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N THIS STUDY, polysaccharide polymers /Hydroxyapatite composite scaffolds

were prepared by using freeze-drier processing technique. The microstructure and
morphology as well as mechanical strength of the scaffolds were characterized by XRD,
FTIR, SEM, EDX and other methods. The porosity ratio and in vitro biomineralization
of the scaffold were also evaluated. It was found that, both porosity and compressive
strength are strongly dependent on the concentration of HA. The porosity was reduced
from = 87 + 5.1% to 66.7 + 3.2%, while the mechanical measurements revealed that, the
compressive strength reaches the highest value 23.96 + 0.82 MPa by adding HA to
hybrid polymers. In addition, Blended hydroxyethylcellulose to sodium alginate cause
increase of total pore volume inside scaffold, decrease in mechanical properties and
the presence of bioceramic inside scaffolds structure enhances the precipitation and
biomineralization of HA from SBF on scaffolds surface. Thus results suggest that these
biocompatible composite scaffolds can be useful for bone tissue regeneration.

Keywords: Polysaccharide, hydroxyapatite, Alginates, SBF.

Introduction

In the bone tissue engineering field, the
scaffolds play an important and critically roles
in new bone tissue formation at site which
have defects @, and has to fulfill a few basic
requirements, that is, high porosity and proper
pore size, required surface properties permitting
cell adhesion, differentiation and proliferation,
desirable mechanical integrity to maintain the
predesigned tissue structure, non-cytotoxicity
and osteoconductivity ®¥. The selection of the
most suitable material to produce a scaffold to
be used in bone tissue engineering application
is a critically important step towards the
construction of a tissue-engineered product,
since its properties will determine the properties
of'the scaffold ¢:9-

Biopolymer scaffolds degradability is
one of the main key for designation and
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fabrication of biomimetic scaffolds in skin
tissue engineering applications. Scaffolds
should mimic the structure and biological
functions of natural extracellular matrix
(ECM) as closely as possible to create a
conductive living substrate that will induce
cells to function naturally. Biodegradable
polymers intended for tissue engineering are
mostly tailored to decompose via hydrolytic
and enzymatic degradable polymers ©.
There are many factors affect the polymer
degradation kinetics such as type of chemical
bond, polymer molecular weight, crystallinity
and the presence of cross links, fillers,
additives and etc ©.

Alginates are well known natural ionic
polysaccharides used mainly as food
additives, thickener, gelling agent, and in
the controlled delivery of drugs ™. Alginates
are linear water-soluble polysaccharides
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including mannuronic acid (M) and guluronic
acid (G) at different ratio and different
distribution in the chains. The physical and
chemical properties of alginates carefully
depend on their composition and the sequence
of guluronic and mannuronic residues in the
polymeric chain ¢19.

Hydroxyethylcellulose (HEC) is
hydrophilic biopolymers with low charge
density. HEC is recognized as one of the
natural macromolecules polysaccharides that
comprised from B-D-glucose rings at the main
chain. Strong hydrogen bonding among the
hydroxyl groups of HEC makes it available
to be employed in extensive utilizations due
to its water solution properties 12 Indeed,
the remarkable physical properties associated
with cellulose polymers is accumulate from
their water and organic solvent solubility,
thermal plasticity, thickening and colloid
stabilizing abilities. Thereby, the chemical
composition of HEC will allow to occupied
large amount of relatively easily accessible
hydroxyl units that can be attached by a
number of functional groups @319,

Based on previous reports, the blends
of Hydroxyethylceloluse with alginate
polysaccharide A/HEC was extensively
used in biomedical application owing to
its water soluble, biodegradable, non-toxic
and biocompatible with low mechanical
behaviors (519, So that HAp added to the
A/HEC scaffolds may not only improve the
biocompatibility and mechanical properties
but also enable manipulate bioactive molecule
release from the scaffolds @7.

