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Abstract:

Genistein, a major phytoestrogen of soy, is considered a potential drug for prevention and treatment of postmenopausal osteoporosis.

It is not clear whether mechanism of action of genistein on bone turnover is distinct from that of estradiol or raloxifene.

The aim of the present study was to investigate the effects of genistein on the formation of osteoclasts from neonatal rat bone marrow

cells in vitro, and compare them with those of estradiol and raloxifene. Formation of osteoclasts was stimulated by

1,25-dihydroxyvitamin D�, added to the culture media on the second day after plating, together with genistein (10��–10�� M),

estradiol (10���–10�� M) or raloxifene (10��–10�� M). The bone marrow cell culture lasted 7 or 9 days. Number of osteoclasts and

number of osteoclast “ghosts” (necrotic giant cells) were determined.

Genistein, estradiol and raloxifene, at some concentrations, decreased the number of osteoclasts after 9-day culture of bone marrow

cells. Genistein decreased the number at 10�� M because of decreasing the viability of osteoclasts, whereas at 10�� M due to

attenuation of osteoclast formation. Estradiol decreased the osteoclast number at 10��M due to decreasing their viability, whereas at

10�� and 10�� M it was the effect of both decreasing the viability and inhibition of the formation. Decreases in the number of

osteoclasts caused by raloxifene (10��, 10�� M) were the effect of decreasing the viability of these cells.
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Introduction

Postmenopausal osteoporosis is the most common

type of the bone loss. The main pathogenetic factor of

postmenopausal osteoporosis is a hormone-dependent

increase in bone resorption and accelerated loss of

bone mass in the first 5–10 years after the menopause

[20]. Estrogen deficiency leads to the increased rate

of bone remodeling (both resorption and formation).

The imbalance between bone resorption and forma-

tion in favor of the former observed in postmeno-

pausal osteoporosis is due to changes in the working

lifespan of osteoclasts and osteoblasts, as estrogen ex-

erts pro-apoptotic effects on osteoclasts and anti-

apoptotic effects on osteoblasts and osteocytes [17].

Estrogen replacement therapy (ERT) has been

widely used to prevent or treat post-menopausal os-

teoporosis. However, ERT increases the risk of breast

cancer and may have other undesirable side effects [6,

9]. There is growing interest in the discovery or de-

velopment of compounds that provide the benefits of

ERT but do not lead to estrogen-dependent risks and

side effects [5]. Selective estrogen receptor modula-
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tors (SERMs) are compounds with both estrogen ago-

nist and antagonist activity. Raloxifene, a representative

of the SERMs, was introduced several years ago for both

osteoporosis prevention and treatment in postmenopausal

women [5]. In the past few years, natural estrogen-like

molecules have attracted attention for their potential roles

in the prevention and treatment of osteoporosis [9].

Genistein is the major phytoestrogen of soybeans

and soy-based products. Phytoestrogens are a hetero-

geneous group of non-steroidal plant-derived com-

pounds that exhibit estrogen-like effects in estrogen

target tissues, including bone [31]. Phytoestrogens

have demonstrated numerous biological actions. At

the molecular level, apart from acting on estrogen re-

ceptors, genistein inhibits the activity of ATP utilizing

enzymes such as: tyrosine-specific protein kinases, to-

poisomerase II and enzymes involved in phosphatidyl-

inositol turnover. At the cellular level, genistein in-

duces apoptosis and differentiation of cancer cells, in-

hibits cell proliferation, modulates cell cycling, exerts

antioxidant effects, inhibits angiogenesis, and sup-

presses lymphocyte functions [21]. The inhibitory ef-

fects of genistein on the osteoclast formation induced

by different stimulatory factors [2, 12, 35] and on os-

teoclast function [1, 7, 13, 15, 33] were reported.

Genistein was also reported to affect osteoblast activ-

ity in the similar way to estradiol [23]. In rodents, fa-

vourable effects of genistein were described in

ovariectomy-induced osteopenia [3, 7, 10, 14, 16].

