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bstract

A selective estrogen receptor modulator (SERM) is defined as a substance with dissimilar effects on different tissues: agonist in some and
ntagonists in others. The natural compound DT56a (Femarelle) was shown to activate estrogen receptors in human cultured female derived
steoblasts. It was also shown to relieve menopausal symptoms and to increase bone mineral density with no effect on sex steroid hormone
evels and on the endometrial thickness. DT56a, similarly to estradiol-17� (E2), stimulated the specific activity of creatine kinase (CK) in
keletal and vascular tissues of female rats, as a marker of estrogen receptor (ER) activation. However, in the uterus, CK was activated only
y E2 but not by DT56a. In order to prove that DT56a is a SERM, we examined the mutual interaction between DT56a and E2, at supra
hysiological doses, in different tissues in both intact and ovariectomized female rats, as well as in human cultured vascular and bone cells.
dministration of DT56a or E2 stimulated CK in all tissues tested, but when given simultaneously, in intact immature female rats, DT56a

ompletely abolished E2 stimulation of CK in all organs except in the diaphyseal bone where the inhibition was partial. In ovariectomized
emale rats, DT56a abolished E2’s stimulation of CK in diaphyseal bone, thymus, uterus and pituitary but caused a partial inhibition in aorta, left
entricle and epiphyseal cartilage. In human bone cells E2 stimulation of CK, of alkaline phosphatase (AP) activity and of DNA synthesis was
ompletely abolished by DT56a in post-menopausal cells and partially inhibited in pre-menopausal cells. In human vascular cells, inhibition
f DNA synthesis by E was completely abolished by DT56a and E -induced CK was partially inhibited by DT56a. The results support the
2 2

nding that DT56a is a SERM; it stimulated different parameters similar to E2, but when given simultaneously, at supra physiological doses,
nhibited these E2’s effects. Further investigations regarding intra and extra cellular mechanism of action of DT56a are currently performed.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Estrogen is well known for its beneficial effect on
steoporosis [1,2] a disease currently affecting more than
5 million women in the U.S. alone, causing some 250,000
ip fractures each year (www.nof.org). Osteoporosis is
haracterized by reduction in bone mineral density, with the
esult of fracture after minimal trauma. The effect of estrogen

n a tissue is initiated by its binding to estrogen receptor
ER) in the responsive cell. The estrogen-ER complex is
hen translocated into the nucleus, where it binds to the
NA and modulates the rate of transcription of specific

mailto:dalias@tasmc.health.gov.il
http://www.nof.org/
dx.doi.org/10.1016/j.jsbmb.2007.03.004
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enes. Two ERs have been identified, ER� and ER�, which
iffer in their structure and tissue distribution [3] and their
iological effect [4]. The two key factors that control tissue
electivity for the estrogen are the structure of its receptor(s)
nd its interaction with co-regulators [5,6]. However,
strogen can also have non-desired effects that contribute to
he development and growth of estrogen-dependent tumors,
uch as breast cancer [7]. These ominous side effects led
o extensive research aimed at finding compounds with
eneficial estrogenic effects on selected sites, such as bone
nd the cardiovascular system [8,9] without the harmful
ide effects. This group is called SERM’s: selective ER
odulators [10,11].
SERMs function as estrogen agonists in some tissues and

s antagonists in others. For example, the SERM tamoxifen
cts as an antagonist of estrogen in breast tissue and is there-
ore used for the treatment of breast cancer, whereas in bone
t acts as an estrogen agonist [12,13]. Raloxifene functions
s an estrogen agonist in skeletal tissues and in the cardio-
ascular system but not in the uterus. Some of the SERMs
ct also as antagonists in the presence of estrogen in skeletal
r vascular tissues and in the uterus as well as breast can-
er cells in vitro [14,15]. We used the induction of the brain
sozyme creatine kinase specific activity (CK) as a response

arker of estrogenic activity since estrogens, both in vivo
nd in vitro in tissues and in cells containing active ER (S)
16–20], stimulate CK.

