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To prevent bone loss that occurs with increasing age, nutritional and pharmacological factors are
needed. Traditional therapeutic agents (selective estrogen receptor modulators or SERMs, biphos-
phonates, calcitonin) may have serious side effects or contraindications. In an attempt to find food
components potentially acting as SERMs, we submitted four plant aqueous extracts derived from
Greek flora (Sideritis euboea, Sideritis clandestina, Marticaria chamomilla, and Pimpinella anisum)
in a series of in vitro biological assays reflective of SERM profile. We examined their ability (a) to
stimulate the differentiation and mineralization of osteoblastic cell culture by histochemical staining
for alkaline phosphatase and Alizarin Red-S staining, (b) to induce, like antiestrogens, the insulin
growth factor binding protein 3 (IGFBP3) in MCF-7 breast cancer cells, and (c) to proliferate cervical
adenocarcinoma (HeLa) cells by use of MTT assay. Our data reveal that all the plant extracts studied
at a concentration range 10-100 µg/mL stimulate osteoblastic cell differentiation and exhibit
antiestrogenic effect on breast cancer cells without proliferative effects on cervical adenocarcinoma
cells. The presence of estradiol inhibited the antiestrogenic effect induced by the extracts on MCF-7
cells, suggesting an estrogen receptor-related mechanism. In conclusion, the aqueous extracts derived
from Sideritis euboea, Sideritis clandestina, Marticaria chamomilla, and Pimpinella anisum may form
the basis to design “functional foods” for the prevention of osteoporosis.
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INTRODUCTION

There is a continuously increasing interest in assessing the
role of nutritional constituents, present in small quantities in
food, to prevent the risk of chronic disease (1, 2). In the food
industry, there is a general policy to encourage food designers
to produce health-promoting foods known as functional foods
(3-5). Many bioactive compounds have been discovered in
food, among them phenolic compounds, that is, flavonoids,
phenolic acids, and phytoestrogens, which show antioxidant
properties and may act as estrogen agonists/antagonists with
beneficial health effects, for example, reducing the risk of
cancer, osteoporosis, and cardiovascular disease (6). There are
numerous reports regarding the effects of individual nutritional
constituents present in plant-derived food; however, a few

reports only exist on the effects of extracts of wild plants on
human health. The Greek flora is very rich in aromatic plants,
among which are the mountain tea (Sideritis sp), thePimpinella
anisum, andMarticaria sp.These plants contain essential oils
and secondary metabolites, as polyphenols, flavonoids, terpe-
noids, and phytoestrogens with particular pharmacological and
nutritional interest (7-16). Studies concerning the main con-
stituents present in the above plants reveal that apigenin, an
important constituent, is a flavonoid with a potent antioxidant
activity and antiinvasive and apoptotic properties, playing a
significant role in osteoporosis (17-19). Moreover, the bioactive
compound verbascoside is a phenolic compound known for its
antiproliferative, cytotoxic, antioxidant, and antimetastatic prop-
erties (20). Terpenoids, on the other hand, are substances known
for their antiinflammatory and antiproliferative properties (21).
Herbals have played an important role in Greek nutrition since
the ancient times, whereas herbal extracts have been used as
traditional medicines for a thousand years in Greece and the
Mediterranean area. However, there are only a few data on the
bioactivity of the Greek plant extracts. Existing studies concern
mainly their antimicrobial and antioxidant activity, as well as
their anti-Helicobacter pyloriactivity (7, 8, 22, 23).
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In an attempt to find nutrients in plant extracts derived from
Greek flora potentially acting as SERMs, that is, to prevent bone
loss without serious side adverse effects on breast cancer and
uterus, we submitted four plant extracts (Sideritis sp., Chamo-
milla sp., Pimpinella anisum) to a series of in vitro biological
assays reflective of SERM profile and examined their ability
(a) to stimulate the differentiation and mineralization of osteo-
blastic cell culture by histochemical staining for Alizarin Red-S
(AR-S), (b) to induce, like antiestrogens, the insulin growth
factor binding protein-3 (IGFBP3) in MCF-7 breast cancer cells,
and (c) to inhibit cell proliferation of cervical adenocarcinoma
(HeLa) cells by use of MTT assay.

