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Osteoinduction Test of Anorthite by Human Mesenchymal Stem Cell Culture
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In this work, adult stem cells of three volunteers were isolated, expanded and cultivated over 
samples of Anorthite in order to assess its osteoinductive capacity. Alkaline Phosphatase Analysis, 
ALP, was carried out at days 1, 7, 14 and 21, and the results showed similar behavior between the 
volunteers considering the initial value of each. For volunteer 1, between day 14 and 21, the decreasing 
of ALP was remarkable in the wells containing MSC only and MSC+BIO, from 59.9 to 26.3 U.L–1 
and from 63.3 to 38.1 U.L–1, respectively, suggesting that the biomaterial was able to induce osteoblast 
formations. This osteoinduction property could be evidenced by Citochemistry where MSCs did not 
produce crystals of Calcium Oxalate or Calcium Phosphate, osteoblast compounds, without being 
stimulated by a chemical inducer, lending to the conclusion that the differentiation of MSC into 
osteoblast when cultivated on Anorthite, occurred exclusively by its influence, strongly suggesting 
that it is osteoinductive.
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1.	 Introduction
The autogenous bone grafting, obtained from the 

patient’s own iliac crest is the most commonly used. 
However, clinical studies have been proven that there 
are some serious problems related to this procedure like 
morbidity and pain in the local of removed bone, long 
period of rehabilitation because of the additional incision 
and increased blood loss, risks of infection, vascular 
complications, low quantity and poor quality of the bone 
and prolonged time in the operating room1,2.

Alternative for autogenous grafting is allograft bone 
that is bone harvested from cadavers. Their successes are 
influenced by the host immunological system that can 
provoke rejection. Besides, these grafts present a wide 
variety and risks of diseases transmission3.

Those problems motivated the development of biomaterials 
to be used as synthetic scaffolds that must simulate the bone 
physicochemical environment and suffer degradation after 
complete their function of anchoring the new bone without, 
however, liberate toxic substances in the host organism2.

In addition, preferentially, these materials have to be 
osteoinductors or have to induce bone formation and to 
be osteoconductor or have to allow the bone ingrowths4-6.

In order to stimulate the bone growths in porous 
and biodegradable scaffolds, they have been cultivated 
by stem cells, so the tridimensional graft promotes a 

fundamental anchorage to cellular adhesion, proliferation 
and differentiation in osteoblasts7. The osteoblasts penetrate 
in the biomaterial interconnect porous forming a bridge 
required to fill up the bone defect8. The porous diameter 
must be between 100 and 200 µm in order to allow the bone 
ingrowths and guarantee the nutrients supplying and blood 
vessels formations, essential to the tissue maintenance8,9.

The glassceramic Anorthite (patent MU  8702682-1) 
for clinical applications is composed mainly by silicon, 
aluminum and calcium in proportions covered by patent. The 
metallic oxides are mixed, melted and heat treated to obtain 
the final product. Since the Anorthite is biocompatible, 
biodegradable and has interconnected porous10, it is a 
suitable candidate for application in scaffolds for cells 
cultivation.  

The aim of this work is to evaluate the osteoinduction 
capacity of the glassceramic Anorthite, cultivating it with 
human mesenchymal stem cells in order to evaluate the 
possibility of its application in scaffolds for bone ingrowth.

2.	 Materials and Methods
Flat circular pieces of Anorthite (BIO) with 55  mm 

diameter and 2  mm thickness were manufactured at the 
Grade Institute of Basic Sciences (IGCB, Schroeder, Brazil) 
using the conventional glassceramic manufacturing process, 
that is, components powder mixing, heating until fusion 
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temperature obtaining glassy material, molding in stainless 
steel die, crystallization in controlled temperature rates 
forming the glassceramic material and controlled cooling. 
The flat pieces were cut in samples of, approximately, 
5 × 5 mm and sterilized in EtO.

