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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 (HelLa) cells by use of MTT assay. Our data reveal that all the plant extracts studied
at a concentration range 10—100 ug/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 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 tegideritis 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 1—16). Studies concerning the main con-
stituents present in the above plants reveal that apigenin, an

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 diseade 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

thOd' ?mongd themdphﬁnollc tcompoundﬁ., ;]haL IS, ﬂa\,i.onc.glds’timportant constituent, is a flavonoid with a potent antioxidant
P enotlp aci 3 and p tytoes r?gens, whict tS/ OV;/ an '9);' ar}t activity and antiinvasive and apoptotic properties, playing a
properties and may act as estrogen agonists/antagonists wi r%ignificant role in osteoporosid {—19). Moreover, the bioactive
beneficial health e_ffects, for e_xample, ret_jucmg the risk of compound verbascoside is a phenolic compound known for its
cancer, OSteoporosis, anq cardiovascular Q|s@sal(1ere are antiproliferative, cytotoxic, antioxidant, and antimetastatic prop-
numerous reports rega_lrdmg the effects of individual nutritional erties 0). Terpenoids, on the other hand, are substances known
constituents present in plant-derived food; however, a few for their antiinflammatory and antiproliferative properti@4y.
Herbals have played an important role in Greek nutrition since
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In an attempt to find nutrients in plant extracts derived from 10% fetal bovine serum (Gibco BRL), 50 units/mL penicillin, and 50
Greek flora potentially acting as SERMs, that is, to prevent bone «g/mL streptomycin (Gibco BRL) in T-75 chflasks at 37°C, 85%
loss without serious side adverse effects on breast cancer andumidity, and 5% C@atmosphere. Stock cultures were subcultured
uterus, we submitted four plant extracgideritis sp., Chamo- ~ €Very 4—5 days using a trypsin 0.25% and EDTA 0.02% solution
milla sp., Pimpinella anisujnto a series of in vitro biological ~ (G1P¢0 BRL). Cells were plated at an initial density of 250 000 cells/
assays reflective of SERM profile and examined their ability well in 24-place multiwell plastic culture dishes; cells were then grown

imul he di . - lizati in the same medium as above until confluence (3 days approximately).
(2) to stimulate the differentiation and mineralization of osteo- After 3 days of cell culture, the media were changed to DMEM without

blastic cell culture by histochemical staining for Alizarin Red-S  phenol red supplemented with 2% FBS DCC (dextran-coated charcoal
(AR—=S), (b) to induce, like antiestrogens, the insulin growth sjurry)-treated and 50 units/mL penicillin and B/mL streptomycin
factor binding protein-3 (IGFBP3) in MCF-7 breast cancer cells, (total volume 1 mL).

and (c) to inhibit cell proliferation of cervical adenocarcinoma  After 24 h of cell culture, estradiol (Sigma), ICI 182780 (Tocris),

(HeLa) cells by use of MTT assay. or plant extracts were added, and incubation followed. A time-dependent
and dose-dependent course was carried out. Each time, the culture fluids
MATERIALS AND METHODS were collected from the dish and centrifuged at 12 000 rpm for 10 min.

Plant Material. All plant materials were collected between May The supernatants were used for IGFBP3 measurement. The cells were

and July of 2002 from Greek mountains. The voucher specimens wereemoved carefully from the dish using cell-scrapers, collected in
deposited in the Department of Pharmacognosy and Natural ProductsaPproximately 20QuL of PBS buffer, and counted using a hemocy-
Chemistry, School of Pharmacy, University of AtheSs ¢landestina tometer plate.
subsp. clandestin&L034, S. euboeakL009, M. recutita FO07, P. Time-Dependent Coursé5FBP3 was measured at zero time (before
anisum F023). The flowers ofSideritis euboeawere collected at the addition of estradiol or IC1182780), as well as after 6, 24, and 48
mountain Dirfis in central Evia. The flowers &ideritis clandestina h of incubation with estradiol (28° M) or ICI182780 (108 M).
subsp. clandestinavere collected from mountain Parnonas in east Dose-Dependent Course. Estradiol {1810° M), ICl 182780
Peloponnese. The flowers bfatricaria recutita (Chamomilla recutita (108-10"° M), or plant extracts (50, 25, and 1@/mL) were tested
or Marticaria chamomilla)and the seeds d?impinella anisunwere in MCF-7 cells. MCF-7 cells were also incubated with vehicle or plant
collected at east Peloponnese. extracts (1Qug/mL) in the presence of 18 M estradiol. ICI 182780
Aqueous Extracts.For the preparation of the extracts the collected (108 M) was also incubated in the presence of &0/ estradiol.
plant materials were air-dried at room temperature, pulverized, and IGFBP3 was measured after 24 h of incubation.
extracted with distilled water for 5 min at 10C. Then they were IGFBP3 Measurement. IGFBP3 was measured in all samples using
filtrated, concentrated at 5@ under reduced pressure using a rotavapor, an enzymatically amplified “two-step” sandwich-type immunoassay
and lyophilized. Those materials were kept-it5 °C until they were (DSL Diagnostic System Laboratories, Inc). Briefly, standards and
used in experiments. Yield of final extract in terms of starting crude samples were incubated in microtitration wells coated with anti-IGFBP3
materials was determined to be 10% for all agueous extracts. polyclonal antibody. After incubation and washing, the wells were
Bone Study.Cell Culture.The KS483 cell line is a nontransformed  treated with another anti-IGFBP3 polyclonal antibody labeled with the
stable subclone of a parental cell line KS4 that has the ability to form enzyme horseradish peroxidase (HRP). After the second incubation and
mineralized nodules in vitro. The KS483 cells were grown in phenol- washing step, the wells were incubated with the substrate tetrameth-