The aim of the present study was to investigate the ef-

fects of genistein on the culture of osteoclasts, formed

from neonatal rat bone marrow cells in vitro, and to com-

pare them with those of estradiol and raloxifene. It is not

clear whether mechanism of action of genistein on bone

turnover is distinct from that of estradiol or raloxifene. In

the present study, we used the model of osteoclast forma-

tion with 1,25-dihydroxyvitamin D3 as a stimulatory fac-

tor. Also we examined the effect of genistein, estradiol

and raloxifene on the short-term culture of primary osteo-

clasts, obtained from the rat bone marrow.

Materials and Methods

Materials

The following media and reagents were used in this

study: Dulbecco’s modified Eagle medium (DMEM)

(Gibco, UK), DMEM without Na pyruvate and NaHCO3

(Gibco), HEPES buffer solution 1 M (Gibco), sodium

pyruvate 0.1 M (Sigma, USA), Dulbecco’s phosphate

buffered saline (PBS) (Sigma), MEM � medium

(�-MEM) (Gibco), penicillin-streptomycin solution

with 10 000 units penicillin and 10 mg streptomycin

per ml of 0.9% NaCl (Sigma), fetal bovine serum

(FBS) (Gibco), 1�,25-dihydroxycholecalciferol (Sigma),

�-estradiol (Sigma), cacodylic acid (Sigma), parafor-

maldehyde (Sigma), leucocyte acid phosphatase kit

(Sigma Diagostics, procedure 386). Raloxifene hy-

drochloride and genistein were synthesized in Phar-

maceutical Research Institute, Warszawa (Poland).

Osteoclast formation from rat bone marrow cells

Pregnant Wistar rats were obtained from the Animal

Farm, Medical University of Silesia. Bone marrow

cells from long bones of 3–10-day-old rats were ob-

tained and cultured as previously described [29, 30].

The procedure of the experiments on animals was ap-

proved by the Local Ethics Commission, Katowice.

Long bones from neonatal rats were aseptically re-

moved and dissected free of soft tissues. Bones were

longitudinally sectioned and marrow cavities were

flushed with DMEM, containing 10% (v/v) FBS, and

1% (v/v) penicillin/streptomycin solution, buffered

with 10 mmol/l HEPES. The suspension containing

bone fragments was pipetted to release the cells. Cell

suspension was centrifuged at 250 × g for 10 min after

sedimentation of the bone fragments. Pellet was re-

suspended in DMEM with 10% (v/v) FBS and 1%

(v/v) penicillin/streptomycin solution (final concen-

trations of 100 U/ml of penicillin and of 0.1 mg/ml of

streptomycin). Bone marrow cells were then plated in

12- or 48-well culture plates (Nunc) and incubated at

37°C in 5% CO2 in humidified air. The next day after

plating, the medium was replaced with fresh medium

with addition of 1,25-dihydroxyvitamin D3 (10–8 M)

and the investigated compounds. Genistein was used

at concentrations of 10–8, 10–7, 10–6, 10–5 M, estradiol

– at 10–10, 10–9, 10–8, 10–7 M, raloxifene – at 10–9,

10–8, 10–7, 10–6 M.

The culture media were refreshed every second

day. The culture was terminated 7 or 9 days after plating.

Culture medium was discarded and the cells were

rinsed twice with 0.1 M cacodylate buffer (pH 7.2)

and fixed for 15 min at room temperature with 3%

paraformaldehyde in the cacodylate buffer. Cells were

then rinsed twice with cacodylate buffer and stained for

tartrate-resistant acid phosphatase (TRAP). TRAP stain-
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ing was performed histochemically with a commer-

cially available kit (Sigma Diagostics, procedure 386)

[29].

Large, multinucleated TRAP-positive cells were

considered osteoclasts. Some osteoclasts died during

the culture, remaining visible as characteristic and

easily recognizable osteoclast “ghosts” [30].

