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Abstract

Iron (Fe) is a vital element and its deficiency causes abnormal bone metabolism. We investigated
the effects of Fe and its concentration in p-tricalcium phosphate (B-TCP) on physicomechanical
properties and /n vitro proliferation and differentiation of osteoblasts. Our results showed that Fe
addition at concentrations of 0.5 wt. % (0.5 Fe-TCP) and 1.0 wt. % (1.0 Fe-TCP) inhibits the B-
TCP to a-TCP phase transformation at sintering temperature of 1250 °C. Addition of 0.25 wt. %
Fe (0.25 Fe-TCP) increased the compressive strength of B-TCP from 167.27+16.2 MPa to
227.10+19.3 MPa. After 3 days of culture, surfaces of 0.5 Fe-TCP and 1.0 Fe-TCP samples were
covered by osteoblast cells, compared to that of pure and 0.25 Fe-TCP. Cells grew to confluency
on all Fe-doped samples after 7 days of culture and monolayer sheetlike cellular structure was
found at 11 days. Optical cell density and alkaline phosphatase activity were significantly higher
on Fe-doped samples and the highest values were found in 0.5 Fe-TCP samples. Our results show
that Fe concentration had significant effect on physical and mechanical properties of TCP
ceramics, and also on the /n vitro osteoblast cellular interactions in TCP ceramics.
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1.0 Introduction

Osteoporosis, characterized by significant decrease in bone mineral density (BMD) and bone
quality, is considered as one of the most common bone diseases that can lead to higher risk
of bone fracture. > Most osteoporotic bone fractures occur in the forearm, humerus, hip,
vertebrae and spine. 22:58 Worldwide, more than 8.9 million fractures are caused by
osteoporosis, annually. °8 In 2014, the National Osteoporosis Foundation (NOF) announced
that a total of 54 million Americans above the age of 50 are suffering from osteoporosis and
this number will increase to 64.4 million by 2020. %°. In addition, the medical costs of
osteoporosis are approximated to be $22 billion, annually.2” Increasing life expectancy
requires new approaches to decrease the rate of osteoporosis and reverse the bone loss.
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Calcium phosphate (CaP) based ceramics are being widely used in bone tissue engineering
due to their osteoconductivity and compositional similarity to that of bone. 3% Despite being
osteoconductive, calcium phosphate ceramics (CPCs) have negligible osteoinduction. 49 One
of the promising solutions to enhance the osteoinduction of CPCs Jn vitroand in vivois the
addition of trace elements such as Si, Zn, Li, Mg, Mn and Sr. 4:89.15.18,21,23,39.43.44 |ron (Fe)
is a vital material and its deficiency is known to cause abnormal bone metabolism. 26:30 |n
addition, Fe plays a crucial role in vitamin D metabolism, and synthesis and maturation of
collagen. 2529 |n specific case such as thalassemia, iron overload can cause severe
osteoporosis and osteoporotic bone fractures. 49 In the current work, we have studied the
effects of Fe and its concentration in TCP on physical and mechanical properties, and also
on /n vitro osteoblast cell interactions. Although multiple reports are available on the effects
of dietary iron on overall bone metabolism and collagen synthesis, 1:20:25.26.33 there are a
few studies on the interaction between bone cells and calcium phosphate-coated iron
nanoparticles. 3446 We hypothesize that presence of Fe alters the physical and mechanical
properties of TCP samples, and changes the /n vitro osteoblast cell responses.

Two forms of iron oxides, maghemite (Fe,O3) and magnetite (Fe304) nanoparticles, are of
great interest in biomedical applications such as magnetic resonance imaging (MRI), cancer
hyperthermia, in vitro cell separation, and targeted drug delivery. 11.17.19.28.36 However, the
use of magnetic nanoparticles in CaP scaffolds for bone tissue engineering applications is
rarely reported. In the current work, Fe,O3 nanoparticles with the size of <50 nm were
added to TCP precursors to achieve the Fe-doped TCP scaffolds.

We hypothesize that the amount of Fe dopant affects the phase transformation, porosity,
compressive strength, and /n vitro osteoblast cell-material interaction in TCP samples. To
validate our hypothesis, we report the effects of different Fe concentration on the phase
composition of TCP samples, sintered at 1250 °C. Samples were made by solid state
synthesis method followed by uniaxial pressing. We investigated the effects of Fe
concentration on the porosity and the compressive strength of the TCP samples using
Archimedes’ method and uniaxial compression test, respectively. To understand /in vitro
bone cell material interactions, we studied the effects of Fe concentration on proliferation
and differentiation of osteoblast cell using the SEM, MTT and ALP assays. To the best of
our knowledge, there is no study on effects of Fe on physical and mechanical properties of
TCP, as well as on the in vitro osteoblast cell interaction in TCP ceramics.

