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We report herein the synthesis and anti-osteoporotic evaluation of certain 3-amino-2-hydroxypropox-
yisoflavone derivatives. The results indicated that 3-(3,4-dimethoxyphenyl)-7-(oxiran-2-ylmethoxy)-4H-
chromen-4-one (4) and 3-{4-[3-(cyclohexylamino)-2-hydroxypropoxy]phenyl}-7-methoxy-4H-chro-
men-4-one (5a) exhibited significant inhibitory effects on osteoclast activity (TRAP activity in RAW 264.7
with an ED50 of 0.56 and 2.28 mM respectively). Both compounds have also exhibited very strong oste-
ogenic effects, approximately a 10-fold effect of Ipriflavone on mineralization of osteoblasts (MC3T3E1
cells, a preosteoblast cell line derived from calvaria of C57BL/6 mice). Results indicated the potency on
enhancing mineralization in D1 cells (a bone marrow mesenchymal cell line derived from BALB/c mice)
decreased in an order 4> Ipriflavone> 5a. However, the potency on enhancing mineralization in human
adipose tissue derived stem cells (hADSCs) decreased in an order 5a> 4> Raloxifene> Ipriflavone.
Compound 5a has been found to be non-cytotoxic and especially active in the enhancement of miner-
alization in human adipose tissue derived stem cells. Therefore, 5a was selected as a potential lead for
further structural optimization.

� 2009 Published by Elsevier Masson SAS.
1. Introduction

Bone is subject to continual remodeling, renewed through
a process of resorption of old bone by osteoclasts and formation of
new bone by osteoblasts. An imbalance of the bone resorption over
the bone formation leads to osteoporosis which is a major public
health problem in the elderly population especially in women after
menopause [1]. Hormone-replacement therapy (HRT) is effective in
the prevention of bone loss in early menopause, but is also
accompanied by several side effects such as uttering bleeding and
carcinogenesis [2]. Isoflavonoids, a subclass of flavonoids which
have structures similar to that of estrogen, have received consid-
erable attention as alternatives to HRT for the prevention of post-
menopausal osteoporosis and their actions suggested to be the
inhibition of osteoclast differentiation [3–5].
; fax: þ886 7 3125339.
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Isoflavonoids present in large quantities in soybeans and soy
products. These natural products along with their synthetic
analogues possess a wide variety of biological activities including
antiparasitic, antiproliferative, antifungal, antiviral, anti-inflam-
matory, antioxidant, and cardiovascular effects [6–13]. Genistein,
a major isoflavone phytochemical in some plants, is known as
a phytoestrogen that is capable of binding to the estrogen receptor.
Much attention has been focus on the role of genistein in pre-
venting bone loss resulted at least in part from the estrogen defi-
ciency [14–17]. Ipriflavone (7-isopropoxyisoflavone) [18–22], an
isoflavone synthesized from the soy isoflavone daidzein, has been
approved for the treatment of involutional osteoporosis in some
European countries and in Japan. However, only few reports have
been dedicated to the improvement of the selective estrogen
receptor modulator (SERM) activity and the anti-osteoporotic
activity of Ipriflavone [23–25]. Delcanale et al. have synthesized
certain aminoalkoxy analogues of Ipriflavone and evaluated for
their capacity to inhibit bone resorption. Among them, 7-(amino-
alkoxy)isoflavone analogues proved to be the most active [24]. The
present report describes further the substitution of a hydroxyl
group on the aminoalkoxy side chain of isoflavone derivatives and
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evaluated for their anti-osteoporotic activities, i.e. the inhibition of
osteoclasts and the promotion of osteoblasts. This type of 3-amino-
2-hydroxypropoxy side chain is in common of certain clinically
used cardiovascular drugs such as isoproterenol, salbutamol, and
procaterol.
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2. Chemistry

3-Amino-2-hydroxypropoxyisoflavone derivatives have been
prepared as described in Scheme 1. Treatment of 3-(4-hydrox-
yphenyl)-7-methoxy-4H-chromen-4-one (1) [26] with epichloro-
hydrin gave 7-methoxy-3-[4-(oxiran-2-ylmethoxy)phenyl]-4H-
chromen-4-one (3) which was treated with substituted amines
respectively to afford the respective 3-amino-2-hydroxypropox-
yisoflavone derivatives 5a–5c in a good overall yield. Accordingly,
compounds 6a and 6b have been prepared by amination of 3-(3,4-
dimethoxyphenyl)-7-(oxiran-2-ylmethoxy)-4H-chromen-4-one
(4) which in turn was obtained by the reaction of commercially
available 7-hydroxy-30,40-dimethoxyisoflavone (2) and
epichlorohydrin.

