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ABSTRACT
In cultured human osteoblasts estradiol-17b (E2) modulated DNA synthesis, the specific activity of creatine kinase BB (CK), 12 and 15

lipoxygenase (LO) mRNA expression and formation of 12- and 15-hydroxyeicosatetraenoic acid (HETE). We now investigate the response of

human bone cell line (SaOS2) to phytoestrogens and estrogen receptors (ER)-specific agonists and antagonists. Treatment of SaSO2 with E2,

2,3-bis (4-hydroxyphenyl)-propionitrile (DPN; ERb-specific agonist), 4,40,400-[4-propyl-(1H)-pyrazol-1,3,5-triyl] tris-phenol (PPT; ERa-

specific agonist), biochainin A (BA), daidzein (D), genistein (G) and raloxifene (Ral) showed increased DNA synthesis and CK. Ral inhibited

completely all stimulations except DPN and to some extent D. The ERa-specific antagonist methyl-piperidino-pyrazole (MPP) and the ERb-

specific antagonist 4-[2-phenyl-5,7-bis (tri-fluoro-methyl) pyrazolo [1,5-a]pyrimidin-3-yl] phenol (PTHPP) inhibited DNA synthesis, CK and

reactive oxygen species (ROS) formation induced by estrogens according to their receptors affinity. The LO inhibitor baicaleine inhibited only

E2, DPN and G’s effects. E2 and Ral unlike all other compounds had no effect on ERa mRNA expression, while ERb mRNA expression was

stimulated by all compounds. All compounds modulated the expression of 12LO and 15LO mRNA, except E2, PPT and Ral for 12LO, and 12-

and 15-HETE productions and stimulated ROS formation which was inhibited by NADPH oxidase inhibitors diphenyleneiodonium chloride

(DPI) and N-acetyl cysteine and the estrogen inhibitor ICI. DPI did not affect hormonal-induced DNA and CK. In conclusion, we provide

evidence for the separation of mediation via ERa and ERb pathways in the effects of estrogenic compounds on osteoblasts, but the role of LO/

HETE/ROS is unclear. J. Cell. Biochem. 112: 625–632, 2011. � 2010 Wiley-Liss, Inc.
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INTRODUCTION

Estrogenic compounds appear to confer multiple skeletal protective

effects in vitro (Kaye et al., 1990; Somjen et al., 1991; Fournier et al.,

1996; Katzburg et al., 2001) and in vivo (Gallagher, 1988; Somjen

et al., 1989; Brzezinski and Debi, 1999), and to positively affect

skeleton outcome in prospective trials in post-menopausal women

(Consensus Opinion, 2000; Delmas, 2000; Manolagas et al., 2002).

We found that estradiol-17b as well as other estrogenic compounds

and other anabolic compounds such as parathyroid hormone (PTH)

stimulate DNA synthesis and creatine kinase (CK)-specific activity as

well as LO mRNA and hydroxyeicosatetraenoic acid (HETE)

formation (Somjen et al., 2008, 2010b). We also found that

vitamin D metabolites and analogues stimulate DNA synthesis and

CK-specific activity as well as LO mRNA and HETE formation

(Somjen et al., 2010c). These stimulations of DNA and CK are

partially inhibited by the HETE formation inhibitor baicaleine (Baic;

Somjen et al., 2010c). These compounds also transiently increased

reactive oxygen species (ROS) formation which is inhibited by the

NADPH oxidase inhibitor diphenyleneiodonium chloride (DPI),

which also almost completely inhibited DNA and CK stimulation

(Somjen et al., 2010c).

In the present study, we analyzed the expression and regulation of

lipoxygenase (LO) enzymes by estrogenic compounds in cultured

human bone cell line; SaOS2. We focused on these enzymes in

osteoblastic cell line since LO products were shown to modulate

MAPK activity (Tong et al., 2002; Tunc et al., 2008) and proliferation

or survival (Kim et al., 2006) in a number of cell types and could thus

play a role in promoting cell growth, either independently or

through estrogenic action. Additionally, there is recent strong

circumstantial evidence linking LO expression to bone mineral

content (Mody et al., 2001; Klein et al., 2004). We hypothesized that
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the growth promoting effects of estrogens in human osteoblastic cell

line may be associated with accelerated production of LO

metabolites, whose putative action may explain some of the newly

found links between LO and bone density.