2.0 Materials and Methods
2.1 Pure and Doped TCP Synthesis

Pure and Fe-doped B-tricalcium phosphate powders (g-TCP) were synthesized via solid state
method. 1 mole calcium carbonate (CaCO3) and 2 moles dicalcium phosphate (CaHPQO,)
were mixed and ball milled for 2 hours, followed by calcinations at 1050 °C for 24 hours.
High purity iron oxide (Fe,O3, < 50 nm, Sigma-Aldrich) was added to TCP precursors to
obtain 0.25, 0.5, and 1 wt. % Fe-doped TCP. Calcined powders were then crushed and mixed
with ethanol at an ethanol: powder ratio of 1.5:1.0. The mixtures were then milled for 6 h at
70 rpm, followed by drying at 70 °C. Dried powders were pressed into disks (12 mm
diameter and 2 mm thickness) for phase analysis, micrograph investigation and cell culture
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study using a uniaxial press, followed by cold isostatic pressing at 413 MPa. Similarly,
cylindrical samples (7 mm diameter and 12 mm height) were prepared for density and
compressive strength measurements. Finally, all the pressed samples were sintered at
1250 °C in a muffle furnace for 2 h. From now on, 0, 0.25, 0.5, and 1.0 wt. % Fe doped f-
TCP samples will be denoted as pure TCP, 0.25 Fe-TCP, 0.5 Fe-TCP and 1.0 Fe-TCP,
respectively.

2.2 Phase Analysis, Microstructure Analysis, and Mechanical Properties

Phase analysis of pure and Fe doped samples was performed using X-ray diffractometer
(XRD) with a Siemens D500 Kristalloflex system (Siemens D500 Kristalloflex, Madison,
WI1) with Cuka radiation over 26 values of 20-60° at the step size of 0.05° and a count time
of 0.1 sec per step. Relative intensity ratio of major peaks of B-TCP and a.-TCP was used to
calculate the percentages of these two phases in the samples as described elsewhere.48

Field emission scanning electron microscope (FESEM, FEI 200F, FEI Inc., OR, USA) was
used to characterize the surface morphology of sintered samples. Bulk density and total
porosity of disk samples were measured using their mass and physical dimensions (Total
porosity % = 100-relative bulk density). Relative apparent density, closed porosity, and open
porosity were measured using Archimedes’ method. Samples were submerged in boiling
water for 3 minutes and then transferred to water at room temperature where the wet weight
was measured. Density and porosity values were obtained by taking the average of
measurements for 4 samples. Compressive strength of cylindrical samples was measured
using a screw-driven Instron testing machine (AG-1S, Shimadzu, Tokyo, Japan).
Compressive strength was calculated using the maximum load at failure and sample
dimensions. Compressive strength was obtained by averaging the compressive strengths of
7-10 samples.

2.3 In Vitro Human Fetal Osteoblast Culture

All samples were sterilized at 121°C for 20 minutes prior to cell culture using an autoclave.
Human fetal osteoblast cells (hFOB 1.19, ATCC, Manassas, VA) were seeded on the disks
with the density of 3x104 cells/40 pl per sample at passage 3. Followed by incubation at

34 °C and primary cell adhesion, the filter sterilized base medium, Dulbecco’s Modified
Eagle’s Medium/Nutrient Mixture F-12 Ham (DMEM/F12, Sigma, St. Louis, MO), with 2.5
mM L-glutamine (without phenol red), supplemented with 300 mg L~ G418 (Sigma) and
10% fetal bovine serum (FBS, Sigma) was added to wells. Cultures were maintained at

34 °C under an atmosphere of 5% C0O,/95% air and cell medium was changed with fresh
medium every 2-3 days during the culture experiment.

