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Preparation and Characterization of Novel Ag doped
Hydroxyapatite-Fe;0,-Chitosan hybrid composites and its In vitro
Biological evaluations for Orthopaedic applications

U. Anjaneyulu®, V.K. Swaroop® and U. Vijayalakshmi®*

This investigation represents the fabrication of novel composites having biopolymer Chitosan with Ag doped
Hydroxyapatite (HAP)-Magnetite nanoparticles (FesO; NPs). In this study, Ag doped HAP was synthesized by sol-gel
method using different silver concentrations such as 1, 3 and 5% respectively. Furthermore, Fe;0, NPs were prepared by
co-precipitation technique and the composite was developed with Ag doped HAP. The fabricated Ag:HAP-Fe;0,
composites were incorporated into the chitosan matrix by planetary ball milling technique and were tested for its
reliability as a promising biomaterial for orthopeadic applications. The present paper aims to evaluate the in vitro
hemocompatibility of Ag doped HAP-Fe3;0,4incorporated chitosan composites using hemolytic assay at the concentrations
of 200, 400, 600, 800 and 1000 pg/ml. The results have shown that the developed composites exhibit hemolytic ratio of
less than 5 %, which proved them as good blood compatible in nature. The antibacterial activity of the composites was
evaluated in Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) bacteria which determine that the composites can
extensively inhibit the active growth of microorganisms. In addition to this, in vitro bioactivity behavior was performed in
SBF solution for 7 days in order to analyze the carbonated apatite formation on the surfaces of composites and found to
have characteristic bone bonding ability. The in vitro biocompatibility of the fabricated nanocomposite (C-3) was examined
by MTT assay using NIH-3T3 fibroblast cells for an incubation period of 24, 48 h and the exposed concentrations are similar
to hemolytic assay. This MTT assay indicates that the fibroblast cells were non toxic up to the concentration of 400 pg/ml
with prominent cell attachment, proliferation on C-3 composites. These prepared composite materials were further
characterized by ATR-FTIR, powder-XRD and SEM-EDAX analysis. The research findings have shown that the hybrid
composites of 5%@Ag:HAP-Fe;0,-Chitosan can be widely used as a favourable material for orthopeadic and dental
applications.

antimicrobial agents by doping or substituting metal ions such
as Ag*, Zn**, cu® and Ti*" etc in HAP.* Among these, silver (Ag")
is a versatile metal ion to minimize the microbial infections
owing to its excellent antibacterial ability, thermal stability and

Synthetic biomaterials such as composites and substituted
bioceramic materials play an important role in orthopeadic
and dental applications, especially used in large bone defects
and heavy load bearing areas. Hydroxyapatite (HAP) is a
synthetic bone mineral which is used as a bone graft, drug
carrier and as coatings on metal alloys due to its
osteoconductivity and biocompatibility.l'2 However, its poor
antibacterial activity and various bacterial infections can cause
severe pain and often results in removal of ceramic bone
grafts, which restricts the use of pure HAP in the long term in
vivo applications.3 To overcome these issues, the use of
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biocompatibility.5 Ag" at lower concentration is non toxic and
at a higher level, it is toxic to the human body, which leads to
the argyrosis. Ag doped HAP is mostly used as powder form or
as coatings on orthopeadic implants and medical devices
because of its exceptional properties such as direct bone
bonding ability with human bone, biocompatibility and
preventing the adhesion of microorganisms.6

Chitosan (CS) is a natural biopolymer which is composed of
N-acetyl glucosamine, glucosamine residues and deacetylated
derivative of chitin.” In the past few decades, CS extremely
used in clinical applications such as cosmetics,
pharmaceuticals, biomedical field and tissue engineering due
to its attractive behaviors of biodegradability, biocompatibility
and low toxicity.8 Generally, CS with mesoporous silica and
HAP composites plays a vital role in improving the mechanical
properties for weight bearing bone applications as well as to
enhance the osteoconductivity, protein adhesion and
osteoblast proliferation than the carbonated apatite.g’10
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Iron oxide (Fe;0,) NPs are super paramagnetic material
and intensively developed as a potential candidate for the
biomedical applications such as hyperthermia therapy, drug
delivery, biocatalyst, biological separation and magnetic
resonance imaging (MRI).11 However, the direct usage of Fe;0,
NPs may have long term cytotoxic to the human environment.
These nanoparticles can contaminate the blood plasma and
leads to hemolytic which may cause death to the normal cells.
This problem can be effectively solved by developing
composites with bioceramics or biopolymers.12 Hydroxyapatite
and Fe30, composites are used in the application of cancer
treatment like bone tumors due to the magnetically induced
heat generation in an alternating magnetic field.”> HAP coated
on Fe;04 NPs potentially applied in the disease of osteoporosis
and promotes the bone growth of the desired bone defect
area.’ Hence, HAP-Fe;0, is an emerging composite material
for the tissue engineering applications.

