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INTRODUCTION

Bone is a heavily vascularized tissue worth the effort to
renovate and thereby protect the integrity of the skeleton in its
traditional architecture [1,2]. Not only does this good tissue
offer a structure for the bone, it also acts as a nutrient and plasma
production reservoir. Nevertheless, treatments are needed in
cases with bone fractures such as accident, sarcomas, osteomy-
elitis, efc. where normal bone recovery does not occur naturally
[3,4]. Tissue engineering research has been very sophisticated
in that it often uses bioceramics, polymers, metals and alloys
as components for insertion applications. Among the most
intelligently used bioceramic components is hydroxyapatite,
which is the main inorganic portion of teeth and bones, and
has outstanding osteogenic and osteoinduction characteristics
[5]. In comparison, synthetic hydroxyapatite and human bone
exhibit close interaction to those of natural aspect. When
substituted with zinc and cerium minerals, hydroxyapatite
offers excellent antimicrobial activity and much more reactivity
contrasted to other metal biomaterials [6,7]. Despite these
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characteristics of hydroxyapatite, it is considered to have low
compressive performance and thus can only be a binding
material or as a biocomposite with other biomaterials.

A biocomposite is most often treated as a substance that
combines the bioceramic nanoparticles’ toughness, stiffness and
durability and the polymer matrix’s plasticity and availability
[8]. PMMA has been extensively used in the therapy of fracture
fractures and surgical regeneration of bones among many poly-
meric materials [9]. It is a non-degradable, continuous thermo-
plastic, which has long-term use as an embedded product [10].
Conversely, it can be used along with many other polymeric
materials such as chitosan, poly(vinyl pyrrolidone), polystyrene,
polysulfones, poly-e-caprolactone, efc. owing to its low mech-
anical properties and weak bind to the bone. Due to its fascinating
absorption and dynamic capacity, polyvinyl pyrrolidone (PVD)
has strong stature. Like synthetic polymers, PVD is soluble in
water. Also mentioned was the use of PVD in medication and
treatments on the skin for drug delivery systems [11]. Conse-
quently, with other polymers, it is understood that different
complexes emerge [12].
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The strengthening of zinc-cerium substituted hydroxy-
apatite (ZCHA) in the PVD-PMMA matrix is intended to
enhance the mechanical properties and improve biomimetic,
antimicrobial and biocompatible characteristics in the produced
biocomposite materials. There are many methods for dispersing
ZCHA into the matrix material; it is exceedingly difficult to
spread the ZCHA uniformly into the polymer matrices. The
present work describes solvent evaporation as a comfortable
way to introduce ZCHA integrated PVD-PMMA biocompo-
sites. While the distribution of ZCHA nanoparticles into PVD-
PMMA framework needs antimicrobial and bioactive charact-
eristics in the intended substance, the use of hydrophobic
(PMMA) and hydrophilic (PVD) polymers implies that the
produced material has the necessary compressive performance.
Therefore, aiming at the importance of polymer based bio-
composites in biomedical applications, the current work focuses
on the fabrication of antimicrobial biocomposites of ZCHA/
PVD-PMMA and the analysis of their physico-chemical and
biological properties.

EXPERIMENTAL

Preparation of zinc-cerium substituted hydroxyapatite
(ZCHA) nanoparticles: Substituted hydroxyapatite powders
have been prepared using a typical neutralization path [13].
The analytical proportions (Ca + M)/P (where M = Sr + Zn)
were held at 1.67. Beginning suspension was primed by dissol-
ving calcium nitrate, zinc nitrate or cerium nitrate in double
distilled water. The aqueous phase of phosphoric acid was used
as an origin of phosphate and was applied to the beginning phase
at areasonable pace of introduction. The pH of the formulation
solution was maintained at about 9 with a 25 % NH; solution.
The temperatures of the reaction were kept constant at 50 °C.
The precipitates collected were left to grow overnight, purified
and cleaned with double distilled water. After this, the precipi-
tates were sintered at 450 °C for 4 h, grinded and carefully
sieved to fine powders.

Fabrication of ZCHA/PVD-PMMA biocomposites:
Solvent evaporation technique was used for the fabrication of
ZCHA-polymer biocomposites from many processing techni-
ques [14]. In a standard procedure, PVD and PMMA of 1:1 w/w
ratios were soluble in 50 mL chloroform and held for shaking
until all the composites were fully dissolved. Subsequently,
specific weights of ZCHA were applied to the corresponding
composite samples of polymeric materials. The uniform diffu-
sion of ZCHA nanoparticles in a polymeric mixture was pre-
served for mixing up to 12 h. In order to evaporate the solvent,
the liquid was drained onto a petri-plate. The solutions for the
various formulations designed are summarized in Table-1.
Biocomposite films were stripped off, cleaned with purified

TABLE-1
DATA SHOWED DIFFERENT
FORMULATIONS OF BIOCOMPOSITES
Composite ZCHA (g) PVP (g) PMMA (g)
Composite (PVP-PMMA) - 1 1
Composite-1 (C-1) 1 1 1
Composite-2 (C-2) 2 1 1
Composite-3 (C-3) 3 1 1

cleaned to prevent residual solvent and residual contaminants
and gradually dried in the oven for 2 days. The filtered and
cured biocomposites film was processed or used for future
analyses.

