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Abstract

Osteocare, a herbal formulation, has been found to be very effective in bone
mineralization and support of the microstructure of bone tissue. The water-
soluble components of Osteocare (WSCO) induced osteogenic activity
in human osteoblast-like SaOS-2 cells. The addition of WSCO (100 pg/ml) to
Sa0S-2 cells was effective in increasing the cell proliferation by 41.49% and
DNA content by 1.9-fold. WSCO increased matrix mineralization in SaOS-2
cells by increased alkaline phosphatase levels and calcium-rich deposits as
observed by Alizarin red staining. WSCO markedly increased mRNA expression
for osteopontin (OPN), osteocalcin (OCN), type | collagen (Col 1) in Sa0S-2
cells, and it down-regulated IL-6 mMRNA levels in SaOS-2 cells. The present
study showed that WSCO plays an important role in osteoblastic bone formation
through enhanced activities of ALP, Col I, bone matrix proteins such as OPN
and OCN, down-regulation of cytokines like IL-6, as well as promoting
mineralization in Sa0S-2 cells.
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Introduction

Osteoporosis is a metabolic bone disease characterized by a reduction in bone mass and
the microarchitectural deterioration of bone tissue, resulting in skeletal fragility and
susceptibility to fractures [1]. The most common type of osteoporosis is the bone loss
associated with ovarian hormone deficiency at menopause [2]. During osteoporosis, the
total skeletal mass decreases due to an imbalance between the resorption of bone by
osteoclasts and subsequent formation of bone by osteoblasts.

Anti-osteoporotic drugs act either by preventing bone resorption (estrogen, calcitonin,
biphosphonates, raloxifene) or by agents that stimulate bone formation (anabolic steroids,
fluoride). Estrogen replacement therapy is approved for the prevention of bone loss in
postmenopausal women and is efficacious in reducing the incidence of skeletal fractures
[3]. However, estrogen use and compliance are limited due to its numerous undesirable
side effects such as uterine and breast cancer [4]. In addition, the cost of anti-osteoporotic
drugs is high to benefit a large population in the developing or even developed countries
for the treatment and prevention of osteoporosis [5]. Hence an alternative system for the
management of osteoporosis is highly desirable.

Herbal medicine has been widely used to treat bone disease for thousands of years and
will continue to be used as a cost-effective alternative to commercial pharmaceutical
products [5]. Osteocare is an herbomineral formulation used for the treatment of senile and
postmenopausal osteoporosis. Osteocare mainly contains the extracts of Commiphora
mukul Hook Ex Stock., (Burseraceae), Alpinia galanga L., (Zingiberaceae), Withania
somnifera Dunal., (Solanaceae), and Terminalia arjuna W & A., (Combretaceae) that are
well-known for their bone mineralization properties [6, 7]. Terminalia arjuna is extensively
used in the treatment of osteodystrophic conditions [6]. Previous reports on Terminalia
arjuna showed that the triterpene-saponin fraction of the plant reduces the development of
osteoporosis by reducing the bone marrow fat load and by reducing the secretion of pro-
inflammatory cytokines [6, 7]. Traditionally, Commiphora mukul (Sanskrit Name: Guggulu)
is used in the management of fractures and dislocations [6]. Guggulsterone, a steroid
present in Commiphora mukul inhibits osteoclastogenesis induced by the receptor
activator of NF kappa B ligand [8]. The therapeutic use of Withania somnifera for bone
weakness in traditional medicine was reported [9, 10]. The estrogen-like withanolides
present in Withania somnifera confers the anti-osteoporotic potential to this plant [11].
Alpinia galanga is widely used as a part of normal dietary intakes as well as in the
traditional system of medicine viz., Ayurveda, Unani, Chinese, and Thai folk medicine [12].
In the Unani system of medicine, the rhizome of this plant is used as a cure for bone
weakness and healing fractures [13]. The constituent plants of Osteocare were identified
and certified by a botanist and the voucher specimen of each constituent plant has been
archived in the herbarium of Research and Development Centre, The Himalaya Drug
Company, Bangalore, India. The composition of Osteocare with respect to the scientific
names of the plants, parts used, drug extract ratio, and solvent used is given in Table 1.
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Tab. 1. Composition of Osteocare granules

No Ingredients Part used Quantity Drug Solvent
used (mg) extractratio used
1 Commiphora mukul Oleo-gum-resin 32.8 1.89:1 water
2  Alpinia galanga rhizome 7.6 7.69:1 water
3 Terminalia arjuna bark 6.4 5:1 water
4  Withania somnifera root 6.4 6.66:1 water
5 Kukkutandtvak bhasma* - 520 - -
6  Godanti bhasma” — 170 — —

hen’s egg shell calx; * gypsum calx.

The therapeutic effects of Osteocare on osteoporosis and bone loss were reported by
many workers [2, 14-16]. However, the cellular and molecular mechanisms of Osteocare
and its effects on proliferation, differentiation, and matrix mineralization have yet to be
explored.