The Mesenchymal Stem Cells (MSCs) were isolated 
from 5  mL aliquots of iliac crest bone marrow of three 
donors after their consent (Protocol nº 0002571/09/CEP-
PUCPR), procedure known as biological triplicate that 
provides enough data to qualify the osteoinduction capacity 
of Anorthite11. The isolation of stem cells was achieved by 
density gradient centrifugation at 1800 rpm during 30 min., 
in the presence of DMEM (Dullbeco’s Modified Eagle 
medium – GIBCO-BRL) and 1.077 g.cm–3 Ficoll-Hypaque 
(Sigma Chemical). 	The mononuclear cells were seeded in 
75 cm2 tissue culture flasks at a concentration of 106 cells.
ml in DMEM, 15% de FBS (Fetal Bovine Serum, GibcoTM 
Invitrogen, NY, USA) and 1% of antibiotic (penicillin, 
100 U.mL–1 and streptomycin, 100 µg.mL–1). After that, in 
order to expand the cells, sequential passages were made: 
when 80% confluence was achieved, the adherent cells 
were trypsinized (Trypsin-EDTA 05%, 1×, GIBCO 25300), 
10 minutes centrifuged at 1500 rpm and homogenized with 
DMEM and FBS in culture flasks. 

For the cells of each volunteer, the procedure was 
exactly the same. After the fourth passage, the cells were 
re suspended in DMEM and FBS medium and distributed 
between four plates occupying 16 wells of each plate. The 

16 wells of the four plates of each patient were numbered 
and had the content showing in Table 1 that also shows the 
reasons for choice of wells content.

The content of plate  I, of each volunteer, was used 
for Alkaline Phosphatase analysis (ALP) at the day 1. 
The content of the other plates,  II,  III and IV, were used 
for ALP and Cytochemistry at the days 7, 14 and 21. The 
culture maintenance was done by changing the medium 
three times a week.

In order to observe the interactions between the 
biomaterial and stem cells, it was analyzed the materials 
from the plates of the first patient only. The differentiation 
medium (DM) was added 48  hours after the culture has 
begun and this day was considered the first one. The 
DM composition was DMEM, 15% FBS, 1  µmol.L–1 
dexamethasone, 10  mmol.L–1 β-glycerol phosphate and 
50 µmol.L–1 ascorbate. 

The ALP was determined by a commercial kit and 
spectrophotometer at 405 nm wave length. Biomaterial and 
coverslip removed from the culture medium in the periods 
programmed were appropriated prepared for Cytochemical 
analysis, when cells stained with Alizarin Red.

3.	 Results and Discussion
The results of ALP enzymatic activity, mean of three 

data collection of each volunteer, are shown in Table 2. The 
data were analyzed by qualitative method, since the intent 
was qualifying the Anorthite as osteoinductive material.

Table 1. Wells contents and main reasons it had selected.

Well Content Reason

1C and 1D MSC+BIO To compare the biomaterial effect on cellular morphology, growth and proliferation 
and to verify if the biomaterial, by itself, promote MSC differentiation3C and 3D MSC only 

4C and 4D MSC+BIO+DM To compare the osteoblast differentiation capacity of MSC with and without 
the presence of DM 6C and 6D MSC+DM 

3A and 3B MSC only To support the MSC viability and to compare the osteoblast differentiation 
capacity of MSC with and without DM, in pH 4.2 (3A and 6A) and in pH 7.0 
(3B and 6B)

6A and 6B MSC+DM 

2C and 2D BIO only To evaluate the wells content with biomaterial and DMEM only, with and without 
DM and to compare these results with those found in wells 1C and 1D.5C and 5D BIO+DM

MSC = Mesenchymal stem cell; BIO = Biomaterial; DM = Differentiation medium.

Table 2. Results from ALP analysis.