3. Pharmacological results and discussion

All the synthesized 3-amino-2-hydroxypropoxyisoflavones and
their epoxide precursors were evaluated the tartrate resistant acid
phosphatase (TRAP) activity [27] of RAW 264.7 cells, the precursor
cells of osteoclasts, after RANKL induction for osteoclastogenesis, and
the results are summarized in Table 1. Among these compounds,
3-{4-[3-(cyclohexylamino)-2-hydroxypropoxy]phenyl}-7-methoxy-
4H-chromen-4-one (5a) exhibited significant inhibition of osteoclast
activity. The inhibition of TRAP activity in RAW 264.7 with an IC50 of
2.28 mM is approximately 2-fold more active than its cyclopropyl
counterpart 5c, while the morpholinyl isomer 5b was not effective
on TRAP activity. Peripheral substitution of isoflavone core plays an
important role in the inhibition of osteoclast activity, in which the
inhibitory effect on TRAP activity was in an order of cyclo-
hexyl> cyclopropyl>morpholinyl. Thus, 7-[3-(cyclohexylamino)
-2-hydroxypropoxy]-3-(3,4-dimethoxyphenyl)-4H-chromen-4-one
(6a) inhibited the TRAP activity in RAW 264.7 with an IC50 of 4.17 mM
while its morpholinyl counterpart 6b was not effective on TRAP
activity. Both epoxide precursors 3 and 4 have also been found to
possess significant inhibitory effect on osteoclast inhibitory activity
with IC50 of 6.39 and 0.56 mM respectively. With exception of 5b and
6b, all the isoflavone derivatives are more effective than the positive
baicalein which exhibited an IC50 of 13.01 mM [28].

Compounds 4 and 5a are non-cytotoxic on RAW 264.7 and D1
cells as shown in Fig. 1A, and C respectively. Both compounds have
also exhibited very strong osteogenic effects, approximately a 10-
fold effect of Ipriflavone on mineralization of osteoblasts
(MC3T3E1 cells, a preosteoblast cell line derived from calvaria of
C57BL/6 mice), as shown in Fig. 1B. Results from Fig. 1D indicated
the potency on enhancing mineralization in D1 cells (a bone
marrow mesenchymal cell line derived from BALB/c mice)
decreased in an order 4> Ipriflavone> 5a. However, cell viability
of 4 decreased to 60–70% to that of control while 5a, Raloxifene,
and Ipriflavone respectively were non-cytotoxic in a 3-day treat-
ment of human adipose tissue derived stem cells (hADSCs) as
shown in Fig. 1E. Fig. 1F indicates the potency on the enhancement
of mineralization in hADSCs decreased in an order of
5a> 4> Raloxifene> Ipriflavone. Raloxifene is a nonsteroidal
benzothiophene and classified as a selective estrogen receptor
modulator (SERM) on the basis it produced both estrogen-agonistic
effects on bone and estrogen-antagonistic effects on uterine
endometrium and breast tissue [29–32]. Compound 5a has been
found to be non-cytotoxic and especially active in the enhance-
ment of mineralization in human adipose tissue derived stem cells
and therefore, was selected as a potential lead for the discovery of
anti-osteoporotic drug candidates. Further structural optimization
and mechanism studies are on-going.

4. Conclusion

Peripheral substitution of isoflavone core plays an important role
in the inhibition of osteoclast activity in which the TRAP activity
decreased in an order of cyclohexyl> cyclopropyl>morpholinyl.
Among these synthesized isoflavone derivatives, 4 and 5a have been
proved to possess dual actions, inhibition of osteoclast activity
(TRAP activity in RAW 264.7) and enhancement of osteoblast
activity (mineralization in MC3T3E1 cells, D1 cells, and hADSCs). The
potency on enhancing mineralization in human adipose tissue
derived stem cells (hADSCs) decreased in an order of
5a> 4> Raloxifene> Ipriflavone. Compound 5a has been found to
be non-cytotoxic and therefore, was selected as a potential lead for
further structural optimization.

