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INTRODUCTION

The extracellular matrix (ECM) of the bone is extremely
complex and consisting of both organic and inorganic consti-
tuents [1]. The organic component is made up of lipids, non-
collagen and collagen protein. The principal inorganic portion
of the ECM of bone is hydroxyapatite [2]. Hence, the biomaterial
bone defect filling consisting of both inorganic and organic
substances imitating the ECM of the bone may have a greater
regenerative capacity of the bone tissue. Due to its specific
characteristics such as surface-to-volume, tunability physical
features in terms of surface chemistry, thickness and form,
hydroxyapatite has generated interest in the field of biomedical
applications [3]. Hydroxyapatite is biomimetic, osteoinduction,
bioresorbable and has an almost identical biochemical and
crystalline structure to the natural bone apatite. Nanostructures
biomaterial alteration may have a beneficial impact on cell
activity and the division of stem cells. Many of the biomaterials
focused on nano-hydroxyapatite, therefore, ignore osteoinduc-
tivity. The mineralized layer of enamel, bone includes hydroxy-
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Biocomposite scaffolds of strontium-magnesium substituted hydroxyapatite (SMHA) with a mixture of chitosan/polypyrrole (CS-PPY) |
have been prepared by solvent casting method. The synthesized SMHA nanoparticles and biocomposite scaffold were characterized by |
FTIR, XRD and SEM techniques. The SEM morphology revealed the porous structure of the scaffolds designed for the muticomponents.
The biomineralization and cell viability of the biocomposite were assessed via alkaline phosphatase activity and MTT assay on the |
osteoblast cell line. The study demonstrated improved differentiation and mineralization of osteoblast cells in the designed biocomposite |
scaffolds. The dye stained fluorescent microscopic photographs apparent the good scattering and permeability of cells onto the scaffolds. |
However, biocomposite demonstrated good antibacterial activity and the excellent biocompatibility against osteoblast cells offers a possible |
route for the production of a biocomposite as a viable replacement for regenerative medicine scaffolding substance. |
|
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apatite, partly enhanced instead of calcium by a broad range
of substituted ions. Within nano-hydroxyapatite crystals, calcium
can be substituted/reconstructed with magnesium, strontium,
fluoride or phosphate affecting the biological function of the
components [4]. Strontium promotes bone production and
prevents the resorption of osteoclast skeletons. Strontium substi-
tuted hydroxyapatite biocomposites filled with bone marrow
derived mesenchymal stem cells (BMSCs) have achieved superior
osteogenic abilities and may facilitate osteoporotic tissue repair
[5]. Magnesium plays a significant part in the cycle of calcifi-
cation, tends to minimize bone fragile nature and has an obser-
vable impact on bone metabolism. This has also been stated
to have a major contributor to the reduction of potential osteo-
arthritis chronic diseases in humans [6]. Both strontium and
magnesium may also be integrated into nano hydroxyapatite
to enhance hydroxyapatite crystalline structure and osteoinduc-
tivity.

Organic ingredients such as collagen, silk fibroin chitosan,
polyethyleneterephthalate, polytetrafluoroethylene and poly-
pyrene are also used to enhance the cytocompatibility and osteo-
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induction of bone regeneration biomaterials. Polypyrrole (PPY)
is among specific conducting polymers a very promising leading
polymer, with remarkable characteristics such as simple syn-
thesis, environmental resilience, outstanding electrical, optical,
electro-chemical and mechanical properties, which have led
to multiple applications in the various industries and bio-
medical industries. In addition to these remarkable character-
istics, low processability prevents safe polypyrrole for a wide
spectrum of medical applications [7]. In this specific context,
one way of fulfilling the necessity and compensating for the
deficiencies is to blend nanoparticle polypyrrole with other
composites from internal or external sources to synthesize a
polymer biocomposite that incorporates the good attributes of
both materials. The matrix must be cytocompatible, degrad-
able, non-hazardous, and meet certain clinical criteria for the
usage of such biocomposites in medicinal use.