DT56a (Tofupill/Femarelle, Se-cure Pharmaceuticals,
alton, Israel) is a unique enzymatic isolate of soybeans.
T56a has been shown to increase bone mineral density in
ost-menopausal women [21] and to relieve vasomotor symp-
oms with no effect on sex hormone levels or endometrial
hickness [22]. The selective receptor modulation of DT56a
as shown in previous studies: rats were fed for 4 days with

strogen or DT56a. Both compounds induced CK activity in
he different skeletal [23] and vascular tissues [24]. On the
ther hand, DT56a did not activate CK in the uterus while
strogen caused a marked CK activation [23]. The selective
strogen receptor modulator (SERM) raloxifene blocked the
timulation of CK by both DT56a and E2 in all tissues tested,
ointing towards a common receptor(s) mechanism of action
23,24]. DT56a also stimulated CK and other parameters in
ultured bone cells [25].

Ovariectomized (OVX) female rats were previously
escribed as a model for testing post-menopausal changes
26,27]. The phenomenon of mutual annihilation of action
etween estradiol-17� (E2) and a selective estrogen recep-
or modulator such as tamoxifen, tamoxifen methiodide or
aloxifene, was previously described in pre pubertal female
at skeletal tissues in culture [28]. This study showed that
ompounds that activate ER alone, when given together,
ntagonized each other activity [28,29].
In the present study, we examined the interaction between
T56a and E2 when given separately and simultaneously to

mmature or OVX female rats, and in cultured human vascular
nd osteoblasts from females either pre- or post-menopausal.
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. Materials and methods

.1. Reagents

All reagents were of analytical grade. E2 was purchased
rom Sigma (St. Louis, MO). DT56a was provided by Se-cure
harmaceuticals (Dalton, Israel).

.2. Animals

Immature female Wistar rats, weighing about 60 g, were
sed as intact or were ovariectomized at the age of 25 days.
reatments were administered starting 2 weeks after surgery.
he rats were housed in air-conditioned quarters with light

rom 5:00 to 19:00 h and were exposed to food and water ad
ibidum. All experiments were carried out according to the
egulations of the Committee on Experimental Animals of
he Tel-Aviv Sourasky Medical Center.

.3. Cell cultures

.3.1. Human cultured female osteoblasts (hObs)
Human female bone cells from pre- and post-menopausal

omen were prepared from bone explants, by a non-
nzymatic method as described previously in Ref. [20].
amples of the trabecular surface of the iliac crest or long
ones were cut into 1 mm3 pieces and repeatedly washed with
hosphate-buffered saline to remove blood components. The
xplants were incubated in DMEM medium without calcium
to avoid fibroblastic growth) containing 10% fetal calf serum
FCS) and antibiotics. First passage cells were seeded at a
ensity of 3 × 105 cells/35 mm tissue culture dish, in phe-
ol red-free DMEM with 10% charcoal stripped FCS, and
ncubated at 37 ◦C in 5% CO2.

.3.2. Human umbilical artery smooth muscle cells
VSMC)

Human umbilical artery vascular smooth muscle cells
ere prepared as previously described with minor modifica-

ions in Ref. [19]. Cells were used only at passages 1–3 when
xpression of smooth muscle actin was clearly demonstrable.

.4. Creatine kinase extraction and assay

.4.1. Rat organs
Changes in the specific activity of CK in epiphyseal car-

ilage (Ep), diaphyseal bone (Di), aorta (Ao), left ventricle
f the heart (Lv), pituitary (Pi), thymus (Thy) and uterus
Ut), induced by a single intraperitoneal injection (i.p.) of E2
r DT56a (dissolved in 0.1% ethanol in saline, for both) or
oth, were assayed in ovariectomized female rats, 2 weeks
fter surgery, or in 25-day-old immature female rats (n = 5

er group for each experiment). Matched control rats (n = 5)
ere injected with 0.05% ethanol in phosphate-buffered

aline (PBS). E2 was injected at 5 �g for immature and
0 �g for ovariectomized female rats [17,24,27]. DT56a was



2 mistry

i
t
b
w
i
f
o
S
h
m
t
b
s

2
2
t
o
i
[
h
m
t
w
b

2
w
e
a
P
i

2

2

l
i
g
a
p
1
t
a
b
t
O

2

2

w
h
w

t
5
d
a
[

2

w
l
p
b
d

2

e
y
c

3

3
k
e

Immature female rats were injected with E2 (5 �g/rat),
DT56a (1600 �g/rat) or both. CK was tested in: epiphy-
seal cartilage, diaphyseal bone and uterus (Fig. 1), aorta