Hemocompatibility is one of the characteristic natures of
medical devices and used in contact with human blood.
Usually, the interaction of materials with red blood cells (RBC)
can cause damage to cells and release the intracellular
hemoglobin which termed as hemolytic.15 Even though, the
mechanism involved in this interaction is still unclear™ and the
materials which exhibits the percentage of hemolysis less than
5% indicates the safe use in medical applications.17 In vitro
biocompatibility investigations are highly recommended to
test the toxicity behavior of ceramics and its nanocomposites
with mammalian cells. Therefore, these nanocomposites
should not be toxic to bone forming cells for use in tissue
engineering applications. P. Jongwattanapisan et al, have
prepared hydroxyapatite/chitosan—silica nanocomposite and
examined its in vitro bioactivity also cytocompatibility with rat
osteoblast-like UMR-106 cells, which were proved as a filler
material for bone regeneration.18 W. Cui et al have synthesized
a novel three dimensional nanocomposite of HAP/Fe;0,/CS by
in situ compositing method and they found that the
nanocomposites exhibit superparamagnetic behavior."® W. Jia
et al, have prepared HAP/Fe;0,/CS composites using in situ
compositing method and studied its mechanical properties for
the application in bone repair.20

Recently, a great deal of interest has been focused on the
preparation of ceramic composite materials to improve the
mechanical and biological properties than the individual
materials. The composite materials such as HAP-cS** and
HAP-Fe3O423'24 were proved as remarkable bone grafts for
technological applications. However, to the best of our
knowledge, there has been no research report on the
preparation of multiphase composite materials with
combinations of Ag doped HAP, Fe;0, and CS. In this present
investigation, we have carried out the development of hybrid
composites using planetary ball milling with three different
materials such as Ag doped HAP, Fe;0, and Chitosan which
could enhance the bone healing and curing the bone cancer.
These hybrid composite materials were assessed for hemolytic
test to evaluate compatibility with blood and also antibacterial
activity was examined using gram positive (S. aureus), gram
negative (E. coli) pathogens. In vitro apatite formation ability
of 5%@Ag:HAP-Fe;0,-CS composites were analyzed by
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immersion in the simulated body fluid (SBF) solution for 7
days. The biocompatibility study was examined on the
nanocomposite (C-3) which cultured with NIH-3T3 cells for 24
and 48 h at 200-1000 pg/ml. The different concentrations Ag
doped HAP (1%, 3% & 5%), Fe;0,, CS and their composites
were further characterized by valuable techniques such as
ATR-FTIR, powder-XRD and SEM-EDS analysis.

2. Materials and Methods

2.1. Materials

Calcium nitrate (Ca(NO3),.4H,0 SDFCL), Orthophosphoric acid
(H3PO, SDFCL-80%), Aq. Ammonia (Ag.NH; SDFCL-30%), Silver
nitrate (Sigma Aldrich-99%), Iron sulphate (FeSO, SDFCL), Iron
chloride anhydrous (FeCl; SDFCL), Chitosan (Sigma Aldrich) and
Phosphate buffer solution (PBS) solution.

2.2. Preparation of Ag doped HAP by Sol-Gel method.

The stoichiometric amount of Ca;g., Agy(PO,)s(OH), with X=1, 3
and 5 % were prepared by sol-gel method to maintain the ratio
of Ag+Ca/P as 1.67. The calculated amount of calcium nitrate
and silver nitrate were added to the double distilled (DD) H,O.
The mixture was stirred for 30 min before addition of aq.NH;
(pH=10) followed by the addition of orthophosphoric acid. A
white precipitate was formed and the pH of the mixture was
adjusted to 10 by the addition of ag.NH;. The obtained white gel
was continuously stirred for 2 h and aged for 24 h at room
temperature. The aged mixture was dried at 100 °C for 12 h and
washed with DD H,0 for several times to make aq. NH; free raw
powder. The raw powders were further heat treated at 900 °C
for 2 h to obtain the phase pure Ag doped HAP with nano size.

2.3. Synthesis of Fe;0, by Co-Precipitation method

Nano sized Fe;0, was synthesized by co-precipitation method
using ferrous and ferric salts, with the molar ratio of 1:2. In this
process, initially, 1M of FeSO, (5.560g) and 2M of FeCl; (6.488g)
were added to 100 ml of DD H,0 and the reagents were
dissolved using magnetic stirrer for 30 min (pH~2). To this
mixture a 15 ml of aq.NH; solution was added to uphold a pH of
10, followed by a colour change from light brown to black within
an hour at 80 °C. Thus formed Fe;0, NPs were separated by
external magnetic field and subjected to repeated wash with DD
H,0, to maintain a neutral pH. The final suspension was rinsed
with acetone and dried in an oven at 100 °C for 1h to obtain the
Fe;0, NPs. The plausible chemical reactions are mentioned in
the equation-1&2.