Chitosan is a perfect choice that satisfies all the criteria
can be called an outstanding matrix [8]. Chitosan was espec-
ially noted for its outstanding characteristics such as excellent
film-forming capacities, degradability, biocompatibility, low
cytotoxicity, wettability, biofunction, antimicrobial activity and
outstanding protein compatibility [9]. As per the excellent
characteristics described above, including specific future,
chitosan (CS) and polypyrrole (PPY) use, corresponding research
centered on the usage of CS-PPY in medical applications taking
into consideration the possible uses of CS-PPY biocomposites,
thorough comprehension of bio, physical-chemical and
dielectric relaxation properties is the major challenge.

The goal of this study was to explore biocomposites with
the introduction of nano-hydroxyapatite dependent on mixtures
of polymers. The fact of hydroxyapatite is useful for enhancing
material characteristics while reducing the substance’s porosity.
With our full understanding, the use of ternary chitosan, poly-
pyrrole blend for the preparation of a hydroxyapatite biocom-
posite has not yet been reported.

EXPERIMENTAL

Synthesis of strontium-magnesium substituted hydroxy-
apatite (SMHA) nanoparticles: For preparing Sr-Mg substi-
tuted hydroxyapatite nanoparticles, a standard sol-gel assisted
synthesis technique was implemented [10]. Different amounts
were mixed in deionized water to form solution A for the source
minerals calcium strontium and magnesium ions (0.5 M). In
next stage, 0.3 M (NH,4),HPO, and 0.3 M EDTA were dissolved
to form solution B using deionized water. For all the solutions,
the calcium substituent: phosphate molar ratio was set to 1.67.
Consequently, solution B was introduced at room temperature
dropwise into solution A with continuous stirring for 2 h. A
NaOH solution was used to keep the pH around 10. The collected
suspension was stored for 24 h at 50 °C, the precipitate was
drained off and rinsed with deionized water and ethanol several
times. The resulting gel was dried in an oven at 100 °C for 24 h
and then calcined in a muffle furnace at 500 °C for 4 h at a
heating rate of 20 °C/min.

Preparation of CS-PPY/SMHA biocomposite: The CS-
PPY/SMHA biocomposite was used with casting/solvent
removal processing [11]. Initially, chitosan (2 g) was dissolved

at ambient temperature by vortex stirring in 1% acetic acid
solution (100 mL). Added of 20 % of SMHA nanoparticles to
the above CS-PPY solution with the constant sonication to
acquire the uniform CS-PPY/SMHA suspension. The CS-PPY/
SMHA biocomposite solution was consequently cast on the
glass plate and allows the drying of CS-PPY/SMHA films at
37 °C for 2 days.

Characterization: X-ray diffraction spectrometry was
obtained using CuKa radiation with XRD (DX-2000). The
FTIR spectra are measured with a NICOLET 200SXYV Infrared
spectrophotometer at room temperature. The SEM and TEM
analyses were performed using JSM-5900LV, JEOL and H-
60091V, Hitachi, instruments, respectively. The biocomposite
material characteristics have been assessed using a testing
machine (AI-7000-M, Gotech Testing Machine Inc.).

Swelling studies: For the swelling study, the biocomposite
was kept in deionized water at room temperature. At that point,
tests were taken out and gauged after delicate surface cleaning
with permeable paper at a normal time frame until balance
growing was reached. The equilibrium swelling ratio (SR) is
characterized as the proportion of swollen load to the
underlying weight [12].

Biodegradation: The biodegradation of the biocomposite
platforms was concentrated in PBS enclosing lysozyme at room
temperature. Biocomposite was submerged in PBS and hatched
at room temperature for 7, 14 and 21 days. Introductory loads
of the biocomposite was gotten as W, and after inundation, the
biocomposite were washed in refined water to evacuate the
surface adsorbed particles and casting [13].

Antimicrobial activity: The antimicrobial movement was
assessed by the development hindrance examine utilizing the
technique described elsewhere [14].

Alkaline phosphatase activity (ALP): Osteogenic separ-
ation of the bone cells was surveyed by ALP. The ALP assay
procedure was adopted from an earlier report [15].