MATERIALS AND METHODS

Plant Material. All plant materials were collected between May
and July of 2002 from Greek mountains. The voucher specimens were
deposited in the Department of Pharmacognosy and Natural Products
Chemistry, School of Pharmacy, University of Athens (S. clandestina
subsp. clandestinaKL034, S. euboeaKL009, M. recutita F007, P.
anisum F023). The flowers ofSideritis euboea,were collected at
mountain Dirfis in central Evia. The flowers ofSideritis clandestina
subsp. clandestinawere collected from mountain Parnonas in east
Peloponnese. The flowers ofMatricaria recutita (Chamomilla recutita
or Marticaria chamomilla)and the seeds ofPimpinella anisunwere
collected at east Peloponnese.

Aqueous Extracts.For the preparation of the extracts the collected
plant materials were air-dried at room temperature, pulverized, and
extracted with distilled water for 5 min at 100°C. Then they were
filtrated, concentrated at 50°C under reduced pressure using a rotavapor,
and lyophilized. Those materials were kept at-15 °C until they were
used in experiments. Yield of final extract in terms of starting crude
materials was determined to be 10% for all aqueous extracts.

Bone Study.Cell Culture.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. The KS483 cells were grown in phenol-
red-freeR-minimum essential medium (R-MEM, Gibco-BRL) supple-
mented with 10% fetal bovine serum (Gibco-BRL) and penicillin/
streptomycin (Gibco-BRL) 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
trypsin 0.125%/EDTA 0.01% solution.

For our experiments, the KS483 cells were seeded in 12-well plates
(at a density of 45 000 cells per well) inR-MEM (Gibco BRL Life
Technologies) supplemented with 10% FBS, DCC-treated. For the
experiments, cells were seeded in 12-well plates at a density of 15 000/
cm2 and cultured inR-phenol-red-free MEM supplemented with 10%
FBS, dextran-coated charcoal slurry-treated (DCC-treated). Three days
after plating, cells reached confluence and were subsequently induced
to differentiate by the addition to the culture medium 50µg/mL ascorbic
acid (Sigma) and in the absence or presence of plant extracts at four
different concentrations (100, 50, 25, and 10µg/mL). 17b-Estradiol
was also used as positive control at four different concentrations (10-6-
10-9 M). B-Glycerophosphate (Sigma) 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 usingp-nitrophenol
phosphate as substrate (kinetic alkaline phosphatase/German Society
of Clinical Chemists (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) for 5 min. Mineralized nodules were counted
by light microscopy at a 10-fold magnification.

Breast Cancer Study.Cell Culture StimulationsIGFBP3 Assay.
Cultures of MCF-7 cells (ATCC Cell Bank) were grown in Dulbecco’s
minimal essential medium (DMEM) (Gibco BRL) supplemented with

10% fetal bovine serum (Gibco BRL), 50 units/mL penicillin, and 50
µg/mL streptomycin (Gibco BRL) in T-75 cm2 flasks at 37°C, 85%
humidity, and 5% CO2 atmosphere. Stock cultures were subcultured
every 4-5 days using a trypsin 0.25% and EDTA 0.02% solution
(Gibco BRL). Cells were plated at an initial density of 250 000 cells/
well in 24-place multiwell plastic culture dishes; cells were then grown
in the same medium as above until confluence (3 days approximately).
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 and 50 units/mL penicillin and 50µg/mL streptomycin
(total volume 1 mL).

After 24 h of cell culture, estradiol (Sigma), ICI 182780 (Tocris),
or plant extracts were added, and incubation followed. A time-dependent
and dose-dependent course was carried out. Each time, the culture fluids
were collected from the dish and centrifuged at 12 000 rpm for 10 min.
The supernatants were used for IGFBP3 measurement. The cells were
removed carefully from the dish using cell-scrapers, collected in
approximately 200µL of PBS buffer, and counted using a hemocy-
tometer plate.

Time-Dependent Course. IGFBP3 was measured at zero time (before
the addition of estradiol or ICI182780), as well as after 6, 24, and 48
h of incubation with estradiol (10-10 M) or ICI182780 (10-8 M).

Dose-Dependent Course. Estradiol (10-7-10-9 M), ICI 182780
(10-8-10-9 M), or plant extracts (50, 25, and 10µg/mL) were tested
in MCF-7 cells. MCF-7 cells were also incubated with vehicle or plant
extracts (10µg/mL) in the presence of 10-8 M estradiol. ICI 182780
(10-8 M) was also incubated in the presence of 10-8 M estradiol.
IGFBP3 was measured after 24 h of incubation.