We also set to determine whether or not estrogenic compounds

affect ROS production in SaOS2 similar to our previous data on the

effects of vitamin D compounds in primary cultured human female

bone cells (Somjen et al., 2010b) and in SaOS2 cells (Somjen et al.,

2010c).

We set to determine using human bone cell line SaSO2:

(1) Whether or not estrogenic compounds affect ROS production

with and without NADPH oxidase inhibitors: DPI orN-acetyl cystein

(NAc). (2) Whether or not SERM and the estrogen inhibitor ICI

modulate ROS production by estrogenic compounds. (3) Whether or

not the antagonists methyl-piperidino-pyrazole (MPP) or 4-[2-

phenyl-5,7-bis (tri-fluoro-methyl) pyrazolo [1,5-a]pyrimidin-3-yl]

phenol (PTHPP) inhibit estrogenic compounds stimulation of

DNA or CK or ROS. (4) Whether or not the LO inhibitor Baic

contribute to estrogenic modulation of DNA and CK stimulations.

(5) Whether or not interfering with estrogenic compounds-induced

ROS formation by DPI abolished the estrogenic stimulation of DNA

and CK.

We found that: (1) E2 as well as 4,40,400-[4-propyl-(1H)-pyrazol-
1,3,5-triyl] tris-phenol (PPT), 2,3-bis (4-hydroxyphenyl)-propioni-

trile (DPN), biochainin A (BA), daidzein (D), genistein (G) and

raloxifene (Ral) increases CK and DNA which were inhibited

specifically by their specific antagonists and the SERM Ral. (2) E2 as

well as PPT, DPN, BA, D, G and Ral increases ROS formation as

detected by nitroblue tetrazolium (NBT) colorimetric method or

using 20,70-dichlorofluorescein diacetate (DCF) for fluorescent

microscopy. (3) E2 stimulated ROS dose and time dependently.

(4) All estrogens tested up-regulate both 12LO (except E2, DPN and

Ral) and 15LO expression and activity measured by the production

of 12- and 15-HETE. (5) Baic which inhibits 12- and 15-HETE

formation through blockade of 12LO and 15LO inhibited DNA and

CK by E2, DPN and G but not by PPT, BA, D and Ral. (6) Interfering

with estrogens-induced ROS formation by DPI abolished only very

slightly the stimulation by all estrogenic compounds of DNA

synthesis and CK-specific activity.

In conclusion, our data suggest that different estrogenic

compounds, as well as vitamin D metabolites and analogues,

increase oxidative stress in bone cells, in part via induction of LO

mRNA and LO enzymatic activity. The role of ROS production in the

physiology of estrogenic activity in SaSO2 and probably other

models of human bone cells is not yet clear. This previously

unrecognized feature of estrogenic compounds appears to be shared

by multiple members of the estrogens family and is not exclusively

linked to ERa or ERb and/or membranal binding sites.

MATERIALS AND METHODS

CHEMICALS

Nitroblue tetrazolium (NBT), DPI, BA, D, G, Ral and CK assay kit were

from Sigma Chemicals Co. (St. Louis, MO). DCF was from Molecular

Probes (Eugene, OR). DPN and PPT and ERa-specific antagonist the

MPP and the ERb-specific antagonist PTHPP were from Tocris

biosciences (Bristol, UK). All other reagents used were of analytical

grade.

CELL CULTURES

Human bone cell line SaOS2 was obtained from ATCC (Manassas,

VA) and grown according to their instructions.