Well content Volunteer ALP day 1 (U.L–1) ALP day7 (U.L–1) ALP day 14 (U.L–1) ALP day 21 (U.L–1)

MSC+BIO 1 55.9 55.9 59.9 26.3

2 10.8 15.2 13.1 17.2

3 10.8 46.5 14.3 30.1

MSC only
(control group)

1 58.6 58.6 63.3 38.4

2 13.5 17.5 21.6 24.6

3 13.5 31.0 58.9 38.1

MSC+BIO+ DM 1 67.3 67.3 55.9 51.2

2 11.1 12.1 11.4 20.2

3 10.8 31.7 62.8 32.5

MSC+DM 1 57.2 57.2 60.6 59.9

2 14.2 14.8 12.1 16.7

3 14.2 33.9 53.3 60.0
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Although there are differences between the ALP 
values for the three volunteers, the qualitative analysis is 
valid because it is seeking for a final value higher than the 
initial one for each volunteer, indicating increasing of the 
osteoblast activity.

The ALP production by the MSCs isolated of the 
three volunteers showed similar behavior. Analyzing the 
results by cell culture period, in the day 1, the volunteers 2 
and 3 presented the same mean value of ALP. The high 
value presented by the volunteer 1, could be caused by 
biliary dysfunction, presence of bone lesions or tumoral 
metastasis12. Some studies suggest that age, gender and 
diseases can have an impact on osteogenic capacity of 
stem cells13.

The volunteers were cardiac, therefore, were taking 
medicines for cardiovascular functions. However, although 
some medicines make hard in vitro cell expansion, seems 
that they do not affect the functionality of cells14. Therefore, 
the medicines took by the volunteers, probably, were not 
responsible by the ALP different results.

The MSCs from the first volunteer showed no 
variation on the mean ALP value between days 1 and 7. 
In the day 14, only the well containing MSC+BIO+DM 
presented decreasing of ALP. The ALP is an osteoblast 
differentiation marker, and its quantity tends to decrease as 
the mineralization increases. So, the ALP value must rise 
from the day 1 to day 14 and decrease between day 14 and 
day 21, in order to indicate a high rate of mineralization 
or osteoblast formation15. This behavior can be seen in 
data from the volunteer 1 (MSC only; MSC+DM) and the 
volunteer 3 (MSC only; MSC+BIO+DM).

Although bone formation is a complex process and not 
entirely understood, is known that cellular proliferation and 
osteoblast differentiation are almost excluding events, that 
means, increasing in cellular proliferation causes decreasing 
in ALP and increasing in osteocalcin related to the collagen 
mineralization15,16.  The osteocalcin enzyme was not object 
of this study.

Interesting to note that, for the first volunteer, decreasing 
of ALP was remarkable in the wells containing MSC only 
and MSC+BIO. The wells containing DM maintained 
high values of ALP suggesting that, in this case, DM 
difficulties the cellular differentiation, delaying the collagen 
mineralization formed in the first stages of cell cultivation. 
Also, the data from day 14 and 21, suggest that the 
biomaterial with MSCs induced the collagen mineralization 
without the necessity of DM.

The second volunteer presented an increase of ALP at 
the day 7 in all wells, but it was more pronounced in the 
well containing MSCs only and MSC+BIO, showing that the 
DM did not interfere on the initial osteoblast differentiation, 
as, it was supposed to do. However, in wells containing 
MSCs only, ALP has continued to increase whereas, in 
wells with MSC+BIO, ALP decreased indicating cellular 
differentiation. 

The third volunteer also showed a significant increase 
in the values ​​of ALP in all wells, in day 7, being more 
pronounced in the well containing MSC+BIO. At day 14, 
only the well containing MSC+BIO showed a decrease in 
ALP value, indicating cell differentiation. The remaining 

wells showed pronounced increase of ALP compared to 
day 7, indicating osteoblasts formation. At day 21, the well 
containing MSC+BIO had an increased value of ALP, as 
expected. The ALP of well containing MSC+BIO+DM 
remained with high values ​​between days 1 and 21, indicating 
low cell proliferation.

The ALP values ​​in the wells with MSC only from 
the second and third volunteers, at the day 1, are ​​closer 
to that considered normal and the DM presence affected 
cell proliferation, thereby increasing the period of 
differentiation. According to Ratisoontorn et al., 2005, (15) 
this behavior shows no progress towards the mineralization, 
that is, osteoblasts maturation.