In this study, scaffolds of pure alginate
and a blend with hydroxyethylcellulose, with
and without hydroxyapatite are prepared,
in order to understand their effect on the
physical properties of alginate. The effect
of crosslinking with calcium ions is also
analyzed. Prepared scaffolds are immersed in
Simulated Body Fluid (SBF) and the ability
to biodegradation and in vitro bioactivity will
be examined.

Materials and Methods

Materials

Alginate (A) with molecular weight (Mw)
of 500,000 g/mol, Hydroxyethylceloluse (C),
Mw= 90,000 g/mol, calcium chloride was
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employed as across linker, Mw=147.02 g/mol
and chemical reagents of SBF was employed
as in-vitro bioactivity test, all precursor was
obtained from Sigma Aldrich (chem. Lab,
Germany). Calcite (CaCO,, > 99% BDH
Laboratories Ltd) and Ca,HPO, (DCHP, >
99% Phosphor Grade, Lumifax Ltd.), as a
raw materials used to prepared monoclinic
hydroxyapatite phase.

Synthesis of monoclinic Hydroxyapatite
powder

Hydroxyapatite (HAp) was fabricated by
utilizing solid state quenching technique as
early reported by Morgan et al, (2000) @®
with small modification. In details, 81.666
g DCHP (Ca,HPO,) and 39.930 g of calcite
(CaCO,) will be utilized to give Ca/P ratio
with 1.67 as a stoichiometric ratio of HAp.
These raw materials were well blend using
ball mill. Thereafter, the mixed powder was
putted at 1000 °C with air atmosphere for 3 h
in electrical furnace.

Fabrication of composite scaffolds

S.A/HEC-HAp composite scaffolds
were prepared by employing freeze drying
technique. Firstly, Sodium alginate was
dissolvedindistilled water at 60 °C, for 15 min
using concentration of 10 Wt %. Then blend
with this solution Hydroxyethylceloluse
(HEC), 10 Wt %, become total a polymer
concentration of 20 Wt% (W/V). The HAp
concentration 40 % were added to the organic
solution, as shown in Table (1) and continue
stirred for overnight using a magnetic stirrer
in order to break the HAp agglomerates and
ensure a better (homogenous) distribution
of HAp particles in the composite scaffolds.
Composites were casted in Petri dish molds
and kept at -18 °C overnight, and freeze
dried for 24 hr then the all scaffolds were
removed from the molds and immersed in 5
% CaCl, for 3 hr to crosslinking, removed,
washing three times by distilled water,
after that kept in the desecrator for further
analysis as mentioned below.

TABLE 1. Different composite scaffolds.

Sample Sample base (wt %)
A HEC HAp
A 100 0 0
AC 50 50 0
ACHp 50 50 40
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Characterization of integrated samples

Differential scanning calorimetry (DSC)
and thermal gravimetric analysis (TGA) were
carried out using a computerized SETARAM
labsys™ TG-DSC thermal analysis system
range of 25-1000 °C with a heating rate of
10 °C/min. XRD patterns of the samples have
been measured using [Axs D8 ADVANCE]
with [Cuko = 1.54056 A] radiation. The
maximum current and voltage is 40 mA and
40 Kv. XRD was taken at 20 angle range of
10 —70° and the process parameters were:
scan step size 0.02 (20) and scan step time
0.05 s. Fourier transform infrared (FTIR)
spectroscopy measurements were recorded
at room temperature in the range 400—
4000 cm™, with Model 580, Perkin-Elmer.
Dried composite scaffolds were ground
and mixed thoroughly with KBr at a ratio
of 1:5 (Sample: KBr). The surface of the
scaffold samples were examined by scanning
electron microscope (model XL30, Philips)
attached with element analysis of X-Ray
(EDX) unit, with accelerating voltage 30
KV, magnification up to 400,000x and its
resolution is (3.5 nm). SEM micrographs
was obtained after coating the samples with
Gold using Edwareds 5150 sputter coating
(England).