HORMONAL TREATMENT

Sub-confluent cells were treated daily with vehicle, E2 at 30 nM,or

at other different concentrations, DPN at 420 nM, PPT at 390 nM, BA

or d or G or Ral all at 3,000 nM, or in the presence of ERa antagonist

MPP at 100 nM and ERb antagonist PTHPP at 150 nM:

a. for 3 daily additions for mRNA of 12LO and 15LO type 1

expression or estrogen receptor a (ERa) and estrogen recep-

tor b (ERb) were determined as previously described (Somjen

et al., 2002) or;

b. for 1 h with serum-free medium, followed by the addition of

vehicle or estrogenic compounds at the concentrations men-

tioned above for 10min and HETE were extracted and

assayed as previously described (Somjen et al., 2008) or;

c. for 1 h or at other time points, by the addition of vehicle or

estrogenic compounds with and without the inhibitors DPI or

NAc or ICI at 1mM, at the concentrations mentioned above

for ROS assay as previously described both chemically and

using fluorescent microscopy (Somjen et al., 2010b,c) or;

d. for 24 h with the addition of vehicle or estrogenic compounds at

the concentrations mentioned above for DNA synthesis and

for CK-specific activity as previously described (Somjen

et al., 2005).

DETERMINATION OF MRNA FOR ERa AND ERb BY RT-PCR

RNA was extracted and expression of ERa and ERb was carried out

by RT-PCR as described previously (Somjen et al., 2002).

DETERMINATION OF MRNA FOR 12LO AND 15LO BY RT-PCR

RNA was extracted and expression of 12LO and 15LO enzymes

was carried out by RT-PCR as described previously (Somjen et al.,

2008).

DETERMINATION OF THE LEVELS OF 12- AND 15-HETE BY HPLC

Cells and medium were extracted for HETE and analyzed by HPLC as

described previously (Somjen et al., 2008).

DETERMINATION OF ROS FORMATION

Cells were treated for 1 h with vehicle or estrogenic compounds for

ROS formation using NBT quantitative colorimetric method (Tunc

et al., 2008; Somjen et al., 2010b) or by the qualitative fluoro-

microscopy using DCF with 20� magnification, as described

(Somjen et al., 2010c).

ASSESSMENT OF DNA SYNTHESIS

Twenty-two hours after hormonal treatment, 3[H] thymidine was

added for 2 h and its incorporation into DNA was determined as

described (Katzburg et al., 1999).
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CREATINE KINASE EXTRACTION AND ASSAY

Twenty-four hours after hormonal treatment, CK was extracted and

assayed as described (Somjen et al., 2002, 2005).

STATISTICAL ANALYSIS

The significance of differences between experimental and control

means was evaluated using Student’s t-test or ANOVA, in which

n¼ 5–8 number of cultures. P< 0.05 was considered significant.

RESULTS

MODULATION OF ERa AND ERb MRNA EXPRESSION IN SAOS2

BONE CELL LINE BY ESTROGENIC COMPOUNDS

Both ERa and ERb mRNA are expressed in human bone cell line

(SaOS2) with higher abundance of ERa (Table I). Daily treatment for

3 days E2 at 30 nM, DPN at 420 nM, PPT at 390 nM or BA or D or G or

Ral all at 3,000 nM to bone cells modulated the expression of mRNA

for ERb and ERa in SaOS2 (Fig. 1). All hormones increased the

expression of mRNA for ERb and only all except E2 and Ral

increased ERa expression in the cells (Fig. 1a).

MODULATION OF LO MRNA EXPRESSION SAOS2 BONE CELL LINE

BY ESTROGENIC COMPOUNDS

Daily treatment for 3 days E2 at 30 nM, DPN at 420 nM, PPT at

390 nM or BA or D or G or Ral all at 3,000 nM to bone cells

modulated the expression of mRNA for 12LO and 15LO mRNA. All

hormones increased the expression of mRNA for 15LO and only

DPN, BA, D and G increased 12LO mRNA expression in these cells

(Fig. 1b).