2.4 Cellular Morphology, MTT and ALP Assays

To study the cellular morphology using FESEM, samples were removed from the culture at
3, 7, and 11 days and fixed with 2% paraformaldehyde/2% glutaraldehyde in 0.1 M
phohsphate buffer at 4 °C overnight. Samples were rinsed with 0.1 M phosphate buffer three
times, followed by post fixation with 1 % osmium tetroxide (OsOg4) overnight at 4 °C.
Samples were then rinsed again with 0.1 M phosphate buffer three times and dehydrated in
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graduated ethanol series (30, 50, 70, 95, and 100 % three times), followed by
hexamethyldisilane (HMDS) drying procedure.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay was used to
evaluate osteoblast cell viability after 3, 7, and 11 days of culture. The MTT (Sigma, St.
Louis, MO) solution of 5 mg mL-1 was prepared by dissolving MTT powder in filter
sterilized PBS. 100 pL of MTT solution was added dropwise on top of each sample in well
plate, followed by addition of 900 pL cell medium. Samples were then incubated at 34 °C
for 2 h. The medium was then removed and 500 pL of solution (composed of 10 % Triton
X-100, 0.1N HCI and isopropanol) was added to each sample to dissolve formazan crystals.
100 pL of solution in triplicate was transferred to 96-well plate and read by UV-Vis
spectroscopy (BioTek) at 570 nm.

Differentiation of osteoblast cell was evaluated using colorimetric alkaline phosphatase
(ALP) assay kit (abcam, Cambridge, MA) according to the protocol from the provider.
Briefly, osteoblast cells were detached from surface of samples using Trypsin-EDTA
solution (ATCC), followed by centrifuging at 1000 rpm and removing the supernatant. Then
400 pL of assay buffer solution was added to each sample and the solution was centrifuged
to remove the insoluble material at 13000 rpm for 3 min. 80 pL of samples was transferred
to 96 well plates in triplicate and 50 pL of the 5 mM p-nitrophenyl phosphate (oNPP)
solution was added. Samples were incubated at 25 °C for 1 h and then, 20 pL of stop
solution was added to each well. The optical density was measured at 405 nm using UV-Vis
spectroscopy.

2.5 Statistical Analysis

Data for relative bulk density, relative apparent density, compressive strength, MTT and ALP
assays are presented as mean + standard deviation. Statistical analysis was performed on the

data using student’s t-test, and P values < 0.05 and <0.01 were considered as significant and

very significant, respectively.

3.0 Results

3.1 Phase Analysis and Microstructure

Figure 1 shows the XRD spectra of pure and Fe doped samples after sintering at 1250 °C.
Spectra of all samples showed the B-TCP (JCPDS No. 09-169) as the major phase. a-TCP
peaks (JCPDS No. 09-0348) were also present in pure and 0.25 Fe-TCP samples; however,
no a-TCP peaks were found in samples with higher concentrations of Fe.

Microstructure of samples is presented in Figure 2. FESEM micrographs show a dense
structure for all compositions. Granular structure in pure and 0.25 Fe-TCP was clearly
visible and addition of 0.25 wt. % Fe increased the particle size of TCP from 4.1+2.4 um to
5.3+2.1 pm. Compared to pure and 0.25 Fe-TCP samples, partial liquid phase sintering was
observed in 0.5 Fe-TCP. Increasing the concentration of dopant to 1.0 wt. % resulted in
forming extensive liquid phase with negligible amount of open porosity.
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3.2 Density Measurement and Mechanical Properties

Relative bulk and apparent densities of samples were measured using the dimension of
samples and Archimedes” method. As shown in Figure 3a, addition of 0.25 wt. % Fe
increased the relative bulk density of TCP from 80.33%1.3 % to 87.92+0.6 %. Relative bulk
density of 0.5 and 1.0 Fe-TCP samples were 90.06+0.6 % and 93.10+0.3 %, respectively.
Relative apparent density was in the range of 90-96 % for all samples, regardless of their
composition.

Compressive strength data of pure and Fe-doped TCP samples are presented in Figure 3b.
Addition of 0.25 wt. % Fe increased the compressive strength of B-TCP significantly from
167.27+£16.2 MPa to 227.10+19.3 MPa. However, addition of higher amounts of Fe did not
result in further increase in compressive strength. Compressive strength was 235.19+25.7
MPa and 219.75+£36.1 MPa for 0.5 and 1.0 Fe-TCP samples, respectively.

3.3 Cellular Morphology, Proliferation, and Differentiation

To understand cell-material interaction, the morphology of the osteoblast cells on pure and
doped samples was analyzed using FESEM after 3, 7, and 11 days of culture (Figure 4).
Cells were well attached to all the samples after 3 days. Compared to pure and 0.25 Fe-TCP,
much more cells were attached to 0.5 and 1.0 Fe-TCP. After 7 days of culture, quite a few
cells were found on pure and Fe doped TCPs. However, cells reached to the confluent
monolayer on all Fe doped samples, regardless of Fe concentration. Compared to day 7, cell
density increased on pure TCP after 11 days of culture. The surfaces of all doped samples
were covered with osteoblast cells, resembling multiple layer features.