5. Experimental

5.1. General

Melting points were determined on an Electrothermal IA9100
melting point apparatus and are uncorrected. Nuclear magnetic
resonance (1H and 13C) spectra were recorded on a Varian Gemini
200 spectrometer or Varian-Unity-400 spectrometer. Chemical



Table 1
Tartrate resistant acid phosphatase (TRAP) assay for testing effects of isoflavone derivatives on osteoclastic activity.
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shifts were expressed in parts per million (d) with tetramethylsi-
lane (TMS) as an internal standard. Thin-layer chromatography was
performed on silica gel 60 F-254 plates purchased from E. Merck
and Co. The elemental analyses were performed in the Instrument
Center of National Science Council at National Cheng-Kung
University and National Chung-Hsing University using Heraeus
CHN-O Rapid EA, and all values are within �0.4% of the theoretical
compositions.

5.1.1. 7-Methoxy-3-(4-(oxiran-2-ylmethoxy)phenyl)-4H-chromen-
4-one (3)

A mixture of 1 (0.27 g, 1 mmol), K2CO3 (0.41 g, 3 mol) and
epichlorohydrin (0.3 g, 3 mol) in MeCN (30 mL) was refluxed for 4 h
(TLC monitoring). The mixture was then cooled and evaporated in
vacuo to give a residue which was treated with H2O (50 mL). The
resulting precipitate was collected, washed with H2O, and purified
by column chromatography (MeOH:CH2Cl2 1/50) to give 2 (0.14 g,
43%). Mp: 153–154 �C. 1H NMR (400 MHz, DMSO-d6): 2.72 (dd, 1H,
J¼ 4.8, 2.8 Hz, 30-H), 2.85 (dd, 1H, J¼ 4.8, 4.4 Hz, 30-H), 3.34 (m, 1H,
20-H), 3.85 (dd, 1H, J¼ 11.2, 6.4 Hz, 10-H), 3.90 (s, 3H, OMe), 4.36 (dd,
1H, J¼ 11.2, 2.4 Hz, 10-H), 7.01 (m, 2H, Ar–H), 7.08 (dd, 1H, J¼ 8.8,
2.4 Hz, 6-H), 7.15 (d, 1H, J¼ 2.4 Hz, 8-H), 7.52 (m, 2H, Ar–H), 8.02 (d,
1H, J¼ 8.8 Hz, 5-H), 8.42 (s, 1H, 2-H). 13C NMR (100 MHz, DMSO-
d6): 43.78, 49.74, 56.12, 68.99, 100.56, 114.22 (2C), 114.81, 117.58,
123.29, 124.45, 126.95, 130.11 (2C), 153.56, 157.46, 157.99, 163.73,
174.63. Anal. calcd for C19H16O5: C 70.36, H 4.97; found: C 70.46, H
4.95.

5.1.2. 3-(3,4-Dimethoxyphenyl)-7-(oxiran-2-ylmethoxy)-4H-
chromen-4-one (4)

The title compound was obtained by the treatment of 2 with
epichlorohydrin as described for 3. Yield: 70%. Mp: 161–162 �C. 1H
NMR (400 MHz, CDCl3): 2.80 (dd, 1H, J¼ 4.8, 2.4 Hz, 300-H), 2.95 (dd,
1H, J¼ 4.8, 4.0 Hz, 300-H), 3.42 (m, 1H, 200-H), 3.92 and 3.93 (two s,
6H, 30- and 40-OMe), 4.03 (dd, 1H, J¼ 11.2, 6.0 Hz, 100-H), 4.38 (dd,
1H, J¼ 11.2, 2.8 Hz, 100-H), 6.90 (d, 1H, J¼ 2.4 Hz, 8-H), 6.92 (d, 1H,
J¼ 8.0 Hz, 50-H), 7.02–7.06 (m, 2H, 6- and 60-H), 7.20 (d, 1H,
J¼ 1.6 Hz, 20-H), 7.95 (s, 1H, 2-H), 8.21 (d, 1H, J¼ 8.8 Hz, 5-H). 13C
NMR (100 MHz, CDCl3): 44.53, 49.76, 55.92, 55.94, 69.28, 101.04,
111.12, 112.45, 114.73, 118.75, 121.00, 124.53, 124.96, 127.90, 148.74,
149.08, 152.29, 157.73, 162.69, 175.83. Anal. calcd for
C20H18O6$1.0H2O$0.8HCl: C 59.81, H 5.23; found: C 59.90, H 5.46.