IGFBP3 Measurement. IGFBP3 was measured in all samples using
an enzymatically amplified “two-step” sandwich-type immunoassay
(DSL Diagnostic System Laboratories, Inc). Briefly, standards and
samples were incubated in microtitration wells coated with anti-IGFBP3
polyclonal antibody. After incubation and washing, the wells were
treated with another anti-IGFBP3 polyclonal antibody labeled with the
enzyme horseradish peroxidase (HRP). After the second incubation and
washing step, the wells were incubated with the substrate tetrameth-
ylbenzidine (TMB). An acidic stopping solution is then added, and the
degree of enzymatic turnover of the substrate is determined by
wavelength absorbance measurement at 620 nm.

Cervical Adenocarcinoma Study.MTT Assay or [3-(4,5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide] Method.Cultures of
Hela cells (ATCC Cell Bank) were grown in Dulbecco’s minimal
essential medium (DMEM) (Gibco BRL) supplemented with 10% fetal
bovine serum (FBS) (Gibco BRL), 50 units/mL penicillin, and 50µg/
mL streptomycin (Gibco BRL) in T-75 cm2 flasks at 37°C, 85%
humidity, and 5% CO2 atmosphere. Subcultures were carried out every
3-4 days using a trypsin 0.25% and EDTA 0.02% solution (Gibco
BRL). Cell viability was estimated by a modification of the MTT assay
(24). Briefly, cells were plated in their growth medium at density of
10 000 cells/well in 96 flat-bottomed well plate. Twenty-four hours
after plating, test substance was added at concentrations ranging from
200 to 10µg/mL in DMEM phenol-red-free. After 48 h incubation,
the medium was replaced with MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (Sigma) dissolved at a final concentration
of 1 mg/mL in serum-free, phenol-red-free medium for a further 4 h
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.

Statistical Analysis.All values are expressed as the mean( standard
deviation of four measurements. Statistical analysis was performed using
analysis of variance, one-way and post-Hoc Scheffe. Ap < 0.05 value
was considered statistically significant.

RESULTS

Bone Study. Figure 1demonstrates the effect of vehicle
control (in the absence of compounds), estradiol, and plant
extracts fromSideritis euboea, Sideritis clandestina, Marticaria
chamomilla, andPimpinella anisumon the alkaline phosphatase
activity. Plant extracts fromS. euboeaincreased significantly
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(p < 0.05) alkaline phosphatase activity at the concentration
range 50-25µg/mL with the higher effect at a concentration
of 50 µg/mL, whereas plant extracts fromS. clandestinaand
P. anisumcaused a significant (p < 0.05) increase in alkaline
phosphatase activity at concentrations 25 and 50µg/mL
respectively. Plant extracts fromM. chamomilla increased
signifficantly (p < 0.05) alkaline phosphatase activity at a
concentration range 100-50µg/mL with the higher effect at a
concentration of 100µg/mL.

Figure 2 shows the effect of vehicle control (in the absence
of compounds), estradiol, and plants extracts fromS. euboea,
S. clandestina, M. chamomilla, andP. anisumon the mineralized
nodules formation. Treatment withS. euboeaat a concentration
of 25 µg/mL stimulated the mineralization to 321% (p < 0.05)
of control. Treatment withS. clandestinastimulated significantly
(p < 0.05) the formation of mineralized nodules at a concentra-
tion range 50-25 µg/mL with the higher effect (322% of
control) at a concentration of 50µg/mL, whereasM. chamomilla
andP. anisumincreased significantly (p < 0.05) the formation
of mineralized nodules at a concentration range of 100-50 µg/
mL. M. chamomillaexerted its higher effect at a concentration
of 100µg/mL (315% of control) andP. anisumat a concentra-
tion of 50 µg/mL (302% of control).

Breast Cancer Study. Figure 3demonstrates the effect of
vehicle control (in the absence of compounds), estradiol,

Figure 1. Effect of estradiol and plant extracts on alkaline phosphatase activity (ALP) in KS483 cells. Cells were treated with vehicle control, estradiol
(10-6−10-9 M), or plant extracts (100−10 µg/mL) for 24 days, and alkaline phosphatase activity was assessed. Results are expressed as percentage
of control (vehicle). The data are expressed as mean ± standard deviation of four determinations. Asterisk denotes p < 0.05 compared to control.

