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A B S T R A C T

Osteogenic differentiation of Mesenchymal stem cells (MSCs) on scaffold is crucial for bone tissue engineering.
Alkaline phosphatase (ALP) assay is an important method of assessing osteogenesis. Here, a very simple and
innovative procedure is being described for quantification of osteogenic differentiation of MSCs in presence of
scaffold using ALP assay. Different concentrations of the scaffold particles with the same number of MSCs were
assayed for alkaline phosphatase activity using p-NPP as substrate for ALP activity. G-bone scaffold was used in
concentrations of 5, 20, 60 and 100 mg/ml and same number of MSCs were seeded. Any scaffold which can be
grind and weighed may be used. It was found that100 mg/ml G-bone graft was most useful for promoting
osteogenesis and addition of growth factors further promoted. So, we were able to ascertain the concentration of
scaffold which promotes osteogenesis the most.

1. Introduction

Alkaline phosphatase (ALP) is considered to be an initial marker of
osteoblast differentiation. An increase in level of ALP suggests active
bone formation, as ALP is a by-product of osteoblast activity. Tissue non
specific ALP has also been suggested as a potential marker of cells that
are predisposed to differentiate along a mineralizing phenotype.1

Mesenchymal stem cells (MSCs) are extensively studied and useful
cells for osteogenesis having clinical implications in dental and ortho-
pedic fields. The osteogenic differentiation of MSCs may vary in the
presence of scaffold and also with growth factors.2,3

Here, we are describing a very simple and innovative method for
quantification of osteogenic differentiation of MSCs in the presence of
scaffold. Different concentrations of the scaffold particles with the same
number of MSCs were assayed for alkaline phosphatase activity using p-
NPP as substrate for ALP activity.

The scaffold studied is G-bone synthetic multiphasic hydro-
xyapatite. It is made up of multiphasic calcium hydroxyapatite (HA) in
low crystalline form. It is a mixture of HA, tricalcium phosphate (TCP)
and other forms of calcium like calcium carbonate and bicalcium
phosphate. It is a widely accepted and clinically useful bone graft

substitute.
Our protocol can be used to measure the osteogenic potential of any

scaffold in a quantitative manner.

2. Material and methods

2.1. Reagents

The Osteogenic media consisted of complete culture media, that is,
α-Minimum essential media (α-MEM), nonessential amino acids (Hi-
media laboratories, India) with 10% fetal bovine serum (Gibco, Life
Technologies) 100 U/mL penicillin, 0.2 mg/mL streptomycin; supple-
mented with 100 nM dexamethasone, 50 μM ascorbic acid and 10 mM β
–glycerophosphate (Sigma-Aldrich, USA)

The Wash buffer was 0.05% tween 20 in Calcium-magnesium free
Phosphate buffer saline (PBS).BCIP/NBT Tablet (Sigma Aldrich, USA)
was dissolved in 10 ml distilled water [Note: Keep in dark as it is light
sensitive].10% Formalin was used to fix the cells.

A. Quantitative measurement of ALP activity
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To determine how the osteogenic capacity of mesenchymal stem
cells varies in the presence of the scaffold we have used a novel method.
The scaffold used here is G-Bone scaffold (Surgiwear, India). One could
use any scaffold that can be grind and weighed. Alkaline phosphatase
activities were evaluated with p-NPP as ALP substrate.

2.2. Procedure

Coat the 96 well plate with 200 μl different concentrations of the G-
Bone scaffold i.e. 5, 20, 60and 100 mg/ml in culture media. Centrifuge
the plates at 2000 rpm for 2 min at RT and remove 100 μl media by
multichannel pipets.3 X 103/100 μl MSCs were seeded on them with
and without differentiation media. Incubate the MSCs with media
change at 3, 7, and 11 days.Wash the cultured cells with PBS twice and
cellular membranes were lysed by 200 μl lysis buffer (Tris-HCl
25 mM,TritonX-100 0.5%) at 4 °C for 2 h. After complete lysis, 50 μl
lysate was aliquoted into another 96 well plate and 50 mmol/l p-ni-
trophenylphosphate (p-NPP) in a sodium carbonate buffer at pH 10.4
was added to cell lysate, and the mixture was incubated at 37 °C for
30 min in an incubator. The amount of released p-nitrophenylpho-
sphate was estimated by measuring the absorbance at 405 nm by
spectrophotometric method. The quantity of p-nitrophenol (pNP) in
each well was determined using a standard curve established using p-
NPP and purified ALP enzyme.