Fig. 1. Effects of compounds 4, 5a, Raloxifene (Ralo) and Ipriflavone (IpF) (10 mM) on (A) cell viability in RAW 264.7 cells (a 3-day treatment), (B) mineralization in MC3T3E1 cells (a
12-day treatment), (C) cell viability in D1 cells (a 3-day treatment), (D) mineralization in D1 cells (a 7-day treatment), (E) cell viability in hADSCs (a 3-day treatment), and (F)
mineralization in hADSCs’ cells (a 13-day treatment).
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5.1.3. 3-(4-(3-(Cyclohexylamino)-2-hydroxypropoxy)phenyl)-7-
methoxy-4H-chromen-4-one (5a)

A mixture of 3 (0.32 g, 1 mmol), cyclohexylamine (0.50 g, 5 mol)
in EtOH (30 mL) was heated at reflux for 4 h (TLC monitoring) and
then evaporated in vacuo to give a residue which was treated with
H2O (50 mL). The precipitating material was collected, washed with
H2O, and purified by column chromatography (MeOH:CH2Cl2 1/20)
to give 5a (0.27 g, 67%). Mp: 125–126 �C. 1H NMR (400 MHz, CDCl3):
1.05–1.32 (m, 5H, cyclohexyl-H), 1.60–1.95 (m, 5H, cyclohexyl-H),
2.47 (m, 1H, cyclohexyl-H), 2.75 (dd, 1H, J¼ 12.4, 7.6 Hz, 30-H), 2.93
(d, 1H, J¼ 12.4, 3.6 Hz, 30-H), 3.92 (s, 3H, OMe), 3.97–4.08 (m, 3H, 10-
and 20-H), 6.85 (d, 1H, J¼ 2.4 Hz, 8-H), 6.96–7.01 (m, 3H, Ar–H and
6-H), 7.48 (m, 2H, Ar–H), 7.92 (s, 1H, 2-H), 8.19 (d, 1H, J¼ 8.8 Hz, 5-
H). 13C NMR (100 MHz, CDCl3): 24.97 (2C), 25.99, 33.44, 33.67,
48.74, 55.81, 56.82, 68.26, 70.52, 100.05, 114.54 (2C), 114.57, 118.37,
124.54, 124.78, 127.76, 130.13 (2C), 152.09, 157.93, 158.67, 163.95,
175.84. Anal. calcd for C25H29NO5$0.1H2O: C 70.59, H 6.93, N 3.29;
found: C 70.38, H 6.87, N 3.29.

5.1.4. 3-(4-(2-Hydroxy-3-morpholinopropoxy)phenyl)-7-methoxy-
4H-chromen-4-one (5b)

The title compound was obtained by the treatment of 3 with
morpholine as described for 5a. Yield: 68%. Mp: 117–118 �C. 1H
NMR (400 MHz, CDCl3): 2.47–2.72 (m, 6H, morpholinyl-H and 30-
H), 3.70–3.79 (m, 4H, morpholinyl-H), 3.92 (s, 3H, OMe), 4.03 (m,
2H, 10-H), 4.13 (m, 1H, 20-H), 6.85 (d, 1H, J¼ 2.4 Hz, 8-H), 6.98 (m,
3H, Ar–H and 6-H), 7.49 (m, 2H, Ar–H), 7.92 (s, 1H, 2-H), 8.20 (d, 1H,
J¼ 8.8 Hz, 5-H). 13C NMR (100 MHz, CDCl3): 53.75, 55.81, 61.02,
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65.37, 66.97 (2C), 70.22, 94.38, 100.07, 114.55 (2C), 114.58, 118.38,
124.62, 124.78, 127.77, 130.15 (2C), 152.10, 157.94, 158.65, 163.97,
175.85. Anal. calcd for C23H25NO6: C 66.40, H 6.19, N 3.37; found: C
66.09, H 6.17, N 3.34.

