Biological Research

Al Mamun et al. Biol Res (2017) 50:28
DOI 10.1186/s40659-017-0134-7

Open Access

RESEARCH ARTICLE

Tridax procumbens flavonoids: a
prospective bioactive compound increased
osteoblast differentiation and trabecular bone
formation
Md. Abdullah Al Mamun1*, Mohammad Jakir Hosen1, Amina Khatun2, M. Masihul Alam3
and Md. Abdul Alim Al‑Bari4

Abstract
Background: The Tridax procumbens extracts (TPE) are known for their ethno-medicinal properties to increase osteo‑
genic functioning in mesenchymal stem cells. Recently, we found that the T. procumbens flavonoids (TPF) significantly
suppressed the RANKL-induced osteoclasts differentiation and bone resorption. The TPF also promoted osteoblasts
differentiation and bone formation demonstrated by increasing bone formation markers in cultured mouse primary
osteoblasts. However, the effects of the TPF on in vivo bone formation remain unclear. In this study, we investigated
the effects of the TPF on in vivo bone formation, injected the TPF (20 mg/kg) twice a day in the low calcium diet mice
and killed them after 21 day. Radiographic and histomorphometric analyses were performed on the dissected bones
to determine the anabolic effects of the TPF.
Results: Bone mineral density and bone mineral content of the TPF-treated mice were significantly increased com‑
pared to the control mice. Bone formation-related indices like osteoblast number, osteoblast surface, bone volume,
mineralizing surface, mineral apposition rate and bone formation rate were significantly increased in the TPF-treated
mice compared to the control mice.
Conclusion: Our findings point towards the stimulation of bone formation by TPF, suggested that the TPF could be a
potential natural anabolic agent to treat patients with bone loss-associated diseases such as osteoporosis.
Keywords: Alkaline phosphatase, Bone formation, Osteoblast differentiation, Tridax procumbens flavonoids,
Trabecular bone
Background
The mesenchymal stem cells can differentiate into mature
and functional osteoblasts; play a crucial role in bone
formation, which process is regulated by many factors
[1]. Among these factors, bone morphogenetic proteins
(BMPs) are the strongest inducers of osteoblast differentiation and bone formation [2, 3]. During osteoblasts differentiation and maturation, alkaline phosphatase (ALP)
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and bone matrix proteins such as osteocalcin, type 1 collagen is produced by osteoblasts [4, 5]. Thus, BMPs have
been developed as bone anabolic agents and approved for
clinical use [6]. However, these agents have some inadequacies, including limited use for local applications, high
costs and difficulty in delivery [7]. In addition, low efficacy
and possible side effects are the real challenge of BMPs to
clinical uses [7]. Therefore, a sustainable drug is desirable
to identify better and safe anabolic agents with low toxicity that act by either increasing the osteoblasts proliferation or inducing osteoblasts differentiation to enhance
bone formation [8]. Several line of evidences showed that
the foods rich in biologically active compounds such as
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fruits, vegetables and tea flavonoids, could help in recover
fracture as well as bone loss [9, 10]. The flavonoids are a
large class of phyto-chemicals that are widely distributed
in plant foods [11–14]. The flavonoids have been found
to decrease urinary excretion of calcium and phosphate,
increase osteoblast activity, decrease osteoclast activity,
and protect against the loss of trabecular thickness [15,
16]. Previous studies showed that different plant-derived
flavonoid compounds could stimulate osteoblasts function, and inhibit osteoclasts functions either alone or in
combination. Due to their natural occurrence and lack of
side effects, they are considered to be safer than the conventional drugs replacement therapy as preventive measures against various diseases including osteoporosis [17,
18]. The Tridax procumbens is well adapted to the harsh
climatic conditions and is well known for their medicinal
properties among local natives of South Asia like Bangladesh. The T. procumbens is known for its wound healing activities. Whole plant is made into paste and applied
on fresh cuts [19]. In ethno-medicine the T. procumbens
extracts are recorded as a hepatic stimulant and protectant. The extracts from the T. procumbens leaves and root
bark are traditionally used for dropsy, anaemia, arthritis, and gout. These extracts are used for the treatment
of asthma, ulcer, piles, and urinary problems [20, 21].
Recently, we found the inhibitory effects of the TPF on
osteoclast differentiation bone resorption. The TPF significantly suppressed the RANKL-induced differentiation
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of osteoclasts and formation of pits in primary osteoclastic cells. The TPF also decreased expression of osteoclast
differentiation related genes including Trap, Cathepsin K,
Mmp-9, and Mmp-13 in primary osteoclastic cells [22].
Another study showed that the TPF promoted osteoblast
differentiation by up-regulation of alkaline phosphatase
[23]. In this study, osteoblasts differentiation and bone
formation activities were evaluated for the TPF, which
revealed that the TPF induced-osteoblast differentiation
and bone formation in cultured primary osteoblasts by
up-regulation of ALP, osteocalcin and type 1 collagen.
The TPF also induces a higher bone formation activity
and bone mass in low calcium diet mice compared to
control mice.

