
for antiestrogen- and estradiol-dependent transcription activation.
J. Biol. Chem. 1996, 271, 24172-24178.

(30) Kuruto-Niwa, R.; Inoue, S.; Ogawa, S.; Muramatsu, M.; Nozawa,
R. Effects of tea catechins on the ERE-regulated estrogenic
activity. J. Agric. Food Chem. 2000, 48, 6355-6361

(31) Bowers, J. L.; Tyulmenkov, V. V.; Jernigan, S. C.; Klinge, C.
M. Resveratrol acts as a mixed agonist/antagonist for estrogen
receptors alpha and beta. Endocrinology 2000, 141, 3657-3667.

(32) Cowley, S. M.; Parker, M. G. A comparison of transcriptional
activation by ER alpha and ER beta. J. Steroid Biochem. Mol.
Biol. 1999, 69, 165-175.

(33) Hall, J. M.; McDonnell, D. P. The estrogen receptor beta-isoform
(ERbeta) of the human estrogen receptor modulates ERalpha
transcriptional activity and is a key regulator of the cellular
response to estrogens and antiestrogens. Endocrinology 1999,
140, 5566-5578.

(34) Usui, T.; Ikeda, Y.; Tagami, T.; Matsuda, K.; Moriyama, K.;
Yamada, K.; Kuzuya, H.; Kohno, S.; Shimatsu, A. The phy-
tochemical lindleyin, isolated from Rhei rhizoma, mediates
hormonal effects through estrogen receptors. J. Endocrinol. 2002,
175, 289-296.

(35) Tamir, S.; Eizenberg, M.; Somjen, D.; Izrael, S.; Vaya, J.
Estrogen-like activity of glabrene and other constituents isolated
from licorice root. J. Steroid. Biochem. Mol. Biol. 2001, 78, 291-
298.

(36) Burow, M. E.; Boue, S. M.; Collins-Burow, B. M.; Melnik, L.
I.; Duong, B. N.; Carter-Wientjes, C. H.; Li, S.; Wiese, T. E.;
Cleveland, T. E.; McLachlan, J. A. Phytochemical glyceollins,
isolated from soy, mediate antihormonal effects through estrogen
receptor alpha and beta. J. Clin. Endocrinol. Metab. 2001, 86,
1750-1758.

(37) Pearce, V.; Nawaz, Z.; Xiao, W.; Wiedenfeld, D.; Boyle, N.;
Smith, D. 4-ethoxymethylphenol: A novel phytoestrogen that
acts as an agonist for human estrogen receptors. J. Steroid.
Biochem. Mol. Biol. 2003, 84, 431-439.

(38) Schwartz, J. A.; Liu, G.; Brooks, S. C. Genistein-mediated
attenuation of tamoxifen-induced antagonism from estrogen
receptor-regulated genes. Biochem. Biophys. Res. Commun. 1998,
253, 38-43.

(39) Abe, I.; Umehara, K.; Morita, R.; Nemoto, K.; Degawa, M.;
Noguchi, H. Green tea polyphenols as potent enhancers of
glucocorticoid-induced mouse mammary tumor virus gene
expression. Biochem. Biophys. Res. Commun. 2001, 281, 122-
125.

(40) Abe, I.; Seki, T.; Noguchi, H. Potent and selective inhibition of
squalene epoxidase by synthetic galloyl esters. Biochem. Biophys.
Res. Commun. 2000, 270, 137-140.

(41) Tsai, Y. J.; Aoki, T.; Maruta, H.; Abe, H.; Sakagami, H.; Hatano,
T.; Okuda, T.; Tanuma, S. Mouse mammary tumor virus gene
expression is suppressed by oligomeric ellagitannins, novel
inhibitors of poly(ADP-ribose) glycohydrolase. J. Biol. Chem.
1992, 267, 14436-14442.

Received for review May 9, 2005. Revised manuscript received July
18, 2005. Accepted July 18, 2005. The work has been supported by a
grant (PAVE) from the General Secretariat of Research and Technol-
ogy, Ministry of Development, and the company Yiotis SA, Athens,
Greece. We also thank Bodossaki Foundation and the General
Secretariat of Research and Technology, Ministry Development (Grant
97∆E73) for financing the cell-culture facilities.

JF0510539

7720 J. Agric. Food Chem., Vol. 53, No. 20, 2005 Papoutsi et al.