Figure 2. Effect of estradiol and plant extracts on the mineralization of extracellular matrix of KS483. Cells were treated with vehicle, estradiol (10-6−
10-9 M), or plant extracts (100−10 µg/mL) for 24 days. Mineralization was determined by AR-S staining. Results are expressed as percentage of control
(vehicle). The data are expressed as mean ± standard deviation of four determinations. Asterisk denotes p < 0.05 compared to control.

Figure 3. Effect of estradiol, Sideritis euboea, Sideritis clandestina, and
ICI 182780 on IGFBP3 levels in MCF-7 cells. MCF-7 were cultured with
vehicle control, estradiol (10-7−10-9 M), plant extracts (50, 25, 10 µg/
mL), or ICI 182780 (10-8−10-9 M) for 24 h. Cells were also treated with
plant extracts (10 µg/mL) or ICI 182780 (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. Asterisk denotes p < 0.05.
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faslodex (ICI 182780), and plant extracts fromS. euboeaand
S. clandestinaon the IGFBP3 levels secreted in MCF-7 cells.
The dose response curve showed that estradiol reduced IGFBP3
levels significantly (p< 0.05) at a concentration range 10-7-
10-8 M. On the other hand, the pure antiestrogen ICI 182780
increased significantly (p< 0.05) the IGFBP3 levels at a
concentration range 10-8-10-9 M, whereas this effect was
abolished when co-incubation with estradiol 10-8 M occurred.
Plant extracts fromS. euboeaand S. clandestinaincreased
significantly (p< 0.05) the IGFBP3 levels in MCF-7 cells at a
concentration of 10µg/mL, and co-incubation with estradiol
10-8 M abolished the stimulatory effect of substances on
IGFBP3 levels implicating an estrogen receptor (ER)-mediated
effect.S. euboeaandS. clandestinaseem to have an antiestro-
genic effect on MCF-7 cells.

Figure 4 shows the effect of vehicle control (in the absence
of compounds), estradiol, faslodex (ICI 182780), and plant
extracts fromM. chamomillaand P. anisumon the IGFBP3
levels secreted in MCF-7 cells.M. chamomillaandP. anisum
increased significantly (p < 0.05) the IGFBP3 levels in MCF-7
cells at a concentration 10µg/mL, whereas coincubation with
estradiol 10-8 M abolished their stimulatory effect on IGFBP3
levels, implicating an antiestrogenic effect in MCF-7 cells.

Cervical Adenocarcinoma Study.The dose response curve
concerning the cytotoxicity of plant extracts on HeLa cells
revealed that at low concentrations there was no stimulation
above control and no inhibitory effect on cell proliferation.
However,S. cladestinashowed a proliferative effect, statistically
significant (p< 0.05), at high concentrations (200 and 100µg/
mL) andS. euboeaat concentration 200µg/mL (Figure 5).

DISCUSSION

Greek flora is very rich in aromatic plants, such asSideritis
euboea, Sideritis clandestina,Marticaria chamomilla, and
Pimpinella anisum. The water extracts of the above plants are
very rich in constituents such as flavonoids, phenolic com-
pounds, and phytoestrogens. Many studies in vivo and in vitro
concerning their individual constituents support that they show
beneficial effects on humans’ health, because they are potent
antioxidants, demonstrate antimetastastic and antitumor activity,
and prevent bone loss (17-20). Despite the plethora of data
regarding the properties of the individual plant constituents, very
little is known about the effects of their aqueous extracts on

humans’ health. The main current concerns of the food industry,
however, are the properties of the plant extracts as a whole since
these may form the basis for the development of “functional
foods”.

The objective of our study was to determine the healthy
effects of Greek plant aqueous extracts and in particular their
SERM-like effects on bone, breast, and uterine cells. Phy-
tochemicals may be a natural alternative to conventional
hormone replacement therapy for the prevention of bone loss
during menopause; therefore the discovery of such compounds
is highly desirable. Thus, in the present study, we investigated
the ability of the aqueous extracts derived fromSideritis euboea,
Sideritis clandestina,Marticaria chamomilla,and Pimpinella
anisum to induce osteoblast differentiation, as well as their
anticancer effects on breast cancer and uterine cancer cells. Our
study is the first to demonstrate that Greek plant extracts
stimulate osteoblastic cells and suppress breast cancer cells
without exhibiting proliferative effects on uterus and therefore
are potential SERM-like candidates.