Measurement of cytotoxicity: The biocompatibility of
the biocomposite was evaluated by deciding the suitability of
the MG-63 osteoblast cells because of the molded media utilizing
MTT measures. Quickly, biocomposite plates were cleaned
in 70% ethanol followed by washing in a sterile PBS. Osteo-
blast cells were seeded on the biocomposite surface in a 96-
well plate with DMEM enhanced with 10% FBS and swelled
at room temperature for 3 days in 5% CO,. Subsequently, the
solution was supplanted with MTT and kept for another 5 h.
Atlast, 100 L of DMSO was included with delicate blending
in a shaker. The cell culture medium with no treatment was
considered as control [16].

Statistics: Every quantitative results was acquired from
triplicate and reported as a mean * standard deviation.

RESULTS AND DISCUSSION

FTIR studies: Hydroxyapatite-associated functional group
bands were detected with FTIR spectroscopy. Fig. 1a displays
the FTIR spectrum for the pre-produced SMHA nanoparticles.
The vibration of ion stretching at 3515 cm™ indicates the exis-
tence of an OH group. As recorded earlier [17], other extending
vibrations have also been observed for CO5>~ and PO,*~ func-
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Fig. 1. (a) FTIR spectra (b) X-ray diffraction spectra (¢ & d) SEM and TEM of prepared SMHA nanoparticles

tional groups. Phosphate functional group consists of 600-560
and 1100-1000 cm™ intense FTIR absorption peaks. A fairly
large H,O band with an apparent band from 3600 to 2600 cm™*
forms a weaker band at 640 cm™. Intensive bands of CO-*
between 1468 and 1550 cm™ reflecting neat hydroxyapatite [ 18].

XRD studies: The X-ray diffraction patterns of SMHA
nanoparticles display the sharper peaks which suggest a greater
crystallinity (Fig. 1b). The peak positions correspond well to
the JCPDS card No. 896438 [19]. A well-resolved, high-
intensity peak was reached for SMHA at 26 of 31° equal to 211
planes. In the prepared SMHA powders, a typical
accompanying plane in pure hydroxyapatite (viz. 321, 132,
222,203, 131, 202, 211, 002, 200) is well identified. The X-
ray diffraction patterns out-comes of the present study are
consistent with the previous results [20].

Morphological studies: Fig. 1c displays the morphologies
of prepared SMHA biocomposites. All the SMHA samples
consist of fine-grained particulate matter and uniform compo-
nent distribution. Scanning electron microscopic pictures
display the morphological nanorod formations similar to the
structure of human bone [21]. SMHA nanorods were ranged

between 50 and 165 nm in width; and length between 230 and
650 nm. Fig. 1d shows the TEM images of SMHA nanoparti-
cles, which demonstrates the morphology in the form of a rod
or needle. The comparative study assumes that the samples
are in line with standard form and structure.
Characterization of biocomposite: Due to O-H and N-H
interaction of stretching vibrations (Fig. 2a), IR of the biocom-
posite displayed the wide absorption peaks centered between
3450 and 3100 cm™ [22]. The peaks were significantly wider
than the peaks found in the chitosan and polypyrrole (PPY)
owing to prolonged hydrogen fluctuations (O—HN, O-HO,
N —HO) [22]. As seen in the composite FT-IR spectrum, the
wide peaks appeared at 1660-1600 cm™ due to the mixture of
chitosan and polypyrrole peaks observed at the same length.
With the introduction of SMHA nanoparticles in the bio-
composite, a minor shift was found in the CS-PPY composite
in the N-H bending section, attributable to the contact between
the composite and SMHA nanoparticles [23]. In addition, a
characteristic band of 921 cm™ was also observed, which con-
formed the P-O bending in the SMHA nanoparticles. The CS-
PPY matrix had been packed with SMHA nanoparticles. The
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Fig. 2. (a) FTIR spectra (b) X-ray diffraction spectra of biocomposite (c) SEM image of CS-PPY and (d) SEM image of CS-PPY-SMHA

biocomposite

FTIR findings was almost similar to an earlier work of Sroka-
Bartnicka et al. [24].

The X-ray diffraction patterns of CS-PPY-SMHA bio-
composite were revealed in Fig. 2b. The presence of the typical
crystalline bands at 20 = 26°, 32°, 42°, 50°, efc. for CS-PPY-
SMHA biocomposite scaffolds related to (002) and (2 1 1) SMHA
planes confirming the inclusion of SMHA in the biocomposite
scaffolds [25].