Mechanical behaviors of Scaffolds

The mechanical properties of the composites
scaffolds were evaluated by measuring the
compressive strength and Deformation Energy
of prepared sample using a Texture Analyzer
(TA . XTplus Stable Micro systems, Surrey, UK).
The specimens were evenly cut from the most
homogeneous region of the scaffolds to form
blocks with dimensions of 10x5x5 mm?®. These
sample scaffolds were situated between parallel
plates utilizing a component EMIC DL 3000 and
compressed with a crosshead speed of 0.5 mm/
min and a 1.0 kN load cell. Minimum three pieces
(n=3) of each composite scaffold Specimens were
investigated and take averaged. The Deformation
Energy (DE) is defined as the absorbed energy
that causes deformation of the elastic scaffold;
The Rigidity Gradient (RG) refers specifically to
the scaffold unit migration guided by gradients in
substrate rigidity. Both DE and RG were used as
two system examination to estimate mechanical
behavior for prepared composite samples ).

Porosity Estimation
Liquid displacement method was used to

determine the porosity of the scaffolds @9, Three
samples each of specimens were submersed in
glycerol for 1 hr and then centrifugation at 5000
rpm for 15 min, after that left at room temperature
for 48 hr and the porosity of the sample was
determined using Eq. (1)

P%=[(W-W,)/(W-W)]x100 (1)

Where W,: weight of the scaffold before
immersion, W,: weight of the scaffold after
immersion and W_: weight after drying. By this
method we can just get the porosity percentage
(P %).

In- vitro studies

In-vitro biomineralization studies

In vitro bioactivity of the scaffolds was
investigated by immersion in simulated body fluid
(SBF) solution at 37 °C as proposed by Kokubo
et al. @22, In-vitro bioactivity of the scaffolds
reflected in their capability for formation of
hydroxyapatite layer onto their surface ®®. SBF
contains the same concentrations of inorganic
ions as human plasma. We carried out in vitro
studies by soaking samples (10 x 10 x 5 mm?) in
SBF solution (60 ml, pH=7.4). The sample-SBF
mixtures were immediately sealed into sterilized
containers, and were stored in an incubator at
37 °C for 28 days 7. After soaking, the samples
were removed and putted on filter paper, washed
by distilled water, and dried in air. The surface
changes were then investigated through XRD,
SEM, EDX and FTIR measurements.

Results and Discussion

XRD of Hydroxyapatite powder as fillers at
different conditions

The XRD technique was employed to identify
obtained phases and assess the phase purity, the
level of crystallinity and crystallographic changes
that occur in hydroxyapatite due to the effect of
incorporation foreign ions within it @4,

The X- ray diffraction patterns of the prepared
HAp powders are shown in Fig.1a. There are two
different conditions were used with and without
air in electric furnace. The peaks assigned to the
structure of hydroxyapatite just matches with
the ICDD (JCPDS No.076-0694). It is observed
that, the principle diffraction peaks of HAp were
appeared at 20 value of about 25.6° and a triple
peaks in the range (30° to 35°). For the peak
located at 20 equal to 25.6°, the characteristics
reflection (4 k /) is (0 0 2) and for triplet peaks
located at 20 in the range (30° to 35°) the
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characteristics reflection are (21 1), (1 12) & (3
0 0) and this principle diffraction peaks are found
on all prepared samples @5,

The another phase which can be observed
at 1000 °C calcined, CaCO, conversion to CaO,
peak of CaO appears at 37.4° and 53.8° these
phases may be attributed to the incomplete
calcinations conditions and more abundance Ca
** jons inside scaffolds sample beside oxygen
ions in solution dissolved @. According to XRD
results of the two prepared HA powder samples
with and without vacuum system; there is no clear
difference in position peaks of the samples with
a small enhancement in the intensity of strongest
peak in the sample which prepared by vacuum
system, as shown in Fig. 1(al).
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FTIR of Hydroxyapatite powder as fillers at
different conditions

FTIR is employed to confirm the presence of
groups which show all characteristic absorption
bands pertaining to hydroxyapatite see Fig.1b.
The functional groups of hydroxyapatite revealed
by FTIR analysis are:

Hydroxyl bands: There are two hydroxyl
absorption bands, one is located at a range from
630 to 636 cm™! (bending mode) and the other
is located at a range from 3500 to 3573cm’
(stretching mode) @9,

Phosphate bands: There are four vibrational
modes present for phosphate groups, vl, v2, v3
and v4. All these modes are infrared active. The v1
band corresponding to P-O stretching vibrational

b _ 2

Wavenum bel(an'1)

Fig. 1:(a XRD and b) FTIR of HAp powder at two different conditions; 1) HAp powder without air technique; 2)

HAp powder with air technique.

mode is located at a range from 955 to 970 cm!
which appears as a single peak, whereas a small
band is located at around 460 - 476 cm™ and is
ascribed to the O-P-O bending mode v2. The v3
band corresponding to P-O stretching vibrational
mode is located at a range 976-1110 cm™ which
appears as doublet peaks in the spectrum. The v4
corresponding to O-P-O bending mode is present
as doublet peak, the first is located at around 660

cm! and the second is located at around 520 cm™!
(27,28)

H,O bands: There are two sites of absorption
bands, one is the broad absorption band located at
1600-1654 cm™ reflecting H-O-H bending mode
and the other one is the band located at 3200-3550
cm' which may come from lattice H,O .

Carbonate bands: Hydroxyapatite structure is
slightly different compared to the synthetic one
most likely due to the presence of CO,” groups on
it. Theoretically, carbonate groups have four or five
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vibrational modes, three of them are observed in
the infrared spectrum ®9. The carbonate v4 bands
have very low intensity and are rarely seen in the
infrared spectrum while v2 and v3 vibrational mode
are observed in the infrared spectrum. v3 carbonate
vibrational mode is located in the region of 1300-
1600 cm and v2 is located at 870-876 cm!. The
carbonate absorption bands indicate that carbonate
anions had been substituted for certain phosphate
positions in the apatite lattice (B-type substitution).
In precipitated biological apatite, the predominant
substitution appears to be CO,? anions for PO,?
anions, but usually PO,? may replace small amount
of OH™! ion (A-type substitution) ¢b,

In addition, from Fig.1b FTIR data showed that,
three bands located at 560, 605 cm™! attributed to P-O
and 630 cm™! assigned to hydroxyl group, these three
bands more appearance in sample prepared with
vacuum system, Therefore, the best monoclinic HAp
phase used as filler in present study was prepared
with vacuum system at 1000 °C .
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Thermal analysis

The thermo-gravimetric data for sample
are reported in Fig.2. In TGA curves we can
distinguish four regions. The first region from
room temperature to 180 °C, the mass loss is
associated with the elimination of water which
remaining in the scaffolds, that confirmed by
first endothermic peak in DSC curve 3% 39;
the second region between 180 °C and 350 °C,
the mass loss is associated to the degradation
of polysaccharides network, Compatible with
the first exothermic peak of DSC curve ¢4 39,
Third region above 350 °C to = 550 °C, may be
attributed to degradation of calcium alginate,
degradation step, Na CO, and other carbonaceous
materials ¢%3® and the final fourth region above

550 °C associated degradation Ca (OH), and
crystallization temperature, that confirmed by
second exothermic peak in DSC curve 42,

Mechanical properties

Alginate / Hydroxyethylceloluse with HAp
scaffolds were tested for the Compressive Strength
(CS) and Deformation Energy (DE) properties in
dry conditions “¥. It was a significant observation
that CS results refers to firstly decrease from
10.13 = 0.51 to 8.83 + 0.34 MPa from A to AC,
with addition 40% concentration of HA gradually
increased to 23.96 = 0.82 MPa as shown in Fig.
3a. DE results refers to firstly decrease from A
to AC, 100 £10 to 90 £10.5 Joule/m’, after that
gradually increase with filler content to 182 + 16
Joule/m? for ACHp as shown in Fig. 3b @449,
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Fig. 2. DSC and TGA thremograms of ACHp scaffold sample.
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Fig. 3. Mechanical properties images of prepared scaffolds sample, a) CS; b) DE.
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The results indicated that the higher HA
content the higher CS, and DE compared with the
SA and HEC native polymer. These results are due
to HEC when blended to alginate polysaccharides
lead to increasing in total pores volume and pores
diameter, while higher HA content causing a
decrease in pores diameter.