Fe2*+ 2 Fe¥* + 4 OH-— Fe304 + 4H'

FeSO4+ 2 FeCls + SNH4OH = Fes04 + 6NH4Cl + (NH1)2804 +

2.4. Fabrication of hybrid composites of 5% @Ag:HAP-Fe;0,-CS
The calculated weight ratio of 5%@Ag:HAP, Fe;0, and CS
powders were mixed homogeneously using agate mortar and
pestle for 1 h. The obtained mixture was subjected to ball milling
(VB Ceramic consultant) using silicon carbide (SiC) balls with the
size of 10 mm diameter. The weight ratio of SiC balls to powder
was maintained at 20:1 and the rotation speed was kept at 450
rpm for 2 h to prepare the hybrid composites of 5%@Ag:HAP-
Fe;0,4-CS. In these composites, the weight % of 5%@Ag:HAP
powder was fixed as 50 % and the remaining ratios of Fe30, NPs
and chitosan was altered as 50:45:5 (C-1), 50:35:15 (C-2) and
50:25:25 (C-3) respectively. These hybrid composites were
further studied for in vitro hemocompatibility and antibacterial
activity.

This journal is © The Royal Society of Chemistry 20xx
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2.5. Antibacterial activity

The antibacterial activity was carried out using human
pathogens S. aureus (MTT3680) gram positive and E. coli
(MTT9721) gram negative bacteria. The seed cultures were
prepared by inoculating a loop full of culture in 10 ml of
autoclaved sterile broth and incubated at 37 °C for overnight. 2
% of the overnight cultures were transferred into a side arm
conical flask containing 100 ml of sterile nutrient broth and
further incubated at 37 °C in a temperature controlled orbital
shaker till the culture has reached 0.5 OD, where un-inoculated
broth served as a control.”

The cell pellet was obtained by centrifuging 2 ml of 0.5 OD
seed culture at 6000 rpm for 5 min, followed by washing with
sterile PBS solution. Further, the culture along with phosphate
buffer solution (PBS) was transferred into various falcon tubes
each containing different materials i.e. Ag doped HAP, Fe;0,, C-
1, C-2 and C-3 at a concentration of 5 mg/ml. The inoculated
tubes were incubated for 4 h at 37 °C in a temperature
controlled incubator. The cultures in the absence of the
materials served as a control. After the incubation, these tubes
were subjected to the serial dilution, in this 10~ dilution tubes
were selected and 0.1 ml of sample was streaked on to the agar
plates followed by incubation at 37 °C for overnight. Thus,
formed colonies were counted using digital colony counter and
the CFU/ml was calculated using following formula.

CFU/ml = No. of colonies x Dilution factor / Volume of culture
plate

2.6. In vitro Bioactivity study

Simulated body fluid (SBF) solution was used to evaluate the in
vitro apatite formation ability due to its ionic concentration is
almost similar to the human blood plasma. Therefore, this in
vitro SBF immersion study usually employed as a pre-
requirement of in vivo bioactivity assessment. The SBF solution
was grepared according to the procedure developed by Kokubo
et al”” using the reagents of NaCl (7.996g), NaHCO; (0.350g), KCI
(0.224g), K,HPO, (0.228), MgCl,.6H,0 (0.305g), CaCl, (0.278g),
Na,S0, (0.071g) and C(CH,0OH)3;NH,.HCI (6.057g). These reagents
are subsequently added to the DD H,0 (1L) and maintained the
pH at 7.35+0.25 followed by storing in refrigerator. The 50 mg of
prepared composites of 5%@Ag:HAP-Fe;04-CS (C-1, C-2&C-3)
powders were immersed in the 50 ml of SBF solution for 7 days
at 37 °C with subsequent refreshment of solution for every 24 h.
After SBF treatment, the composites were analyzed by using
SEM-EDAX to determine the deposition of carbonated HAP on
the surface.

2.7. In vitro Hemocompatibility test

To assess the hemocompatibility of the prepared materials,
fresh blood samples were procured from VIT University health
center, from which 5 ml was withdrawn aseptically and
centrifuged for 3 min at 10,000 rpm to separate out the plasma
from blood cells. The supernatant was discarded and 2 ml of
blood was transferred into a falcon tube containing 4 ml of
sterile PBS and washed thoroughly. Thus, the obtained mixture
was subjected to centrifugation at 10,000 rpm for 15 min at 4 °C.
The above step was repeated thrice and the pellet was dissolved
in 20 ml of sterilized PBS and maintained at 4 °C. 0.2 ml of blood
was taken and mixed with 0.8 ml of PBS containing various
concentrations of the 5%@Ag:HAP, Fe;0, and hybrid composites
in a sterile Eppendorf and incubated for 1 h at 37°C in shaking
condition. Upon incubation, the tubes were centrifuged at
10,000 rpm for 3 min and the supernatant solution was collected
and readings were taken at 570/655 nm using BIORAD ELISA
plate reader in a 96 welled micro titer plate. The 0.2 ml of blood
and 0.8 ml of water served as positive control, whereas with PBS
served as negative control. The hemocompatibility of the
composites was determined using the following formula.””*®