The porous morphology with interconnected porosity and
the pore volume size of CS-PPY and CS-PPY-SMHA are 255
and 192 pum respectively. Both biocomposites revealed (Fig. 2¢c-d)
as micro-size (100-250 wm), which is useful in tissue engine-
ering for substance supplication [26]. This interconnected
porosity is vital to the absorption of nutrients and excretions
in the physiological system by ligament scaffolds. The comp-
ressive strength of load-bearing biocomposite does not affect
these small pores. They disburse load more uniformly, however,

and serve as a barrier to crack proliferation, which affects the
capacity of fatigue. Therefore, it decreases the porosity and
thus more fluid barriers and therefore increases the value of
the fluid charge [27].

Mechanical properties

Although scaffolds are supposed to vanish after in vivo
implantation, the scaffolds need a certain degree of mechanical
strength to sustain a certain amount of biological load [28].
Several factors that contribute to the mechanical properties of
multi-phase biocomposite scaffolds, including particle size of
inorganic constituents, intrinsic physical characteristics of
organic constituents, interfacial interfaces between organic and
inorganic constituents, organic/inorganic material ratio and
cross-linking nature. The mechanical properties of biocomposite
scaffolds CS-PPY, SMHA and CS-PPY-SMHA were evaluated
(Table-1). Contrasted to the SMHA scaffold, the CS-PPY scaffold
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demonstrated lower tensile strength. Adding SMHA nano-
particles to the CS-PPY scaffold matrix, therefore improved
its tensile strength. Present findings appear to be consistent
with the previous studies [29].

TABLE-1
MECHANICAL PROPERTIES OF THE BIOCOMPOSITE
Tensile Young’s Compressive
Samples strength modules strength
(kPa) (MPa) (MPa)
Cs-PPY 710 19.13 52
CS-PPY-SMHA 1551 30.45 7.03

Swelling studies: The results indicate that the addition
of SMHA nanoparticles will cause biocomposite scaffold swel-
ling [30]. The introduction of SMHA nanoparticles reduced
bio-composite scaffolding matrix swelling leading to the
creation of a barrier layer prohibiting water permeability in
the biocomposite scaffold (Fig. 3). Some hydrophilic groups
of biomolecules were also concerned caused by the interaction
between polymer matrix, SMHA and the solution absorption was
reduced, which decreases the swelling. Diminishing swelling
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behaviour can also affect the tensile strength of biocomposite
scaffolds.

Biodegradation: The biodegradation activity of biomat-
erials plays a significant role in the development phase of new
tissue in metabolic conditions [31]. Fig. 4A demonstrates the
CS-PPY and CS-PPY-SMHA biocomposite scaffolds in PBS-
containing lysozyme in ex vivo biodegradation results. This
showed that the percentage of biodegradation was somewhat
minimized by the introduction of SMHA nanoparticles. In the
CS-PPY-SMHA biocomposite scaffold, the biodegradation
was minimized relative to the CS-PPY matrix by the intro-
duction of SMHA nanoparticles. That is because the sensitivity
of buffer media is reduced in polysaccharides.

Alkaline phosphatase activity (ALP) activity: Fig. 4B
shows an increased activity ex vivo ALP of osteoblasts grown
with CS-PPY and CS-PPY-SMHA biocomposite scaffolds over
time. No substantial difference in ALP activity was found on
day 1, though, higher ALP activity was observed for CS-PPY-
SMHA biocomposite scaffold after incubation for 7 days
contrasted to CS-PPY due to its comparatively porous surface
denoting first osteogenic differentiation check-point. The CS-
PPY-SMHA biocomposite scaffold should, therefore, provide
an important cytocompatible substrate that encourages osteo-
blast cell differentiation [32].