Established osteoblast-like cell lines are particularly useful models to study signalling
pathways in response to stimulation by osteotropic factors. SaOS-2 cells have been used
to assess the effects of herbal compounds on the proliferation, differentiation, and matrix
mineralization of osteoblastic cells [17-21]. The present study is aimed to delineate the
effects of Osteocare on the proliferation, differentiation, and matrix mineralization of
human osteoblastic SaOS-2 cells.

Results
Effect of WSCO on Viability and Cell Proliferation
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Fig. 1. Cytotoxicity of WSCO on Sa0S-2 cells. Sa0OS-2 cells were incubated for 48 and
72 h with different concentrations of WSCO and the cell viability was
determined using the MTT assay. (A) Cytotoxicity after 48 h (B) Cytotoxicity
after 72 h. Data are expressed as percentage of control. Results are shown as
+ SD of the three experiments.
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WSCO showed no cytotoxic effects on SaOS-2 cells after 48 and 72 h at the test doses
(Fig. 1A, B). Non-toxic concentrations of WSCO were taken for further experimentation. A
stimulatory effect on osteoblastic proliferation was observed when the cells were treated
with WSCO and the maximum stimulation was observed at 100 ug/ml after 48 h (Table 2).
17B-estradiol showed increased cell proliferation with 80.68 and 77.64% at 48 and 72 h,
respectively. WSCO at 100 pg/ml increased the DNA vyield by 1.9fold, whereas at 50 and
25 pug/ml, WSCO increased the DNA yields by 1.6- and 1.4-fold, respectively (Table 2).

Tab. 2.  Cell proliferative activity of WSCO in SaOS-2 cells

Sample Concentration % cell DNA yield DNA
proliferation pg /ml fold increase
48h 72h (over control)

200 pg /ml 23.32 18.01 5.85 1.3
100 pg /ml 41.49 26.21 8.55 1.9
WSCO 50 pg /ml 36.05 21.24 7.20 1.6
25 pg /mi 28.74 18.04 6.30 1.4
12.5 pug /ml 21.18 10.87 5.90 1.3
173-Estradiol 1 nM 80.68 77.64 10.05 2.2
Cell control — — — 4.50 —
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Fig. 2. Effects of WSCO on ALP activity in SaOS-2 cells. Sa0OS-2 cells were incubated
for 48 hr with different concentrations of WSCO and the ALP activity was
determined. Data are expressed as the percentage of control. Results are
shown as * SD of the four experiments.

Effect of WSCO on ALP Activity

WSCO showed increased ALP activity in Sa0OS-2 cells over 48 h, and the maximal effect
was reached when the cells were treated with 100 pg/ml WSCO (Fig. 2). ALP activity
started declining at concentrations below 50 pg/ml. The activity of ALP was found to be at
the maximum at 100 and 50 pg/ml and the proliferation was also found to be at the
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maximum at these concentrations. Thus, these doses were found to be effective and
further studies were carried out using these doses. Dexamethasone enhanced ALP activity
in Sa0S-2 cells. The increase in the ALP activity by WSCO at 100 pg/ml was comparable
to that of dexamethasone. The increase in the ALP activity was further confirmed by
RT-PCR analysis. The mRNA expression of ALP was increased significantly in cells
treated with WSCO when compared to untreated cells (Fig. 3).

Relative mRNA levels

Fig. 3. Effect of WSCO on ALP gene expression in SaOS-2 cells. (A) RT-PCR profile
of ALP and GAPDH. (B) Densitometric analysis of gene transcripts. Data is
expressed as mean (£SE).

Effect of WSCO on Extracellular Matrix Gene Expression

As the expression of OCN, OPN, and Col | changes during the maturation and differ-
entiation of osteoblasts, the effects of WSCO on the expression of these genes were
examined. RT-PCR analysis showed a dose-dependent increase in the mRNA expression
of OCN, OPN, and Col | genes compared to the control cells (Fig. 4-6). However, WSCO
inhibited LPS-induced IL-6 gene expression in Sa0S-2 cells (Fig. 7). Dexamethasone up-
regulated the gene expression for ALP, OCN, OPN, and IL-6, whereas Col | expression
was down-regulated by dexamethasone (Fig. 4-7). The internal control, GAPDH was
uniformly amplified in all the samples.
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Relative mRNA levels

Fig. 4. Effect of WSCO on OCN gene expression in Sa0S-2 cells. A) RT-PCR profile
of OCN and GAPDH. (B) Densitometric analysis of gene transcripts. Data is
expressed as mean (£SE).

Relative mRNA levels

Fig. 5. Effect of WSCO on OPN gene expression in SaOS-2 cells. (A) RT-PCR profile
of OPN and GAPDH. (B) Densitometric analysis of gene transcripts. Data is
expressed as mean (£SE).
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Relative mRNA levels

Fig. 6. Effect of WSCO on Collagen | gene expression in Sa0OS-2 cells. A) RT-PCR
profile of Col | and GAPDH. (B) Densitometric analysis of gene transcripts. Data
is expressed as mean (xSE).