red-freea-minimum essential mediune(MEM, Gibco-BRL) supple- ylbenzidine (TMB). An acidic stopping solution is then added, and the
mented with 10% fetal bovine serum (Gibco-BRL) and penicillin/  degree of enzymatic turnover of the substrate is determined by
streptomycin (Gibco-BRL) in a COncubator (5% C@-95% air) at wavelength absorbance measurement at 620 nm.
37 °Q and subcultured every 3—4 _days at a dilution 1:5to 1:6 using  cervical Adenocarcinoma Study.MTT Assay or [3-(4,5-Dimeth-
trypsin 0.125%/EDTA 0.01% solution. _ ylthiazol-2-y1)-2,5-diphenyltetrazolium Bromide] Metha@ultures of

For our experiments, the KS483 cells_ were seed_ed in 12—wgl| plates yela cells (ATCC Cell Bank) were grown in Dulbecco’s minimal
(at a density of 45000 cells per well) m-MEM (Gibco BRL Life essential medium (DMEM) (Gibco BRL) supplemented with 10% fetal

Technologies) supplemented with 10% FBS, DCC-treated. For the povine serum (FBS) (Gibco BRL), 50 units/mL penicillin, and &g/
experiments, cells were seeded in 12-well plates at a density of 15 000/, streptomycin (Gibco BRL) in T-75 cinflasks at 37°C, 85%
cn? and cultured inu-phenol-red-free MEM supplemented with 10%  hymidity, and 5% C@atmosphere. Subcultures were carried out every
FBS, dextran-coated charcoal slurry-treated (DCC-treated). Three daysz_4 days using a trypsin 0.25% and EDTA 0.02% solution (Gibco
after plating, cells reached confluence and were subsequently inducedgRy ). Cell viability was estimated by a modification of the MTT assay
to differentiate by the addition to the culture medium/&lmL ascorbic (24). Briefly, cells were plated in their growth medium at density of
acid (Sigma) and in the absence or presence of plant extracts at fourjg gog cells/well in 96 flat-bottomed well plate. Twenty-four hours
different concentrations (100, 50, 25, and AgfmL). 17b-Estradiol after plating, test substance was added at concentrations ranging from
was also used as positive control at four different concentration$€10 o tq 10ug/mL in DMEM phenol-red-free. After 48 h incubation,
10°° M). B-Glycerophosphate (Sigma) was added after day 10. The {he medium was replaced with MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
medium with the reagents was refreshed every 8lays for 24 days  giphenyltetrazolium bromide] (Sigma) dissolved at a final concentration

in total. o ) of 1 mg/mL in serum-free, phenol-red-free medium for a further 4 h
Alkaline Phosphatase Activitht the end of the culture period, the  jncybation. Then, the MTT—formazan was solubilized in 2-propanol,
cell layer was washed with PBS and then frozer2@ °C). For the and the optical density was measured at a wavelength of 550 nm and

determination of alkaline phosphatase activity, cells were sonicated for 5 reference wavelength of 690 nm.
15 s in 0.1 M Tris buffer, pH 7.2, containing 0.1% Triton X-100.
Alkaline phosphatase activity was measured by ugngtrophenol
phosphate as substrate (kinetic alkaline phosphatase/German Societ
of Clinical Chemists (ALP/DGKC) method). Total protein was also
determined by Bradford method.