We observed the biological effects on osteoblasts and MCF-7
cells at concentrations of 10-100µg/mL, which are well within
the reported in vitro concentration range of other plant extracts
(25, 26). To assess the effects of extracts on bone cells, we
used the KS483 cell line cloned from mouse calvaria, which is
a nontransformed stable subclone of a parental cell line KS483
and undergoes in vitro osteoblast differentiation in association
with formation of a bone-like mineralized extracellular matrix
(ECM) (27). Alkaline phosphatase activity measurement and
Alizarin Red-S staining are indicative of the differentiation and
mineralization process, respectively (28, 29). Our study there-
fore, based on reliable biological tests and biochemical markers
reflective of osteoblastic activity, reveals that the aqueous
extracts ofSideritis euboea,Sideritis clandestina,Marticaria
chamomilla, andPimpinella anisumstimulated differentiation
and mineralization significantly at a concentration range 50-
25 µg/mL.

The use of the IGFBP3 in MCF-7 cells is a well-established
biological response to estradiol and antiestrogens such as ICI
182780 and is a useful marker for screening compounds that
may function as estrogen agonists/antagonists and cell growth
promoters (30, 31). We treated cells with either the studied plant
extracts or ICI 182780 in the absence and in the presence of
estradiol to assess the extent to which the plant extracts inhibit
the lowering effect (estrogenic) of estradiol on IGFBP3 levels.
The stimulatory effect of the studied extracts on IGFBP3 levels
support that they act as estrogen antagonists and implicate an

Figure 4. Effect of estradiol, Marticaria chamomilla, Pimpinella anisum,
and ICI 182780 on IGFBP3 levles in MCF-7 cells. MCF-7 were cultured
with vehicle control, estradiol (10-7−10-9 M), plant extracts (50, 25, 10
µg/mL), or ICI 182780 (10-8−10-9 M) for 24 h. Cells were also treated
with plant extracts (10 µg/mL) or ICI 182780 (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. Asterisk denotes p < 0.05.

Figure 5. Effect of plant extracts on cell viability. HeLa cells were incubated
with the indicated concentrations of plant extracts (200−10 µg/mL) for 48
h. Cell viability was determined by the MTT assay. Each point of the
dose response curve is the average of four experiments. Standard
deviation was less than 4% of the average values.
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ER-mediated action. Moreover, the presence of estradiol (a
known inhibitor of IGFBP3 levels) inhibited the stimulatory
action of plant extract in a similar way to that observed when
the antiestrogen ICI 182780 was coincubated with estradiol,
speaking also for an ER-mediated activity. The antiestrogenic
effect of plant extracts on IGFBP3 levels was observed at a
concentration of 10µg/mL, whereas at higher concentrations
(25-50µg/mL), there was no effect. This is in agreement with
previous reports, which demonstrate that plant extracts may
exhibit differential activities over a physiological concentration
range (being agonist or antagonist) suggesting an estrogen-
receptor-mediated effect at low concentration and an ER-
independent effect at higher concentration (32).

In human cells, in addition to high-affinity, low-capacity ERs,
there are also type II estrogen binding sites (low-affinity, high-
capacity), which have been shown to regulate significantly
normal and malignant uterine growth via their binding to
endogenous estrogens, environmental estrogens, and particularly
flavonoids (33-36). Due to the importance of type II binding
sites (type II EBS) in regulating uterus function (an ER-
independent growth effect), we were interested in our study
whether the EBS type II is a possible mediator of the activity
of the plant extract; therefore we used HeLa cells (ER-negative)
in our experiments. The absence of proliferative effects of the
extracts on HeLa cells implicates that their action is neutral on
these cells, at least via an EBS type II dependent mechanism.

In our experiments, we cannot attribute the biological effects
observed to particular constituents, because many other com-
pounds are present in the plant extracts. Our study investigates
the effect of the plant aqueous extracts as a whole on bone
metabolism, as well as on breast and uterine tumor cells. Some
extracts derived by other plants, such as licorice root extract,
soy extract, Chinese herbal extracts, and white and red wine
extracts, demonstrate estrogen-like effects on osteoblasts and
estrogenic or anticancer effects on breast cancer cells, findings
that are in agreement with our results (25, 26, 37-41).
Moreover, our findings provide additional support to clinical
trials that tea extracts inhibit osteoporosis (42). Current data
support that some extracts may show greater effect than the
phytoestrogen genistein alone, implicating that combinations of
constituents present in plant extracts may be highly important
in the final biological activity. In addition, different fractions
of the herbs (aqueous or organic) contain compounds of different
chemistry and therefore may exhibit different types of activities.