Relative mIRNA levels

Fig. 7. Effect of WSCO on LPS-induced IL-6 gene expression in Sa0S-2 cells. (A) RT-
PCR profile of IL-6 and GAPDH. (B) Densitometric analysis of gene transcripts.
Data is expressed as mean (xSE).
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Effect of WSCO on Mineralization

The effect of WSCO on matrix mineralization was assessed in SaOS-2 cells at
concentrations of 100, 50, and 25 pug/ml. The mineralized nodule formation in Sa0OS-2 cells
cultured for 14 days with WSCO is shown in Fig. 8. The mineralized nodules appeared as
red patches depending on mineral deposition. Maximum mineralization was observed with
100 pg/ml WSCO, whereas at 50 and 25 pg/ml, the extent of mineralization was less as
compared to higher concentrations.
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Fig. 8. Effects of WSCO on mineralization in SaOS-2 cells. Cells were treated with
WSCO for 14 days, formalin-fixed, stained with alizarin red, and observed under
the microscope and photographed (magnification x 40). (A) Cells treated with
WSCO at 100 pg/ml. (B) Cell control.

Discussion

The promotion of osteoblast activity with drugs that lack cytotoxicity can be a better
approach for drug development to treat osteoporosis [21]. The present study demonstrated
that WSCO potentially induced osteoblastic differentiation markers such as ALP, OPN,
OCN, Caol I, and mineralization in Sa0S-2 cells. This is the first report to show that WSCO
regulates much of the tightly linked control between the maturation and differentiation in
Sa0S-2 cells through the increased synthesis of matrix proteins, which ultimately
stimulates mineralization.

Initially, the putative cytotoxic effect of WSCO on SaOS-2 cells was checked since many
therapeutic agents have been shown to possess severe side effects [21]. WSCO had no
effect on the viability of the SaOS-2 cells. The results of cell proliferation were comparable
to that of 17B-estradiol, used as the standard in cell proliferation experiments [25]. The
osteogenic activity of WSCO was confirmed by the MTT assay, showing increased DNA
content in Sa0S-2 cells.

ALP is the most widely recognised biochemical marker for osteoblastic activity [26, 27].
Though the precise mechanism of action is poorly understood, the enzyme is believed to
play an important role in bone metabolism [28, 29]. WSCO at concentrations of 100 and 50
pg/ml exhibited significant, positive effects on ALP activity. These results were comparable
to that of dexamethasone, used as a standard in the present study [30]. The increase in
the ALP activity was further confirmed by RT-PCR by employing specific primers and the
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results showed a dose-dependent increase in the ALP gene expression as compared to
the control. Thus, it could be concluded that WSCO stimulated osteoblastic activity at least
in part by enhancing the synthesis of ALP. In addition to these in vitro observations, the
positive effects of Osteocare on ALP activity have also been reported during clinical trials
of rickets in rats [14]. Taken together, the increase in ALP activity due to WSCO supports
the earlier views on the anabolic effects of Osteocare on bone formation [2, 15, 16].

The formation of bone involves a complex series of events that include the proliferation of
osteoblasts and their differentiation, eventually resulting in the formation of a mineralized
extracellular matrix. A number of genes including alkaline phosphatase, type | collagen,
and osteocalcin are highly expressed in the differentiation period [31]. Osteocalcin is a late
marker of osteoblastic differentiation that is closely related to osteoblastic maturation and
matrix mineralization [32-34]. Data from osteocalcin-deficient mice suggest that
osteocalcin may limit in vivo bone formation [35]. The present study demonstrated a dose-
dependent increase in the levels of osteocalcin by WSCO after 14 days of the Sa0OS-2
culture. The effects of WSCO in enhancing OCN gene expression approached those of
dexamethasone — a glucocorticosteroid that stimulates OCN formation in osteoblastic cells
[30, 36].

Osteopontin is a bone matrix protein secreted by osteoblasts, and is regarded as the last
in a chronological sequence of markers of osteoblastic differentiation. OPN expression is
enhanced by hormones and cytokines which regulate mineral growth in vitro and in vivo
[37]. WSCO dose-dependently increased OPN mRNA expression after 14 days of being
cultured. Osteoblasts abundantly synthesize and secrete collagen |, a major bone matrix
constituent and extracellular macromolecule in osteoblast cultures. Osteoporosis leads to
the reduction in the collagen content which in turn leads to finer fibrils, modified cross-
links, and reduced calcification which ultimately leads to the fragility of the bone [38]. In the
present study, SaOS-2 cells showed increased Col | gene expression upon treatment with
WSCO at various doses after 14 days of being cultured. However, dexamethasone
suppressed the Col | mRNA in Sa0OS-2 cells, as reported earlier [30, 39].

IL-6 is a pluripotent cytokine and is reported to inhibit osteoblast differentiation, thus
inhibiting bone formation [40, 41]. Since the gene expression levels of IL-6 was weak, LPS
was used to stimulate the IL-6 gene expression and the effect of WSCO on LPS-
stimulated cells was observed. WSCO inhibited LPS-induced IL-6 gene expression in
Sa0S-2 cells. This observation confirmed the osteoblastic stimulating properties of
WSCO.