Proliferation of osteoblast cells on pure and Fe-doped TCP samples was determined using
MTT assay. Figure 5 presents the optical cell density after 3, 7, and 11 days of culture. At
day 3, the optical cell density was statistically higher on all doped samples compared to the
pure TCP. The cell density increased significantly on all doped samples from day 3 to day 7.
The highest optical cell density at day 7 was found on 0.5 Fe-TCP. At day 11, cell
proliferation increased on all samples regardless of the presence of Fe dopant and its
concentration; however, the cell density was again the highest on 0.5 Fe-TCP.

ALP assay was used to evaluate the differentiation of osteoblast cells on samples after 7 and
11 days of culture. Figure 6 shows the effects of Fe concentration on ALP activity. At day 7
of culture, all doped samples had significantly higher ALP activity compared to the pure
TCP. Among different Fe concentrations, 0.5 Fe-TCP showed the highest osteoblast
differentiation at day 7. ALP activity increased for all samples after 11 days and the
difference between the doped samples was less noticeable than that of day 7.

4.0 Discussion

Tricalcium phosphates (TCPs) are of great interest as bone substitutes for non-load bearing
applications due to their bioactivity and similarity to the composition of bone. Though
osteoconductive, lack of osteoinduction is the main drawback for using TCPs as bone
substitute materials for enhanced osteogenesis and/or angiogenesis. Addition of trace
elements is a feasible alternative to enhance the osteoconductivity and osteoinductivity of
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TCPs. Trace elements such as Na, Mg, Sr, Zn, Fe, Al, Ag, Mn, Cr, Si, and Br are present in
enamel, dentine or bone. ® The effects of Na, Mg, Sr, Zn, Ag, Mn, Si on physical,
mechanical, in vitro and/or in vivo properties of CaPs is well reported. 9:12:1318.21,23,37,38.41
Fe is a vital material and plays critical role in bone metabolism. 26:30 |n this study, we have
investigated the effects of Fe3* and its concentration on physical and mechanical properties
of TCP. Pure and Fe-doped TCP powders were synthesized through solid state route and
pressed to disk shapes, followed by sintering at 1250 °C. Then, attachment, proliferation and
differentiation of human fetal osteoblast cells were studied as a function of Fe concentration.

Present results show that not only does Fe3* impact the phase composition, and compressive
strength of TCP ceramics; but also it improves their interactions with osteoblast cells.
Addition of Fe3* retards the p-TCP to a-TCP phase transformation. B-TCP is the stable
phase up to 1125 °C and at temperatures between 1125 °C and 1430 °C, a-TCP becomes
stable.53 As a result, presence of a.-TCP is expected at sintering temperature of 1250 °C.
Presence of B-TCP as a single phase in samples with high Fe concentration (0.5 and 1.0 wt.
%) shows the inhibitory effect of Fe on B to a-TCP phase transformation. Thermal stability
of B-TCP at high temperature is related to the stabilization of the crystal structure by the
ionic substitution and lattice contraction. 24 Trivalent metal ions substitute at the calcium ion
sites and vacancies. 3 The ionic radius of Ca2* and Fe3* is 0.99 A and 0.64 A, respectively.
As a result, substitution of Ca2* with Fe3* decreases the unit cell size of -TCP and thus,
increases the B-TCP phase stability. B-TCP to a-TCP phase transformation is an important
phenomenon in bone regeneration. Though both phases are bioactive, higher solubility
product of a-TCP (3.16x1072) as compared to that of B-TCP (1.25x10729) results in its
faster degradation rate in biological environment and substitution with bone.3® It is
important to mention that Fe3* addition to hydroxyapatite (HAP) structure using mechanical
milling for 20 h results in the formation of CayFe,O5 with brownmillerite crystal structure,
indicating the reaction between HAP and Fe,O3, which is in contrast to our findings where
no reaction between iron oxide and tricalcium phosphate was found.1642

Addition of Fe3* to TCP is accompanied by grain growth and liquid phase formation.
According to the phase diagram in the Fe,03-P,05 system, several liquid phases including
Fe(PO3)3 (JCPDS # 44-0772), Fe4(P,07)3 (JCPDS # 36-0318), FePO, (JCPDS # 84-0875),
and Fe3PO7 (JCPDS# 37-0061) may form in temperature range from 90748 °C to

1208+8 °C. %6 However, no peak related to these phases was found in the XRD spectra of
samples, most likely due to the low amount of Fe,Os.