Results
Effects of the TPF on osteoblasts differentiation

To evaluate the effects of the TPF on osteoblast differentiation, ALP staining was performed on osteoblasts
derived from newborn mouse calvaria; which revealed an
enhanced intensity of ALP staining and activity (Fig. 1a–
c) in the TPF treated osteoblasts. A similar pattern of
overexpression of Alp gene also found in the TPF treated
osteoblasts (Fig. 1d). Additionally, analysis of cell viability showed that exposure to 0, 50 and 100 ng/ml of the
TPF did not detect of toxicity and not lead to death of
primary calvarial osteoblasts (Fig. 1e). To determine the
mineralization, calvarial osteoblasts treated with the TPF

Fig. 1 The effects of TPF on early stage osteoblast differentiation in primary osteoblastic cells. a The cells were treated with TPF for 6 days and
stained for ALP, b, c measured ALP activity, d effects on Alp gene expression in calvarial osteoblastic cells and e the measurement of cell viability.
The data are expressed as the mean ± SD (n = 3) for each group. *p < 0.05
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for 21 days showed dramatic increased in the mineralized
area visualized by Alizarin red S staining, production
of osteocalcin and type 1 collagen compared to control
group (Fig. 2a–c). A similar pattern of overexpressed
mineralization markers osteocalcin and type 1 collagen
gene were found in the TPF treated osteoblasts compared to control group (Fig. 2d, e). Overall, these findings
demonstrate that the TPF stimulated the maturation and
mineralization of osteoblastic cells.
BMD and BMC increased in the TPF treated mice

We next examined the effects of the TPF on in vivo mouse
model that shows of bone formation. The μ-CT images
revealed that tibiae bones were markedly increased in the
TPF treated low calcium diet mice compared to the control mice (Fig. 3a). To confirm these radiological observations, the BMD and BMC were measured by using DXA.
Both the BMD and BMC were significantly higher in the
TPF treated mice compared to the control mice (Fig. 3b,
c).
Histological observations of bone formation in the TPF
treated mice

The toluidine blue stained and von-Kossa stained of histological sections revealed that, the trabecular bone mass
was significantly increased in the TPF treated mice compared to the control mice (Fig. 4a, b). The bone histomorphometric analyses showed that the bone volume/tissue
volume (BV/TV), calcified tissue, number of osteoblast
(N.Ob), osteoblast surface/bone surface (Ob.S/BS) and
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the mineralizing surface/bone surface (MS/BS) were significantly larger in the TPF-treated mice compared to the
control mice (Fig. 4c–g).
Bone formation parameters were increased in the TPF
treated mice

To evaluate the function of osteoblasts, 15 mg/kg of calcein was injected on day 18 subcutaneously and the mice
were sacrificed on day 21 to measure mineral apposition rate (MAR) and bone formation rate (BFR). Calcein
labeling revealed increased in BFR and MAR in the TPF
treated mice compared to the control mice (Fig. 5a–d).
In addition, the trabecular thickness (Tb.Th), trabecular
number (Tb.N) increased in the TPF treated mice compared to the control mice (Fig. 5e, f ), although trabecular
separation (Tb.Sp) was reduced (Fig. 5g).
Biological parameters