Finally, the present study showed the effect of WSCO on mineralized nodule formation
after 14 days of the SaOS-2 culture. WSCO at 100 pg/ml displayed marked mineral-
positive Alizarin red staining. Alizarin red staining is particularly useful for the assessment
of the osteogenic properties of drugs by evaluating the calcium-rich deposits in a culture
[42]. This result shows that WSCO promoted matrix mineralization in vitro, through
increased synthesis and secretion of matrix proteins.

In conclusion, our study showed that WSCO promoted the osteogenic activity by cell
proliferation and stimulated ALP levels in SaOS-2 cells. WSCO stimulated the osteogenic
proteins, osteopontin and osteocalcin, up-regulated Collagen I, inhibited IL-6 mMRNA, and
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increased matrix mineralization in SaOS-2 cells. The results obtained from the present in
vitro study provide strong evidence supporting the anti-osteoporotic properties of this drug.

Experimental
Chemicals

McCoy’s medium, fetal bovine serum, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT), 17p-estradiol, alizarin red, para-nitrophenyl phosphate, diethanolamine,
ascorbic acid, TRI reagent, custom-prepared oligonucleotides, lipopolysaccharide (LPS),
and dexamethasone were obtained from Sigma (St. Louis, MO, USA). Penicillin,
streptomycin, and magnesium chloride were from Hi-media (Mumbai, India). MMLV
reverse transcriptase, deoxynucleotide triphosphates, and Taqg DNA polymerase were
purchased from MBI Fermentas (Amherst, NY, USA). All other reagents and chemicals
used were of molecular biology grade.

Sample Preparation

Uncoated Osteocare granules were obtained from the Formulation and Development
department of Himalaya Drug Company. The herbomineral formulation was pulverised
using a mortar and pestle and sieved with a mesh (0.5 pum) to obtain a fine powder. This
powder was then weighed and extracted with a 1:4 volume of powder: water at room
temperature for 24 h. The water-soluble contents of Osteocare (WSCQO) were extracted by
centrifugation at 5000 g for 30 min. After centrifugation, the supernatant was collected,
lyophilized, and used in all the experiments.

Liquid Chromatography-Mass Spectrometer Analysis

The LC-MS/MS instrument consisted of an HPLC (Shimadzu LC-20AD) coupled with API-
2000 mass spectrometer-MS/MS, [Applied Biosystem/MDS SCIEX, Canada]. 20 uyl WSCO
extract was prepared at a concentration of 2 mg/ml in water (made up to the volume with
methanol) and injected through the SIL-HTC Shimadzu autosampler for phytochemical
screening. The separation of WSCO extract was achieved through the Luna RP-Cig (5uM,
250 X 4.6mm) (Phenomenex Torrance, CA, USA) column. The sample (20 pl of WSCO
test solution) was injected through the SIL-HTC Shimadzu autosampler and the column
oven temperature was maintained at 40°C throughout the analysis by the CTO-10ASVP
column oven.

The separation and identification of Withanolide—A, Withanoside—IV, and Withanoside—-V
were achieved by a mobile phase consisting of water (Merck, maker) with 0.1% formic acid
in pump A and acetonitrile (Merck, maker) with 0.1% formic acid in pump B. A linear
gradient program was: 0—20 min of 5% to 75% of B (binary), 20-25 min of 75% to 5% B
(binary), 25-30 min of 5% B (linear) delivered at a flow rate of 1 ml/min with a splitter and
the run time was about 30 min.

The separation and identification of Guggulsterone E & Z and arjunolic acid were achieved
by a mobile phase which was the combination of A (0.1% formic acid in water) and B
(acetonitrile with 0.1% formic acid). A binary gradient ratio A: B (30:70) was delivered at a
flow rate of 1 ml per min with a splitter and the run time was about 20 min.
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An API-2000 mass spectrometer coupled with an electron spray ionization (ESI) interface
was used to obtain the MS/MS spectrum. Batch acquisition and data processing were
controlled by Analyst 1.5 version software. The ionization conditions were optimized and
the following conditions were adopted — Curtain gas (CUR) 25 psi; Focusing potential (FP)
() 400 V; Entrance potential (EP) (x) 10 V; lonisation Source Temperature 420°C; lon
source Gas 1 (GS1) 55 psi; and lon source Gas 2 (GS2) 65 psi. The collision energy (CE)
for MRM of the precursor to the product ion was optimized by a multiple run through LC
until the most intense precursor to the product ion transition state was obtained. The data
was recorded in negative and positive multiple reaction monitoring (MRM) mode.

Culture Conditions

Human osteoblast-like SaOS-2 cells were procured from the National Centre for Cell
Sciences (NCCS) Pune, India. The cells were grown in McCoy’s medium supplemented
with 10% FBS, 100 1U/ml penicillin, and 100 mU/ml streptomycin in a humidified incubator
at 37°C and 5% CO..

Cytotoxicity

The colorimetric MTT assay was done to determine whether any of the test concentrations
of WSCO were toxic to the Sa0S-2 cells. For this, cells with a seeding density of 1 x 10*
cells per ml were seeded in two 96-well flat bottom culture plates and incubated overnight.
The cells were exposed to different concentrations of WSCO diluted in McCoy’s medium
containing 2% FBS and incubated for 48 and 72 h, and the MTT assay was carried out.
The percentage toxicity was calculated over the control. The non-toxic concentrations of
WSCO were used for further experiments.