The number and mean diameter of viable osteo-

clasts, the number of osteoclast “ghosts”, the total

number of osteoclast-like giant cells (osteoclasts and

osteoclast “ghosts”) and proportion of osteoclasts in

the total number of osteoclast-like giant cells were de-

termined. The histomorphometric measurements were

made using a microscope Optiphot-2 (Nikon), con-

nected through RGB camera (Cohu) to personal com-

puter (program Lucia G 4.51, Laboratory Imaging),

with final magnifications of 100–500 times.

The results were obtained in two independent ex-

periments. Results concerning the number of osteo-

clasts (recalculated for a 48-well plate well – 1.1 cm2)

and mean diameter of osteoclasts are presented as

means ± SEM (n = 3–9 wells). Results concerning the

proportion of osteoclasts in the total number of

osteoclast-like giant cells were obtained from all

counted cells. Student’s t-test for unpaired observa-

tions and �2 test were used, when appropriate, to com-

pare the results in experimental groups with those in

controls.

Primary osteoclast culture

Primary osteoclasts present in the rat bone marrow

were used to examine the effect of the investigated

compounds. Bone marrow cells were obtained from

10–12-day-old rats in the same way as described

above, however, after centrifugation, the pellet was

resuspended in �-MEM containing 10% (v/v) FBS,

1% (v/v) penicillin/streptomycin solution and 1,25-

dihydroxyvitamin D3 (10–8 M). Cells were allowed to

settle onto glass coverslips at 37°C, in 5% CO2 in hu-

midified air. After 45 min, nonadherent cells were re-

moved by vigorous agitation in PBS. The coverslips

were then placed into culture dishes with �-MEM

containing 10% (v/v) FBS, 1% (v/v) penicillin/strep-

tomycin solution and 1,25-dihydroxyvitamin D3 (10–8

M) with or without the investigated compounds.

Genistein was used at concentrations of 10–8, 10–7,

10–6, 10–5, estradiol – at 10–10, 10–9, 10–8, 10–7 M, ra-

loxifene – at 10–9, 10–8, 10–7, 10–6 M. Cells were cul-

tured for 24 h at 37°C, in 5% CO2 in humidified air.

At the end of the incubation period, cells on cov-

erslips were fixed and stained for TRAP, as described

above, in order to visualize primary osteoclasts.

TRAP-positive cells, containing at least three nu-

clei, were considered primary osteoclasts and were

measured and counted (over the area of 6.5 mm2).

Student’s t-test for unpaired observations was used to

compare the results in experimental groups with those

in controls.

Results

Osteoclast formation from rat bone marrow

cells

After 7 days of the culture, genistein, estradiol and ra-

loxifene did not statistically significantly affect the

process of osteoclast formation and viability (data not

shown). However, 9-day culture of the bone marrow

cells in the presence of the investigated drugs (for

8 days) enabled observation of different effects of the

studied compounds on the formation and viability of

osteoclasts (Tab. 1).

In the presence of genistein, statistically significant

decreases in the number of osteoclasts, in comparison

with controls, were observed when the lowest (10–8 M)

and the highest (10–5 M) concentrations were used.

However, the reasons of the decreases seemed to be

different.

At both lower doses (10–8, 10–7 M) of genistein,

there was a decrease in osteoclast viability (a decrease

in the proportion of osteoclasts in the total number of

osteoclast-like giant cells, statistically significant at

a concentration of 10–8 M). At a concentraton of 10–7

M genistein caused intensification of the process of

osteoclast formation (a statistically significant in-

crease in the total number of osteoclast-like giant

cells). At the higher concentrations (10–6, 10–5 M),

genistein inhibited the osteoclast formation (a statisti-

cally significant decrease in the number of osteoclasts

and the total number of osteoclast-like giant cells at

a concentration of 10–5 M) with no effect on the os-

teoclast viability at 10–6 M and inhibition of osteo-

clast death at 10–5 M (a statistically significant in-

crease in the proportion of osteoclasts in the total

number of osteoclast-like giant cells).
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The addition of estradiol to the culture media

caused concentration-dependent decreases in the

number of osteoclasts in relation to controls, statisti-

cally significant at concentrations of 10–9–10–7 M. At

the lower concentrations used (10–10, 10–9 M), estra-

diol slightly induced osteoclast formation, whereas at

the higher concentrations (10–8, 10–7 M) the forma-

tion was inhibited (the changes in the total number of

osteoclast-like giant cells were not statistically sig-

nificant in relation to controls). Estradiol at a concen-

tration of 10–10 M did not affect osteoclast viability,

and at concentrations of 10–9–10–7 M, it induced osteo-

clast death (statistically significantly at 10–9 and 10–8

M).