Fig. 1. Creatine kinase activity stimulation by estradiol-17� (E2) (5 or
10 �g) or DT56a (1300 or 3200 �g) or both in epiphyseal cartilage (Ep),
diaphyseal bone (Di) and in uterus (Ut) of immature female rats and ovariec-
tomized rats (OVX), respectively. Results are means ± S.E.M. of n = 5 (15
assays from 3 independent experiments) and are expressed as the ratios
54 D. Somjen et al. / Journal of Steroid Bioche

njected at 1600 �g for immature and 3200 �g for ovariec-
omized female rats. These concentrations were found to
e the optimal in dose response experiments [23–24]. Rats
ere sacrificed 24 h after the injection. The organs exam-

ned were removed and stored at −20 ◦C until processed
or assay of creatine kinase activity as described previ-
usly in Ref. [17]. Organs were homogenized in buffer.
upernatant extracts were obtained by centrifugation of the
omogenates at 14,000 × g for 5 min at 4 ◦C in an Eppendorf
icro-centrifuge. CK was determined by a coupled spec-

rophotometric assay. Protein was determined by Coomasie
rilliant blue dye binding using bovine serum albumin as the
tandard [17].

.4.2. Human cultured cells

.4.2.1. Human cultured female osteoblasts. Cells were
reated for 24 h with the various agents as specified, scraped
ff and homogenized by freezing and thawing three times
n an extraction buffer, as previously described in Ref.
20]. Supernatant extracts were obtained by centrifugation of
omogenates at 14,000 × g for 5 min at 4 ◦C in an Eppendorf
icro-centrifuge. CK was assayed by a coupled spectropho-

ometric assay, as previously described in Ref. [20]. Protein
as determined by Coomasie brilliant blue dye binding, using
ovine serum albumin as the standard.

.4.2.2. Human umbilical artery smooth muscle cells. Cells
ere treated for 24 h with the various hormones, protein

xtraction and assessment of CK activity were carried out
ccording to our previously described protocols in Ref. [19].
rotein was determined by Coomasie brilliant blue dye bind-

ng, using bovine serum albumin as the standard.

.5. Alkaline phosphatase extraction and assay

.5.1. Human cultured female osteoblasts
After treatment with the different agents, cells were col-

ected and homogenized by freezing and thawing three times
n cold PBS and the soluble ALP was obtained by centrifu-
ation at 14,000 × g [25]. Enzyme activity was assayed in
n ELISA reader, measuring the hydrolysis of p-nitro phenyl
hosphate at 37 ◦C in a buffer containing 2 mM MgCl2 and
00 mM 2-amino 2-methyl isopropanol at pH 10.3. The reac-
ion was stopped with 1 M NaOH and the extracts were
nalyzed at 410 nm. Protein was determined by Coomasie
rilliant blue dye binding, using bovine serum albumin as
he standard. Enzyme specific activity was determined as
D × 4.3 per mg protein [25].

.6. DNA synthesis

.6.1. Human cultured female osteoblasts

Cells were grown until sub confluence and then treated

ith various hormones or agents as indicated. Twenty-two
ours following the exposure to these agents, [3H] thymidine
as added for 2 h. Cells were then treated with 10% ice-cold

b
*

f
1
D
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richloroacetic acid (TCA) for 5 min and washed twice with
% TCA and then with cold ethanol. The cellular layer was
issolved in 0.3 ml of 0.3N NaOH, samples were aspirated
nd [3H] thymidine incorporation into DNA was determined
25].

.6.2. Human umbilical artery smooth muscle cells
Cells were grown until sub confluence and then treated

ith various hormones or agents as indicated for 24 h. For the
ast 2 h, [3H] thymidine was added and [3H] thymidine incor-
oration into DNA was determined as previously described
y us in Ref. [19]. DT56a doses were given according to the
ose-dependent curves from our previous studies [23].

.7. Statistical analysis

Differences between the mean values obtained from the
xperimental and the control groups were evaluated by anal-
sis of variance (ANOVA). A P-value less than 0.05 is
onsidered significant.