Cell Proliferation

Sa0S-2 cells were harvested by trypsinisation and resuspended in serum-free McCoy’s
medium. They were plated at an initial seeding density of 1 x 10* cells per well in a volume
of 100 pl per well in two 96-well microplates. WSCO at different concentrations were
added to the wells. 17B-estradiol was used as the standard drug for the cell proliferation
experiments in the present study. 17p-estradiol at 1 nM was added to separate the wells
and the cell control was also maintained. Cell proliferation was measured by the MTT
assay.

To estimate the total DNA content in the treated/untreated cells, SaOS-2 cells were plated
in 40 mm Petri plates with an initial seeding density of 1 x 10° cells per ml in serum-free
media and incubated with/without the drug samples in a humidified atmosphere of 5% CO,
at 37°C for 48 h. The total DNA was extracted from the treated/untreated cells using the
TRI reagent and the DNA was quantified using a spectrophotometer at 260 and 280 nm
and the total yield/number of cells were calculated. The total DNA yield with different
doses of WSCO was compared with the untreated cells and the fold increase was
calculated.

Assay of ALP Activity

The guantitative alkaline phosphatase activity of the culture was determined by an assay
based on the hydrolysis of p-nitrophenyl phosphate to p-nitrophenol based on the protocol
of Zhang et al. [22]. Dexamethasone (1 uM) was used as a standard in this experiment. A
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standard curve was prepared with p-nitrophenol. Each value was normalized to the protein
concentration.

Analysis of mMRNA Expression

Sa0S-2 cells were seeded in 40 mm culture dishes (1 x 10° cells per ml) and incubated
overnight. Cells were treated with WSCO at 100, 50, 25, and 12.5 pg/ml. Dexamethasone
(1 M) was used as a standard in all the gene expression experiments. Cell control was
also maintained. Treated and untreated cells were incubated for 14 days at 37°C. For the
ALP and IL-6 gene amplifications, the incubation period was restricted to 48 h. For IL-6
gene amplification, SaOS-2 cells were induced with LPS (1 pg/ml) for one hour followed by
the addition of WSCO at different concentrations and further incubation for 47 h at 37°C.
RNA isolation and RT-PCR was carried out as described by us earlier [23]. PCR
amplification was carried out to amplify the genes encoding ALP, osteocalcin, osteopontin,
Collagen 1, and IL-6 using species-specific primers (Table 3). GAPDH was used as an
internal control for all the experiments. The three-step PCR cycles consisted of
denaturation at 94°C for 1.5 min, annealing at a specific temperature for 1.5 min, and
extension at 72°C for 1.5 min (Table 1). The PCR amplification was carried out for up to 30
cycles and the final extension was performed at 72°C for 10 min. The amplified products
were resolved in a standard 1.5% agarose gel stained with ethidium bromide and
photographed under UV light. The gel was subjected to densitometric scanning and the
band intensity of the cDNA fragment of each gene of interest was normalized against the
band intensity of the cDNA fragment of the house keeping gene, GAPDH using Image J
software (Rasband, USA).

Tab. 3.  List of primer sequences used in the study

Gene Forward primer (5’-3’) Reverse primer (5’-3’) Anneal. Size
temp.

ALP ACCTCGTTGACACCTGGAAG CCACCATCTCGGAGAGTGAC 55°C 189
OPN CAGCCATGAATTTCACAGCC GGGAGTTTCCATGAAGCCAC 60°C 307

OCN CATGAGAGCCCTCACA AGAGCGACACCCTAGAC 55°C 310
Col | TCTTGGTCGGTGGGTGACTCT CCCCCTCCCCAGCCACAAAG 44°C 360
IL-6 GTACCCCCAGGAGAAGATTC CAAACTGCATAGCCACTTTC 60°C 819

GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA 60°C 453

Matrix Mineralization

The formation of mineralized nodules was analyzed using the Alizarin red staining method
for calcium deposition [24]. Briefly, SaOS-2 cells were cultured in 40 mm petriplates and
treated with different dilutions of WSCO. Cell control was also maintained. The cultures
were incubated at 37°C with 5% CO, for 14 days. At the end of the incubation period, the
media was removed by inversion and the plates were fixed with 10% formalin for 10-15
min, followed by washing several times with distilled water. The Alizarin red stain was
added to the plates and incubated for 15 min and washed with distilled water to remove
the excess amount of the dye. The plates were then observed under a fluorescent
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microscope (40 x) and the photographs were taken and recorded. The mineralized
nodules were labelled as red spots.

Statistical Analysis

Statistical analysis of the data was carried out using the GraphPad Prism4. Unpaired
Student’s t - test was used to analyze the data. Data are represented as mean + SEM and
P <0.05 was considered significant.

Acknowledgement

The authors wish to thank Dr. Shyam Ramakrishnan, Chief Scientific Officer-R&D and
Dr. U. V. Babu, Head, Phytochemistry, R&D Centre, The Himalaya Drug Company,
Bangalore, India for their constant support and encouragement during this study.