Raloxifene at the concentrations of 10–9 and 10–8

M statistically significantly decreased the number of

osteoclasts. At concentrations of 10–8 and 10–7 M, ra-

loxifene moderately increased osteoclast formation

(statistically insignificant increases in the total

number of osteoclast-like giant cells). At concentra-

tions of 10–9–10–7 M, raloxifene caused induction of

osteoclast death (statistically significant decreases in

the proportion of osteoclasts in the total number of

osteoclast-like giant cells at concentrations of 10–8

and 10–7 M) and at a concentration of 10–6 M, it did not

statistically significantly affect the osteoclast viability.

Genistein, estradiol and raloxifene did not affect

the osteoclast diameter in a consistent way.

Primary osteoclast culture

Genistein (10–7–10–5 M) increased the number of pri-

mary osteoclasts on the coverslips (statistically sig-

nificantly at the higher concentrations of 10–6 and

10–5 M) (Tab. 2). In the presence of estradiol, the

number of primary osteoclasts adhering to the cov-

erslips decreased (statistically significantly at the

lower concentrations of 10–10 and 10–9 M). Ra-

loxifene did not significantly affect the number of pri-

mary osteoclasts.

Genistein, estradiol and raloxifene did not affect

the size of the primary osteoclasts.
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Tab. 1. Effects of genistein, estradiol and raloxifene on the cultured rat osteoclasts (9-day culture) formed from bone marrow cells

Parameter Number of
osteoclasts/well

Diameter of
osteoclasts [µm]

Number of osteoclast
“ghosts”/well

Total number of
osteoclast-like
giant cells/well

Proportion of osteoclasts in the total
number of osteoclast-like giant cells

[%]

Control 6.25 ± 0.65 296.84 ± 12.04 12.09 ± 2.63 18.34 ± 2.99 35.60

Genistein 10�� M 3.06 ± 1.03* 266.55 ± 54.00 16.81 ± 6.73 19.87 ± 5.73 22.13**

Genistein 10�� M 7.41 ± 2.49 336.19 ± 20.68 23.03 ± 4.50 30.44 ± 3.53* 29.25

Genistein 10�� M 4.88 ± 1.24 370.30 ± 48.02* 8.35 ± 2.19 13.23 ± 3.30 36.04

Genistein 10�� M 4.29 ± 0.37* 283.32 ± 51.79 2.76 ± 0.66 7.05 ± 0.64* 57.69**

Estradiol 10��� M 4.46 ± 2.91 271.98 ± 41.36 18.29 ± 14.54 22.74 ± 14.55 34.29

Estradiol 10�� M 3.01 ± 1.53* 357.13 ± 29.98* 22.70 ± 15.77 25.71 ± 16.69 16.53***

Estradiol 10�� M 2.70 ± 1.35* 243.13 ± 43.78 10.31 ± 5.55 13.01 ± 6.81 22.97*

Estradiol 10�� M 2.76 ± 1.15* 279.72 ± 42.63 12.21 ± 6.99 14.97 ± 7.17 26.19

Raloxifene 10�� M 3.41 ± 0.34* 276.87 ± 27.59 15.84 ± 9.09 19.25 ± 8.91 25.24

Raloxifene 10�� M 4.06 ± 0.03* 291.75 ± 18.76 25.53 ± 5.87* 29.59 ± 5.84 15.54***