To conduct this study a similar body weight, age and sex
matched mice were used (Table 1). Interestingly, a similar
pattern of decreased level of calcium (Ca2+) and increase
level of phosphate (P) were found in the serum and urine
of both the control and the TPF treated mice after continuous feed with low-calcium diet (Table 1), although,
the level of calcium and phosphate of serum and urine of
those mice could returned to the normal level after feed
with normal-calcium diet (Table 1). Remarkably, comparable bone formation markers were observed after feeding with normal-calcium diet between control and the
TPF treated mice; serum osteocalcin and type 1 collagen

Fig. 2 The effects of TPF on late stage osteoblast differentiation in primary osteoblastic cells. a, b The cells were treated with TPF for 21 days,
osteoblastic mineralization was determined by Alizarin red S staining, c, d the concentrations of osteocalcin and type collagen in the culture media
were measured and e, f effects of TPF on osteocalcin and type 1 collagen genes expression in calvarial osteoblastic cells. The data are expressed as
the mean ± SD (n = 3) for each group. *p < 0.05
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Fig. 3 The effects of TPF on the bone formation in a murine low calcium diet model. a µCT images of tibiae, b bone mineral density (BMD) and
c bone mineral content (BMC) were measured at the site of newly formed bones of tibiae by using dual energy absorptiometry. The data are
expressed as the mean ± SD (n = 6) for each group. NC Normal calcium diet, LC Low calcium diet, PBS Phosphate buffered saline, TPF Tridax procumbens flavonoids. *p < 0.05

level were significantly increased in the TPF treated mice
compared to the control mice (Table 1).

Discussion
Previously, we showed that the TPF not only significantly
suppressed the RANKL-induced differentiation of osteoclasts and bone resorption, but also promoted osteoblast differentiation and bone formation [22, 23]. In the
present study, we demonstrated that the TPF treatment
induced primary osteoblasts differentiation with significantly increased ALP activity, osteocalcin production,
type I collagen synthesis and mineralization. The TPF
treatment also upregulated genes related to osteoblasts
differentiation including Alp, Osteocalcin and Type 1
collagen in primary osteoblasts. Moreover, in our previous studies also investigated that the TPF promoted
osteoblasts function by activating of BMPs gene including Bmp-2, Bmp-4, and Bmp-7 [23]. Osteoblasts play a
crucial role in the bone formation; differentiating from
mesenchymal stem cells osteoblast is regulated by many
growth factors including BMPs, Runx2 and Osterix. Role
of these growth factors in osteoblast differentiation and
bone formation is well known [2, 3]. In addition, several
line of evidences have shown that the BMPs expression
levels are up-regulated during bone regeneration [4, 5].
The osteogenic differentiation is obtained through induction of ALP activity and expression of bone matrix protein like osteocalcin, and type I collagen [4, 5]. In our
study, ALP activity, osteocalcin production and type I

collagen synthesis were up-regulated in the TPF induced
primary osteoblasts, indicating that the TPF increased
differentiation of osteoblastic cells. We showed that systemic administration of the TPF in low-calcium diet mice
stimulated the trabecular bone formation. The mineralized areas of the new bones were significantly larger in
the TPF treated mice compared to control mice. Bone
formation parameters were also significantly increased
in the TPF treated mice compared to control mice. Biochemical analysis of the serum and urine from the lowcalcium diet mice revealed a change of calcium and
phosphate concentrations compare to normal diet mice.
Daily the TPF injections with the normal-calcium diet of
mice did not show any significant differences of calcium
and phosphate concentrations in the serum and urine.
It is suggested that the TPF has no conspicuous role on
the calcium and phosphate metabolism during the systemic administration period of the TPF. The TPF injection, however, elevated the level of serum osteocalcin and
type I collagen in mice. The stimulated osteocalcin and
type I collagen by the systemic administration of the TPF
might effect in bone metabolism and increase bone mass.
The increase of BFR and MAR observed in this study
might be related, in part, to the action of osteocalcin and
type I collagen. The histomorphometry data revealed
that the TPF significantly stimulated the BV/TV, MS/
BS, MAR and BFR compared with that observed in the
control mice. Contrary to the in vivo results of the TPF
increased the area of mineralized bones. Our previous
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Fig. 4 The structural observations of newly formed bones of tibiae. a, b The observations of undecalcified thin Sections (5 μm) stained by toluidine
blue and von-Kossa, c the bone volume/tissue volume (BV/TV), d calcified area, e number of osteoblasts/bone surface (N.Ob/BS), f osteoblasts
surface/bone surface (Ob.S/BS) and g mineralizing surface/bone surface (MS/BS). The data are expressed as the mean ± SD (n = 6) for each group.
NC Normal calcium diet, LC Low calcium diet, PBS Phosphate buffered saline, TPF Tridax procumbens flavonoids. *p < 0.05