THE EFFECT OF ESTROGENIC COMPOUNDS ON DNA SYNTHESIS

AND CK-SPECIFIC ACTIVITY IN SAOS2 BONE CELL LINE

Addition of E2 at 30 nM, DPN at 420 nM, PPT at 390 nM or BA or D

or G or Ral all at 3,000 nM for 24 h induced DNA synthesis

(Fig. 2a, upper panel) and CK-specific activity (Fig. 2a, lower panel)

in SaOS2. E2, DPN and D were slightly more active than the other

compounds in stimulation of DNA synthesis.

THE EFFECT OF ESTROGENIC COMPOUNDS ON DNA SYNTHESIS

AND CK-SPECIFIC ACTIVITY IN SAOS2 BONE CELL LINE IN THE

PRESENCE OF RALOXIFENE

Addition of Ral which is specific ERa antagonist at 3,000 nM

together with E2 at 30 nM or DPN at 420 nM or PPT at 390 nM or BA

or D or G or Ral all at 3,000 nM to bone cells modulated the

induction of DNA synthesis (Fig. 2b, upper panel) and CK-specific

activity (Fig. 2b, lower panel) in SaOS2. Ral inhibited the

stimulations of both parameters by all compounds but did not

affect the stimulatory effects of DPN, and only slightly affected the

modulations by D (Fig. 2b).

THE EFFECT OF ESTROGENIC COMPOUNDS ON DNA SYNTHESIS

AND CK-SPECIFIC ACTIVITY IN SAOS2 BONE CELL LINE IN THE

PRESENCE OF ERa AND ERb ANTAGONISTS

Addition of E2 at 30 nM, DPN at 420 nM, PPT at 390 nM or BA or D

or G all at 3,000 nM alone or in the presence of ERa antagonist MPP

at 100 nM or ERb antagonist PTHPP at 150 nM; modulated the

induction of DNA synthesis (Fig. 4b, upper panel) and CK-specific

activity (Fig. 2c, lower panel) in SaOS2. The antagonists alone did

not affect DNA or CK in the cells, but MPP inhibited the stimulations

of both parameters by all compounds without affecting the

stimulations by DPN and slightly the effects of D (Fig. 2c). On

the other hand, the ERb antagonist PTHPP inhibited all stimulations

of both parameters by all compounds but did not affect the

stimulations by PPT or G (Fig. 2c).

MODULATION OF HETE FORMATION IN SAOS2 BONE CELL LINE BY

ESTROGENIC COMPOUNDS

Addition of E2 at 30 nM, DPN at 420 nM, PPT at 390 nM or BA or D

or G or Ral all at 3,000 nM modulated the formation of 12 (Fig. 3,

Fig. 1. a: The effects of E2, DPN, PPT, BA, D, G and Ral on the expression of

ERa (upper panel) and ERb (lower panel) mRNA in SaOS2 human bone cell line.

Details are given in the experimental section, �P< 0.05, ��P< 0.01. b: The

effects E2, DPN, PPT, BA, D, G and Ral on the expression of 12LO (upper panel)

and 15LO (lower panel) mRNA in SaOS2 human bone cell line. Details are given

in the experimental section, �P< 0.05, ��P< 0.01.

TABLE I. The Expressions of ERa and ERbmRNA in SaOS2 Human

Bone Cell Line

SaOS2

ERa (2�Dct) ERb (2�Dct) ERa/ERb
0.0035� 0.0004 0.0013� 0.0002 1:0.37

Details are given in the experimental section.
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upper panel) and 15-HETE (Fig. 3, lower panel) in SaOS2 cells. All

estrogens tested stimulated both 12- and 15-HETE formation in

these cells (Fig. 3). Since LOs mRNA expression was also stimulated

by all compounds, it suggests that there are also changes in enzyme

activity and not only its synthesis.