Porosity studies

Liquid displacement technique was employed
to estimated porosity ratio of the prepared scaffold.
The porosity of the alginate control scaffolds,
alginate / Hydroxyethylceloluse and A/C with
HA composite scaffolds are shown in Fig. 4a. The
percentage of porosity was found increase from
~82+4.3 % in A to 87 £5.1% in AC after that
decrease to 66.7+3.2% for ACHp. Porosity is
essential for the transport of oxygen and nutrients
to the interior of the scaffolds. A reduction in
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porosity percentage of the composite scaffolds
was observed, but this controlled porosity is
satisfactorily favorable for tissue engineering
applications,

The presence of HAp in the composite
scaffold supports tissue in-growth. Porosity
offered by the composite scaffold enhances the
bone bonding ability due to the following reasons
(a) high surface area to volume ratio offered by
HAp has the tendency to bioresorb and induces
bioactivity, (b) interconnected pores can provide
a framework for bone growth into the matrix of
the implant, and thus anchor them with the
surrounding bone, preventing micro-motion
that in turn increases further bone growth,
(c) interconnected porosity is also a source
of nutrient supply, vascularization and waste
removal @649,

Time (days)

.Fig. 4 a: porosity by liquid displacement; b: pH values for SBF solution

Interpretation of the pH measurement

The pH measurement test is an analytic
technique which focuses on the earliest stages
of the reactions to one composition of bioactive
scaffolds with simulated body fluid (SBF) ©%.
The pH value has multiple effects on bone cells
metabolism and function. The most important
and interesting is that when bone forms, the
crosslinking of the collagen chains and the
subsequent precipitation of hydroxyapatite are
pH dependent and require an optimally pH at the
bone formation site .

The changes in pH of the SBF solution after
immersion of samples for a period of 28 days are
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presented in Fig. 4b. It was observed, that pH of
SBF increases to a large extent (7.4 to 7.86) for
ACHDp after 15 days from started immersed due
to ion release (Ca*") from scaffolds sample. After
this period, the pH of SBF gradually decreased
because the ion from SBF re-precipitated on
surface scaffolds sample such as Ca and P which
initial stage for hydroxyapatite formation %4

Elemental analysis in SBF

Inductively Coupled Plasma (ICP) has been
used to detect the concentration of calcium and
phosphorus ions released and re-precipitated
on the surface of the prepared samples upon
immersion in SBF.
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Calcium concentration

Changes in SBF composition after soaking of
scaffolds during a period of 28 days are illustrated
in Fig. (5a). As can be seen, Ca?* concentration
in SBF increased from 89.26 ppm to 99.22 and
then 111.55 ppm for A after 2 day and 15 days
respectively and then decrease gradually until
reached to 67.78 ppm at the end of evaluating
period. In AC and ACHp scaffold samples, the
Ca?" concentrations increased with respect the
original value, reaching 130.22 and 183.95 ppm
respectively on 7 days, after that decrease to reach
54.61 and 19.09 ppm respectively ¢% 5D,
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P concentration in SBF

Phosphorus concentration

The variations relating to immersion times
of P> concentrations in SBF after immersion of
the prepared scaffold samples are shown in Fig.
5b. The P** concentrations decreased gradually
from 39.027 ppm reaching to 5.45, 3.13 and
0.046 ppm for A, AC and ACHp scaffold samples
respectively during 28 days immersion in SBF Y,
According to results of elemental analysis (Ca and
P concentration in SBF), increasing and decrease
in Ca ions in SBF and permanent decreasing
in P ions, can be explained the formation of
hydroxyapatite on scaffolds surface. Thus, this
is indication to the formation of the apatite layer
in the ACHp sample more than in samples A and
AC, this due to the presence of hydroxyapatite
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Fig. 5. Elemental concentration in SBF, a) Ca concentration; b) P concentration.

phase in ACHp sample from its counterpart in the
other prepared samples.