Antimicrobial properties: The agar plates with an inhi-
bition zone (ZOI) against checked microbes are shown in Fig.
5A, which summarizes the width of ZOI around the specimens.
All the specimens had a ZOI greater than 3 mm, which indicate
that antibacterial activity was superior as per standard SNV
195920-199234 [14]. The presence of the outer, multi-layered
membrane consisting of the lipid and polysaccharides O-antigen,
outside and an inner core formed by covalent bonds that are
normally impermeable and prevent the use of antibiotics is
one reason for this poor antibacterial action against S. aureus.
E. coli, therefore, has several layered cell walls made up of
teichoic acids, murein and wall-associated associated proteins
which degrade rapidly in the presence of OH- group SMHA.
The mechanism suggested is consistent with zinc ions” ability
to develop close relations with working protein groups which
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are present in the bacterial cell membranes (severe membrane
damage, as metal ions affect the membrane).

Hemolysis assay: All the prepared biocomposite speci-
mens were read for blood-compatibility as shown in Fig. 5b.
The estimation of the percentage of hemolysis for all the samples
was under 5% hemolysis demonstrated that the samples were
profoundly blood-compatible. The percentage of hemolysis
esteem was seen as diminished with increment in the joining
of co-adapted SMHA into the CS-PPY, while the unadulterated
biocomposite demonstrated more prominent percentage hemo-
lysis of 2.91% which lies under 5% hemolysis. Thus, all the
samples arranged demonstrated the percentage of hemolysis
under 5%, so they all can be utilized for biomedical application
[33].

Cytotoxicity assay: MTT assay was used to assess the in
vitro biocompatibility of the biocomposite against osteoblast
cell lines [34]. The mammalian cell viability of the treated
samples DMEM (control), CS-PPY, SMHA and CS-PPY-
SMHA (Fig. 6). The potential cytotocompatibility of CS-PPY,
SMHA and CS-PPY-SMHA biocomposite was estimated and
compared with the DMEM. The DMEM shows the highest
cell proliferation (100%) and SMHA with CS-PPY-SMHA
(90+0.52% and 98 + 0.20%) demonstrated a greater cell viability
than CS-PPY (84 +0.25%). It may be attributed to the discharge
of calcium, strontium, zinc and phosphate bioactive ions from
SMHA that anchors CS-PPY for cell migration and growth.
According to ISO criteria for the assessment of bioactivity,
biocomposite displayed no toxicity to osteoblast cells, as its
relative feasibility was more than 70%.

Live/dead assay: Live/death assays were routinely per-
formed to determine the proportion of living cells and dead
cells (Fig. 7). As shown, biocomposite scaffolds have in no
way inhibited cell proliferation. Compared to the CS-PPY bio-
composite scaffolds, the CS-PPY-SMHA biocomposite scaffolds
display bright green fluorescence, with no dead cells present.
These findings suggested that prepared CS-PPY-SMHA bio-
composite scaffold did not exhibit any apparent cytotoxicity
to osteoblast cells in 3rd day incubation and are prospective
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Fig. 7.

Morphological examinations of the microscopic images of osteoblast
cells cultured for 3 culture on (a) control (b) CS-PPY (c) SMHA
and (d) CS-PPY-SMHA
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biomaterials with superior antimicrobial activity without subs-
tantial biocompatibility to bone cells.

Conclusion

In this work, chitosan-polypyrrole composite strengthened
by strontium-magnesium substituted hydroxyapatite (SMHA)
nanorod was successfully produced with prospective use as
regeneration of alveolar bone. The SMHA nanoparticles formed
has a single-dimensional rod-like shape with an average dia-
meter of 50 = 16 nm and a length of 230-650 nm. The porosity
in the biocomposite with intertwined permeability was identi-
fied both on the surface and in the transversal portion. This
may be necessary for the absorption of materials and metabolic
functions, as well as for the maintenance of fluid load in diarth-
rodial bones. The swelling intensity may be decreased as a
feature of SMHA nanoparticles suggested that the additional
bonding is affected by the strength. Significant changes in the
mechanical values were observed when a SMHA nanoparticle
was integrated into the CS-PPY matrices. The microbial reten-
tive of biocomposite against checked pathogens has been
adequate and integration of SMHA into CS-PPY improves
cytocompatibility demonstrating more than 90% vitro cyto-
toxicity responses of osteoblast cell after 3rd day of culture.
Thus, agreed with the aforementioned findings, the ideal bio-
material for regenerative medicine bone repair is CS-PPY/
SMHA biocomposite.
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