study showed that the TPF significantly not only suppressed the RANKL-induced differentiation of osteoclasts and formation of pits in primary osteoclastic cells,
but also decreased expression of osteoclast differentiation related genes including Trap, Cathepsin K, Mmp-9,
and Mmp-13 in primary osteoclastic cells [22]. Thus, it
can be speculated that the TPF increased the osteoblast
progenitors when given in vivo and that, together with
the inhibitory effects on the osteoclasts. The serum osteocalcin and type 1 collagen level in mice and those genes
expression in vitro further supports the histomorphometry data. Over-expression of the bone formation markers including Alp, osteocalcin and type 1 collagen in the
in vitro experiment revealed the osteoblastic differentiation and is detected during a later stage of bone formation [24]. Therefore, it is reasonable to speculate that the
increase in the level of osteocalcin and type 1 collagen in
the blood and serum and over-expression of these genes

in the osteoblasts of the TPF treated mice might be interpreted as a result of the increased number of differentiated osteoblasts or increased activity of the osteoblasts.
However, further studies are necessary to evaluate the
cellular signaling pathway of the TPF for activating the
function of the osteoblasts and bone formation. The
results obtained from the present study further indicated
that the TPF activity on bone formation might, in part,
account for their pharmacological actions on bone diseases and for the increase in bone minerals.

Conclusions
This study provides important information for identifying
the target molecule of the TPF in osteoblast differentiation and bone formation in low-calcium diet mice model.
This is the first report to show that natural compound the
TPF stimulatory effects on in vivo bone formation. This
result suggests that the TPF is a potential candidate of
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Fig. 5 The bone formation parameters at the newly formed bones of the tibiae. a Fluorescent images of newly formed bones of tibiae, b bone
formation rate (BFR), c mineral apposition rate (MAR), d the trabecular thickness (Tb.Th), e the trabecular number (Tb.N) and f the trabecular separa‑
tion (Tb.Sp). The data are expressed as the mean ± SD (n = 6) for each group. NC Normal calcium diet, LC Low calcium diet, PBS Phosphate buffered
saline, TPF Tridax procumbens flavonoids. *p < 0.05

anabolic agent for stimulating bone formation. Thus, the
TPF might be a promising prospective therapeutic agent
for bone diseases such as bone repair and osteoporosis.

Methods
Selection of the Tridax procumbens

The T. procumbens plants are widely available through
over the country (Bangladesh). For this study, it was
collected (April 2015 to July 2015) from the northeast part (Sylhet region) of Bangladesh under the close
supervision of principle investigator (Professor Dr. Md.
Abdullah Al Mamun, who has a long standing expertise in plant identification), a voucher specimen (Ref.
GEB09032016/5) was submitted to the Plant Biotechnology laboratory, Department of Genetic Engineering and
Biotechnology, Shahjalal University of Science and Technology, Sylhet-3114, Bangladesh and processed for sample preparation.

Animals

C57BL/6 male mice were obtained from ICDDR,B
(Dhaka, Bangladesh) and maintained in our animal
care facilities as described elsewhere [22]. The experimental procedures were reviewed and approved by
the Ethical and Animal Care and Use Committee of
Shahjalal University of Science and Technology, Sylhet,
Bangladesh.
Sample preparation

Different plant parts of the T. procumbens (root, stem,
leaf, and flowers) were separately shade dried, finely
powdered using a sterile blender, and subjected to
extraction of flavonoids as described elsewhere [22,
23] with some modifications. Briefly, 200 g of each
finely powdered sample was Soxhlet extracted with
80% hot methanol (1000 ml) on a water bath for 24 h
and filtered. Filtrate was re-extracted successively with
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Table 1 Changes in body weight and biological parameters of the experimental mice
Experimental parameters

Changes in body weight and biological parameters
Normal diet
Age = 5 weeks

Low-calcium
diet Age = 6 weeks

Experimental periods (Age = 7 weeks)