Characterization: The FTIR analysis was performed on
prepared samples using FTIR Bruker Vertex. The XRD patterns
of prepared samples were reported using the D8 Advance X-
ray diffractometer. The microstructure of the prepared samples
was studied to use the JSM-SEM device.

Mechanical test: The compressive characteristic of the
prepared samples were calculated at room temperature using
a universal test machine (Instron) with 50 N load cell [15].
Dry spherical samples with a length of 25 mm and a width of
12 mm were used as experimental samples and condensed at
arate of 0.7 mm/min. The process finished with a 50% strain
of the specimens. The modulus (E) was measured as the stress
vs. the strain curve at 5% of the vertical area stress. The sum
of both findings was three tests.

Swelling study: The degree of swelling was measured
using the traditional gravimetric procedure [16]. The tests were
carried out by taking before weighed specimens and placing
them in a phosphate buffer for swollen to various time periods
before the balance swelling was achieved, after the specimens
had been withdrawn from the solution, pressed between each
one two absorbent paper to dry it and eventually weighed.

Protein adsorption: In addition to identifying the relation-
ship between both the specimens and the blood plasma, a protein
adsorption technique was accompanied by adsorbent of the
BSA protein to the interfaces of the prepared samples [17]. A
freshly BSA formulation was made in 0.5 M PBS and the
samples were then placed in a PBS oven for 1 day. Subsequently,
the BSA mixture composed of pre-weighed and completely
swollen nanomaterials and polymer components was refluxed
for 3 h. To prevent the formation of foam in the protein solution,
stirring was performed softly, because BSA could reabsorb at
the surface of air-protein solution. Since stirring, the residual
centrifuging protein solution was discarded BSA intensity was
measured by measuring the absorption spectrum on the spectro-
photometry.

Hemocompatiblity test: Haemolysis induced by prepared
compound has been examined using a methodology given
elsewhere [18].

Antibacterial activity: Test specimens of various formu-
lations were measurably inspected for antimicrobial properties
using a disc-diffusion system toward Gram-positive and Gram-
negative bacteria. Bactericidal induced by prepared samples
substances has been documented using a known methodology
[19].

Viability assay: The MTT assay procedure was used to
determine the viability of the prepared samples. The osteoblast
was implanted to a culture microplate (5 x 10* cell/well) comp-
osed of 1 mL of DMEM. Cells (5% CO,, 37 °C) were cultured
for one day the medium was extracted and DMEM was applied
about each well, consisting of specimens of a particular subs-
tance extract. The extraction composed of DMEM medium
was then combined with 1 mL of fresh DMEM and additional
cells were culture overnight for 1, 3 and 7 days, respective. At
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Fig. 1. FTIR spectra of (a) ZnHA, (b) PVD-PMMA and (c) ZCHA/PVD-PMMA biocomposites

last a 60 UL formulation of MTT in DMEM was applied to
every sample. Upon culturing for 6 h, the solution of MTT
was removed of each medium; 2 mL of DMSO was applied
from each well and then further cultivated at room temperature
for one day with moderate stirring in the night. The optical
density was registered on the microplate reader at 570 nm.

RESULTS AND DISCUSSION

FTIR spectra: The FTIR spectra of ZCHA, PVD-PMMA
and ZCHA strengthened PMMA-PVD biocomposites are shown
in Fig. l1a-c, respectively. The characteristic 3436 cm™ absor-
ption peak is due to OH™ group stretching vibrations are seen
in Fig. 1a. The absorption peaks are the typical bands for the
phosphate group at around 1058 cm™ and 603 cm™ and the
peaks around 623 cm™ and 3436 cm™ are due to the hydroxy
group’s stretching and vibration modes, respectively thereby
supporting the development of the ZCHA phase (Fig. 1a) [20].
PVD-PMMA and ZCHA packed biocomposite FTIR spectra
are given in Fig. 1b-c, respectively. Furthermore, the peaks at
2930,1718, 1412, 1230, 1161,912 and 816 cm™ corresponding
to the PVD-PMMA are adsorbed on the surface of ZCHA [21].
In Fig. lc, which shows the introduction of ZCHA into the
PVD-PMMA matrix, the spectrum bands are changed. The
biocomposite FTIR spectra revealed the substantial peaks of
both ZCHA and PVD-PMMA, showing the mixing of ZCHA
with PVD-PMMA.