This journal is © The Royal Society of Chemistry 20xx
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. Sample absorbence—Negitive control
Hemolytlc percentage = Positiv —Negiti i

x100

2.8. MTT assay

The 40 % (v/v) dimethylformamide (DMF) in 2 % (v/v) glacial
acetic acid followed by the addition of 16 % (wt/v) sodium
dodecyl sulfate (SDS) was used as a solvent to dissolve the C-3
composites and makes the final volume concentration of 0.5 %
and it did not affect cell survival. The NIH-3T3 cells were
maintained at a concentration of 5x10° cells per well by adding
separately in 96 well plates and Dulbeccos Modified Eagle
Medium (DMEM-150ul) was added to these wells to grow the
cells. After this step, the fibroblast cells were washed with
serum free medium (100 pl) for twice and starved for 1 h at 37
°C. After starvation, the NIH-3T3 fibroblast cells were treated
with various concentrations of C-3 composites (200, 400, 600,
800 and 1000 pg/ml) for an incubation period of 24 and 48 h.
The control was maintained without C-3 composites and at the
end of the experiment for each period, the medium was
aspirated and serum free medium containing 0.45 mg/ml of MTT
(3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyl tetrazolium bromide)
reagent was added and incubated for 4 h at 37 °C in CO,
incubator. These determinations were performed using
triplicates each time.
The MTT containing medium was then removed and the NIH-3T3
cells were washed with phosphate buffer solution (PBS-200 pl)
to eliminate the unreacted MTT reagent and C-3 composite. The
formed formazan crystals were dissolved by adding DMSO (100
ul) and this was mixed thoroughly by pipetting up and down.
Spectrophotometrical absorbance of the purple blue formazan
dye was measured in a microplate reader at 570 nm (Biorad 680)
and cell viability was determined by Graph pad prism 5 software.
The viable NIH-3T3 cells were observed by using inverted phase
contrast microscopy.

Percentage of cell viability= Sample OD/Control OD x 100

2.9. Characterization

Both composites (C-1 to C-3) and Ag doped HAP with 1 to 5%
were characterized to identify the functional groups by fourier
transform  infrared with attenuated total reflectance
spectroscopy (ATR-FTIR) in the range of wave number from
4000-400 cm™ using SHIMADZU model spectrophotometer, for
comparison Chitosan was also analyzed. The phase purity along
with other composition and crystallinity were examined by using
Bruker D8 Advance X-Ray diffractometer, with a step size of
0.02° using Cu Ko (1.5406A) with Ni filtered radiation and
analyzed the data by portable crystal impact match 1.9a
software. Surface morphology and chemical composition of
individual components and their composites were observed by
Scanning  electron  microscopy-Energy  dispersive  X-ray
spectroscopy (SEM-EDAX:SEM S4800 Hitachi). ICP analysis was
used to determine the chemical composition of the SBF
immersed composite materials (Perkin EImer Optima 5300 DV).
The amount of silver release from 5%@Ag:HAP, C-1, C-2 and C-3
were measured by atomic absorption spectroscopy (AAS-Varian
Co. Australia) analysis using phosphate buffer solution. The
5%@Ag:HAP and nanocomposite powders were separately
dissolved in 1 M of HCl solution and the resultant solution was
diluted in 100 ml of DD H,0. The Ag ions present in the test
solutions were measured using AgNO; as standard solution in
the range of 0.5-3.5 ppm.

3. Results and Discussion
3.1. FT-IR analysis

The ATR-FTIR spectra of Ag doped HAP with concentrations from
1 to 5% were shown in the Fig. S1 (a)-(c). These characteristic
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bands clearly represent the vibrational modes of phosphate and
hydroxgl groups present in the structure of Ag doped HAP
crystal. 3% The reduction in the peak intensities of OH’, PO43'
and CO;~ moieties indicates the slight alteration of HAP
structure and this was further proved by powder-XRD analysis.

The IR spectrum (Fig. 1 (a)) of pure chitosan shows the
significant absorption peaks at 1381 and 1315 cm™are belong to
the bending mode of the methylene C-H and stretching mode of
the amide C-N bonds respectively. In this spectrum, very weak
bands were observed in the range of 1577-1654 em™ which is
attributed to the bending vibration of N-H bond in NH, group.
332 and the remaining vibrational bands of CS were stated in
supplementary information (SI). From Fig. 1 (b) it was found
that the presence of broad characteristic absorption band at 536
cm™ denotes the formation of Fe;0, NPs.® The FT-IR spectrum
(Fig. 1 (d)-(f)) of composites has shown the characteristic
vibrational bands of HAP. It was found that, the broadness of
peak width from 560-636 cm™ was increased compared with
5%@Ag:HAP (Fig. 1 (c)) due to the presence of Fe;O, NPs in
composites. The peak broadness of C-1 to C-3 decreased with
the lower amount of Fe;O, NPs inclusion in the composites. The
detailed assignment of bands is listed in SI. These ATR-FTIR
characteristic bands confirm that the obtained composite
comprises of Ag:HAP, Fe;0, and CS materials.