Experimental periods (Age = 8 weeks)

Experimental periods
(Age = 9 weeks)

Control

TPFs

Control

TPFs

Control

TPFs

Body weight (g)
Mean
SD

22.43

28.56

28.35

34.97

35.24

36.45

44.67

44.56

2.33

2.26

2.10

2.21

2.32

2.14

2.56

2.47

Serum calcium (mg/dl)
Mean

9.76

7.34

8.16

8.45

8.91

8.96

9.35

9.66

SD

1.32

1.21

1.23

0.90

1.24

1.09

1.32

1.17

Mean

9.13

11.68

10.43

10.41

9.89

9.64

9.43

9.39

SD

0.95

1.14

0.93

1.24

1.23

0.80

1.07

1.13

Serum phosphate (mg/dl)

Urinary calcium (mg/mg creatinine)
Mean

0.22

0.08

0.13

0.16

0.21

0.23

0.23

0.22

SD

0.03

0.02

0.03

0.02

0.03

0.04

0.04

0.02

Urinary phosphate (mg/mg creatinine)
Mean

3.54

6.43

4.12

4.06

3.86

3.64

3.58

3.55

SD

0.65

1.13

0.95

0.87

0.92

0.87

0.89

0.34

petroleum-ether, ethyl-ether and ethyl-acetate using separating funnel. Petroleum-ether fractions were discarded
as being rich in fatty substances, whereas ethyl-ether and
ethyl-acetate fractions were analyzed for free and bound
flavonoids, respectively. The ethyl-acetate fraction which
contained sugar bounded flavonoid does not functioning in the biological system. The ethyl-acetate fraction
(bounded flavonoid) was hydrolyzed by refluxing with
7% H2SO4 for 2 h for removal of bounded sugars from
the flavonoid. The resulting mixture was collected from
separating funnel. The extract thus obtained was washed
with distilled water to neutrality and dried for further
use [22, 23]. In this study, we used bound free flavonoid
for osteoblast differentiation and bone formation.
Total flavonoids determination

Total flavonoids content of each extract was determined by aluminum chloride as described elsewhere
[22, 23] with some modifications. Briefly, plant extracts
(0.5 ml of 1:10 g/ml) were separately mixed with 1.5 ml
of methanol, 0.1 ml of 10% aluminum chloride, 0.1 ml of
1 M potassium acetate and 2.8 ml of distilled water. It
remained at room temperature for 30 min. The absorbance of the reaction mixture was measured at 415 nm
with a spectrophotometer, and quercetin was used as a
standard for calibration curve. Total flavonoids values
are expressed in terms of mg equal quercetin in 1 g of
powder.

Cell culture

Murine calvarial osteoblasts were obtained from neonatal
mice as described elsewhere [23]. In briefly, calvaria from
15 neonatal C57BL/6 mice of 1-day-old were pooled. Following surgical isolation from the skull and the removal
of sutures and adherent mesenchymal tissues, the calvaria were subjected to sequential digestions at 37 °C in a
solution containing 0.1% dispase and 0.1% collagenase P
(Sigma-Aldrich, St. Louis, MO). The cells from the second to fifth digestions were collected, centrifuged, resuspended, and isolated cells were cultured in a T-25 cm2
flask in α-MEM (Invitrogen, Carlsbad, CA) containing
10% FBS (Invitrogen, Carlsbad, CA) and 1% penicillin/
streptomycin (Invitrogen, Carlsbad, CA). Cell culture
medium (DMEM, Sigma-Aldrich, St. Louis, MO) was
refreshed in every 3 days. When osteoblast cells were at
80% confluence, they were harvested with 0.25% trypsin–
EDTA solution. The cells were seeded in 96-well plates
and 6-well plates at a density of 1 × 104 and 1 × 106 cells/
well, respectively, and cultured in a humidified incubator
of 5% C
 O2 and 95% air, at 37 °C.
Cell viability assay

The viability of cells were measured by colorimetric
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Sigma-Aldrich, St. Louis, MO) assay as described
elsewhere [25]. with some modifications. Briefly, Primary
calvarial osteoblasts were seeded in 96-well plates at a
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density of 2 × 104 cells/well. After 2-day culture, cells were
treated with the TPF at concentrations of 0, 50, 100, 150,
200 ng/ml for 48 h. Then the cells were transferred with
new medium containing 0.5 mg/ml (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide for 4 h. The
blue formazan products in the cultured cells were dissolved in DMSO and spectrophotometrically measured
at a wavelength of 550 nm (T60 U, PG Instruments Ltd.,
England) [22, 23].
Measurement of alkaline phosphatase (ALP) activity