XRD: Fig. 2a-b displays the XRD patterns of ZCHA and
biocomposite, respectively. As shown by standard JCPDS file
no 09-0432 [21], typical X-ray diffraction patterns of prepared
ZCHA and biocomposite closely fit in phases. Typical planes
at 20 values of 26° (002), 31° (211), 32° (112) and 34° (200)
are observed in the X-ray diffraction patterns range of ZCHA
particles seen in Fig. 2a, which are identical to the planes
observed in Fig. 2b. The PVD-PMMA in biocomposite has
been shown to peak about 21°, angle for PVD and the hump at
10.9°, angle assigned to PMMA when evaluated in Fig. 2b
[22]. The XRD results show that the properties of apatite with
a strong crystalline structure are displayed by ZCHA and also
mean there are no impurities or phase transition.

SEM: In Fig. 3a-d, accordingly, a typical SEM illustration
of pure PVD-PMMA, biocomposite specimens of separate
ZCHA compositions were seen. As shown in Fig. 3a, ZCHA

Biocomposite

Intensity (a.u.)

T T = T T x T T & 1

10 20 30 40 50 60 70 80
26 (°)

Fig. 2. XRD spectra of (a) ZnHA, (b) PVD-PMMA and (c) ZCHA/PVD-
PMMA biocomposites

nanoparticles have been synthesized as flaks particles. It is
evident from Fig. 3b that the structure of the flakes morphology
with the smooth texture was detected by pure PVD-PMMA.
The microstructure of the biocomposites, on the other hand,
showed substantial surface quality with sufficient bumped and
clustered compositions, which increased dramatically to 3%
with ZCHA nanoparticles (Fig. 3c-e). Therefore, the morpho-
logy of biocomposites is somewhat distinct from that of pure
films. The enhanced uniformity is the result of massive mixtures
of the polymer chains as published elsewhere [23]. Bioceramic
nanoparticles may strengthen the polymer matrix sequence
either by holding specific results at certain periods, or by the
edge in the polymer matrix, or by superimposing with one
another [24,25].

Mechanical properties analysis: In dry conditions, a
strength properties study of biocomposites was conducted to
determine the mechanical strength of ZCHA/PVD-PMMA
biocomposites (Fig. 4a-b). The result shows that the importance
of compressive modulus and strength also raises as the sum of
ZCHA rises. It is, therefore, obvious that the mechanical
properties of ZCHA loaded PVD-PMMA is higher compared
to the pure PVD-PMMA. The addition of ZCHA increases the
mechanical characteristics of biocomposite, which is attributed
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Fig. 3. SEM images of (a) ZnHA, (b) PVD-PMMA and (c-e) ZCHA/PVD-PMMA biocomposites

to the reason that the higher the proportion of the bioceramic uniformity of the composite is impaired, resulting in the
to the polymeric materials, the larger the contact between the decreased mechanical characteristics.

bioceramic (ZCHA) and the polymer matrix. The findings Swelling assay: A polymer matrix that consumes a suffi-
show that biocomposites may be used as tissue engin-eering cient volume of water displays growing tissues such as metabolic
of strong osteoconductivity. Results also suggest that whenever resilience, resemblance, reduced surface stress, membrane
the volume of ZCHA is increased above 2 g, the compressive protein absorption, efc. [26,27]. The PVD-PMMA composite
intensity and modulus of biocomposites decrease to 72 MPa. swelling activity was contrasted with that of ZCHA/PVD-
This may be attributed to the differentiation of ZCHA in the PMMA biocomposites. The introduction of ZCHA into the
PVD-PMMA composite. As the amount of ZCHA rises, the PVD-PMMA matrix leads to a major improvement in the
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Fig. 4. (a) Compressive strength and (b) compressive modulus of prepared samples
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function of the matrix’s absorption and mechanical character-
istics. The volume of ZCHA ranged from 1 to 3 g to test the
impact of ZCHA on the swelling of the biocomposites. The
swelling results outlined in Fig. 5 indicate that the swelling
ratio declines as the volume of ZCHA increases. The decline
in the swelling ratio is responsible for the increase in the asso-
ciation between the PVD-PMMA matrix and ZCHA, which
limits the movement of the PVD-PMMA matrix and decreases
the swelling of biocomposites [28].
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Fig. 5. Swelling ratio of prepared ZCHA/PVD-PMMA biocomposites

Protein adsorption assay: The biocompatibility of the
fabricated ZCHA and ZCHA/PVD-PMMA biocomposites was
examined through the adsorption of protein to the interfaces
of the biocomposites. The larger adsorption of protein to ZCHA
can be related to the fact that fast ion reactions between phos-
phate and calcium ions of ZCHA and NH," cations and COO~
anions of a protein molecule, a large proportion of protein
biomolecules are adsorbed to bioceramic substrates [29,30].
The results also show that as ZCHA levels are increased in the
range studied, protein adsorption is steadily growing (Fig. 6).
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Fig. 6. Protein adsorption of prepared ZCHA and ZCHA/PVD-PMMA
biocomposites

The improvement found with increasing concentrations of
ZCHA can be attributed to the fact that it is well understood
that superior surfaces have a strong connection for adsorption
and thus as the biocomposite incorporates more ZCHA, stronger
adsorption is detected [31].