THE EFFECT OF ESTROGENIC COMPOUNDS ON DNA SYNTHESIS

AND ON CK-SPECIFIC ACTIVITY IN SAOS2 BONE CELL LINE WITH

AND WITHOUT BAICALEINE

Treatment of SaOS2 cells for 24 h with E2 at 30 nM, DPN at

420 nM, PPT at 390 nM or BA or D or G or Ral all at 3,000 nM

resulted in increased DNA synthesis (Fig. 4, upper panel) and

CK-specific activity (Fig. 4, lower panel). Baic, the inhibitor of

12- and 15-HETE synthesis, abolished the E2- and DPN- and G-

but not all other estrogenic compounds-stimulated DNA synthesis

and CK-specific activity in these cells (Fig. 4), suggesting that

ERb might be more involved in LO activation and HETE

formation.

Fig. 2. a: The effects of E2, DPN, PPT, BA, D, G and Ral on DNA synthesis

(upper panel) and on CK-specific activity (lower panel) in SaOS2 human bone

cell line. Details are given in the experimental section, �P< 0.05, ��P< 0.01. In

brackets are given the basal values of DNA and CK. b: The effects of E2, DPN,

PPT, BA, D and G in the presence of Ral on DNA synthesis (upper panel) and on

CK-specific activity (lower panel) in SaOS2 human bone cell line. Details are

given in the experimental section, �P< 0.05. c: The effects of E2, DPN, PPT, BA,

D and G in the presence of ERa antagonist (MPP) or ERb antagonist (PTHPP) on

DNA synthesis (upper panel) and on CK-specific activity (lower panel) in SaOS2

human bone cell line. Details are given in the experimental section, �P< 0.05.

Fig. 3. The effects of E2, DPN, PPT, BA, D, G and Ral on the formation of 12-

HETE and 15-HETE production in SaOS2 human bone cell line. Details are given

in the experimental section, �P< 0.05, ��P< 0.01.

Fig. 4. The effects of E2, DPN, PPT, BA, D, G and Ral in the presence of baic on

DNA synthesis (upper panel) and on CK-specific activity (lower panel) in SaOS2

human bone cell line. Details are given in the experimental section, �P< 0.05,
��P< 0.01.
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THE EFFECT OF ESTROGENIC COMPOUNDS ON ROS FORMATION IN

SAOS2 BONE CELL LINE WITH AND WITHOUT NADPH OXYDASE

INHIBITORS

Treatment of SaOS2 bone cells for 1 h with estrogenic compounds;

E2 at 30 nM or DPN at 420 nM and PPT at 390 nM or BA or D or G or

Ral all at 3,000 nM followed by incubation for 60min with NBT

resulted in stimulated ROS formation by all compounds (Fig. 5a).

The NADPH oxidase inhibitor DPI inhibited completely ROS

formation by all compounds tested (Fig. 5a). Treatment of SaOS2

bone cells for 1 h with estrogenic compounds; E2 at 30 nM or BA or

D or G all at 3,000 nM followed by incubation for 60min with NBT

resulted in stimulated ROS formation by all compounds (Fig. 5b).

The NADPH oxidase inhibitor NAc inhibited completely ROS

formation by all compounds tested (Fig. 5b). Treatment of SaOS2

bone cells for 1 h with estrogenic compounds; E2 at 30 nM or BA or

D or G all at 3,000 nM followed by incubation for 60min with NBT

resulted in stimulated ROS formation by all compounds (Fig. 5c). The

estrogenic activity inhibitor ICI inhibited completely ROS formation

by all compounds tested (Fig. 5c).

THE EFFECT OF E2 AT DIFFERENT CONCENTRATIONS AND FOR

DIFFERENT TIME PERIODS ON ROS FORMATION IN SAOS2 BONE

CELL LINE WITH AND WITHOUT DPI OR ICI

Treatment of SaOS2 bone cells for different time periods with E2 at

30 nM followed by incubation for 60min with NBT resulted in

stimulated ROS formation by all compounds (Fig. 6a). Maximum

Fig. 5. a: The effects of E2, DPN, PPT, BA, D, G and Ral in the presence of DPI

on ROS formation in SaOS2 human bone cell line. Details are given in the

experimental section, �P< 0.05, ��P< 0.01. b: The effects of E2, BA, D or G in

the presence of NAc on ROS formation in SaOS2 human bone cell line. Details

are given in the experimental section, �P< 0.05, ��P< 0.01. c: The effects of

E2, BA, D or G in the presence of ICI on ROS formation in SaOS2 human bone

cell line. Details are given in the experimental section, �P< 0.05, ��P< 0.01.