B. Quantitative measurement of ALP activity after adding cytokines
and growth factors

Coat the 96 well plate with 200 μl different concentrations of the G-
Bone scaffold i.e. 5, 20, 60 and 100 mg/ml in culture media. Centrifuge
the plates at 2000 rpm for 2 min at RT and removed 100 μl media by
multichannel pipets.3 X 103/100 μl MSCs were seeded on them with
and without differentiation media along with growth factors or cyto-
kine like IGF(50 ng/ml), FGF(1 ng/ml), and PDGF (5 ng/ml).Incubate
the MSCs with media change with growth factors and cytokines for 3, 7,
and 11 days. Wash the cultured cells with PBS twice and cellular
membranes were lysed by 200 μl lysis buffer (Tris-HCl 25 mM, Triton X-
100 0.5%) at 4 °C for 2 h. After complete lysis, 50 μl lysate was ali-
quoted into another 96 well plate and 50 mmol/l p-nitrophenylpho-
sphate (p-NPP) in a sodium carbonate buffer at pH 10.4 was added to
cell lysate, and the mixture was incubated at 37 °C for 30 min in an
incubator. The amount of released p-nitrophenylphosphate was esti-
mated by measuring the absorbance at 405 nm by spectrophotometric
method. The quantity of p-nitrophenol (pNP) in each well was de-
termined using a standard curve established using p-NPP and purified
ALP enzyme.

2.3. Interpretation

Two dimensional cell cultures (culture of cells on a flask or petri
dish) is a simple and inexpensive way of studying the cells and per-
forming various physiological tests like ALP assay. Conducting the same
investigations in a three dimensional culture becomes challenging. A
three dimensional culture more closely mimics the natural environment
and the cell behavior in vivo can be predicted more closely in it.4,5

Three dimensional cell culture is a basic prerequisite for tissue en-
gineering so that the cells used can replace the desired tissue or organ in
the body. Though it is of utmost importance to promote osteogenesis on
scaffolds clinically, osteogenic support or MSC differentiation of a given
scaffold is difficult to determine in vitro. It is because, it is not easy to
grow MSCs on scaffold, being a three-dimensional culture. Further,
staining with dye cannot be detected under microscope as the scaffolds
used are opaque. So, we proceeded by grinding the scaffold and adding
it in growth media in a definite concentration and adding to culture
plates. This process makes a layer of scaffold and MSCs can be cultured
on it and after differentiation can be lysed and equal amount of lysate

can be used for ALP assay.
Considering the importance of ALP assay, various methods have

been used for evaluation of ALP but researchers still aim to achieve the
desired level of accuracy and sensitivity.6 With the present technique, a
quantification could be done with the ALP assay itself.

Wang et al. (2013)7 conducted a study to assess the osteogenic
differentiation of umbilical cord human mesenchymal stem cells
(UCMSCs) on nano-hydroxyapatite/chitosan/poly(lactide-co-glycolide)
(nHA/CS/PLGA) scaffold. For in vivo evaluation, the 14 day culture of
UCMSCs on scaffold was implanted on mice. 14 days after implantation,
the constructs were taken out and osteoid tissue was observed under
microscope. Another in vivo study was done in dogs to compare the
quality and quantity of regenerated bone using Bio-Oss, Hydro-
xyapatite/Tricalcium phosphate (HA/TCP) and MSC loaded HA/TCP
scaffolds. Histological and histomorphometric evaluations were done 6
weeks after implantation.8

Our method may be used as a valuable intermediate step in such in
vivo studies, as it would help to ascertain the concentration of scaffold
which promotes osteogenesis the most and that concentration may be
studied further.

Scaffolds offer a three-dimensional space for the cells to form into
new tissues with appropriate structure and function, and also may fa-
cilitate the delivery of cell released factors, which helps in regulating
cellular function in desired sites of the body. The scaffold (G-Bone) used
for the present experiment is clinically acceptable and no toxicity to
cells has been reported with it. It was observed that as the concentra-
tion of the scaffold increase, higher differentiation was observed. A
significantly higher osteogenic differentiation was observed at 60 mg/
ml and 100 mg/ml concentrations. Osteogenic differentiation of MSCs
has increased with increasing concentration of G-bone scaffold and at
100 mg/ml G-bone scaffold osteogenic differentiation was maximum
(Fig. 1).

It has been proved by several studies that growth factors promote
osteogenesis.9,10 In concordance with these studies, adding growth
factors or cytokines like IGF (50 ng/ml), FGF(1 ng/ml), and PDGF
(5 ng/ml)significantly increased the osteogenic differentiation in our
experiment. The effects of adding IGF and FGF were statistically sig-
nificant when compared to the scaffold without growth factors. For
PDGF, though there was an increase in osteogenic differentiation, it did
not reach significance (Fig. 2).

So, it was concluded that for the present graft material, 100 mg/ml
G-bone graft was most useful for promoting osteogenesis and addition
of growth factors further promoted it. The protocol used here may have
a clinical as well as material development implications also as it helps
in identification of the most suitable concentration of the graft material
to be used.

Fig. 1. Quantification of osteogenic differentiation of MSCs in presence of G-
Bone scaffold using Alkaline phosphatase assay. Data shown as mean±S.E.M.;
n = 3; ***p ≤ 0.001; **p ≤ 0.01; *p ≤ 0.05compared with control.
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