Raloxifene 10�� M 5.33 ± 0.19 276.87 ± 21.94 18.84 ± 6.99 24.17 ± 6.80 21.43**

Raloxifene 10�� M 6.45 ± 1.87 287.57 ± 20.98 13.17 ± 6.42 19.62 ± 4.73 44.35

Results are presented as means ± SEM (n = 3–9). Student’s t-test for unpaired observations was used to compare the results concerning the
number and size of osteoclasts in cultures treated with genistein, estradiol or raloxifene with those in the control culture. �

� test was used to
compare the proportion of osteoclasts in the total number of osteoclast-like giant cells in the cultures treated with genistein, estradiol or ra-
loxifene with that in the control culture. * p < 0.05, ** p < 0.01, *** p < 0.001



Discussion

In the present study, we compared effects of three

compounds affecting in different ways estrogen re-

ceptors: genistein, estradiol and raloxifene on osteo-

clast formation and viability.

Osteoclasts are multinucleated cells that are re-

sponsible for the resorption of bone. Osteoclasts are

formed from hematopoietic cells of the monocyte

/macrophage lineage. Various osteotropic hormones

and cytokines, including l,25-dihydroxyvitamin D3,

macrophage colony-stimulating factor, parathormone,

PGE2, interleukin-1 and interleukin-6, affect osteo-

clastogenesis at distinct stages of the development of

osteoclasts [35]. The processes of differentiation and

fusion can be reproduced in a culture system of bone

marrow cells of neonatal rats in the presence of 1,25-

dihydroxyvitamin D3, used in the present study. The

cultures were ended 7 and 9 days after plating. Cells

formed in vitro differed from the primary osteoclasts,

which were present in the bone marrow, in terms of

their size, which was much bigger.

Both the number and the activity of osteoclasts are

critical for maintaining normal bone turnover. The

number is determined by rates of cell differentiation

and death [34].

During the culture of the bone marrow cells, some

formed osteoclasts died, remaining visible as charac-

teristic, easily recognizable “ghosts” [30]. As some of

the remainders of necrotic giant cells could be not the

osteoclast debris, the counts of the number of osteo-

clast ”ghosts” may only be of approximate accuracy.

Nevertheless, analysis of the proportion of osteoclasts

in the total number of osteoclast-like giant cells (os-

teoclasts and osteoclast “ghosts”) enabled rough esti-

mation of the influence of the examined compounds

on the osteoclast survival.

Fetal bovine serum (FBS), used in the present

study, contained estrogens (estradiol level 32.25

pg/ml, according to the producer’s statement), which

could affect the experiment. However, the estradiol

level of the FBS origin, present in the culture media

(1.18 × 10–11 M) was more than 8 times lower than

the lowest drug concentration used in the study. Thus,

it seems that the effect of estradiol of FBS origin on

the cultures could be disregarded.

In the present study, genistein, estradiol and ra-

loxifene decreased, at least at some concentrations,

the number of osteoclasts, formed from the rat bone

marrow cells, which is consistent with many other re-

ports [12, 26, 29]. However, in our experiments, also

the total number of the formed osteoclast-like giant

cells (osteoclasts and osteoclast “ghosts”) was taken

into account and differences between the effects of the

three compounds were observed. At the used concen-

trations, most of effects were not concentration-

dependent, indicating, in some cases, contrary effects

of high and low concentrations.

The present study enabled observation of induction

of the osteoclast formation under influence of lower

used concentrations of genistein (10–7 M), estradiol

(10–10 and 10–9 M) and raloxifene (10–7 and 10–8 M)

and inhibition of osteoclast formation at the higher

concentrations of genistein (10–6–10–5 M) and estra-

diol (10–8–10–7 M), but not raloxifene.

Genistein (10–8–10–7 M), estradiol (10–9–10–7 M)

and raloxifene (10–9–10–7 M) decreased osteoclast vi-

ability. Moreover, genistein at the highest concentra-

tion used (10–5 M) significantly increased osteoclast

viability.