. Results

.1. The effect of DT56a on the stimulation of creatine
inase specific activity by a single injection of
stradiol-17β into immature female rats
etween the specific activities of CK in the treated and control animals.
P < 0.05; **P < 0.01; ***P < 0.001. The basal activity of creatine kinase
or immature rats was in Ep 0.48 ± 0.10, in Di 0.62 ± 0.03 and in Ut
.57 ± 0.03 �mol/min/mg protein. In OVX animals: in Ep 0.39 ± 0.02, in
i 0.46 ± 0.09 and in Ut 1.24 ± 0.11 �mol/min/mg protein.
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Fig. 2. Creatine kinase activity stimulation by estradiol-17� (E2) (5 or
10 �g) or DT56a (1300 or 3200 �g) in aorta (Ao) and in the left ventricle
of the heart (Lv) of immature female rats and ovariectomized rats (OVX),
respectively. Results are means ± S.E.M. of n = 5 (15 assays from 3 inde-
pendent experiments) and are expressed as the ratios between the specific
activities of CK in the treated and control animals. *P < 0.05; **P < 0.01;
***
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P < 0.001. The basal activity of creatine kinase for immature rats was
n Ao 0.53 ± 0.04 and in Lv 1.92 ± 0.25 �mol/min/mg protein. In OVX
nimals: in Ao 0.49 ± 0.03 and in Lv 1.66 ± 0.15 �mol/min/mg protein.

nd the left ventricle of the heart (Fig. 2) or pituitary and
hymus (Fig. 3). Significant stimulation of CK by DT56a
nd E was found in all organs tested i.e., in Ep DT56a
2
ncreased CK by 32 ± 16% and E2 by 68 ± 18%. In Di,
T56a increased CK by 100 ± 15% and E2 by 292 ± 8%. In
t, DT56a increased CK by 24 ± 2% and E2 by 45 ± 6%. In

ig. 3. Creatine kinase activity stimulation by estradiol-17� (E2) (5 or
0 �g) or DT56a (1300 or 3200 �g) in pituitary (Pi) and in thymus (Thy) of
mmature female rats and ovariectomized rats (OVX), respectively. Results
re means ± S.E.M. of n = 5 (15 assays from 3 independent experiments)
nd are expressed as the ratios between the specific activities of CK in
he treated and control animals. *P < 0.05; **P < 0.01. The basal activity
f creatine kinase for immature rats was in Pi 2.53 ± 0.24 and in Thy
.92 ± 0.12 �mol/min/mg protein. In OVX animals: in Pi 1.49 ± 0.03 and
n Pi 0.76 ± 0.15 �mol/min/mg protein.
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o, DT56a increased CK by 33 ± 4% and E2 by 141 ± 19%.
n Lv, DT56a increased CK by 40 ± 4% and E2 by 72 ± 8%.
n Pi, DT56a increased CK by 43 ± 7% and E2 by 90 ± 10%.
n Thy, DT56a increased CK by 56 ± 4% and E2 by 49 ± 8%
Figs. 1–3). CK stimulation by E2 alone was significantly
educed or completely inhibited when E2 was given together
ith DT56a i.e., in Ep by −16 ± 5%, in Di by −54 ± 12%,

n Ut by −42 ± 15%, in Ao by 22 ± 7%, in Lv by −7 ± 7%,
n Pi by −16 ± 13% and in Thy by 17 ± 17% (Figs. 1–3).

.2. The effect of DT56a on the stimulation of creatine
inase specific activity by a single injection of
stradiol-17β into ovariectomized female rats

Ovariectomized female rats, weighing about 120 g, were
njected with E2 (10 �g/rat), DT56a (3200 �g/rat) or both.
K was tested in; epiphyseal cartilage, diaphyseal bone and
terus (Fig. 1), aorta and the left ventricle of the heart (Fig. 2)
r pituitary and thymus (Fig. 3). Stimulation of CK by DT56a
nd E2 was found in all organs tested i.e., in Ep DT56a
ncreased CK by 42 ± 5% and E2 by 63 ± 8%. In Di, DT56a
ncreased CK by 85 ± 4% and E2 by 77 ± 8%. In Ut, DT56a
ncreased CK by 48 ± 12% and E2 by 64 ± 18%. In Ao,
T56a increased CK by 152 ± 4% and E2 by 204 ± 15%. In
v, DT56a increased CK by 113 ± 12% and E2 by 70 ± 8%.

n Pi, DT56a increased CK by 52 ± 9% and E2 by 85 ± 8%.
n Thy, DT56a increased CK by 33 ± 3% and E2 by 42 ± 5%
Figs. 1–3). CK activity stimulation by E2 alone was signifi-
antly reduced or inhibited when E2 was given together with
T56a i.e., in Ep by 21 ± 13%, in Di by −15 ± 8%, in Ut by
30 ± 14%, in Ao by −44 ± 22%, in Lv by −37 ± 19%, in
i by −32 ± 5% and in Thy by −14 ± 10% (Figs. 1–3).