5.1.5. 3-(4-(3-(Cyclopropylamino)-2-hydroxypropoxy)phenyl)-7-
methoxy-4H-chromen-4-one (5c)

The title compound was obtained by the treatment of 3 with
cyclopropylamine as described for 5a. Yield: 78%. Mp: 105–106 �C.
1H NMR (400 MHz, DMSO-d6): 0.22 (m, 2H, cyclopropyl-H), 0.36
(m, 2H, cyclopropyl-H), 2.11 (m, 1H, cyclopropyl-H), 2.64–2.77 (m,
2H, 30-H), 3.88-4.05 (m, 6H, OMe, 10- and 20-H), 4.97 (1H, NH), 6.99
(m, 2H, Ar–H), 7.08 (dd, 1H, J¼ 8.8, 2.0 Hz, 6-H), 7.17 (d, 1H,
J¼ 2.0 Hz, 8-H), 7.51 (m, 2H, Ar–H), 8.03 (d, 1H, J¼ 8.8 Hz, 5-H), 8.43
(s, 1H, 2-H). 13C NMR (100 MHz, DMSO-d6): 6.17 (2C), 30.29, 52.21,
56.13, 67.95, 70.83, 100.07, 114.20 (2C), 114.80, 117.59, 123.38,
124.00, 126.95, 130.05 (2C), 153.48, 157.46, 158.52, 163.71, 174.65.
Anal. calcd for C22H23NO5$0.1H2O: C 68.94, H 6.11, N 3.66; found: C
68.69, H 6.06, N 3.46.

5.1.6. 7-(3-(Cyclohexylamino)-2-hydroxypropoxy)-3-(3,4-
dimethoxyphenyl)-4H-chromen-4-one (6a)

The title compound was obtained by the treatment of 4 with
cyclohexylamine as described for 5a. Yield: 54%. Mp: 70–71 �C. 1H
NMR (400 MHz, CDCl3): 1.03–1.32 (m, 5H, cyclohexyl-H), 1.62–1.95
(m, 5H, cyclohexyl-H), 2.45 (m, 1H, cyclohexyl-H), 2.76 (dd, 1H,
J¼ 12.4, 8.0 Hz, 30-H), 2.96 (d, 1H, J¼ 12.4, 4.0 Hz, 300-H), 3.92 and
3.93 (two s, 6H, 30- and 40-OMe), 3.99–4.09 (m, 3H, 100- and 200-H),
6.89 (d, 1H, J¼ 2.4 Hz, 8-H), 6.92 (d, 1H, J¼ 8.4 Hz, 50-H), 7.01–7.06
(m, 3H, 6- and 60-H), 7.21 (d, 1H, J¼ 2.4 Hz, 20-H), 7.95 (s, 1H, 2-H),
8.21 (d, 1H, J¼ 8.8 Hz, 5-H). 13C NMR (100 MHz, CDCl3): 24.96 (2C),
25.98, 33.61, 33.91, 48.52, 55.90, 55.92, 56.75, 68.04, 71.04, 100.82,
111.09, 112.42, 114.82, 118.53, 120.99, 124.55, 124.90, 127.75, 148.71,
149.04, 152.26, 157.77, 163.05, 175.86. Anal. calcd for
C26H31NO6$0.2H2O: C 68.32, H 6.92, N 3.06; found: C 68.51, H 6.99,
N 3.01.

5.1.7. 3-(3,4-Dimethoxyphenyl)-7-(2-hydroxy-3-
morpholinopropoxy)-4H-chromen-4-one (6b)

The title compound was obtained by the treatment of 4 with
morpholine as described for 5a. Yield: 51%. Mp: 135–136 �C. 1H
NMR (400 MHz, CDCl3): 2.47–2.73 (m, 6H, morpholinyl-H and 300-
H), 3.71–3.80 (m, 4H, morpholinyl-H), 3.92 and 3.93 (two s, 6H, 30-
and 40-OMe), 4.11 (m, 2H, 100-H), 4.17 (m, 1H, 200-H), 6.90 (d, 1H,
J¼ 2.4 Hz, 8-H), 6.92 (d, 1H, J¼ 8.4 Hz, 50-H), 7.02–7.06 (m, 2H, 6-
and 60-H), 7.20 (d, 1H, J¼ 2.0 Hz, 20-H), 7.95 (s, 1H, 2-H), 8.21 (d, 1H,
J¼ 8.8 Hz, 5-H). 13C NMR (100 MHz, CDCl3): 30.85, 53.69, 55.91,
55.93, 60.78, 65.08, 66.92 (2C), 70.67, 100.89, 111.12, 112.45, 114.77,
118.61, 121.00, 124.54, 124.93, 127.80, 148.73, 149.07, 152.26, 157.75,
162.99, 175.83. Anal. calcd for C24H27NO7: C 65.29, H 6.16, N 3.17;
found: C 65.20, H 6.19, N 3.14.
5.2. Pharmacological evaluation