3.2. Powder-XRD

The XRD pattern of Ag doped HAP (1%, 3% and 5%) powders
heat treated at 900 °C for 2 h are shown in Fig. S2 (a)-(c). In
these patterns, 1 to 5% of Ag doped HAP samples are completely
matches with the standard pattern of HAP (JCPDS#9-432) with
hexagonal crystal symmetry and space group of P63/m. The most
characteristic diffraction peaks with miller indices values of Ag
doped HAP has shown in table 1. These peak positions of Ag
doped HAP are accordance with the parent pattern of crystalline
HAP3*¥  The crystallite size (D=0.9M\/BcosB), crystallinity
(X5=0~24A°/B}/2)3 and lattice parameters (1/d2=4/3
[h +hik?+k*/a ]+I2/c2 & V=vV3 acz) are shown in the table S1.

The XRD pattern (Fig. 2 (a)) of chitosan exhibits a broad
diffraction peak at 26=20.10° and confirms the presence of
phase pure CS with semi crystalline nature.™ Fig. 2 (b)
represents the XRD pattern of Fe;0, NPs and confirms the phase
pure formation of spinal structured Fe;0, with no other
impurities. The characteristic diffraction peaks along with the
indices values are represented in table 1, which are found to be
consistent with the standard crystal planes of Magnetite NPs
(JCPDS#85—1436).37 The broad diffraction peaks determines the
size of Fe;0, particles are in the range of 40-95 nm. The XRD
patterns comprised of 5%@Ag:HAP-Fe;0,-CS nanocomposites
along with 5% @Ag:HAP are shown in the Fig. 2 (c)-(f). The C-1, C-
2 and C-3 composites exhibit the significant diffract peaks of
Ag:HAP at 25.9-34°, Fe;0, at 30.2-62.8° however, there is no
strong peak at 20.1° for CS due to the interference of highly
crystalline Ag:HAP phase. However, the XRD spectra of
composites are slightly amorphous when compared with the
pure phase of 5%@Ag:HAP, which proves the accompanying
phase of CS. The crystallinity of nanocomposites is increased
from C-1 to C-3 due to the decrease in the wt% of Fe;0, in the
composites which is correlated with IR spectra of composites.
Also the peak intensities of Fe;0, NPs in C-1 to C-3 are slowly
reduced and which evidenced for the experimental wt % in
composites. These XRD patterns of nanocomposites confirm the
presence of Ag:HAP, Fes0, NPs and CS without any other
calcium phosphate phases.

3.3. SEM-EDAX

The surface morphology of 5%@Ag:HAP, Fe;O, and CS are
represented in the Fig. 3. As observed in SEM micrographs, Ag
doped HAP particles (Fig. 3 (a)) are agglomerated and non-

4| J. Name., 2012, 00, 1-3

uniform in size. The morphology of the particles resembles an
elongated spherical shape with a size of nano to submicron
range. Fe;04 NPs (Fig. 3 (b)) are distributed in the range of nano
regime with highly dense and agglomerated morphology. CS
micrograph (Fig. 3 (c)) reveals the smooth surface sheet like
shape with shrinkage manner. The Fig. 3 (d)-(f) illustrates the
surface analysis of C-1, C-2 and C-3 nanocomposites after ball
milling for 2 h at 450 rpm respectively. The C-1, C-2 and C-3
exhibit the incorporation of Ag:HAP and Fe;O, NPs on the
surface of CS matrix. The Ag:HAP and Fe3;0, particles are merged
together with a reduction in the size, which leads to the increase
in the surface area. With the decrease in the wt% of FesO, NPs
and the increase in the wt % of CS in C-3 composite have shown
uniform distribution of particles over CS compare to C-1 and C-2
composites.

From Fig. 3A (a)-(c), the major constituents such as Ca, P, O and
Ag are observed in the 5%@Ag:HAP with Ca+Ag to P ratio as
1.67, Fe, O for Fe304 and also the high wt % of C, O in the CS are
originated from the long carbon chain of CS matrix. The EDAX
analysis (Fig. 3A (d)-(f)) confirms the chemical composition of
5%@Ag:HAP-Fe;0,-CS composites with presence of Ag, Ca, P, O
and Fe elements. From the EDAX study of composite materials
such as C-1, C-2 and C-3, the Fe content was found to be 36 wt
%, 26 wt % and 17 wt % respectively. Further the result obtained
from the EDAX analysis corroborates with the XRD pattern of
composites thereby reduction in the peak intensity of Fe;O,
(Fig.2 d-f).