Author’s Statement
Competing Interests
The authors declare no conflict of interest.

References

[1] Garnero P, Delmas PD.
Osteoporosis.
Endocrinol Metab Clin North Am. 1997; 26: 913-936.
http://dx.doi.org/10.1016/S0889-8529(05)70287-5

[2] Mitra SK, Venketaranganna MV, Udupa UV, Gopumadhavan S, Seshadri SJ, Rafiq M, Anturlikar SD,
Sundaram R, Tripathi M.
The beneficial effect of OST-6 (Osteocare), a herbomineral formulation, in experimental osteoporosis.
Phytomedicine. 2001; 8: 195-201.
http://dx.doi.org/10.1078/0944-7113-00034

[3] Turner RT, Riggs BL, Spelsberg TC.
Skeletal effects of oestrogen.
Endocr Rev. 1994; 15: 275-300.
http://dx.doi.org/10.1210/er.15.3.275

[4] Lindsay R, Cossman F.
Disorders of bone and mineral metabolism.
In: Coe FL, Favus MJ; eds.
Primary osteoporosis.
Raven Press, New York, 1992: 831-888.

[5] Wang XL, Wang NL, Zhang Y, Gao H, Pang WY, Wong MS, Zhang G, Qin L, Yao XS.
Effects of eleven flavonoids from the osteoprotective fraction of Drynaria fortune (KUNZE) J. SM. on
osteoblastic proliferation using an osteoblast-like cell line.
Chem Pharm Bull. 2008; 56: 46-51.
http://dx.doi.org/10.1248/cpb.56.46

[6] Nadkarni KM.
Indian Materia Medica.
Vol. I; Popular Prakashan Pvt. Ltd, Bombay, 1996.

Sci Pharm. 2014; 82: 375-391


http://dx.doi.org/10.1016%2FS0889-8529%2805%2970287-5
http://dx.doi.org/10.1078%2F0944-7113-00034
http://dx.doi.org/10.1210%2Fer.15.3.275
http://dx.doi.org/10.1248%2Fcpb.56.46

388

S. R. Varma et al.:

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Shah A, Kolhapure SA.

Evaluation of efficacy and safety of Reosto in senile osteoporosis. A randomized, double-blind
placebo-controlled clinical trial.

Ind J Clin Practice. 2004; 15: 25-36.

Ichikawa H, Aggarwal BB.

Guggulsterone inhibits osteoclastogenesis induced by receptor activator of nuclear factor-kappa B
ligand and by tumor cells by suppressing nuclear factor-kappa B activation.

Clin Cancer Res. 2006; 12: 662—668.

http://dx.doi.org/10.1158/1078-0432.CCR-05-1749

Verma SK, Kumar A.

Therapeutic uses of Withania somnifera (Ashwagandha) with a note on withanolides and its
pharmacological actions.

Asian J Pharm Clin Res. 2011; 4: 1-4.

Umadevi M, Rajeswari R, Rahale S, Selvavenkadesh S, Pushpa R, Sampath KP, Bhowmik D.
Traditional and medicinal uses of Withania somnifera.
The Pharma Innovation. 2012; 1: 104-110.

Nagareddy PR, Lakshmana M.

Withania somnifera improves bone calcification in calcium-deficient ovariectomized rats.
J Pharm Pharmacol. 2006; 58: 513-519.

http://dx.doi.org/10.1211/jpp.58.4.0011

Yang X, Eilerman RG.

Pungent principle of Alpinia galanga (L) Swartz and its applications.
J Agric Food Chem. 1999; 47:1657-1662.
http://dx.doi.org/10.1021/jf9808224

Kirtikar KR, Basu BD.
Indian Medicinal Plants.
International Book Distribution, Dehradun, 1996.

Mitra SK, Rangesh PR, Venketaranganna MV, Udupa UV, Gopumadhavan S, Seshadri SJ.

Bone mineralization by OST-6 (OsteoCare), a herbomineral preparation, in experimentally induced
rickets in rats.

Phytomedicine. 2000; 7: 265-272.

http://dx.doi.org/10.1016/S0944-7113(00)80043-4

Reddy PN, Lakshmana M.

Prevention of bone loss in calcium deficient ovariectonized rats by OST-6, a herbal preparation.
J Ethnopharmacol. 2003; 84: 259-264.

http://dx.doi.org/10.1016/S0378-8741(02)00325-2

Reddy PN, Lakshmana M, Udupa VU.

Antiosteoporotic activity of OST-6 (Osteocare), a herbomineral preparation in calcium deficient
ovariectomized rats.

Phytother Res. 2004; 18: 25-29.

http://dx.doi.org/10.1002/ptr.1347

Kartsogiannis V, Ng KW.

Cell lines and primary cell cultures in the study of bone cell biology.
Mol Cell Endocrinol. 2004; 228: 79-102.
http://dx.doi.org/10.1016/].mce.2003.06.002

Kim L, Rao AV, Rao LG.

Lycopene-lI-Effect on osteoblasts: The carotenoid lycopene stimulates cell proliferation and alkaline
phosphatise activity of SaOS-2 cells.