.3. The effect of DT56a or estradiol-17β or both on the
odulation of creatine kinase specific activity, alkaline
hosphatase specific activity and DNA synthesis in
uman female osteoblasts in culture

Human cultured bone cells from pre- or post-menopausal
omen were incubated with E2 (30 nM), DT56a (200 ng/ml)
r both, and CK was tested (Fig. 4). Stimulation of CK activ-
ty by DT56a and E2 was found in pre-menopausal cells,
T56a increased CK by 81 ± 9% and E2 by 79 ± 8% and

n post-menopausal cells, DT56a increased CK by 66 ± 10%
nd E2 by 44 ± 8% (Fig. 4). CK stimulation by E2 alone
as significantly reduced or inhibited when E2 was given

ogether with DT56a i.e., in pre-menopausal cells by 29 ± 5%
nd in post-menopausal cells by 4 ± 11% (Fig. 4). Stimula-
ion of alkaline (AP) phosphatase activity by DT56a and E2
as found in pre-menopausal cells, DT56a increased AP by
7 ± 9% and E2 by 107 ± 18% and in post-menopausal cells,
T56a increased AP by 156 ± 22% and E2 by 96 ± 12%
Fig. 5). AP activity stimulation by E2 alone was significantly
educed or inhibited when E2 was given together with DT56a
.e., in pre-menopausal by 29 ± 5% and in post-menopausal
Obs by −4 ± 11% (Fig. 5). Stimulation of DNA synthesis



256 D. Somjen et al. / Journal of Steroid Biochemistry & Molecular Biology 104 (2007) 252–258

Fig. 4. Creatine kinase activity stimulation by estradiol-17� (E2) (30 nM)
or DT56a (200 ng/ml) in human cultured bone cells from pre- or post-
menopausal women. Results are means ± S.E.M. of n = 5 (15 assays from 3
independent experiments) and are expressed as the ratios between the specific
a * **
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Fig. 6. [3H] thymidine incorporation into DNA stimulation by estradiol-17�

(E2) (30 nM) or DT56a (200 ng/ml) in human cultured bone cells from pre-
or post-menopausal women. Results are means ± S.E.M. of n = 5 (15 assays
from 3 independent experiments) and are expressed as the ratios between the
i
3

a

3
s
i
m

Human VSMC were incubated with either E2 (30 nM) or
DT56a (200 ng/ml) or both, CK was assayed in those cells
ctivities of CK in the treated and control cells. P < 0.05; P < 0.01. The
asal activity of creatine kinase was in pre-menopausal cells 0.033 ± 0.004
nd in post-menopausal cells 0.025 ± 0.003 �mol/min/mg protein.

y DT56a and E2 was found in pre-menopausal cells, DT56a
ncreased DNA by 52 ± 10% and E2 by 134 ± 18% and in
ost-menopausal cells, DT56a increased DNA by 76 ± 11%
nd E2 by 140 ± 15% (Fig. 6). DNA synthesis stimulation
y E2 alone was significantly reduced or inhibited when
2 was given together with DT56a i.e., in pre-menopausal

ells by −3 ± 17% and in post-menopausal cells by 5 ± 11%
Fig. 6).

ig. 5. Alkaline phosphatase activity stimulation stimulation by estradiol-
7� (E2) (30 nM) or DT56a (200 ng/ml) in human cultured bone cells
rom pre- or post-menopausal women. Results are means ± S.E.M. of
= 5 (15 assays from 3 independent experiments) and are expressed as

he ratios between the specific activities of AP in the treated and con-
rol cells. *P < 0.05; **P < 0.01; ***P < 0.001. The basal activity of alkaline
hosphatase was in pre-menopausal cells 0.20 ± 0.05 U/mg and in post-
enopausal cells 0.26 ± 0.04 U/mg protein.
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ncorporation in the treated and control cells. *P < 0.05; **P < 0.01. The basal
H thymidine incorporation: 2550 ± 100 dpm/well was in pre-menopausal,
nd in post-menopausal cells 1850 ± 75 dpm/well.