Assay for MineralizationAfter 24 days, the cultures in 12-well plates
were rinsed with PBS, followed by fixation with 5% formalin for 10 ~RESULTS

min, and stained for calcium deposition with Alizarin Red-S (solution . .
2%, pH= 5.5) (Sigma) for 5 min. Mineralized nodules were counted Bone Study. Figure 1demonstrates the effect of vehicle

by light microscopy at a 10-fold magnification. control (in thg ab_s_,ence of cpmp_qunds), esFradioI,_anc_i plant
Breast Cancer Study.Cell Culture StimulatiorrlGFBP3 Assay. extracts fronSideritis euboegSideritis clandestinaviarticaria

Cultures of MCF-7 cells (ATCC Cell Bank) were grown in Dulbecco’s  chamomilla andPimpinella anisunon the alkaline phosphatase

minimal essential medium (DMEM) (Gibco BRL) supplemented with ~ activity. Plant extracts frons. euboeancreased significantly

Statistical Analysis.All values are expressed as the meastandard
deviation of four measurements. Statistical analysis was performed using
Analysis of variance, one-way and post-Hoc Scheffp.¥A0.05 value
was considered statistically significant.
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Figure 1. Effect of estradiol and plant extracts on alkaline phosphatase activity (ALP) in KS483 cells. Cells were treated with vehicle control, estradiol

(1076-10° M), or plant extracts (100-10 wg/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.
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Figure 2. Effect of estradiol and plant extracts on the mineralization of extracellular matrix of KS483. Cells were treated with vehicle, estradiol (10-6-

107° M), or plant extracts (100—10 xg/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.

(p < 0.05) alkaline phosphatase activity at the concentration & P —
range 50—25g/mL with the higher effect at a concentration i :

of 50 ug/mL, whereas plant extracts fro clandestinand

P. anisumcaused a significanp(< 0.05) increase in alkaline

phosphatase activity at concentrations 25 and (&@mL
respectively. Plant extracts frorM. chamomillaincreased

signifficantly (p < 0.05) alkaline phosphatase activity at a

concentration range 100—5@/mL with the higher effect at a

concentration of 10&g/mL.

Figure 2 shows the effect of vehicle control (in the absence

of compounds), estradiol, and plants extracts fi@neuboea,
S. clandestina, M. chamomillandP. anisunmon the mineralized
nodules formation. Treatment wiff. euboeat a concentration

of 25 ug/mL stimulated the mineralization to 321% € 0.05)

of control. Treatment witls. clandestinatimulated significantly

(p < 0.05) the formation of mineralized nodules at a concentra-

tion range 56-25 ug/mL with the higher effect (322% o
control) at a concentration of 3@/mL, wheread. chamomilla
andP. anisumincreased significantlyp( < 0.05) the formation
of mineralized nodules at a concentration range of-180ug/

mL. M. chamomillaexerted its higher effect at a concentration

f

of 100ug/mL (315% of control) andP. anisumat a concentra-

tion of 50 ug/mL (302% of control).
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Figure 3. Effect of estradiol, Sideritis euboea, Sideritis clandestina, and
ICI 182780 on IGFBP;3 levels in MCF-7 cells. MCF-7 were cultured with
vehicle control, estradiol (10-7-10~° M), plant extracts (50, 25, 10 ug/
mL), or ICI 182780 (10-8-10—° M) for 24 h. Cells were also treated with
plant extracts (10 ug/mL) or ICI 182780 (10~8 M) in the presence of
estradiol (E) (108 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.

IGFBP3 (% of control)

Breast Cancer Study. Figure 3demonstrates the effect of
vehicle control (in the absence of compounds), estradiol,
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Figure 4. Effect of estradiol, Marticaria chamomilla, Pimpinella anisum,
and ICI 182780 on IGFBP; levles in MCF-7 cells. MCF-7 were cultured
with vehicle control, estradiol (10~7-=10~° M), plant extracts (50, 25, 10
wug/mL), or ICI 182780 (10-8-10-° M) for 24 h. Cells were also treated
with plant extracts (10 xg/mL) or ICI 182780 (10~8 M) in the presence of
estradiol (E,) (108 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.

faslodex (ICl 182780), and plant extracts fr@®n euboeand
S. clandestinan the IGFBP3 levels secreted in MCF-7 cells.
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Figure 5. Effect of plant extracts on cell viability. HeLa cells were incubated
with the indicated concentrations of plant extracts (200—-10 «g/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.