After 24 h of seeding, 6-well plates were incubated with
the TPF at concentrations of 0, 50, and 100 ng/ml for
48 h, followed by ALP staining (Sigma-Aldrich, St. Louis,
MO) and ALP activity assay. For ALP staining, cells
were rinsed twice with phosphate-buffered saline (PBS),
fixed with 2% paraformaldehyde. ALP substrate mixture was then added and incubated for 15 min for color
development. For the ALP activity assay, cell layers were
scraped off culture plates in scraping buffer. Cell pellets
were collected after a quick spin (14,000 rpm for 5 min).
Cells were then lysed with lysis buffer and subjected to
three freeze–thaw cycles. After centrifuge at 14,000 rpm
for 5 min, supernatant was collected. Twenty millilitre
supernatant from each sample was added to each well
as duplicates in a 96-well plate and incubated with an
assay mixture of p-nitrophenyl phosphate. Plates were
then scanned for spectrophometric analysis using a plate
reader (T60 U, PG Instruments Ltd., England) [22, 23].
Absorbance was measured at 405 nm every 5 for 30 min.
Activity was calculated of cells staining positive for ALP
using an image analyzing system (KS 400; Carl Zeiss,
Jean, Germany) were performed on culture day 6, as previously described [23].
Assays of osteoblast maturation

Osteoblast maturation was determined by evaluating cell mineralization using the alizarin red S staining.
Osteoblasts were treated with the TPF at concentrations
of 0, 50, and 100 ng/ml for 21 days. After the TPF treatment, osteoblasts were washed with ice-cold phosphatebased saline (PBS) buffer (0.14 M NaCl, 2.6 mM KCl,
8 mM Na2HPO4, and 1.5 mM KH2PO4) and then fixed
in ice-cold 10% formalin for 20 min. For the alizarin red
S staining, the fixed osteoblasts were rinsed thoroughly
and then incubated with 1% alcian blue (Sigma-Aldrich,
St. Louis, MO) at pH 2.5 for 12 h. The osteoblasts were
then incubated with alizarin red S for 8 min, dehydrated
briefly in xylene and cover slipped carefully. Mineralized nodules were visualized and counted using an
image analyzing system (KS 400; Carl Zeiss, Jean, Germany) on culture day 21, as previously described [23].
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Each experiment was performed in duplicate wells and
repeated three times.
Type I pro‑collagen concentration

Type I pro-collagen concentration was determined by
using ELISA pro-collagen kits (Sigma-Aldrich, St. Louis,
MO) as described elsewhere [26]. Cells were treated with
various concentrations of the TPF for 72 and 96 h. The
type I pro-collagen assay, which measures the pro-peptide portion of the molecule and reflects the synthesis
of the mature form of the protein, was carried out using
Pro-collagen-C kit as described in the manufacturer’s
protocol (Biosystems, CA, USA). The type I pro-collagen
levels obtained were normalized to total protein concentrations, as determined by BCA protein assay. Type I collagen concentration was determined in the serum was
measured by the same method as that of the cultured cell
samples.
Osteocalcin concentration

Osteocalcin concentration was determined by using
respective ELISA kits (Sigma-Aldrich, St. Louis, MO)
as described elsewhere [27] with some modifications.
Briefly, cells were treated with various concentrations
of the TPF for the indicated times. The culture medium
was collected and measured for osteocalcin. These samples were placed in 96-well micro-titer plates coated with
monoclonal antibodies and incubated for 2 h at room
temperature. After removing unbound material with
washing buffer (50 mM Tris, 200 mM NaCl, and 0.2%
Tween 20), horseradish peroxidase conjugated streptavidin was added to bind to the antibodies. Horseradish
peroxidase catalyzed the conversion of a chromogenic
substrate (tetramethylbenzidine) to a colored solution,
with color intensity proportional to the amount of protein present in the sample. The absorbance of each well
was measured at 450 nm (T60 U, PG Instruments Ltd.,
England) [22, 23]. Results are presented as the percentage
of change of the activity compared to the untreated control. The concentration of osteocalcin in the serum was
measured by the same method as that of the cultured cell
samples.
RT‑PCR (reverse transcriptase‑polymerase chain reaction