SEM and EDX Analysis

It is noteworthy that SEM analysis is only a
reliable technique to obtain information about
2D systems, i.e. investigate the macro and micro-
structure of the scaffold in a non-destructive way
at the surface, and shows limited performance
for assessing the pore interconnectivity of the
materials. The SEM images shown in Fig. 6,
it can be seen that A/AC biopolymer scaffolds
microarchitecture with and without HAp consists
of a highly porous and open pore structure.

Figure 6a shows the interface of SA/HEC
scaffold at the surface, where it is possible to
observe the distinct porous layers. Fig. 6b shows

a typical A/AC pore at the A/C-HAp interface,
although HA wused as filler but with suitable
pore size (more than 50 um) ¢, After 28 days
of immersion scaffolds in SBF, the growth of
white granule or layers can be observed on its
scaffolds. So, scaffolds surface becomes covered
with spherical forms layer of hydroxyapatite, this
results confirmed with Ravindra V. B. et al 2017
67, A notable contrast in the surface morphology
between two scaffold investigated samples is
seen after soaking in SBF, demonstrating the
arrangement of apatite layer with different
amount. The apatite layer (white areas) increased
with blended HA to polysaccharides polymers as
seen in Fig .6 ¢, d, more appearance with treatment
investigated samples by flooding algorithm
in SXWM software program. The blue areas
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represent the free-apatite (No apatite) sample
surface, this area are large in the pure polymer
sample A , but in the sample ACHp, this area is
very small with increasing in apatite cover layer
on surface scaffolds, as illustrated in Fig. 6e, f.

In order to ensure that the observed white
granules ®? on surface samples are really indicating
to hydroxyapatite layers, the EDX measurements
have been conducted for two prepared samples
after 28 days from immersed in the SBF medium.

The obtained results of these investigations are
showed in Fig. 6 e, f for A sample and ACHp
sample after soaking in SBF.

Both spectra are described by a multi peaks,
for the following elements P, O, Cl, Ca, k,
and Na. A clear enhancement of the Ca and P
peaks together with molar ratio between Ca / P
= 1.71. This observation suggests that a good
bonding exist between the two organic and

Ca

0

]
[4]
[

Fig. 6. (Top) SEM images of the scaffolds samples A and ACHp before soaking in SBF (a, b). (middle) The same
SEM images after soaking in SBF for 28 days (¢, d). (Bottom) SEM images after soaking in SBF with
treatment by the flooding algorithm in SXWM software and EDX (e, f, g, h). The blue areas represent

the free-apatite sample surface.
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inorganic components, which are known to be
a requisite necessary to assure a good integrity
and functionality of the bone cell %,

Conclusion

Polysaccharide polymers /Hydroxyapatite
composite scaffolds were prepared by using
freeze-draying technique. Polysaccharides
polymer-based scaffold with 40% HA (ACHp)
has significantly improved mechanical strength
as compared with its hybrid polymers AC. Also,
it has stable structural due to the strong ionic
bonding between the Ca groups of HA and
the carboxyl groups of alginate. The alginate-
Hydroxyethylceloluse scaffold with a porosity
of 87 £ 5.1 % attained a compressive strength of
8.83 = 0.34 MPa and DE of 90 + 10.5 Joule/m?
respectively, which are small values compared
to the pure alginate scaffold. After that, addition
of HA to nature polymers returned CS and DE to
increasing t0 23.96+0.82 MPaand 182 + 16 Joule/
m? respectively. Incorporation of HA to polymers
scaffold did not increased mechanical behavior
only, but also helped to enhance precipitation of
hydroxyapatite from SBF to scaffolds sample
and thus increasing bioactivity. All these results
suggested that ACHp composite scaffold can serve
as an appropriate bioactive matrix for periodontal
tissue regeneration.
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