We certainly wish to characterize the active compounds in
the Greek plant extracts studied. We are currently undertaking
extensive experiments necessary for the identification of
compounds and their active effects on bone and breast cancer
cells, as well as experiments to delineate their mechanism of
action, that is, via the estrogen receptor signaling system or via
other ER-independent pathways. An important goal in our future
studies will be to look for the possibility of synergistic
combinations, which may actually exist naturally in plants, and
extend this to clinical practice by use of combinations of cancer
chemopreventive drugs, as well as combinations of drugs with
SERM-like effects. Furthermore, in vivo trials are warranted
for further elucidation of the multiple effects of the tested
extracts on other systems such as cardiovascular, immune, and
nervous system.

ABBREVIATIONS USED

SERM, selective estrogen receptor modulator; IGFBP3,
insulin growth factor binding protein 3; MTT, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;R-MEM, R-min-

imum essential medium; FBS, fetal bovine serum; DCC,
dextran-coated charcoal; ALP, alkaline phopshatase; PBS,
phosphate-buffered saline; DMEM, Dulbecco’s minimal es-
sential medium; EDTA, ethylenediamine tetracetic acid; HRP,
horseradish peroxidase; TMB, tetramethylbenzidine.

ACKNOWLEDGMENT

We thank T. Yamashita, Head of Nephrology, Pharmaceutical
Research Laboratories, Kirin Brewery Co, Ltd, Japan, and M.
Karperien, Department of Endocrinology & Department of
Pediatrics, Lieden University Medical Center, The Netherlands,
for providing us the cell line KS483.

LITERATURE CITED

(1) Atkinson, A. S.; Ward, E. W. Clinical nutrition: 2. The role of
nutrition in the prevention and treatment of adult osteoporosis,
CMAJ 2001,165 (11), 1511-1514.

(2) Bidlack, W. R. Interrelationships of food, nutrition, diet and
health: the National Association of State Universities and Land
Grant Colleges White Paper.J. Am. Coll. Nutr.1996,15 (5),
422-433.

(3) Ferrari, C. K.; Torres, E. A. Biochemical pharmacology of
functional foods and prevention of chronic disease of aging.
Biomed. Pharmacother.2003,57 (5-6), 251-260.

(4) Flynn, A. Foods for tomorrow: the challenge for nutrition.Nutr.
Metab. CardioVasc. Dis.2001,11 (4 Suppl), 5-9.

(5) Weaver, C. M.; Liebman, M. Biomarkers of bone health
appropriate for evaluating functional foods designed to reduce
risk of osteoporosis.Br. J. Nutr. 2002, 88 (Suppl 2), S225-
S232.

(6) Kris-Etherton, M. P.; Hecker, D. K.; Bonamone, A.; Coval, M.
S.; Binkoski, E. A.; Hilpert, F. K.; Griel, E. A.; Etherton, D. T.
Bioactive compounds in foods: Their role in the prevention of
cardiovascular disease and cancer.Am. J. Med.2002,113(9B),
71S-88S.

(7) Aligiannis, N.; Kalpoutzakis, E.; Chinou, I. B.; Mitakou, S.;
Gikas, E.; Tsarbopoulos, A. Composition and antimicrobial
activity of the essential oils of five taxa of Sideritis from Greece.
J. Agric. Food Chem.2001,49 (2), 811-815.

(8) Gergis, V.; Spiliotis, V.; Poulos, C. Antimicrobial activity of
essential oils from Greek Sideritis species.Pharmazie1990,45
(1), 70-71.

(9) Magiatis, P.; Michaelakis, A.; Skaltsounis, A. L.; Haroytounian,
S. A. Volatile secondary metabolite pattern of callus cultures of
Chamomilla recutita.Nat. Prod. Lett.2001,15 (2), 125-130.

(10) Aboutal, E. A.; Nassar, M. I.; Elsakhawy, F. M.; Makland, Y.
A.; Osman, A. F.; El-Khrisy, E. A. Phytochemical and pharma-
cological studies onSideritis taurica Stephan ex Wild.J.
Ethnopharmacol.2002,82, 177-184.

(11) Venturella, P.; Bellino, A.; Marino, M. L. Three acylated flavone
glycosides fromSideritis syriaca. Phytochemistry1995,38 (2),
527-530.