3.4. Antibacterial investigation of Ag:HAP-Fe;0,-CS hybrid
composites

Human pathogens like E. coli (gram negative) and S. aureus
(gram positive) were selected because of their ability to cause
common infections in the human body. In this study, all the
concentrations of Ag doped HAP (1%, 3% and 5%), FesO, and
composites of 5%@Ag:HAP-Fe;0,-CS (C1, C-2 and C-3) were
evaluated for their antibacterial activity against the S. aureus
and E. coli organisms. The obtained 0.5 OD cultures of S. aureus
and E. coli were exposed to these individual and composite
powders at a concentration of 5 mg/ml and plated onto agar
media and allowed to incubate. From Fig. 4, it was observed that
all the samples consist of 1%, 3% and 5%@Ag:HAP powders
were shown good antibacterial activity. The activity was
enhanced with increase in the Ag concentration, i.e.
5%@Ag:HAP showed excellent activity compared to 1% and
3%@Ag:HAP which was found to be completely inhibited the
growth of viable E. coli and S. aureus. However, Fe;0, NPs was
also found to shown the significant reduction in the number of
colonies when compare with the control of both the pathogens,
but S. aureus is slightly affected than E. coli (Fig. S3). Therefore,
based on their antibacterial evaluations of all the powders of Ag
doped HAP, 5%@Ag:HAP was selected to develop composite
with various concentrations of Fe;O, and CS to study the
antibacterial behavior.

Further, the prepared C-1, C-2 and C-3 composites were
characterized and assessed to resist the growth of
microorganisms. It was found that when compared to individual
activity of components, the fabricated composites showed an
enhanced antibacterial behavior toward E. coli, might be due to
less denser cell wall. Whereas the results illustrated in Fig. 4, the
viable S. aureus is somewhat suppressed by the composites and
exhibits more colonies than the E. coli due to the thick cell wall.
The C-2 and C-3 composites have shown complete reduction of
E. coli than C-1.The C-3 composites have shown higher activity
towards S. aureus than C-1 and C-2 (Fig. S3). The possible reason
behind this scenario is the interaction of released Ag ions from
Ag doped HAP, Fe;0, NPs and CS molecules with the membrane
of pathogens which is supported by AAS analysis (Fig. S4). These

This journal is © The Royal Society of Chemistry 20xx
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liberated ions are diffused into the bacterial cell wall and cause
the plasmolysis by separation of cytoplasm from bacterial cell
wall. Finally, these ions interrupt the replication of DNA strand
bg demolishing the DNA structure and obstruct the respiration
25 This study proves that, the C-1, C-2 and C-3 composites are
much efficient in inhibiting the complete growth of common
infection causing pathogenic organisms.

3.5. In vitro SBF immersion test

Nanocomposite powders (C-1, C-2 and C-3) were immersed in
the SBF solution under physiological conditions of pH at
7.35+0.25 for the period of 7 days to determine its bioactive
behavior. The bone like apatite layer formation after SBF
immersion was shown in the Fig. 5 (a)-(c). As shown in SEM
images, the calcium phosphate particles were irregularly
deposited on the surface of composites. The rate of apatite
formation was found to be more on C-3 composite compared to
the other composites, due to the interaction of NH,, OH™ groups
of CS and POf'group of HAP with Ca®* ions of SBF. This
interaction leads to the Ca rich layer on the surface of
composites. This surface Ca rich layer will attract the PO, and
OH’ ions from SBF solution for the nucleation of apatite layer.
The growth of the Ca and P rich layer was lead to the increase of
the apatite particle size and raise in the surface roughness in
random manner. These nanocomposites exhibit the esteemed
bioactive layer formation on their exterior due to increase in the
surface area to volume ratio. In order to verify the phase
formation, the elements present in SBF soaked composites were
examined by EDAX (Fig. 5A (a)-(c)) analysis and confirm the
presence of elemental composition as Ca, P, Ag, O, C and Fe. The
SBF grown apatite proved as carbonated apatite and was
supported by EDAX analysis with presence of carbon atom.
These composite materials after SBF treatment have shown the
growth of bone like carbonated apatite layer on their surfaces
with the increase in the Ca/P ratio as 2.15. Therefore, these
nanocomposites can spontaneously make a bond with natural
bone through the apatite layer in the in vivo applications. The
SBF immersed solution was collected and was analyzed by ICP-
OES to confirm the leaching of metal ions from composite
materials. From this study we observed that the ions such as Ag
and Fe are leached out from the composites during immersion
periods.