Taking the above into account, we may conclude

that the number of osteoclasts decreased in the pres-

ence of genistein at a concentration of 10–8 M because
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Tab. 2. Effects of genistein, estradiol and raloxifene on the primary rat
osteoclasts cultured for 24 h

Parameter Number of osteoclasts Diameter of osteoclasts
[µm]

Control 10.62 ± 1.07 29.67 ± 2.73

Genistein 10�� M 8.75 ± 0.85 29.42 ± 2.61

Genistein 10�� M 13.00 ± 2.20 28.69 ± 1.27

Genistein 10�� M 17.50 ± 1.16* 29.50 ± 1.09

Genistein 10�� M 14.75 ± 0.95* 29.84 ± 1.78

Estradiol 10��� M 6.25 ± 1.32* 30.28 ± 1.58

Estradiol 10�� M 6.50 ± 1.04* 32.45 ± 1.98

Estradiol 10�� M 8.50 ± 1.66 32.79 ± 3.06

Estradiol 10�� M 7.50 ± 0.96 33.01 ± 3.43

Raloxifene 10�� M 7.75 ± 1.18 32.19 ± 2.80

Raloxifene 10�� M 12.33 ± 2.33 33.98 ± 3.13

Raloxifene 10�� M 11.25 ± 1.65 28.74 ± 2.81

Raloxifene 10�� M 7.25 ± 1.65 29.70 ± 2.67

Results are presented as means ± SEM (n = 4). The number of osteo-
clasts on the area of 6.5 mm� was counted. Student’s t-test for un-
paired observations was used to compare the results in cultures
treated with genistein, estradiol or raloxifene with those in the control
culture. * p < 0.05



of induction of osteoclast death, whereas it decreased

in the presence of genistein at a concentration of 10–5

M because of the attenuation of osteoclast formation.

The decrease in the number of osteoclasts caused by

estradiol at a concentration of 10–9 M was the effect

of induction of osteoclast death, whereas at higher

concentrations (10–8, 10–7 M) it could have been the

effect of both induction of their death and inhibition

of their formation. The decreases in the number of os-

teoclasts caused by raloxifene were solely the effect

of induction of osteoclasts death.

The inhibitory effect on osteoclast formation and

the inductive effect on osteoclast apoptosis are be-

lieved to contribute to the mechanism of beneficial

action of estrogen on bones [17, 24]. However, in the

present study, in case of genistein, the two effects did not

take place simultaneously at the same concentrations.

The effects of raloxifene on the formation of osteo-

clasts differed from those of estradiol and genistein.

The results of the present study are in contrast to those

of Ramalho et al. [22] who did not observe the effect

of estradiol and raloxifene on the apoptosis of cul-

tured human osteoclasts. Similarly to the results of the

present study, raloxifene at lower concentrations re-

duced the number of mouse osteoclasts cultured under

similar conditions and at a concentration of 10–7 M

the inhibitory effect of raloxifene was abolished [29].

In the short-term primary osteoclast culture, the

changes in the number of osteoclasts on the coverslips

(counted after 24 h of the culture) may be the result of

the effect of the investigated drugs on the osteoclast

adhesion to the glass and possibly their viability. The

increase in the number of primary osteoclasts under

the influence of genistein is consistent with the in-

creased osteoclast survival caused by the highest con-

centration of genistein observed in the 9-day culture

of the bone marrow cells. This may indicate the possi-

bility of unfavorable effects of higher concentrations

of genistein on bones. In fact, in ovariectomized lac-

tating rats, genistein had a biphasic effect on bone

mineral, with a lower dose improving bone status and

higher doses having less of an effect [3]. On the other

hand, genistein was reported to decrease the number

of osteoclasts after 48 h rat bone cell culture in vitro

[13]. The decrease in the number of primary osteo-

clasts caused by estradiol at lower, similar to physio-

logical concentrations is consistent with the decreases

in osteoclast number described for estrogens. Saintier

et al. [25], who examined the in vitro effect of estra-

diol and raloxifene on human osteoclast differentia-

tion and function, found that estradiol and raloxifene

decreased the expression of �3-integrin mRNA and

protein and directly inhibited bone resorption on bone

slices. In the present study, raloxifene did not affect

the short-term osteoclast culture.