5.2.1. Tartrate resistant acid phosphatase (TRAP) solution assay [28]
103 Raw 264.7 cells were cultured in 96-well plates with 100 ng/

mL RANKL (R&D Systems, Minneapolis, MN). Cultures were incu-
bated at 37 �C in 5% CO2 for 5 days with addition of media con-
taining fresh RANKL on day 3. In the TRAP solution assay, enzyme
activity was examined by the conversion of a-naphthyl phosphate
(4 mmol/L; Sigma Chemical Co.) to a-naphthol in the presence of
2 mol/L L-tartrate solution (Sigma Chemical Co.) in each well.
Absorbance was measured at 405 nm using a microplate reader
(model 550; Bio-Rad Labs.).
5.2.2. Cell culture and drug treatment
D1 cell, which is a mesenchymal stem cell line cloned from

bone marrow cells of BALB/c mice, was purchased from American
Type Culture Collection (Rockville, MD). D1 cells can be induced
into osteoblasts, adipocytes and chondrocytes. D1 cells were
maintained in DMEM (Gibco BRL, Gaithersburg, MD) supple-
mented with 10% FBS, 100 U/mL of penicillin and streptomycin.
MC3T3E1 cell, which is a preosteoblast cell line derived from
calvaria of C57BL/6 mice, was obtained from the American Type
Culture Collection (Rockville, MD). MC3T3E1 cells were main-
tained in aMEM (Gibco BRL, Gaithersburg, MD) supplemented
with 10% FBS, 100 U/mL of penicillin and streptomycin. They
exhibit osteogenic properties in Dulbecco modified Eagle medium
(Gibco BRL, Gaithersburg, MD) containing 10% fetal bovine serum
and 50 mg/mL sodium ascorbate in a humidified atmosphere of 5%
CO2 at 37 �C, and the medium was changed every 2 days. New
synthetic compounds were dissolved in DMSO to a final concen-
tration of 10 mM and stored at �20 �C. The stock solution was
freshly diluted with medium to a final concentration of 10 mM
containing 0.1% of DMSO. Control cultures were treated with the
same amount of DMSO as used in the corresponding experiments.

5.2.3. Cell viability by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay

The MTT assay is a colorimetric assay based on the ability of the
viable cells to reduce a soluble yellow tetrazolium salt to blue for-
mazan crystals [33]. After compound treatments, 350 mL of MTT
solution (0.5 mg/mL in PBS) was added to each well and incubated
for 4 h. DMSO was then added for another 0.5 h to thoroughly
dissolve the dark blue crystals. The absorbance at 570 nm was
measured with an ELISA reader. Inhibition of mitochondrial
metabolism was shown as relative activity (% of control).

5.2.4. Cytotoxicity assay by lactate dehydrogenase (LDH) leakage
Lactate dehydrogenase (LDH) leakage from cells was measured

to quantify the cytotoxicity by using a cytotoxicity detection kit
(Roche, Germany) [34]. Cells were previously seeded into 48-well
plates (4�104 cells/well). After drug treatment, the supernatants
and cell layers of the cultures were collected for assay. According
to the manufacturer’s guidelines for the detection kit, cell layers
were lysed with 1% Triton X-100, and cell lysates and supernatants
were assayed in a 96-well plate, respectively. Briefly, 100 mL of
catalyst solution was added in each assay well for 20 min.
Absorbance was measured with an ELISA reader with a 490 nm
filter. LDH leakage was shown as relative activity (% of total cell
toxicity).

5.2.5. Osteogenic differentiation and quantification of
mineralization

Osteogenic differentiation was induced by culturing cells in
osteo-induction medium (OIM, 10% FBS, 0.1 mM dexamethasone,
10 mM b-glycerophosphate, and L-Ascorbic 2 phosphate 100 mM in
low glucose DMEM) for 7–14 days. The extracellular matrix calci-
fication was estimated by using Alizarin red S stain [35]. The Aliz-
arin red S-stained mineral was quantified by the osteogenesis
quantification kit (CHEMICON�).
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