(12) Topcu, G.; Goren, A. C.; Kilic, T.; Yildiz, Y. K.; Tumen, G.
Diterpenes fromSideritis trojana.Nat. Prod. Lett.2002,16 (1),
33-37.

(13) Fujimatu, E.; Ishikawa, T.; Kitajima, J. Aromatic compound
glucosides, alkyl glucoside and glucide from the fruit of anise.
Phytochemistry2003,63, 609-616.

(14) Pino, J. A. Essential oil of chamomilla recutita (L) rausch from
Iran. J. Essent. Oil Res.2002,14, 407-408.

(15) Zanoli, P.; Avallone, R.; Baraldi, M. Behavioral characterization
of the flavonoids apigenin and chrysin.Fitoterapia 2000, 71
(Suppl 1), S117-S123.

(16) Della Loggia, R.; Tubaro, A.; Dri, P.; Zilli, C.; Del Negro, P.
The role of flavonoids in the antiinflammatory activity of
Chamomilla recutita.Prog. Clin. Biol. Res.1986, 213, 481-
484.

6960 J. Agric. Food Chem., Vol. 52, No. 23, 2004 Kassi et al.



(17) Avallone, R.; Zanoli, P.; Giulia, P.; Kleinschnitz, M.; Schreier,
P.; Baraldi, M. Pharmacological profile of apigenin, a flavonoid
isolated from Marticaria chamomilla, Biochem. Pharmacol.
2000,59, 1387-1394.

(18) Cupta, S.; Afaq, F.; Mukhtar, H. Involvement of nuclear factor-
kappa B, Bax and Bcl-2 in induction of cell cycle arrest and
apoptosis by apigenin in human prostate carcinoma cells.
Oncogene2002,21 (23), 3727-3738.

(19) Lindenmeyer, F.; Li, H.; Menashi, S.; Soria, C.; Lu, H. Apigenin
acts on the tumor cell invasion process and regulates protease
production.Nutr. Cancer2001,39 (1), 139-147.

(20) Li, J.; Zheng, Y.; Zhou, H.; Su, B.; Zheng, R. Differentiation of
human gastric adenocarcinoma cell line MGc80-3 induced by
verbascoside.Planta Med.1997,63 (6), 499-502.

(21) Wagner, K. H.; Elmadfa, I. Biological relevance of terpenoids.
Overview focusing on mono-, di- and tetraterpenes.Ann. Nutr.
Metab.2003,47 (3-4), 95-106.

(22) Stamatis, G.; Kyriazopoulos, P.; Golegou, S.; Basayiannis, A.;
Skaltsas, S.; Skaltsa, H. In vitro anti-Helicobacter pyloriactivity
of Greek herbal medicines.J. Ethnopharmacol.2003,88, 175-
179.

(23) Triantafyllou, K.; Blekas, G.; Boskou, D. Antioxidative properties
of water extracts obtained by herbs of the species Lamiaceae.
Int. J. Food Sci. Nutr.2001,52 (4), 313-317.

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

(25) Choi, E. M.; Suh, K. S.; Kim, Y. S.; Choue, R. W.; Koo, S. J.
Soybean ethanol extract increases the function of osteoblastic
MC3T3-E1 cells.Phytochemistry2001,56, 733-739.

(26) Boue, S. M.; Wiese, T. E.; Nehls, S.; Burow, M. E.; Elliott, S.;
Carter-Wientjes, C. H.; Shih, B. Y.; McLachlan, Cleveland, T.
E. Evaluation of the estrogenic effects of legume extracts
containing phytoestrogens.J. Agric. Food Chem.2003, 51,
2193-2199.

(27) Yamashita, T.; Ashii, H.; Shimoda, K.; Sampath, T. K.; Katagivi,
T.; Wada, M.; Osawa, T.; Suda, T. Subcloning of three
osteoblastic cell lines with distinct differentiation phenotypes
from the mouse osteoblastic cell line KS-4.Bone1996,19 (5),
429-436.

(28) Mizutani, K.; Ikeda, K.; Kawai, Y.; Yamori, Y. Resveratrol
stimulates the proliferation and differentiation of osteoblastic
MC3T3-E1 cells.Biochem. Biophys. Res. Commun.1996,253,
859-863.