J Med Food. 2003; 6: 79-86.

http://dx.doi.org/10.1089/109662003322233468

Sci Pharm. 2014; 82: 375-391


http://dx.doi.org/10.1158%2F1078-0432.CCR-05-1749
http://dx.doi.org/10.1211%2Fjpp.58.4.0011
http://dx.doi.org/10.1021%2Fjf9808224
http://dx.doi.org/10.1016%2FS0944-7113%2800%2980043-4
http://dx.doi.org/10.1016%2FS0378-8741%2802%2900325-2
http://dx.doi.org/10.1002%2Fptr.1347
http://dx.doi.org/10.1016%2Fj.mce.2003.06.002
http://dx.doi.org/10.1089%2F109662003322233468

WaterSoluble Components of 'Osteocare' Promote Cell Proliferation, Differentiation, and Matrix ... 389

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Huh JE, Yang HR, Park DS, Choi DY, Baek YH, Cho EM, Cho YJ, Il KK, Kim DY, Lee JD.
Puerariae radix promotes differentiation and mineralization in human osteoblast-like SaOS-2 cells.
J Ethnopharmacol. 2006; 104: 345-350.

http://dx.doi.org/10.1016/j.jep.2005.09.041

Oh SM, Kim HR, Chung KH.

Effects of Ginkgo biloba on in vitro osteoblast cells and ovariectomized rat osteoclast cells.
Arch Pharm Res. 2008; 31: 216-224.

http://dx.doi.org/10.1007/s12272-001-1144-z

Muthusami S, Senthilkumar K, Vignesh C, llangovan R, Stanley J, Selvamurugan N, Srinivasan N.
Effects of Cissus quandrangularis on the proliferation, differentiation and matrix mineralization of
human osteoblast like SaOS-2 cells.

J Cell Biochem. 2011; 112: 1035-1045.

http://dx.doi.org/10.1002/jcb.23016

Zhang M, Olland AM, Zhu Y, Cohen J, Berrodin T, Chippari S, Appavu C, Li S, Wilhem J, Chopra R,
Fensome A, Zhang P, Wrobel J, Unwalla RJ, Lyttle R, Winnekar RC.

Molecular and pharmacological properties of a potent and selective novel nonsteriodal progesterone
receptor agonist Tanaproget.

J Biol Chem. 2005; 280: 28468—28475.

http://dx.doi.org/10.1074/jbc.M504144200

Varma SR, Godavarthi A, Vidyashankar S, Nandakumar KS, Patki PS.

Bresol inhibits phosphodiesterase 4 gene expression and modulates the levels of select mediators of
inflammation in human monocytic cells.

J Immunotoxicology. 2011; 8: 315-323.

http://dx.doi.org/10.3109/1547691X.2011.603389

Wang YH, Liu Y, Maye P, Rowe DW.

Examination of mineralized nodule formation in living osteoblastic cultures using fluorescent dyes.
Biotechnol Prog. 2006; 22: 1697-1701.

http://dx.doi.org/10.1002/bp060274b

Fohr B, Schulz A, Battman A.

Sex steroids and bone metabolism: comparison of in vitro effects of 17 beta-estradiol and testosterone
on human osteosarcoma cell lines of various gender and differentiation.

Exp Clin Endocrinol Diabetes. 2000; 108: 414-423.

http://dx.doi.org/10.1055/s-2000-8400

Kim KW, Suh SJ, Lee TK, Ha KT, Kim JK, Kim KH, Kim DI, Jeon JH, Moon TC, Kim CH.
Effect of safflower seeds supplementation on stimulation of the proliferation, differentiation and
mineralization of osteoblastic MC3T3-EL1 cells.

J Ethnopharmacol. 2008; 115: 42—-49.

http://dx.doi.org/10.1016/j.jep.2007.09.003

Hu YM, Liu C, Cheng KW, Sung HHY, Williams LD, Yang ZL, Ye WC.

Sesquiterpenoids from Homalomen occulta affect osteoblast proliferation, differentiation and
mineralization in vitro.

Phytochemistry. 2008; 69: 2367-2373.

http://dx.doi.org/10.1016/j.phytochem.2008.05.023

Yamaguchi M, Gao YH.

Inhibitory effect of genistein on bone resorption in tissue culture.
Biochem Pharmacol. 1998; 55: 71-76.
http://dx.doi.org/10.1016/S0006-2952(97)00402-4

Shimada KC, lkeda K, Ito K.

Traf2 interacts with Smad4 and regulates BMP signalling pathway in MC3T3-E1 osteoblasts.
Biochem Biophy Res Com. 2009; 390: 775-779.
http://dx.doi.org/10.1016/j.bbrc.2009.10.048

Sci Pharm. 2014; 82: 375-391


http://dx.doi.org/10.1016%2Fj.jep.2005.09.041
http://dx.doi.org/10.1007%2Fs12272-001-1144-z
http://dx.doi.org/10.1002%2Fjcb.23016
http://dx.doi.org/10.1074%2Fjbc.M504144200
http://dx.doi.org/10.3109%2F1547691X.2011.603389
http://dx.doi.org/10.1002%2Fbp060274b
http://dx.doi.org/10.1055/s-2000-8400
http://dx.doi.org/10.1016/j.jep.2007.09.003
http://dx.doi.org/10.1016/j.phytochem.2008.05.023
http://dx.doi.org/10.1016/S0006-2952(97)00402-4
http://dx.doi.org/10.1016/j.bbrc.2009.10.048

390

S. R. Varma et al.:

[30]

[31]

[32]

[33]

(34]

[35]

(36]

[37]

(38]

(39]

[40]

Mori K, Shioi A, Jono S, Nishizawa Y, Morii H.