Still regarding to the second and third volunteers, the 
ALP values variations, increasing between days 1 and 
14 and decreasing between days 14 and 21 in the wells 
containing MSC only (control group), were expected for 
progress of osteoblasts differentiation. The wells containing 
MSC+BIO, unlike the control group, had increased ALP 
values between days 1 and 7, decreased between days 7 
and 14 and increased between the days 14 and 21. These 
variations can be explained only with further investigation 
in relation to chemical interaction between the biomaterial 
and stem cells, responsible for signals that induce cell 
differentiation and proliferation.

Pore size (macro, micro or nano), pore interconnectivity, 
adsorption and absorption properties of the biomaterial 
are critical parameters that should be considered in cell 
cultivation since they affect the interactions with MSCs, 
resulting in differences in biochemical markers values in 
relation to defaults or to those expected17.

Interestingly, the behaviors for the wells with MSC only 
and MSC+BIO in the plate for the first volunteer who had an 
initial ALP value above normal, were similar. This volunteer, 
with high phosphatase activity, helped cell differentiation 
and proliferation. 

In general, the Anorthite was able to induce differentiation 
without the need of differentiation medium.

The Cytochemical Analysis was performed in the 
days 7, 14 and 21 in order to identify calcium crystals. In 
optical microscope images, these crystals appear as small 
dark spots around the cells, as shown in Figure 1, A to F.

Specifically, the alizarin red at pH 4.2 detects Phosphate 
and Calcium Carbonate and, at pH  7.0, detects Calcium 
Oxalate (acicular crystals). These crystals are present 
in osteoblasts18. Calcium Phosphate participates in the 
mineralization process and Calcium Oxalate are metabolic 
end product19.

Therefore, the Cytochemical Analysis becomes a 
powerful tool in evidencing differentiation of MSCs into 
osteoblasts, which might provide valuable finding in the cell 
differentiation process. Figure 1 shows the Cytochemistry at 
days 7, 14 and 21 in pH 4.2 (left column) and pH 7.0 (right 
column). In the control group, top right of all photos, it is 
possible to visualize the cells without Calcium Phosphate 
crystals. The Calcium crystals were formed when it was 
added the DM.

In coverslip cultures performed at pH 7.0, it is possible 
to observe the formation of Calcium Oxalate crystals, dark 
spots scattered on the images, only in the presence of DM 
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Figure 1. Images from Cytochemical Analysis (400 X) of MSCs cultivation on coverslips in the presence of DM at a,b) day 7; c, d)14; 
and e, f) 21. The control cells cultivated without DM are presented on top right of the images. The cells were stained with Alizarin S at 
a, c, e) pH 4.2; and b, d, f) pH 7.0, showing Calcium Phosphate and Calcium Oxalate crystals, respectively. MSC = Mesenchymal Stem 
Cell; DM = Differentiation Medium.
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(right column), independent of the day of cultivation. The 
same tendency was observed in cultures at pH 4.2. 

Therefore, MSCs did not produce crystals of Calcium 
Oxalate or Calcium Phosphate, compounds of osteoblasts, 
without being stimulated, in this case, by a chemical inducer. 
This leads to the conclusion that the differentiation of MSCs 
into osteoblasts when cultivated on Anorthite without the 
presence of DM, occurred exclusively by the influence 
of Anorthite. Therefore, the results of Cytochemical 
analysis strongly suggest that this biomaterial can induce 
differentiation of MSCs into osteoblasts, or even that 
Anorthite is osteoinductive.

4.	 Conclusions
According to the results, the Anorthite was able to 

induce differentiation without the need of differentiation 

medium what was evidenced by the cytochemistry 
findings. This behavior strongly suggesting that Anorthite 
is an osteoinductive biomaterial. No morphological or 
biochemical changes were observed, in the cultivation of 
MSCs on Anorthite, that could indicate cell injury proving 
that the material is biocompatible. The biocompatibility was 
also confirmed by the expansion and proliferation of the 
living cells on the material. Those evidences justify further 
investments to continue the research in in vivo studies. 
The cultivation of mesenchymal stem cells on biomaterial 
candidate for applications in the medical field proved to be 
a key method to determine the success of the biomaterial 
before clinical trials.
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