Osteoblasts cells were seeded in 6-well plates at a density of 1 × 106 cells/well. After 6-day culture, cells were
treated with the TPF at concentrations of 0, 50, and
100 ng/ml for 48 h. Total RNA from the cells of each well
was isolated respectively using NucleoSpin (Macherey–
Nagel, Duren, Germany). RNA aliquots were reverse
transcribed to complementary DNAs by using an oligo
(dT) primer (Roche), deoxynucleotide triphosphate
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(dNTP), and Moloney murine leukemia virus (M-MuLV)
reverse transcriptase (Fermentas, Hanover, MD). The
complementary DNA products were subjected to PCR
amplification with gene-specific primers for mouse Alp,
Osteocalcin and Type 1 collagen [23]. Real-time RT-PCR
amplification was performed using a Light Cycler System
(Roche) with a Platinum SYBR Green qPCR Super Mix
UDG kit (Invitrogen, Carlsbad, CA).

Histological preparation and bone histomorphometry

Experimental protocol

We used analysis of variance with an F-test, followed by a
t-test. p values less than 0.05 were considered significant.
The data are presented as mean ± standard deviation values of independent replicates.

The mice were divided into three groups such as, the normal-calcium diet mice (normal calcium diet contained
0.5% calcium and 0.35% phosphorous for the injection
periods), the low-calcium diet mice with vehicle (PBS)
treatment and the low-calcium diet mice with the TPF
treatment (six mice were each group). The mice were
fed on the low-calcium diet contained 0.05% calcium
and 0.35% phosphorous for 1 week. The TPF treatment
group mice were injected 20 mg/kg of TPF subcutaneously at the base of the tail twice per day which is adequate and close to the physiological standard dose [28]
(8.00 a.m. and 8.00 p.m.) and others groups were injected
PBS for 21 days. After 1 week, all the groups were fed on
the normal calcium diet for the injection periods. Distilled water was allowed ad libitum. For measurement of
bone formation perimeter, calcein was injected on day 18
subcutaneously. The urine was collected everyday using
the separators in the metabolic cages during the experimental period. The urine samples were acidified with
2 ml 1 mol/l HCl and stored at −20 °C until they were
assayed. The mice were sacrificed on day 21 after the TPP
injection. The blood samples for calcium and phosphate
measurements were taken from the abdominal aorta.
Tibiae bone samples were collected and fixed for further
analyses.
Biochemical assay

The concentration of calcium and phosphate in the
serum samples were measured by an atomic absorption
spectrophotometer (T60 U, PG Instruments Ltd., England) [22, 23]. The urine samples were deproteinized with
10% trichloroacetic acid. The concentration of calcium
and phosphate in the urine were measured by the same
method as that of the serum samples.
Radiographic analyses

Three-dimensional (3D) reconstruction images of the
tibia were obtained by micro-focal computed tomography (µ-CT) (Scan Xmate-E090; Comscan, Yokohama,
Japan). The bone mineral content (BMC) and bone mineral density (BMD) of the tibia were measured using
dual-energy X-ray absorptiometry (DXA) (DCS-600R,
Aloka, Tokyo, Japan).

Undecalcified methyl methacrylate (MMA) resin Sections (5 µm) were prepared as described elsewhere [23].
A standard bone histomorphometric analysis was performed by using an image analyzing system (KS400; Carl
Zeiss, Jena, Germany) in the region of interest at the tibiae bones.
Statistical analyses
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surface/bone surface; NC: normal-calcium diet; N.Ob: number of osteoblast;
Ob.S/BS: osteoblast surface/bone surface; P: phosphate; PBS: phosphate buff‑
ered saline; RANKL: receptor activator of nuclear factor kappa-β ligand; Tb.Th:
trabecular thickness; TPE: Tridax procumbens extracts; TPF: Tridax procumbens
flavonoids; Trap: tartrate-resistant acid phosphatase; Tb.Sp: trabecular separa‑
tion; Tb.Th: trabecular thickness.
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