.4. The effect of DT56a or estradiol-17β or both on the
timulation of creatine kinase specific activity and the
nhibition DNA synthesis in human vascular smooth
uscle cells in culture
Fig. 7), and stimulation of CK by DT56a and E2 was found.
K was increased by DT56a by 78 ± 15% and by E2 by

ig. 7. Inhibition of [3H] thymidine incorporation into DNA and stimulation
f creatine kinase activity (CK), by estradiol-17� (E2) (30 nM) or DT56a
200 ng/ml) in human cultured vascular smooth muscle cells. Results are
eans ± S.E.M. of n = 5 (15 assays from 3 independent experiments) and are

xpressed as the ratios between the specific activities of CK or 3H thymidine
ncorporation in the treated and control cells. *P < 0.05; **P < 0.01. The
asal 3H thymidine incorporation was 1275 ± 50 dpm/well was and in post-
enopausal cells 1850 ± 75 dpm/well, the basal activity of creatine kinase
as 0.016 ± 0.002 �mol/min/mg protein.
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0 ± 4% (Fig. 7). CK stimulation by E2 alone was signifi-
antly reduced or inhibited when E2 was given together with
T56a by 30 ± 19% (Fig. 7). DNA synthesis in VSMC, was

ignificantly inhibited by either DT56a or E2; DT56a inhib-
ted DNA by 56 ± 15% and E2 by 62 ± 10% (Fig. 7). DNA
ynthesis inhibition by E2 was abolished when E2 was given
ogether with DT56a by −6 ± 11% (Fig. 7).

. Discussion

In the present study, we showed that CK specific activity
nduced by E2, was completely or partially inhibited when
T56a was administered at supra physiological doses

ogether with E2. The same pattern of CK stimulation by
he compounds alone and inhibition when given together,
as also seen in human cultured osteoblasts from women

t different ages and in cultured human vascular smooth
uscle cells. In addition, this phenomenon was not restricted

o the induction of CK activity, but was shown also in
he stimulation of alkaline phosphatase activity and DNA
ynthesis in osteoblasts, as well as the inhibition of DNA
ynthesis in VSMC.

The phenomenon of mutual annihilation of activity
etween E2 and selective estrogen receptor modulators were
reviously described. SERMs can be full agonists when
rovided alone, but complete antagonists at supra physi-
logical doses in the presence of estrogen [28,29]. When
SERM like tamoxifen, tamoxifen methiodide or ralox-

fene was given together with E2 to pre pubertal immature
emale rats, the effect of those compounds on the induc-
ion of CK specific activity in diaphysis, epiphysis and the
terus was antagonized [28]. In the present study, we found
hat DT56a although active by itself in the different organs,
ntagonized E2 activity when applied together, similar to the
ther SERMs. The results obtained by these studies sug-
est that DT56a can be classified as a SERM. The question
hether this phenomenon is caused by desensitization of

strogen receptor(s) or their rearrangement or by changes
n co-activators and/or co-repressors or by other undiscov-
red mechanisms, remains unsolved and is the subject of
uture investigations in these and other experimental systems.
n preliminary experiments (data not shown) we found that
T56a modulates mRNA expression of ER� and ER� in dif-

erent patterns. In human osteoblasts ER� was not changed
nd ER� was increased. If we speculate that in these cells E2
s stimulating via ER� and DT56a via ER� it might explain
ur results. On the other hand, in VSMC both ER� and ER�
re increased to different extents. The change in ERs ratios
ight explain our results. But it has still to be further analysed

n order to understand the mechanism of the findings.
cknowledgments

We are grateful to Dr. F. Kohen for fruitful discussions and
elp in conducting this research.

[

& Molecular Biology 104 (2007) 252–258 257

This study was supported by Se-cure Pharmaceuticals,
alton, Israel.

eferences

[1] R. Lindsay, J.C. Gallagher, M. Kleerekoper, J.H. Pickar, Effect of lower
doses of conjugated equine estrogens with and without medroxyproges-
terone acetate on bone in early postmenopausal women, J. Am. Med.
Assoc. 287 (2002) 2668–2676.