3.6. In vitro Hemocompatibility study

In this in vitro hemocompatibility assessment, individual
components of 5%@Ag:HAP, Fe;O, NPs and composites of
5%@Ag:HAP-Fe;0, with chitosan such as C1, C-2 and C3 were
examined with human blood at different concentrations such as
200, 400, 600, 800, and 1000 pg/ml, which can cause the
damage to the membrane of blood cells and release of
hemoglobin (Fig. S5). According to, ASTM 756-00 and I1SO 10
993-5 1992 documents, the hemolytic index range less than 2%
is non hemolytic, 2-5% is slightly hemolytic and greater than 5%
is hemolytic. From Fig. 6, we observed that 5%@Ag:HAP and
Fe;0,4 are highly hemocompatible with less than 0.9% hemolysis
at various concentrations from 200 -1000 pg/ml. The C-1
composite was shown slightly hemolytic when compared with C-
2 and C-3 composites with respect to concentrations from 200-
1000 pg/ml which might be due to the penetration of the higher
amount of Fe30,4 NPs (45%) into the membrane of RBC cells. The
electrical charge, surface energy and topography of composite
material play significant role in creating adverse effects on
erythrocytes and which induce the hemolysis during in vitro
study.42 The C-1, C-2 and C-3 composites are shown the
maximum hemolytic ratio as 4.3, 4.25 and 3.7% respectively. The
hemolytic ratio of composites specifies that the slight damage of
erythrocytes membrane in terms of shrinkage and scrambling,
which direct the release of intracellular hemoglobin. However, it

This journal is © The Royal Society of Chemistry 20xx

was found that all the composites have shown less than 5%
hemolytic activity and proved that these hybrid composites are
highly hemocompatible in nature. Thus, this test can be
considered as a preface examination of biocompatibility study.
This blood compatibility assay proves that the fabricated
nanocomposites, acts as favorable materials in clinical
applications.

3.7. In vitro Biocompatibility study

In vitro biocompatibility assessment was performed on C-3
composite material due to its better inhibition of
microorganisms growth by antibacterial activity, less toxic
towards the erythrocytes by hemolysis assay and good apatite
layer formation on the surface of C-3 in SBF immersion test than
C-1 and C-2 composites. This investigation was carried out by
MTT assay using NIH-3T3 fibroblast cells for an incubation time
of 24 and 48 h at various concentrations such as 200, 400, 600,
800 and 1000 pg/ml. Fig. 7 shows the cell viability of C-3
composite with fibroblast at concentrations of 200-1000 pg/ml,
which indicates that control cell viability for 48 h incubation is
slightly higher as 105 % than 24 h. The C-3 nanocomposite
exhibits marginally minimal cell viability at 200 and 400 pug/ml as
96 and 94 % respectively for both periods than the controls. The
concentrations at 600, 800 and 1000 pg/ml for the periods of
24-48 h were shown the significant cytotoxicity on the NIH-3T3
fibroblast cells where viability fell as 70, 46 and 34 %, which may
be due to leachable of ions from nanocomposite such as Ag and
Fe. These results clearly prove that, C-3 composite at 200-400
ug/ml show better cell attachment, spreading and proliferation
than the 600-1000 pg/ml which is further observed by phase
contrast microscopy. The phase contrast micrographs (Fig. 7A)
revealed that the NIH-3T3 cell density and response with C-3
composite was excellent at 200-400 pg/ml than the 600-1000
pug/ml. In these microscopic observations, the adhered viable
cells appeared as elongated spindle shaped (green notation)
whereas, non viable unadhered cells are found to be in circular
shape (red notation).43

Therefore, this study confirms that the fabricated C-3 composite
has good cytocompatible with NIH-3T3 cells at lower
concentrations to use in biomedical applications.

4. Conclusion

In this present research paper, we have successfully prepared
the hybrid composites consist of 5% @Ag:HAP-Fe;0,4-CS using the
ball milling method.
> Sol-Gel method was employed to synthesize Ag doped
Hydroxyapatite with different concentrations of 1%, 3%
and 5% Ag content. The XRD diffractogram reveals that
there is a slight increase in the lattice parameters upon
reduction in the crystallinity with respect to different
concentration of silver.
> The hybrid composites of C-1, C-2 and C-3 were made
using 5% @Ag:HAP, Fe;0, and CS materials. In FTIR, the
peak broadness at 556-636 ecm™ was found to be
decreased from C-1 to C-3 due to the lower amount of
Fe;0, content which is evidenced by XRD with a
decrease in the peak intensity of Fe;O,. The above
result was also confirmed by the EDAX study of
composite materials, whereas the Fe content was
found to be 36 wt %, 26 wt % and 17 wt % respectively.
» Antibacterial activity of the hybrid composites and
individual components has showed the greater
inhibition efficiency towards S. aureus and E. coli
organisms. The C-3 composites have shown higher
activity towards S. aureus than C-1 and C-2.
> In vitro biomineralization was performed using SBF
immersion test and found that the formation of bone
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like carbonated apatite on the surface of hybrid
composites due to electrostatic interactions of surface
ions with SBF solution.

» In vitro hemocompatibility test of 5%@Ag:HAP, Fe3;0,
and their composites (C-1 to C-3) proved that all the
composites have showed good compatible with human
blood. Each composite have shown less than 5% of
hemolytic activity and proven that these hybrid
composites are highly hemocompatible.