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

The dose response curve showed that estradiol reduced IGFBP3ffects of Greek plant aqueous extracts and in particular their

levels significantly (p< 0.05) at a concentration range ¥6-
1078 M. On the other hand, the pure antiestrogen ICI 182780
increased significantly (p< 0.05) the IGFBP3 levels at a
concentration range 18-10"° M, whereas this effect was
abolished when co-incubation with estradiol 80 occurred.
Plant extracts fromS. euboeaand S. clandestinaincreased
significantly (p < 0.05) the IGFBP3 levels in MCF-7 cells at a
concentration of 1Qg/mL, and co-incubation with estradiol
108 M abolished the stimulatory effect of substances on
IGFBP3 levels implicating an estrogen receptor (ER)-mediated
effect.S. euboeandS. clandestingeem 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 cellsl. chamomillaandP. anisum
increased significantlyp( < 0.05) the IGFBP3 levels in MCF-7
cells at a concentration 1@y/mL, whereas coincubation with
estradiol 108 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

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 fr8ideritis euboea
Sideritis clandestinaMarticaria chamomilla,and Pimpinella
anisumto 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 ¥100ug/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

revealed that at low concentrations there was no stimulation jizarin Red-S staining are indicative of the differentiation and

above control and no inhibitory effect on cell proliferation.
However,S. cladestinshowed a proliferative effect, statistically
significant (p< 0.05), at high concentrations (200 and 1@
mL) and S. euboeat concentration 20Qg/mL (Figure 5).

DISCUSSION

Greek flora is very rich in aromatic plants, suchSideritis
euboea, Sideritis clandestina,Marticaria chamomilla, and

mineralization process, respectiveB8(29). Our study there-
fore, based on reliable biological tests and biochemical markers
reflective of osteoblastic activity, reveals that the aqueous
extracts ofSideritis euboeasSideritis clandestinaMarticaria
chamomilla, and?impinella anisunstimulated differentiation
and mineralization significantly at a concentration range- 50
25 ug/mL.

The use of the IGFBP3 in MCF-7 cells is a well-established

Pimpinella anisum. The water extracts of the above plants are biological response to estradiol and antiestrogens such as ICI
very rich in constituents such as flavonoids, phenolic com- 182780 and is a useful marker for screening compounds that
pounds, and phytoestrogens. Many studies in vivo and in vitro may function as estrogen agonists/antagonists and cell growth
concerning their individual constituents support that they show promoters 80, 31). We treated cells with either the studied plant
beneficial effects on humans’ health, because they are potentextracts or ICI 182780 in the absence and in the presence of
antioxidants, demonstrate antimetastastic and antitumor activity,estradiol to assess the extent to which the plant extracts inhibit
and prevent bone loss (17—20). Despite the plethora of datathe lowering effect (estrogenic) of estradiol on IGFBP3 levels.
regarding the properties of the individual plant constituents, very The stimulatory effect of the studied extracts on IGFBP3 levels
little is known about the effects of their aqueous extracts on support that they act as estrogen antagonists and implicate an
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ER-mediated action. Moreover, the presence of estradiol (aimum essential medium; FBS, fetal bovine serum; DCC,

known inhibitor of IGFBP3 levels) inhibited the stimulatory dextran-coated charcoal; ALP, alkaline phopshatase; PBS,
action of plant extract in a similar way to that observed when phosphate-buffered saline; DMEM, Dulbecco’s minimal es-

the antiestrogen ICI 182780 was coincubated with estradiol, sential medium; EDTA, ethylenediamine tetracetic acid; HRP,

speaking also for an ER-mediated activity. The antiestrogenic horseradish peroxidase; TMB, tetramethylbenzidine.

effect of plant extracts on IGFBP3 levels was observed at a
concentration of 1Qig/mL, whereas at higher concentrations

(25—50ug/mL), there was no effect. This is in agreement with

previous reports, which demonstrate that plant extracts may \ye thank T. Yamashita, Head of Nephrology, Pharmaceutical
exhibit differential activities over a physiological concentration pacearch Laboratories. Kirin Brewery Co, Ltd, Japan, and M.

range (being agonist or antagonist) suggesting an EEStrOgen'Karperien, Department of Endocrinology & Department of

_receptor-mediated effe_ct at low conce_ntration and an ER- Pediatrics, Lieden University Medical Center, The Netherlands,
independent effect at higher concentration (32). for providing us the cell line KS483.

In human cells, in addition to high-affinity, low-capacity ERs,
there are also type Il estrogen binding sites (low-affinity, high-
capacity), which have been shown to regulate significantly LITERATURE CITED
normal and malignant uterine growth via their binding to
endogenous estrogens, environmental estrogens, and particularly
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