[2] L. Speroff, J. Rowan, J. Symons, H. Genant, W. Wilborn, The com-
parative effect on bone density, endometrium, and lipids of continuous
hormones as replacement therapy (CHART study). A randomized con-
trolled trial, J. Am. Med. Assoc. 276 (1996) 1397–1403.

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

[4] E. Enmark, J.A. Gustafsson, Oestrogen receptors—an overview, J.
Intern. Med. 246 (1999) 133–138.

[5] F.C. Eng, A. Barsalou, N. Akutsu, N. Mercier, C. Zechel, S. Mader, J.H.
White, Differential classes of co activators recognize distinct but over-
lapping binding sites on the estrogen receptor ligand binding domain,
J. Biol. Chem. 273 (1998) 28371–28377.

[6] C.L. Smith, Z. Nawaz, B.W. O’Malley, Coactivator and corepressor
regulation of the agonist/antagonist activity of the mixed antiestrogen
4-hydroxy tamoxifen, Mol. Endocrinol. 11 (1997) 657–666.

[7] Writing Group for the Women’s Health Initiative Investigators (WHI),
Risks and benefits of estrogen plus progestin in healthy postmenopausal
women: principal results from the Women’s Health Initiative random-
ized controlled trial, J. Am. Med. Assoc. 288 (2002) 321–333.

[8] D.B. Muchmore, Raloxifene: a selective estrogen receptor modula-
tor (SERM) with multiple target system effects, Oncologist 5 (2000)
388–392.

[9] E. Barrett-Connor, D. Grady, A. Sashegyi, P.W. Anderson, Raloxifene
and cardiovascular events in osteoporotic postmenopausal women:
four-year results from the MORE (Multiple Outcomes of Raloxifene
Evaluation) randomized trial, J. Am. Med. Assoc. 287 (2002) 847–
857.

10] C.E. Kearney, D.W. Purdie, Selective estrogen receptor modulators,
Climacteric 1 (1998) 143–147.

11] C. Gajdos, V.C. Jordan, Selective estrogen receptor modulators as a
new therapeutic drug group: concept to reality in a decade, Clin. Breast
Cancer 2 (2002) 272–281.

12] B. Breuer, S. Wallenstein, R. Anderson, Effects of tamoxifen on bone
fractures in older nursing home residents, J. Am. Geriatr. Soc. 46 (1998)
968–972.

13] D.P. McDonnell, C.E. Connor, A. Wijayaratne, C.Y. Chang, J.D. Nor-
ris, Definition of the molecular and cellular mechanisms underlying
the tissue-selective agonist/antagonist activities of selective estrogen
receptor modulators, Recent Prog. Horm. Res. 57 (2002) 295–316.

14] S.L. Silfen, A.V. Ciaccia, H.U. Bryant, Selective estrogen receptor mod-
ulators: tissue selectivity and differential uterine effects, Climateric 2
(1999) 268–283.

15] D. Somjen, A. Waisman, A.M. Kaye, Tissue selective action of tamox-
ifen methiodide, raloxifene and tamoxifen on creatine kinase B activity
in vitro and in vivo, J. Steroid Biochem. Mol. Biol. 59 (1996) 389–396.

16] S.D. Malnick, A. Shaer, H. Soreq, A.M. Kaye, Estrogen-induced cre-
atine kinase in the reproductive system of the immature female rat,
Endocrinology 113 (1983) 1907–1919.

17] D. Somjen, Y. Weisman, A. Harell, E. Berger, A.M. Kaye, Direct and

sex-specific stimulation by sex steroids of creatine kinase activity and
DNA synthesis in rat bone, Proc. Natl. Acad. Sci. U.S.A. 86 (1989)
3361–3365.

18] D. Somjen, A. Waissman, Y. Weisman, A.M. Kaye, Nonhypercalcemic
analogs of vitamin D stimulate creatine kinase B activity in osteoblast-



2 mistry

[

[

[

[

[

[

[

[

[

[

and SERMS: mutual annihilation and synergy, J. Steroid Biochem. Mol.
58 D. Somjen et al. / Journal of Steroid Bioche

like ROS 17/2.8 cells and up-regulate their responsiveness to estrogens,
Steroids 63 (1998) 340–343.