Hemocompatibility assay: Fig. 7 presents the findings
of hemolytic experiments conducted on the surfaces of biocom-
posites of various formulations. Fig. 7 shows that the hemolysis
is continuously decreasing with the increasing amount of ZCHA
in the composite. These findings are attributable to ZCHA, which
causes the strong linkages with protein complexes and contri-
butes to decrease hemolysis. When the percentage hemolysis
calculated value with the ZCHA blend of a certain formulation
is contrasted with that observed with biocomposite, it is
observed that the PVD-PMMA film induces more hemolysis
than that induced by the biocomposite films. The low hemolysis
achieved with biocomposite substances can be attributed to
the fact that ZCHA is well established for its hemocompatible
existence and thus its inclusion in the PVD-PMMA matrix
contributes to a reduction in percentage hemolysis [32,33].
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Fig. 7. Hemocompatibility assay of prepared ZCHA, PVD-PMMA and
ZCHA/PVD-PMMA biocomposites

Antibacterial activity: Antibacterial protection tests for
fabricated PVD-PMMA and biocomposites were conducted
against Gram-positive and Gram-negative bacteria. From Fig. §,
it is clear that ZCHA biocomposites have bacteria destroying
properties. The inhibition area for the specimens ZCHA/PVD-
PMMA toward S. aureus and E. coli was observed to be incre-
asing with an increased concentration of ZCHA. The antimicro-
bial effects demonstrated by ZCHA/PVD-PMMA biocomposite
are due to the presence of cerium and zinc. The antimicrobial
nature of silver has been reported in several studies [34,35].

Cell viability test: Cell viability of biocomposites was
investigated by evaluating the feasibility of osteoblast cells as
seen in Fig. 9. It was observed that the native PVD-PMMA
composite film displayed weaker cell viability compared to
ZCHA loaded biocomposites. The improvement in viable cells
after 7" day of culturing suggests the development of cell
growth. Furthermore, it was also found that the increase in the
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Fig. 9. Cell viability of prepared PVD-PMMA and ZCHA/PVD-PMMA
biocomposites

percentage of ZCHA lowers viable cells due to a raise in the
amount of Zn and Ce ions. PMMA is considered to have some
hazards although PVD is bioactive. PVD-PMMA composite

PVP-PMMA C-1

is thus of a somewhat toxic, while PMMA is of a much more
toxic nature due to the inclusion of certain residual monomers.
It has also been observed that up to 2 g of ZCHA content in
biocomposites, the feasibility of osteoblast cells is much more
than 80%, while after 7" day of ZCHA culturing, the feasibility
of cells is more than 1* day, suggesting the cell growth.

Live/dead assay: Biocompatibility study of prepared
samples was conducted to determine live/dead staining as
shown in Fig. 10. Viable cells in green and damaged cells in
red are seen in pictures of live/dead staining [36]. All groups
registered improved cell growth on the seventh day relative to
the 3™ day. Fig. 10 showed the live/death staining of biocom-
posites with the minimum dead cells and more living cells
relative to PVD-PMMA. Live/dead assay findings indicate that
most of the osteoblast cells in all biocomposite substances were
live but one or some dead cells, while these biocomposites are
healthy and suitable for osteoblast development. The findings
of cell culture studies indicate that the biocomposite plays a
crucial role in prosthetic devices.

Conclusion

In conclusion, novel biocomposites of zinc-cerium
substituted hydroxyapatite (ZCHA) and poly(vinyl pyrroli-
done) (PVD)-poly(methyl methacrylate) were developed by
the solvent evaporation method and their mechanical
characteristics and the biocompatibility were assessed. The
spectroscopic and morphological analyses indicate excellently
composite structures. The inclusion of ZCHA has shown an
increase in the mechanical characteristics that’d be suitable
for the clinical field. Biocomposites are non-toxic and have
demonstrated good protein adsorption and cytocompatibility
in vitro. In order to achieve the perfect biocompatible ZCHA/
PVD-PMMA biocomposites for the fracture rehabilitation and
replacement, further work is required that will show rapid
advancements in the interaction between devices and biological
tissue based on the information obtained from this work.
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