Fig. 6. a: Time-dependent stimulation by E2 in the presence of DPI of ROS

formation in SaOS2 human bone cell line. Details are given in the experimental

section, �P< 0.05, ��P< 0.01. b: Dose-dependent stimulation by E2 in the

presence of ICI of ROS formation in SaOS2 human bone cell line. Details are

given in the experimental section, �P< 0.05, ��P< 0.01.
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increase was at 60min, followed by decline with basal levels at 24 h.

ROS formation was inhibited by DPI at all time periods (Fig. 6a). The

estrogenic activity inhibitor ICI inhibited completely ROS formation

by E2, used at different doses ranging from 0.03 to 300 nM for

60min with maximal increase at 30 nM (Fig. 6b).

THE EFFECT OF ESTROGENIC COMPOUNDS ON DNA SYNTHESIS

AND ON CK-SPECIFIC ACTIVITY IN SAOS2 BONE CELL LINE WITH

AND WITHOUT DPI

Treatment of SaOS2 cells for 24 h with estrogenic compounds; E2 at

30 nM or DPN at 420 nM and PPT at 390 nM or BA or D or G or Ral all

at 3,000 nM resulted in increased DNA synthesis (Fig. 7, upper panel)

and CK-specific activity (Fig. 7, lower panel). Addition of the ROS

formation inhibitor DPI together with the different estrogens

inhibited only slightly and partially the stimulation of DNA

synthesis and CK-specific activity by E2, DPN and D but not by all

other compounds tested (Fig. 7).

THE EFFECT OF ESTROGENIC COMPOUNDS ON ROS FORMATION IN

SAOS2 BONE CELL LINE WITH AND WITHOUT DPI

Treatment of SaOS2 cells for 1 h with E2 at 30 nM or DPN at 420 nM

or PPT at 390 nM followed by incubation with DFC for 1 h resulted in

increased ROS production as measured by qualitative fluorescent

microscopy using 20�magnification (Fig. 8a,b). The addition of the

NADPH oxidase inhibitor DPI inhibited completely ROS formation

in these cells by all estrogenic compounds (data not shown).

THE EFFECT OF ESTROGENIC COMPOUNDS ON ROS FORMATION IN

SAOS2 BONE CELL LINE WITH AND WITHOUT ERa AND ERb

ANTAGONISTS

Treatment of SaOS2 cells for 1 h with E2 at 30 nM or DPN at 420 nM

and PPT at 390 nM or in the presence of ERa antagonist MPP at

100 nM and ERb antagonist PTHPP at 150 nM; followed by

incubation with DFC for 1 h resulted in increased ROS production

as measured by qualitative fluorescent microscopy using 20�

magnification (Fig. 8c–f). MPP or PTHPP inhibited completely ROS

formation in these cells induced by E2. MPP inhibited also ROS

formation induced by PPT, whereas PTHPP inhibited also ROS

formation by DPN (Fig. 8c–f). The addition of the NADPH oxidase

inhibitor DPI inhibited completely ROS formation in these cells by

all estrogenic compounds (data not shown).

THE EFFECT OF ESTROGENIC COMPOUNDS ON ROS FORMATION IN

SAOS2 BONE CELL LINE WITH AND WITHOUT DPI

Treatment of SaOS2 cells for 1 h with BA or D or G or Ral at 3,000 nM

followed by incubation with DFC for 1 h resulted in increased ROS

production as measured by qualitative fluorescent microscopy using

20� magnification (Fig. 8g). The addition of the NADPH oxidase

inhibitor DPI inhibited completely ROS formation in these cells by

all estrogenic compounds (data not shown).