» The study of biocompatibility of C-3 nanocomposite was
performed based on antibacterial, hemocompatible
activity and SBF immersion study. This in vitro study
demonstrated that C-3 composite exhibits good
cytocompatibility with NIH-3T3 fibroblast cells at the
range of concentration from 200 to 400 pug/ml whereas
toxic at 600-1000 pug/ml may be due to leaching out of
Ag, Fe ions from composite for 24-48 h. The phase
contrast images reveal that the prominent activation of
cell attachment and proliferation was ensured on the
C-3 composite material.

Hence, these in vitro biological results suggest that the fabricated
multiphase nanocomposites may serves as a potential ceramic
material for bone tissue regeneration applications.
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Figures and legends
Fig. 1 ATR-FTIR spectroscopy of Chitosan (a), Fe;O4(b), 5%@Ag:HAP (c), C-1 (d), C-2 (e) and C-3 (f).
Fig. 2 Powder-XRD patterns of Chitosan (a), Fe;O4 (b), 5%@Ag:HAP (c), C-1 (d), C-2 (e) and C-3 ().
Fig. 3 SEM images of 5%@Ag:HAP (a), Fe;O4 (b), Chitosan (c), C-1 (d), C-2 (e) and C-3 ().
Fig. 3A EDAX analysis of 5%@Ag:HAP (a), Fe;04 (b), Chitosan (c), C-1 (d), C-2 (e) and C-3 (f).

Fig. 4 Antibacterial activity of 1%, 3% and 5%@Ag:HAP, Fe;04, C-1, C-2 and C-3 powders against
S.aureus and E.coli.

Fig. 5 SEM analysis of apatite formation on the surface of C-1 (a), C-2 (b) and C-3 (c) composites after
immersion in SBF solution for the period of 7 days.

Fig. 5A EDAX analysis of apatite formation on the surface of C-1 (a), C-2 (b) and C-3 (c) composites after
immersion in SBF solution for the period of 7 days.

Fig. 6 In vitro hemolytic activity of 5%@Ag:HAP, Fe;04, C-1, C-2 and C-3 materials.

Fig.7 The percentage of cell viability of NIH-3T3 cells on 200-1000 pg/ml concentrations of C-3
nanocomposite for 24-48 h

Fig.7A The cell attachment and proliferation of NIH-3T3 cells on C-3 nanocomposite at the concentrations of
200-1000 pg/ml for 24-48 h. (live cells denoted as green circle and dead cells denoted as red circle).

Tables

Table 1 X-ray diffraction peak positions and miller indices values of Ag doped HAP (1-5%) and Fe;04
NPs.
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Graphical abstract of Novel 5%@Ag:HAP-Fe;04-CS hybrid composites and its biological investigations.
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Fig. 1 ATR-FTIR spectroscopy of Chitosan (a), Fe;O4(b), 5%@Ag:HAP (c), C-1 (d), C-2 (e) and C-3 (f).
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Fig. 2 Powder-XRD patterns of Chitosan (a), Fe;O4 (b), 5%@Ag:HAP (c), C-1 (d), C-2 (e) and C-3 (f).
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Fig. 3 SEM images of 5%@Ag:HAP (a), Fe;04 (b), Chitosan (c), C-1 (d), C-2 (e) and C-3 ().



Page 11 of 15 RSC Advances

10—+

. T @4 (b) = (c)

18

i
o

||||||||||||||||I||||||”l P T IO

s

o-

yors
(=]

w0

[

S

[

(=]
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Fig. 4 Antibacterial activity of 1%, 3% and 5%@Ag:HAP, Fe;04, C-1, C-2 and C-3 powders against
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Fig. 5 SEM analysis of apatite formation on the surface of C-1 (a), C-2 (b) and C-3 (c) composites after
immersion in SBF solution for the period of 7 days.
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Fig. 6 In vitro hemolytic activity of 5%@Ag:HAP, Fe;04, C-1, C-2 and C-3 materials.
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Fig.7 The percentage of cell viability of NIH-3T3 cells on 200-1000 pg/ml concentrations of C-3
nanocomposite for 24-48 h.
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Fig.7A The cell attachment and proliferation of NIH-3T3 cells on C-3 nanocomposite at the concentrations of
200-1000 pg/ml for 24-48 h (live cells denoted as green circle and dead cells denoted as red circle).
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Table 1 X-ray diffraction peak positions and miller indices values of Ag doped HAP (1-5%) and Fe;0O4
NPs.

Ag doped HAP Fe;04

S.No (1%, 3% & 5%) NPs
2 Theta (Degrees) hkl 2 Theta (Degrees) hkl
1 25.75 (002) 30.21 (220)
2 28.09 (102) 35.69 (311)
3 28.99 (210) 43.44 (400)
4 31.87 (211) 53.40 (422)
5 32.33 (112) 57.25 (511)
6 32.95 (300) 62.82 (440)
7 34.02 (202)