Genistein, a major phytoestrogen of soy, is consid-

ered a potential drug for prevention and treatment of

postmenopausal osteoporosis.

Estrogens play an important role in the develop-

ment and maintenance of the skeleton. Their effects

are mediated via interactions with two estrogen recep-

tor subtypes, � and � (ER� and ER�) [5, 8]. Although

both ER� and ER� are present in bones, their roles in

the hyperresorption caused by a lack of estrogen are

not clear [22].

Estrogens, SERMs and phytoestrogens exhibit dif-

ferent clinical profiles differentially regulating the

transcriptional activities of ER� and ER� [5].

Estrogens are full agonists in all tissues because

they nonselectively bind to ER� and ER�. They acti-

vate gene transcription through the estrogen response

element (ERE) and AP-1 (a transcription factor com-

prised of two proteins, c-Jun and c-Fos) pathways,

and they repress gene transcription. Estrogens trigger

all of the transcriptional pathways mediated by ER�

and ER�; they produce all of the beneficial effects ob-

served clinically, but they also cause adverse effects [5].

In contrast to estrogens, SERMs exert antagonistic

activity in some tissues and agonistic activity in the

others. Raloxifene acts as a SERM because it blocks

the ERE pathway and activates the AP-1 pathway [5].

Raloxifene has an ER�-selective partial agonist/an-

tagonist function but a pure antagonist effect through

ER� [6].

Genistein has significantly higher affinity (and po-

tency) for ER� than ER�. However, genistein is only

a partial agonist of ER� and a full agonist of ER� [6].

Phytoestrogens are sometimes considered natural

SERMs [5, 32].

Results of the present study indicate that the mode

of action of genistein on the formation of osteoclasts

was more similar to that of estradiol than to that of ra-

loxifene, which may be connected with agonistic ac-

tivity at both estrogen receptors. The observation is

consistent with the results of Rickard et al. [23], who

compared effects of genistein with those of estradiol

and raloxifene on human osteoblasts, and found that

genistein, but not raloxifene, mimicked estradiol in

affecting gene expression of progesterone receptor,
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the proteoglycan versican, alkaline phosphatase and

osteopontin, and production of interleukin-6 protein.

To date, few studies have evaluated the effect of

genistein in postmenopausal women. There are sev-

eral review articles on the possible role of phytoestro-

gens in the prevention and treatment of osteoporosis

[1, 5, 11, 27]. Although epidemiological data in Far-

Eastern countries are supportive of a possible benefi-

cial effect of soy in the prevention of postmenopausal

bone loss, studies carried out in Western women, with

the use of a combination of isoflavones, have given

conflicting results [1]. However, Morabito et al. [19] re-

ported increases in BMD after the use of genistein

(54 mg/day for a year) in early postmenopausal women.

Actions of genistein at the cellular level may de-

pend on the target tissue, receptor status of the tissue,

and the level of endogenous estrogen. For example, in

premenopausal women (with high circulating levels

of endogenous estrogen), isoflavones may act as es-

trogen antagonists. In postmenopausal women (with

lower levels of circulating estrogen) they may have

the opposite effect and behave as estrogen agonists

[32]. High dietary phytoestrogen intake was associ-

ated with higher bone mineral density in postmeno-

pausal but not premenopausal women [18].

Results of the present study seem to confirm the

biphasic effect of genistein observed by others [3] and

indicate possible unfavorable effects of genistein on

the skeletal system (induction of osteoclast formation

at 10–7 M and inhibition of osteoclasts death at 10–5

M). As the median plasma genistein concentration of

dietary origin in Japanese middle-aged women was

206 nM [4], there is a possibility that genistein may

act as a double-edged sword at the concentrations

similar to achievable by dietary intake.

It is possible, however, that new derivatives of

genistein may have more favorable pharmacological

profile. For example, a genistein derivative, 6-car-

boxymethyl genistein, was synthesized, which exerts

the mixed agonist-antagonist activity for ER� [28].
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