Addition of iron results in a significant increase in relative bulk and apparent densities of
TCP. Increase in the bulk density is related to the decrease in the unit cell volume during
Fe3* substitution in Ca2* site. This behavior proves the effective role of Fe dopant on
decreasing the total and open porosities. These findings are in line with SEM micrographs
(Figure 2) where significantly less open pores are present in the doped samples, most
notably in 1.0 Fe-TCP, as compared to pure TCP.

Compressive strength of ceramic samples is mainly affected by phase composition, particle
size, density, and liquid phase sintering. Formation of phases with higher strength, decrease
in particle size, and increase in density are usually accompanied with enhancement of
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compressive strength. On the other hand, extensive liquid phase formation drops the
mechanical strength of final product. 19 Addition of 0.25 wt. % Fe increases the bulk and
apparent densities and slightly decreases the a-TCP phase content which results in
significant increase in compressive strength of pure TCP from 167.27+16.2 MPa to
227.10+19.3 MPa. Though addition of higher amounts of Fe up to 1.0 wt. % inhibits the a-
TCP phase formation and increases the density, large amount of liquid phase causes the
decrease in compressive strength. These results effectively highlight the contradictory effects
of Fe on enhancement of strength in TCP.

To evaluate the efficacy of Fe-doped TCP samples as bone substitute materials, the /n vitro
interaction between human fetal osteoblast cell and samples was investigated. Iron is an
important element in the body and its deficiency causes severe health problems such as
anemia, changes in vitamin metabolism, and also abnormal bone metabolism. In addition,
dietary iron deficiency compromises the bone mineral density (BMD), bone mineral content
(BMC), and mechanical strength. Iron is also an important factor in vitamin D metabolism
and collagen synthesis and maturation. 25:26:29.30 Katsumata et a/. found that iron deficiency
causes the calcium and protein deficiency; both play an important role in bone metabolism.
It also decreases the osteocalcin concentration which inhibits bone formation. 2526 |n
addition to the decrease in bone formation, lack of iron compromises the bone resorption /n
vivo. Due to the elevated decrease in osteoclastogenesis, the overall bone loss occurs in an
iron-deficient diet. 2530 On the other hand, iron overload in specific cases such as
thalassemia causes osteoporosis and bone fracture. Excess amounts of iron causes the
abnormalities in bone phenotype, cortical and trabecular thinning and changes in bone
composition, depending on the Fe dose. These controversies show the importance of
regulating the iron amount on bone formation and/or resorption. 4749 Our data support the
expected effects of Fe as a dopant in TCP structure on proliferation and differentiation of
osteoblast cells. Results shown in Figure 4 present good adhesion of osteoblasts on all
samples, with larger number of cells on doped samples at day 3 of culture. Cell adhesion is
the primary stage which directly alters the proliferation and differentiation behavior at later
stages. The MTT assay results also show higher number of cells on Fe-doped samples which
is in line with the SEM results. After 7 days of culture, the surfaces of doped samples were
almost entirely covered by osteoblast cells. Cells grew to confluency on all doped samples
resembling a multilayer structure covered by abundant filopodia extensions after 11 days of
culture. These results are in line with the MTT assay findings which showed 2-3 fold
increase in cell density on Fe-doped samples compared to that of control pure TCP samples.
Previous reports showed the cytocompatibility of Fe-doped calcium phosphate glass fiber
composites in the presence of preosteoblast cells. In addition, magnetic nanoparticles
enhance the Jin vitro proliferation of osteoblasts. 31:32:34.52 The enhanced proliferation of
osteoblast cells is also reported in TCP scaffolds, doped with other elements such as Li, Zn,
Mg, Sr, Mg/Zn, and Sr/Zn. 23:1448 The overall trend of proliferation of osteoblast cells is
similar to our previous studies, e.g. Li, Fe, Zn, and Mg/Zn doped TCP samples.248 Along
with proliferation, differentiation is another important stage that determines the final fate of
osteoblasts: osteocyte, bone lining cell, or apoptosis. 7 ALP is an important enzyme that is
released during the maturation of osteoblast cells, providing an alkaline environment that
favors new bone formation. This enzyme is also a marker for differentiation of osteoblast
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cells. 5 ALP assay results show 2-6 fold increase in osteoblast differentiation on all doped
samples at day 7 of culture. Increase in ALP expression on all samples after 11 days
indicates the ongoing differentiation; however, 0.5 Fe-TCP shows the least upregulation of
ALP. Controversies of iron effects on differentiation of osteoblast cells require a deeper
understanding of its role in each system. Few /n vitroand in vivo studies have indicated the
inhibitory effect of iron on osteoblast differentiation through downregulation of osteogenic
markers such as BMP-2, RUNX-2, and osteocalcin. 2 However, other reports have shown
that the dose dependency of enhancement in osteoblast cell proliferation and differentiation
in magnetic CaPs, mainly superparamagnetic nanoparticles due to increase in fibronectin
adsorption, ALP expression and collagen synthesis. 344546 Increase in bone density and
decrease in osteoporosis, in presence of magnetic field has been already reported.
Proliferation and differentiation of osteoblast cells and upregualtion of BMPs under
exposure to magnetic fields result in enhanced osteointegration and new bone formation /n
vivo. 9951 |t has also been reported that applying external mechanical force to bone could
generate an electric field, leading to response from the bone cells to physical stimuli, due to
the piezoelectric property of bone. 51:55 Figure 7 summarizes the results from this study and
correlates them with the literature. Presence of Fe and magnetic field enhance the fibronectin
adsorption, 42:46:50 and facilitate the proliferation and differentiation of osteoblast cells.
These primary results show the effects of iron as a dopant on physical and mechanical
properties of TCP, along with /n vitro osteoblast cell interaction with TCP.