19] D. Somjen, F. Kohen, A. Jaffe, Y. Amir-Zaltzman, E. Knoll, N. Stern,
Effect of gonadal steroids and their antagonists on DNA synthesis in
human vascular cells, Hypertension 32 (1998) 39–45.

20] S. Katzburg, M. Lieberherr, A. Ornoy, B. Klein, D. Hendel, D. Som-
jen, Isolation and hormone responsiveness of primary cultures of
human bone-derived cells: gender and age differences, Bone 25 (1999)
667–673.

21] I. Yoles, Y. Yogev, Y. Frenkel, R. Nahum, M. Hirsch, M.B.
Kaplan, Tofupill® (DT56a)—a new phyto-selective estrogen receptor
modulator-like substance for the treatment of postmenopausal bone
loss, Menopause 10 (2003) 522–525.

22] I. Yoles, Y. Yogev, Y. Frenkel, M. Hirsch, R. Nahum, B. Kaplan, Efficacy
and safety of standard versus low dose of femarelle (Tofupill) for the

treatment of menopausal symptoms, Clin. Exp. Obstet. Gynecol. 31
(2004) 123–126.

23] D. Somjen, I. Yoles, DT56a (Tofupill®) selectively stimulates creatine
Kinase specific activity in skeletal tissues of rats but not in the uterus,
J. Steroid Biochem. Mol. Biol. 86 (2003) 93–98.

[

& Molecular Biology 104 (2007) 252–258

24] D. Somjen, I. Yoles, DT56a (Tofupill®) stimulates creatine kinase spe-
cific activity in vascular tissues of rats, J. Endocrinol. Invest. 26 (2003)
966–971.

25] D. Somjen, S. Katzburg, M. Lieberherr, D. Hendel, I. Yoles, DT56a
stimulates gender-specific human cultured bone cells in vitro, J. Steroid
Biochem. Mol. Biol. 98 (2006) 90–96.

26] R.T. Turner, J.J. van der Steenhover, N.H. Bell, The effect of ovariec-
tomy and 17�-estradiol on bone histomorphometry in growing rats, J.
Bone Miner. Res. 2 (1987) 115–122.

27] D. Somjen, Z. Mor, A.M. Kaye, Age dependence and modulation by
gonadectomy of the sex-specific response of rat diaphyseal bone to
gonadal steroids, Endocrinology 134 (1994) 809–814.

28] A.M. Kaye, M. Spatz, A. Waisman, S. Sasson, S. Tamir, J. Vaya, D.
Somjen, Paradoxical interactions among estrogen receptors, estrogens
Biol. 76 (2001) 85–93.
29] M. Dutertre, C.L. Smith, Molecular mechanisms of selective estrogen

receptor modulator (SERM) action, J. Pharmacol. Exp. Therap. 295
(2000) 431–437.


	DT56a (Femarelle): A natural selective estrogen receptor modulator (SERM)
	Introduction
	Materials and methods
	Reagents
	Animals
	Cell cultures
	Human cultured female osteoblasts (hObs)
	Human umbilical artery smooth muscle cells (VSMC)

	Creatine kinase extraction and assay
	Rat organs
	Human cultured cells
	Human cultured female osteoblasts
	Human umbilical artery smooth muscle cells


	Alkaline phosphatase extraction and assay
	Human cultured female osteoblasts

	DNA synthesis
	Human cultured female osteoblasts
	Human umbilical artery smooth muscle cells

	Statistical analysis

	Results
	The effect of DT56a on the stimulation of creatine kinase specific activity by a single injection of estradiol-17beta into immature female rats
	The effect of DT56a on the stimulation of creatine kinase specific activity by a single injection of estradiol-17beta into ovariectomized female rats
	The effect of DT56a or estradiol-17beta or both on the modulation of creatine kinase specific activity, alkaline phosphatase specific activity and DNA synthesis in human female osteoblasts in culture
	The effect of DT56a or estradiol-17beta or both on the stimulation of creatine kinase specific activity and the inhibition DNA synthesis in human vascular smooth muscle cells in culture

	Discussion
	Acknowledgments
	References