DISCUSSION

The effects of estrogenic compounds both the ERa-specific agonist

PPT and the ERb-specific agonist DPN as well as E2 itself and the

different phytoestrogens; BA, D or G or the SERM Ral on ROS

formation complements our findings in human skeletal cells in vitro,

where estrogenic compounds stimulate cell proliferation, energy

metabolism as well as other responses mediated by membranal

binding sites (Somjen et al., 1991, 2005). Although reports suggest

that 12- and 15-HETE interact with multiple signals promoting cell

replication, their effects are probably not redundant, since inhibition

of their production hinders normal cell growth in a variety of cell

types (Kim et al., 2006). Recent publications linked also 12/15LO or

15LO and 12LO (platelet type) to bone density (Klein et al., 2004;

Ichikawa et al., 2006). In this study, we provide more direct evidence

for the expression and biological role of LOs in bone cell biology. We

found that cultured human bone cells and lines express mRNA of

three types of Los, that is, the platelet type 12LO, 15LO type 1 and

15LO type 2 (Somjen et al., 2008). Here, we show that the expression

of the LOs in these cells is modulated not only by vitamin D

metabolites and analogues (Somjen et al., 2010b,c) or PTH (Somjen

et al., 2008), but also by different estrogenic compounds as well; all

of which induce cell proliferation and energy metabolism. It was

demonstrated previously that there is a possible intimate role of

15LO in breast tumor in human in which ERa is dominant (Jiang

et al., 2006). In this study, we found that the PPT the ERa agonist and

Ral increased the expression of 15LOmRNA which might lead

similarly to ROS production. The expression of these enzymes results

in the ability of bone cells to secrete 12-HETE and 15-HETE, the

products of LOs. Also it was shown that LOs are able to produce free

radicals species which intermediates oxidation of synthetic

estrogens (Nunez-Delicado et al., 1997). Moreover, the generation

of HETE which is driven by the estrogenic compounds is linked to

osteoblastic growth induced by some of these hormones; E2, DPN

and G and only to some extent D. It might be that these effects are

linked to the compounds activating ERb rather than ERa although

the difference in their expression is not dramatically different. We

therefore can see that the production of ROS is ER-dependent and it

is dependent on both ERa and ERb. The HETE raise local oxidative

Fig. 7. The effects of E2, DPN, PPT, BA, D, G and Ral in the presence of DPI on

DNA synthesis (upper panel) and on CK-specific activity (lower panel) in SaOS2

human bone cell line. Details are given in the experimental section, �P< 0.05,
��P< 0.01.
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Fig. 8. The effects of E2 (a), DPN or PPT (b) and ERa antagonist (MPP) or ERb antagonist (PTHPP) on ROS production in SaOS2 human bone cell line as measured by fluorescent

microscopy at 20�magnification, after treatment with DFC (c). The effects of E2 (d); DPN (e) or PPT (f) in the presence of ERa antagonist (MPP) or ERb antagonist (PTHPP). The

effects of BA, D, G and Ral (g) on ROS production in SaOS2 human bone cell line as measured by fluorescent microscopy at 20�magnification, after treatment with DFC. Details

are given in the experimental section.
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stress as was shown here by measurements of ROS formation

induced by all estrogenic compounds. But addition of DPI, the ROS

production inhibitor, did not block the stimulation of DNA and CK

by all compounds. This might be explained by its transient effect as

shown here for E2 and as was shown before for other hormones

(Somjen et al., 2008, 2010c). Because oxidative stress, in turn, may

lead to inhibition of differentiation of bone osteoblasts-like cells

(Mody et al., 2001) and acceleration of osteoclast differentiation

(Klein et al., 2004), its induction may also result in the release of

oxidizing fatty acids which unfavourably affect overall bone

osteoblast/osteoclast homeostasis through enhanced oxidative

stress. Presently, however, these potential secondary sequels of

estrogens-stimulated LO activities in bone remain entirely con-

jectural and are the subject of future investigation.

This previously unrecognized feature of estrogenic compounds

appears to be shared by multiple members of the estrogens family

and is not exclusively linked to ERa or ERb and/or membranal

binding sites.
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