5.0 Conclusion

Here we report the effects of Fe and its concentration on physical, mechanical, and /n vitro
osteoblast cell-material interaction in TCP samples. Fe addition at concentrations of 0.5 and
1.0 wt. % inhibited the B-TCP to a-TCP phase transformation at 1250 °C, and led to liquid
phase formation. Addition of 0.25 wt. % Fe increased the compressive strength of -TCP
from 167.27+£16.2 MPa to 227.10+£19.3 MPa and higher concentrations of Fe did not change
the compressive strength, significantly. In addition, presence of Fe increased both relative
bulk and apparent densities. Proliferation and differentiation of osteoblast cells were
enhanced in all doped samples and the highest activity was found in samples doped with 0.5
wt. % Fe. These data were in line with the SEM results, where multilayer cellular structure
was found in doped samples at 11 days of culture. Though further research is needed for
deeper understanding of Fe role in bone remodeling process, the present results show the
potential use of Fe-doped TCP in bone tissue engineering applications.
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Figure 1.
XRD spectra of pure and Fe-doped TCPs sintered at 1250 °C.
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Figure 2.
SEM micrographs of pure and Fe-doped TCP samples after sintering at 1250 °C.
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a) Relative bulk and apparent densities, and b) Compressive strength of pure and Fe-doped
TCP samples, sintered at 1250 °C, using cylindrical samples (7 mm diameter and 12 mm
height). Data is presented as mean + standard deviation (* £< 0.05 and **/<0.01).
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Figure 4.
hFOB cell morphology on pure and Fe-doped TCP samples after 3, 7, and 11 days of

culture.

Ann Biomed Eng. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Vahabzadeh and Bose Page 16

0.7
0 Pure TCP 00.25 Fe-TCP B0.5 Fe-TCP £1.0 Fe-TCP
0.6 [—
205 ¢ — %
72|
5 * %
S04 | — o —
S 1
g — ! 1]
o 03 1 geie—— i
= it O
= * o
=02 | .. iB=— -]
T ]
‘**‘| ‘ 1] ]
A I [ S T i—am —an
0 "l " THE el "l " THE kel THE -]
Day 3 Day 7 Day 11

Figure5.
hFOB optical cell density on pure and Fe-doped TCP disks (12 mm diameter and 2 mm

thickness) after 3, 7, and 11 days of culture. Data is presented as mean + standard deviation
(* P<0.05 and **F<0.01).
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Figure 6.

Day 11

ALP optical density on pure and Fe-doped TCP disks (12 mm diameter and 2 mm thickness)
after 7 and 11 days of culture. Data is presented as mean + standard deviation (* A< 0.05

and **P<0.01).
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Figure7.
Schematic presentation of cellular level mechanisms showing the effects of Fe dopant on

proliferation, differentiation, and maturation of osteoblast cells.
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