Dexamethasone enhances in vitro vascular calcification by promoting osteoblastic differentiation of
vascular smooth muscle cells.

Arterioscler Thromb Vasc Biol. 1999; 19: 2112-118.

http://dx.doi.org/10.1161/01.ATV.19.9.2112

Beck GRJr.

Inorganic phosphate as a signaling molecule in osteoblast differentiation.
J Cell Biochem. 2003; 90: 234—-243.

http://dx.doi.org/10.1002/jcb.10622

Franceschi RT, lyer BS.

Relationship between collagen synthesis and expression of the osteoblast phenotype in MC3T3-E1
cells.

J Bone Miner Res. 1992; 7: 235-246.

http://dx.doi.org/10.1002/jbmr.5650070216

Pockwinse SM, Wilming LG, Conlon DM, Stein GS, Lian JB.

Expression of cell growth and bone specific genes at single cell resolution during development of bone
tissue-like organization in primary osteoblast cultures.

J Cell Biochem. 1992; 49: 310-23.

http://dx.doi.org/10.1002/jch.240490315

Aubin JE, Liu F, Malaval L, Gupta AK.
Osteoblast and chondroblast differentiation.
Bone. 1995; 17: 77-83.
http://dx.doi.org/10.1016/8756-3282(95)00183-E

Ducy P, Desbois C, Boyce B, Pinero G, Story B, Dunstan C, Smith E, Bonadio J, Goldstein S,
Gundberg C, Bradley A, Karsenty G.

Increased bone formation in osteocalcin-deficient mice.

Nature. 1996; 382: 448—-452.

http://dx.doi.org/10.1038/382448a0

Yamanouchi K, Gotoh Y, Nagayama M.

Dexamethasone enhances differentiation of human osteoblastic cells in vitro.
J Bone Miner Met. 1997; 15: 23-29.

http://dx.doi.org/10.1007/BF02439451

Hunter GK, Hauschka PV, Poole AR, Rosenberg LC, Goldberg HA.

Nucleation and inhibition of hydroxyapatite formation by mineralized tissue proteins.
Biochem J. 1996; 317: 59-64.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1217486/

Bailey AJ, Sims TJ, Ebbessen EN.

Age-related changes in the biochemical properties of human cancellous-bone collagen: relationship to
bone strength.

Calcif Tiss Int. 1999; 65: 203-210.

http://dx.doi.org/10.1007/s002239900683

Delany AM, Gabbitas BY, Canalis E.

Cortisol downregulates osteoblast a 1 (I) procollagen mRNA by transcriptional and posttranscriptional
mechanisms.

J Cell Biochem. 1995; 57: 488—494.

http://dx.doi.org/10.1002/jcb.240570314

Hughes FJ, Howells GL.

Interleukin-6 inhibits bone formation in vitro.

Bone Miner. 1993; 21: 21-28.
http://dx.doi.org/10.1016/S0169-6009(08)80117-1

Sci Pharm. 2014; 82: 375-391


http://dx.doi.org/10.1161/01.ATV.19.9.2112
http://dx.doi.org/10.1002/jcb.10622
http://dx.doi.org/10.1002/jbmr.5650070216
http://dx.doi.org/10.1002/jcb.240490315
http://dx.doi.org/10.1016/8756-3282(95)00183-E
http://dx.doi.org/10.1038/382448a0
http://dx.doi.org/10.1007/BF02439451
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1217486/
http://dx.doi.org/10.1007/s002239900683
http://dx.doi.org/10.1002/jcb.240570314
http://dx.doi.org/10.1016/S0169-6009(08)80117-1

WaterSoluble Components of 'Osteocare' Promote Cell Proliferation, Differentiation, and Matrix ... 391

[41] Barille S, Collette M, Bataille R, Amiot M.
Myeloma cells upregulate Interleukin-6 secretion in osteoblastic cells through cell-to-cell contact but
downregulate osteocalcin.
Blood. 1995; 86: 3151-3159.
www.ncbi.nlm.nih.gov/pubmed/7579410

[42] Gregory CA, Gunn WG, Peister A, Prockop DJ.
An alizarin red-based assay of mineralization by adherent cells in culture: comparison with
cetylpeyridinium chloride extension.
Anal Biochem. 2004; 329: 77-84.
http://dx.doi.org/10.1016/j.ab.2004.02.002

Sci Pharm. 2014; 82: 375-391


http://www.ncbi.nlm.nih.gov/pubmed/7579410
http://dx.doi.org/10.1016/j.ab.2004.02.002