(29) Lian, J. B.; Shalhoub, V.; Aslam, F.; Frenkel, B.; Green, J.;
Hawrah, M.; Stein, G. S.; Stein, J. L. Species-specific gluco-
corticoid and 1,25-dihydroxy-vitamin D responsiveness in mouse
MC3T3-E1 osteoblasts: dexamethasone inhibits osteoblast dif-
ferentiation and vitamin D down-regulates osteocalcin gene
expression.Endocrinology1997,138 (5), 2117-2127.

(30) 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 growth factor-
binding proteins in conditioned media.Cancer Res.1993,53,
5193-5198.

(31) Huynh, H.; Yang, X.; Pollak, M. Estradiol and antiestrogens
regulate a growth inhibitory insulin-like growth factor binding

protein 3 autocrine loop in human breast cancer cells.J. Biol.
Chem.1996,271, 1016-1021.

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

(33) Markaverich, B. M.; Shoulars, K.; Alejandro, M.; Brown, T.
Purification and characterization of nuclear type II [3H] estradiol
binding sites from the rat uterus: Covalent labeling with [3H]
luteolin. Steroids2001,66, 707-719.

(34) Caltagirone, S.; Ranelletti, F. O.; Rinelli, A.; Maggiano, N.;
Colasante, A.; Musiani, P.; Aiello, F. B.; Piantelli, M. Interaction
with type II estrogen binding sites and antiproliferative activity
of tamoxifen and quercetin in human non-small-cell lung cancer.
Am. J. Respir. Cell Mol. Biol.1997,17, 51-59.

(35) Sivridis, E.; Buckley, C. H.; Fox, H. Type I and type II estrogen
and progesterone binding sites in endometrial carcinomas: their
value in predicting survival.Int. J. Gynecol. Cancer1993,3,
80-88.

(36) Washington, W.; Hubert, L.; Jones, D.; Gray, W. G. Bisphenol
a binds to the low-affinity estrogen binding site.In Vitro Mol.
Toxicol.2001,14 (1), 43-51.

(37) Kim, N. D.; Mehta, R.; Yu, W.; Neeman, I.; Livney, T.;
Amichay, A.; Poirier, D.; Nicholls, P.; Kirby, A.; Jiang, W.;
Mansel, R.; Ramachandran, C.; Rabi, T.; Kaplan, B.; Lansky,
E. Chemopreventive and adjuvant therapeutic potential of
pomegranate (Punica granatum) for human breast cancer.Breast
Cancer Res. Treat.2002,71 (3), 203-217.

(38) Hata, K.; Sugawara, F.; Ohisa, N.; Takahashi, S.; Hori, K.
Stimulative effects of (22E,24R)-ergosta-7,22-diene-3â,5a,6â-
triol from fruiting bodies ofTricholoma auratum, on a mouse
osteoblastic cell line MC3T3-E1.Biol. Pharm. Bull.2002,25
(8), 1040-1044.

(39) Klinge, C. M.; Risinger, K. E.; Watts, M. B.; Beck, V.; Eder,
R.; Jung, A. Estrogenic activity in white and red wine extracts.
J. Agric. Food Chem.2003,51 (7), 1850-1857.

(40) Campbell, M. J.; Hamilton, B.; Shoemaker, M.; Tagliaferri, M.;
Cohen, I.; Tripathy D. Antiproliferative activity of Chinese
medicinal herbs on breast cancer cells in vitro.Anticancer Res.
2002,22 (6C), 3843-3852.

(41) Ju, Y. H.; Carlson, K. E. Sun, J.; Pathak, D.; Katzenellenbogen,
B. S.; Katzenellenbogen, J. A.; Helferich, W. G. Estrogenic
effects of extracts from cabbage, fermented cabbage and acidified
brussels sprouts on growth and gene expression of estrogen-
dependent human breast cancer (MCF-7) cells.J. Agric. Food
Chem.2000,48, 4628-4634.

(42) Hegarty, V. M.; May, H. M.; Khaw, K. T. Tea drinking and
bone mineral density in older women.Am. J. Clin. Nutr. 2000,
71, 1003-1007.

Received for review February 18, 2004. Revised manuscript received
August 6, 2004. Accepted June 5, 2004. The work has been supported
by a grant (PAVE) from the General Secretariat of Research and
Technology, Ministry of Development, and the company Yiotis S.A.,
baby food producer in Greece. We also thank Bodossaki Foundation
for financing cell-culture facilities.

JF0400765

Greek Plant Extracts Exhibit SERM-like Properties J. Agric. Food Chem., Vol. 52, No. 23, 2004 6961


